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Problem Statement
Nowadays, power tools specially like 
electrical drills are widely used in 
industries, families and education. 
People may want to replace the shell 
of the power tool to change the color, 
patterns, or even the shape of the 
outer shell to satisfy personalized 
requirements. In the current market, 
the shells are all designed to tightly 
fixed and hard to disassemble and 
replace. Moreover, sometimes people 
need to know how deep the drill goes 
into the target.

Fig. 1 Current power tool shell[1]

Concept Generation
Based on the current situation, Bosch 
proposes a disposable power tool, 
which keeps the core part of the drill 
and disposes the external shell with 
drill when needed. Like the mobile 
phone shells, the shell can be easily 
changed. Fig. 2. shows the conceptual 
design.

Fig. 2  Disposable power tool

Design Description
The disposable outer shell consists of 
two adjacent parts, with sliding track 
to connect them together. The inner 
shell is specially designed to fit both 
the outer shell and main components 
including the main controlling board, 
the motor and the battery. Fig. 3 
shows the detailed design for the 
inner structure.

According to validation part, most 
specifications can be met.
 Weight of handpiece ≤ 1200g
 Size ≤ 200×150×50 mm
 Temperature increase ≤ 15℃
 Assemble time ≤ 60s
 Noise level ≤ 70dB
 Cost ≤ 200RMB

Further Work
To improve the accuracy and safety, 
we propose a method to measure the 
instant drilling depth of the power 
tool, where we install a front camera 
on the drill, and derive the drilling 
depth from the pictures. We use 
SURF[2] algorithm to find same pixels 
between two pictures, and calculate 
drill’s moving distance using the 
distances between the pixels. An 
example can be found in Fig. 6.

Fig.6 Example of algorithm on MATLAB

Conclusion
We deliver a concept of disposable 
power tool to make the shell 
disposable and replaceable. The key 
to achieve this goal is to design a 
single-used shell easy to assemble. 
We also provide a solution to 
measure the instant drilling depth.

Acknowledgement
Sponsor: Feng Chen and Hengsong Tu from 
Bosch Smart Life Technology Ltd.
Amy Hortop from University of Michigan

Reference 
[1] Bosch. USER MANUAL – GSR 12-2 
Professional.
[2]HerbertBay et al., “Speeded-Up Robust 
Features (SURF)”, Computer Vision and 
ImageUnderstanding,  vol. 110. issue 3, pp. 
346-359, June 2008.

Fig. 3 Inner structure of reused core
The outer shell connected with sliding 
track is shown in Fig. 4.

Fig. 4 Outer shell design

Modeling and Analysis
The model for the design was built on 
Solidworks with all the dimensions 
specified according to engineering 
specification. The size, weight could 
be measured directly in the model. 
Other specifications like temperature 
increase in operation and waterproof 
level is analyzed based on the model 
or testing on the prototype.

Validation
A prototype was built by 3D printing 
to validate the detailed design. Fig. 5
shows the prototype built with all the 
main components installed. Assembly 
of the prototype works well as it is 
easy to assemble and disassemble, 
and the motor functions controlled by 
the switch.

Fig. 5 Prototype and validation
Measurement and tests were done to 
check the engineering specifications. 

Disposable Power Tool
Sponsor: Feng Chen, Bosch
Mentor: Hengsong Tu, Bosch
Team Members: Wenbo Bao, Dayi Wang, Jiaqing Bu, Qingjie Qi, Yukai Lin
Faculty Advisor: Dr. Amy Hortop Instructor: Prof. Yunlong Guo
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Problem Statement 
During the medical rehabilitation 
process, a tool that can trace the 
entire process and make the process 
much more interesting could help 
patients to recover. This need leads to 
the idea of using a joystick. However, 
the current joysticks in the market 
either have low performance-cost 
ratio, or need complex external 
components. This project is to 
develop a new type of joystick that is 
able to trace the arm motion, cheap, 
highly accurate, as well as easy to 
wear and use. 
 

Concept Generation 
The joystick should be able to capture 
any slight movements of the player’s 
arm. This will make gamers feel that 
controlling the arm of a character in a 
game is just like controlling their own 
arms. With this joystick, actions like 
waving, hugging or shooting will no 
longer be pre-programmed and they 
will be completely carried out by the 
players.  
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 

Design Description 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

Fig. 3 Design Concept [2] 
(Unity model from asset store) 

 

Modeling and Analysis 
Unity is used to model the arm 
motion. After receiving the data from 
sensors, the cartoon character in 
Unity will behave in the same manner. 
The following figures shows two 
human motions and corresponding 
Unity figures. 
 

 
 
 
 
 
 
 

Fig. 4 Arm motion 1 in real life and in Unity 
 
 
 
 
 
 
 
 

Fig. 5 Arm motion 2 in real life and in Unity 
 
 
 
 
 

Joystick with 6-DOF Motion Tracking 
Function 
Sponsor: Leon Song, Bosch 
Team Members: Xiaoer Hu, Guanglong Huang, Yifan Shao, Ji Yin 
Faculty Advisor: Prof. Amy Hortop Instructor: Prof. Yunlong Guo 

Fig. 1 Detailed structure function 

 

Fig.2 Concept Diagram[1] 

 

BNO055 Sensors 

Unity Interface 

Arduino Pro Mini 

Bluetooth Module 

I2C Switch 

3.7V Li Battery & 3.3V 
VRM (Charge Devices) 

Detect Shoulder 
Movements 

Detect Upper 
Arm Movements 

Detect Forearm 
Movements 

Detect Hand 
Movements 

Conclusion

Reference

Acknowledgement

[1]Heath Information. (n.d.). Retrieved July
16, 2017, from http://tag.120ask.com/
jingyan/8lwm3l80yvwm3lwvyv.html
[2]UNITY-CHAN! OFFICIAL WEBSITE. (n.d.).
Retrieved June 01, 2017, from http://unity-
chan.com/

This joystick can be easily wear, and
could track the arm motion of the
user, as well as display it through the
built model. The accuracy, size,
weight, and working time could meet
the engineering specifications, and
the expenditure is much lower than
the current products in the market.

Sponsor: Leon Song from Bosch, Yunlong
Guo and Amy Hortop from UM-SJTU Joint
Institute
Yang Shen, Rongwei Qing and Mingchao
Ma from UM-SJTU Joint Institute

Validation
Compare the calculation result
with the actual movement
distance to calibrate; repeat the
experiments to check the accuracy.
Weigh all the components with the
3D printed cases to check the
weight, and use a small box to
check the size.
Check the status every 15 minutes
to measure the battery capacity.
Except for the sensors provided by
Bosch, other components cost
about 200RMB, which means the
total expenditure <300 RMB.

1)

2)

3)

4)

Results:
After experiments, the following
engineering specifications are met.
• Detection accuracy < 5cm
• Overall weight of joystick < 320g
• Size of joystick < 2dm3

• Battery capacity > 2.5hrs
• Expenditure < 300RMB
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Problem Statement
Our project focuses on the wind 
energy industry in China. With strong 
governmental support, this industry 
has grown rapidly since 2008 and 
become one of the most promising 
sources for renewable energy. Yet two 
major problems exist. First, the wind 
power is unstable and hence adds 
huge risk to the electric grid. To 
ensure stable output, large electricity 
has been wasted. Second, the costs of 
operation and maintenance are still 
very high due to the lack of insights in 
the health degradation of wind 
turbines.

Concept Generation
The idea is to build a system that 
helps the management and decision 
making process for windfarms with 
machine learning algorithms. To be 
more specific, the system will monitor 
the machine health status, analyze 
the cause of machine failures, and 
detect potential machine degradation. 
To build this system, we interviewed 
our customer and developed a 
detailed feature map as is shown in 
Figure 1.

Fig.1 The System Feature Map

The system is divided into the four 
software modules and underlying 
machine learning algorithms[1]. 
For the machine learning algorithms, 
we focus on one key algorithms, 
which is cog belt failure prediction 
algorithm.

Validation
Throughout the process, we keep 
communicating with our sponsor, and 
adapt our design according to the 
feedback. The final build of our 
system not only meets the expected 
UI requirement, connects the
frontend and backend, but also 
integrates with the machine learning 
algorithm we have developed.

Conclusion
We aim at building a system that 
assists management and decision 
making for wind farms with 
underlying machine learning 
technology. For this project, we 
focused on the machine learning 
algorithm for wind turbine health 
prognostic and cog belt failure alert, 
and built a website with separated 
front-end and back-end. What we 
developed will be integrated into 
CyberInsight’s system and be a part of 
a real-world industrial product.

Acknowledgement
Sponsor: Zongchang Liu, CyberInsight
Instructor: Prof. Amy Hortop, University of 
Michigan

Reference 
[1] Lee J., Jin C., Liu Z., Davari Ardakani H. 
(2017) Introduction to Data-Driven 
Methodologies for Prognostics and Health 
Management.
[2] Kwok L. Tsui, Nan Chen, Qiang Zhou, 
Yizhen Hai, and Wenbin Wang, Prognostics 
and Health Management: A Review on Data 
Driven Approaches.

Design Description
We build the system on Azure Cloud. 
It takes in real-time wind farm data
through the IoT stream. Our machine
learning algorithms will process the
data and save results to the database.
The backend controller, which is
python Flask, handles the user
requests, and provides data to the
front end, which is implemented by 
React. This system is suitable for agile
development, and highly transferable
because the frontend and the
backend are totally separate. 

Fig.2 The System Design

Modeling and Analysis
We implement a model focusing on a 
specific failure: cog belt breaking. We
analyze the data according to the 
underlying physics[2] and conduct 
preprocessing.
We experimented with a variety of 
training and feature generation 
methods. We filtered data where 
wind speed less than 8 m/s, because 
through data analysis we found that 
the failure sign would not show when 
wind speed is too low. 
We trained the Random Forest with 
data classified as unhealthy and 
healthy. The result captures the 
health status pretty well. 

Fig. 3 Random Forest Result

Smart Prognostics & Health 
Management System for Wind Farms
Sponsor: Zongchang Liu, Cyberinsight
Team Members: Ziqi Guo, Chengyan Qi, Qihan Sun, Qinye Li, Zhiyuan He
Faculty Advisor: Prof. Amy Hortop Instructor: Prof. Yunlong Guo
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Problem Statement
We can never put too much attention 
on industrial automating. Object 
identification, classification, and re-
distribution remains to be a task 
highly based on manual assistance on 
assembly lines. This project aims to 
develop and to implement a general 
control model to achieve automation 
in identifying, classifying and grasping 
tasks. This model should be flexible 
and compatible with tasks with 
different work environments, 
grasping end-effectors, and target 
components. To achieve this, we are 
required to utilize reinforcement 
learning technologies.

Fig. 1 Sample workstation with 
components to be handled

Concept Generation
Because of lacking of training 
recourses and limitation of time, we 
design to create two sub-systems to 
cooperate to complete the training 
task and meet the specific 
requirements proposed by Freesense. 
The first is the supervised learning 
sub-system, which aims to find the 
optimal angle to grasp the 
components. The second is the 
reinforcement learning sub-system, 
which aims to get the best grasp 
location from the work station. The 
action space of the reinforcement 
part is a continuous action space, so 
we decided to use Deep Deterministic 
Policy Gradient (DDPG) to realize it.

Validation
Due to the difficulty of testing the 
design on a real robot-arm setup, we 
validated our design on common 
virtual AI benchmarks, including a 
race car environment Torcs, and a 
physical modelling environment 
called Mujoco on OpenAI Gym. In the 
Torcs, our reinforcement learning 
algorithm enables smooth driving on 
any tracks. 

Fig.3 Torcs
In the Mujoco, after designing the 
physical model of the robot-arm 
grasper, our agent can pick up objects 
from random positions on the map. 

Fig.4 Mujoco robot-arm simulator

Conclusion
Our model is built upon DDPG and 
this reinforcement learning algorithm 
shows satisfying result for multi-step 
tasks. Our simulation environment 
provides a convincing alternative to 
achieve the robot grasp task and will 
be of great value to industrial 
processes.

Acknowledgement
Sponsor: Bei Zhong and Hong Cheng from 
Freesense
Mian Li, Amy Hortop and Yunlong Guo from 
UM-SJTU Joint Institute 
Vm450/Ve450 teaching group from UM-
SJTU Joint Institute 

Reference 
[1]https://arxiv.org/pdf/1509.02971.pdf

Design Description
Generally a successful grasp requires 
an accurate grasp center position and 
the correct grasp angle of the end-
effector according to the component 
orientation. The design can be 
partitioned into two parts. In the first 
part we train a convolutional neural 
network (CNN) using supervised 
learning to calculate the best grasping 
angle given a component with known 
position. After the angle accuracy of 
the first CNN satisfies the 
requirement, the first CNN will be 
fixed and be used as a angle 
calculation function. Then in the 
second part, we train another CNN 
using online reinforcement learning 
to generate the best grasping location 
given an image of the workstation. In 
this part, the grasping angle will be 
calculated using the first CNN. To 
resolve the continuous action space 
problem caused by random 
distribution of the components, the 
Actor-Critic algorithm is used.

Fig.2 Design Graph

Modeling and Analysis
A caffe model on top of python is 
built to transform the raw image of 
workstation into grasping actions. It 
firstly transforms the image of a 
component into a grasping angle. 
Then the best grasping location is 
generated. Given location and angle, 
a grasping action is produced by the 
model.

Robot Grasp Task Based on 
Reinforcement Learning with Python
Sponsor: Freesense
Team Members: Zhihong Luo, Rui Chen, Shijia Yang, Wenxiao Jiang, Yufan Sun
Faculty Advisor: Prof. Mian Li   Instructor: Prof. Yunlong Guo
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Problem Statement
Sabbath is a special day for Jewish set 
aside for rest and worship.
Commanded by God to be kept as a 
holy day of rest, as God rested from 
creation. In these days, the Jewish 
will not use fire to cook food or any 
creation related activity. GE 
Appliances has developed the 
SABBATH mode of the refrigerator for 
Jewish. The aim of this project is to 
design and build a switch module to 
remind the refrigerator into the 
SABBATH mode automatically 
according to the SABBATH schedule.

Concept Generation
User interface design, Calendar 
Calculation Algorithm and UART 
Communication Realization are three 
main tasks in the project. To simplify 
the input process of users, our team 
implements GPS module to 
automatically read the current time 
and location. Together with both the 
GPS data and user’s customized 
setting, the system will be able to 
calculate the exact beginning and 
ending time for Sabbath mode.

Fig.1 The GPS module

Fig.2 RX111, LCD screen, debugger and GPS

User Interface Design Validation

Conclusion

Reference

Acknowledgement

The User Interface is shown in Figure Validation Process:

Validation Results:

3, two buttons “left” and “right” are 
used for operations in the same level; 

For the total setup time, we first
initialize the system and set up the
whole system with all the necessary
but not special settings. The total
time spent is then the setup time.
For the error rate, we assume in
average we press the button 500
times when debugging every day.
Each time the system failed to
response correctly will be recorded.
Then we can calculate the error rate
by dividing the failed numbers by the
total operation number.
The other specifications can also be
verified using easy experiments.

“set” button is used for entering next 
level or returning; “!” button is used 
for emergency closing the module. 
The detailed operation structure is 
shown in Figure 4.

Fig.3 Basic User Interface

Fig.4 Detailed Operation Structure

Programming Flow Chart
The programming flow chart is shown 
in Figure 5. The module firstly read 
the GPS module and get the local 
sunrise/sunset time data. Then it 

Science and Technology are widely
used to improve human’s daily lives,
and our project is a good example to
prove that. We successfully build a
module which can help the Jewish
people use the refrigerator without
violating the Jewish regulations.

would calculate and arrange the 
events in time sequence. The system 
is always able to accommodate 
changes from the users and adjust 
the schedule. Finally the system will 
send notification before major 
festivals and run Sabbath Mode on 
Sabbath Day!

Fig. 5 Programming Flow Chart

[1]http://labs.seas.wustl.edu/bme/Wang/i
ndex.html

Sponsor: Xuanjun Li from GE Appliances
Yunlong Guo, Amy Hortop and Roberto
Dugnani from UM-SJTU Joint Institute
Xinhong Fu from UM-SJTU Joint Institute

SABBATH Mode Refrigerator Module 
Software
Sponsor: Xuanjun Li, GE Appliances

Team Members: Jiahao Gong, Song Xie, Yilong Lu, Zhiwei Yu, Yun Zhu
Faculty Advisor: Prof. Roberto Dugnani Instructor: Prof. Yunlong Guo

GPS Data Current local time 
of sunrise/sunset Read User input

Calculate Jew 
holiday

Sort events 
chronologically

Notify before the 
event

Change from user

According to validation part, most
specifications can be met.
ü Buttons ≤ 4
ü Parameters input ≤ 8
ü Response time ≤ 100 ms
ü Total setup time ≤ 3 min
ü Total Cost ≤ 300 RMB
ü Error rate ≤ 0.1%
ü Assemble time ≤ 10 min

• LCD Screen Size: 128X64 pxXpx
• Module Size ≤ 15X12X5 cm3.
√ specifications verified · specifications adjusted
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Problem Statement
The visual recognition method is 
rarely used in logistic transportation 
in China. Based on Android system, 
our group develop a smartphone 
application to diagnose and solve 
logistic problems through visual 
recognition. The user needs to take a 
short video of the LED blinking 
patterns on the problematic 
locomotives. After decoding LED 
blinking patterns, the error status of 
the device can be determined.

Concept Generation

Fig. 1 Concept Diagram

The whole system consists of three 
subsystems, which include database 
construction, visual recognition, and 
the cloud service. The database 
mainly stores the information of users, 
device models, and blinking patterns, 
which are needed for diagnosing. 
Once these information are matched, 
the visual recognition will start. 
Machine learning algorithm is used 
here to recognize the LED region and 
identify the frequencies of each LED. 
The third part is the cloud service. It 
is effective and convenient to use 
cloud to store the database and run 
the algorithm because of its large 
storage and fast speed.

Fig. 2 Database Structure

Validation
We tested the compatibility of our
android application by installing and 
running it on different cellphones: 
Huawei, Xiaomi, Samsung, etc.
Besides, we tested the APP under 
several network conditions: 2G, 3G, 
4G, WIFI. We also conducted UI test 
based on different screen resolutions. 
As for speed, both installation and
running time were measured. For
memory allocation, the storage space
on the phones were measured.
Validation Results:
 Compatible Phones: Huawei &

Samsung
 Installation time < 10s
 Decoding time < 5s
Memory occupation < 50MB
Incompatible phone: Xiaomi4

Conclusion
This mobile phone application, by
accessing to GE cloud database, can
record GPS orientation of the user
and efficiently diagnose the working 
statuses of the device. It decodes the 
LED blinking patterns on the 
problematic device to determine 
error status, so the user can fetch 
diagnostic solutions from remote 
cloud database. Thus, this application
combines visual recognition method 
with cloud technology to solve logistic 
problems. Therefore, it increases the
service productivity to a large extent.

Acknowledgement
Sponsor: Munesh Makhija from GE
Mentor: Haibin Wang from GE
Instructors: Dr. Yunlong Guo, Dr. Roberto
Dugnani from UM-SJTU Joint Institute

Reference 
http://download.csdn.net
http://blog.csdn.net
https://github.com

Design Description
When the user logins to the main 
page of the APP, it can tell the real-
time location of the user through GPS 
(longitude & latitude). Next, the user 
can determine the product model and 
the serial number by scanning the 
data matrix code on the problematic 
device. Then, the user needs to take a 
short video of the LED blinking 
patterns on the device to determine 
error status. Finally, after all these 
messages are relayed to the cloud 
database, it could send back some 
important instructions, such as repair 
manual for the problematic device.

Algorithms
To do the visual recognition, we first 
convert the video to images using 
FFmpeg. The second step is data 
training. We use HOG to describe the 
images and use SVM to tell the LED 
regions and non-LED regions. Finally, 
by calculating frames per second of 
different mobile devices and finding 
maximum image difference. We could 
get the frequencies of each LED lights.

Fig. 3 Images with HOG

Fig. 4 Recognized LED Region

IoT & Diagnostic with Visual Recognition
Sponsor: Munesh Makhija, General Electric (GE)

Team Members: Yichuan Wang, Lingyun Gao, Luyao Chen, Yue Wang, Ting

Wang

Faculty Advisor: Dr. Roberto Dugnani Instructor: Dr. Yunlong Guo
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Problem Statement
In modern industrial production lines, 
most of the manufacturing and 
assembly work can be automated 
using dedicated robots; however, the 
product testing process still relies 
heavily on human operations. In 
order to reduce testing cost and 
improve supply chain efficiency, 
companies urgently need an 
intelligent self-test system, in which 
product testing, product diagnostics, 
and data analysis can all be 
performed without human operations.
Meanwhile, the self-diagnostic 
system should be fully embedded in 
the manufactured product at a 
relatively low cost. 

Concept Generation
In this project, we develop 
technologies for retrieving data from 
the internal self-test circuit inside the 
manufactured product, and 
processing and transferring them 
wirelessly to a host PC. The final 
delivery is a minimal viable product 
(MVP) with multiple self-test modules, 
one wireless data reader, and a host 
PC. The technologies involved in 
building the MVP can be easily ported 
to companies’ supply chain.
During operations, the manufactured 
products with self-test system are 
placed on a conveyor belt. A reader 
hung at the top of the conveyor belt 
dynamically looks for the products 
around it, reads all the testing results, 
and transfers all the data to a host PC.

Fig. 1 Concept of minimal viable product

All the testing record are logged into 
an on-disk database, and can be 
queried by the user at any time.

Fig.3 GUI of the testing monitoring system

Validation
In order to validate the system, we 
placed self-test modules on the 
moving conveyor belt, and checked 
the retrieved info in the PC 
application. The pairing time is 
negligible and each reading period is 
less than one second. All the 
engineering specifications are met 
during real-time operations.

Conclusion
We successfully built a minimal viable 
product to demonstrate the 
intelligent testing concept. Although 
the system cannot be directly used in 
real industrial settings, all the 
technologies involved are highly 
portable and can be easily integrated 
into company’s supply chain. The 
system can effectively reduce the cost 
of testing and improve the supply 
chain efficiency.

Acknowledgement
Munesh Makhija, Haibin Wang, Julian Jin
from General Electric
Roberto Dugnani, Yunlong Guo, Chengbin
Ma, Amy Hortop, Mingjian Li, Yong Long, 
Mian Li from UM-SJTU Joint Institute

Design Description

Fig.2 System diagram of final design
In order to process and transmit the 
testing results, a CPU and an RFID tag 
are used. The M24LR64E chip, a 
dynamic NFC/RFID tag with 64Kb 
EEPROM, can be read and written 
through both I2C and RF interfaces. 
The CPU inside the product fetches all 
the testing results from the self-test 
circuit, and stores them into the RFID 
tag. To read the testing data, a 
TRF7970A NFC reader driven by 
another CPU is used. The reader can 
wirelessly access the data inside the 
tags using a standard RF protocol. 
With proper programming, we can 
use the reader to dynamically look for 
the tags around it, and read data in 
real-time. The memory inside the 
RFID tag is non-volatile, and the 
energy for the RFID tag during RF 
transmission all comes from the 
reader through wireless power 
transfer; therefore, the data can be 
read out at any time even if no 
battery supply is available. The testing 
data are then transmitted to the host 
PC using FT232R serial-to-UART 
module, and processed by a PC 
application in real-time.

User Interface
A PC application is developed in 
Python to process, store, and display 
the testing data. The app displays 
detailed info of the scanned product 
on the left, and keeps a list of recently 
scanned products on the right.

Supply Chain Productivity with IoT & 
Zynq Ultra FPGA
Sponsor: Munesh Makhija, General Electric
Team Members: Junjie Dong, Chen Fu, Shuoren Fu, Jihong Wang, Ruilin Zhou
Mentor: Haibin Wang, Julian Jin, General Electric
Instructor: Prof. Roberto Dugnani
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Problem Statement

For GE Oil & Gas F&PT Product line, 
many softwares developed for 
engineers and customers have 
accumulated for the last few years, 
but without reliable management 
scheme. Our project is to build up a 
software store like Apple Store and 
Google Play to help the software 
users to get the target application 
faster and more conveniently.

Concept Generation

The system can be decomposed into 
two parts: Back-end and Front-end. 
For the back-end, a database is 
designed to store the information of 
softwares as well as users. The 
searching, downloading and 
uploading functions are implemented 
by corresponding API querying the 
database. At front-end, webpages are 
designed for users to perform 
relavant operations.

Fig. 1 Concept Diagram

Design Description

Account Login/out
In the Login process, user’s username 
and password is compared with the 
information stored in the database. If 
they are matched, then the user can 
login the home page. Otherwise, the 
user will be warned “login failed” by 
inputting wrong information.

Validation

Front-end Validation:
• Validate HTML
• Validate CSS
• Validate Section 508 and WAI 
standards for accessibility
• Validate links to avoid dead links
• Validate across different browsers
The percentage of satisfaction is 
97.2% on over 198 people.

Fig. 4 Index page

Back-end Validation[1]:
• Database structural testing
• Database functionality testing
• Sever-side bad input validation
The average response time of 1000 
searches is 0.2 ms and the server is 
immune to invalid inputs. 

Conclusion
A platform based on the GE’s Predix 
for software management is 
successfully developed. It allows users 
to search software through name, 
version, description, etc. Users can 
download and upload software 
through the platform. It meets the 
customer’s requirement as well as the 
engineering specification. 

Acknowledgement
Jerry, Robin from General Electric
Prof. Roberto Dugnani, Prof. Yunlong Guo 
from UM-SJTU Joint Institute 

Reference 
[1] Balzamo, M., Marré, M., & Yankelevich, D. 
(1998). Structural testing of active databases.

Fig. 2 Login page

Software Classification/Search
Information like name, category, size, 
created time are stored for each 
software in the database. The 
softwares are classified by category 
and each category is designed to 
shown on the most left column of the 
home page. Besides, software can 
also be searched through name, 
category and description.

Fig. 3 Example Flow Chart

Software Download/Upload
Software upload:
On the software upload page, the 
user needs to provide the software 
along with its name, logo, platform, 
the short and the long descriptions 
for successful uploading.
Software download:
On the software download page, the 
user can download the desired 
software after searching by name, 
category, platform or version.

Valve Product Line SW Store
Sponsor: GE China Technology Center
Team Members: Shuoyang Cui, Chenhao Li, Jiyong Yu, Chuxi Wei, Tianyi Chu
Mentor: Aoming Yang, General Electric
Instructor: Prof. Roberto Dugnani
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Problem Statement
GE Company wants to boost sales of a 
valve used in nuclear plants but its 
text user manual is complicated, so 
an intuitive user manual is desired for 
customers and sales people. This 
project aims to create an animation 
user manual for the targeted valve, 
showing its assembly and disassembly 
process for both its body and actuator.

Fig. 1 3D image of the valve

Conceptual Design
Customer Requirements
• Accurate assembly procedure
• Available part information
• Adjustable animation progress
• Flexible camera view
• User-friendly interface
Design Generation
The project is divided into two parts: 
animation design and user interface 
design. Comparison among various 
options and analysis with benchmarks 
for both animation creation and user 
interface are completed in order to 
choose the most suitable software.
The flow chart below shows the task 
division and sequence of the project.
Animation is created by 3ds Max.
User interface is created by Unity 3D.

Fig. 2 Flow chart

Validation
Engineering specifications are 
generated according to our customer 
requirements. The product is able to 
fulfill most of the criteria. The final 
animation can be played both online 
and offline. The theoretical resolution 
is infinity. Animation has 6600 frames 
and lasts for 8 min (15 frames per sec). 
Maintenance can be achieved by 
adjusting the source code. The only 
drawback is file size exceeds for 100 
MB. This is still acceptable due to the 
high fidelity of the model.

Table. 1 Engineering specification

Conclusion
In conclusion, we are able to make a 
3D animation user manual for our 
customer. The final delivery includes 
assembly and disassembly processes 
with detailed instructions made with 
3ds MAX and a user-friendly, multi-
functional user interface made with 
Unity 3D. The final delivery fulfills our 
customer requirements and meets 
design criteria with desirable quality.

Acknowledgement
Sponsor: Aoming Yang from GE
Prof. Roberto Dugnani & Prof. Yunlong Guo
from UM-SJTU Joint Institute
Miao Huo, Mingchao Ma, Rongwei Qin and 
Yang Shen from UM-SJTU Joint Institute 

Reference 
[1]https://threejs.org/examples/#webgl_an
imation_keyframes_json
[2]https://3dvalve.run.aws-usw02-
pr.ice.predix.io/

Animation Design 
Software – 3ds MAX
A professional 3D computer graphics 
program for animations and models.
Functions 
1. Two pieces of animation

- Assembly and disassembly 
- Valve body and actuator
- Step-by-step instructions

2. Text explanations for each step
3. Animation functions 

- Start/End/Pause/Next/Back
4. Free camera view with default view
5. Link back to the start screen

Fig. 3 Animation screenshot

User Interface Design
Software – Unity 3D
A cross-platform game engine for 
video games and simulations.
Functions
1. Model demonstration

- Complete and sectional drawing
2. Mouse functions

- Show part name and ID number
- Reveal detailed part information
- Demonstrate single part

3. Links to animations
4. Component inventory
5. Thumbnail preview

Fig. 4 User interface screenshot

Valve User Manual Animation Design 
Sponsor: Aoming Yang, General Electric Company
Team Members: Qifan Huang, Zhihao Liang, Suli Yang, Yunhao Zhang
Faculty Advisor: Prof. Roberto Dugnani
Instructor: Prof. Yunlong Guo

Engineering
Specifications

Actual (Expectations)

Operation condition Website & .exe file (Online)

File size 600 MB (< 500 MB)

Resolution Limited by monitor (1080p)

Video duration 6600 frames (< 10 min)

User control 
freedom

Animation: video progress
UI: part information

Maintenance Code hosting (Source code)

√

√

√

√

√
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Problem Statement
VR is one of the most popular topics
in the tech world. Moreover, VR video
live casting can be useful in many
fields. Intel aims to design and
implement a system that allows user
to fly the drone with the help of the
360 degree live video captured by the
camera on board. This project’s target
is to deliver an end-to-end video live
cast system that delivers a low-
latency and smooth 360 degree video
stream.

Fig. 1 Project Goal: 360 Degree Video from
Camera to User[1]

Concept Generation
We divide the projects into three sub-
functions. The first sub-function is
retrieving the video from the camera
and decode the video to individual
frame. The second sub-function is
processing the raw fish-eye video into
proper 360 degree video. The third
sub-function is to encode the
processed video and send it to
network.

Fig. 2 Overall Design Flow
We implemented the first and third
sub-function in a similar fashion using
a video streaming library. As for the
third sub-function, we implemented it
based on video processing framework.
All of the implementations are
optimized for Intel Architecture.

Fig. 5 Raw Video and Post-Process Video

Validation
We test the system in its real-life
working environment with fish-eye
camera input and measure the
system’s specifications. The result is
shown below with comparison to the
targeted values.
The transmission delay listed is the
baseline value achieved by the initial
prototype, and the team is working
on optimizing and minimizing the
value.

Table. 1 Validation Results

Conclusion
The 360 degree live cast project
delivers a functioning prototype that
fits the customer’s requirements. It
also uses generic code structure and
interface that makes it convenient for
future improvements on the system.

Acknowledgement
Fleming Feng, Evelyn Yan, Guangxin Xu,
Zong Wei from Intel
Prof. Yunlong Guo from UM-SJTU Joint
Institute

Reference 
[1]https://theta360.com/en/about/theta/i
mg/img_s_content3-mv1-s.png

Video Streaming
The video streaming part is
implemented based on the LibYami
which is a video encoding and
decoding library developed
specifically for Intel Architecture.
We implemented the function that let
LibYami take video stream input from
network and another function that
help LibYami to publish encoded
output video to network streams. Our
implementation also utilized the
open-source library provided by the
FFmpeg.

Fig. 3 Video Streaming Flow

Video Processing
We implement our video processing
code based on the LibXcam
framework which is optimized for 
Intel Architectures. In order to be 
efficient, our implementation avoids
unnecessary data copying. Our
implementation repacked the decode
output buffer from the decode
function, and use the data in the
buffer directly. Similarly, the post
processing data is placed directly into
the input buffer for the final output
encode function. In this way, our
processing system achieve high
processing efficiency.

Fig. 4 Video Processing Flow
Our implementation uses fine-tuned
parameters which is optimized for the
camera we are using. The video
processing function is able to produce
the following result with small latency.

360 Degree Video Live Cast on IA
Sponsor: Fleming Feng & Evelyn Yan, Intel
Team Members: Zihuan Diao, Lixing Huang, Chengpei Xi, Yichao Yang, 
Xiaochen Yu
Mentor: Guangxin Xu, Intel
Instructor: Prof. Yunlong Guo
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Problem Statement
VR technology is increasingly popular 
these days. Thanks to new 360 degree 
cameras, people can take 360 degree 
videos by themselves and then view 
them in VR headsets. However these 
360 videos are usually unstable, and 
will make people feel dizzy when 
watching them in VR headsets. Here 
we provide two effective algorithms 
to stabilize 360 degree videos.

Fig. 1 Image of 360 degree video.1

General Procedure
The general processing procedure is 
shown in Fig. 2. Here, the Method I 
and Method II are referring to two 
stabilizing methods. Method I relies 
on computer vision technology such 
as feature detection by OpenCV. 
Method II relies on gyroscope sensor 
measurements which is embedded in 
the 360 degree camera, in this case 
the Ricoh Theta S camera.

Fig. 2 General video stabilizing procedure.

Fig. 6 Rotation angles between frames for 
original and processed video (Method I).

Fig. 7 Rotation angles between frames for 
original and processed video (Method II).

We quantify the stability of the video 
by measuring the standard deviation 
of rotation angles between frames of 
the video. Lower standard deviation 
implies a more stable video.

Conclusion
In conclusion, we adopt two methods 
to stabilize 360 videos. The first one 
uses feature detection technology 
and the result turns out to be good. 
The second one relies on motion data 
provided by hardware but the effect 
is not satisfactory due to drawbacks 
of sensor data. However, if sensor 
data were more reliable, we believe 
that the second method would work 
from a technical perspective.

Acknowledgement
Sponsor: Fleming Feng(Chief Scientist) & 
Evelyn Yan from Intel
Mentor: Feng Yuan from Intel
Instructor: Prof. Yunlong Guo from UM-
SJTU Joint Institute

Reference 
[1] Johannes Kopf, “360o video stabilization”, 
Facebook.

Stabilizing Processes

Fig. 3 Method I: Feature detection based.

Fig. 4 Method II: Gyroscope based.

Results and Analysis

Fig. 5 Original frames and processed results.

360 Degree / VR Video Stabilization
by OpenCV
Sponsor: Fleming Feng(Chief Scientist) & Evelyn Yan, Intel
Mentor: Feng Yuan, Intel
Team Members: Tianju Xue, Yihao Tang, Tao Dai, Chaofeng Wu, Yu-Hsuan Liu
Instructor: Prof. Yunlong Guo

original frames

Method I result

Method II result
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Problem Statement
Video encoder test includes 
robustness, quality and performance 
test. Intel is facing a challenge in that 
the current testing process requires 
too much manual work. The 
automation test suite aims at freeing 
tester from heavy, repeating work. 
This project developed a completely 
automatic encoder test suite which 
implements robustness, quality 
(implemented by intel), and 
performance tests with different 
encoders, such as X264, X265, LibVA, 
LibYami, and can alter itself to 
simulate different environment 
settings.

Fig. 1 Traditional Manual Test[1]

Concept Generation
The whole test suite works as shown 
in Figure 2. The test script generation 
part will read the user's requirement, 
then call API provided by 
environment setup part, performance 
test part, and robustness test part to 
generate a script which directly gives 
out test result and encoded files for 
quality tests (implemented by Intel).

Fig. 2 Concept Graph

Validation
Validation Process:       
We used computers freshly installed
with Ubuntu 14.04 and 16.04, and 
executed environment setup to
initialize the test environment. After  
imported the test files and run our 
test suite with the different specs, we 
record timing and performance data
as results of the validation process.

Validation Results:
According to validation process, most 
specifications can be met.
 Environment Initialization 
time <= 10min
robustness test time < 10min
Sampling rate = 10kHz
Code length <= 1k
manual steps = 4
Thread under testing >> 5
Accessible encoders > 10
√ means having been verified and · means to be 
determined.

Conclusion
Automation is a crucial requirement 
for encoder testing in an industrial-
scale environment. Traditionally, a 
tester would spend days to do the 
test manually. Now, with our test 
suite, a large-scale test could be done 
un-supervised within several 
command lines. Our test suite will 
increase test efficiency remarkably.

Acknowledgement
Focus Luo, Fei Wang, Pengfei Qu from Intel
Prof. Yunlong Guo from UM-SJTU Joint 
Institute
TA group from UM-SJTU Joint Institute

Reference 
[1]Blog.xiqiao.info. (2017). 西乔的九卦 »
神秘的程序员们. [online] Available at: 
http://blog.xiqiao.info/category/programmer
s [Accessed 20 Jul. 2017].

Design Description
Our goal: Design an automation test 
suite. The suite involves 
implementation of four parts, 
environment setup, performance test, 
test script generation, and robustness 
test.
Environment setup: Implemented 
with a shell script that realizes 
switching encoders, command 
pathfinding, and component version 
control. Environment specs can be 
configured. API installation adopted 
for possible future extensions.
Performance test: Implemented with 
a shell script, which realized 
performance test in a multi-threads-
multi-tests way. The number of 
threads and tests is set by the user. A 
GPU monitor is also added to grab 
GPU usage information during the 
whole test.

Fig. 3 Performance Test

Test script generation: Implemented 
with a Python program that 
automatically generates Linux shell 
commands. Test parameters are set 
by the user interface, the handler 
then generates shell commands to 
configure the environment and run 
the test automatically.
Robustness test: Implemented with a 
shell script, which tests the encoder 
thoroughly from three perspectives: 
stress, parallel and consistency. The 
script will simulate various extreme 
system condition and test the 
robustness of the encoder under 
these environments.

Intel - Encoder Automation Test Suite
Sponsor: Focus Luo, Intel
Team Members: Tianmu Lan, Yuchen Wang, Jiaqi Huang, 

Miaomiao Chen, Xinyi Wu
Faculty Advisor: Prof. Yunlong Guo 
Instructor: Prof. Yunlong Guo
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Problem Statement
Face detection is a prevalent and fast-
developing technology in recent years.
This technology can identify the face
features in digital images and has been
widely used in security, photography,
etc. However, the current open-source
face detection systems can not meet
the commercial requirements of both
accuracy and efficiency. Some are
accurate but not efficient, some are
efficient but not so accurate. So we
need to design a both efficient and
accurate face detection system to meet
the needs in various environments.

Fig. 1 A sample result of face detection 
result of our system

Concept Generation
We summarized six concepts as the
concrete expression of ‘accuracy’ and
‘efficiency’, and rank them according
to the relevance to our objective.

Tab. 1 Concept of design specifications

Validation
To valid our face detection system, we
firstly arranged a dataset which is full
of special cases such as partial faces,
vague pictures, and the over/under
exposure pictures.

Fig. 4 Validation test on special cases
Secondly, the client which captures
and detecting the faces on the live
video stream can also be an visual
validation. (see demo beside)
Finally, by drawing the Precision
Recall Curve on WiderFace dataset
mentioned before, we can validate
the overall performance directly.

Fig. 5 The Precision Recall Curve 
Conclusion

The face detection program designed
by our group has a good performance
in both accuracy and efficiency. The
key to achieve this goal is combining
two different methods, using an
accurate database, and finding out the
best parameters during training. We
believe that Intel will find some useful
experience and results in our project.

Acknowledgement
Sponsor: Dr. Kevin Que from Intel
Instructor & Supporter: Prof. Yunlong
Guo and IT office from UM-SJTU JI

Reference
[1] S. Yang, P. Luo, C.-C. Loy, and X. 
Tang, "Wider face: A face detection 
benchmark," IEEE Conference.

Design Description
The design procedure is divided into two
parts. The first part is to build the face
detection system. We combine Adaboost
and CNN to form one detector, then we
use OpenCV to build a client which
provides the detector video or picture
stream. The pictures are first detected
by Adaboost Cascade Detector, then
the CNN classifier.

Fig. 2 Conceptual diagram of the 
system we designed

The second part is to train our system to
achieve a higher accuracy. An accurate
database counts a lot in this part. We
develop a picture-filter program to
check and polish up the database.
Then, we use this database to train
our face detection system. By training
the system many a time, we adjusted
the hyper-parameter of the system
and tried to find out the best ones.

Fig. 3 An example of adjusting the 
hyper-parameter

Modeling and Analysis
One way to judge the performance of
the face detection system is to plot a
Precision Recall Curve on a test dataset.
The larger area the PR curve covers,
the better the system performance is.
We chose the WiderFace dataset from a
paper published on IEEE conference.
Then we plot the Precision Recall Curve
and compare the area under the curve
with other face detection solutions.

Face Detection on Deep Learning 
Convolutional Nerual Network
Sponsor: Dr. Kevin Que, Intel
Team Members: Yifu Guo, Wenyang Chao, Lu Jiang, Ziqiao Wang, Junhui Zhang
Faculty Advisor: Prof. Yunlong Guo   Instructor: Prof. Yunlong Guo
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Description

Box
correctness

9
The box which circles the

face should be correct and 
complete

Profile faces
& partial 

faces
detection

9

The system should be 
workable when people turn 

faces around and partial 
faces such as faces blocked 

with masks

Environment
al adaption

9

The system should be able
to function normally in 

different environment such 
as different light conditions, 

different clearness, etc.

Short 
reaction time

8

The period time program 
spends on detecting and 

circling the face should be 
short.

Multiple 
faces 

detection
7

The program should be able 
to figure out and circle 

multiple faces in the frame

Low energy 
Consumption

5
The program should 

consume as few energy 
from the device as possible.



14

VM450 • Design and Manufacturing III 
& VE450 • Major Design Experience

University of Michigan - Shanghai Jiao Tong University Joint Institute

Problem Statement
EHS specialists frequently need to 
search for laws and regulations. 
However, the search results provided 
by online search engines such as 
Google or Baidu are too general with 
noise results. Users have to manually 
filter out those noises and may scroll 
pages to reach the final result, which 
is a time-consuming and painstaking 
process. At the same time, our 
sponsor, Quantum Compliance, is 
seeking a tool to analyze user 
patterns and promote their products 
accordingly. A search engine and data 
analytics for the environmental laws 
and regulations that can be used by 
EH&S professionals need to be 
developed. 

Concept Design 
Our deliverables include a search 
engine and a data analytics tool. The 
search engine utilizes information 
from a database of laws and 
regulations that have already been 
crawled from official government 
websites by Prof. Chen from Shanghai 
Normal University. The data analytics 
tool obtains user behavior 
information and generates analytics 
report.

Fig. 1 Concept Diagram

Search Engine
Open source code is used to develop 
the search engine. The search engine 
utilizes the information from the 
database and provide accurate and

Validation
Validation Process:
Most engineering specifications can 
be easily modified. The search engine 
is also distributed to the EHS 
specialists in the company and 
improved according to their 
suggestions.

Validation Results:
All specifications can be met.
 Number of servers used        1 
 Average search speed         < 5 s
 Big synonyms data base     > 40
Word Separation size      Per word
 UI Window numbers           > 3
 Code standard Fit the standard
 Result categories collected > 5
 Test cases > 3
 Complexity > 1
 Ranking Options                    > 2

Conclusion
A search engine specifically for 
environmental law is well developed. 
The search inquiries can then be 
collected and mined to create 
varieties of business intelligence. The 
analytics tool analyzes the market 
trends. In addition, it also gives 
advertisement for products from 
Quantum. 

Acknowledgement
Sponsor: Jimmy Hsiao from Logic Solutions
Mentor: Ling Li from Quantum
Lisa Han from ESIS
Prof. Yong Long and Prof. Yunlong Guo
from UM-SJTU Joint Institute 
Prof. Haiguang Chen from Shanghai Normal 
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Reference 
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well-ordered search results. In 
addition, if the users enter any 
keywords that match existing 
Quantum products, then 
advertisements for the products 
would appear floating on the right 
side of the user interface. The search 
engine is open-source and can work 
with simplified Chinese, traditional 
Chinese, and English. The UI on 
mobile devices and tablets are also 
developed so the search engine can 
be accessed by multiple devices with 
ease.

Fig.2 Search engine UI

Data Analytics
The analytics tool first records the 
user location, searching timestamp, 
and searching keywords, and then 
analyzes the market trend according 
to the top search keywords recently 
and the top browsing records. Open 
source code is used to develop the 
analytics tool. The data analytics tool 
is not open to the public; it is 
supposed to be used only by 
administrators or marketing staff in 
Quantum Compliance.

Fig. 3 Data Analytics UI

Environmental Law Search Engine and 
Analytics
Sponsor: Jimmy Hsiao, Logic Solutions
Team Members: Yuecheng Liu, Yilin Guo, Shuo Chen, Da Fang, Hanling Yang
Faculty Advisor: Prof. Yong Long  Instructor: Prof. Yunlong Guo
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Problem Statement
Nesuku is an online language learning 
marketplace for students and 
teachers to have effective web-based 
education experiences. Their current 
and potential customers are facing 
difficulties to organize, view, and 
share course materials, especially for 
users in different countries. This 
design project aims to find and 
implement an efficient way to edit, 
organize, and share files through 
Nesuku platform.  

Concept Generation
After conducting literature research 
and surveying users’ needs,  design 
concepts are narrowed down to three 
possible major choices. Mobile Apps 
from main competitors like iTalki and 
Verbling are simply duplicates of their 
websites with redundant features like 
scheduling and payment. Considering 
different types of course materials, 
mobile applications in flashcard type 
are also not applicable. Yet it could be 
considered as an add-on for future 
extension. A file management system 
like Google Drive could display all the 
course materials for easy review. A 
dedicated file management system 
for Nesuku with characteristic filters, 
convenient sharing function at quick 
responses between different 
countries and regions is at the highest 
priority.  In addition, this mobile 
application should be available on 
both iOS and Android platforms.

Fig. 1 Diagram for Concept Generation

various network connections, size of 
installation packages, real time 
memory usage, malicious login 
attempts, and large file transferring. 
Validation Results:
Based on the test results, most design 
specifications can be met.
 OS: IOS 9.0/ Android 4.0
 Interactive buttons/page: ≤ 15
 Operating speed: ≤ 1s
 Installation packages: ≤ 50MB
 Rate of secure login: 100%
 Storage: 1G(student)/50G(teacher)
• Crash rate ≤ 1crash/month              
√ means having been verified and · means to be 
determined.

Fig.4 User Interface on IOS and Android

Conclusion
Nesuku Mobile Application can be 
used to manage course-related 
materials easily. It employs essential 
functionalities like file organization, 
file sharing, dedicated filtering system. 
The Ionic framework makes the 
development process systematic and 
flexible. The key design requirements 
are greatly satisfied. This project is 
highly adaptable for future 
development.
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Design Description
To build the desired file management 
system, Ionic framework and Amazon 
Web Services (AWS) are utilized. Ionic 
framework show high performance 
on hybrid platforms, namely iOS and 
Android. Major front end 
functionalities are implemented 
through Ionic API and native plugins.
The backend are based on both the
Nesuku website APIs and Amazon
web services. 

Fig.2 Back End Logic Scheme

Fig.3 Front End Functionalities

Implementation Details
This application is built using Ionic 
3.5.2, with various native Ionic 
plugins such as File, Media, Camera to
tap into the native hardware 
/software capabilities on different
devices. Existing Nesuku website APIs
are used for user registration and
authentication. Consistent Amazon 
DynamoDB and S3 storage services 
are established at the back end of the 
design to provide services like sharing 
and cloud storage.

Testing and Validation
Testing Process:
Tests are conducted on real devices as 
well as emulators for different 
versions of operating systems. Major 
tests include operating speed under 

NESUKU Mobile Application
Sponsor: Jimmy Hsiao, Logic Solutions
Team Members: Siying Feng, Zhuoran Han, Yijun Hou, Xieyang Liu, Yanqi 
Wang, UM-SJTU Joint Institute
Faculty Advisor: Prof. Yong Long, UM-SJTU Joint Institute
Cogent: Andy Hsiao, Nesuku
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Problem Statement
Parking is accident prone and time 
consuming for drivers. Existing 
solutions like back up cameras can 
not solve the problem since they 
distract drivers’ attention to a great 
extent. This project is to develop an 
active parking assistant that can 
estimate the feasibility of parking, 
find the parking route, and execute 
the parking procedure.

Concept Generation
The system concept is to first locate
the parking space and then move the 
car to the destination. The parking 
space is located by both line 
detection and obstacle detection. The 
movement is achieved by PID control 
which approximates the planned 
path.

Fig. 1 Detailed structure function

Fig. 2 Concept Diagram

Validation
Validation Process:
The model car was placed at a start 
position where parking lots were 
visible by the RGB-D camera. System 
was then turned on and the parking 
time, speed and distance error were 
measured. The process was repeated 
for different starting positions (x, y, θ). 

Fig. 6 Validation set-up*
* X and Y are vertical and horizontal distance to 
the center of the target parking line segment. Θ is 
the angle between desired parking direction and 
local orientation of the car. 

Validation Results:
 Destination finding time < 40s
 Alarm distance > 5% car length
 Max Speed 10 mph
 Distance to back and front < 15% 

of car length
 Working Slope: 0 degree
• Minimized difference between left 

and right
• Parking Time < 30 sec
√: has been satisfied  · to be determined.

Conclusion
The self-parking system applies 
computer vision and obstacle 
detection to fulfill a complete parking 
process from parking space 
positioning to final execution. The 
system is also open to extension for 
building a general purpose self-
driving platform in the future.

Sponsor: Panasonic Corporation
Acknowledgement

Instructor：Prof. Chengbin Ma and Yimeng
Huang from UM-SJTU Joint Institute 

Reference 
[1] “Depth Camera Based Indoor Mobile 
Robot Localization and Navigation.”Joydeep
Biswas, and Manuela Veloso. May 2012.

Design Description
The design uses a Raspberry Pi to 
collect RGB image and depth data 
from the camera. Based on detected 
parking lines and obstacles using 
computer vision and obstacle-
detecting algorithm, the Raspberry Pi 
calculates the parking path and 
output commands to Arduino Uno 
board. The Arduino board sends 
control signals to DAC modules, which 
output voltage levels to simulate the 
human driving operations on the 
remote controller. The remote 
controller then controls the motor 
and servo wirelessly to direct the car 
executing the parking algorithm.

Fig.3 The whole set-up system

Modeling and Analysis
First, a C++ model is built to 
transform the RGB-depth data into 3D 
image. Then, Fast Sampling Plane 
Filtering algorithm [1] is used to 
identify obstacles and OpenCV 
algorithms are used to identify the 
parking lines. Second, based on the 
kinetic model of cars, a path is 
planned by calculating the turning 
radius (Fig. 4). In addition, an Unity® 
simulation model is built to deploy 
and test the algorithms (Fig. 5). 
Finally, a PID control is tuned to 
reduce the error between planned 
path and actual path.

Fig. 4 Path Planning Fig. 5 Unity Simulation

Intelligent Automobile Self-parking 
System
Sponsor: Panasonic Corporation
Team Members: Yulong Cao, Zhengxu Chen, Mo Yao, Yujin Zhang
Faculty Advisor: Prof. Chengbin Ma  
Instructor: Prof. Chengbin Ma



17

VM450 • Design and Manufacturing III 
& VE450 • Major Design Experience

University of Michigan - Shanghai Jiao Tong University Joint Institute

Problem Statement
Permanent magnet synchronous 
motor (PMSM) is getting more 
important and be widely used due to 
its high power density and some 
other advantages. In order to get 
better motor performance, engineers 
usually need to know the parameters 
(resistance R, inductance L and 
magnetic flux ) of the PMSM 
However, off-line methods are time 
consuming and require special sensor 
and equipment. This project is aiming 
to build an on-line parameter 
identification system for PMSM which 
can ideally identify the parameters by 
knowing only the current and voltage.

Fig. 1 Internal structure of PMSM[1]

Concept Generation
To identify the parameters and 
validate the results, we separate our 
work into two parts, theoretical 
analysis and experiment. We 
construct a Matlab/Simulink model to 
estimate the parameters of a 
standard PMSM. For experiment part, 
Raspberry Pi 3 is used as a controller, 
it collects the data form the sensors 
and calculate the parameters

Fig. 2 Concept Diagram

parameters. Through this method, we 
proved that our product can be used 
on multiple types of PMSM and we 
found that the accuracy of the 
theoretical test result is much higher 
than the result we get from the actual 
motor test due to the better signal 
quality.

Fig. 5 Theoretical validation result for 
different inductance

We have also designed a validation 
test on an actual motor. The setup is 
shown in figure 6. 

Fig. 6 Validation experiment setup

Conclusion
Different from off-line identification 
methods, on-line identification of 
PMSM is more convenient and can 
save a lot of time. However, the 
current method is still not perfect. For 
further development, the influence of 
the temperature and other nonlinear 
factors can be considered to increase 
the accuracy of the parameter 
identification.

Acknowledgement
Sponsor: Haobo Wang from Panasonic
Instructor: Mingjian Li from UM-SJTU Joint 
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Reference 
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Design Description
Model Reference Adaptive System 
(MRAS) is the method we use to 
identify the parameters of PMSM on 
line. It consists of three parts, 
standard motor, tunable motor, and 
parameter identification block. 

Fig. 3 Concept of MRAS

The adaptive law calculates the 
parameters of the PMSM by 
comparing the two output current of 
standard motor and the tunable 
motor. It changes the parameters in 
the tunable motor to make its output 
current closer to that of the standard 
motor. The Simulink model for 
adaptive law is shown below.

Fig. 4 Adaptive law in Simulink

Validation
Our product is supposed to be 
working on any type of PMSM but 
validate this through tests on the real 
motors are merely possible due to the 
limitation on time and budget. 
Therefore we applied a theoretical 
PMSM model with adjustable 
parameters in MATLAB/Simulink to 
simulate motors with different 

On-line Identification of Permanent 
Magnet Synchronous Motor Parameters
Sponsor: Haobo Wang, Panasonic
Team Members: Zhihao Yuan, Xiaotong Chen, Zhen Dong, Ningfeng Yang, 
Pengwei Ni
Instructor: Prof. Mingjian Li
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Problem Statement 
The temperature of a Li-ion battery 
rises during charge or discharge 
process. The battery pack consists of 
Li-ion batteries connected in serial 
and parallel. The batteries in different 
positions of a pack will have different 
surface temperature. For instance, a 
battery at the center will have higher 
temperature than a battery at the 
boarder. Because of the uneven 
temperature distribution inside a 
battery pack, each battery has 
different life time. The lifetime of a 
battery pack is shorten due to this 
phenomena. This project aims to 
achieve the thermal balance for the 
cells in battery pack. 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1 CAD image of battery pack 

Concept Generation 
We need to find a best method to 
simulate thermal balance of the 
battery pack. Actually, there are 
plenty of software that we can use. In 
order to find the best one, we 
compared the pros and cons of these 
software and finally choose to use 
COMSOL Multiphysics. 

 
 
 
 
 
 
 
 

Fig. 2 Roughly simulation by CONSOL 

 

 
 

 
 
 
 
 
 

Fig.6 Experiment Data 
 

 
 
 
 
 

Fig.7 Simulation Result 

Validation 
According to QFD analysis, most 
engineer specifications can be met. 
. 

 
 
 
 
 
 
 
 
 
 
 

Fig.8 QFD chart of the product 

Conclusion 
Although the simulation result does 
not exactly match the experiment 
result, the trend of temperature 
change is similar. The simulation does 
shows that the temperature is higher 
in the center and lower at the 
boarder of a battery pack. 

Acknowledgement 
Sponsor: Jun Zhong from Panasonic 
Mingjian Li, Yunlong Guo and Chengbin Ma 
from UM-SJTU Joint Institute  
 
 

Design Description 
We firstly created CAD model of the 
battery pack, and uses COMSOL to 
simulate the thermal distribution of 
the pack. In order to have a more 
accurate result, we use the acute 
triangle mesh pattern to reduce the 
bad  element. For the simulation part, 
we made some appropriate 
assumptions: we neglect heat 
generated by the chemical reaction 
inside the batteries and only consider 
joule heating, and only consider 
conduction and  radiation.  
 
 
 
 
 
 
 
 

Fig.3 The mesh pattern of model 
 
 

 
 
 
 
 

Fig.4 The surface temperature of model 

Comparison and Analysis 
We choose seven testing points on 
the pack, and plot and  compare the 
simulation results with the 
experimental results offered by our 
sponsor. 
 
 
 
 
 
 
 

Fig. 5 Selected points for testing 
 

                                
 
 

Thermal balance method for 
Cylindrical Type battery pack 
Sponsor: Jun Zhong, Panasonic 
Team Members: Yudong Chen, Zhaohong Yang, Zhibo Cai, Jianrui Liang 
Faculty Advisor: Prof. Mingjian Li   Instructor: Prof. Yunlong Guo 

0.0  

5.0  

10.0  

15.0  

20.0  

25.0  

30.0  

35.0  

40.0  

45.0  

0.0  2000.0  4000.0  6000.0  8000.0  10000.0  12000.0  14000.0  16000.0  18000.0  

系列1 系列2 系列3 系列4 系列5 系列6 系列7 

293 

293.2 

293.4 

293.6 

293.8 

294 

294.2 

294.4 

294.6 

294.8 

0 2000 4000 6000 8000 10000 12000 

Te
m

pe
ra

tu
re

[K
] 

Time[s] 

point 1 

point 2 

point 3 

point 4 

point 5 

point 6 

point 7 



19

VM450 • Design and Manufacturing III 
& VE450 • Major Design Experience

University of Michigan - Shanghai Jiao Tong University Joint Institute

Problem Statement
With the development of robotic 
education, more and more teenagers 
and educators are getting involved 
robotic competitions. The weakness 
of traditional battlefields, which are 
set up physically, are high cost, hard 
to change structure and rules, and 
relying on manual observation to 
record the game data. This project is 
aiming at solving the problem by 
virtualizing the battlefield.

Fig. 1 Traditional Competition Battlefield[1]

Concept Generation
The proposed solution is utilizing 
Augmented Reality (AR) technique to 
virtualize a robotic battlefield. This 
solution has such advantages as easy 
to change settings and to describe the 
states of the robots.

Fig. 2 Concept Flow Chart

Fig. 3 Concept Diagram

sure the selected design has 
satisfactory performance. The length
and weight data are measured 
manually and the time data came 
from program feedback. The 
validation results are shown below:
 Cover range > 2400×2400mm
Maximum height < 2500mm
 Fits in a 670*450*250mm luggage
Weight < 10kg
 fps > 20
 Calibration Error < 0.4%
 Delay < 0.2s
More than 2 game modes
More than 2 adjustable variables
• localization error < 10mm
√ means having been verified and · means to be 
determined.

Most engineering specifications are 
met according to the list above.

Conclusion
Utilizing AR technique, a virtualized 
robotic competition battlefield with 
lower cost, more flexible game rule, 
and more accurate game records can 
be set up. This system localize the 
battlefield and robot using computer 
vision. The interactions between the 
robot and the battlefield are realized 
by OpenGL. Users can adjust the 
game rules the user interface. And 
the whole progress of competition 
can be projected on the screen.

Acknowledgement
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Design Description
The system consists of 4 parts: the 
camera system, the identification 
system, user interface, and the AR 
broadcast system. The camera is used 
to detect the markers on the corners 
and on the robots. Then the 
identification system will recognize 
and calculated the location of the 
markers with computer vision. With 
the user interface, the users can set 
up the game rules and start the game. 

Fig.5 Game Rule Setup GUI
A broadcasting image with the 
regenerated battlefield, game settings, 
and the robot will be projected on the 
screen. The physical movement will 
interact with the virtual objects in the 
game setting. Important game data, 
such as time, track, and distance can 
also be accurately recorded.

Fig.4 Virtually generated battlefield with 
robot and game settings 

Performance Analysis
As a virtualized battlefield, the system 
is required to meet several customer 
requirements, such as portable and 
accurate, to be competitive to 
traditional battlefield. A series of 
validation plan was made to make

Sponsor: Shaolong Sui, Roboterra
Team Members: Jin Chen, Bohuan Yang, Xiaoyu Ye, Wenyuan Zhang, 
Chengcheng Zhu 
Mentor: Chuan Zhang
Instructor: Prof. Yunlong Guo, Dr. Mingjian Li

Virtualize Robotic Competition’s Battlefield
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Problem Statement
In reality, the operating status of 
each components of the machine 
is hard to monitor  which leads to 
not only the high cost of 
maintenance, but also the low 
work efficiency. This project is to 
build up a system to help the 
warehouse engineer, 
maintenance engineer and 
equipment operator to have a 
high efficient platform to better 
do operation on the equipments 
and record statuses of them.

Concept Generation
This platform could be divided into 
three sub system, they are aimed for 
three different kinds of users 
respectively. They are machine 
operator, maintenance engineer and 
warehouse engineer.

Fig. 1 Work flow chart

Fig.2 Sub systems

Validation
Validation Process: 
Our project is just like a website. 
Every time we finish a website, we 
will test all elements on the page, 
especially those buttons with links, 
tables and pictures. Besides these 
visible things, we also ensure all data 
to transform correctly to next page 
and to the corresponding database. 
Each page we have tested about 
twenty times individually and  
hundreds of times with other pages, 
covering all conditions the pages may 
meet. 
Validation Results:
According to our engineering 
specifications:
 QR code as identity
 User types >= 1
 Level of equipment >= 3 
 Database with different use >= 3
 Website pages >= 10
 Available platforms >= 2

Conclusion
Our system is able to realize the
functions needed for equipment
management and maintenance in a
company. The key to achieve this goal
is to design a logical, efficient and
user friendly way to transfer
information between our database,
webserver and user interface.

Acknowledgement
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Professor Mian Li from UM-SJTU Joint 
Institute 

Design Description
The goal of our system is to track the 
lifecycle of every piece of equipment 
in an industry, and makes in-time 
maintenance available. Our system 
provides two platforms for users to
interact with, computer websites and 
WeChat mini-program.

Users can sign up and log in as  
warehouse manager, maintenance 
engineer or machine operator, and 
will be provided with different 
functions. They can view or modify 
the records of the information, 
physical running status, usage records, 
and maintenance records by sending 
requests through our websites. Our 
websites will communicate with the 
cloud server, which is connected to 
the online database, to provide or 
modify the information as the users 
want. For example, insert a newly 
purchased equipment to the 
database.

The computer platform allows users 
to scan QR codes using a QR code 
scanner connected through a USB 
port, get the resulting equipment id, 
and perform further operations to the 
equipment.  Also, we use a QR code 
printer connected to the user 
computer to print out QR code 
stickers automatically. As for the 
WeChat platform, users can scan QR 
codes using built-in cameras in their 
smart phones.

Fig.3 The set-up system

IoT for Equipment Management and 
Maintenance
Sponsor: Chao Ren, Siemens
Team Members: Chi Zhang, Rui Xia, Qing Liu, Zijing Huang, Zijun Cheng
Faculty Advisor: Prof. Mian Li   Instructor: Prof. Mian Li
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Problem Statement
S-Koito’s vehicle headlights are 
equipped with Light Leveling System 
(LLS) that adjusts the front light 
direction to adapt the vehicle’s pitch 
angle on varying road conditions for 
illumination of the road ahead, see 
Fig.1. The LLS  adjusts the front light 
angle through a permanent magnetic 
step motor. The step motor is 
connected to the light panel through 
a ball joint - snap joint pair, see Fig.2. 
The abnormal loading conditions on 
the ball joint may cause the step 
motor to lose steps, which brings the 
safety concerns for the vehicle brands 
that use S-Koito’s products such as 
Audi, Toyota.  Therefore, S-Koito 
needs a device that can quantify the 
loading condition on the ball joint 
attached to the step motor when the 
step motor adjusts the front light 
angle. 

Fig. 1 The LLS adjusts the light direction on 
different road conditions.

Fig. 2 LLS Working Mechanism (the step 
motor pushes and retracts light panel to 

adjust the light direction).

Design Description
A three-layer device is designed and 
manufactured to quantify the loading 
condition on the ball joint of the step 
motor. The outer shell is a housing 
device that can be installed in the 
headlight. The inner shell is installed 

Device Manufacturing and 
Performance

The device is manufactured through 
CNC machining using Aluminum Alloy. 
Fig.7 shows the assembled measuring 
device.  An Arduino micro processor 
was used to set up the serial port 

Fig. 6 The assembled measuring device.
communication between the 
measuring device and MATLAB to 
feed the readings of the force sensors 
into MATLAB. The loading condition 
on the ball joint is then simulated and 
visualized in MATLAB (see Fig. 8, the 
red arrow represents the magnitude 
and the direction of the force applied 
on the ball joint). 

Fig. Loading simulation in MATLAB.

Conclusion
The abnormal loading conditions on 
the ball joint of the step motor in the 
vehicle headlight may cause the Light 
Leveling System to execute the 
commands inaccurately. Our team has 
developed a measuring device that be 
installed inside the vehicle headlight 
to quantify and visualize the loading 
condition on the ball joint online.   

Acknowledgement
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inside the middle shell, and the 
middle shell can slide along the 
sliding track on the inner surface of 
the outer shell, see Fig.4 for the 
explosive view of the measuring 
device. 

Fig. 4 The explosive view of the measuring 
device.

The inner shell (Fig.5) is cuboid shape 
with two small cylinders on its front, 
left, right, back side and one cylinder 
on the bottom.

Fig. 5 The inner shell of the 
measuring device.

One thin film force sensor (Fig. 6) is 
installed on each cylinder, and the 
inner shell and middle shell are in 
close contact. When a force is applied 
on the ball joint, the embedded  
program uses the force readings from 
the nine sensors to solve the applied 
force on the ball joint. The middle 
shell can be pushed or retracted by a 
leading screw to slide on the sliding 
track on the inner surface of the 
outer shell to simulate the step motor 
pushing the light panel or retracting 
the light panel. 

Fig. 6 The thin film force sensor. 

Device for Measuring the Force 
Distribution on the Ball Joint of the 
Step Motor in the Vehicle Headlight 
Sponsor:  Tianzhong Guo (S-Koito), Liujun Wang (S-Koito)
Team Members: Hao Chen, Nan Gu, Sheng Li, Weitao Sun, Ran Tian
Faculty Advisor: Prof. mingjian Li   Instructor: Prof. Yunlong Guo
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Problem Statement
United Automotive Electronic 
Systems Co.,Ltd (UAES) is a joint 
venture of  Zhong-Lian Automotive 
Electronics Co., Ltd and Robert Bosch 
GmbH. The company is looking for an 
innovative in-car system that enables 
the driver easily control automotive 
electronics without pressing any 
button and, thus, improve the driving 
experience.
After discussing with company 
mentors, a real-time illumination 
robust face tracker is decided to be 
built as the core functionality of the 
system.
The tracker should remain robust 
under certain scenarios, such as focus 
lose, sudden illumination change, 
dark background, etc. 

Fig. 1 [1]

Concept Generation
The input source is a real-time video 
stream taken by a camera. The video 
would be first pre-processed into the 
proper form for the tracking function 
to read. The combined prediction 
function consists two parts:  Faster R-
CNN face detection function and KCF 
regression function. These two parts 
of function would running together to 
detect and track face. The system 
then would visualize the position 
back to a video stream in order to see 
the face trajectory.

Fig. 2 Concept Diagram

Validation
Validation Process: 
We ran our tracker on the face videos 
inside the 50 video benchmark [2]. To 
compare our result with KCF 
detection, we have:

Conclusion
The face tracker runs smoothly under 
real-time video test while remains its 
high robustness. It also works well 
under weak illumination background 
test and face blocking test. The 
overall test precision is over 80%, 
which means this tracker is mature 
enough to generate a stable object 
moving trajectory for further use such 
as an in-car tracking control.
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Design Description
The whole project is written in 
Python and based on MxNet 
framework. The video stream would 
be first pre-processed into a set of 
images with 25 FPS. The tracking is 
realized by combining a face detector 
based on Fast R-CNN and a KCF 
regression tracker. KCF regression is a 
popular algorithm for object-tracking. 
It can predict the next position of an 
object based on its current position. 
The weakness of KCF is that if the 
face disappears or being blocked 
from the screen for a while, KCF can 
not do the tracking when the face 
comes back. Hence, a robust face 
detector is used to fix these 
problems. The detector is based on 
faster R-CNN(Region-based 
Convolutional Neural Network) 
Algorithm. For each frame, the 
detector would classify and localize 
possible faces, so when KCF failed to 
follow the face, it can re-start from 
the position given by detector. The 
output position would be visualized 
by a bounding box on video stream.

Modeling and Analysis
The KCF function can reach 172 FPS 
with precision 73.2%. The fined face 
detector is called “Zhenghuan-0.871” 
which is programed and named by 
the team leader Huan Zheng and the 
mean Precision is 87.1%, ranking 3.

Fig. 3 KCF sample result [2]

Fig. 4 Precision-Recall Curve with  
Algorithms on Leaderboard & Demo 

Real-time Illumination Robust Face 
Tracker under Ensemble Learning
Sponsor: Yuzhu Wang, Riguang Bai, Jiawei Liu, UAES
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Our Tracker KCF tracker

FPS (24) 124 172

Frame Loss (3) 3 1

Precision (70%) 84% 73.2%

Variance (10%) 7.8% 14.5%
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Problem Statement
Internet of Vehicle (IoV) is a growing 
trend in vehicle industry. With the 
increasing population of smart phone 
users, smart phone takes important 
role connecting users and vehicles. 
Considering the low social acceptance 
towards keyless vehicles, UAES 
developed an smart key as an 
intermediate product. We are 
required to develop an app to match 
with the smart key to manage the 
vehicles.

Fig. 1 Concept diagram of project

Concept Generation
According to function decomposition, 
the project can be divided into four 
sub-systems:
1. Bluetooth Low Energy (BLE) 

communication Application 
Programming Interface (API)

2. Database and Data Throughout
3. User Interface (UI)
4. Security Plan
We follow the concept generation 
and selection method by Dieter [1]. 
For each sub-system, we do individual 
brainstorming. Then we gather to 
improve each proposal, review the 
complete design and evaluate in Pugh 
chart according to the importance of 
each specification.

Fig. 2 Detailed structure function

Validation
Validation Process:       
Test 1: functionality
Write a script to repeat signing up 
and resetting password to test the 
user log in and off function.
Test 2: data transmission
Simulate signal and fault signal from 
key to smart phone, calculate 
throughout and examine database.
Test 3: extensibility
Connect with Vehicle BCM and repeat 
test 2.
Test 4: working limit
Measure connection distance and 
continue working time.
Validation Results:
According to validation part, most 
specifications can be met.
 Data integrity error rate < 1%
 Continue working time > 48 h
 Able to work backstage
 Data throughout > 200 kbps
 User log in and off required
 User menu required
 Local database size < 50 MB
 Data interface extensibility
Working distance > 20 m
• Runtime error report
• Multiuser function              
√ means having been verified and · means to be 
determined.

Conclusion
The connection between the key and 
the smart phone is fast and stable.. 
However, due to the lack of processor 
in the smart key, we have to decrypt 
on the vehicle, which may lead to 
potential security issue.
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Design Description
BLE Communication API:
The original Android API is not 
encapsulated so it can only take 
discrete actions. We wrap the API so 
it could synchronize the Bluetooth API 
with our UI.

Fig. 3 Android OS API with potential Bug

Fig. 4 Encapsulated API without bug
Database and Data Throughout:
We establish an SQLite database on 
the cloud to save user information, 
and the transmission is secured with 
HTTPS protocol.
User Interface:
We use the photo of the smart key 
circuit as a logo for the user interface 
(UI); all key functions can be selected 
on the main page.

Fig. 5 User Interface
Security Plan:
We use AES-128 encryption method 
to ensure the safety of data 
transmission; we require the vehicle 
Body Control Module (BCM) to 
decrypt the data.

Implementation of Bluetooth 
Communication between Key and 
Smart Phone
Sponsor: Riguang Bai, UAES
Team Members: Jinlei Chen, Xi Chen, Hanxiang Li, Dapeng Xu, Hua Zhu
Faculty Advisor: Prof. Yunlong Guo Mentor: Li Jin
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Problem Statement
Autonomous vehicles have become a 
hot topic of research for solving the 
problems brought by increasing 
number of cars on urban roads, 
including traffic accidents, urban 
congestion, low social efficiency, 
wasted fuel resources, and air 
pollution. We aim to demonstrate 
V2V and V2I, two key technologies for 
autonomous driving, on a small scale, 
by building a demo playground and a 
toy vehicle with cameras and sensors.

Concept Generation
Our model car is designed and 
fabricated to demonstrate 
autonomous driving on a small scale. 
The model car drives autonomously 
by collecting data from sensors, and 
using the data to identify objects. 

Design Description
The principle design consists of 3 
main parts: detection algorithm, 
sensor and camera calibration, and 
path planning. The deep neural 
network models on PC process the 
streaming video from Raspberry Pi

A Model V2V & V2I Demo System For 
Autonomous Driving
Sponsor: Professor Chengbin Ma
Team Members: Chongzhao Mao, Chenghao Wei, Tianheng Hu, 
Yimeng Huang, Yue Xie
Faculty Advisor/Instructor: Professor 

Fig.1 Concept of V2V and V2I

Fig. 2 Concept diagram

Fig.3 Model vehicle (a) and playground (b)

[1] Levinson J., et al. (2011, June). Towards
fully autonomous driving: Systems and
algorithms. Intelligent Vehicles Symposium
(IV), 2011 IEEE (pp. 163-168). IEEE.

We would like to thank Professor Chengbin
Ma for giving us guide and support, and the
Joint Institute for providing lab space.

(a)

(b)

Fig.4 Object detection result

and detect car lanes, objects (bikes,
cars, pedestrians) and various traffic
signs frame by frame. The
initialization step performs camera
calibration with a checkerboard.
Three ultrasonic sensors on the front
of the vehicle measure the distance
to the obstacles on all lanes. The
vehicle tunes its speed and turns
according to visual detection and
distance measurement results. The
PC sends order to the Arduino, which
then controls the servo and motor.

(1)Detection accuracy: the algorithm
could detect all elements on the
playground, which is enough for
demo purposes. (2)Processing speed:
the detection algorithm could run in
speed of 25FPS, which matches the
real-time specification. The Wi-Fi and
Bluetooth also meet the requirement
by sending streaming video. (3)Sensor
measurement: range: the ultrasonic
can measure the distance from 2cm
to 4m, with a precision of 3mm,
which meets the specification.

(   ) means having been verified.

Hardware & Implementation
The PC has an Intel i7 CPU and a
Nvidia 960M GPU on Ubuntu system.
The system uses a standard Pi camera
and three HC-SR04 ultrasonic sensors.
All the sensors are connected to
Raspberry Pi through leads and bread
board. The model vehicle uses a
MG996 steering engine to turn, two
1:48 gear motor to move and a 7.4V
2399mAh lithium battery for power
supply. The Arduino on the vehicle
receives commands from the PC by
Bluetooth and connects with motors
and steering engine by cable.
The demo playground is 3mX4m in
size, made up of twelve pieces of
1mX1m cardboard. It is portable and
could be easily disassembled. It
includes multiple lanes with various
kinds of traffic signs and road
elements including cars, trucks, buses,
bikes, and pedestrians.

Other specifications are also met:
    vehicle weight ≤ 2kg
    battery capacity > 1800mAh
    Bluetooth range > 10m
    playground size ≤ 16m2

Validation

Chengbin Ma

Our model vehicle could test
autonomous driving algorithms and
configurations for real design. The key
is to adjust the software and
hardware so that they can function
together. Also, the accuracy and
speed of the whole system are critical
in getting ideal results. This demo
system could be used in various
scenarios for autonomous driving
research in the future.

Conclusion

Reference

Acknowledgement
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Problem Statement Motor Thermal Model
Electrical motors are intensively used 
in cars in modern technology. One of 
the most essential problem in motor 
control is the overheating issue. The 
motor in the supporting shaft of the 
automatic tailgate of the SUV is 
frequently used. It faces the problem 

This thermal model is able to cover
general electrical motors for winding
temperature simulation. By giving
electrical motor parameters, this
model would output winding
temperature according to different
types of current input.
A graphical user interface is
developed for the easiness of result
visualization and parameter
adjustment, which greatly improve
the electrical motor validation and
selection.

with overheating since the load varies 
at different positions of the tailgate. 
This project aims at controlling the 
opening speed of the tailgate as well 
as keeping the motor from being 
overheated. 

Fig. 1 Image of motors inside the vehicle 
chasis

Concept Selection and 
Control Logic

PID Control is selected primarily 
because of its easiness for tuning and 
low cost. The derivative part is further 
eliminated because of potential 
fluctuations that will cause by noise. 
Shown in the Fig. 2 and Fig. 3 are our 
block diagram and control algorithm.

Fig. 2 Detailed structure function

Fig. 3 Concept Diagram

Validation
The system is validated against the 
step response of 5000 RPM shown in 
Fig. 6. Additionally, we simulate open 
and close behavior of the tailgate 
which is shown in Fig. 7.

Fig. 6 Step response of 5000 RPM

Fig. 7 Tailgate open and close simulation

Conclusion
PI control is an economical controller 
for electrical motor speed control. By 
introducing speed difference to 
determine the proportional gain, the 
system response is better. The 
tunable parameters of the whole 
system including the controller, the 
thermal model, and the motor model 
can be further modified to fit the 
hardware.
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Motors’ Control
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Motor Rotor Model

Fig. 4 Thermal model simulator

The behavior of DC motor is governed
by the following state equations:

Where Tm is the shaft torque and  m
is the shaft speed. The equations are
based on the electromagnetic force
produced by the AC input and the
newton equation of the rotor.

Which are based on the KVL
equations on each winding

Fig. 5 Diagram for stator and rotor [1]
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Problem Statement
Car key is a very small item which 
always hides deeply in the bag. 
People always waste time in 
searching keys just standing beside 
the door of their car. Besides, 
comparing with smartphone, people 
have the higher possibility forgetting 
to bring car keys with them. Our 
project is an android application 
which can perfectly solve the 
problems by automatically 
connecting users’ vehicles and unlock 
doors for them.

Fig. 1 Concept Diagram

Concept Generation
BLE is a novel protocol for short range 
communication.  We can use the RSSI 
value of BLE signal, which is Received 
Signal Strength Indication to roughly 
locate the position of theuser. This is 
because RSSI values are linearly 
related with distance between 
transmitter and receiver in logarithm 
scale. However, RSSI values are easily 
affected by environment. Therefore 
we need to apply filters to cancel the 
effects of noise.

Design Description
The software is developed in Android 
Studio with Java (SDK 18). The code is 
based on an open sourced BLE 
Android framework. At the heart of 
the software is BleManager, which is 
an abstraction of BLE hardware. The 
framework utilizes callback 
mechanism to handle events. We 
apply gaussian filters in onScanning 

Validation
Validation Process:       
The user requirement for RSSI 
deviation is ±5dB. We test our design 
on comparison with other filters in 
different distance and measure the 
deviation of RSSI values.
Validation Results:
Gaussian filter shows the lowest error 
rate and deviation compared to other 
filters.

Conclusion
We successfully design the PEPS 
system based on Android and fulfill 
the user requirement

Acknowledgements
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thankful for our TAs for providing us 
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function, as it is the callback when 
signals are received. The software 
uses SQLite as database to store 
information of paired devices for 
auto-connection. The communication 
between cellphone and vehicle is 
encrypted with RSA algorithm.

Fig. 2 Software architecture

Our design sets two BLE signals 
emitters on both sides of the vehicle. 
When the user is approaching and 
outside the vehicle,  one RSSI will be 
within threshold and another one out 
of it. The door will open for this 
situation. When the user enter the 
cars, both RSSI values will be within 
the threshold and then the engine 
can be started. 

Bluetooth Low Energy 
Passive-Enter-Passive-Start
based on Android platform
Sponsor: Jiawei Liu, UAES
Team Members: Yifan Hao, Xinyue Ou, Zuguang Gu, Tianxing Ma
Faculty Advisor: Prof. Chengbin Ma   Instructor: Prof. Chengbin Ma

Fig. 3 Design diagram

Fig. 4 UI Design

Fig. 5 Filter Error Rate

Fig. 6 RSSI values of different filters
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Abstract
In this project, our group composed a 
comprehensive and reliable virtual 
vehicle simulator, which combines 
function of multiple analysis 
softwares. The simulator serves as a 
validation platform for applications 
regarding vehicle internal dynamics, 
real city road environment, real-time 
sensing systems and human driving 
behaviors.

Problem Statement
Although automobile industry springs 
up in an unbelievable speed, the 
validation process is poorly 
conducted because of the lack of 
simulation platforms. Upon 
connecting with the vehicle model 
hardware, our virtual vehicle 
simulator could work in a virtual-
reality environment.

Fig. 1 The hardware components of the 
virtual vehicle

Concept Generation
The virtual vehicle could:
• Compare human behaviors with 

auto-driving controller
• Validate performances in real city 

environment

Fig. 2 Detailed structure function

Validation
For validation of the simulation, we 
run two vehicles in Unreal 
environment using the same script. 
By comparing the behaviors of the 
two vehicles, the transmission of 
Carsim’s dynamics to Unreal Engine 
can be validated. In addition, we 
compare the dynamic output files in 
Carsim to validate the combination of 
the Carsim and Unreal generating the 
same result as Carsim, while taking 
the advantage of Unreal’s diverse 
environments. Validation Results:
According to validation part, most 
specifications can be met.
 Numbers of simulated dynamic 

parameters>=6
 Numbers of simulated motor 

parameters>=2
 Picture resolution>=1080pixel
 Pilot horizontal viewing angle>=90º
 Pilot vertical viewing angle>=10º
 Connect Logitech G29 Steering Wheel with

Labview
 Control CarSim DS Model with Labview
 Running CarSim dynamic analysis while 

operating in Unreal Engine environment
 Use analysis data from Carsim for vehicle 

optimizations 
 means having been verified

Conclusion
Our virtual vehicle model can provide: 
• Real driving experience: Steering 

Wheel, Accelerator Pedal, Brakes, 
Instrument Panel, 3-D City Map

• Dynamic parameters monitoring: 
Lateral Acceleration, Yaw Rate, Roll 
Angle, Vibration, Inertia force, 
Fuel-Injection Quantity

• Customization Driving Route: 
Arbitrary Route from GPS Map
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Design Description
• Unreal Engine
The Unreal Engine is used to build a 
real-city traffic system which includes 
road, traffic lights and vehicle blocks, 
e.g. buildings and trees, etc. 
• Carsim
Carsim is used to simulate the real 
vehicle parameters and monitor the 
vehicle dynamics during a test 
running. For example, during a 
double line change road testing, the 
parameters of the vehicle like sprung 
mass related parameters, power train 
system, wheel type of the vehicle can 
be modified and the vehicle dynamics 
like lateral acceleration, roll angle and 
yaw rate can be monitored.
In addition, Carsim is used to build a 
real-time track which can be directly 
related to Google Map and the virtual 
vehicle can run automatically in the 
track.

Fig.3 Real-time Simulation in Carsim

Modeling and Analysis
By importing Carsim model to Unreal 
map, a detailed car feedback can be 
created. As is shown in figure 4, we 
are able to test the driving perfor-
-mance for a given car. After each test, 
detailed data can be obtained for 
future analysis.

Fig. 4 Product Display

UAES-Virtual Vehicle
Sponsor: Zhiyuan Liu, Jing Yang and Hao Zhou, System & Function 
Development (ESF), UAES
Team Members: Ruchen Zhen, Mengxuan Zhang, Yang Pan, Zexu Wang, 
Zhongnan Hu
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Problem Statement
As one of the leading three 
companies in image detection and 
recognition in China, YITU endeavors 
to investigate the possibilities of all 
kinds of innovative applications 
grown out of technology. On one 
hand, they have the potential to 
become new business models. On the 
other hand, YITU’s algorithms need to 
be tested under various scenarios. Its 
adaptability, efficiency, and accuracy 
need to be evaluated.

Concept Generation
There are four places that we have 
the options to decide and choose 
which website or algorithms we may 
use: choosing the target website, how 
to collect information from the target 
website, how to examine whether 
there is a face in a picture 
downloaded from the target website 
or not, and how to identify the same 
faces. 

Fig. 1 Concept Diagram
For the face detection, we found two 
other open-source algorithms dlib
and openCV. From Figure 1, we can 
see that YITU’s product is the best 
one. Therefore, we use it for our trace 
map, but we also use the rest two 
open-source algorithms to make a 
comparison report with YITU’s 
product. 

Fig. 2 Design Matrix for Face Detection

Validation
We have validated our engineering 
specifications. The prototype and 
desired values are shown in the 
following table. For face recognition 
accuracy, although Opencv does not 
meet the specification requirement, 
YITU’s algorithm and dlib satisfies the 
specification. For testing component, 
15,000 graphs are less than 20,000 
target value because it is hard to find 
photos with one big, centered faces. 
To conclude, our prototype meets the 
specification requirements. 

Fig.7 Validation Results

Conclusion
AI Application Layer for YITU 
Company is well developed. All the 
customer requirements were carefully 
considered and the expected 
deliverable shown in the outcomes 
shows excellent performance in our 
benchmarks. Our project investigated 
current market available solutions 
and can be applied in the future.
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Design Description
The final trace-map demo interface is 
designed to use html and Baidu map 
API. After we performed face 
recognition algorithm, twenty people 
with their trace-maps are shown. Icon 
could be clicked to see the particular 
trace-map of one person and the 
specific travel locations.

Fig. 3 Trace-map demo interface

Results
The face detection accuracy 
comparison result is shown in Fig.4. 
Yitu’s algorithm is better than the 
other two open source algorithm, but 
is not perfect in our training set. The 
error set would be sent to our 
sponsor to help them refine the 
algorithm in the future.

Fig. 4 Trace-map demo interface
The feature extraction interface is 
shown in Fig.5 and find the most alike 
celebrity interface is shown in Fig. 6.

Fig. 5  Feature extraction 

Fig. 6 Find the most alike celebrity

AI Application Layer
Sponsor: Jian Zhou, YITU
Team Members: Weizhao Shao, Tian Zhou, Haoyang Chen, Shikun Shen, Teer
Ying
Faculty Advisor: Yongbo Hao & Yiqiang Zhong, YITU
Instructor: Prof. Yong Long



29

VM450 • Design and Manufacturing III 
& VE450 • Major Design Experience

University of Michigan - Shanghai Jiao Tong University Joint Institute

Problem Statement
In many events, especially parties 
where participants are celebrities and 
technical meetings where 
participants are leaders of technology 
companies, the information of these 
people is usually posted online. In 
order to provide more satisfactory 
face recognition related services, Yitu 
wants us to find a way to efficiently 
fetch information of public people 
and store in a database for future 
usage.

Fig. 1 A sample web page

Concept Generation
We have tried three different 
approaches and focused on the last 
one.
1. Pattern based crawler
2. Baidu based crawler
3. Hybrid crawler
● Pattern based crawler
In this design, we assume that the 
websites have specific html patterns. 
Then our crawler can follow the 
patterns and find the information and 
images we need easily.
● Baidu based crawler
In this design, we use Baidu to grab 
images and information. Our crawler 
gives Baidu a list of keywords. Baidu 
will analysis these keywords and 
respond us with the information and 
images we need.
● Hybrid crawler
In this design, our crawler will grab 
information from webpages like 
human beings. We apply the filtering 
techniques in pattern based crawler 
and the auto-analysis in Baidu based 
crawler to build the crawler.

implemented our own functions for 
these purposes. We also 
implemented all the utility code that 
connect all these functional parts into 
one program.

Validation
Validation Process:       
We printed all the necessary 
information during the runtime of our 
crawler. It prints out the all the text 
around the selected image and prints 
out the name extracted from the text.
Then we run the crawler on some 
selected web pages and check the 
downloaded data and the printed 
information.
Validation Results:
According to validation part, most 
specifications can be met.

╳ Data size >= 100000
✓ Data size >= 25000
✓ Web source range: 

all with name around 
image

✓Category of people:
any as long as format satisfied              

√ means having been satisfied

X means not satisfied

Conclusion
The crawler can work on most of web 
pages which are examined by the 
user. Though it cannot work 
completely autonomously, it can still 
shorten the time user uses to collect 
people’s information from web 
pages.
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Fig. 2 Concept diagram for hybrid crawler

Design Description
Hybrid crawler is our final design. We 
combined traditional crawler with the 
auto-analysis crawler.
For the traditional crawler, we’ve 
researched several reliable websites 
as the data sources and adjusted our 
program to crawl from these sources 
based on layout and format of the 
websites. The sources cover multiple 
categories of famous people including 
athletics, government officials and 
entertainment celebrities.  
For the auto-analysis crawler, our 
program would find out and 
download the images containing only 
one face from the link provided by 
the users. Then, our program would 
use natural language processing skills 
to analysis the text around the image 
to get the detailed information of the 
owner of the face. 
After downloading the images, we 
would verify the quality of them and 
upload the valid ones to build the 
database. 

Implementation
We implemented all the prototypes 
in Python. All sub-functions are 
implemented using a variety of 
existing modules.
1. Fetch web page: requests
2. Filter web page: re, Beautifulsoup
3. Analyze image: Yitu’s recognition
4. Name extraction: jieba
For each module, we take advantage 
of their existing functions and 

Famous People Search
Sponsor: Jian Zhou, YITUTECH
Team Members: Chu’nan Ye, Yutian Chen, Bisheng Liu, Siyuan Sheng
Faculty Advisor: Prof. Yong Long   Instructor: Prof. Yunlong Guo
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Problem Statement
Nowadays, lung cancer has become 
the most lethal cancer worldwide, 
which calls high interests for 
automatic disease detection. 
Implementing such screening 
programs would reduce lots of 
burden for radiologists to analyze CTs.

Our project is to apply deep learning 
algorithms to detect lung nodule and 
predict high-risk candidates based on 
an open data set, and make the 
performance reach a specific level.

Fig. 1 Image Training Result After 
Processing[1]

Concept Generation
The whole network can be divided 
into two parts: candidate selection 
and false positive reduction.

Fig. 2 Function Chart Flow

As the chart depicted, we 
implemented U-net to select the 
module suspects and further verified 
the U-net’s result with a wide residual 
Neural network.

Algorism Description
In this part, we will further explicate 
the algorism detail according to the 
different function blocks.

Those three planes will become the 
input of Res-net. According to the 
previous training, the res-net can 
calculate the possibility of a candidate 
to be an actual nodule. Finally, our 
users (the doctors) can use our 
possibility to check whether it is a 
true nodule. 

Figure 4 demonstrates one piece of 
our final result. The white squares 
label the nodules’ location detected 
by our program. The white circle is 
the location of the actual nodule. 

Verification
Validation Results:
For verification, out program meets 
most of the specification
 Recall rate >= 70%
 Evaluation time under GPU <=10s
• Average false positive <= 1 per CT             
√ means having been verified and · means to be 
determined.

Conclusion
Our group managed to implement a 
deep learning system for the lung 
nodule detection. We achieved much 
higher recall rate (75%) comparing to 
the expectation. Despite the success, 
we are still improving the false 
positive rate to make a more matured 
product.

Reference 
[1]https://eliasvansteenkiste.github.io/ima
ges/morphological.jpg

1. Candidate Selection – U-net         
The U-net is a U shape CNN. It 
takes the patients’ lung CT as input, 
slices all the 2D layer, and 
scrutinize through these layers to 
find out the nodule candidates.                                  
The outputs of this function block 
are the 2D layers that contain the 
highly suspicious nodule point.

2. False positive Reduction – RNN   
Wide RNN will take U-net’s output 
as input. The U-net’s outcome will 
contain a large quantity of false 
positive point. The function of this 
Wide RNN block is to further 
reduce the false positive rate and 
output the finalized nodule point’s 
location.

Program Building
Figure 3, shows the entire data flow 
of our project.

First of all, we preprocess the CT 3D 
image and slice the 3D data into 2D 
layers. Then those layers will be fed 
into the U-net. According to the input, 
U-net selects possible candidates, 
which is a 3D coordinate, from the 2D 
view and further generate the x-y, y-z, 
and x-z planes across the candidate. 

Lung Nodule Detection
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Fig.4 2D CT image of lung nodule 

Fig.3 Entire data flow
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Concept Generation & 
Selection

A Morphological Box was used to 
perform concept generation. The 
project was first decomposed into 7 
functions, and several concepts were 
generated for each function.

Problem Statement
Recently, the mini Electric Vehicles 
(mini EV) rental business is growing 
in China’s major cities. However, 
inconvenience exists during the 
rental process, since customers need 
to pick up a EV from a specific rental 
shop and return it to the same place. 
One possible solution is to develop 
an automatic vehicle platooning 
system based on car-following 
models, so that the shops can send 
drivers to collect EVs from their 
customers. The target of this project 
is to validate an existing platooning 
algorithm through toy cars.

Fig. 1: Demonstration for vehicle platooning [1]

Modeling & Simulation
Before reassembling the hardware, a 
simulation was ran in MATLAB to 
validate the feasibility of the 
algorithm. The simulation results 
showed that control parameters 
need to be tuned based on the real 
vehicle conditions.
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& VE450 • Major Design Experience

University of Michigan - Shanghai Jiao Tong University Joint Institute

Establishment of a demonstration 
model for mini EV platooning based 
on 4-point ranging approach
Sponsor: (Dr. Lei Cai & Mr. Weiren Ye), ZF
Team Members: Zhiyi Chen, Yifan Ding, Yanda Huang, Yanchao Ni, Weilun Peng
Instructor: Prof. Mian Li

Table 1: Part of the Morphological Box.

Fig. 2: Algorithm flow chart.

Fig. 3: Hardware setup for the final design.

Design Description
The design consists of algorithm part 
and hardware part. The algorithm 
was provided by the sponsor, while 
the selection for hardware came 
from the generated concepts.

T=0.1sec T=0.6sec

T=1.8secT=1.2sec

Fig. 4: Simulation results from MATLAB 

Two rounds of concept selection was 
gone through to select our final 
concepts. Each concept were 
evaluated by its feasibility in the first 
round, and the ones which passed 
the first round were evaluated by the 
engineering specifications in the 
second round . Items in red in the 
following box shows the final 
concepts.

Validation
Validation Process:       
A platooning consists of four toy cars 
was used for validation and testing. 
The vehicles were first tested in the 
longitudinal direction. The first car 
began to move from static, and 
moved for 20 secs before come to 
stop. Following distance between 
vehicles, brake distance, and other 
parameters were tested to make 
comparison with the specifications. 
Similar tests were performed for the 
steering conditions.
Validation Results:
Most specifications can be met:
 Following distance <20cm & >12cm
 Response time <50ms
 Swing angle <1.5 deg
 Swing frequency >0.5Hz
 Cost <500 RMB per car
Other minor specification, for 
example, life time, was not able to be 
tested under current condition. 
Future work is needed for this part.

Conclusion
Our group was able to build a toy car 
platooning based on 4-point ranging 
approach. All the electrical 
components were chosen based on 
Arduino in this project. A MATLAB 
simulation was performed to validate 
the algorithm at the first stage. Future 
work including hardware redesign, 
control parameter tuning, algorithm 
optimization should be performed for 
the real Mini EVs.
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Problem Statement
Many activities in our daily life can be 
promoted by robots. With high-
precision robotic arms, we can 
manipulate small objects efficiently, 
and replace or strengthen human 
power. This project aims at broaden 
the forms of playing chess board 
game, remotely or interactively. To 
better demonstrate the capabilities of 
the robots, we chose Chinese Chess 
Game which has complicated moving 
rules and large chess pieces. Since the 
machine will be facing human 
players, it requires a very high level of 
safety and efficiency.

Fig. 1 Chess Playing System Concept

Concept Generation
The DENSO robot requires an extra 
gripper to work with real objects like 
the chess pieces. A special structure is 
needed for picking and placing a 
chess piece without influencing 
others. To communicate wirelessly, a 
router and a controller PC are 
needed.

Fig. 2 Component Diagram

Fig. 3 Concept Diagram

Validation
Validation Process:       
To test movement false rate, use the 
user interface to move Chinese chess 
pieces to the required position. After 
this step, calculate the offset from 
the required position to the actual 
position where the Chinese chess 
piece is placed. Movement false rate 
is defined as the difference divided by 
the diameter of the chess piece.
For command response time, find the 
socket transmission time.
For max side length of chessboard, 
find out the farthest point the robotic 
arm could reach.
Some other specifications can also be 
verified using easy experiments.
Validation Results:
According to validation part, most 
specifications can be met.
✓Movement false rate < 0.1%
✓Command response time < 0.1s
✓Emergency equipment = 3
✓Steps needed for installation = 4
✓Max chess piece diameter > 45mm
✓Max chessboard side length < 45cm
√ means having been verified and · means to be 
determined.

Conclusion
This robotic system illustrates the 
function of enhancing daily life 
experience, specifically on Chinese 
Chess Game. The entire system 
consists of a robot arm, a gripper with 
controller, a local network and a 
central PC. It can reflect game 
information from a software interface 
to the real object pieces with high 
accuracy and low latency.
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Design Description
The design utilizes common high-level 
programming languages to facilitate 
the development process of a typical 
robotic arm system whose 
programmed hardware only uses its 
own exclusive controlling language. In 
our case, we are using DENSO robotic 
arm and gripper with Raspberry Pi as 
programmed hardware, where 
DENSO’s robotic arm could only be 
controlled using its own programming 
language, PacScript. 
Our central controller simplifies 
hardware as end-modules, so that it 
allows developing the entire system 
in a rather common language, 
Python. Meantime, our user interface 
is built on HTML5+CSS3+JavaScript
technology stack, supporting multiple 
platforms and could be easily 
modified for various development 
purposes.

Fig.4 The whole set-up system

Modeling and Analysis
To enable our robotic arm to pick up 
Chinese chess pieces, we designed a 
gripper with an end effector to pick 
up and place Chinese chess pieces. 
We choose the size of both 
components based on measurements 
of the chess pieces we use.

Fig. 5 Gripper and End Effector Design

Interactive Robotic System for 
Playing Chinese Chess Game
Sponsor: UM-SJTU Joint Institute
Team Members: Yilei An, Shen Jin, Yulin Xie, Kejia Xu, Fan Yang
Faculty Advisor: Mingjian Li Instructor: Yunlong Guo
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Problem & Solu  
Suitcase is an indispensable product 
in people’s daily lives. However, it is 
inconvenient and red to drag our 
suitcases for a long distance and 
especially when we have to carry 
other bags (shown in Fig 1). In 
a on, for special people such as 
pregnant women and old people, it’s 
impossible for them to  drag a 
suitcase. Thus our product aims to 
make people’s trip easier and more 
convenient. 
The product should meet the 
following requirements: 
1. Locate the user 
2. Follow close behind the user 
3. Load heavy objects 
4. Iden fy obstacles and stop 
5. Alarm in extreme co on 

 
 
 
 
 
 
 
 

Fig1. Problem descrip on 

 
Concept Genera  

Separate ultrasonic emi er and 
receiver can locate the user. Then 
Arduino can control the motor of the 
suitcase to follow the user. 
  

Design Descrip  
Our design consists of two parts: the 
naviga on part and the mechanical 
part.  
For the naviga on part, user will carry 
an ultrasonic emi er with them 
which can send signals in specific 

me period. Ultrasonic receivers on 
suitcase will receive signals and get 
the distance by measuring me 
needed to travel. Arduino will read 

  

  
 
 

2. Turn with suitable speed. 
 

Valida  
A er various tests, we found the 
product meets the basic 
requirements and can be used in real 
life. 
1. Ultrasonic emi er and receiver as 

well as pos oning algorithm can 
locate the user with accuracy 
within 10cm. 

2. The suitcase can follow user with 
distance less than 2m without 
obstacles; and if it is interrupted, it 
can resume tracking and catch up 
user. 

3. The motor can drive the suitcase 
with total mass up to 10 kg. 

4. The ultrasonic sensor can iden fy 
some common obstacles in the 
way of mo on of suitcase and 
suitcase can stop to avoid 
obstacles. 

5. The suitcase can alarm when user 
exceeds the tracking range. 

 
Conclusion 

 The product solves a big problem in 
daily life. The ultrasonic locator 
enables product to have the essen al 
func on to locate user. With this 
essen al func on, we test and 
improve the following method of 
suitcase, and we add the obstacles 
iden fying func on to make the 
product fit in real situa on be er. 
With this product, user can save lots 
of efforts and free their hands to do 
other things. In conclusion, our 
product is applicable to large 
popula on. It can make your trip 
easier and happier. 
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these data form the SMC, and 
calculate the rela ve posi on of the user. 
For the mechanical part, Arduino will 
control the motor to go in the direc on of 
the user. The ultrasonic sensors will also 
detect the surrounding obstacles and  
Arduino will choose a suitable path. The 
overall product design is shown in Fig 2 
below. 
 
 
 
 
 
 
 
 
 
 

Fig2. Concept Design 
 

 Modeling and Analysis 
 We first built two parts separately 
and then combined them together. 
For distance measurement part, we 
found there is a devia on between 
real distance and measured distance. 
Then we did experiments and 
analyzed results. We found a rela on 
between these two distances, so we 
can reduce the devia on.  
For po on calcula on part, we 
realized the distance we measured 
include the effect of height. Then we 
thought of a method that can 
eliminate the effect of height as 
shown in Fig 3.  
 
 
 
 
 
 
 

Fig 3. Posi on calcula on method 
For motor control part, we fulfill two 
main characters so that suitcase can 
follow user closely. 
1. Speed up when it falls far behind 

of user. 

Easy go: Automa Following Suitcase 
Instructor: Prof. Amy Hortop, Prof. Jus rews 
Team Members 
He Yunfan, Liu Yujian, Liu Zhizheng, Shen Congkai 
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Problems & Solu  
The sudden accelera on of the bus is 
every passenger’s nightmare. 
Whenever standing on the bus, 
passengers have to grasp the handle 
and watch out for their items in case 
of falling down. This problem also 
exists on other vehicles like cars and 
subways. 
 
 
 
 
 
 
 
 

 
Figure 1. Problem on the bus 

 

This product aims to add an self-
balancing system to these vehicles to 
keep passengers and their items 
balanced by adjus g the inclined 
angle of the floor or the seat.  
 

Concept Genera  
The accelera on sensor is used in our 
device to detect the instantaneous 
accelera on of the object, and the 
servos are used to adjust the board to 
the required inclined angle of the 
floor or the seat to counteract this 
accelera on. 
 

 
 
 
 

Figure 2. Flow diagram 
 

Design Descrip  
The main func on of this product is 
to balance the accelera on. The 

requirement.  
 
 
 
 
 
 
 
For the reac o me test, it takes 
0.08s in total to finish rota g, which 
meets the requirement. 
For the accelera on range, it can 
work well in the required accelera on 
range of 0~6m/s2. 
For the accuracy, it has an error of 
angle within 2°, which is smaller than 
the 3° in the requirement. 
For the load capacity test, it can 
support an object with up to 1.2kg 
weight, heavier than the 1kg. 
For the freedom, it can rotate in both 
x and y axis freely, which can 
counteract any horizontal 
accelera on in the requirement. 
 

Conclusion 
Our project caters to the needs of 
portability and usability for people 
who want to balance something on a 
moving object. This magic seat is easy 
to establish and its powerful func on 
and common usage will provide it 
with an immeasurable future. 
Besides, our device is cheap enough 
to be set up on the daily 
transporta on such as undergrounds 
and buses. The magic seat with self-
balancing system will definitely be a 
good choice for every passenger. 
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MMA7361 accelera on sensor can 
detect the sudden accelera on of the 
moving object. It transfers that 
accelera on figure to the controlling 
center –  the Arduino board, and the 
Arduino board controls the rota on 
of  the  servos on x-axis and y-axis to 
adjust the upper board to an inclined 
angle to balance the accelera on. 
The prototype device will balance a 
cup of water put on the seat on the 
first layer with changing accelera on. 
 

 
 
 
 
 
 
 

Figure 3. Design graph 
 

Modeling and Analysis 
With the three servos on the second 
layer and other three servos on the 
third layer, this device can already 
control the rota on of the upper 
board in x axis and y axis. The main 
problem is the accuracy and the 
sens vity of the servos. The lack in 
accuracy and excessive sens vity  
cause the servos with the seat to 
shake all the me. To fix this 
problem, the best working situa on 
with proper parameters in the codes 
is found. Moreover, by adjus g the 
pos on of the servos,  the device are 
able to rotate stably. 

 
Valida  

A er assembling the first prototype 
we begin to test and improve it. A 
test framework is set to test its 
func onality with respect to the 
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Magic Seat with Self-balancing System 
Instructors: Prof. Amy Boyd Hortop, Prof. Andre
Donald     
Team Members  
Chen Zhikai, Fan Shukai, Feng Shengyu, Zhang   

Item Requirement Prototype 
Reac on me ≤0.1s 0.08s 
Accelera on 

range 
 

0~6m/s2 
 

0~6m/s2 

Accuracy ±3° ±2° 
Load capacity 1kg 1.2kg 

Freedom 2 (X, Y) 2 (X, Y) 

Sudden
Acceleration

X

Y

Acceleration
Sensor Arduino

Servo(layer 3)

Servo(layer 2)

X angle

Y angle

Balanced
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Problem Statement 
The pram can enter supermarkets or 
buses but cannot travel long 
distances like a cycle. While the cycle 
can carry the baby to a distant place, 
but cannot enter these places. 
Besides, mothers or babysi ers are 
not able to take care of babies and 
ride a cycle at the same me since it’s 
not safe.  
 

Solu  
In this project, we combine a cycle 
and a pram to perform the func ons 
of them in one vehicle.  
 
 
 
 
 

 
 
 

Fig. 1 Combining a pram and a cycle 

 
Needs 

Firstly, a mother can easily transform 
the vehicle in a short me from cycle 
to pram and vise versa. Secondly, the 
vehicle should provide large and 
comfortable seat for baby.  

 
Design Descrip  

Our first design is a unique structure 
which enables the transforma on 
between cycle and efficiently, and 
spare large space for the pram. This 
design will be illustrated by showing 
how easy the transforma on could be 
step by step. 
 

direc on of the outer tube remains 
unchanged. And the frame under the 
seat has a T-shaped end that can be 
stuck in the slot of the upper frame. 
The user can li  the upper seat up so 
that both the upper frame connec g 
the seat and the lower frame can lie 
down. Hence one can easily change 
the mode between cycle and pram.  
For the safety of baby, the baby seat 
is in front of the rider seat, thus the 
rider can be er protect the baby. And 
the guardrail on the baby seat can 
avoid the baby dropping from the 
seat in a braking event. 
For the comfortability of baby,we 
design an adjusted seat. It contains a 
stable axis and a movable knob. The 
right axis is restricted to a circle so 
that it can rotate but cannot move. 
The le ob can move about the 
stable axis and along the C-shaped 
slot (shown in Fig. 2). It makes sure 
the user can fix a proper angle for 
baby seat. The user can screw the 
knob closed to the ver cal face and 
fix the knob by screwing it again. 

 
Conclusion 

The Cycle-Pram can func on as both 
cycle and pram and can transform 
conveniently between cycle mode 
and pram mode . It also ensures 
baby’s safety during riding since the 
closeness between rider and baby. 
And it makes rider and baby 
comfortable enough during the 
journey. Besides, this product 
consumes no fossil energy at all. The 
key to this product is its convenience, 
comfortability and environmental 
friendliness.  
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The second major design is a large 
and adjustable baby seat. The base of 
baby seat is shown in Fig. 2. The wide 
base and separated handles gives 
large space for a big pram. The knob 
in closed red rectangle in Fig. 2 is 
used to fix the angle of the pram. 
 
 
 
 
 
 

 
Fig. 2 Wide handles and adjustable base 

 
 Tasks  

For the transforma on realiza on, 
the inner pillar of the handlebar can 
rotate 180° to face back, while the 
 

Cycle-Pram 
Instructors: Prof. Amy Boyd Hortop, Prof. Jus  
Andrews 
Team Members  
Chen Xiwen, Lin Yuechuan, Sun Tianxing, Ren Jingliang 

Step 1: Pull 
out the plug, 
s ck the seat 
bar deeper 
and s ck the 
plug back. 

Seat bar 

Plug 

Step 2: Li  up 
the seat and 
slide the T-bar 
out of the groove. 

T-bar 
and 
groove 

Step 3: Put 
down the 
suspension with 
T-bar down then 
the seat part. 

Step 4: Spin the 
handle around 
the axis for 180 
degree. 

Seat part 

Suspension 

Handles 

Transforma on 
is completed in 
four steps! 
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Problem  
A er training sessions of most ball 
games, sca ered balls on the ground 
is a big trouble. People who are fond 
of playing ball games are always 
bothered with the process of 
collec g balls at the same me. 
→ Exis g tools in the market have 
freed people from bending down but 
people’s walking around is s  
inevitable. 
→ Tra onal ball-collec g robots 
seldom come into service due to 
massive structure and low efficiency. 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1 Daily problem 
 

Concept 
A camera can recognize a certain 
color (the principle is figuring out 
whether the specific color of the ball 
is on the center axis of the screen) 
and output signals can be transmi ed 
to Arduino to control motors that 
enable the movement of the robot. 
An air pump will suck ping-pong balls 
into the collec on box. 
 

Design 
The main structure is a two-deck 
intelligent car with two rota g 
wheels and a universal wheel. The 
first deck is spared for placing 
electronic elements. It is designed to 
have an arc in the front so that ping-
pong balls can be gathered to the 

to prevent ping-pong balls from 
blocking the pump. 

 
Valida  

It turns out that the detec g part 
en es the robot the capability to 
completely replace human work and 
work all alone to collect sca ered 
balls.  Also, the unique design of 
collec on part which uses an air 
pump to suck the ball ensures its 
efficiency. These two advantages will 
enables its prac cability in reality. 

 
Conclusion 

Our project solves the problem that 
happens in daily life, and even in our 
na onal team (Fig. 1). The robot is 
suitable for almost any ping-pong 
court and is a good helper for those 
who enjoy playing table tennis. 
In this project, our team members 
fully exchanged ideas and sugges ons, 
had a clear division of labor to 
maximize efficiency, and cooperated 
with each other to overcome 
engineering challenges together.  
We learned not only engineering 
ideas and technical communica on 
skills from lectures, but also precious 
experience from prac ce in reality 
including choosing materials, 
construc g products, conduc g 
communica on and presenta on. 
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center while the car is going forward. 
The upper deck func ons as storage 
space, which has an air pump on the 
top and is connected with a tube. The 
tube’s end is in front of the arc. On 
the tube, a camera is fixed to monitor 
the situa on ahead of the robot. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Overall design 
 

Modeling and Analysis 
For the first prototype, we put aside 
the obstacle-avoiding part to achieve 
the basic design. We divided the 
project into three major parts: 
detec g, moving, and collec g. We 
first constructed and tested these 
three parts respec vely and then 
combined the first two parts (codes 
and physical structures) to see if the 
robot could approach a ball without 
human interference. 
 
We made several a empts by 
changing three parameters of “LAB” 
values to find out the best range that 
fit the color of the ping-pong ball, 
thus achieving the best recog on 
capability. We also made efforts in 
adjus g the power supplied to the 
air pump in order to guarantee the 
stability of sucking balls as well as 
safety. It turned out that the range of 
suitable voltage was 9.5-10V. In 
a on, a baffling should be se ed 
in the upper part of the storage box 

“Tornado” Ping-pong Collector 
Instructor: Prof. Amy Hortop, Prof. Jus  Andrews 

Team Members 

Lu Pengqi, Deng Naihao, Wang Yiqin, Wu Mingyuan 
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Real Life Problem 
Arranging clothes properly is esse al 
to maintaining a y room. People 
usually choose to hang clothes or fold 
clothes. While hanging clothes 
requires many hangers and a closet 
tall enough, folding clothes takes 
much me and effort. An automa c 
clothes folder can relieve people from 
suc ring work.  
 

 
 
 
 
 

Needs 
From the users’ perspec ve, we have 
the following needs for the clothes 
folding machine 
• The machine should run 
automa cally 
• Different clothes should be folded 
to the same size 
• The machine should be able to 
adhere to drawers 
• The machine should weigh less than 
1.5 kg 
• The ba ery of the machine should 
last at least a week 
 

Design Descrip  
The so on of the problem is a 
machine with several rotatable 
boards driven by motors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. working principle 

 
 
 
 
 
 

As shown in Figure 2, the four boards 
will rotate to fold the clothes to 
Board B. Then, Board B will be 
inclined to slide the folded clothes 
into the drawer. A clamp under Board 
E can fix the machine on the drawer. 
 
 
 
 
As Figure 3 shows, the five boards are 
not on the same level. The height 
differences allow us to place our 
motors. We will place our control 
system between Boards B & E. We 
will use Arduino to control the four 
motors which rotate the board. We 
will also use some LED lights to help 
user know the working status of our 
machine. 
 

Modeling and Analysis 
For our deliverable product, we 
choose wood as the main material. 
Boards A,B,C & D are all wooden 
boards since they are both light and 
firm enough to support the clothes. 
The base Board E is made of acrylic to 
be strong enough to support the 
weight of the whole machine. 
Our first prototype works quite well, 
where each board can rotate well and 
the LED lights work as desired. 
But when the boards are rota g, the 
clothes may slide down the board. 
Therefore, it would be be er if we 
can lock the clothes when the boards 
are rota g and loose it a er the 
rota on. 

Figure 1. Unfolded clothes  

Figure 3. design concept 

Valida  
When we finish our product, the total 
budget is around 500RMB, and can 
hopefully reduce to 300RMB. 
Comparing with other clothes folding 
machines sold online with $700 
(about 5000RMB), our product is 
quite cheap, but not as powerful 
since it s  requires users to put 
clothes on the machine one by one. 
A er all, our machine does save users 
lots of me and fold clothes neatly. 

onally, it is more portable and 
can slide folded clothes into the 
drawers automa cally. We think our 
product will be a more efficient 
choice for average household. 
 

Conclusion 
Our product can help users fold 
clothes and send them into drawers. 
It is portable and helpful. Compared 
with other similar products, it s  
needs users to put the clothes on the 
machine one by one, but it can save 
users lots of me and is considerably 
cheaper. It sa sfies the needs of 
people who do not have enough 
space or me to fold clothes, like 
students who live in dormitories. It 
certainly has a commercial value. 
 
Our team members cooperated with 
each other and overcame every 
engineering challenge. Through the 
process, we have learned what 
communica on and teamwork is. This 
experience will surely help us to be a 
be er engineer in the future. 
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Figure 4. Unfinished first prototype 
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Problems & Solu  
Milk tea industry has become one of 
the most  prevailing industries. Many 
well-known milk tea shops are full of 
people. Many people need to wait in 
line for two hours or more to buy a 
cup of milk tea. Besides, there are a 
large range of customers who like 
milk tea, but milk tea shop has limited 
service range. Hence, it is very 
inconvenient for some customers to 
buy milk tea. Therefore, an automa c 
milk tea machine can meet the needs 
of more customers. 
 
 
 
 
 
 
 

 
Figure 1. Milk Tea. 

 
Concept Genera  

The piping system allows a variety of 
materials to be successfully poured 
into the final container. A variety of 
liquid separa g funnels can ensure 
the differen a on of the cup types. 
The steering engines and stepper 
motors can ensure the quan ta ve 
use of materials. External control 
so ware allows customers to choose.  
 

Design Descrip  
Our machine is divided into two parts: 
the frame and the milk tea making 
machine. The outer frame is made of 
aluminum alloy and inserted into the 
middle board to maintain the stability 
of the structure. The milk tea making 
machine is made up of three layers 
and placed in the frame. The top layer 
contains two 10L insulated tanks to 
 
 
 
 

A er tes g the two different 
methods, we decided to choose the 
first one, as it is easier to complete. 
To make the machine flexible, we 
have added four casters under our 
machine.  
 
 
 
 
 
 
 
 
 
 

Figure 3. The Mixture System. 
 

Conclusion 
The result of our final product turned 
out to be rela vely sa sfactory. Our 
machine is successful in making milk 
tea according to customer’s choices 
on our computer. To make our milk 
tea more delicious, we chose to use 
real tea leaves to make our tea and to 
add fresh milk to tea. Compared with 
the simple milk tea machine on the 
market, our machine could add all 
ingredients that customers need to 
milk tea, thus making it marvelous. 
  
During the whole process, we have 
encountered several problems. 
Through our excellent team 
coopera on, we have conquered 
most of them. We appreciate that we 
have had the chance to challenge 
ourselves and improve ourselves. 
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store milk and tea, and an acrylic 
board is placed in the middle to 
ensure bearing capacity. The middle 
layer consists of a variety of liquid 
separa g funnels and four cereal 
machines. Trays, containers and 
mixing devices are placed at the 
bo om. All the switches on the 
funnel and the insulated barrel are 
turned by the steering engines.  
A stepper motor is zed to rotate 
and pick up solid in the cereal 
machine. All parts are connected by 
plas c pipes or metallic pipes.  
 

Modeling and Analysis 
A 3D model of the structure of our 
prototype is established using 
Unigraphics. In our design, small-
torque steering engines are ally 

zed to turn the taps of separatory 
funnels to release liquid ingredients 
stored in the heat-preserving tanks. 
A er doing some tests, however, the 
engines cannot provide enough 
torques to turn the taps, so we chose 
to use 20kg-torque steering engines 
which turned out to be a success.  
 
 
 
 
 
 
 
 

Figure 2. 3D Model of the Frame 
 

Valida  
We have discussed two possible 
methods to build the mixture system. 
One is to use a li g pla orm to hold 
the mixture device and control the 
rise and decline of it. The other is to 
use a screw lever equipment to 
control the rise and decline of the 
mixture device.  
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Problem 
Ordinary transporta on tools to cover 
short distances always try to possess 
these characteris cs: being able to 
drive people; being able to be 
manually driven and being small in 
size. However, there haven’t been any 
transporta on tool that 
simultaneously possess all of these 
characteris cs and therefore are 
inconvenient to some extent. 

 
 
 
 
 
 
 

Figure.1 Riding manually is ring 
 

Concept Genera  
In order to build a transporta on tool 
that can possess all the situa ons, we 
have the idea that we can add wheels 
to the shoes which can be powered 
by motors. The user can select 
whether to use the motor to power 
the wheels by switching between two 
modes. 

Design Descrip  
We use an aluminum rods as the 
support of the shoe. 4 wheels are 
added at both sides of the shoes, and 
we use a pressure sensor to control 
the motor that drives the wheels. 
There is also a switch on it to 
deac vate the motor. Then it 
becomes a roller skate shoe. 

Modeling and Analysis 
1. Roller system 
There are 4 wheels on each device. 
Their axles can move freely with 
respect to the frame due to the use of 
axle bearing. There will be a brake 
installed at the back of the device. 
The design of this part will enable the 
device to be manually driven and thus 
 

that it is strong enough to carry a 
person. This is an important safety 
issue,  so we have tested it several 

mes to be 100% sure.  
 
 
 
 
 
 
 
 
 
 
 

Figure.3 The fastening part 
We also tested the way that our 
product ‘s fastening part.  We have 
tried different ways of fastening , and 
we choose the one that shown in the 
final prototype. It ensures the 
convenience of wearing as well as the 
strength of  the fastening part. 
 

Conclusion 
Our design has  successfully  fulfilled 
the needs men oned in the Problem 
sec on. Most of the problems have 
been solved in the prototype, such as 
driving the wheels by motor, and 
quick switch between different modes.  
When working on the project, we 
prac ced our communica on skills as  
well as enhanced our technical 
knowledge and skills.  We have learn 
a lot from it. 
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func on like a pair of normal roller 
skates. 
 
 

 
 
 
 
 
 
 
 

Figure.2 The model of the product 

2. Fastening part 
There are guards in the front and at 
the back of the device, and there will 
also be nylon straps on each side of 
the device to ensure that the user will 
not slide with respect to the device 
when using it. 
3. Driving system 
The motor is connected with the front 
axle with bevel gears. When the 
motor is running, it will drive the 
bevel gears and therefore drive the 
front axle, and then the device will be 
driven ahead. We choose the motor 
with the power of 15w to drive the 
wheels. It is enough to carry a person 
weigh g about 80kg.  The maximum 
speed would also be not very fast, 
which ensures the safety. 
4. Switch between two modes 
The switch between two modes 
means the switch between the roller 
mode (where the device func ons 
like a pair of normal roller skates) and 
the driving mode (where the device 
can drive the user). There will be a 
sliding band on the baseboard and in 
the driving mode used as the  switch. 
  

Valida  
A er finish building  the first version 
of prototype, we have valida ons to 
our product. One of the team 
member tries to stand on the 
baseboard of the product to ensure  
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Problem  
When taking a shower or washing our 
hands, we o en fail to adjust the 
water to the desirable temperature 
immediately and we tend to get tap 
water that is either too hot or too 
cold. 
The problem is especially disturbing 
during winter me, when people get 
back home from the harsh cold 
outside, the over-heated water from 
the tap adds to their annoyance. For 
housewives working in their kitchens 
and the elderly taking showers, the 
problem also prevents them from 
enjoying high quality life.  
 
 
 
 
 
 

 
 
 
 
 

Fig. 1 Daily problem 

 
 

Concept 
To solve the problem in water taps, 
several new concepts are required 
including: 
A user-friendly interface through 
which users input the desired 
temperature； 
Electrovalves that can control and 
hold the water temperature s l； 
A signal system to tell the users the 
water is ready. 
 
 

Design 
To solve this problem, we want to 
design a tap that is controlled by an  

servos to rotate, we have done many 
tes gs to check the appropiate angle 
by which the electrovalve should 
rotate in order to change the 
temperature of the water. 
 

Valida  
Through some simple tests, we've 
validated that: 
First, the mechanic structure can 
adjust the temperature to the desired 
one in several seconds. (Range: 30 to 
50 ℃ ) 
Next, the servos a ached to the two 
valves of the hot and cold water tubes 
can control the water flow to output 
the desired temperature.  
Besides, the temperature sensor can 
read the current temperature of the 
water and display the precise value 
on the LCD screen. (Precision: 0.1℃) 
Furthermore, the device will be 
covered in a shell that is waterproof 
to prevent risks of electric shock. 
 

Conclusion 
The problem has been around since 
the inven on of taps, and different 
taps have been made to solve the 
problem. For example, a thermosta c 
mixer can output lukewarm water of 
about 40℃ through a thermosta c 
valve made from wax element or 
Shape Memory Alloys. However, Our 
Digital Temperature Control Tap is 
concise in design, cheap to 
manufacture, and easy to use even 
for the elderly. The combina on of 
solving the problem and cost 
efficiency grants our design high 
prac cal value. 
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Arduino. The Arduino controls two 
servos a ached on a valve, and 
receives data of temperature and 
current from a sensor. The Arduino 
will adjust the ra o of hot and cold 
water to a ain the desired 
temperature. We would like to put 
this system into a box and build a 
control panel with a LCD screen 
showing the desired and current 
temperature. 
Several seconds a er the desired 
temperature changed, the output 
water will be adjusted automa cally 
to the desired temperature. 
 

 
 
 
 
 
 
 
 

Fig. 2 Mechanic structure 

 
Modeling and Analysis 

For the user-friendly interface, the 
LCD screen is connected to the 
temperature sensor that will detect 
the current temperature of the water  
flowing through it. Users can input a 
desired temperature and check on 
the screen whether the target 
teperature has been reached. 
For the electrovalves that control the 
water flow, two servos are connected 
to the two valves controlling the hot 
and cold water tubes respec vely. 
Due to signals received and 
transported by the temperature 
sensor, the servos are controlled by 
the arduino to rotate by certain 
angles to change the ra o of hot and 
cold water. 
For the algorithm controlling the  

Digital Temperature Control Tap 
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Problem 
In China, abuse of fer zer is 
becoming a more and more serious 
problem. Most farmers lack 
guidelines on fer zing plants, and 
the lack of standard is leading  to the 
misusage of fer zer. According to 
Hubei Daily, about 60% fer zer is not 
absorbed by plants, but run off the 
fields, which not only leads to 
economic loss but also environmental 
damage. 
 
 
 
 
 
 
 
 

 
Fig. 1 Over-fer za on problem 

Concept 
By taking advantage of op cal 
proper es of chlorophyll, we measure 
the leaf‘s absorbance of light with 
650nm and 940nm wavelength to 
calculate the SPAD value of the plant. 
By analyzing the data with the 
database, we offer sugges ons on 
future fer za on. 

Design 
The chlorophyll detector is proposed 
along with profound biochemistry 
analysis and proposed valida on. The 
product is made up of four main 
components: the mechanical leaf 
holder, the detec g system, the 
user-interface and the control-
processing system. The mechanical 
leave holder is intended to fix the leaf 
during tes g. For the detec g 
system, LEDs  emit two kinds of light 
with different wavelengths to 
irradiate leaves while the light 
intensity sensor measures the light  
 
 
 
 

Valida  
As we have built the first prototype, 
we need to test whether our 
detec g system can tell accurate 
SPAD value. 
We chose two different paddy rice 
leaves, one was green and the other 
was slightly yellow. We used our own 
program to analyze data and calculate 
two different SPAD values. The SPAD 
result of the green leave is 47.1 and 
the SPAD of the yellow leave is 35.2. 
 
 
 
 
 
 

 
Fig. 4 Experimental data. 

This prototype can correctly judge 
which leaves has a be er nutrient 
state. Based on that, we can further 
develop the user-interface system, 
add database and give sugges ons on 
future fer za on planning. 

Conclusion 
Our product is a chlorophyll detector 
which can read the plants’ nutrient 
co on and automa cally give 
sugges on on fer zer usage.  
It helps  farmers use fer zer more 
scien fically and contributes to 
relieving the abuse of fer zer. It also 
provides the users with a be er using 
experience through its easy opera on 
interface and portable size. With this 
product, not only the yield but also 
the farming environment can be 
improved to a be er level. 
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intensity and upload the data to the 
processor. The control-processing 
system consists of an Arduino Mega 
board which controls all other 
systems. The user interface uses 
image language to show the result 
and sugges ons to farmers. Users can 
easily use the detector by following 
simple orders shown on the LCD 
screen. 

 
 
 
 
 
 
 

Fig. 2 Concept design of project 2. 

Modeling and Analysis 
The modeling progress is divided four 
tasks. 
Firstly, we made the detec g system 
with two boards. One of the boards is 
equipped with a red-light laser 
(650nm) as well as an infrared light 
(940nm) and the other with two 
TSL2561 light sensors.  
Secondly, we manufactured the 
mechanical holder part. It consists a 
clamp which can nip the two boards 
and a containing pack which protect 
the electronic elements. 
Then, we designed the user-interface. 
We set as few bu ons as possible so 
that use can use the device more 
easily. We also added an LCD board 
with direct instruc on of results.  
Finally, all the components were 
connected to Arduino mega board 
and integrated together. 
 
 
 
 
 
 

 
 

Fig. 3 Test in the lab. 
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Problems & Solu  
 Suitcase is a necessity for travelers. 
Users can easily pull heavy suitcases 
on the flat ground, but have trouble 
li g them upstairs.  
In this project, we want to design a 
stair-climbing device that enables 
users to pull suitcases upstairs 
effortlessly. 
 

Concept Genera  
Fix the suitcase on a frame with 
wheels and pedrails. The long length 
and large fric on of the pedrails 
enable the suitcase to go upstairs.  
 

 
 
 
 
 

Fig. 1 Concept Design of Project 2 
 

Design Descrip  
This stair-climbing device consists of 
three func ons: 
1. Climb stairs:  
• A length of 67cm long for 

stabiliza on on stairs.  
• Powerful Li-polymer ba eries and 

motors drive heavy loads forward. 
2. Support and fix the suitcase:  
• Acrylic and wood under frame. 
• Two belts can fix the suitcase. 
3.  Have convenient user interface:  
• The rod has adjustable length and 

inclina on angles.  
• A switch and a knob can easily 

adjust its mo on and speed. 
• Ultrasonic sensor detects the 

po on of the chassis to control 
its mo on automa cally. 
 

Modeling and Analysis 
We’ve built a small model to test if 

 
 
 
 

 
 
 
 
 
 
 
 

Fig. 3 Design Sketch 
except on odd-shaped ones. Also, if 
you want to adjust its direc on 
according to your own wish, you can 
pull the rod to lead the suitcase with 
the least effort. The product can 
significantly help people save strength. 
To make it more humanized, we 
calculated the length of under holder 
so that the pedrail will not interfere 
when the suitcase moves on the 
ground. 
 

Conclusion 
Our project aims to help users carry 
heavy suitcase upstairs with 
convenience. Users only need to fix 
their suitcase on the product and it 
will transport the weight 
automa cally. In a on, users can 
adjust the speed according to 
necessity. In conclusion, our project 
has meet its goal and has largely 
increased the convenience for human 
beings. We also learnt a lot about 
mechanical inven on and team work. 
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this structure can climb stairs, and 
dis guish the best performance 

from different kinds of motors and 
pedrails.  

We use only two motors, short 
pedrails, and plas c bars to make a 
simple model.  
1. It managed to climb up the model 

stairs made by cardboard, which 
shows this structure is able to 
achieve our goal.  

2. We choose the pedrails made of 
hard plas c because of its great 
resistance to deforma on and 
large fric on with the ground. 

3. We choose a kind of small but 
powerful motors. 

4. We decide to use small wheels 
with a 2.5cm radius and place 
them close to each other to avoid 
the situa on where the wheels are 
stuck by the edge of the steps. 

A er the model construc on, we 
have decided fundamental 
components in the project, and start 
to do detailed design. 
 
 
 
 
 
 
 

 
Fig. 2 Circuits 

 
Valida  

The weight of our product is 4kg, and 
can reach a no load speed around 30 
cm/s . Users can control its speed 
with a speeder on the machine. We 
recorded the maximum speed with 
different loads, and the maximum 
speed decreases as the weight of 
loads increase. The results show that 
without control, the machine can 
work as designed on common stairs,  
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Problem  
Nowadays there are an increasing 
number of modern architectures 
featuring large windows for greater 
illumina on. These windows need to 
be cleaned on a regular basis, which 
can be a difficult, labor-consuming 
and even dangerous job, especially 
for windows that are placed on higher 
floors. Window cleaning is also a 

me-consuming house chore.  
 
 
 
 

 
 
 
 

Fig. 1 Window cleaning on high floors 

Concept 
Our machine incorporates a 
mechanism which allows users to 
direct the mo on of the cleaning 
machine from a distance.  
 
The machine moves on the ver cal 
glass window under the control of the 
user. The machine cleans the inside 
and the outside of the window at the 
same me in order to increase 
efficiency. 
 
 
 
 
 

 
Fig. 2 Concept design   

Design 
We use a remote control mechanism 
to let the users control the movement 
of the machine on the window. The 
machine is separated into two parts, 
each part is responsible for cleaning 
one side of the window. The part on 
the inside is installed with wheels,  

University of Michigan - Shanghai Jiao Tong University Joint Institute

motors, magnets and signal receptor.  
It is under direct control of the 
remote control. The other part is only 
installed with magnets. The magnets 
enable the two parts to move 
ver cally without falling down as well 
as mirror each other’s movement. By 
changing the speed of the two wheels,  
we can change the direc on of our 
machine. 

Modeling and Analysis 
In order to fulfill the requirement that 
the maximum distance for effec ve 
remote control should be greater 
than 8m, we choose to use a PS2 
joys ck to func on as the remote 
control device. Its maximum signal 
receiving range is 10m. We choose 
acrylic boards as the founda on of 
our machine because it can be cut 
with high precision and won’t corrode 
at the presence of water. 
 
The part on the inside of the building 
is made up of an acrylic board, two 
wheels, two motors and four pieces 
of magnets. The PS2 joys ck wireless 
receiver, Arduino board, the driving 
board and sensors are also a ached 
to this part. A computer generated 
sketch of this part of the machine is 
shown below. 
  
 
 
 
 
 
 
 

Fig. 3 Computer generated figure 
Magnets and cloth are a ached to 
the part on the outside. This structure 
allows the machine to move on the 
ver cal window and clean both sides 
of the window at the same me. 

 
 

Valida  
 
 
 
 
 
 
 
 
 

Fig. 4 Prototype of one part of the machine 
Till now, we have tested whether the 
machine can move along the path 
that is given by the user with a PS2 
joys ck. Based on the test results, we 
can see that the machine’s trajectory 
follows the direc on given by the user. 
The machine also won’t fall or slide 
on the glass window, which ensures 
the safety of our project.  
 
Compared to the currently available 
devices for window cleaning, our 
machine is be er in that it enables its 
user to control the machine’s 
movement, it is quiet when opera ng, 
it can clean windows of different 
widths, and it can clean both sides of 
the window at the same me. 

Conclusion 
Our project, the remote control 
window cleaning machine, aims to 
free people from the strenuous job of 
cleaning windows by hand. With our 
machine, people can clean windows 
from a distance with higher efficiency 
and more fun using a joys ck. The 
target audience for our machine 
includes but is not limited to ordinary 
housewives and staff responsible for 
cleaning windows of high rise 
buildings. 
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Problems Statement 
In our daily life, rubbish bins are 
commonly used in our rooms. But we 
always put too much  rubbish and 
don't change garbage bag when the 
bag is full of rubbish, causing bad 
smelling and dirty environment in the 
room. Therefore, we designed an 
automa c-dumping garbage bin to 
solve these problems. 
 

Concept Genera  
Our design is based on the m e 
func ons. The Arduino board is the 
controlling center. The input signals 
are from infrared sensors and tracking 
sensors . The mechanical opera on of 
this automa c bin is mainly based on 
servos and gear motors. 
  

Design Descrip  
Our design can be divided into four 
parts except the garbage bin frame: 
• Automa c flip lid, including a lid, a 
rota on axis and infrared sensors. 
The sensors can measure distance to 
determine whether to open the lid. 
• Packing-up device, consist of three 
rota g axes with arc shapes. The arc 
axes can rotate horizontally to ghten 
the opening of the rubbish bag in the 
garbage bin. 
• Bo om vehicle. The vehicle can 
carry the bin to move along the line 
posted on the floor. 
• Electric arm. The electric arm can 
take out the rubbish bag from the bin 
and put on the floor. 
Figure 1 shows our concept and the 
opera on principle of our design. 
 
 
 
 
 

figure1. Design concept 

in the following table.  
 
 
 
 
 

 
 
 
 

 
 
 
 
 
A er improving the product, results 
in later tests showed obvious advance. 
For  further improvement, we 
planned to improve the auto-moving 
func on. We had some ideas to let 
the garbage bin move towards people 
no ma er where they are.    
 

Conclusion 
Our project focus on the objec ve of 
facilita g people. Although The 
automa c-damping garbage bin is 
more expensive than the common 
trash cans, it is convenient for people 
to deal with rubbish. And the final 
product is rela vely sa sfactory. 
 
In this project, our team members 
cooperated with each other and 
overcame many engineering 
challenges. We learned a lot from the 
process of making a product designed 
by ourselves, which is a must for a 
real engineer. 
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Modeling and Analysis 
For the first prototype, we made a 
basic auto-moving bin with the 
electric arm on its outer wall. We 
found that the ultrasonic sensor with 
acceptable price wasn't accurate 
enough when facing obstacles. And 
Arduino programs can't improve the 
accuracy of detec on. So we chose 
the tracking method to make the bin 
move stably along a fixed route.  
Figure 2 shows the model figure we 
refer to when building the prototype. 
 
 
 
 
 
 
 
 
 
 

 
figure2. Model and Effect diagram 

Then we added our packing-up device. 
We made the axes move a bit upward 
to ghten rubbish bags smoothly. And 
we chose servos to drive the rota on 
of the arc axes because the rota onal 
speed of servos are easier to control 
than motors with Arduino. 
Figure 3 demonstrates its structure. 
 
 
 
 

  figure3. Packing-up device model 
 

Valida  
A er comple g the basic prototype,  
we tested it several mes for accuracy 
and stability. The results are recorded 

Automa -dumping garbage bin 
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The Part of the 
Garbage Bin 

Opera n Results 
& improvement 

Automa c flip 
lid 

The sensors are 
sens ve enough. 
We used gear 
motors to make lid 
close fluently. 

Packing-up 
device 

Not sa sfying 
enough. We 
changed the 
controlling program. 

Bo om vehicle The mo on was 
very stable and 
precise. 

Electric arm With a rela vely 
high success rate. 



45

Problems & Solution 
There are a large number of blind 
people nowadays, but people can 
rarely see them walking on the street 
even go outside. One of the main 
reasons is that they cannot easily use 
ordinary ways such as white cane to 
detect and avoid obstacles. In 
addition, bad weathers such as rainy 
day will make blind people’s trip 
harder, since they cannot locate 
plashes on the road. 
 
In our project, we design a smart 
blind stick which can detect obstacles 
and water plashes in front of user and 
tell the direction to help user avoid 
them.  

Concept Generation 
We use ultrasonic sensors and 
infrared sensor to detect obstacles, 
and water level sensor to measure 
water depth. Those data are sent to 
Arduino and outputted by vibration 
motors. 
 

Design Description 
Our design of the rod follows a 
parallel order. The ultrasonic sensor 
can detect obstacle in a long distance. 
The infrared sensors can detect 
obstacle in short distance and human 
body. The water level sensor can 
measure  water depth. Information 
are collected from each parallel parts 
and manipulated by 
  
 
 
 
 
 
 
 
Fig. 1 Concept Design of Guiding Rod 

 
 
 
 

Validation 
Since our prototype can function well 
in all the most important parts, we 
start to find out other ways to 
improve the rod’s accuracy, sensitivity 
and user experience. 
 
We adjust the position and angle  of 
different sensors by testing them with 
eyes blindfolded. And the shell of 
handle are remede to make the 
vibration more obvious in touch. We 
also check the leakproofness of our 
rod to make sure it can be used in a 
rainy day. 
 

Conclusion 
Blind people is a minority group 
whose needs will be easily ignored by 
mainstream society. Our product can 
help many blind people avoid danger 
while walking on the street in 
different weathers. It also has a very 
low price compared with those 
existing products with a similar 
function, which is affordable for many 
blind people. So it can benefit more 
of them. 
 
In this project, our group members 
cooperated well and completed tasks 
successfully. We kept thinking of 
better ways to solve the problems we 
met during the progress, and finally  
achieved many goals we haven’t 
predicted at the beginning. We learn 
a lot in this process and improved our 
ability greatly. 
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Arduino program and give signal to 
vibration motor and produce 
vibration to alert user. This process is 
simple but accurate according to our 
test. The structure is shown in Fig.1. 
 

Modeling and Analysis 
In our first prototype, we first put a 
single ultrasonic sensor on a  steer 
engine which is installed on the rod 
and can rotate with respect to the rod 
to scan a larger range. However, 
steering engine is too large to be 
installed on the rod. So we gave up 
this plan and thought about another 
way to solve the range problem. 
Finally we combine several sensors to 
enlarge the scanning range and 
fulfilled the function. 
 
Besides, we had three plans for the 
water depth measuring part. But after 
evaluating their accuracy and 
sensitive, we finally choose the water-
level sensor one, which is the best 
among all three. 
 
 
  
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 2 - 3D graph of Adaptive Guiding 
Rod structure 
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Problem Statement 
Lecturers around the world are 
restrained in a small stage when they 
are doing presenta ons, as they have 
to control their slides in front of their 
laptops or they have to stay in front 
of the blackboard to draw sketches. 
The exis g presenta on assistant, 
like presenta on pen (or laser 
pointer), is only capable of moving 
the slides forward or backward. Also, 
they are not “natural” and cool, as 
the lecturer have to hold them in 
their hands all the me. They should 
be able to make cool gestures with 
the slides keeping up with them. They 
should be able to  draw sketches far 
away from the blackboard.   

 
Concept 

Gestures are powerful ways to convey 
ideas and emo ons.  Combining the 
gestures and the slides on the screen, 
presenta ons can be more appealing. 
Hence, our idea is to use gestures to 
switch the slides. Also, when the 
lecturers walk into the audience, they 
should s  be able to draw and write 
on the screen. We then provide the 
following so on: using gestures to 
control the cursor on the screen. 

 
Design Descrip  

The body of our design is the 
integra on of an IMU (Iner al 
Measurement Unit) and a Bluetooth  
 
 
module. They will be a ached to a 
bandage, and users will wear them on 
their hand.  When certain gestures 
are made, data of accelera ons and 
angles collected by IMU will be sent 
to the computer. The corresponding 
algorithm will integrate these data 
and produce the trajectory of the 
 
 
 

Valida  
We use the upper computer so ware  
to collect data from IMU. The upper 
computer so ware will generate .tsv 
files to stock the data. Our way to do 
it is to extract data from the .tsv files 
and then send them to the algorithm 
we developed and generate the 
trajectory of the hand gesture. Based 
on the trajectory of the hand gesture, 
we then write .bat files to control the 
movement of the mouse cursor with 
AutoHotKey. 
 
 

 
 
 
 

Figure 3: The data in .tsv file. 
 

Conclusion 
Presenta ons convey informa on. For 
the sake of be er communica ons 
between lecturers and the audience, 
we combine the gestures and the 
slides control. In this project, we use 
the knowledge from our physics class 
and programming class to do some 
serious engineering analysis. The 
outcome of the analysis is the 
revo onary presenta on assistant 
we produce. 
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hand gestures. Based on how the 
hand moves, we will be able to 
control the ac on of the cursor. 
 

Modeling and Analysis 
1. Inves ga g the MPU-9050. 
We used an upper computer so ware, 
offered by the manufacturer of the  
sensor, to check how the sensor 
works. We examined its performance 
via raw data, graphs and simula g 
3D images. At first, we found there 
existed significant errors. A er 
communica g with the 
manufacturer and searching for 
online informa on, we figured out an 
effec ve method to do calibra on to 
minimize the error. 
 
 
 
 
 
 
Figure 1: Upper computer interface. 

2. Studying AutoHotKey to Control 
the Ac ons of the Cursor. 

We learned the use of a so ware 
called AutoHotKey. This so ware can 
serve as a mouse. Once the script is 
wri en properly, the so ware can do 
what the mouse does, such as move, 
click, drag the mouse cursor. We will 
use this so ware to simulate mouse 
and do corresponding opera ons.  

 
 
 
 
 
 

Figure 2: Product demonstra on. 
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Problems & Solu  
In our daily life, handwr g is 
necessary on many occasions but 
handwr g takes more me and 
effort than prin g. Some mes 
people suffer from handwr g a lot. 
 
We design the Customized Wr g 
Machine to automate the process of 
handwr g. It can read and imitate 
users’ handwr g. The output font 
and the type of pen to write can be 
chosen by users. 
 

Concept Genera  
We choose Core XY as the structure 
of the machine. Arduino is used to 
control the step motors. CNC Shield 
V3 and A4988 are used to drive the 
step motors. We apply a tablet to 
detect users’ handwr g and a 
computer to process data and send 
commands. 

 
Design Descrip  

The Customized Wr g Machine 
needs two inputs to generate one 
output. The tablet gets users’ sample 
input le ers and sends them to the 
computer. The sample le ers are then 
exported as a font library so that a 
carving so ware can import it. Users 
input their contexts by typing into the 
carving so ware then finish the 
layout. The carving so ware exports 
the gcode of the contexts and GRBL 
controller will import the gcode file 
and send commands to Arduino to 
control the pen’s movement.  
 
The moving of the pen is realized by 
the Core XY structure, which is shown 
in Fig. 1. There are two step motors in 
the Core XY structure. Each of them is 
responsible for one axis of pen’s 
movement.  A servo is used to raise 
 
 
 
 

from the machine. Fig. 3 shows the 
wr g process. 

 
 
 
 
 
 
 
 

Fig.3 Wr g Process 
 

Conclusion 
The Customized Wr g Machine 
automates the process of handwri g. 
It features its func on to imitate 
user’s handwr g font, which is 
highly customizable. Poten al users 
of this device include, but are not 
limited to, students, teachers, writers, 
business communica on teams, 
contractors, etc. 
 
Throughout this project, every 
member of the team has learned 
valuable lessons in teamwork, 
communica on, job distribu on, and 
many more. We also have to face 
ethical issues in engineering and do 
research to determine whether or not 
the machine should be constructed. 
The Customized Wr g Machine 
signifies our first innova ve 
construc on. 
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the pen up or release the pen. 
 
 

 
 
 
 
 
 
 

Fig.1 Machine 3D Model 
 
 
 
 
 
 
 
 
 

Fig.2 Block Diagram 
 

Modeling and Analysis 
I ally, we wanted to use a camera 
to read users’ sample le ers. 
However, to recognize the le er on 
the paper requires complex image 
processing and filtering algorithm. 
This method also have a high 
requirement on the ligh ng condi on.  
 
Due to so much inconvenience of the 

al way, we changed our design to 
using a tablet to get user’s sample 
le ers directly, which is more feasible 
and user-friendly. 
 

Valida  
A er several weeks’ work, we have 
finished the prototype. Users can 
input the sample le ers and type in 
the context to be wri en out. A er 
some se g in the so ware, the 
computer can direct the machine to 
write the context using users’ 
par cular fonts and receive feedback 
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Problem   
Military chess is a board game for two 
players. When one player’s chess 
pieces meet the other player’s chess 
pieces, there will be a comparison. 
Since players can only see chess of 
their own, a referee is need to make 
comparison. In our daily life, it is hard 
to find a third person to be the 
referee because the task is boring and 
tedious. 
In this project, we design a machine 
which can subs te the role of 
referee in a game of military chess. 
The func ons of the machine are to 
iden fy the chess pieces, to compare 
ranks and to show the results of the 
comparison. 

Concept Genera  
By combining different resistances, 
the chess pieces in shells, and 
assembling Arduino, breadboard, 
resistance of a fixed value and LED 
lights together to construct the main 
circuit, we can create a machine to 
realize these func ons. 

Design  
We design a shell (Figure 1.1), which 
equals to a resistance of certain value, 
to hold chess. Before the game, 
players insert each chess piece in the 
corresponding shell. The main circuit 
consists of an Arduino connected with 
two LEDs, a fixed resistance and two 
sockets. A er plugging in two shells, 
the Arduino board can read two 
unique values. Through a program 
(Figure 1.2), the Arduino can compare 
two values, and then output a signal 
to control which LED bulbs should be 
lightened. We can know the result of 
comparison by whether the LED bulbs 
lighten or not. 
 
 
 
                               Figure 1.1 Shell 
 
 
 

Valida  
Firstly, we use 3D-technique to 
manufacture 50 special hulls which 
match each chess pieces precisely. 
Two steel plates are a ached both 
sides of the hulls to increase the 
electrical conduc vity. Analog01 
PWM port of Arduino is connected in 
circuit to detect the voltage 
distributed on the fixed resistance. 
Besides, we build a box to hold the 
main circuit and a storage box to 
collect hulls a er game.  
In reality, the chess pieces will fall off 
some mes, because the size of shells 
differ slightly. Besides, a power supply 
is needed when the machine runs. 
These are where the product can be 
improved later on. 
 
 
 
 
 
 
 
 
Figure 1.4 The en y of the machine 

Conclusion 
The judging device caters for the need 
to subs te the referee in the game 
of military chess. People who play 
military chess can use this machine 
easily and conveniently. Total 
expenditure is only around 200 RMB. 
 
In this project, when encountered 
with challenges, our group works 
together to figure out the op mal 
so ons and successfully overcome 
diffic es. From trial and error, we 
keep modifying and improving the 
prototype, trying to make it prac cal, 
economical and feasible. 
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Figure 1.2 program logic flowchart 
Modeling and Analysis 

The standard size of military chess 
piece is 25mm*18mm*7.5mm.By 
calcula on, we design the shells of 
size 30mm*21mm*10mm. A er 
modeling, we 3D-print these shells.  
The resistance of shell differs 
corresponding to each kind of chess 
pieces. Plan A is to connect several 
iden cal resistances in parallel. 
However, since the space of the shell 
is limited, there is few room to hold 
all the resistance. Therefore, we 
refute this proposal. Plan B is to use 
one of 12 kinds of resistances of 
certain value in each shell, which 
works well. 
We a ach two iron plates of size 
18mm*10mm both sides of the shells. 
To make the body of the machine, we 
build a box to hold the main circuit by 
a aching 6 pieces of acrylic board. 
LED bulbs and sockets are placed on 
the top by wires through holes 
connected in the main circuit 
 
 
 
 
 
 
 
 
 
 
Figure 1.3 Prototype of the judging 
machine 
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Problem 
Piano has always been an elegent yet 
luxurus musical instrument. Moreover, 
pianos are very hard to be moved 
around. 
 
 
 
 
 
 
 
 
 
 

  Fig. 1 Problem with piano 
For example, as university students 
living at campus, we cannot take our 
pianos here. Also, it is not convenient 
to use the pianos at campus due to 
the me limita on.   
                   Needs 
A portable musical instrument is 
needed for people to play music 
wherever they want. Also, this 
instrument should be low-cost for 
more poten al users to appreciate 
the beauty of music.                 
                       Solu  
We decided to use electrical 
components to build our device since 
they are cheap and reliable. 
The main parts of our design include 
an Arduino Mega board to process 
and transfer signals, touch sensors to 
detect the ac ons of the users, and 
speakers to output sounds. Also, we 
design an outer case for Poriano to 
make it portable. 
 
 
 
 
 

 
    Fig. 2 CAD model for Poriano 
 
 
 
 

 
 
 
 
 

Fig. 6 Budget of our prototype 
Conclusion 

Poriano is a portable, low-cost 
musical instrument that aims for not 
only piano players but also poten al 
lovers of music. Through the 
implementa on of our design we 
have achieved many tasks which 
include: 

• Play accurate pitches of sounds 

• Generate sounds simultaneously 

• Assemble & disassemble within 

five minutes 

• Total cost under 500 CNY 
Besides all the tasks that we have 
already finished, we plan to add more 
exc g func ons to Poriano, which is 
based on the programmable pla orm 
Arduino: 

• Let Poriano play the drum instead 

of the piano 

• Record and replay the song played 

by the user 
It is really a shame that due to the 

me limita on we have not yet 
implement these func ons, but we 
are confident that these func on can 
be realized in the future. 
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Concept Diagrams 
 
 
 
 
 
       

        Fig. 3 Signal flow of Poriano 
The  touch sensor sends electronic 
signal to the Arduino Mega board 
which processes the signal and “tells” 
the speaker which sound to output. 
To generate sounds simultaneously, 
we use m e sound boards which 
are connected with their respec ve 
speakers. 
 
 
 

 
 

 
Fig. 4 Signal communica on of the 

sound board 
Valida  

Poriano is able to perform m e 
sounds as well as single sounds. But 
the accuracy of the sounds remains to 
be checked. So we use “Singscope”, a 
so ware which can check the pitch of 
sounds, to validate our device. The 
results are sa sfying. 
 
 
 
 
 
 
 
 
                Fig. 5 Test results 
Besides the quality of the sounds, 
Poriano is cheap and portable as is 
required by our target users. The 
prototype we have built can be 
assembled within five minutes. 
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Problem  
The quick pace of modern life 
requires people to save me in all 

ny details. However, it’s 
inconvenient and me consuming to 
unlock a bicycle in a tra onal way. 
People always have to remind 
themselves of bringing keys and 
unavoidably bend over to reach the 
lock. Therefore, busy bike owners 
such as college students and office 
workers are appealing to a more 
efficient way. 
 
 
 
 
 
 
 

Fig. 1 Daily problem 

Concept Genera  
Our project aims at producing a 
fingerprint bike lock which is easy 
and fast to use with high safety and 
stability. 

Design Descrip  
Our design consists of three parts: 
fingerprint iden fica on part, mobile 
applica on part and lock part . User 
could enroll the al fingerprint 
data through mobile applica on. 
Then,  once the user press his finger 
on the iden fica on part, the logic 
circuit in it will send a signal to the 
lock on the beam through Bluetooth. 
A er that, the lock will automa cally 
lock or unlock. 
 
 
 
 
 
 
 
 

Fig. 2 Signal Transmission 
  
 
 
 

Then we test the reac o me of the 
fingerprint lock by measuring the 

me interval between the press of 
the finger and the reac on of the lock, 
and we get the data that:  

Table 1. Reac on me 
 

 
The data in the table 1 shows the 
measurement of single user, which is 
all smaller than 1.5s. We consider this 
reac on is smaller than the majority 
of the lock in the market.  
Finally we test the reliance of the 
iden fica on part.  When enrolling 
different fingerprint into the 
iden fica on module with the 
highest security, the false accept rate 
of it drops to be lower than 0.001% 
and the false rejec on rate is reduced 
to 1.0 %. Considering the security of 
Bluetooth communica on is promised 
by  unique encryp on key, the safety 
of the iden fica on part has also 
been proved.  

Conclusion 
To solve the inconvenience of 
tra onal bicycle locks, we designed 
a fingerprint bicycle lock. By using the 
fingerprint sensor, users can unlock 
the bike through a single touch, and 
so do to lock it. We plug in computer 
program to make the sensor and the 
lock be connected by wireless signals. 
Despite the convenience of the 
product, wireless design can 
guarantee the safety of riding.  
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Modeling and Analysis 
The way to realize our project is 
mainly divided into three tasks. Firstly, 
we analyze disparate kinds of locks in 
the market and compare their 
mandrel. We finally choose the 
combina on of electromagnet lock 
and servo motor as the ac ve 
components of the lock part. 
Then, we set up business logic, which 
consists of three main components: 
the fingerprint iden fica on system, 
the Arduino control system 
(cooperated by Arduino nano) the 
remote android control system. The 
communica ons between them are 
through Bluetooth connec on by HC-
05 module. 
A er that we locate the lock body, 
design connector and assemble the 
system. We choose metal bracket to 
fit different beams of the bike and the 
disc brake lock to ensure the 
portability. 
 
 
 
  
 

 
 

Fig. 3 Mechanical structure  
Valida  

We did sample tests to  ensure the 
stability and portability of the 
fingerprint lock. 
First we measure the en re volume of 
the lock part that is assigned to be 
installed on the beam of the bicycle. 
Although the lock could be easily 
assembled on the tes g bike, the 
volume of the lock actually restricts 
the portability. A er advancing, we 
successfully control the size of the 
main body of the lock: width  < 50 
mm, length < 150 mm and height < 
80 mm. 
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Problem 
Our survey shows that coins are 
becoming more commonly used than 
before. Therefore, some groups of 
people have to deal with a large 
number of coins such as print shop 
owners and supermarket staffs. Even 
the administer of our dorm building 
some mes needs to handle over 
1200 coins in one month according to 
the interview. It can be very painful 
and annoying for them to manage 
these coins. 

Concept 
Our project aims to design and built a 
machine that can automa cally sort 
and store coins as well as output 
coins correctly corresponding to the 
user input. The machine has a coin 
entry on the top. A keyboard and a 
LCD screen is a ached to exchange 
informa on with users. A drawer at 
the bo om is built for coins collec ng. 

Design 
 

 
 
 
 
 
 
 
 

Fig.1  Concept Diagram 
An incline with holes of different sizes 
on the surface can separate the 
10cents, 50cents and 1yuan coins 
when they slide from the top(the coin 
entry). 
Three cylinders can store a large 
amount of coins of each 3 kinds.  
A photogate. can be used to calculate 
the balance. An Arduino can process 
the user input from the keyboard.  
By li g the cylinders up for a certain 

 
 
 
 

 
 
 
 
 
 
 

Fig.3 Acrylic Incline 
A er that the stability of the sor g 
coins incline greatly increased. 
Table.1 shows the test data of the 
incline. 
 
 
 

Table.1 Tes ng Data of the Incline 
The coding part for calcula g the 
balance of coins and process the user 
input from the keyboard is always 
correct according to the test.   
When we added dozens of coins into 
the cylinders to test the output 
mechanism. The servo(in Fig.2) that 
worked before failed this me. We 
then discussed the reason and 
immediately changed them with 
servos of greater power. Then later 
tests showed that the machine can 
correctly output coins. 

Conclusion 
The demand for a coins manage 
machine is catered by our project. 
Our machine can automa cally sort 
and store various coins. Besides, the 
machine we built is portable and 
cheap which is suitable for shop 
owners and coin collectors to use. 
Our team encountered many 
mechanical and electronic diffic es 
during the designing and prototyping. 
By working together and efficiently 
communica g we successfully 
overcame these problems and built a 
great product. 
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height and making special servo arms 
we can hit the coins one by one to 
the drawer below. The concept 
diagram is shown in Fig.1. 

Modeling and Analysis 
We firstly modeled different parts of 
the machine and then combined 
them together. 
For the incline we calculated and 
tried many angles at which the coins 
can be stably sorted. A er that the 
photogates are a ached on the path 
a er coins are separated.  
We calculated the certain height for 
the cylinders and li ed it up to 
2.1mm which is accomplished by 
M3.5 rings and L-shape frames. Then 
the special  arms for the servos is fan-
shaped and is 1mm thick as shown in 
Fig.2. Then we used a keyboard and 
an Arduino to test this output 
mechanism a er the coding part was 
completed. 
We built an acrylic structure to 
combine all the parts above. The 
frame is within 20*30*40 cm3 . 
 
 
 
 
 
 
 

 
 
 
 

 

f 

Valida  
At first the incline was built by woods.
A er the holes on it were adjusted to 
the right size we found the fric on o
the wood was too large. So we 
changed our design and laser-cut an 
acrylic board to build the incline as 
Fig.3 shows.  
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Problem  
For bicycles, there is a safety problem 
of the braking system. It is known 
that braking too much in a sudden 
will lock the brake. The lock may lead 
to riders rushing forward due to 
inertia, and hurt themselves.  The 
engineers have developed the anti-
lock braking system for cars, but there 
have not been many similar devices 
for bikes so far. Even the existing 
devices only solve the problem by 
limiting the force of the brake. Lock 
may still happen. The problem of 
wheel locking for bicycles is not 
solved from the root.  
 
 
 
 
 
 
 

Fig. 1 Problem 
Concept Generalization 

We use the acceleration sensor to get 
the linear acceleration, and use the 
encoder to get angular acceleration of 
the wheels. Then we compare two 
statistics and determine whether the 
anti-lock system will work or not.  
 

Requirements 
For the mechanical actuator, it should 
be able to  
• counter the breaking force on the 

braking wire, which is no more 
than 100N according to our 
experiments 

• exert and withdraw counter-force 
with frequency larger than 100 Hz.  

For the electronic control system, it 
needs to  
• analyze the sensor signal and react 

with frequency larger than 50 Hz.  
• control the magnitude of counter-

force and slip ratio to about 20%. 
 
 

and linear acceleration will be 
checked to see whether further 
braking is needed. 
 

Validation   
We consider our product as 
functional if it can satisfy the 
following criterion: 
1. Able to let the user retain control 

of the bicycle. 
2. Able to decrease stopping distance 

on wet road while remaining at 
rest when the bicycle brakes 
normally. 

3. Able to function as on inclined or 
rugged roads as good as on flat 
roads.  

To fulfill the goals given above, our 
product satisfies the following 
technical requirements: 
1. The electromagnet works as the 

wheel locks and offset the braking 
force.  

2. The system react instantaneously 
when the wheel blocks to protect 
the biker. 

3. Able to control the sliding ratio 
within 20% 

 
Conclusion 

The ABS system for the bicycle is a 
good device to protect the riders 
especially for those who ride fast or 
on rainy days. Our product can 
prevent the lock of the wheels of 
from happening on the bicycles. It 
greatly improves the safety of the 
riders. 
For this project, all of the team 
members participated in the whole 
process. We cooperated with each 
other, and learned a lot from this 
project.  
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Design Interpretation 
For our ABS system for the bike, we 
separate it into two parts: the 
detecting system and the anti-lock 
system.  
For the detecting system, it detects 
whether the bicycle has a inclination 
that the wheels will be locked or not.  
To realize such function, we use the 
sensor, encoder, and the gears. The 
sensor we use is the acceleration 
sensor. We fix the sensor on the bike 
and connect it with the Arduino. Then,  
we can get the information about the 
acceleration of the bike. In addition, 
we use the encoder to detect the 
angular acceleration of the bike. By 
comparing the angular acceleration 
and the linear acceleration, we can 
know whether the wheel will be 
locked or not. For the encoder, it is 
hard to directly be connected with 
the wheel. Thus, we process the gears 
to connect the encoder and the 
braking disk of the bike. Then the 
angular motion of the wheel can be 
transmitted to the encoder. 
 
 
 
 
 
 
 

Fig. 2 Main Structure 
If the inclination of the lock of the 
wheels is detected, the anti-lock 
system will work. For this part, the 
main device is the electromagnet. We 
extend the length of the brake cable 
and link it to the electromagnet over 
a pully. To prevent the lock, the 
electromagnet will shrink to offset 
the braking force. Over the whole 
process, the angular acceleration 

A Safer Choice: 
ABS System for Bicycles 
Instructor: Prof. Amy Hortop, Prof. Justin Andrews 
Team Members 
Meng Tianyu, Liu Zhangyi, Sheng Yuguo, Su Jingyu 

Encoder Gear Pulley Electromagnet 
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Problem Statement 
People need a shopping cart that can 
keep their track because shopping 
with both hands engaged is 
inconvenient and sometimes 
dangerous. The conventional 
shopping cart has created difficulties 
for shoppers, especially for mothers, 
the elderly, and the disabled. The 
design and construction of a smart 
shopping cart that follows people 
automatically aim to bring shoppers 
better shopping experience and can 
possibly generate higher profit for 
retail industry. 

Needs 
The framework of the cart is required 
to be firm and light-weighted so that 
the maximum load of the cart can 
meet the shoppers’ need. The human 
following system needs to work as a 
whole, including a camera for image 
capturing, a Raspberry Pi for image 
processing and an Arduino Mega 
board for motion control. To work in a 
real environment, five ultrasonic 
sensors are used on the cart to detect 
and avoid obstacles. 

Design Description 
Our product is divided into two parts: 
the framework and the “heart”. 
 

 
 

 
 
 
 

Fig.1 Exploded view of the framework 
In the framework, two fixation boards 
fix the camera in front of the basket. 
Four fence boards and a base board 
make up of a container for the basket. 
Six cuboids supports the first base 
board. The second base board holds  
the 'heart'. Two omnidirectional 
wheels help the driving wheels make 
turns. 
 
 

Validation 
1. Five ultrasonic sensors detect 
obstacles in five different ways. 
 
 
 
 

Conclusion 
 
 

Fig.4 Detecting obstacles 
We adjust the optimum distance for 
the shopping cart to avoid collisions. 
 
 
 
 
 
 
 

Table 2 Distance parameters 
2. As for the tracking part, we use 
binary signals to help control  
the speed of wheels. 

 
 
 
 
 
 
 
 

Fig.5 Binary signals from Raspberry Pi 

Conclusion 
The smart shopping cart is user-
friendly, especially for those who 
have difficulties moving around. 
Through the realtime feedback 
constantly provided by the camera, 
the cart can adjust its direction and 
follow the shoppers. Our product will 
make shopping experience more 
pleasant. 
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Fig.2 Exploded view of the “heart” 

The tracking part consists of a camera, 
Raspberry Pi  and a battery. The 
driving part consists of motors and 
wheels, battery, and a motor shield. 
There are also five ultrasonic sensors 
and Arduino Mega 2560. 
 
 
 
 
 
 

 
 
 

Table 1  Block diagram 
 
 
 
 
 
 
 
 

Fig.3 Overall cad view 

Significance of Solutions 
Our cart aims to follow shoppers in 
the supermarket automatically, which 
brings better shopping experience. It 
also has potential to benefit the 
supermarket because it can attract 
shoppers. We use wood to construct 
the framework. We choose wheels 
that have a relatively large maximum 
load. So the cart has a maximum load 
which can meet shoppers' needs. The 
cart is equipped with five ultrasonic 
sensors to detect and avoid obstacles. 
The camera is equipped with a Pan-
Tilt, so it can adjust itself to follow 
people of all heights. 

 
 
 
 

Smart Shopping Cart 
Instructors: Prof. Yu Zheng, Prof. Cynthia Vagnetti  
Team Members 
Liu Shiyu, Qu Yuyi, Tang Xingye, Zhao Hantao 

Directions Distance ≥0cm Methods
Left

Right
Front

Left near
the ground

Right near
the ground

 ≤ 16cm
 ≤ 16cm
 ≤ 20cm

 
 ≤ 18cm

 Turn right 
 Turn left 

 Stop
Based on the left 
and right  
distances to turn 
left or right

≤ 18cm The same as 
above
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Problem 
Riders who need GPS navigation are 
our primary audience and blind 
people who need to adapt to 
unfamiliar surroundings are our 
secondary audience. It is dangerous 
to follow routes by looking at them or 
listening to commands, especially 
when walking or riding on busy 
streets. 
Few navigations tools in the market 
focus on the sense of touching and 
they are also very expensive.  

Need 
Therefore, the product should meet 
the needs of: 
1. Systems that can accurately 

direct users to their destinations 
through vibration 

2. Prices affordable for working 
class and people with low wages 

Design Description 
Our project is divided into four parts: 
the belt, the Arduino Mega board, the 
GPS module, and the vibrating motor. 
 

 
 

 
 
 
 
 
L 

Fig. 1 Expected prototype 
• The belt is the basis of our product. 

It enables us to integral the three 
functional parts, which makes our 
product wearable. Users can also 
utilize our product more 
conveniently. Since belt is a kind of 
fashion accessories, the 
appearance of our product can be 
changeable even customized to 
adjust to different aesthetic 
requirements.  

• The Arduino Mega board is the 
controller, which relates the 

portable as well so wearing it does 
not affect users at all. 

Validation 
1. Arduino program: We press the 
button and turn on the product. If it 
meets our expectation, the vibration 
motor should start  vibrating and 
eventually navigate users to the right 
place. During the process, users 
should not knock against any 
obstacles. 
2. Vibration motor: The vibration 
should be fierce enough for users to 
feel but not too fierce which will 
make users uncomfortable. 
The validation results are to be 
determined. 

 
 
 
 
 
 
 

Fig. 3 Exploded view 

Conclusion 
Our Magic Belt is competent for the 
job of navigating people through 
vibration. The key to achieve this goal 
is to detect current positions of users 
and plan routes. Besides, sensible 
vibration is also very important. 
However, the GPS module is not valid 
indoor which means it cannot direct 
when you are inside some buildings. 
Additionally, since the compass 
sensor will be affected by other 
magnet fields, it cannot be put with 
some electronic devices or magnets.  
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• navigation part and the vibrating 
part. It receives the data from the 
GPS   module and the compass to 
plan a fairly reasonable route. It 
will also data from compass to the 
data from the  GPS module to 
decide which motor to vibrate. 

• The navigation part consist of GPS 
module and compass sensor. The 
GPS module transfers information, 
the longitude and latitude of the 
user, to the Arduino Mega board. It 
can also get the starting point and 
the real-time position of the user.  
The compass sensor can judge the 
direction our users face. 

• The vibrating part is just the 
vibrating motor , which is placed at 
the left side, at the right side, in 
front of and at the back of the 
user’s waist. It generates 
appreciable vibration to tell the 
user whether to turn left or turn 
right and move forward or 
backward.  

 
 
 
 
 
 
 
l 

Fig. 2 Block diagram of MAGIC BELT 

Significance of Solution 
Our product is distraction-free. When 
users use the product, they follow the 
route by feeling the vibration, which 
does not prevent them from watching 
the road or hearing the trumpet. In 
detail, when the user reaches a 
crossroad and he/she should turn left 
there, the motor at the left side of 
the user will vibrate to remind 
him/her to turn left. 
At the same time, he/she still can look 
at the traffic light and give way to 
pedestrians. The belt is light and 

 
 
 

Magic Belt 
Instructors: Prof. Yu Zheng, Prof. Cynthia Vagnetti  
Team members 
Yushan Li, Siyang Shen, Qincheng Jiang, Yixing Fan 
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Problem 
At the airport, suitcases mean trouble. 
Businesspersons can’t answer the 
phone because of suitcases; mothers 
struggle to comfort their babies and 
take a suitcase simultaneously. People 
need our product, Petcase, to free 
their hands from suitcase handles. 
Petcase follows its owner 
automatically just like a pet, making 
suitcases easier to use and lives of 
frequent travelers more efficient. 

Need 
For businesspersons and mothers, 
Petcase meets the following needs: 
1. detecting the position of its owner  
2. following the owner 
3. avoiding walls and obstacles 
4. notifying the owner of tracking 
failures 

Design Description 
 
 
 
 
 
 
 

Fig. 1 Block Diagram 
Petcase has five functional parts. The 
first four are position detection, 
motor driving, obstacle avoidance, 
and alarm. Microprocessor, the last 
part, controls the former four parts. 
The position detection function is 
based on a Logitech C270 Camera. To 
follow the owner, Petcase tracks an 
image on the back of his/her clothing. 
Seven infrared sensors make up the 
obstacle avoidance system by 
detecting the barriers in all directions.  
The microprocessors, Arduino and 
Raspberry Pi, process all the data. If 
Petcase succeeds to detect the 
position of the owner, Arduino will 

1. Position detection: To test whether 
the camera succeeds to track people, 
we prefigure a sample image into  
Raspberry Pi and use the LCD screen 
to visualize the result. If Raspberry Pi 
recognizes the image on the back of 
the owner’s clothing with the camera, 
the rough outline of the image will be 
shown as a rectangle on LCD. 
2. Obstacle avoidance: We connect 
the infrared sensors to Arduino. The 
sensors will return “0” to Arduino if 
there are barriers and “1” otherwise. 
3. Alarm system: We connect the 
alarm to Arduino and input a low 
voltage. If the alarm beeps at this low 
voltage, the programming succeeds. 

Conclusion 
Petcase keeps a tight track of its 
owner automatically. All its five 
functional parts work together to 
build a real-time data communication, 
enabling a secure tracking. However, 
there’s still room for improvement. If 
given more time, we would increase 
Petcase’s compatibility with suitcases 
of various sizes. 
 
 
 
 
 
 
 

 
 
 

Fig. 3 Conceptual Design 
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send directional signals to the motor  
driving part. Otherwise, Arduino 
makes the alarm beep to notify the 
owner of direction errors. 
The motor driving part consists of an 
L298N motor driving board, two 
motors, two tires, and an omni wheel. 
When receiving signals from Arduino, 
L298N drives the motors to the right 
direction. The motors rotate at 
35r/min, and the tires’ diameter is 
75mm.  
The alarm system is built upon a 
hummer. When it fails to track the 
owner, Petcase notifies him/her with 
the hummer. 

Significance of Solution 
 
 
 
 
 
 
 
 
 

Fig. 2 Exploded View 
Our goal is to free travelers’ hands 
from suitcase handles. With the 
camera and the motor driving part, 
Petcase follows the owner 
automatically. With the infrared 
sensors detecting obstacles and 
avoiding collisions, Petcase minimizes 
the impact of the environment. 
Moreover, the alarm system ensures 
the safety of the suitcase, making 
Petcase more practical. Finally, the 
circular base decreases the area 
needed for rotation, making Petcase 
more flexible. 

Validation 
Throughout the construction, we 
designed various validations for 
different functional parts. 

Pet case 
Instructors: Prof. Yu Zheng, Prof. Cynthia Vagnetti  
Team Members 
Jin Minhao, Bao Jiajun, Wang Zhuzhu, Sun Yucen, Hua 
Boshu 
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Problem 
Nowadays, in China , there are great 
population of blind people. However, 
traditional blind guide cane can not 
help them deal with complex road 
conditions efficiently because in 
China many places do not have 
perfect road construction. Also, blind 
people use the traditional guide cane 
by knocking it on the road again and 
again. It is fairly tiring. What’s more, it 
is very dangerous for blind people to 
stay outside at night since he does 
not know whether others can 
recognize him.  

Need 
For blind people, they need a smarter 
blind crutch to help them with 
functions and below: 
1. Detecting obstacles around 

automatically. 
2. Telling the location of the cane 

when he want to find it 
3. Shining at night to make him 

recognizable at night 
These functions can not only bring 
convenience to them but also ensure 
their safety. 
 

Design Description 
Our product is a scalable multi-
function blind guide cane. It mainly 
consists of a scalable cane, a base, a 
handle and many sensors. 
 
 
 
 
 
 
 

Fig. 1 Concept Diagram 
The scalable cane is made by a part of 
camera support. Users can change its 
height easily. The stick is made of 
aluminum alloy, so it’s very light to 
carry. 
 

 

The base and the handle are 3D-
printed. They are made of resin, very 
light and of high strength. A universal 
wheel is fixed on the base. It lets the 
cane to move freely. 
 
 
 
 
 

 
     Fig. 2 Handle

Fig. 4 Prototype

       Fig. 3 Base 
Sensors attached on the cane play 
different roles. The light sensor on 
the head of the cane can detect light 
intensity to control the LED belt. 
Infrared receivers on the cane can 
receive infrared ray from the remote, 
and trigger buzzers through Arduino 
board. Therefore, if the user press a 
button on the remote, buzzers will 
make a sound. Ultrasonic sensors on 
the base can detect obstacles 
automatically. If anything is detected, 
Vibrating Modules on both sides of 
the handle will send different signals 
to inform users of the road conditions. 

 
Significance of Solution 

Our product aims at helping blind to 
live a safer and more convenient life. 
We modified the traditional blind and 
add several functions.  
We applied ultrasonic and infrared 
sensors to automatic obstacle 
detecting.  
We use buzzer and remote controller 
to make it easier for the blind people 
to find their cane. 
We also realize auto-shining function 
through light sensors and LED. 
Hence it can keep blind people safer 
in dark environment.  
Our product doesn’t cost much and is 
also environmental friendly because it 
cost little energy.  
 

Smart Blind Guide Cane 
Instructors: Prof. Yu Zheng, Prof. Cynthia Vagnetti  
Team members 
Dongjian Chen, Yihui Peng, Yinchu Shen, Jiacheng Zhou 

Validation

Conclusion

Acknowledgement

1. Arduino Program: We use Arduino
Nano to be the controller. If it meets
our expectation, the function below
should be processed smoothly.
2. Obstacle Detecting: If there is a
40cm tall and 40cm object in front of
the cane, it should immediately send
a signal back with middle vibration
part activate. Then the user will be
informed of the obstacle.
3. LED part: We put the cane outdoor
at 8:00 pm, if the light sensor goes
well, the LED will shine.
4. Location Telling: We put the cane at
about 5m away from the remote
controller and press the button, if the
infrared sensor goes well, the buzzer
will make sound immediately, so user
can get the location of the cane.
The validation results are to be
determined.
Some other validations are:
1. Detecting range ≥40cm and 150°
2. Location telling distance ≤ 10m
3. weight ≤1kg

The smart blind guide cane can help
blind people to a great extent with
functions of obstacle detecting, auto
shining and location telling. It is
innovative, portable and smart. The
key to realize its function is to apply
sensors effectively .

Instructor: Assistant Prof. Yu Zheng and Prof.
Cynthia Vagnetti
Teaching Assistant: Chang Liu, Xiaohan Fu,
Qiyue Yao, Qihang Ren, Zhengda Wu
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Problem 
Hand shank has served as a 
controlling system in video games for 
over ten years. It has a low sensing 
flexibility, so the accuracy of the 
actions in the game doesn’t fully 
meet expectations. This is the main 
limitation of hand shank in the 
contemporary market. A new kind of 
controller module is needed to 
replace hand shank. 

Need 
Children expect toys that they can 
control conveniently. Parents want to 
buy toys that are beneficial to their 
children. The product should meet 
the needs of: 
1. interesting and enjoyable 
2. high sensing flexibility 
3. affordable for ordinary families 
4. portable and space-saving 

Design Description 
As we can bend our fingers easily and 
quickly, we design the data glove to 
be the controller module, which is 
appealing to children. 
 
 
 
 
 
 
 

 

 
Chart. 1 Block Diagram 

Our project is divided into two parts: 
the data glove and the toy car. 
 

 
 

 
 
 
 
 

Fig. 1 Concept Diagram 
For data glove, we use three flex 2.2 

instantaneously. The error of 
detection is around 10 degrees. The 
acceleration sensor is sensitive to 
motion. They guarantee a precise 
monitoring of user’s movement.  
2. Toy car: The toy car makes 
corresponding reactions as soon as 
users bend their fingers. It can move 
forward or backward and can turn left 
or right. The servo is able to move in 
180 degrees. 
3. Connection: Bluetooth module on 
data glove sends commands to toy 
car once a second and receives signal 
the moment command is sent. The 
range between glove and toy car is 
limited within 10 meters. 
We have achieved these main 
objectives: 
√ precision of bending <= 10 degrees 
√ range <= 10m 
√ delay <= 2 seconds 
√ cost <= 500 RMB 

Conclusion 
Our toy consists of a data glove that 
detects the movement of hands and a 
toy car that makes corresponding 
reactions. It is easy to control and 
enjoyable to play with. The game 
setting is entertaining and 
competitive. Our product will provide 
happiness for users, and its price is 
reasonable. However, the accuracy of 
movement detection has room for 
improvement and flex sensors are 
sensitive to the change of 
environment and easily cause errors.  
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sensors to monitor the bending 
angles of fingers. We use ADXL345 to 
monitor hand’s motion speed. Each 
gesture matches a certain 
combination of data and a certain 
command. Then we use HC-05 
bluetooth module to send commands 
to the toy. 
As for the toy car, the control part 
uses bluetooth to receive the data  
from the glove and sends signals to 
driven parts that make corresponding 
reactions. The toy car has two tires, 
so it turns through differential speed. 
We use L298n board to drive DC 
motor, and a servo is applied. The 
plastic structure ensures a small size, 
making our toy car easy to control. 
The game setting is to control toy car 
to move and kick a ball with data 
glove. 
 

 
 
 
 
 
 
 
 

Fig. 2 Design Description 

Significance of Solution 
Our toy is controlled by movements 
of fingers and hands, which enjoys 
high sensing flexibility. There are a 
variety of commands as users can 
bend their fingers at different angles, 
without limitation of buttons on hand 
shank. The toy car reacts as soon as 
the data glove detects movement. 
Our product maximizes the game 
pleasure to users. Gestures and 
commands are designed to be simple, 
so our toy can face a wide range of 
audience. 

Validation 
1. Data glove: The bending sensors 
detect degrees of bending 
 

Gloved-Controlled Toy 
Instructors: Prof. Yu Zheng, Dr. Cynthia Vagnetti  
Team members 
Peiyu Chen, Yirui Gao, Hanzhi Wang, Yiwei Wang 
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Problem 
The majority of people play computer 
games with either a gamepad or a 
keyboard and mouse. In both cases, 
the hardware is clunky, and the user 
is a mere observer of the game. 
Playing games sedentarily is also 
unhealthy. Motion sensing game 
consoles already exist in the market 
(e.g. Kinect), but they are very 
expensive, and the device is 
cumbersome. 

Need 
Gamers need a gesture controlled 
game system, because they can 
obtain an immersive experience of 
gaming at a lower cost. The system 
should meet the needs of: 
1. Manipulated by gestures. 
2. Affordable for ordinary gamers. 
3. Compatible to various video games. 
4. Portable. 

Design Description 
Our project is divided into three parts: 
the input part, the processing part, 
and the output part. 
 

 
 

 
 
 
 
 

Fig. 1 Concept Diagram 
The input part consists of a camera 
connected with a computer. The 
camera takes a picture of the gamer 
every 30 ms to monitor his body 
movements in real time.  To initialize, 
the gamer stands in front of the 
camera at rest for a short time period. 
This first frame of the gamer is set as 
the reference position. 
The processing part has three 
components: identifying anatomy, 
analyzing movements, and rendering   
 

2. Openpose: If Openpose processes 
the picture as expected, the 
computer will display a skeleton of 
the body with colorful stripes. 
3. Movement Algorithm: The gamer 
makes simple gestures. If the 
algorithm is well designed, the 
displacement of key points will be 
correctly displayed in a sequence of 
Cartesian coordinates. 
4. Output Algorithm: If the algorithm  
processes the position information 
correctly, the role will react to the 
gesture of the gamer as designed. 
5. Display: If the general display works 
well, a clear interface of the game will 
be presented on the screen. 
The validation results are : 
1. Time delay ≤ 200 ms (satisfied) 
2. Cost ≤ 20 RMB (satisfied) 
 

 
 
 
 
 
 

Fig. 3 Prototype 

Conclusion 
Our gesture controlled game system 
is competent for placing the gamer as 
a participant and providing an 
immersive gaming experience. The 
key to achieving this goal is to 
manipulate the game with gestures.   

Reference 
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outputs. A library called Openpose 
processes the picture to identify the 
gamer's anatomy and obtain the 
coordinates of the key points. 
 
 
 

 
 
 
 
 

Fig. 2 Anatomy 
Movemnents are analyzed by 
comparing the coordinates at some 
instant with the reference position.  
Certain types of gestures are 
translated into particular changes in 
coordinates. Codes for output map 
the changes in coordinates to 
different operations of the role in the 
game.  
The output part displays the game 
interface, which can be realized by an 
arbitrary type of display equipment, 
from a computer monitor to a 
projector and a screen.  

Significance of Solution 
Our system encourages people to 
leave their seats and manipulate 
computer games with gestures.  
We use gestures instead of hardwares 
to control computer games, so 
gamers are participants rather than 
observers. This system is user-friendly, 
because gamers can control various 
types of games using simple gestures. 
It is economic, because a 20 RMB 
camera or an in-set camera of laptop 
is sufficient.  It is also portable, with a 
computer being the only 
indispensible hardware. 

Validation 
1. Camera: A gamer stands in front of 
a camera connected to a computer. If 
the camera functions well, the 
computer should display a clear and 
complete image of human body. 
 

Gesture Controlled Game System 
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Problem  
Pads are widely used these days, such 
as iPad and Surface. They are delicate, 
portable and useful. So people almost 
go to everywhere with their Pads. It is 
no wonder that sometimes people 
will accidentally drop their Pads and 
break the screens. It is very expensive 
and inconvenient to repair Pads. 
However, the normal Pad shells in the 
market cannot solve this problem. 
The normal Pad shells can only 
prevent scratches but cannot protect 
the Pads from breaking when hitting 
the ground.  

Needs 
In order to solve this problem, Pad 
owners need cheap and light air-
cushion Pad shells to protect their 
dropping Pads from breaking. Thus, 
our product should meet the needs of: 
1. popping out an air-cushion while 

the Pad is dropping to protect the 
Pads; 

2. cheaper than repairing the screens 
of Pads; 

3. light and portable. 
Design Description 

 
 
 
 
 
 
 
 
 

Fig. 1 Concept Diagram 
Our product is divided into three 
parts: controlling system, triggering 
system, and air cushion. 
The controlling system is made up of 
the triple axis accelerometer, Arduino 
nano, and a battery. It detects the 
acceleration of the Pad constantly. 
When it finds the acceleration is 
constant gravitational acceleration (g),  

 
 
 
 

Fig. 3 Working Principal 

Validation 
1. Controlling System: We connect the 
triple axis accelerometer to the 
Arduino. If it meets our expectation, 
during free-fall process, Arduino will 
detect gravitational acceleration and 
control the triggering system to work.  
2. Triggering System: We use injectors 
with H2O2  to produce air. If it goes 
well, the injectors will squeeze H2O2  
into the air-cushion to contact with 
MnO2 and produce air. 
3. Air Cushion: The air-cushion will 
pop out and hit the ground first. If it 
meets our  expectation, the collision 
time will be longer and contact area 
will be larger.  
The validation results are to be 
determined. Some quantitative 
validations are: 
1. weight <=100g; 
2. air cushion popping time <= 0.5s; 
3. cost <= 100 RMB. 

Conclusion 
Our product can protect dropping 
Pads from damaging. It can detect 
gravitational acceleration precisely 
and pop out air-cushion rapidly. We 
use the triple axis accelerometer for 
detecting acceleration. We use the 
reaction of H2O2 to produce air. The 
key to our product is time and 
accuracy. 
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it will start the triggering system. 
The triggering system consists of four 
steering engines with stretched 
rubber bands and four injectors filled 
with H2O2. When it is triggered, the 
steering engine will rotate, with the 
rubber band returning to the origin 
length to push the piston of the 
injectors. So H2O2  will be squeezed 
into the air-cushion and contact with 
MnO2 to generate oxygen.  
The air cushion is made of plastic film 
with a layer of MnO2 glued on the 
inwall of the film. When the gas is 
released, the air cushion will pop out 
and protect the dropping Pads. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Exploded View 
Significance of Solutions 

Our product aims at popping out an 
air-cushion to protect a dropping Pad. 
We use the reaction of H2O2 and 
MnO2 to produce air.  
There are three advantages in using 
this chemical reaction. First, it is safer 
than the airbag of car. Second, a 
single injector can make the reaction 
begin, avoiding complexed 
construction of the air-cushion. Lastly, 
using custom-made injectors, our 
product can be applied to small 
objects, like phones. 
Our product is also user-friendly. On 
one hand, the total mass is only 
about 100 g. On the other hand, it 
saves users’ money and time to repair 
breaking Pads. 
 

Air-Cushion Pad Shell 
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Team members 
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Problem
Driving the car at night can be 
dangerous if  the driver is distracted 
by the headlights on full beam of 
other vehicles. Sudden glare can 
cause temporary vision diminution of 
the driver. If the driver found that 
there might be a glare, it’s also unsafe 
for him to shield his eyes from the 
light with one all the time or look 
away avoid the strong light. Though 
some anti-glare glasses has been 
launched in the market, they are only 
fit for people with no 
shortsightedness and they are often 
forgotten to be wore.

Need
To establish the automatic glare-
reduction function, this device should 
meets the need of:
1.  Detecting and locating the strong 
light source automatically.
2.  Shielding the right place accurately. 
3.  Responding and fuctioning fast.
4.  Affordable for ordinary drivers.

Design Description
Our project is divided into two parts: 
the light-detection part and the glare-
reduction part.

Fig. 1 Concept Diagram

The light-detection part consists of 
Arduino Mega, a photosensitive 
sensor and a camera driven by servos. 
This part is small so that it will not 
affect the drivers’ view. The 
photosensitive sensor is placed at the 
corner of the windowshield. It is used 
to detect the strong light source and 
transform the information to Arduino

detect the strong light and transform 
it to Arduino. Then, we set that 
Arduino Mega has received the strong 
light information to test the reaction 
time of locating process. It takes open 
MV 0.46s to recognize the figure of 
the strong light.  Last but not least, 
we input a certain figure of light 
source and test the reaction time of 
glare-reducing process. The 
corresponding piece of film takes 
0.03s to become vague. The whole 
glare-detection and reduction process 
takes less than 1s to finish its tasks.
2. Light intensity: before we adding 
the film, the measured light intensity  
of the 65w light is 234LM. However, 
after the glare-reduction film 
becomes vague, the measured light 
intensity under same circumstance is 
87LM, which decrease 63% of its 
original light intensity.

Fig. 3 The prototype

Conclusion
Our glare-reduction device is 
competent for the job of shielding the 
outer strong lights automatically. The 
key to achieve this goal is to combine 
all parts together and make them 
function well. Besides, testing huge 
amount of position situation and 
programing are also very important. 
However, the power of this device 
should be never stopped and the cost 
should be decreased for manufacture. 
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Mega. The camera is placed at the
same position as the photosensitive 
sensor. It is used to identify the
position and the size of the light 
source when the photosensitive
sensor detects the glare, and 
transform the data to Arduino Mega.
The glare-reduction part is made up 
of Arduino Mega and the glare-
reduction film driven by servos. All 
the windowshield is filled with the 
glare reduction film. When the 
Arduino Mega receives the position 
and the size of the light resource and 
take driver's position to account, it 
reduces the voltage of the 
corresponding piece of film to make it 
vague. The glare is reduced because 
of the vague piece of film.

Fig. 2 Design Description

Significance of Solution
Our machine aims at shielding outer 
light automatically without asking 
users to wear glasses, which is 
innovative. We can input different 
data to meet the needs for different 
person. Our device is user-friendly 
and can fit into different people.
We use open MV instead of ordinary 
camera locate the position and the 
size of the light source. The data is 
more accurate, and this device 
functions well.

Validation
Since the power of basic car light is 
around 65w, we prepare a 65w-light 
to analog the real situation. 
1. Reaction time: We first test the 
reaction time of detecting process. It 
takes photosensitive sensor 0.23s to

Glare-Reduction Device
Instructors: Prof. Zhen Yu, Prof. Cynthia Vagnetti
Team members
Hu Zecheng, Liu Ziwei, Liu Zhouge, Shen Yeqing



61

VG100 • Introduction to Engineering

University of Michigan - Shanghai Jiao Tong University Joint Institute

Problem 
    Nowadays, more and more people 
rely on public transportation, 
especially subways, to travel, but the 
increasing number also brings trouble. 
    A common scene in metros is that 
some trains and carriages are 
overcrowded, while others are almost 
deserted. This inequality can cause 
not only passengers’ discomfort, but 
also potential risks in operation.  

Needs 
    To solve this problem, the most 
basic need is a system to determine 
the real-time numbers of passengers 
in every train and carriage, store and 
transmit it. 
    Passengers need the numbers to 
help them choose the most 
comfortable train and carriage to take. 
    Metro operation companies need 
the numbers to dispatch trains and 
guide passengers effectively, so that 
they can lower operating pressure 
and ensure macro safety.  

Design Description 
 
 
 
 
 

Fig. 1 Block Diagram 
    To identify human heads and 
determine the number, the computer 
should first obtain the picture of the 
whole carriage, original and real-time. 
Thus, we add enough light source and 
two cameras, in the front and back, to 
take clear photos. 
    After obtaining pictures, the 
computer can make further analysis 
and obtain a rough data on human 
heads. When comparing rough data 
with those in the data base, the 
computer can make final conclusion 
 

 
 
 
 

3. Machine Learning  
We make massive practice to enlarge 
the data base to deal with all cases. 
4. Data transmission:  
Technology of information transfer 
and update is feasible, so that people  
all can use the data we determine. 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 3 Data Extraction 

Conclusion 
    Our determination system has 
reached the original goal to identify 
human heads, count and transfer data. 
With appropriate photos and accurate 
analysis, the system can tell the 
number and positions of models in 
the carriage. By scanning the QR code, 
passengers can also connect to the 
online real-time display system.  
    We still need more real world data 
and testing, but all we have achieved 
prove that our system is feasible and 
has a huge potential market. 

Acknowledgement 
Instructor: Prof. Yu Zheng  
            and Prof. Cynthia Vagnetti  
Teaching Assistant: Chang Liu, Xiaohan Fu,  
          Qiyue Yao, Qihang Ren, Zhengda Wu 

Reference  
Chen, Zhaoxia, 2008, “The Application of 
Hough Transform in Human Head 
Detection.” Journal of Jiamusi University 
(Natural Science Edition) 26.6, pp. 755-757. 
Lei, Qiong, 2015, “Image segmentation 
based on Matlab.” Electronic Design 
Engineering 23.21, pp. 167-169. 

on the number of passengers, in the 
same time it can further improve the 
data base. 
    Finally, we can upload and real-
time update the determination data 
to our website, so that all people can 
see the data they want whenever and 
wherever, as long as they have a 
cellphone to scan our QR code.  

Significance of Solution 
1. Identify the real-time numbers: 
The best way to inform people the 
congestion degree is to offer numbers, 
and identifying heads can be a direct 
way for determination. 
 
 
 
 
 
 
 
 

Fig. 2 Model Carriage 
2. Achieve the best accuracy:  
The most important aspect of this 
system is accuracy. With the data 
base, comparison and analysis, we 
can almost achieve perfect accuracy.  
3. Offer a system to show data:  
People can get the real-time data by 
cellphone. Convenience can bring a 
great potential market. 

Validation 
1. Image Processing: 
To integrate a picture of a whole 
carriage, we combine these two 
photos together and eliminate the 
coincide part. Then, we capture the 
objects (possible human heads) from 
it, and remove the background. 
2. Data Extraction: 
By judging the shape, size and color 
of those potential objects, we can 
make primary selection and identify 
those potential objects, which can 
possibly be human heads. 
 
 
 
 

The Real-Time Determination of 
Numbers of Metro Passengers  
Instructors: Prof. Yu Zheng, Prof. Cynthia Vagnetti  
Team members 
Yuanjie Tao, Ziyi Zhang, Jiachen Liu, Kaiwen Ding 
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Problem  
In the mess halls in the schools or 
companies and the restaurants, after 
the customers have finished their 
meals, there may have some litters 
left on the table such as soy, sauce 
and bones and it needs labor force to 
clean it up. If there are too many 
customers, it will be very hard for the 
waiter or waitress to clean all the 
tables in a short time and it will also 
takes a long time for the customers to 
wait for, which is very inconvenient. 
 
 
 
 
 
 
 
 

Fig. 1 Daily problem 

Needs 
A device is needed to clean up the 
liquid dirt like soy and sauce and the 
solid dirt like bones. The device 
should be automatically controlled 
instead of being handled by labor 
force. The whole robot needs to be as 
small as possible to save the space so 
that it can be convenient.  

Design Description 
Our table sweeper contains two 
major parts, where one part is 
responsible for the motion, and the 
other is responsible for the cleaning. 
 
 
 
 
 
 

Fig. 2 Block diagram 
For the motion part, the wheels are 
designed to run on the sides of the 
table. The aluminum structures can 
be adjusted by hand in height and 

direction. In this way the wheels can 
clump the side of the table tightly. 
The robot can fit tables from 70cm to 
100cm long. 
For the structure supporting the 
device on the table, the rubber bar 
and the dish cloth are the two main 
parts contacting the table. The 
pressure come from the weight of the 
device ensure the remains are 
cleaned thoroughly. Four pulleys are 
added to share weight from rubber 
bar and dish cloth to limit the friction. 
For the motion of the device, two DC 
gear motors are fixed on the two 
sides of the Aluminum profiles. The 
large torque ensures the driving force 
is enough to push the whole device. 
For the spray system, a water cycle is 
designed to reduce water pressure 
and save water. The water pump 
draws cleaning water from the water 
tank and pumps the water to the 
sprayer. Meanwhile, the excessive 
water in the sprayer are delivered 
back through a pipe to the water tank 
to form another water cycle. 

Conclusion 
Table Sweeper can save canteen halls 
both time in cleaning the messy 
tables full of litter. It also helps save 
labor force to do the dull work. The 
key to this product is its automatic 
operation and efficient working. The 
low cost and friendly using give Table 
Sweeper great room of wide 
application. 
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width in order to fit different size of 
table.  
For the cleaning part, we apply a two-
stage cleaning process. In the first 
stage, the table sweeper runs from 
one side of the table to another, and 
a stripe of rubber is used to "sweep" 
the solid dirt. When the sweeper 
reaches the end of the table, it moves 
backward and a stripe of dish cloth is 
used to clean the liquid dirt. At the 
same time, the spray system spreads 
cleansing water evenly to help clean 
the food remains more efficiently. 
 
 
 

 
Fig. 3 3-D overview 

Significance of Solutions 
First, the device can satisfy universal 
fit, which means that it can fit tables 
with different sizes.  
Next, the cleansing part is able to 
clean most kinds of meal remains. 
Besides, the motion of the device can 
be smooth and stable in order to 
finish the whole cleaning work. 
Furthermore, since the device will be 
used frequently, the structure is 
strong and firm to meet the daily 
needs. 

 
 
 
 
 
 
 

Fig. 4 Explosive view of robot 

Validation 
After testing, the robot can work 
properly.  
For the realization of universal fit, the 
main structure is built by Aluminum 
profile. The relative position between 
profiles is fixed except on one linear 

Table Sweeper 
Instructor: Prof. Yu Zheng, Dr. Cynthia Vagnetti 
Team Members 
Li Chenhao, Fen Yubo, Liu Xueyang, Liu Qihong, Cai Wenyi 
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Problem 
A traditional trash bin is fixed at one 
place, so people have to walk to the 
bin when they drop litter, which 
disturbs their work at hand. For 
convenience, people places several 
bins at different corners in a large 
room, but collecting the trash is 
troublesome. Also, it’s difficult for the 
old and disabled to bend down and 
pack the trash. There are no such 
products to solve these problems in 
the current market. 

Need 
Busy workers and students need the 
Metbin to save time and focus on 
their work. Families need it to replace 
multiple traditional bins. The old and 
disabled need it to save the trouble of 
bending down and packing trash. It’s 
a useful product to meet various 
needs of different people.  

Design Description 
To meet these needs, our machine is 
required to: 
1. Come to the assigned destination 

automatically and return to its 
original position. 

2. Detect the impletion of trash. 
3. Pack and lift the trash. 
4. Affordable for normal families. 
 

 
 
 
 
 
 
    Fig. 1 Prototype 
 

 
 
 
 

 

Fig. 2 Block Diagram for Upper Part 

Validation 
Different methods are applied to 
validate different parts of our project. 
1. Moving base validation: Place the 

prototype in a testing ground (3*3 
m) and input the coordinate of the 
destination. If it reaches the 
destination and returns to the 
original position, it meets the 
requirements. Record its success 
rate and time needed.  
 
 
 
 
 
 

2. Lifting part validation: Power up 
the DC motor. Record the speed of 
the platform. 

3. Packing part: Cover the laser 
sensor. Record the reaction time 
and the speed of two holders. 
 
 

 
 
 
 
 
 
 
  

Conclusion 
The Metbin assists people in 
disposing the waste. It manages to 
find a route to the destination and 
return to its original location. It packs 
and lifts the trash automatically when 
it’s full. A Metbin saves a lot of 
trouble in daily life and is sure to 
create a better environment. 
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Fig. 3 Block Diagram for Lower Part 
Several sensors send information of 
its surrounding environment to Mega 
boards to control different motors. 

Significance of Solution 
 
 
 
 
 
 
      
       
 
 
 

Fig.4 Exploded View for the Bin 
Laser sensors tell whether the bin is 
full and touch sensors monitor 
whether the inner bin reaches the top.  
The screw-slide structure lifts the 
inner bin stably. Linear motors are 
strong enough to pack the trash. 
 
 
 
 
 

 
 
 

Fig. 5 Exploded View for the Moving Base 
We use Bluetooth technology to send 
the coordinate of the destination to 
the Arduino board. Infrared sensors 
detect the obstacbles along the way. 
Posture sensors and encoders record 
its path and lead it back to its original 
position. 
 
 
 
 
 

Metbin – A Smart Trash Bin 
Instructors: Assistant Prof. Yu Zheng, Prof. Cynthia Vagnetti  
Team members 
Chongdan Pan, Zheng Ke, Ruimin Yang, Jiaxi Zhou 

Fig.6 Testing ground 

We use two 
Arduino Mega 
boards to control 
the upper part 
and the lower 
part respectively.  
 

Validation results 

 
Criteria 

Moving part Time  
< = 5 min 

Success rate  
> 85% 

Lifting part 

Packing part 

Table 1. Validation results 
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Problem  
In a land battle chess game, the 
players can only see their own chess 
pieces. When their chess pieces meet, 
they need a referee to compare the 
titles on the chess pieces and declare 
which chess piece survives. However, 
in many cases, they cannot find such 
a person available, or the person is 
not knowledgeable of land battle 
chess rules. Neither can they afford 
the current electronic referee, which 
is expensive and compatible with only 
a specific set of land battle chess 
pieces.  

Needs 
We will design and construct an 
electronic land battle chess referee to 
help land battle chess players rank 
the pieces during the game. The 
electronic referee should meet the 
requirement of : 
1. recognizing the characters on the 
chess pieces quickly, 
2. ranking two chess pieces accurately, 
3. being compatible with most land 
battle chess pieces on the market, 
4. being less expensive than the 
existing electronic referee. 

Design Description 
 
 
 
 
 
 

 
 

Fig. 1 Block diagram of the electronic referee 
The USB camera is controlled by 
image acquisition toolbox to take 
pictures of the chess pieces. The main 
function is realized by a computer 
program. The program processes the  
pictures into resized binary images, 
recognizes the characters in the 
converted images through pixel  
 
 

2. Image recognition: The program 
compares the transformed binary 
image with the sample images pixel 
by pixel and then ranks the similarity. 
In all the testing, the program 
matches the image with the right 
sample. Also, the test result shows a 
clear difference between the largest 
similarity (>0.88) and the others 
(<0.73).  
3. User interface: The players can 
start the program every time they 
need to rank two chess pieces. The 
result is displayed accurately in each 
testing. The animation and sound 
effects are also validated.  
4. Some other validations are:  
Cost: < 50RMB 
Speed: < 2s per operation 
Compatibility: with different 
typefaces and font sizes on chess 
pieces 

Conclusion 
Our electronic land battle chess 
referee solves the problem of finding 
a human referee for the players. It has 
realized the function of comparing 
the military titles on the chess pieces 
fast and accurately. It also meets the 
need of low cost and compatibility. 
The key technology used is pixel 
comparison with the help of the 
programming software (we use 
Matlab here). We also applies the 
image acquisition toolbox and the 
image conversion function to take 
photos of chess pieces and turn the 
information into binary images. 

Acknowledgement 
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comparison, ranks two chess pieces 
and displays the result on the screen.  
The chess pieces are placed on a 
supporting frame for the convenience  
of users.  

 
 
 
 
 

Fig. 2 Prototype of the electronic referee 

Significance of Solution 
Our product aims at ranking two 
chess pieces with strong compatibility, 
low cost and high speed. The key to 
our solution is to apply image 
recognition algorithm to identify the 
Chinese characters on the chess 
pieces. Hence, it applies to most land 
battle chess pieces on the market 
rather than to a specific set of chess 
pieces. Also, our product is cheap 
because users do not need to buy 
special chess pieces.                             
To realize the main function of image 
recognition, we compare the acquired 
image with the sample images pixel 
by pixel, and match it with the sample 
of greatest similarity. To improve our 
algorithm, we resize the acquired 
image and retain only the first 
character on the chess piece. As a 
result, the number of operation times 
greatly reduces. Hence, the 
recognition speed increases.   

Validation 
1. Image processing: The pictures of 
all the chess pieces tested have been 
transformed into resized binary 
images. The program has successfully 
split two characters and retained the 
first one.  
 
 

 
Fig. 3 Image processing result 

 

Electronic Land Battle Chess Referee 
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Problem  
With smartphones more and more 
popular, people need holders for their 
phones. However, current holders are 
fixed and cannot move with people. 
To move with people is especially 
important when you want to change 
your position while your hands are 
occupied. Our positions often change 
when we are lying in bed playing 
phones. Moreover, disabled people 
also need holders to move with their 
change of position.  

Needs 
We will design and construct a holder 
that can move with the change of the 
user’s position.  
 
 
 
 
 
 

 
 

Fig. 1 Concept diagram 

Design Description 
 

 
 
 
 
 
 
 

Fig. 2 Exploded view 
Our Cyclops has four degrees of 
freedom so that it can automatically 
follow the user’s eyes according to 
the movement of your pupil. Fix your 
smart phone, labeled as A, in the 
phone claw labeled as C. An OpenMV 
camera is fixed at the bottom of the 
phone claw to recognize your pupil. 
When the OpenMV camera detects 
the movement of your pupil, the  

servo motor, labeled as M, will rotate 
the phone claw by 5 degrees and the 
servo motor J will rotate by 3 degrees 
in the opposite direction. Motors 
labeled as K, L are used to hold up the 
frame D. E part consists of three disks, 
and G is a bearing to make the 
rotation smoother. Four columns 
labeled as H are fixed on the bottom 
frame, labeled as F. An Arduino 
board, labeled as I, is used to control 
the movement of the mechanical 
arm. Our Cyclops can free the hands 
of those who want to read in bed or 
to do multitasks, and make it easier 
for disabled people without hands to 
use phones. 

Significance of Solutions

Conclusion

Acknowledgement
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Our project aims at solving a daily 
issue that people's hands sometimes 
cannot hold their phones. It has two 

(4) The maximum distance between
the user and the product is tested by
generally increasing the distance. The
test indicates that the maximum
distance is 50cm.

Cyclops is a phone holder which
follows the user's pupil and adjust the
distance between the phone and the
user. Cyclops are convenient for those
who want to watch their phones
without holding them with hands. For
example, people with their hands
occupied or disabled may find it
convenient to have such a phone
holder.
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main functions. One is that it can 
follow the user's pupil. Suppose you 
want to watch a film while enjoying 
your lunch or you want to relax your 
neck after watching the film for a long 
time but are unwilling to move your 
sight away from the screen. Cyclops 
can solve all these issues for you. 
Another function is that our project 
can adjust the distance between the 
phone and the user's eyes to 
minimize the damage the phone may 
cause to your eyes. 

 
 
 
 
 

 
Fig. 3 Block diagram 

Validation 
We have tested our product in four 
different ways. 
(1) The maximum weight that our 
product can hold is tested by 
 

Cyclops - A Smart Phone Holder 
Instructor: Prof. Yu Zhen, Prof. Cynthia Vagnetti  
Team Members 
Tingkang Wang, Yuan Shen, Shenyu Zhang, Zhebang 
Hu 

generally increasing the weight of the
holding object. Considering the fact
that the product is designed to hold a
phone, we use iPhone 7 plus as the
heaviest sample. The test indicates
that it can hold iPhone 7 plus steadily.
(2) The maximum rotation angle of
Cyclops is tested by making the servo
motors rotate to their maximum
angles. The test indicates that the
rotating range of the product is π.
(3) The maximum angular velocity of
the user’s head at which the product
can trace the user’s pupil is tested.
The test indicates that the maximum
angular velocity is about 1

4
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Problem  
 

Typing has already become an 
essential skill in modern societies. 
However, traditional keyboards 
cannot satisfy all needs, according to 
the difference in customers. 
Therefore, there exist three problems 
in daily life now: 
 

 Students need to type quietly in 
dormitory at night. 
 Geeks need an innovative and 
user-friendly keyboard. 
 Businessmen need a more 
convenient keyboard to type in 
limited space. 

Need  
So what we need are: 
 A wearable keyboard which 
provides silence and convenience 
while typing. 
 An efficient and friendly keyboard 
mapping. 
 

Design Description 
 

 
 
 
 
 

 

 

 
 
 
 

Fig.1   3D plot of iGlove 
 

The product mainly consists of 
touching & bending sensors, Arduino 
board and Bluetooth module. While 
typing, sensors detect the bending 
and pressing conditions of all fingers, 
and Arduino transfers original data 
into corresponding letters/keys, 
according to the mapping. Bluetooth 
is then used to convey data to the 
computer.  

force exerted on it. Arduino then 
receives the data from all sensors – 
10 bending sensors and 10 touch 
sensors, and compare the condition 
with the stored data. The 
corresponding letter is then 
transferred from the glove to the 
connected computer through 
Bluetooth module. After receiving the 
signal, the software will display it on 
the screen. 
 
 
 

 
 
 
 
 

Fig.4   Prototype of iGlove 
 

Conclusion 
 

Our wearable keyboard – iGlove is 
successful in realizing the function of 
a keyboard which can type English 
sentences and numbers. Moreover, 
we successfully realized its silence 
and convenience while typing. 
However, because of our 
manufacturing skills and limited time, 
the glove can still be improved in its 
appearance. Generally speaking, we 
have successfully completed our 
project, and manufactured a 
satisfying product. 
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Significance of Solution 
 

When constructing iGlove, we found 
the bending sensor quite expensive to 
buy ten and make a pair of gloves, so 
we tried to make bending sensors 
ourselves. The DIY sensors are 
enough for iGlove, and it costs only 
10% of the price in stores. 
 
 
 
 

Fig.3  DIY bending sensor 
 

We improved our unique mapping to 
make typing more efficient. In the 
new mapping, we avoided nearly all 
gestures that can be hard for people 
to make. Also, we imitated the key 
positions on traditional keyboards to  
reduce its difficulty while using. 
 

We fastened the response speed of 
iGlove by making the glove process 
itself. This reduced the amount of 
data needed to transfer by Bluetooth, 
and increased speed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 Sample mapping method 
 
 

Validation 
Before typing, the driver on computer 
should be operating. When each hand 
makes its gesture, the bending sensor 
on each finger records the condition 
of that finger. Each touch sensor 
records whether the finger is 
touching a surface and analyzes the 
  

iGlove – Wearable keyboard 
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Problem  
 

Intelligent appliances are popular 
nowadays, but large companies 
monopolize them and keep them at 
high prices. Therefore, there exist two 
problems in daily life: 
 

 Academics want to access their 
computers remotely even when 
the computers are off. 

 People need low-cost attachments 
to improve traditional household 
appliances so that they can control 
the appliances remotely.  

Need  
In order to control devices remotely, 
people including academics and 
families need a low-cost remote 
switch system. Our product 
“Remotcher” should satisfy the needs: 
 Remotely turning on/off the switch 

with accuracy. 
 Applicable with different types of 

switches. 
 Low-cost, small-sized and reliable. 
 No interference with the original 

mechanism. 
 

Design Description 
 

 
 
 
 
 

 

 

 
Fig.1  3D Plot of the Prototype 

 

Our system consists of two parts: 
1. The terminal part consists of an 
Orange Pi Zero development board, a 
YS-IRTM v2.4 infrared transmitter, a 
battery, and a protective enclosure. 
The supportive battery charges the 
Orange Pi. The Orange Pi checks the 
inbox and sends out Wi-Fi signals to 
the mechanical part. The infrared 
transmitter controls devices like TV 
and air-conditioner directly. 
 

2. The mechanical part consists of an 

2. 

1. 

ESP8266 Wi-Fi Module, two CR1220 
button cells, a SG90 Servo, a lever and 
a protective enclosure. The lever 
consists of a screw and a light 
wooden stick. The supportive button 
cells charge the ESP8266 module. The 
ESP module receives Wi-Fi signals 
from the Orange Pi and triggers the 
servo to turn on/off a certain switch. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2  Exploded View

Fig.4  Command Flow

 
Significance of Solution

Conclusion

Acknowledgement

 
 

Our remote switch control system 
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mechanical parts without knowing 
what the devices are. 
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Fig.3 Process Demonstration 
 
 

Remotcher 
----A Remote Switch Control System 
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Validation

Some quantitative validations are:
• Size ≤ 8 cm * 8 cm
• Cost ≤ 100 RMB
• Reaction time ≤ 20 s

Terminal Part: We use Orange Pi to
receive the e-mails sent by users
and send Wi-Fi signals to actuate
the mechanical part. If it meets
our expectation, it can recognize
the command given by users and
transform it into Wi-Fi signals.
Mechanical Part : We use ESP8266
module to receive the signal sent
by the terminal part and actuate
the servo. In expectation, the
module will receive the signal, and
the servo will shift the switch.
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Problem  
 

Regular exercise and a relaxing 
psychological condition are necessary 
for a healthy life. However, many 
citizens find themselves under the 
pressure over moderate and too busy 
to pursue for happiness. 
Dancing is a good way to relax and  
exercise, but traditional dancing 
machines are not convenient for most 
people and unfriendly for dancing 
beginners. It also takes a large space. 
 

Need  
So what we need are: 
Provide people under the pressure 
of over moderate a convenient and 
healthy way to get happiness. 
Encourage music and dance lovers 
to enjoy their hobbies. 
Help people who are not 
professional but interested in 
improvisation. 

 

Design Description 
 
 
 
 

Fig.1   Flowchart of the 
 whole system  

Our design provides a way  on PC and 
in iPhone to transform movements 
into music, so that a player can dance 
anytime and anywhere.  

 

First, we use JY901 or a iPhone’s 
gyroscope as a sensor. The sensor 
detects the user’s motion and 
translates motion into raw data of 
acceleration.  
Second, the raw data will be analyzed 
by the algorithm in the Unity. We 
establish a standard of acceleration. 
This standard defines different kinds 
of motion. The raw data will be 
analyzed and the program will 
determine which kind of motion is 
detected.   
  

Validation 
 

We plan to test our product by 
dancing in different series of  
movements. If the product goes well,  
 it can play corresponding music 
matched with each movement. Here 
are some details for each part’s 
validation. 
1. Detecting part: If sensors meet our 
expectation, the raw data can be 
transferred to terminals. 
2. Analyzing part: If the acceleration 
matches with a standard, the matcher 
should create a certain sound track, 
which will lead to corresponding 
music in generating part. 
3. Generating part. If audio source 
works well, the mixed sound tracks 
from analyzing part should create 
fluent music. The last step is to check 
whether corresponding music is 
played in the microphone. 

 

Conclusion 
 

Our Motion Tuner is able to detect 
users’ motion and play corresponding 
music. The key to achieve this goal is 
to analyze users’ acceleration and 
create corresponding sound tracks. 
Thanks to our design, the portability 
and sensitivity of our product makes 
it a convenient way for relaxation, 
which helps people relieve 
themselves from daily stressful life. It 
can also act as a unique instrument 
for dancers and singers to give 
performances.  
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Third, a certain type of motion will 
lead to a certain music. The original 
and fundamental music elements are 
collected. All audio source have been 
stored in the computer or the iPhone. 
 
 
 
 
 
 
 

 
Fig.2   The Analysis of Raw Data 

In this figure, all points are raw data 
of acceleration points. The red curve 
is  a set standard. We will distinguish 
the motion as a type which suits this  
curve best.  

 

Significance of Solution 
 

Our product aims at providing a new 
way of relaxation. It can benefit dance 
and music lovers and can make 
improvisation available for normal 
people.  
We use acceleration sensors that are 
very accurate and efficient to collect a 
lot of data in each second so that we 
can detect different types of body 
motion and define them precisely. 
Hence, our product can make the 
motion process be of more fun to 
increase people’s sense of happiness.  
Our product is very convenient. We 
design two kinds of products. One is 
an App in cellphones. The other is a 
bracelet connecting terminals with 
blue tooth. Either one is very portable 
and will not cause further burden to 
user’s daily life. So our product makes 
dancing and creating music possible 
for those music and dance lovers who 
usually have no enough space.  
 In a word, I define our product as an 
interesting, useful and elegant 
entertaining device. 
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Problem  
 
 

A common issue about traditional 
trash bin is that every time after 
people dump trash, they need to 
place a new trash bag in the trash bin. 
It is very time-consuming and it needs 
lots of human effort. Another 
problem is that sometimes people 
may forget to dump trash, which will 
arouse bacterial issues. 
 

Need 
 

So what we need are: 
 An intelligent trash bin that can 
put a new trash bag into the trash bin 
by itself. 
 Reminders of the trash bin being 
full or trash not having been cleaned 
up for 24 hours. 
 

Design Description 
 
 

Our product can be divided into four 
parts: the control board, the lifting 
part, the cutting part and the opening 
part.  
 
 
 
 
              

 
 

Fig.1 Conceptual Diagram 
The control board consists of three 
touch sensors and six LEDs (shown in 
Fig.2). Users can input their command 
by the touch sensors and receive 
feedbacks from LEDs.  
 
 
 
 
 
 

 
 
 

Fig.2 Control Board 

will move along the track with a servo. 
The servo rotates a blade to split two 
trash bags. When two trash bags are 
separated, the opening part will 
rotate the arms with a hollow tube. 
The hollow tube with repositionable 
adhesive adheres to the surface of 
the trash bag. The trash bag will be 
opened when the servo rotates the 
arms back.  
 

Validation 
 

We tested the endurance of the 
repositionable adhesive in the 
opening part. This adhesive was still 
effective after 300 times of trash bag 
opening test, which proves that our 
product is endurable.   
We also tested the performance of 
the cutting part. We need to ensure 
the accuracy of the position where  
the blade cut the connecting part of 
two trash bags. After several times of 
lifting trash bags and cutting 
connecting parts, we found the 
deviation of distance from the 
connecting part was less than 1 cm. 
 

Conclusion 
 

The  project aims at improvement on 
traditional trash bin. It realizes the 
function of automatically replacing 
trash bag as well as reminding users 
when the trash bin is full or when it 
hasn’t been cleaned up for over 24 
hours. This improvement  brings 
convenience to users and also 
prevents bacterial issues caused by 
dirty trash bins. 
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The lifting part consists of two screw 
rods, two stepper motors, and two 
electromagnets. The electromagnets 
hold the trash bags. The stepper 
rotates the screw rod to lift the 
electromagnets. The cutting part 
consists of a stepper, a horizontal 
acrylic track, and a servo with a 1-inch 
blade. The opening part consists of 
four arms, two servos and two plastic 
hollow tubes. The surface of the tube 
is covered by repositionable adhesive 
to attach the trash bag, so when the 
arms rotate back, it can open the 
trash bag.  
 

Significance of Solution 
 
 

 
 
 
 
 
 
 
 
 
 
                     
 
 

Fig. 3 Exploded View 
 

Our product is very user-friendly. 
Users only need to choose different 
functions by pressing different touch 
sensors on the control board. Then, 
the product can help users to replace 
trash bags. The LED system will send 
feedbacks to users in time to remind 
that the trash bag is full or it hasn’t 
been cleaned up. 
The replacing process is realized by 
three mechanical parts. The lifting 
part uses electromagnets to catch the 
trash bag. Then, with the screw rod, 
the stepper motors can lift the 
electromagnets and the trash bag. 
After the trash bag reaches the top, 
the stepper motor in the cutting part  

The Intelligent Trash Bin 
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Problem  
 

Sports reporters, military persons and 
safari tourists need a more 
convenient and intuitive way to 
control a camera airship. Because of 
the complex structure and interface 
of current controllers, people will 
spend a lot of time before knowing 
how to fly an airship. We will design 
and construct a photographic airship 
based on gesture control. Our 
product enables an intuitive way of 
controlling the airship. 

Need  
People will welcome a gesture-
controlled airship that meets the 
following needs of: 
Controlling the airship with intuitive 
gestures. 
Receiving clear real-time video. 
Controlling the airship in a relative 
far distance. 
Being able to operate for a long 
time without recharging the airship. 

 
Design Description 

Our project consists of three parts: 
gesture-recognition glove, 
information center and photographic 
airship. 
 

 
 

 
 

 
 

Fig.1 3D explosive view of the  glove 
 

The gesture recognition glove can be 
divided into a left-hand glove and two 
MPU-6050 accelerometers which 
have 6 DOF and 1-degree accuracy. 
 
The information center includes an 
arduino uno board, an nrf24l01 
2.4GHz RF transceiver module and a 
1602A LCD screen and a 7.4V 500mAh  

fixed motors and can achieve  
movements in 6 directions. This 
lightens the airship as well as provides 
balanced and adequate power to drive 
the airship. The airship possesses a 
streamline shape to reduce air 
resistance to minimum. 
 
 
 
 
 
 

Fig.3  Block diagram of the system  
 

Validation 
 

After testing, the gesture signal 
transmission distance can reach 15m. 
The image transmission quality is good 
in 10 meters. When simulating real life 
operation patterns, the battery can 
work for about 40 minutes. In a word, 
our system can reach the following 
criteria of: 
Being able to be controlled by 
gesture. 
Being able to fly in all 6 directions. 
Being able to take high-quality real-
time video 

 

Conclusion 
 

Our photographic airship based on 
gesture control product provides 
people with a wearable device that 
enables an intuitive and time-saving 
controlling design. Moreover, the 
endurance of battery and the function 
of real-time video give the product a 
wide application. In conclusion, our 
product will provide those who find 
learning to use a controller hard with a 
good solution. 
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battery.  
 
The airship structure is made of PVC 
and elevating force is exerted by 
density difference between helium 
and air. Electrical part includes an 
arduino board, an nrf24l01 2.4 GHz 
RF receiver module, four 30000RPM 
820-motors with propellers, a camera  
module and a 7.4V 350mAh battery.  
 
 

 
 
 
 
 
 

Fig.2  Relation between parts 
 

Significance of Solution 
 

First , the glove’s functioning part 
consists of two accelerometers. This 
system can recognize 11 different 
gestures. The gesture designs are 
based on intuition which reduces the 
difficulty of learning how to operate. 
The algorithm translating gestures 
into airship movements has good 
error tolerance so that people don’t 
have to make gestures very precisely 
to achieve certain movements. 
 
Second, the information center is 
built to be as small and light as 
possible. We used arduino uno board, 
a small battery, a small breadboard to 
reduce its dimensions. The 
information center will be placed on 
the user’s forearm to ensure stable 
connection and guarantee free 
movement of hand. We have chosen 
frequency radio as our medium to 
transmit signal because it has much 
better performance in transmission 
distance and quality than bluetooth. 
 
Third, the airship is powered by four 
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Problem  
 

Many people want to drink cold water 
in Summer or hot water in winter. So 
they may face inconveniences: 
 

 People have to find a refrigerator 
or an electric kettle to heat or cool 
the water. 
 People can’t choose the 
temperature of the water they need. 

 

Need  
So what we need are: 
 A water bottle that can the 
temperature of the water inside. 
 A more user-friendly way to set 
the temperature of the water. 

 

Design Description 
 

 
 
 
 
 
 
 

 

 
 

Fig.1 3D Plot of the Bottle 
 

 

Our design is based on a semi-
conductor cold plate that can transfer 
the heat from one side to another. 
When the direction of current 
changes, the semi-conductor will 
change the direction of heat 
transformation. 
 
 
 
 
 
 
Fig.2 The Semi-conductor Cold Plate 

Our bottle consists of two layers, and 
we use the inner layer to contain the 
water and put electrical devices 
including an Arduino Nano board, a 
temperature sensor, two relay 

Validation 
 

When the user presses the button, he 
increases the setting temperature by 
5℃ (if the setting temperature is 
originally 60℃, it will turn to 0℃). 
The Arduino board will send the 
message to the screen to show this 
change and compare the setting 
temperature with the current one. 
Then messages will be sent to the 
relay modules to control the direction 
of the electric current and thus cool 
or heat the water.  
The temperature sensor will 
continuously sense the temperature. 
Once the difference between the 
current and setting temperature is no 
more than 1 ℃, the semi-conductor 
and the fan will stop working.  

 

Conclusion 
 

Our bottle successfully change the 
temperature of the water according 
to the need of the user, and it is easy 
to hold and carry, so it enables users 
to drink water of the needed 
temperature whenever and wherever 
they want. Meanwhile, the way to set 
temperature is very convenient. So it 
can be a product that satisfy people’s 
daily demands for water of a certain 
temperature with bright future.  
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modules and a MOS controlling board.  
We arrange a heat dissipation system 
including a cooling fin, a fan and holes 
on the wall of the outer layer. 
There are two buttons and a screen to 
show the temperature and help users 
to set the temperature they want.  

 

Significance of Solution 
 

To guarantee the efficiency of heat 
dissipation, we use a cooling fin made 
of copper and a fan to help cool down 
the lower side of the semi-conductor 
and arrange holes to let the heat out. 
The fan will only work when cooling 
water to save energy.  
 
 
 
 
 
 
 

Fig.3 The Heat Transformation 
Components 

For heat conducting, we use the 
copper as the material of the inner 
part because copper has excellent 
thermal conductivity. We stick the 
semi-conductor, the copper cup and 
the cooling fin together with heat 
conductive adhesive to make sure 
that the heat can be conducted 
between layers effectively.  
To change the direction of the current 
and control the fan, we use two relay 
modules and a MOS controlling board.  
 

 
 
 
 
 
 
 

Fig.4 Circuit Diagram for the Fan and 
the Cold Plate 
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Problem  
 

Housewives usually need to move 
heavy furniture when do cleaning, 
and office cleaner spend a lot time in 
putting all chairs and tables back.  
Therefore, there exist two problems 
in daily life now: 
 

 Housewives may get injured when 
moving heavy furniture. 
 Office cleaner need to put all 
things back every day. It’s a heavy and 
boring work.  

Need  
So what we need are: 
 A kind of furniture that can move 
itself.  
 A system that can control all 
furniture to move back. 

 

Design Description 
 

 
 
 
 
 
 
 
 
 
 

 
 

Fig.1   3D plot of the whole system  
 

 

Our system mainly consists of 
hardware and software part. The 
hardware part contains the artificial 
chair, the ultrasonic sensors and the 
Bluetooth module. The software part 
is composed by the App we designed 
and the program for the motion of 
the chair. We use acrylic board to 
construct our chair so that we can see 
the components from outside. In our 
artificial chair, there are three parts. 
The control  part consists of battery 
and circuit. It will control the 
movement of the furniture and 

Validation 
 

The furniture performed well during 
our test. The speed of the moving 
part is around 0.1m/s. It can move 
back within serval minutes. The 
precision of our furniture is around 
0.05m. It is small enough for our daily 
life. The signal transmitting part has 
build a stable communication with 
the App through the Bluetooth. After 
running the tests, the success rate of 
getting back is around 95% and it is a 
good result.   

 
 
 
 
 
 
 
 
 

Fig.4   Prototype of system 
 

Conclusion 
 

Our system enables the furniture to 
move back to the original places 
automatically. It features safety, 
stability and efficiency, which meets 
the needs of housewives and office 
cleaners. Furthermore, the App has 
some user-friendly functions and is 
quite easy to use. In order to optimize 
our product, future improvement will 
mainly focus on the systematic 
accuracy and development of 
rechargeable batteries. 
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communicate with user. The moving 
part is composed by motor and gear. 
It let the chair move itself. We use a 
5V battery to power the whole 
system. Some specification for our 
product: Arduino-Uno board, HC05-
Bluetooth, 50RPM-motors, HC-SR04 
ultrasonic sensors, Arduino C for 
programming the motion and JAVA 
for App programming. 

 
 
 
 
 
 
 

 
 
 

Fig.2  Composition of system 
 

Significance of Solution 
 

When our system is powered, the  
ultrasonic sensor will use ultrasonic 
wave to locate the position of the 
chair. The data obtained by the sensor 
will be transmitted to the App by the 
Bluetooth. When users press the 
“return” key on the App, it will send a 
message to the control part, and the 
control center will calculate the 
routine based on the position of chair. 
What’s more, the ultrasonic sensor 
will continue providing data during 
the motion. According to the data, 
the control part will make adjustment 
to the motion.  
 
 
 
 
 
 

 
 
 

Fig.3  System work model 
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Problem  
 

Nearly 30 percent of car accidents are 
caused by fatigue driving or lack of 
attention every year.  
Therefore, there exist two problems 
in driving safety now: 
 

 Long-time driving and nighttime 
driving are labor-consuming. 
 No effective warning or reminding 
system to refresh weary drivers.  

Need  
So what we need are: 
 An electronic part that can detect 
and visualize driver’s fatigue level 
accurately.  
 A mechatronic system that can 
alert and refresh drivers effectively. 
 

Design Description 
 

 
 
 
 
 

 

 

 
 

Fig.1   Overview of the System 
 

 

Our system is consisted of a hat with 
LED and TGAM module attached, a 
pillow with vibrators attached and 
other functional components placed 
in between two seats. The TGAM 
module is used for detecting 
brainwaves. When its three 
electrodes are attached to the driver’s 
ears and forehead respectively, it can 
provide real-time monitor on 
brainwaves. After mathematical 
transformations, it will return two 
parameters: attention and 
meditation, which collectively reflect 
driver’s concentration condition. 
When the driver is judged to be 
absent-minded, the mechatronic 
alerting system will start to work and 

To make our system portable, we  
integrated all the functioning parts 
into the elements in a car. The overall 
space that our system occupies does 
not exceed a half of the seat. 

Validation 
 

The TGAM module is accurate, for it 
filters out the messy signal and only 
emphasizes two parameters. The 
alerting system is effective, for we’ve 
developed a “reflective behavior” for 
our sense organs. After some tests, 
we found out that the accuracy of 
judgment is nearly 80% and it really 
refreshes test participants. 
 
 
 

 
 
 
 

Fig.3 Electronic components  
Conclusion 

 

Our system successfully fulfills the 
objective of alerting the weary driver 
basing on brainwave. As soon as the 
attention and meditation parameters 
reach our standard of fatigue, the 
whole system will begin to work 
consistently. We have been adjusting 
our sensitivity of the system though 
repeated tests on simulated driving 
environments. Thus we believe that 
our system really works well to fight 
against fatigue of the driver.  
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make multiple sensory stimulation. 
The self-adjusting LED light can 
change its brightness with respect to 
the level of fatigue. Vibrators made 
up of two eccentric motors can lead 
to body movements. ISD1820 module 
together with a speaker can send out 
voice alarm and MP3 module can 
automatically play preset music to 
stimulate driver’s auditory system.  
Manipulator can move forward to 
attach semiconductor on driver’s skin 
to give a cold stimulation.  

 

Significance of Solution 
 

First, to make a more systematic and 
accurate detection of driver’s mindset, 
we choose to study the brainwave.  
Our brainwave is consisted of four 
kinds of  wavebands: δ wave(1－3Hz), 
θ wave(4－7Hz), α wave (8－13Hz), β 
wave(14－30Hz). By analyzing their 
pattern, we can have a clear and 
precise idea of the driver’s 
concentration condition. We have 
written an algorithm to transfer the 
original data to effective data. To 
visualize this data, we used Android 
Studio to develop an application.  
 
To refresh the driver more effectively, 
we decided to stimulate multi-senses. 
Stimulations will inevitably cause 
disturbance, so we made a lot of 
prerequisites in the algorithm to 
make sure that it will not cause 
unnecessary disturbance.  
 
 
 
 
 
 

 
 
 

Fig.2  Block Diagram 
 
 

 
  

Anti-fatigue Driving System 
Instructors: Dr. Yanfeng Shen, Dr. Cynthia Vagnetti 
Team Members  
Wang Tianyu, Tian Yukang, Pan Zhihui, Jiang Nanjia, Feng 
Shuwan 



74
University of Michigan - Shanghai Jiao Tong University Joint Institute

VG100 • Introduction to Engineering

Problem  
 

There are still many buildings and 
apartments that do no have an 
elevator, so it's hard for the old, the 
yong, and the handicap to lift things 
upstairs. The existing product,like the 
following-people suitcase, cannot 
climb upstairs. The climbing robot in 
the subway station is operated with 
track and under the help of special 
staff, which is not convenient. 
 

Need  
So what we need are: 
 Following people 
Moving upstairs 
Carrying things 

 

Design Description 
 

Our product is like a caterpillar track.  
 
 
 
 
 
 
 
 

Fig.1   Concept Diagram  
Our project is divided into three 
parts: the moving part, the balancing 
part and the following part. 
 
 
 

 

 

 
 
 

Fig.2   Block Diagram of elebot  
 

For the moving part, we make use of 
a pair of caterpillars to help the 
elebot keep stable while climbing the 
stairs. The teeth of the caterpillar can 
occlude with the stair. The balancing 
part helps the platform of the elebot 
keep parallel to the ground. This  

move in more complicated situation  
like bushes, rocks and desert. The 
elebot can be modified as rescuing 
machine in, for example, the  
earthquake –stricken area using 
heartbeat sensor, or it can be 
modified as transporting machine 
using the three axis sensor. 

 

Validation 
1. Moving and Following part: The  
product should be able to move  
smoothly on the ground and move 
towards its user, which includes 
turning rather than go straight. And it 
should be able to climb some stairs 
whose angle of slope are no more 
than 30 degrees. 
2. Carrying part: The self-balance 
platform will rotate to be horizontal 
when the platform is inclined. The 
process should be finished in 3 
seconds. Additionally, the platform 
can bear at least 3 kg of load 

 

Conclusion 
 

With the help of infrared sensor, 
elebot can tell the position of the user 
and follow him on the ground. It 
climbs up the stairs with the help of 
gear motor and caterpillar tracks. 
Controlled by the Arduino Mega 
Board and three-axis sensor, the 
screw rods equipped with stepper 
motor enable the platform carrying 
the object to stay horizontal. 
Therefore, elebot achieves the 
functions of following people, 
climbing the stairs and keeping the 
platform horizontal. 
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function is to maintain the stability of 
the carried weight so that it will not 
easily fall down. To realize this 
function, a three-axis sensor is used 
to detect the angle between the 
platform and the ground. The 
information will help the motor which 
is under a screw rod to rotate certain   
rounds so that the screw rod holds up 
the platform to maintain parallel to 
the ground. The following part can be 
realized by the infrared sensor, which 
can receive the signal from the user 
and then gives the position of the 
user. As the infrared sensor cannot 
tell information of 3D space, this 
function works on the flat ground 
before the elebot climbs the stairs. 
The user can guild the elebot to the 
stair. 

 

Significance of Solution 
 
 
 
 
 
 
  
 
 

Fig.3   The Prototype 
First, the caterpillar structure of 
elebot has an advantage of stability 
over traditional alternative stair-
climbing robots when loaded with 
weight because the centroid of elebot 
will remains in the same position 
while climbing up the stairs. The 
caterpillar structure also simplifies 
the structure of traditional stair-
climbing machines. 
Second, the application of the elebot 
will never be limited to a mere stair 
climbing machine. The advantage of 
the caterpillar makes it possible to  

Elebot: A combination of elevator 
and robot 
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Problem  
 

Cleaning oil blots on kitchen walls is a 
very exhausting work whether for 
today’s housewives or for kitchen 
cleaners in restaurants. 
There mainly exist four problems in 
cleaning oil blots now: 
 

 Oil blots are very difficult to clean 
out. 
 When cleaning oil blots on kitchen 
walls, cleaners do not have free hands 
to do other things. 
Cleaning oil blots on kitchen walls 
may lead to backache because of 
uncomfortable movement. 
It is dangerous to climb onto the 
desk to clean the oil blots on the top 
of the walls. 

 

Need  
So the cleaning tools we need should 
be: 
Effective and efficient. 
Automatic. 
Portable and flexible. 

 

Design Description 
 

 
 
 
 
 

 

 

 
 

Fig.1   3D plot of the whole system  
 

 

In our design, there are two main 
parts, which are translational part 
and rotation part. And the rotation 
part contains three function heads, 
which are spraying head, brushing 
head and mopping head. We use a 
servo to control the rotation of the 
turn plate and a stepper motor to 
control the whole translational 
motion. And another stepper motor is 

Validation 
After starting the automatical oil blots 
cleaning machine, the spraying head 
will spray cleaning agent in 4~5 
seconds, quickly rotate to the 
brushing head and then mopping 
head and complete cleaning task 
within 20 seconds. After testing, out 
oil blots cleaning machine can 
complete the cleaning task of 20 cm* 
12.5 cm area within 30 seconds with 
high equality.  
 
 

 
 
 

Fig3. Acrylic board with oil 
contamination before and after 

using the machine 
 

Conclusion 
 

Our product successfully lessen the 
burden of the oil blots cleaning on the 
walls, which achieved the objective of 
cleaning the oil blots effectively, 
efficiently, automatically, and 
environmentally friendly. Also we 
succeed in controlling the budget 
within 300 RMB, which is a quite 
acceptable cost with regard to 
economical housewives. Thus, we 
believe that our product will do a 
favor to those who are bothered of 
cleaning the oil blots on the walls.  
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used to control the spraying head to 
spray clean agent out. 

 
 
 
 
 
 
 
 
 

Fig.2  3D plot of translation part and 
rotation part. 

 

Significance of Solution 
 

Translational Apparatus 
To transform the rotation of the 
stepper motor to a translational 
motion, we design the whole 
translation system with a rail and a 
cart. Two wheels are attached to the 
upper inner side of the shell and a 
stepper motor is attached to the right 
outer side of the shell. The axis of the 
motor passes through the axis of 
wheel. The inside width of the shell 
matches the width of the rail so that 
our cart can move steadily. 
Rotational Apparatus 
Since there are three function heads 
for our cleaning machine, we design 
that the angle between every two 
function heads is 120o. And to control 
the angle of each rotation and 
guarantee the angle of each rotation 
is 120o, we use a 270o servo to control 
the rotation.  
 Spraying Head 
It mainly consists of a stepper motor, 
an injection tube and a robber hose. 
There are many small holes on the 
rubber hose. When the step motor 
pushes the piston, the liquid in 
injection tube will come out through 
the small holes on the rubber hose.  

Automatic Oil Blots Cleaning Machine 
Instructors: Dr. Shen Yanfeng, Dr. Cynthia Vagnetti 
Team Members 
Fan Zheliang, Liu Shiyu, Lv Buyao, Zhou Mengtian, Zhu 
Wenqi 
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Problem  
 

When we need to drill holes on 
acrylic boards, there are two 
problems: 
in daily life now: 
 

 Pistol driller: not precise and easy 
to cause deviations. 
Drilling machine fixed in lab: 
expensive and hard to carry. 

Need  
So what we need are: 
 3D printed materials and wood as 
main body parts to lessen the weight.  
 Stepper motors and hydraulic 
system to push the syringes more 
precisely. 

Design Description 
 

 
 
 
 
 

 

 
 

Fig.1   Concept Diagram  
The product can be divided in two 
parts: machine part and electronic 
part. The machine part, mainly 
designed as a hydraulic system, uses 
3D printing material and 8 syringes to 
make up the whole bracket which can 
be folded, stretched and rotated with 
the angles in scale. By detecting the 
pointed marked with a gray-scale 
sensor at the tip of the machine. The 
bracket can send the tip of the body 
part - drilling motor to the point 
marked by hydraulic power after the 
electronic processing by sensors and 
arduino boards. The original pushing 
power is enforced by four extruders 
since they can make precise and 
stable pushing force. 

This rids all hiccups in motion and 
complexity from traditional inverse 
kinematics methods. 
Simulations: Numerous simulations 
were carried out to test the motion 
with sample points, and the accuracy 
was within a theoretical 0.5 mm. 
Components: The parts were tested 
and the syringes could effect the fluid 
motion as predicted. The drill motor 
rotates at a maximum speed ≈ 17600 
rpm using a 12 V battery. This makes 
the drill capable of drilling through 
most materials.  
Affordable: Budget ≤ 500 RMB 
Portable: Mass ≤ 500g  & Size ≤ 
40x40x40cm 

 
 
 
 
 
 
 
 
 

Fig.4   The Prototype  
 

Conclusion 
 

 The product we design is a perfect 
solution to the problem we meet 
when drilling holes on a board. It can 
automatically locate the place of the 
hole in a limited area, and can be 
controlled by both computer and 
human hand. Due to its hydraulic 
system and household materials, it 
has advantages of precision, 
portability, and low cost. 
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Fig.2  Explored View of Robotic Arm 
 

Significance of Solution 
Our team presents a hydraulic robotic 
arm capable of drilling precisely, holes 
in materials. Our device is new 
because it employs the combination 
of an electronics and hydraulics. This 
gives the motion of the robotic arm 
fluid-human like nature and precise 
movements. The device uses a sensor 
to detect the position to be drilled. 
The coordinates and angle of drill are 
processed with a very fast algorithm 
to map out the motion of the robotic 
arm. The Arduino board relays the 
desired information to stepper 
motors that move the syringes of the 
arm for motion. Once the sensor 
confirms the right position to be 
drilled, the drill motor makes the hole.  
 
 
 
 
 
 
 

 
 
 

Fig.3  Exploded View of Controlling 
Part 

Validation 
 

Inverse Kinematics: The motion of the 
object is calculated using inverse 
kinematics. By constraining the 
calculations based on the drill angle, 
only single results are obtained. 
  

Precise Orientation Drilling Machine 
Instructors: Prof. Yanfeng Shen and Prof. Cynthia Vagnetti  
Team Members  
XiaPeiyan, Delmwin, WangXingyu, HongYinhui, ZhouJian 
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Problem  
 

Nowadays, among 250,000 people, 
only one qualified guide dog is 
available. Blind people need a better 
tool to guide them to walk. 
The problems of existing guide rods 
are: 
 

 Inconvenient. 
 Unsafe to use when the blind cross 
streets.  

Need  
To help the blind walk safely and 
efficiently on the road, our electronic 
guide dog should: 
 Interact with the blind. 
Carry out intellectual guidance. 
 Be safe and reliable. 

 

Design Description 
 

 
 
 
 
 

 

 
 
 

Fig.1  Photo of the Whole System  
 

 

Our project include three main parts: 
the electronic guide dog (a smart 
cart), traffic lights, and blind tracks, to 
simulate the scene of guiding the 
blind. The blind track is fabricated by 
using PVC board with the same width 
of the cart. 
 

The cart is covered by an cuboid box 
made of light and water-proof PVC 
board. We use infrared transmitting 
tubes to make traffic lights, and the 
information received by the Arduino 
board then controls the motion of the 
cart. To make the cart more 
intellectual, we equip voice modules 
to give short reminders like “go”, 
“stop”, “turn left” to the blind. 
Considering possible road conditions, 
to help the blind avoid obstacles, we 

from the ground, so if the distances 
detected by the ultrasonic sensors are 
less than 6 cm, we know that our cart 
is running on the blind track. The 
infrared sensors on the cart can give 
information about the environment in 
front of it. If the sensors detect an 
obstacle within 2 m, our cart will turn 
away. We use infrared transmitting 
tubes to send traffic signals to our 
cart. By analyzing the signals, we can 
control our cart to move or stop. 
 
 
 
 
 
 

 
 
 
 
 

Fig.4  Prototype of Electronic Guide 
Dog 

 

Conclusion 
 

Our electronic guide dog manages to 
trace blind tracks, avoid obstacles, 
and recognize traffic lights, which 
achieved the objective of identifying 
blind tracks, obstacles, traffic lights, 
and guiding the blind. We also use 
PVC board to protect the cart from 
rain, and use large capacity battery to 
prolong the running. We believe that 
it would certainly help the blind. 
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place four ultrasonic sensors on the  
top of our cart so that they can detect 
and judge the obstacles. The 
ultrasonic sensors also plays a critical 
role in tracking. 

 
 
 
 
 
 
 
 

Fig.2  Exploded View of Electronic 
Guide Dog 

 

Significance of Solution 
 

Our electronic guide dog is created to 
guide the blind safely and intelligently. 
We use infrared transmitting tube to 
identify traffic lights and use the 
Arduino board  to command the 
motion of the dog. We use voice 
module to give the blind voice 
reminders clearly. The ultrasonic 
sensors realize the functions of 
tracking and obstacle avoidance, and 
helping the blind walk safely. Our 
electronic guide dog is attached to a 
dog chain and that makes the owner 
feel closely connected to the product. 

 
 
 
 

 
 
 
 

 
Fig.3  3D Drawing of Electronic Guide 

Dog 
 

Validation 
 

Our electronic guide dog, a smart cart, 
can trace blind tracks, detect 
obstacles and recognize traffic lights. 
We install several ultrasonic sensors 
beneath our cart. Our cart is 6 cm  
  

Electronic Guide Dog 
Instructors: Dr. Yanfeng Shen, Dr. Cynthia Vagnetti 
Team Members  
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Problem  
 

Light is essential to our life. In a room 
with windows, we use louvers to 
adjust light. However, traditional 
louvers have many problems. 
 Current louvers cannot adjust 
themselves automatically in different 
environments. 
 There is no remote control to 
current louvers. 
 Controlling Louvers manually 
wastes labor and time. 
 Solar energy on the louver is 
wasted. 

Need  
So what we need is: 
 A louver with remote control. 
 A louver that can adjust itself 
automatically. 
 A louver that can utilize the solar 
energy. 

Design Description 
 

 
 
 
 
 

 

 

Fig.1   Block Diagram of Our Design 
 
 

Our project is divided into 4 parts: 
sensor, motion, power supply system 
and remote control system. 
The sensor part consists of three 
kinds of sensors. BH1750FV (light 
intensity sensor) tests indoor light 
intensity. TEMT6000 (light sensor that 
imitates naked eyes) examines 
illumination ratio through blades. 
Humidity sensor tests humidity under 
rainy condition. 
The motion part consists of two 
mechanical systems: lifting part and 
rotating part. We achieve the 
function of lifting with N20 Gear 
motor and a bobbin. To control the 
rotation of blades, we use MG996 
 

the sunlight and the louver closed 
automatically when it rained. 
2. Remote-control: Our product can 
be controlled by smart phones 
remotely through the Bluetooth 
function. The validation standard 
should be the effective control 
distance and the sensitivity. We 
tested by an Android phone and the 
louver could be controlled over a 
distance of 10 meters and there is 
only an 1-second delay between the 
instructions and the louver’s motion. 
3. Solar Energy: Solar panels are laid 
on the blades of the louver, which can 
provide sufficient energy for our 
device. We tested this under the mid-
day sunlight. The output voltage was 
about 5V and can serve as part of the 
energy resource, but at other time 
the voltage is not stable. 
 

 
 
 
 
 
 
 

Fig.3   Prototype of Smart Louver 
 

Conclusion 
 

Our “Smart Louver” successfully 
meets our objectives. It can adjust 
light automatically in different 
environment, can be controlled 
remotely and can use solar energy to 
power itself. The sensitivity of sensors 
can be improved and the angle 
controlled can be more accurate. 
Overall, we believe that it can bring 
more convenience to people’s life. 
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metal servo. 
The power system is sustained by 
solar panels and batteries together. 
Remote control system consists of 
Bluetooth and an APP. Once clicking 
the button, the smart phone will send 
signals to the Bluetooth module and 
it will be transformed into 
corresponding instructions. 

 
 
 
 
 
 
 
 

Fig.2  Exploded View of Smart Louver 
 

Significance of Solution 
 

Our product aims at providing more 
smart control ways for louvers. It can 
be controlled automatically and 
remotely. We add sensors to test the 
light intensity and humidity sensor to 
detect humidity. The Arduino board 
will process these data and send 
signals to adjust the louver. We use a 
MG996 servo to control the angle of 
the blades and a N20 gear motor to 
adjust the height according to the 
instructions. A Bluetooth module is 
attached to receive signals to achieve 
remote control function. Solar panels 
are laid to provide part of the power 
and to be environmentally friendly. 

 

Validation 
 

1.  Auto Control: A main function of 
our product is automatic control 
according to the light and humidity 
condition. When this function goes 
well, the louver should be adjusted 
automatically according to the data 
from the light and humidity sensors. 
The result of our experiments showed 
it worked well. The blades could be 
adjusted according to the intensity of  

Smart Louver 
Instructors: Prof. Yanfeng Shen, Prof. Cynthia Vagnetti  
Team Members  
Zekun Li, Juhe Nie, Muxing Lin, Siyuan Peng, Qipeng Wang 
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Problem 
Turning pages is not only a challenge 
for the handicapped, but it is also an 
inconvenience for those doing work 
with their hands otherwise occupied, 
like musicians or cooks. The existing 
page turners on the market are 
expensive, and can only turn pages 
placed in separate folders, making 
them unpractical for everyday use. 

Need 
For those wanting to free their hands 
while reading, a machine that can 
turn pages automatically will be 
helpful. The machine should meets 
the needs of: 
1. Adaptable to a range of books. 
2. Affordable for ordinary families. 
3. Speedy in completing the motion. 
4. Portable and space-saving. 

Design Description 
Our page turner consists of three 
parts: the sensing part, the 
controlling part, and the mechanical 
part. 
 

 
 

 
 
 
 
 
 

 

 

Fig. 1 Concept Diagram 
The sensing part consists of two foot 
pedals, two pressure sensors, and a 
Bluetooth transmitter. When the user 
applies pressure on one of the two 
foot pedals, the corresponding 
pressure sensor underneath the foot 
pedal will detect the pressure, and 
send a signal to the controlling part 
through a Bluetooth transmitter. 

electromagnetic signal from the 
Bluetooth transmitter, it will also send 
electromagnetic signals to the 
components of the mechanical part. 
It’s not directly connected to any 
components, but controls them 
through wireless signals. It’s powered 
by an AC battery. After receiving 
instructions from the Arduino board, 
the mechanical part can turn a page 
in the correct direction. 
2. Lifting motion: After countless 
trials, the vacuum pads can finally 
stick itself to the pages. When the 
robotic arms rotates slightly upwards, 
the pages are lifted. 
3. Turning motion: We find the plastic 
stick don’t have to rotate 180°to 
turn a page over. In order to reduce 
time for one motion, we set the angle 
to be 120°, the books we use can be 
turned. 
These are some criteria we intend to 
meet: 
1. Book size:                               

184×130 mm~297×210 mm     
(to be tested) 

2. Weight: ≤ 2 kg (satisfied) 
3. Time of one motion: ≤ 5s (satisfied) 
4. Cost: ≤ 700 RMB (satisfied) 

Conclusion 
Our automatic page turner can 
accomplish page turning of a whole 
book automatically. The key to 
achieve this goal is to transform 
stepping motion into turning motion 
through sensing, coding, and 
assembling. It’s ability to turn the 
pages of most regular books is 
astonishing. However, it can’t be used 
on certain books, such as one with 
thick pages. 

Acknowledgement 
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The controlling part is an Arduino 
Mega board with internal coding. 
When a Bluetooth module connected 
to the Arduino board receive a signal 
from the sensing part, the Arduino 
board will send instructions to the 
mechanical part according to the 
code.  
The mechanical part consists of two 
vacuum pumps, two vacuum pads 
fixed on robotic arms, two plastic 
sticks, and four servos. Both the 
robotic arms and the sticks rotate 
with the help of  servos. When the 
vacuum pump extracts air from the 
space between the pad and the paper, 
the paper sticks to the pad. The 
robotic arm rotates upwards to lift 
the page. The stick rotates to turn the 
page. 

Significance of Solution 
Our machine aims at turning the 
pages of a whole book without the 
use of human hands. It transforms a 
single stepping motion of the user’s 
foot into a complicated page turning 
motion which is usually accomplished 
by delicate human fingers. Two foot 
pedals correspond to two directions 
of page turning, forward and 
backward. 
Its adaptability to books of various 
size is also innovative. The vacuum 
pumps can extract air from between 
the vacuum pads and the paper, 
making it easy to lift many types of 
paper. The robotic arms not only 
control the rotation of the vacuum 
pads, but also fix any regular book on 
the back panel, preventing the book 
from falling down. 
Our machine is safe to use because 
most components are concealed in a 
box. It’s portable, which means light 
and relatively small in size. 

Validation 
1. Arduino board: After it receives an 
 

Automatic Page Turner 
Instructors: Prof. Yanfeng Shen, Prof. Cynthia Vagnetti  
Team members 
Feixiang Chu, Dongchen Zhan, Minghui Yang, Siyuan Xuan, 
Yunqi Liu 
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Problem  
 

When different people are playing 
pingpong ball, picking the pingpong 
balls is inconvenient and energy-
consuming. 
 

Some young children may knock 
their heads when standing up 
suddenly after collecting balls under 
tables. 
 It’s energy-consuming for athletes  
to collect balls. 
It’s inconvenient for the disabled to 
collect balls.  
It’s labor-consuming for those who 
run the court to collect balls. 

Need  
So what we need are: 
 An automatic pingpong ball picking 
machine to collect balls.  
 A machine that is easy and safe to 
use. 
A machine that is high-efficient and 
user-friendly.  

Design Description 
 
 

 

 

 
 
 
 

Fig.1   3D plot of the machine 
The machine consists of several 
systems. For driving the system, we 
use DC motors, acrylic wheels and 
bull’s eye wheels. We use stepping 
motors, screw rods, acrylic shelves 
and sliding blocks to accomplish the 
elevating part. For the picking part, 
we use PVC boards and elastic strings 
to make the picking frame. We also 
use gears, racks and servos to make 
the frame go down. For the control 
part, we use the Bluetooth module to 
receive the signal sent by the 
cellphone and send signal to Arduino 
Mega boards.  

Validation 
The picking frame is about 29.3cm in 
width and length. As the diameter of 
a pingpong ball is 4cm, we can collect 
about 50 balls by pressing the frame 
once to the ground. And it takes just 
1.5 second to press once. So the 
machine is high-efficient. The lowest 
height of the elevator is 28 cm, and 
the highest height of the elevator is 
66 cm, so the height is sufficient for 
the user to fetch balls without 
bending down.  
 
 
 

 
 
 

Fig.4   Prototype of machine 
Conclusion 

 

Our multi-pingpong ball picking 
machine can automatically pick 
pingpong balls. It is high-efficient due 
to the design of the picking frame. 
The special elevating system makes 
the machine user-friendly. Also, it is 
safe to use since we add some sound 
modules to alert the people around 
the machine. We have designed two 
ways to control the machine so that it 
is easy to use and able to pick 
everywhere. Overall, this machine 
successfully solves the problems on 
labor-consuming and inconvenience. 
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Significance of Solution 
 

First, to make our machine high 
efficient and be able to collect several 
balls at the same time, we have 
designed a special picking frame. 
When the machine is pushing the 
frame to the ground, the balls will be 
bounced into the frame through the 
elastic strings.   
We use gears, racks and servos to 
precisely control the distance for the 
frame to go down. 
 
 
 
 
 
 
            

Fig.2 Picking system of the machine 
Second, to make it user-friendly, after 
picking all the balls, the machine will 
come back to the user and lift all balls 
up to a certain height, so that the 
user doesn’t need to bend down to 
fetch the balls. We use stepping 
motors, rods, sliding blocks and 
acrylic supports to make an elevator. 
 
 
 
 

 
 

Fig.3  Elevating system of the machine 
Third, to make the machine easy to 
control and able to collect 
everywhere, we use Bluetooth 
communication to control. In one way, 
users can press the switch button to 
let the machine move in a designed 
route. In the other way, users can give 
specific motion commands through 
the cellphone, and the machine will 
move as commanded. We use two 
Arduino Mega boards to receive the 
signals and control specific parts. 
 
 
 
 

Multi-pingpong ball picking machine 
Instructors: Dr. Yanfeng Shen, Dr. Cynthia Vagnetti  
Team Members 
Liu Shuheng, Zhu Fengyu, Li Rui, Tu Liyun, Sun Xuhua 
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Problem 
Bringing wet umbrellas into the room 
on rainy days brings many problem 
such as slippery floors and  too much 
dampness, especially in buildings that 
lots of people enters. Some 
supermarkets and hotels try to solve 
the problem by giving customers 
disposable plastic bags. But the 
method is not environmental friendly 
and may cause problems when plastic 
bags are damaged. 

Need 
To solve the current problem, a 
machine that dries the umbrella is 
necessary and it should meet the 
needs of: 
1. Operates fast. 
2. Dry the umbrella thoroughly. 
3. Acceptable size. 
4. Environment friendly. 

Design Description 
The machine is made up of four parts, 
which are the frame part, the dryer 
part and the sponge part. 
 
 
 
 
 
 
 
 
 
 
 

Fig1. Concept Diagram 
The frame part consists of four sub 
parts, which are driven by the linear 
actuator and fit the shape of umbrella 
by the push of spring attached in the 
inner side. Basically the four sub parts 
will spread like a blooming flower 
when the umbrella is put on the top 
and pushed downward. The dryer 
part consists of four hair dryers and 
four tubes to guide the wind.  
 

The controlling part of the dryers also 
performed precisely. 
3. After we dry an umbrella, the 
sponge was able to be wrung dry, the 
gear motor can rotate three rounds 
maximum and it is enough to make 
the sponge dry. 
4. According to our measure, the 
machine can dry an umbrella with a 
diameter of three meters within ten 
seconds, which satisfies the basic 
need of working speed. 

 
 
 
 
 
 
 
 
 
 
 

Conclusion 
Our semi-automatic umbrella drying 
system is competent of the function 
of drying umbrellas on rainy days 
when people enter buildings. 
However, there are still something to 
improve, such as the working speed 
and the general applicability. 
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The hot wind will come out from the 
tube and blow on the umbrella. 
The sponge part consists of a gear 
motor and a cylindrical sponge, the 
sponge is fixed on one end and the 
motor can twist the sponge to make it 
dry. We used gear motors with 60rpm 
standard rotation speed to ensure the 
power to twist the wet sponge. 

 
 
 
 
 

Fig2. Working Principals 
Significance of Solution 

The machine works in a semi-
automatic way. Once the umbrella is 
put onto the top of it, the frame will 
begin expanding. The linear actuator 
will push outward and the frame will 
incline to the outer side. The spring 
will push the inner side of the frame 
upward to make it fit the shape of the 
surface of the umbrella. The process 
will look as a blooming flower. After 
the surface of the umbrella is wiped 
by the sponge, the dryer will dry the 
remaining water with hot wind. The 
gear motor will then twist the sponge 
and dry it to be ready for another 
umbrella. The water comes out of the 
sponge will be drained by structure 
below. 

Validation 
1. The frame part works as we 
expected, the spring can move freely 
with out stuck when the  umbrella is 
pushed downward. The linear 
actuator is powerful enough to push 
the frame in a designed speed. 
2. The dryer was powerful enough to 
dry the surface of the umbrella after 
it is wiped by the sponge, the wind 
guiding pipes can remain its shape 
when hot winds passes through.  

U-DRY: A semi-automatic umbrella 
drying system 
Instructors: Prof. Yanfeng Shen, Prof. Cynthia Vagnetti  
Team members 
Qian xingyue, Qian yiwen, Wu yue, Xu luotian, Zhao Xuanyi 
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In VM495, students gain valuable hands-on 
experience in proposing, planning, and 
executing an extended experimental program 
in a mechanical engineering-related topic of 
their own choosing.

The course involves key areas of engineering investigation 
and experimentation, including reviewing literature, 
writing technical proposal, designing and setting up 
experiments, developing experimental techniques, 
analyzing test results, and writing laboratory reports.

The technical communication component of the course 
trains students to be more proficient in communicating 
technical ideas and results in different formats, including 
(a) orally — through a series of project presentations, and 
(b) in writing — via the sequence of written proposal, 
progress report (memo), poster, and final lab report.

The course also emphasizes team-building skills, necessary 
for each group of students to work effectively towards a 
common project goal.

Acknowledgement Licenses for the LabVIEW data 
acquisition software and additional DAQ modules used in 
VM495 are kindly donated by National Instruments (NI).

Project duration and budget
Seven weeks, 1000 RMB budget per team

VM495 • Mechanical Engineering Lab II

University of Michigan - Shanghai Jiao Tong University Joint Institute

Center
Branch

ω

Laboratory assignment
Choose Your Own Experiment —

Analyze, Build, Conduct, and Design

Deliverables
• Project proposal (written and oral presentation)
• Team progress memorandum and presentation
• Project poster (in conjunction with the JI Design Expo)
• Team final presentation and final laboratory report

Instructors Prof. Chien-Pin Chen and Dr. Kwee-Yan Teh

ME Labs Teaching Assistant Team
SHEN Tianyi, YANG Yi,  SHAO Yifan

List of projects
• Measurement of Young’s Modulus by a Vibration Method
• Moment of Inertia Measurements by the Dual-Rotation Method
• Validation of the Beer-Lambert Law on Light Absorbance by CuSO4 

solution
• Extinction Coefficient Measurements of Air With Water Vapor and 

Incense Smoke
• Effects of Crack Size on the Stress Intensity Factor of Aluminum Alloy
• The Strain-Stress Relationship of Elastomer Based on the Dielectric 

Method
• Vortex-Induced Vibration of a Circular Cylinder at Reynolds Numbers 

Around 104
• Verification of Castigliano’s Second Theorem
• Analysis of Bicycle Brake Line Tension and Wheel Deceleration
• Force Production by Sound Energy Based on Helmholtz Resonator 

Experiment
• Temperature Effect on the Surface Tension Between Water and Air

Measurement of Young’s Modulus by a Vibration Method
Yuecheng  LIU, Zhongnan HU, Yisong SHEN, Zhenyu LU

The Young’s Modulus of a material can be measured in several ways. The common tensile test is, however, not suitable 
for measuring the Young’s Moduli of fragile materials. Thus, this study aims to use the vibration method to measure 
the Young’s Modulus, which will be of great value for the study of material properties. Firstly, we measured the length, 
diameter and mass of a stainless steel rod. 
Secondly, we used the Young’s Modulus of 
stainless steel, and then estimated the 
resonance frequency in the first step, 
which can enable us to find the resonance 
point. Next, we tested the inherent 
frequency of stainless steel and copper 
rod. Finally, we calculated the Young’s 
Modulus of both the stainless steel.  We 
repeated the same procedure for the 
copper and aluminum rod. According to 
the variation of acceleration sensor, the 
inherent frequency of the rod will be 
achieved. By changing the distance 
between string and the end of rod, 
inherent frequency will also be changed.
After that, the method of Extrapolation
can be conducted to find the inherent 
frequency at the node, so that this inherent frequency is resonance frequency of material. According to resonance 
frequency and equation, we can calculate the Young’s Modulus.
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Outcome

Moment of Inertia Measurements by the Dual-Rotation Method
Yuming SHI, Sichen LI, Xiaozhu FANG, Jiawen SHI, Duohui JI 

Validation of the Beer-Lambert Law on Light Absorbance by CuSO4 solution
Dahan XU, Mingjun YAO, Bingxiang CHEN, Junyi XU 
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Extinction Coefficient Measurements of Air With Water Vapor and Incense Smoke
Luyao CHEN, Congyu SHEN, Huijia SHEN, Shengyun ZHU, Shikun SHEN

Effects of Crack Size on the Stress Intensity Factor of Aluminum Alloy
Yutian WANG, Meng QU, Da CAO, Fangzhou SHAO
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The Strain-Stress Relationship of Elastomer Based on the Dielectric Method
Liang XU, Xiahan LI, Ronghan CHEN, Peiying LI

This project focuses on testing the stress-strain 
relationship of an elastomer using the dielectric method.
In the project, the data acquired by the dielectric method
is compared with the published properties of the 
elastomer to validate the reliability of the dielectric 
method of stress-strain testing. A voltage generator 
provides regulated power supply and the dSPACE system 
converts the power supply to the needed DC voltage, 
which is applied to the elastomer sample. The deformation 
of the sample is recorded from a camera mounted directly 
above it. Two preload VHB samples are tested in the 
experiment. The results indicate that the stress-strain 
relationship is linear for the samples when strain is within 
0.2 mm/mm. The Young’s moduli of the two samples are 
260.07±2.34 kPa and 366.13±3.51 kPa respectively. We 
conclude that the property of VHB4910 will varies with the 
preload value. Also, the humidity and the temperature of the 
surroundings will affect material properties. Apart from that, 
since only the part where compliant electrode covers are 
connected to the electric source, the other part cannot 
produce electrical force to press VHB. Due to this reason, 
shear stress may exist between the outer part and the 
connected part, and this will result in the difference of the 
thickness measured. 

Reproduced from J Mech Behavior of Biomed Mat, in press (avail online 16 Oct 2014; doi:10.1016/j.jmbbm.2014.10.006)
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Experimental Setup

Comparison between 0 V to 5000 V   (R2-R1)/R1=xx

Vortex-Induced Vibration of a Circular Cylinder at Reynolds Numbers Around 104

Rongyu LIANG, Kangyun JIANG, Zeqing JIN, Yiyang JIANG, Fan YANG

In fluid dynamics, vortex-induced vibration is commonly investigated and research has provided adequate results on 
vibration of cylinder due to cross-flow at low Reynolds numbers. This experiment studies the vibration pattern of a 
spring-mounted circular cylinder undergoing a uniform cross 
flow at high Reynolds numbers. The experiment is carried 
out in FLOTEK 250 wind tunnel. A PVC tube with 15 mm 
diameter is mounted on lightly damped springs which are 
installed on an aluminum frame. We fixture the aluminum 
frame in the test section of the wind tunnel. With the linear 
relationship between the distance and voltage of infrared 
sensor, we can measure the displacement of the cylinder. 
We carry out the experiment under three different wind 
speeds. The motion of the cylinder turns out to be a 
stable vibration. Based on the three trials, the vibration 
amplitude increases with increasing wind speed. However, 
the cylinder has no obvious movement when the 
air velocity continues to increase. We processed the sensor
signal and found that the frequency of the vibration during 
the three trials are almost the same, around 12.8 Hz. 
The tests show the outcome as expected and offer a 
reference value on the study of Vortex-induced vibration of 
a circular cylinder at high Reynolds numbers.
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Verification of Castigliano’s Second Theorem
Shenlin CHEN, Zhenglin CUI, Wei JIAN, Chenjun YE

Castigliano’s Second Theorem is the method for determining the displacements of a linear-elastic system based on the 
partial derivatives of the energy. In this experiment, we verify the theorem and compare the stiffness between 
different bridge-like structures. Four different structures are constructed: the first one is completely made of short 
links and is assumed to be a truss structure. For the other structures, we replace the short links on the top or on the 
bottom with a long beam (shown in (1)). The 
theoretical stiffness of the structures are 
different and we conduct experiments to verify 
the theorem. For the experimental setup, 
six strain gauges are set on links AD, AB, AE, DE, 
EF, and BE (shown in (2)) in order to measure the 
strain on each links during the experiment. Then, 
the structure is mounted on the MTS Universal 
Test System and three-point bending test is 
conducted. The displacement of point B, the 
exerted force P and the strains on the six links 
are recorded and processed.  The relationship 
between the exerted force P and the resulted 
forces on each links is shown in (3). The expected 
relationship between the displacement of B and 
the force P is shown in (4). The structure (d) is 
expected to have the largest stiffness and (a) the
lowest.
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Analysis of Bicycle Brake Line Tension and Wheel Deceleration
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Force Production by Sound Energy Based on Helmholtz Resonator Experiment
Rong JIANG, Tianyu MAO, Congfei ZHANG, Xiu ZHANG

Sound contains energy, which may be harvested to produce a continuous motive force on an object. This possibility is 
explored in our experiment using a Helmholtz Resonator. Instead of simply observing the phenomena, we also analyze 
the factors governing the sound-force relationship based on the results. We place two resonators on two ends of an 
acrylic bar, and mounted the bar on an encoder. In our experiment, we use soda bottles as the resonators. We hit the 
resonator by hand and record the sound generated by 
the resonator which we then analyze to determine 
the resonant frequency. We first conduct the
experiment with the resonators not resonating. 
We use an electromagnet to give the shaft an 
initial angular speed, and record the performance 
by the encoder and the accelerometer. Then we 
repeat the experiment, with resonators resonating. 
Comparing the two experiments, we can find the 
force produced by resonators. We use the Taguchi 
method to design a test matrix to determine the 
effect of cavity of the resonator and the neck of 
the resonator on the force produced. We carry out 
four experiments in total. From the experiment 
data, we find the force produced by analyzing the 
acceleration and position data. It’s clear that with 
the cavity increasing, force produced is also 
increasing. 
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Temperature Effect on the Surface Tension Between Water and Air
Shenyue CHEN, Jiawei HUANG, Yuanxin QIAN, Da XIE
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Problem Statement
• Broadband satellite 

communications can enable a 
plethora of applications in 
customer services, global nomadic 
coverage and disaster prediction 
and recovery [1]. 

• To realize these promising 
applications, data rates to reach 
100 Gigabit-per-second (Gbps) or 
even Terabit-per-second (Tbps) are 
demanded [2]. 

• Challenge: Extremely high path 
loss of a THz ground-to-satellite 
link, which consists of the 
spreading loss and the molecular 
absorption loss.

• Our solutions: Establishing the 
ground station at a dry high-
altitude location to mitigate the 
path loss as well as using massive 
antenna array techniques to obtain 
large antenna gain. 

• Objective: Examining the feasibility
of a massive-antenna-array-
enabled THz satellite 
communication system to be 
established in Tanggula, Tibet.

Fig. 1 Overview of the THz ground-to-satellite link at
Tanggula, Tibet

Existing Implementation
• The Atacama Large 

Millimeter/submillimeter Array 
(ALMA) in Chile [3], by an 
international partnership among
European Southern Observatory, 
US NSF and the Japan National 
Institutes of Natural Sciences,
while China is not a part of it.

• Therefore, China does need our
own implementing solution!!

Performance Analysis (using the
simulation parameters in the bottom table)
• Signal-to-Noise Ratio (SNR): a

measure of link quality

Fig. 3 Signal-to-noise Ratio 

• Channel Capacity: an indicator of
the largest data rate of the THz 
ground-to-satellite communication. 

Fig. 4 Channel Capacity

Conclusions
• Tanggula, Tibet is a very good 

choice of siting the THz ground 
station because of its high altitude 
and tiny humidity (low PWV). 

• This work shows that 1 Tbps data 
rate is achievable by using 0.35 THz, 
with the SNR exceeding 35 dB.
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Link Budget Analysis (LBA)
• LBA mathematical framework:

 Pr and Pt are the received and
transmitted power

 Gt and Gr denote the transmitter 
and receiver antenna gains

 LFS is the free space loss of the THz 
propagation

 LMA denotes the atmospheric 
attenuation due to the molecular 
absorption

 Lothers represents additional 
channel losses caused by clouds 
and rains

• Model of Massive-Antenna-Array:

Ground Siting at Tanggula
• Observation of THz satellite link:

At a dry high-altitude location, the
path loss decreases because of the
high altitude (to reduce spreading
loss) and low precipitable water
vapor (PWV) (to reduce molecular
absorption loss)

Fig. 2 Demonstration of water vapor distribution along the 
THz ground-to-satellite link

Link Budget Analysis for Massive-Antenna-Array-Enabled 
Terahertz Satellite Communications
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