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Problem Statement
Rotary Switch is a kind of electronic 
devices that is widely used in Low-
voltage power smart grid. After 
manufactured in the factory, a rotary 
switch needs quality tests in torque, 
conduction angle and contact 
resistance. However, the current test 
methods are separated, time-
consuming and low efficiency. This 
project aims to semi-automate rotary 
switch detection by designing a 
testing device that can integrate and 
automatically test three 
measurements.

Fig. 1 Rotary Switch that controls low-
voltage smart power grids [1]

Concept Generation
By holding the axial of rotary switch 
with clamp, the prototype can
measure and record the torque and 
angle it requires to turn to the right 
angle, and the knob mechanism can 
help measuring multiple resistance at 
the same time.

Fig. 2 Detailed structure function

Fig. 3 Concept Diagram

Validation
Validation Process:       
For torque measurement, a torque 
wrench was set on the clamp and 
then apply a torque to compare two 
torque data for validation. For angle 
measurement, another angle encoder 
was set opposite of the driver and 
then system can be started. If the two 
encoder have the same data, it can 
meet this specification. 
For stable holding, different shaking  
were applied on the device and then 
check whehter rotary switch still fixed 
in the case. 
Some other specifications can also be 
verified using easy experiments.
Validation Results:
According to validation part, most 
specifications can be met.

Torque accuracy<=0.01N*m
Angle accuracy<=0.1o

Resistance accuracy<=1mΩ
Maximal torque<=10N*m
Detection time<=15min
Cost<=6000RMB

·Multiple resistance 
measurement>= 4            

√

√
√
√
√
√
√

means having been verified and · means to be 
determined.

Conclusion
The key of achieving the goal of 
measuring the torque, angle and 
resistance of a rotary switch at the 
same time is proper design. Stability 
of the system is guaranteed. The 
signal we acquired and the accuracy 
of the data we measured is processed 
by LabVIEW.

Acknowledgement
Sponsor: Weicheng Liu,Lei Jin from SHFEILI
Prof. Mian Li from UM-SJTU Joint Institute 

Reference 
[1]http://www.shfeili.com/pic/picshow-5-
106138-027000613/?lang=0

Design Description
First we design a case to fix the rotary 
switch. To hold the shaft without 
slipping, we design a unique Clamp-
Chunk structure. There are screws on 
the clamp so that when we rotate the 
chunk, it will squeeze two shells of 
the clamp. Then the square section in 
the clamp will be narrowed down and 
the shaft can be hold tightly. We use 
LabVIEW to control and acquire 
signals from torque sensor, angle 
encoder and DC low-resistance 
measuring instrument. Since there 
are up to 30 pairs of resistance need 
to be measured, we design another 
knob to switch between pins.

Fig.4Mechanical structure for Smart Rotary 
Arm

Modeling and Analysis
A DAQ is connected to the computer 
to receipt the voltage signal from the 
torque sensor and the angle position 
signal from the angle encoder. 
LabVIEW is used to show the signal 
on the screen. The following graph 
shows the torque change of the 
torque sensor when a reverse force is 
added.

Fig. 5 Torque display on LabVIEW

Smart Rotary Arm (Detection Robot)
Sponsor: Weicheng Liu, Lei Jin, SHFEILI
Team Members: Yonghao Zheng, Junyi Xu, Wei Fang, 

Bingxiang Chen, Zian Mao
Faculty Advisor : Prof. Mian Li Instructor: Prof. Mian Li
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Problem Statement
Manufacturing facility generate great 
amount of drain water daily. Reuse 
drain water can create financial 
benefit and make facility environment 
friendly. Existing water recycling 
system is either expensive or manual 
operation needed. This project is to 
create automated system with real 
time monitoring and filter function to 
recycle drain water for reuse, and 
bring financial benefit for company. 

Concept Generation
Drain water first goes through the 
filter system. Then the monitoring 
system would determine whether the 
water is clean enough. Clean water 
directly goes out for reuse and the 
unclean one goes back to the filter.

Fig. 1 Flow chart
There are two sub-system in this 
project, the filter system and the 
monitor one.  In filter system, the ion 
exchange resin can set off chemical 
reactions with metal ions and capture 
some of them, so pollutants can be 
removed from drain water and the 
useful substance can be still retained.
In monitoring system, colorimetry is 
used to get the concentration of the 
components in drain water. Indicators 
are added to water and a color sensor 
can obtain its RGB value. After the 
comparison of its value and the 
baseline, the cleanness is determined.

Fig. 2 Concept diagram

Validation
Validation Process:       
The following values have been 
obtained theoretically and validated  
with the prototype:

Axial stress = 4,06KPa<64,8MPa
Hoop stress = 8,12KPa<64,8MPa
Max deform = 0,3μm

Fig.4Simulation result
Unit cell filtration capacity = 16% 
Time to cross unit cell = 3,11 s
Total filtration time << 20 min

For monitoring system, the accuracy 
of the color sensor is first tested. As 
shown in left of the figure, the color 
from sensor values is quite similar to 
the sample color. For the indicator 
experiment in the right, diverse 
concentrations can be distinguished 
obviously by adding indicators.

Fig.5Sensor and indicator validation

Conclusion
Filter and monitor function will work 
simultaneously in the period of the 
time needed. The key to this project is 
to determine whether the 
concentration over the baseline and 
to filter the drain water to the 
standard baseline automatically.

Acknowledgement
Sponsor: Wei Wang and Peng Wang from 
General Electric
Mian Li, Yong Long, Yunlong Guo and 
Chengbin Ma from UM-SJTU Joint Institute

Design Description
According to our design, the ion 
exchange column is built with acrylic, 
and the ion exchange resin is the 
mixture of 717 macroporous strong 
base anion resin and 732 
macroporous strong acid cation resin, 
as shown in the left of the figure.
The model of monitoring system is 
built by 3D printing. The main pipe 
contains the drain water and the 
small leaning pipes are used to let in 
the indicators. The disc with a long 
cylinder can control the flow of the 
water by rotating.
The color sensor is driven by the 
Arduino and can get RGB values quite 
accurately. Then Arduino processed 
the data and compare with standard 
value to determine the cleanness 
status.  Finally LEDs get signals from 
Arduino and give out lights to show 
the cleanness.

Fig.3Components of the system

Modeling and Analysis
A model is built using different color 
data of various concentration to 
characterize the variation trend of the 
RGB values. The trend is carefully 
analyzed and then a certain value or a 
range  of baseline RGB is determined 
to help judge the cleanness status.

Smart Drain Water Recycling System
For Monitoring and Filtering
Sponsor: Wei Wang, General Electric
Team Members: Chunwei Lin, Fan Yang, Yechao Qiu, Arrizabalaga Jon
Faculty Advisor: Prof. Mian Li Instructor: Prof. Mian Li
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√
√

√
√
√
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Problem Statement
Inner surface of jet engines needs to 
be cleaned from time to time. Current 
method requires disassembling the 
engine. It is time consuming. It also 
requires delicate maneuver.  We need 
to design an in-situ multifunctional  
device that carries cleaning apparatus 
through small holes into the inner 
surface and monitors the process. The 
device will boost efficiency and make 
the best use of limited labor.

Fig. 1 3D model of the confined space 
subject to cleaning [1]

Concept Generation
Our in-situ control apparatus converts 
the manual rotary work generated by 
knob rotation into linear motion of 
the sliding blocks, thus forcing 
opposite Nitinol wires to be pushed 
and pulled. As a result, the tube can 
turn correspondingly, and the  
cleaning equipment or the borescope 
can be turned to the target location.

Fig. 2 Detailed concept diagram

Fig. 3 Detailed design

to the extreme. Finally, the motion is 
again evaluated with control part 
assembled and the overall function is 
verified. Other specifications can also 
be verified using easy experiments.

Validation Results:
According to validation part, most 
specifications can be met.
 Inner diameter = 6mm
 Outer diameter = 9.5mm
 Camera Pixel = 1.3M pixel
 Degrees of freedom = 1
 Turning Angle -120°~ 120°
 Weight <= 1000g
 Young’s Modulus >= 40GPa
• Op. Temperature  -30°C~ -5°C
√ means having been verified and · means to be 
determined.

Conclusion
The - wire based apparatus is 
able to assist and accelerate the jet 
engine cleaning process. This design 
provides cleaning device access to a 
great portion of the inner surface of 
the jet engine. In addition the device 
offers easy to use control mechanism 
that allows the engineer to visually 
guide and monitor cleaning process. 
This device has demonstrated its 
ability to boost efficiency and make 
the best use of limited labor during 
validation process.

Acknowledgement
Sponsors: Zhao Jingping, Wang GongGuan
from General Electric Aviation.
Faculty advisor and instructor: Prof. Li Mian
from UM-SJTU Joint Institute 
This work has received extensive help from 
Dai Zhengcheng and Prof. Xu Kai. We would 
like to thank them for providing amazing 
inspiration used in the design. We also like 
to thank Zhao Zhengqiang for his insight 
and help on manufacturing process. We 
also appreciate help from Chen Tianhua, 
Zhang Yuze, Sun Yu from UM-SJTU JI.

Reference 
[1] A Hand Control Equipment through 
Urethra, Y. Sun, K. Xu, Z. Dai, T. Dong, J. 
Zhao, L. Xiao, CN201610787073.9.

Design Description
When the user rotates the worm, the 
slots on steel sheets fixed on the 
worm transfer the rotational move-
ments into the linear movement of 
two sliding blocks. The sliding blocks 
push or pull the - wires accord-
ing to the movement direction of 
sliding blocks. Four - wires go 
through steel rings separated by 
springs to form the deformable tube. 
Since the first steel ring is tightened 
to the - wires, the movement of 

- wires will change the direction 
of the tube. Consequently, the user 
controls the direction of tube head by 
rotating worm in hand.

Fig. 4 The deformable tube

Modeling and Analysis
The model for the design was built on
Unigraphics NX and AutoCAD with all
dimensions specified according to
engineering specifications. Gruebler’s
equation is used to analyzed the
degrees of freedom, while the frontal
part size, total weight and camera
pixel are measured directly from the
model. Other specifications like
turning angle, Young’s Modulus are
measured by testing the prototype.

Validation
Validation Process:       
First the - wires are manually
drawn by hand in different directions
to evaluate the mobility of the frontal
part. Inner diameter is tested by
threading the micro camera through
fixing rings, and outer diameter is
tested by injecting the frontal part
into the cavity through given holes.
Then maximum turning angle is
tested by manually drawing the wires

In-situ Cleaning Apparatus for

Sponsor: Zhao Jingping, Wang Gongguan, General Electric
Team Members: Zhou Ying, Zhu Shengyun, Zhang Shengnan, 

Qi Peiyuan, Yao Yue
Faculty Advisor: Prof. Mian Li       Instructor: Prof. Mian Li

Confined Space
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Problem Statement
Existing UAV vision inspection systems 
are either manually controlled, or 
automatic but only usable in identical 
scenarios. This project is aimed to 
explore UAV’s application in smart 
vision inspection; thus a hypothetical 
problem is posed: different types of 
cars are parked in an area; it is 
required to perform routine inspection 
on each car, to recognize and take clear 
pictures of its license plate, annual 
check marks and blue spots marked on 
the side.

Fig. 1 Unmanned Aerial Vehicle[1]

Concept Generation
Three image algorithms need to be 
designed respectively, in order to 
locate the features in the pictures 
taken by the UAV. A mobile app is 
developed for device communication 
between the UAV and the computer. 
Real-time path planning is the core 
part of the whole system, with which 
the UAV can adjust its position back 
and forth, depending on the feedback 
from image algorithms, so as to take 
clearer pictures. A GUI is designed for 
users to give commands and view 
results.

Fig. 2 Concept Diagram

Validation
For time used in detecting features, we 
start timing after the UAV finishes 
locating the cars because we suppose 
the location of cars are known. After 
the UAV detects all features, we stop 
timing and get the time it uses.
For accuracy of feature detection, we 
repeat the task several times on 
different cars and check the results 
manually to verify the results.
For image resolution, we set the target 
resolution on UAV. After the UAV 
finishes its work, we manually check 
whether the images transferred by UAV 
meet requirements.
Some other specifications can also be 
verified using easy experiments.
According to validation part, most 
specifications can be met.
√ Accuracy of license plate detection 
>=95%
√ Time used in detecting features 
<=60s/feature
√ Image resolution>=960*720
√ Cost<=100RMB
• Accuracy of annual check mark 
detection>=80%
√ means having been verified and • means to be 
determined.

Conclusion
This UAV vision inspection system is 
smart in that it can automatically 
execute flight missions and be adapted 
to different type of cars, with clear 
pictures of target features taken. All the 
engineering specifications are validated. 
It’s verified that a UAV is applicable to 
vision inspection on patterned targets.

Acknowledgement
Sponsor: Li Tao and Patric Wang from 
General Electric
Mian Li, Yong Long, Yunlong Guo, and 
Chengbin Ma from UM- SJTU Joint Institute 

Reference 
[1] http://www.dji.com/phantom-3-standard

Design Description
Our entire system is composed of five 
parts, controlling system, app 
communication, license plate 
recognition, annual check mark 
recognition, and blue spot recognition. 
Controlling system and GUI are 
written on python, which are 
responsible for real-time path 
planning and user interface 
respectively. Communication between 
PC and phone is through socket and 
that between phone and UAV is 
through wifi. Three features detection 
are completed individually with 
python code and integrated with the 
whole  system. 

Fig.3 Deliverable system

Modeling and Analysis
A 3D Matlab model is built and shown 
to illustrate the position of the UAV 
compared to the car. And the graph 
will show the marching direction of 
the UAV. Meanwhile, we setup the 
coordinate for the car, to simplify our 
calculation in car coordinate and can 
convert to absolute coordinate (Lng
Lat) easily by matrix transformation.

Fig. 4 3D Matlab Modle

Smart Vision Inspection
Sponsor: Patrick Wang, Li Tao, General Electric
Team Members: Wei Hang, Dewei Xu, Xiahan Li, Kaili Ding, Muneyuki Sato
Faculty Advisor: Prof. Mian Li    Instructor: Prof. Mian Li 
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Problem Statement
In the certain type of headlights, 
when switching light between high 
beam and low beam, there will be an 
impulse load generated by the valve-
like integrated distance light model 
called PES model. The impulse load 
will cause transient acceleration 
response to housing tabs of the 
headlight, which is used for fixing on 
the vehicle. Our goal is to provide a 
method to analyze influential factors 
and to provide approaches to reduce 
the response.

Fig. 1 Transient acceleration response 
generation process

Augmentation Method
This experiment-based project aims 
to deliver the manual works for all 
types of headlights. Various methods 
are first found by conducting the 
theoretical examination. Experiment 
data and finite element method 
simulations are used as cross-
validations for the analysis. Verified 
methods are proposed in the manual.

Fig. 2 Procedure manual work flow

Theoretical Analysis
The equation of the acceleration in 
single-DOF system is:
 = 0

1 2
0 sin 2 cos 1

Through the equation, we think that 
the acceleration can be reduced by 
increasing the local mass m and the 
damping ratio ξ, and by decreasing

to the frequency spectrum, the
dominant factors for each of method 
B, C, D are the local mass , the 
stiffness coefficient , and the 
damping ratio , which confirm our 
thought in analysis part.

FEM Validation
Validation Process:
Modal analysis is conducted on the 
simplified CAD model of the housing 
tab. The simulation result shows that 
the natural frequency of the headlight 
decrease with the increase in 
effective mass and decease in 
stiffness. This confirms with the 
experiment results.

Fig. 5 Modal analysis result

Conclusion
The general procedure for 
acceleration reduction:1. Reduce the 
vibration of the source; 2. Strengthen 
the structure for the installation of 
PES model; 3. Add support or mass to 
the housing tab; 4. Directly stick the 
vibration-absorbing material onto the 
housing tab

Acknowledgement
Sponsor: Xianfeng Lu from Shanghai Koito 
Automotive Lamp Co.,Ltd
Mian Li, Yanfeng Shen, Yongxing Shen, Yuze
Zhang from UM-SJTU Joint Institute 
Keke Zhang from Suzhou Sushi Guangbo
Environmental Reliability Laboratory Co., 
Ltd.

Reference 
[1] http://www.chinasgb.com/

the stiffness coefficient k. So, the 
effective methods we think of are a) 
adding shock-absorption material, b) 
increasing the local mass, c) adding 
the support, and d) adding the weight 
along the vibration conduction path.

Experiment Setup
The experiment setup uses an 
aluminum frame to suspend a 
headlight. A PCB triaxial acceleration 
[1] sensor is attached to the housing 
tab to measure the acceleration 
response. The signal is then collected 
by NIDAQ and processed by MATLAB 
to get the effective maximum 
acceleration for each test.

Fig. 3 Experiment setup

Experiment Result & Analysis
The percent of acceleration reduction 
and the general view of each method 
are shown in Fig. 3.

Fig. 4 General view and result
From the results, method A is the 
best, however not very constructive. 
B, C, D methods, which change the 
structure, turn to be better. Then, a 
frequency analysis is performed on 
the responses before and after the 
method to reveal the dominant factor 
that affect the reduction. According

A Method to Reduce the Transient 
Acceleration Response of a Free 
Object under Impulse Load
Sponsor: Xianfeng Lu, Shanghai Koito Automotive Lamp Co.,Ltd
Team Members:ShiweiChen, Yijian Duan, Tianyu Wang, Xiaochen Zhou, Yingjie Zhuge
Faculty Advisor:Prof. Mian Li   Instructor: Prof. Mian Li 
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Problem Statement
Automotive lamp has high luminance, 
which leads to over-bright points. 
Grain is added to weaken light 
reflection and transmission. Before 
production, we need to know visual 
effect of light from grained lamp by 
simulation. This project is to obtain 
the accurate optical property of grain 
for simulation by experiment and 
hence reducing deviation between 
actual visual effect and simulation. 

Fig. 1Automotive Lamp with Grain

Concept Generation
Because a surface(our sample) has 
two sides in reality, we cannot 
directly obtain the property of a 
single side. There are 2 parts of 
design to eliminate influence of 
another side. One is the sample, the 
other is the model for simulation and 
measurement of actual visual effect. 
Moreover, the problem should be 
considered separately for reflection 
and transmission.

Fig. 2 Concept Diagram

Fig. 3 Imaging Sphere for Scatter and Appearance

Validation
Validation Process:       
To obtain the actual visual effect of 
light from grained surface, a fisheye 
reflective surface model with specific 
grain is used to reflect light from a 
standard light source. A detecting 
machine is then used to record the 
luminous intensity distribution of the 
reflected light. This result is compared 
with the simulated one to verify 
whether the measured grain’s optical 
property is improved.
Validation Results:
According to validation part, the 
original deviation is partly reduced.

Max reflection deviation<=10%
·Max transmission deviation<=10%              
√

√

means having been verified and · means to be 
determined.

Fig.6Coated glass attached to sample

Conclusion
Optical property of specific grain can 
be obtained by experiment with IS-SA. 
Anti-reflection coating is applied to 
reduce deviation between actual 
visual effect and simulation. Also, the 
experiment environment needs to be 
sufficiently dark and the sample 
needs to be stable. 

Acknowledgement
Sponsor: Jianqing Lu from SHANGHAI 
KOITO
Mian Li and Jigang Wu from UM-SJTU Joint 
Institute 

Reference 
[1] Text Rev. 1.2.5 for IS-SA, May 14, 2009, 
Radiant Imaging, Inc

Design Description
To get a more accurate optical 
property of grain, the main concept 
of our design is to use anti-reflection 
coating on samples for measurement. 
There are two ways to do so, which 
are direct coating on grained sample 
and coated glass attached to sample 
respectively. The first method is too 
complicated, as well as not time and 
money efficient. The latter solution is 
rather time saving, cheap, and easier 
to operate in experiment. We connect 
lens with anti-reflecting coating to the 
sample with K31 grain by using an 
optical UV glue, ensuring that the 
optical properties are not affected.

Fig.4Coated glass attached to sample

Modeling and Analysis
We input measured optical property 
into simulation on SPEOS. The result 
is quantified by luminous intensity 
distribution plot and then it is 
compared with the plot of actual 
visual effect. The deviation is shown 
here by the two plots.

Fig. 5 Experimental and Simulation result

Study on Optical Properties of 
Transparent Material with Grain
Sponsor: Jianqing Lu, SHANGHAI KOITO
Team Members: Weikang Zhong, Chen Wei, Jing Wang, 

Cheng Zhuang, Chenzhi Zhang
Faculty Advisor: Prof. Mian Li Instructor: Prof. Mian Li
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Problem Statement
As autonomous driving is becoming a 
hot issue, a large set of accurately 
labeled images are needed to train 
the autonomous driving system. 
However, the dataset is not large 
enough. Labeling work is done 
manually on PC, which is both time-
consuming and inconvenient. Also, 
accuracy is unsatisfactory. Thus, we 
need to implement an algorithm that 
can efficiently and accurately label 
objects, lines and areas on a road 
image, and design a portable tool that 
can enable users to manually modify 
the labels. 

Fig. 1 Ideal result of vehicle, pedestrian, 
cyclist, lane line and free space detection

Concept Generation
The system is divided into two sub-
systems: detection algorithm and 
Android application. The algorithm is 
used to detect and label objects and 
free space. The image and label 
information are stored and accessible 
on the web server. We design 
multiple tools on the application to 
enable users to make manual 
modifications based on the pre-
processed labels to improve accuracy.

Fig. 2 Concept Diagram

Validation
Validation Process:       
Test 1: Functionality
Let multiple users modify and create 
labels simultaneously, and see 
whether the application can work 
properly.
Test 2: Data transmission
See whether images and files can be 
successfully transmitted between the 
server and the application.
Test 3: Accuracy
Process the images under different 
conditions using the detection 
algorithm, and check the accuracy.
Test 4: Modification efficiency
Record the time each user takes to 
finish modifying one image, and see 
the average time.

Validation Results:
According to validation part, most 
specifications can be met.

Able to detect objects > 20 px
Error for object detection 
algorithm < 15 px
Server cost < 2000 RMB
Error object labeling < 10 px
Error for lane line labeling < 5 px

·Time to modify one image < 15 s
√ means having been verified and · means to be 
determined.

Conclusion
In conclusion, we have successfully 
built a system that can automatically 
label objects, lines and areas on a 
road image. The accuracy of the 
detection algorithm and the 
maneuverability of tools on the 
application are very critical to the 
whole system. In the future, the 
system can largely improve the 
efficiency of the label work.

Acknowledgement
Sponsor: Mr. Bei Yang from Huawei
Instructor: Prof. Yong Long from UM-SJTU 
Joint Institute 

Design Description
We implement the detection 
algorithm to detect free space and 
objects including vehicles, cyclists and 
pedestrians. The Recurrent 
Convolutional Neural Network (RCNN) 
is used to detect objects, and output 
its coordinates using models with 
datasets from Common Objects in 
Context (COCO). Deep Learning 
model is used to detect free space, 
and a layer containing the 
segmentation information is exported.

Fig.3Object detection result
Images are stored and processed on 
the server using the object and 
segmentation detection algorithm.
Using an android phone, users can 
download the image and a file with 
labeled information and modify the 
labels using tools on the application. 
Three tools are included: box 
modification, line labeling and area 
modification. After manually 
modifying the labels, users can 
upload the labeling information back 
onto the server.

Fig.4User Interface

Faster and Better Image Labeling
Sponsor: Mr. Bei Yang, Huawei
Team Members: Rui Silva, Yifan Zhu, Yifan Zhai, Yunzhe Hu
Faculty Advisor: Prof. Mian Li      Instructor: Prof. Yong Long

√ 
√ 

√ 
√ 
√ 
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sampling.

Fig. 5Preprocessed image with lane lines

Validation
Validation Process:       
With several images given by Huawei, 
we test the preprocessing methods 
and compare the results with manual 
labeled ones. Further, we test the 
average time for people to label one 
image.
Validation Results:
·Accuracy of deep learning model 

for automatic pedestrians and 
vehicles detection > 85%

·Accuracy of image processing 
algorithm for automatic lane lines 
detection > 15%

·Error tolerance for pedestrians and 
vehicles < 10 pixels

·Error tolerance for lane lines < 10 
pixels

· means to be determined.

Conclusion
We developed an semi-automatic tool 
to label images with both high 
efficiency and satisfactory accuracy is 
required for the development of a 
high-quality model for autonomous 
driving. By combing preprocessing 
methods and manual modification, 
we save the time of labeling as well as 
ensure the accuracy of the work.

Acknowledgement
Mr. Bei Yang from Huawei
Prof. Yong Long from UM-SJTU Joint 
Institute

Reference 
[1] http://flask.pocoo.org/
[2] https://arxiv.org/pdf/1512.03385.pdf

user are able to add, delete, modify 
the items through the website by the 
tools provided. Integrated results will 
be sent to Huawei at the end.

Design Description
A web platform is used for manual 
modification supported by Flask, a 
python micro framework [1]. 
Considering Huawei’s preference of 
mobile solution, the website can be 
opened and used through web 
browsers on smartphones. The front 
end provides rectangular marquee to 
classify the vehicles and people, pen 
to label the lane line, brush/rubber to 
describe the free space, zoom in/out 
to move the picture. 

Fig. 3Conceptual user interface

Modeling and Analysis
A deep learning model called ResNet
is used in the preprocessing stage to 
detect the vehicles and people in 
these images [2]. Pictures are fed to 
the model, and we filter out 
unrelated information.

Fig. 4 Preprocessed image with vehicles
Image processing algorithm is also 
used in the preprocessing stage to 
find out lane lines. This includes 
image enhancement, view angle 
transformation, color space 
conversion, polynomial fitting, and 

Faster and Better Image Labeling
Sponsor: Mr. Bei Yang, Huawei
Team Members: Xinyi Liu, Sijia Dong, Bowen Zhang, Xiteng Liu, Lars Vagnes
Faculty Advisor : Prof. Mian Li    Instructor : Prof. Yong Long

Problem Statement
As deep learning methods have been 
widely used in autonomous vehicles 
projects, people recognize that a large 
database of accurately labeled images 
is of the same importance as the 
advanced algorithms. However, it’s 
hard to get such a large database with 
high-quality labels. While pure 
manual labeling costs a lot of time, 
results from image processing 
algorithms contain a lot of noise. 
Therefore, a semi-automatic tool to 
label images with both high accuracy 
and satisfactory efficiency is required.

Fig. 1 Sample image with objects labeled

Concept Generation
The objective is to correctly label the 
large vehicles, small cars, pedestrians, 
cyclists, lane lines, and passable areas 
in given images with the tool. In order 
to increase the efficiency and 
accuracy, the tool combines 
automatic preprocessing and manual 
modification. Raw images are got 
from Huawei, then deep learning 
model is applied to detect cars and 
people and image processing 
algorithm to find the lane lines. The 
results will be sent to the server, and 

Fig. 2 Conceptual flow chart
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Problem Statement
The field of auto driving requires a 
large amount of image labelling data 
to train deep learning models for 
object detection, and currently the 
produce of such data mainly relies on 
labor work. We need to ease this 
process and thus we can boost the 
development of auto driving.
We need an image labelling system 
that is able to label objects on the 
road accurately and efficiently.

Fig. 1 Image Labelling in Auto Driving

Fig. 2 Needs in Detail

Concept Generation
The images will firstly be pre-
processed. The pre-processed frames, 
free space will be stored on the 
server together with the original 
figures. Then the app requests for 
these resources and parse the data. 
The user can modify the pre-
processed labels manually to improve 
the accuracy. The improved version 
will be stored on the server.

Fig. 3 Detailed Concept Diagram

Android Application：
View Layout: Landscape View
Measurement Unit: Pixels
Free pace painting: Multilayer Canvas
Label Adjustment: Custom View

Fig.7 Multilayer Canvas Design

Validation
Validation Process:       
· Load tolerance of the server: we 
arranged multiple Android devices to 
send 200 requests simultaneously 
and calculated the response time.
· Functionality of Android application:
we used single Android device to 
label hundreds of different images 
with different labels and recorded 
crashes of application.
· Accuracy of labels: we asked 4 
students to label 1000 images, 
calculated the average errors (in 
pixels), and compared to the sample 
provided by our sponsor.
Validation Results:
According to validation, accuracy, 
efficiency, and stability of our system 
can be guaranteed.
 Average Service Response Time is 

about 10ms/request
 The application never crashes 

while labelling 1000 images
 Average error of each edge in 1000 

images is less than 2.5 pixels
√ means having been verified.

Conclusion
Our system combines auto image 
label preprocessing and manual 
modification. It is able to accurately 
label vehicles, pedestrians, lane lines, 
and free spaces with error less than 
10 pixels in a high efficiency.

Acknowledgement
Sponsor: Bei Yang from Huawei
Yong Long from UM-SJTU Joint Institute 

Design Description
Pre-processing：
The pre-processing algorithm uses 
convolutional neural network model 
to automatically label objects.

Fig.4 Origin vs Pre-processed Image
Server:
Handle requests from the Android 
application and manage resources.
Android Application：
1. Request from the server for 
resources, and  parse JSON into 
images layers. 
2. Users modify manually with zooms:

a. Vehicles and pedestrians: add 
rectangles, adjust sizes and locations. 
b. Free Space: paint the free space or  
use eraser to revise
c. Lane lines: use pen tool to add path, 
modeled by Bezier curve. 

3. Upload and request for the next

Fig.5 Android Application User Interface

Development Details
Pre-processing：
Language: Python 2.7
Libraries: Tensorflow, Keras, OpenCV
Method: Object Detection & 
Semantic Segmentation
Server:

Fig.6 Server Component Details

Faster and Better Image Labelling
Sponsor: Bei Yang, Huawei
Team Members: Zhao Chen, Ronghan Chen, Peiying Li, Jingjing Tao, Chen Zhu 
Faculty Advisor: Prof. Mian Li      Instructor: Prof. Yong Long

Item Requirements

Objects Pedestrians, Vehicles, Lane 
Lines, Free Space

Speed 1000 figures/h with 4 people

Accuracy Object > 20 pixels, 
Error < 10 pixels

Platform Mobiles preferred

Components Selection Function
Server Aliyun Function Basis
Web Server Apache HTTP Service
Database MySQL Resource Query
Language PHP Response Logic
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Problem Statement
In order to achieve an accurate deep 
learning model of road objects 
detection , researchers need a large 
scale of high quality labeled images as
the training set. This project aims to 
develop an efficient and accurate 
image labeling tool on Android 
devices so that people can label 
images in anywhere at anytime.

Fig. 1 A sample of labeled images

Concept Generation
Pre-trained deep learning models are 
selected to detect pedestrian and 
vehicles more accurately than 
traditional methods. Computer vision 
algorithms are used to detect lane 
lines by extracting characteristics.
There exist three main parts in our 
design: A preprocessing server, a file 
management server and an Android 
application. 

Fig. 2 Concept Diagram

Design Description
The preprocessing part uses the deep 
learning model YOLO[1] to detect 
pedestrian as well as vehicles and 
Hough transform to detect lane lines.
All the preprocessed results, i.e. 
coordinates of the labels, are stored 
in a format of standard Json files. 

Validation
Validation Process:       
For accuracy, tests will be performed 
on sample pictures under different 
environment situations. If the errors 
can be kept below 10 pixels then the 
system can meet the specification.
For speed, the application will run on 
mobiles phones with different 
computing power and various screen 
resolutions to test the variation of 
processing and operating time.
For stability, sets of numerous 
complicated operations will be 
performed on the application to test 
its performance after long time use.
Some other specifications can also be 
verified using easy experiments.
Validation Results:
According to validation part, most 
specifications can be met.
 Accuracy (Error)<=10 pixels
 Loading time<=5 s/image
 Operating time<=45 s/image
 Transmission speed>=1Mb/s
 Stable time>=2 hours
 Cost<=1000 CNY per month
• Preprocessing time<=60 s/image       
√ means having been verified and · means to be 
determined.

Conclusion
The Android image labeling app can 
be used for labeling road objects with 
the help of preprocessing techniques 
including neural network and 
computer version algorithms. We 
have achieved the objective of
maintaining high speed for accurate
labeling.

Acknowledgement
Sponsor: Bei Yang from Huawei  
Technologies Co. Ltd. 
Yong Long from UM-SJTU Joint Institute. 

Reference 
[1] Joseph Redmon, Ali Farhadi. (25 Dec 
2016) YOLO9000: Better, Faster, Stronger. 
arXiv:1612.08242 [cs.CV]

The Android client uses a Secure File 
Transfer Protocol (SFTP) to connect 
the web server and download the 
initial image and the preprocessed 
labeling data. Using Android Canvas 
API, the users can modify the labels 
and draw free space on the image. 
After manually adjusting, the web 
server receives the modified results,
and then runs a Python script to 
convert the free space images into 
Json files as dot matrices.

Fig. 3 Android client interface

Modeling and Analysis
The Android client has four types of 
functions. The drawing function 
includes five sizes of pen and eraser, 
the rectangle tool and the line tool. 
The display function realizes zoom, 
select, undo and redo operations. The 
preview function can show pedestrian, 
vehicles, lane lines and free space 
separately. The transmission function 
is used to connect our web server. 
The following graph shows the 
original state and the working state of 
the Android client.

Fig. 4 Android client interface

Faster and Better Image Labeling
Sponsor: Bei Yang, HUAWEI
Team Members: Kai Zhang, Ning Zhu, Weihong Song, Wenyao Zhu, Yue Song
Faculty Advisor: Prof. Mian Li     Instructor: Prof. Yong Long
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Problem Statement
The monitoring system enables us to 
know what is happening at a remote 
place. Therefore, surveillance 
cameras are widely applied on streets 
and in buildings to monitor illegal acts. 
However, there are two main 
disadvantages of this monitoring 
system. First, the surveillance camera 
is not mobile. Therefore, the cameras 
always shoot from a high place which 
can not ensure clear images. 
Furthermore, there can be blind 
spaces. Second, there is no alarm if 
wanted criminals appear. In other 
words, people are not identified, 
which makes arrest inefficient.
We are trying to develop software on 
a smart glass, which enables officers 
to quickly identify people portably 
when performing their duties.

Concept Generation
The camera on smart glass captures 
real-time video frames. Face 
detection and recognition APIs are 
called and the result is added into 
frames. Then frames are packaged 
and pushed to live stream server. 
Others can see the live video 
remotely pulled from the live stream 
server [1].

Fig.1 Flow Chart

Fig.2 Concept Diagram

input face and the other faces, and 
minimize the distance between the 
faces in the same category. FaceNet 
achieves an accuracy of 99.63% on 
the wildly used Labeled Faces in the 
Wild (LFW) dataset and an accuracy 
of 95.12% on YouTube Faces DB.

Validation
Validation Process:       
The smart glass we use is GLXSS Pro 
sponsored by YITU. The weight is 33.6 
gram. The camera on the smart glass 
supports 1080p 30fps video recorder 
resolution. In order to measure the 
delay, we open the glass to take real-
time video on a clock and watch the 
live video on our computer, and then 
measure the time gap between the 
clock in the video and real time. The 
face detection accuracy is measured 
by comparing the real results and a 
huge big database.
Validation Results:
According to validation part, most 
specifications can be met.
 Smart glass weight <= 50 gram
 Resolution >= 720p 30fps
 Delay <= 20 seconds
 Face Detection Accuracy >= 95%              
√ means having been verified.

Conclusion
Face detection and recognition 
techniques can be used on smart 
glass. The key to achieve this goal is to 
develop live system and try to reduce 
delay. And also, the accuracy is very 
important for daily usage.

Acknowledgement
Sponsor: YITU
Instructor: Yong Long, Mian Li, Yunlong Guo, 
Chengbin Ma from UM-SJTU Joint Institute 

Reference 
[1] http://www.llvision.com/product-
GLXSSPro.html
[2] FaceNet: A Unified Embedding for Face 
Recognition and Clustering

Design Description
The smart glass is connected to 
controller by USB wire for stable 
transmission data. The camera on the 
smart glass will get YUV color format 
bytes array, so we first transform the 
data into ARGB color format bytes 
array on the controller. Every two 
seconds, the controller call API to do 
face detection and recognition by 
HTTP protocol. The frame will be 
encoded into base64 string to fit the 
API. The result will be in JSON that 
show the box location and face 
information. We add the result into 
frames and package them into flv with 
H.264 by FFmpeg in order to push 
them onto live stream server by rtmp 
protocol efficiently. The live stream 
server provide multiple service to fit 
different stream transform protocols 
that different clients use.

Modeling and Analysis
In order to solve the tasks such as face 
recognition, verification and clustering, 
the FaceNet system [2], directly learns 
a mapping from face images to a 
compact Euclidean space where 
distances directly correspond to a 
measure of face similarity. FaceNet 
neural network takes a face picture 
(220*220*3) as an input and returns a 
128-D matrix which gives a 
measurement of the face. The whole 
network architecture is shown as 
below.

Fig.3 Network Architecture
The loss of the measurement is 
designed to maximize the distance 
between the measurement of the

Face Detection and Identification 
Application in Smart Glasses 
Sponsor: YITU
Team Members: Qun Song, Chengzhe Lu, Liliang Ren, Yuexiao Wu, Jian Zhang
Faculty Advisor: Prof. Mian Li     Instructor: Prof. Yong Long
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Problem Statement
Latency time of VR glass is the time 
consumed in changing the calibration 
of the position after VR glass users 
move and turn around. The method 
of testing the latency time is 
immature, but it can help determine 
the quality of different VR glasses.
Comparing latency times of different 
VR glasses and using different 
methods with a toolkit can make the 
benchmarking toolkit a good product 
in VR glass producing companies.

Concept Generation
Sub-system concepts consist of 
detecting the turning of the platform, 
the changing of light signals and the 
changing of pictures generated by VR 
glasses. A serial monitor should be set 
to calculate the latency between 
these two signals, since serial monitor 
can be easily used for validation.  

Fig.1 Concept Diagram

Fig.2 Circuit of Device

Fig.3 Manufacturing Process

Validation
Validation Process:       
We fix the head model on the 
multifunctional platform, and let the 
platform to rotate uniformly using 
step motor. Then, we can get the 
exact time on serial monitor. 
Moreover, we need to use the high 
speed camera to test the hardware 
delay by recording the time difference. 
Validation Results:
According to validation part, most 
specifications can be met. With 
turning motion done , moving, raising 
and nodding can be done in the 
future which means it can also be 
improved in the future.

Conclusion
This VR benchmarking toolkit can test 
latency time of different VR glasses both by 
light signals from light sensors and graph 
from camera. The comparation of quality 
can help VR glass producing company and 
VR glass using company determine which 
kind of VR glass to use.

Acknowledgement
Sponsor: Guobin Chen from Intel
Mian Li, Yunlong Guo, Yong Long and 
Chengbin Ma from UM-SJTU Joint Institute 

Design Description
The 3D printing head model with a 
holder can make sure that the sensors 
and high-speed camera being stable 
when the platform is turning. The 
multifunctional platform is operating 
by a step motor with a maximum 
motor speed much like human head 
turning.  
The light signal and acceleration 
signal are transmitted to micro 
controller which will calculate the 
latency time. We use NTE-3032 light 
sensor and MPU-6050 acceleration 
sensor.
The high-speed camera can get the 
graph of the screen on the VR glass 
and can calculate the latency time 
through computer.

Fig.4 The Set-up System of Model

Modeling and Analysis
Serial monitor in Arduino is used to 
detect what time signals are triggered. 
It firstly gets the input signals of the 
acceleration sensor and then get the 
input signals of the light sensor. Then, 
we can calculate the time difference 
between the two signals, and this 
time difference is the latency time. 
The following graphs show the results.

Fig. 5 Input Signal of Sensors

VR Benchmarking Toolkit 
Sponsor: Guobin Chen, Intel
Team Members: Zhan Xu, Tao Liang, Kaiwen Liu, Wasseem Aboubaker
Faculty Advisor: Prof. Mian Li    Instructor: Prof. Yunlong Guo

Validation Expected Real Result

Latency < 20ms 17ms
Model 
Accuracy

> 95% ≈98%

Cost < 10000RMB ≈2000RMB
Hardware 
Delay

< 20ms 5ms

Trans Time 
(IR sensor)

< 5ms 1ms

Trans Time 
(MEMS)

< 5ms 2ms

Motor Speed > 5 degree/s 25 degree/s
Time for Data 
Processing

<  1s To be 
determined
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Problem Statement
Pedestrian detection essential and 
significant task in any intelligent 
video surveillance system. This 
technology can provide the basic 
information for understanding of the 
video footages. However, current 
models for pedestrian detection based 
on deep learning mostly depends on 
the computing speed of hardware too 
much to be commercialized. So we 
need to design a both efficient and 
accurate detection system to meet the 
needs in various environments. 

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

Concept Generation
We summarized six specifications 
that are essential to successful 
detection and its quality, and rank 
them according to priority.

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

Fig. 3 Validation test on multiple pedestrian 
pictures

According to validation part, most of
specifications can be met.
Box correctness>=75%
Lose of clothes color<= 2%
Lose of pedestrian postures<=10%
Lose of pedestrian profile<=10%
Lose of environmental light<= 4%
Lose of multiple pedestrian<= 2%

Conclusion
The pedestrian detection program 
designed by our group has a good 
performance and can be run in 
personal computer. The key is to 
combine the two machine learning 
sections, 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 Prof. Yunlong Guo
Supporter: IT office from UM-SJTU JI

Reference
[1] Computer Vision and Pattern 
Recognition, 2005. CVPR 2005. IEEE 
Computer Society Conference on，
Histograms of oriented gradients for 
human detection N.Dalal, B.Triggs

Design Description
The design procedure is divided into two 
parts. The first part is to build the 
pedestrian detection model, and it 
combines an OPENCV section and a CNN 
section. In OPENCV section, we use the 
Adaboost detector with the HOG 
features. The CNN section is to build the 
CNN classifier that will detect the output 
of the OPENCV part to filter the boxes.

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. A 
training sample contains a picture 
and the correct answer showing 
whether the picture contains a 
pedestrian.  We merge the answer 
into the picture as the input of the 
CNN for training. After iteration for 
many times the parameter of the 
CNN will be modified  and converged 
to finally detect pedestrians 
successfully. 

Modeling and Analysis
One way to judge the performance of 
the pedestrian 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. 
If the box cover 75% percent of the
area of the actual answer box, we
regard it as a valid box, otherwise it is
a false box. We count the number of
TP, FN, FP, TN and then draw the PR
curve.

Pedestrian Detection Based on Deep 
Learning
Sponsor: Dr. Kevin Que, Intel
Team Members: Xu Liu, Zhiyuan Wang, Zhenmin Wang,

Shenyue Chen, Chang Liu
Faculty Advisor : Prof. Mian Li            Instructor: Prof. Yunlong Guo

Stakeholder 
Objectives

Priority
(Highest: 10) Description

Box correctness 9
The box which circles the 

pedestrian should be 
correct and complete

Clothes color 9
The system should be able 
to detect the pedestrian 

with different clothes color.

Posture of 
pedestrian 9

The system should be able 
to detect pedestrians with 

or without general posture.

Profile 
pedestrian 
detection

9
The system should be able 

to detect the profile 
pedestrian detection.

Environmental 
Adaptation 8

The system should function 
normally with non-extreme 

light conditions

Multiple 
pedestrians 
detection

8
The system should be able 

to circle multiple 
pedestrians in the frame.
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Problem Statement
Forward Collision Warning is to avoid
collision by estimating the distance
between the car the objects ahead.
There are different methods of
implementing this function like radar,
which have problems like high cost,
low accuracy and low speed [1]. This
project aims to use a binocular
camera to provide a low-cost, high-
accuracy and high-speed solution.

Fig. 1 Sample Picture Taken
by a Binocular Camera

Concept Generation
To achieve low cost and portability,
we use OpenCV, an open source C++
library, to implement the functions.
To achieve high speed and high
accuracy, we decide to use modified
Semi-Global Block Matching (SGBM)
to generate depth map from sphere
maps.

Fig. 2 Concept Diagram

Fig. 3 Modified SGBM

Validation
Validation Process:       
For accuracy, we use several objects
to set up a scene and measure the
real distances from the key objects to
the binocular camera. And then we
compare them with the depth map
we generate. For speed, we take 50
different pictures with the same size
and similar characteristics and then
calculate the average time to
generate the depth map. We create
an interface where the user can input
pictures and simple commands to get
depth information.

Validation Results:
According to validation part, most 
specifications can be met.
 Accuracy ±5%
Well encapsulated
 Portable
 Cost<=2000RMB
• Speed <= 100ms
√ means having been verified and · means to be 
determined.

Conclusion
Our project gives out a prototype for
depth estimation by binocular camera,
showing that estimating depth by
camera signal processing has
advantage in low cost and high
accuracy, which can be a promising
application in warning collisions from
all the the directions.

Acknowledgement
Sponsor: Feng Yuan, Junkai Wu, Wei Zong
from Intel
Yunlong Guo, Mian Li, Chengbin Ma, Yong
Long from UM-SJTU Joint Institute 
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Advancements in Stereo Vision. 
InTech Open Access Publisher, 2012.

Design Description
The design consists of mainly two
parts, calibration and depth
estimation. We use images with
chessboard to calculate the
parameters. Then we use the
parameters to generate sphere maps
for regular raw images because
sphere maps have wide angle and can
be used to measure not only vertical
but also horizontal distance easily.
And then we use the correspondence
of the left and right sphere maps to
calculate disparity map and depth
map.

Fig.4 Sphere Map Model

Modeling and Analysis
Below is the spherical depth map of
the sample pictures. The darker, the
farther the point is. From this depth
map, we can use the angle to
estimate the vertical distance
between the camera and all the
points in the picture and the
horizontal distance easily as well,
which will be useful in collision
warning.

Fig. 5 Spherical Depth Map of
the Sample Pictures

Forward Collision Warning by
Camera Signal Processing
Sponsor: Feng Yuan, Intel
Team Members: Zheng Xuan, Qian Junqi, Xie Fuman, 

Yang Zhenwei, Lv Yiyang
Faculty Advisor: Prof. Mian Li Instructor: Prof. Yunlong Guo
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Problem Statement
Gesture recognition is a computer 
science and linguistics of human 
gestures through mathematical 
algorithms for people to express the 
meaning of the analysis, judgment 
and integration of interactive 
technology. In recent years, with the
development of mobile Internet and
artificial intelligence, it has been 
widely used in smart home 
appliances, virtual reality, and other 
fields. However, the current gesture 
recognition system has some major
obstacles, such as low recognition 
rate and slow recognition speed. 
In our project, we need to develop an 
efficient algorithm, which can 
recognize the six gestures in Fig.1 
with high accuracy, in both simple 
and complex background.

Fig.1 Six Gestures.

Concept Generation
The gesture recognition system is 
based on 2D static images. Images 
with gestures are captured from a 
camera. The image should be first 
processed the detect and segment 
the gesture. The segmented result 
should have a fixed size and the 
gesture is the main part of it. Then a 
classifier, which we use CNN in our 
design, is applied to recognize which 
gesture is in the segmentation result. 
Fig. 2 shows the concept diagram.

Fig. 2 Concept Diagram

Validation
Validation Process:       
First we validate the whole working 
performance of our system by set up 
it and test the six gestures with real 
time recognition. To test the accuracy, 
we build another test case set with 
1k+ images of different gestures in 
different background. We write a test 
program to recognize them and 
compare to the given answers. Finally,
only one USB camera is used in our 
system, so the budget is easy to 
controlled. 
Validation Results:
According to validation part, most 
specifications can be met.

Six right hand gesture types
Recognition angle ≈ 15˚
Minimum size = 100 dpi * 100 dpi
Cost < $ 100
Environment: Linux, Python 2.7,
Offline  

·Distance: 3-5 m
·Accuracy > 95%            
√ means having been verified and · means to be 
determined.

Conclusion
In our program, we have developed a 
system can recognize six gesture
types. The accuracy in simple 
background is high as expected. The 
accuracy in complex background can 
be improved with advanced 
segmentation algorithms.

Acknowledgement
Sponsor: Wang Haobo, Zhang Zhuosi,
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Design Description
The design uses a camera to capture
images of hand. In the image pre-
processing stage, Gaussian blur and
skin detection algorithms are applied 
to detect the gesture [1]. The result is 
binarized to emphasize important
characteristics of gestures. The result 
will be the input of a CNN 
(Convolutional Neural Network) 
classifier. The CNN classifier has been 
trained beforehand by pre-processed 
dataset. The CNN classifier has the
capacity of recognizing different
features and determining the
possibility of being each gesture. The 
output is shown as a histogram.

Fig.3Design Details

Modeling and Analysis
To ensure the accuracy of recognition, 
a valid dataset with large amount of 
gesture images is required to train the 
CNN classifier. We build the dataset 
with 10k+ images by ourselves and 
train the model with 15 epochs. The 
training result is in Fig. 4.

Fig. 4 Training Result

Gesture Recognition System
Sponsor: Wang Haobo, Zhang Zhuosi, Zhang Jingjing, Panasonic
Team Members: Li Jiaqi, Li Guohao, Wu Yichen, Wu Jiachen, Kang Yiyan
Faculty Advisor: Prof. Mian Li   Instructor: Prof. Yunlong Guo
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Problem Statement
In manufacturing of SiC wafers, there 
exits a killer defect which affects the 
electronic property of wafers. The 
type of defect is called basal plane 
dislocation (BPD). Current BPD 
detection algorithm on ultraviolet 
photoluminescence (UVPL) has large 
memory consumption. Our project is 
required to reduce peak memory to a 
large extend while running time does 
not change much comparing to 
existing algorithm. 

Fig. 1 Schematic drawing of BPD[1]

Concept Generation
Sub-system concepts are parallel 
computing of pieces of image, and 
detection. Machine learning is used 
to detect BPDs. Detection algorithm is 
followed by further analysis to pick 
out true BPDs. The labeling of true 
BPDs on a binary graph is a final 
outcome. 

Fig. 2 Detailed structure function

Design Description
With the image imported from bit 
stream, rolling mechanism is applied 
to resolve difficulty of detection on 
boundary  and reduce processing 
memory. A decision tree is then 
trained on BPD under various signal 
to noise ratio and resolution of image. 
Eight-level hierarchical testing 

Validation
Validation Process:       
For the running time of the program, 
it is measured by system clock, and 
the result will be displayed in the 
console. Third party tool is applied to 
measure the run time memory, so 
that peak memory can be found. The 
accuracy of detection is compared 
with the existing algorithm from 
company. The difference in result is 
verified manually. 
Validation Results:
According to validation part, most 
specifications can be met.
 Processing time <= 3min 
Memory with output ≈ 500MB
• BPD detection recall >= 90%
• BPD detection precision >= 80%
• BPD amount accuracy >= 90%
• boundary deviation(H)  <= 3 pixel
• boundary deviation(V)  <= 1 pixel
√ means having been verified and · means to be 
determined.

Conclusion
Decision tree with selected features 
can be a powerful tool of finding BPDs, 
also it takes up small memory. In 
addition, the false detection must be 
considered, as manufacturing process 
requires a precision in eliminating the 
killer defects. 
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provides aids on a better selection of 
true BPD.  To make use of all features 
of BPDs,  morphological properties 
are considered. The method will help 
us filter out more possible noise.

Fig. 3 Rolling mechanism

Fig.4 Decision tree

Modeling and Analysis
The program first reads raw data of 
image. A sample piece of original 
image is shown in Fig 5 with the size.  
Each piece of 256*15000 sub-image, 
is sent to a decision tree with at most 
8 levels. Morphology analysis on 
binary image from the tree verifies 
the area, length, height of each 
connected component. 

Fig. 5 Sample original image

Fig. 6 Labeled map of BPDs

Optimization of Defect Detection Algorithm 
for Semiconductor Manufacturing
Sponsor: Paul Wieczorek, Jianuo Shi, KLA-Tencor
Team Members: Leyang Xue, Xubo Leng, Qi Lian, Yiming Wu, Kaiqi Yao
Faculty Advisor: Prof. Mian Li     Instructor: Prof. Yunlong Guo 
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Problem Statement
The field test for an automatic driving 
car requires large consumption of 
manpower and expenses. This 
situation can be improved by virtual 
reality. UAES is developing an 
autopilot car running in the office. A 
simulation car is built by CARSIM. Our 
project is designed to simulate the 
field test scene and the image 
identification function of the car.

Fig. 1 Virtual Car Simulated by CARSIM

Concept Generation
A virtual office scene is built in Unreal 
Engine 4. The scene contains Office 
facilities and people in different 
status. In the scene, the virtual car 
runs with a camera which captures 
the image in front of it. The image is 
shared to MATLAB by a plugin 
written in C++. In MATLAB, the image 
identification is done by Point Feature 
Matching algorithm.

Fig. 2 Detailed Structure Diagram

Fig. 3 Concept Diagram

Validation
Validation Process:
The virtual scene should include 48 
tables, 48 chairs, 12 lights and 
workers of different status. For box 
correctness, the result can be 
calculated by the ratio of the area of 
standard box to the area of detect 
box. For object detection, the 
accuracy rate can be calculated by the 
ratio of the number of correct results 
to the number of  all test cases.  
Running time includes image capture,  
transfer and processing. A timer is 
used to measure. 
Validation Results:
Most specification can be met.
 Realization of Virtual Scene
 Box Correctness >=80%
 Single Object Detection 

correctness >=95%
 Multiple Object Detection 

correctness >=90%
• Running time <= 1s              
√ means having been verified and · means to be 
determined.

Conclusion
To reach the quantification of design 
specification, various improvement is 
needed. Adding the complexity of 
virtual object in Unreal Engine 4 
increases object detection 
correctness. Improving the 
configuration of computer shortens 
the time for image transportation. In 
MATLAB, features of image but not 
image itself is compared. This saves 
the processing time of MATLAB.
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Design Description
The office scene in Unreal Engine 4 is 
first built by Geometry construction 
and collision body construction. To 
make objects look real, materials and 
textures are adjusted and light system 
is built. Then, the car is put in the 
environment and blueprint is used for 
control. A built-in camera will capture 
images from the virtual environment. 
A shared-memory path is used to 
transfer images to MATLAB. Because 
the programming in Unreal Engine 4 
is realized by C++, the function of 
shared-memory path is realized by 
C++ and MATLAB.

Fig.4 Artificial Office Environment 

Algorithm and Analysis
Image Processing is realized by Point 
Feature Matching algorithm. 
Reference images of different objects 
from different angles are first made. 
After the image captured from Unreal 
Engine is transferred to MATLAB, 
functions in Computer Vision System 
Toolbox are used to extract features 
such as colors and textures. Those 
features are compared with the 
features of reference images to find 
out the matched elements.

Fig. 5 Image identification of Chairs

Image Processing in Artificial 
Environment in Unreal Engine 4
Sponsor: Hao Zhou, UAES
Team Members: Zeming Luan, Jiafeng Zhou, Zhiqing Chen, 

Yiwen Wang, Yiming Li
Faculty Advisor: Prof. Mian Li Instructor: Prof. Chengbin Ma
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Problem Statement
Drowsiness has been a major cause of 
road accidents. Report shows that up 
to 20% major traffic accidents are 
caused by driving drowsiness.[1]  
However, with the high occurrence 
rate, the drowsiness detection system 
is seldom used in current cars. Our 
project aims to build an affordable 
drowsiness detection model based on 
big data. 

Concept Generation
Vehicle Spy (software) sets speed 
value and angle change pattern, and 
then inputs signals into NeoFIRE VI 
which simulates real car environment.  
After simulation, neoFIRE VI inputs 
data into Vehicle Spy (Software),and 
it generates time, drowsiness, vehicle 
speed, steering angle and other 
signals into a csv file. 

Fig.1 Pictures of NeoFIRE VI (left) and 
Vehicle Spy (Right)

After basic conversion and denoise of 
data, steering angle, drowsiness and 
speed will be used to train model. In 
order to simplify the process, entropy 
of speed and angle is calculated. After 
training, the model will be able to 
predict the drowsiness of the driver 
based on steering angle and speed. 

Fig.2 Systemization of Function Blocks

Validation
Validation Process:       
To test the accuracy of the trained 
models, we selected three new data 
sets as test sets, and inputted these 
data to the model. We observed that 
the prediction of drowsiness and the 
standard value provided by UAES 
share the same trend.
Validation Results:

Fig. 5 The predicted (blue) and actual (red) 
value of drowsiness. 

According to our validation results, 
most of our specifications are met. 
 Process Capacity > 200 MIPS
 Loss < 5 %
 Data Size >1,000,000 valid pieces
 FLOPS = 100 G·s-1

 Hidden Layer = 3 layers
 Neuron per Layer = 10 layers
√ means having been achieved.

Conclusion
The driving drowsiness detection 
system based on big data is an 
affordable and promising way to 
prevent drowsiness driving. We build 
the model based on RNN and trained 
it for many times. Finally, our model is 
able to grade wide range of 
drowsiness with high accuracy. 
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Design Description
The data used for model training
combines sets from simulation from
NeoFIRE VI and sets aqccuired from
real car driving.
Model building is basd on data of
speed, steering angle and reference
drowsiness against time. Speed and
angle are firstly denoised using
Matlab and sample entropy is
calculated for further analyze.

Fig.3 Sample Entropy (red) of Speed (left) 
and Angle (Right) with Original Data (Black).

Modeling and Analysis
A recurrent neural network (RNN) is a 
class of artificial neural network 
where connections between units 
form a directed cycle. This allows it to 
exhibit dynamic temporal behavior. 
Unlike feedforward neural networks, 
RNNs can use their internal memory 
to process arbitrary sequences of 
inputs. [2]

Fig.4 Recurrent Neural Network Model
In our project, we use RNN rather 
than CNN because that RNN can 
exhibit dynamic temporal behavior. 
This is extremely important for us to 
consider the steering angle as well as 
its derivative with respect to time to 
build a model. Hence RNN is the best 
method to establish the model we 
need. 

Driving Drowsiness Detection Based 
on Big Data
Sponsor: Yong Luo, United Automotive Electronic Systems Co.,Ltd
Team Members: Zhiyu Wang, Yibo Zhao, Xiangru Qian, Rui Lin
Faculty Advisor: Prof. Mian Li Instructor: Prof. Chengbin Ma
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Problem Statement
LabCar is a device specialized in BCM 
(Body Control Module) testing that 
can both send and detect signals to 
and from BCM.

Fig. 1 LabCar device[1]
The detection loop of the existing test 
system is labeled in gray dashed line 
and blue line, computer gives orders 
to LabCar and LabCar sends signals to 
BCM, then BCM gives feedback to be 
detected by LabCar. The problem is 
that the current connection is based 
on traditional wires, which are easy to 
be entangled. This project is to build a 
driver system based on NI card to 
realize the wireless detection function, 
as shown in black arrow while the 
feedback loop remains the same.

Fig. 2 Working principle of LabCar

Concept Description
Considering the current auto-testing 
environment is based on LabVIEW, 
the selected design used the LabVIEW
encapsulated tool to send command 
to driver, thus to control the NI card.
The whole process is divided into two
parts. One it to build control LabVIEW

To integrate the file into TestCASE, 
add the procedure of generation into 
task queue, thus the task in the 
queue would operated in order.

Fig.5 Phase of task queue management

Validation
Validation Process:       
1. Give the following engineering 
specifications, and adjust the 
parameters for signals to meet them.
• Signal modulation type: FSK
• Chips rate: 9.6k-19.2k Chips/S
• FSK deviation: 60k
• Redundancy check: CRC8
• Signal frequency: 433.92M Hz
2. Provide data, and generate wireless 
signals by NI-PXI 5650.
3. Check whether BCM receive, or 
recognize the signal.
Validation Results:
With careful check, the data carried in 
signal could be received and 
recognized by the BCM, and BCM 
could react with correct behaviors.

Conclusion
To achieve wireless detection for the 
existing system, a driver system based 
on NI card is built. The process is to
write the control file by LabVIEW and 
integrate it into the current testing 
environment. As a result, the BCM 
can recognize and respond to the 
user-specified signals such as TPMS. 
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file to control the wireless card and 
send user-specified signals. The other 
is to integrate the control file into the 
current test system named TestCASE.

Fig. 3 Flow chart of design

Design Detail
For the first wireless signal generation 
part, there are three sub phases. 
Signal data processing specifies, 
combines and transfers data into a 
binary array for further use. 
Parameter specification provides the 
parameters for signals, including the 
frequency and modulation type.
And user-specified signal generation 
directly generates the signal based on 
corresponding data and parameters.

(a) Signal data processing

(b) Parameter specification

(c) User-specified signal generation
Fig.4 Phases of wireless signal generation

Auto-test System of LabCar and CAN 
Diagnostics（I）
Sponsor: Zhinan Li, UAES
Team Members: Shuyang Huang, Wendi Wang, Jiawen Shi, 
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Introduction of CAN 
Diagnostics

CAN(Controller Area Network):
CAN is a robust vehicle bus standard 

designed to allow microcontrollers 
and devices to communicate with 
each other in applications without a 
host computer.

A set of tools based on CAN is 
provided by Vector company, 
containing both hardware and 
software. In this project, the following 
software products are used: 
1. CANoe: a software tool used to 

build up ECU (Electronic Control 
Unit) environment with hardware 
device. 

2. CANoe.DiVa: the extension for 
generating test cases and 
automated testing of diagnostic 
software implementations in ECU. 

3. CANdelaStudio: a software tool 
used for the compilation, edition, 
and display of diagnostic data 
descriptions for ECU.

Fig. 1 CAN hardware device
UDS (Unified Diagnostic Services):

UDS is a diagnostic communication 
protocol in the ECU environment 
within the automotive electronics. 

Fig. 2 UDS on network

Then using CANoe.DiVa, a list of tests 
will be generated to diagnose the ECU 
product.

Fig.4 CANoe.DiVa system architecture[1]

Validation
Validation Process:       
1. Import CDD file and test feature 

set of ECU into CANoe.DiVa. 
2. Generate the auto-tests using 

CANoe.DiVa, where a full set of 
service requests would be sent to 
ECU.

3. Check whether ECU responses the 
requests correctly through test 
report. 

Validation Results:
The test report shows that the ECU 
responses to the requests in test case 
correctly and thus ensures our auto-
test system, especially the CDD file, is 
finely built. 

Conclusion
To improve current time-consuming 
individual diagnosis, UDS framework 
is built upon CAN for UAES to run 
auto-tests on their ECU products. To 
achieve the goal, a CDD file with 
diagnostic logics is written, then a list 
of tests are auto-generated, and 
finally we get a test report for ECU.
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Problem Statement
Current problem: the validity of 

company’s ECU products can only be 
diagnosed separately, service by 
service, which is time-consuming and 
lacking in robustness.

Need: to build a UDS-ISO 14229 
framework with UAES specification 
upon CAN for the company to run 
auto-tests on their ECU products.

Design Description
As shown in Fig. 3., UAES provides us 
with a UDS diagnosis manual written 
in everyday words. 

First, we translate the manual into 
instruction sets and diagnostic logics 
within the CDD file. For example, the 
computer should be able to send out 
both valid and invalid requests to test 
the ECU. In this step, we use 
CANdelaStudio, where its general 
UDSonCAN framework greatly eases 
our work.

Second, we auto-generate a list of 
diagnostic tests based on the set 
logics and use these tests to diagnose 
the ECU product. This step uses 
Vector’s product CANoe and its 
extension CANoe.DiVa.

Fig. 3 Flow diagram of CAN Diagnostics

The utilized Vector products are 
shown Basically, we set up the servin
Fig. 4. ices, logics and specifications in 
CANdelaStudio, import them into 
CANoe.DiVa. On the other side, the 
test feature set of ECU is also 
imported from CANoe to CANoe.DiVa.

Here the CANoe is connected
physically with the ECU product. 

Auto-test System of LabCar and CAN 
Diagnostics（II）
Sponsor: Zhinan Li, UAES
Team Members: Shuyang Huang, Wendi Wang, Jiawen Shi, 

Weiqi Zhu, Yiyang Jiang
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Problem 
In recent years, archery has been 
increasingly less popular due to the 
high population density in city and 
the relatively high command for the 
area and expense of an archery range. 
It is a loss of fun and a loss of the 
chance to exercise upper body, which 
is especially important for modern 
people who sit at their desks all day. 

Concept Generation
Our project aims at building a bow 
that does not need to shoot the real 
arrow and setting a game interface 
that simulates shooting arrows in the 
wild, so that people can practice 
archery in safety and fun.  

Design Description
Our solution is a motion sensing 
game. We attach a gyroscope to the 
bow to measure vertical and 
horizontal movements and use a flex 
sensor to learn how much you draw 
the string. Signals are send to a 
computer and thus you can use the 
bow to control the cursor. On the 
computer, we run a archery video 
game. Finally, you can play a game 
with the bow. 

Validation
We run test cases and measured the 
two sensors separately.
First, we test gyroscope, when we 
move the bow up, down, left and 
right, the cursor in the screen will 
move accordingly. By changing the 
parameter, we adjust the sensitivity 
to a proper degree.
Second, we test the flex sensor. The 
flex sensor is attached to the top of 
the bow. So when we draw the bow, 
the bending degree will be sensed 
and the signal is sent to the computer. 
We set a threshold in the program so 
that when the bow is drawn hard, the 
bow in the screen starts drawing. We 
release the bow, the arrow in the 
screen will be shot.

Conclusion
The project solves the problem by 
combing the bow with electronic 
components. As a somatic game, our 
project provides an indoor archery 
system for ordinary people. Not only 
it’s a video game, it can works as a 
health-improving system, which 
allows everyone to exercise enough 
and correct upper body shape. One 
possible improvement is to realize its 
compatibility with web TV. This 
system allows people play archery at 
home without going to a range. It not 
only provides users with convenience 
but also offers gymnasiums a fun and 
space-saving project to choose.
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Modeling and Analysis
The way to realize our project is
mainly divided into three parts. Firstly, 
we use the gyroscope to measure the 
direction of the arrow, and measure 
the power that we pull the bow by 
ultrasonic distance sensor. Then we 
send the signal to the screen. By now 
we just use a long wire. At last, the 
signal will be responded in the screen 
and it can measure whether you hit 
the target or not. The game is very 
easy to understand. We use the bow 
taking the place of the mouse and 
play the game in computer. But it can 
be very interesting and can help 
people to exercise. 

Fig. 2 The structure of the bow

Archery Training System
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Hu Huinan, Lu Hongru, Dong Chenyu, Zhou Muhan, Xu 
Pengyu

Fig. 1 Concept Diagram
Fig. 3 Circuit diagram

flex sensor
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Problems
The gun games we have at present 
are divided into two types, CS 
simulation gun game and the Nerf 
gun game. CS games use laser which 
lacks a sense of reality and is not 
exciting enough, or use paintballs 
which make everywhere dirty and are 
not safe for family playing. On the 
other hand, the Nerf gun game does 
not have a clear game rule or scoring 
system.

Concept Generation
Our project aims at improving the 
Nerf gun game with real bullets which 
are safe and light - adding scoring 
system which can show detailed 
information of every player and a new, 
clear rule in order to make the game 
more exciting.

Design Description
A system which can present data on 
players’ performances is our final 
solution. To perfect the system, we 
modify the bullets, add signal 
communication modules and use a 
computer as the controlling center.
We attach receiver modules with 
antennas to clothes for data 
collection and insert small tags with 
unique codes into bullets. By using a 
computer as the controlling center, 
we can process the data and present 
detailed information of each player. 

Validation
We do a sample test to test our 
125kHz RFID antennas and tags.
Table 1 Sample Antenna Test

Although the RFID antenna can read 
the tag from a far shooting distance, 
its long reading time makes it hard to 
read bullets at a high speed, largely 
eliminating its availability. To solve 
this problem, we stick pieces 
of Velcro® fasteners on the antennas 
and bullets and test again.
Table 2 Modified Sample Antenna 

Comparing the two tables we can 
conclude that the precision rises 
significantly and meet our needs. So 
our system works well.
(Distance means the distance from 
the shooting place to the target)

Conclusion
The project works out a system to 
conveniently eliminate the difficulty 
in identifying players’ performances 
in Nerf gun games. It is more than a 
judge for the existing rules. It creates 
new possibilities for playing Nerf gun 
games with much more complicated 
rules. Moreover, it has advantages on 
safety. Two future improvements are 
using RFID antennas with higher 
frequency to make it more precise 
and developing more lightweight and 
handy modules to make wearers 
more comfortable.
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Modeling and Analysis
· CLOTHES
We uses receiver modules with 
antennas to collect data. The Arduino 
board connected to receiver modules 
establish connection with the central 
computer using Zigbee module to 
transmit data to the computer.
· BULLETS
We modify the bullets by inserting 
small tags with unique codes into
their bodies, so we can distinguish 
the shooter when a bullet hits a 
player.
We attach the hook side of the 
Velcro® fasteners to make the bullets 
stay on the clothes longer so that the 
receiver can collect information.
· CONTROLLING CENTER
The central computer will look up the 
code in a code list and find out the 
shooter of the bullet every 50 ms.
After processing the data, it presents 
a table with the latest information of 
players including health points, 
shooting accuracy and the time left 
for a round of game on it.

Nerf Battle Judge
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Liu Yatian, Yuan Yin, Xu Jiawen, Liu Zhiyuan, Tai Chenxi

Distance 0.5 1 1.5 2 2.5

Missing 100% 50% 10% 5% 5%

Distance 0.5 1 1.5 2 2.5
Missing 20% 10% 5% 5% 0%

Fig. 2 Signal Collector

Fig. 1  Signal Generator

Fig. 3 Controlling Center
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Problem 
Small stains on the clothes have long 
been a problem ever since the 
emergence of etiquette. However, 
they are too small for traditional 
cleaning methods to treat them 
specially. Sometimes they can’t be 
adequately removed, if they are, it 
takes a lot of time and effort, even 
with the aid of washing machines.

Concept Generation
Our project aims at  building a new 
compact device that is capable of 
storing key ingredients of cleaning. In 
order to reduce human labour to the 
minimum, we need a complex circuit 
designed to control the whole system. 
An additional heating unit is proposed 
to keep the cleaned spot dry as new. 

Design Description
In the center of the upper part, a 
water tank and a detergent tank are 
used to store enough water for one 
cleaning and detergent for quite more. 
After pressing the start button, the 
device will automatically begin the 
cleaning process. Two solenoid valves 
will enable water and detergent to 
flow onto the clothes. Together with 
the rotating brush, they wash away 
the dirty stain. To absorb the waste 
water, a piece of tissue paper is fixed 
onto the lower half of the device. 
Under it lies the heater, which goes 
up to a high temperature. Once the 
cleaning process is done, the heater 
will power on and vaporize the water 
left on the clothes.
The device is powered by an internal 
12V 1100mAh battery. 

two-part plastic structure to hold all
the components with SolidWorks. The 
water tanks will be made by a 3D-
printer. The upper part includes the 
brush, liquid containers, solenoid 
valves, the Arduino board and the 
battery. The lower part includes the 
heater. We use 4 magnets to connect 
the two parts. 

Validation
The goal of our spot the cleaner is to:
• Clean the dirty spots completely 
• Dry the clothes
• Complete the whole process within 

15 minutes
• Be as small and light as possible
We test our spot cleaner by:
• Comparing the color of the cleaned 

spots to its previous color
• Recording the time taken to 

complete the whole process
• Trying on the clothes cleaned to 

see if it’s dry enough
• Measuring the size and weight

Conclusion
The project solves the problem by
providing a convenient way for people 
to clean the small stains on their 
clothes whenever and wherever they 
are. Not only does the spot cleaner 
greatly reduce people’s time and 
effort to wash clothes with only small 
stains but also it saves water and 
electricity. 
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Modeling and Analysis
The way to realize our project is
divided into several parts.
Firstly, design an electric brush. We 
place it in the center of the device 
and drive it with a 12V DC motor. The 
brush rotates while working to clean 
the dirty spots.

Secondly, design the liquid-spraying 
component. The water and the 
detergent are stored in two 10mL 
plastic containers. The solenoid valves 
enable water to flow onto the clothes. 
The detergent and water will be 
mixed in a proper proportion.

Thirdly, design the dryer. A small 
metal heater is designed to dry the 
clothes and remove water stains in a 
short time. After testing several kinds 
of heaters, we use a “12V/80C” metal 
heater to achieve the best 
performance with the lowest 
temperature and power.
Then, design the circuit and power it.
We use an Arduino Micro Pro board 
to make the device small. The 
Arduino board connects 4 relays to 
control each component. Meanwhile, 
we write programs in order that each 
component can work in a specific 
order, i.e., the brush and the sprayer 
working first and the dryer working 
after that. The device can work well 
without manual intervention.
In the end, design the structure and 
minimize its volume. We design a

Portable Spot Cleaner
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Li Shi, Kaiwen Guan, Yongle Liu, Tianyi Wang, Ervin Tjitra

Fig. 3  The  liquid-spraying component

Fig. 2  The electric brush

Fig. 1  Concept diagram of the device

Fig. 4  The structure of the spot cleaner
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Problem 
With the dullness of exercise and the 
many safety risks exercise may 
impose, the declining number of 
people who exercise calls for great 
attention. Insufficient amount of 
exercise elicits great concern towards 
the physical and mental well-being of 
many people who lacks exercise.

Concept Overview
The Bike-Controlled FPS System will 
allow for simultaneous gaming and 
exercising experience on an 
affordable stationary bike, which 
allows for indoor installation as well. 
In general, the in-game controls are 
operated by facial recognition 
technology, movement sensors, and 
button control.

Design Description
Using a bike stance, a stationary bike 
system will allow for stationary 
cycling and better safety. A monitor is 
installed at the front of the bike as 
the game will be displayed on it and 
users are able to monitor their 
gaming progress while cycling. 
Magnetic sensors to detect rear 
wheel rotation and facial movement 
recognition technology will translate 
to user’s control of the in-game 
character in terms of movement and 
view. A button is installed on the front 
bike grip as well to allow for firing of 
in-game weapon.

VG100 • Introduction to Engineering

Bike-Controlled FPS Game System
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Ye Siwei, Steven Wijaya, Yang Tiancheng, Tan Yingwen, Gu
Zhenhao

Modeling and Analysis
The Bike-Controlled FPS Game System 
is based on the basis of a stationary 
bike. We first consider the most 
viable and effective way to translate 
bike control into in-game controls. 
Magnetic sensors (Hall Sensors) are 
chosen to be installed at the rear 
wheel of the bike to detect and 
translate the wheel’s rotation into in-
game movement controls. A suitable 
and comfortable position and control 
of in-game view perspective is then 
considered. With a monitor (Laptop) 
installed at the front of the bike, a 
facial movement recognition based 
technology (Eviacam) is employed to 
control in-game view and with the 
installation of a button on the front 
grip, in-game actions are easily 
translated from a push of the button.

Furthermore, we chose an open world 
video game (Minecraft) so that we can 
develop game maps that fits our game 
system best. 

Validation
To test the delay between user’s 
action and in-game action, we did a 
test and recorded the acquired data.
Table 1 Game Delay Test Data

There are in total eight actions that 
have been tested. Since the data are 
similar, we are only showing three of 
them. As seen in the table, delays 
from the user’s control to in-game 
actions are all  less than half of a 
second. Therefore, our system offers 
an almost delay free and enjoyable 
experience to the users.

Conclusion
An invention that allows for 
convenience and simultaneous gaming 
and exercising experience for users of 
all ages. The Bike-Controlled FPS Game 
System will enable users to enjoy 
exercising anywhere they wish with 
the addition of a gaming feature as a 
stress reliever and augmented 
enjoyment to the conventional cycling, 
all for an affordable price and ease of 
setup.
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Fig. 1 College Students' Weekly 
Exercise Frequency

Fig. 2 Bike Overview

Fig. 3 Control System
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Problem 
People are always thinking about how 
can we experience a comfortable and 
warm winter, but:
• Too thick clothes leading to 

inconvenience to have activities 
and they are too heavy to wear.

• Feeling uncomfortable by the not 
constant temperature and heating 
for not enough time.

• Wasting time in matching the 
clothes with previous invented 
heating clothes.

• Safety problems such as the 
heating magnet are in disputing.

• Big scaled heating but not 
effectively and energy wasting.

Concept Generation
A new type of lighter and safer 
heating suspender with a 
temperature-adjustable system is 
proposed, which provides:
• A heating suspender which is 

lighter and more convenient
• A temperature-adjustable heater
• A fashionable suspender
• A sensor which can monitor the 

heater and power down timely

single chip in the world to have a
lighter weight. Electrical heater bands
are used to be the heaters.LM35 is 
our thermoreceptor. Also we choose 
rechargeable lithium battery to be 
our power supply.
Fashionable jean, which easily 
matches various types of clothes, is 
selected as the main cloth. Soft 
cotton cloth is used to make the lining 
to enhance the comfort level. When 
wearing, one just needs to attach the 
clips to his own trousers.

Validation
We test our suspenders on different 
individuals. The heating system works 
well and provide people with 
constant heat to keep them warm. 
The feedback system successfully stop 
the heating process when we 
initiatively overheat the sensors. And 
it’s comfortable for people to wear 
the suspenders, both for women and 
men. What’s more, it looks appealing.

Conclusion
The project solves the problem by
Providing a pair of electrically hea`ted
suspenders, which is light and user 
friendly. It an continuously work for a 
long time that can greatly help people 
keep warm in the cold winter. And the 
safety concerns will absolutely keep 
you from being hurt.
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Design Description
Our product majorly consists of three 
parts the electronic system inside the 
suspenders, the suspenders itself and 
a small bag on one side of our 
suspenders. The electronic system 
includes sensors and heaters and 
wires. The bag is used to place the 
battery and the control system, and a 
buttons will be placed on the bag.. 
The suspender is designed into an “X” 
shape on the back.

Modeling and Analysis
A controller is used to keep the 
heating device at a constant and 
comfortable temperature, and make 
the heaters temperature-adjustable 
so that people can select the most 
comfortable temperatures for 
themselves. The normal temperature 
of a skin of a healthy human is about 
33 ℃ [1]. So the basic setting of our 
suspenders is 33 ℃. As people may 
wear more clothes inside the 
suspenders, temperature adjustment 
is also allowed .
Another feature is that there’s a 
sensor which monitors the heaters 
and ensures the safety. When there’s 
a problem with the heater, the sensor 
will send signals to the controller and 
cut out the electricity timely to 
prevent any accidents from occurring.
We have a well designed feed back 
system that can automatically shut 
down the heating process in a split 
second if the temperature is 5 ℃
higher than the set temperature.
We started with At-tiny, the smallest

Winter Is Coming
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Bai Hongming, Liu Shiyi, Li wen, Aleksei, Zhao Zhijie

Fig. 1 The concept diagram

Fig. 2  The circuit diagram
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Problem 
Sous-vide is a new means of cooking 
by which sealed food is cooked in 
water, whose temperature is precisely 
controlled. Premium food can be 
easily made through this method. Yet 
it has not been widely used due to 
the high cost of sous-vide machines. 
Moreover, cheese cakes available at 
stores are costly and may contain 
unhealthy chemicals. Meanwhile, DIY 
may not be that easy for everyone.

Concept Generation
Our projects aim at building a 
household sous-vide system 
containing a low-cost sous-vide 
machine and cheese cake molds 
which can be sealed, so that people 
can make cheese cakes by sous-vide 
easily.

Design Description
As is shown in figure 1, a sous vide 
machine specially for cheese cakes is 
our final solution. Liquid ingredients 
will be put into a water-proof mold. It 
shapes the cheese cake while cooking 
and protects the ingredients from 
water. Then as water and electricity 
are supplied to the machine, the 
cooking will be performed 
automatically. The controlling system

we took the cake out and examine the 
mold and the box. Finally, we provide 
the cake for several people to taste.
Validation Results:
√ The temperature rises to about 
80℃ within 20 minutes, and is 
restricted between 78℃ and 82℃.
√ Temperature sensor shows the 
accurate temperature.
√ The mold and the box are leakproof.
√ The cheese cake is in shape and 
tastes good.
√ No electricity leak.
(√ means having been verified)

Conclusion
In this project we solve the problems 
by building a cheap and convenient 
sous-vide system. With this we are 
able to cook cheese cakes under 
precisely controlled temperature and 
within specific time. One possible 
improvement is to speed up the 
heating process. The developed sous-
vide system enables people to cook 
delicious cheese cakes at home with 
ease, and at a reasonable cost.
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controls the heating system according
to current temperature and time. This 
keeps the water temperature desired 
during the cooking process. It can also 
avoid over-cooking, switching the 
heating system off when cooking time 
is reached. At last, the delicious sous-
vide cheese cake is ready.

Modeling and Analysis
The way to realize our project is 
mainly divided into four parts. First, 
we design a recipe for our cheese 
cakes. Second, we choose glass molds 
to make them easier to clean. Third, 
we design the heating system, 
including a 1500W heater and an LX-
5W water pump. The water pump 
circulates the water to keep the water 
temperature uniform within the 
system. Forth, we design the 
controlling system, composed of an 
Arduino, a temperature sensor, and a 
relay controlled by the Arduino. The 
temperature is controlled through 
feedback loop. The Arduino also 
records the cooking time and shuts 
down the heating system when the 
time is reached.

Validation
Firstly, we put the ingredients into the 
mold. Then we connect the system to 
electricity. During the cooking process, 
we use an independent thermometer 
and timer to monitor the cooking 
time and temperature. After cooking, 

Sous Vide for Cheese
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Sun Zhuoyuan, Li Shiqi, Liu Tianle, Li Hansen, Yang Haichao

Fig. 1 The structure of the Sous vide Fig. 2  The temperature-time diagram



27
University of Michigan - Shanghai Jiao Tong University Joint Institute

VG100 • Introduction to Engineering

Problem 
Although bowling ball is quite popular 
these days, only a few people play 
bowling ball, because there are only 
351 bowling centers in Shanghai. 
Besides that, the high price for a 
single bowling game is also a big 
problem.

Concept Generation
Our project aims to build a suitable 
track which is much shorter, use 
sensors to detect the bowling ball’s 
position and analyze its route, and 
show the final score on an Android 
phone screen. 

Design Description
Firstly, we will build a short track with 
some safeguard procedure. Secondly, 
we will apply ultrasonic sensors to 
one side of the track. Thirdly, we will 
use the sensors to detect the specific 
bowling ball’s position and state data, 
and analyze the most possible route. 
Finally, we will use the results of the 
analysis to show the score on an 
Android phone screen. 

Fig. 1 Track with ultrasonic sensors

Validation
We will do a sample test by testing 
the difference between our outcomes 
and the real circumstance. 
If the predicted final position matches the 
real circumstance within the acceptable 
deviation, our simulator is valid.

Conclusion
The project solves the problem by
providing a convenient way to play 
bowling. It allows people to play 
bowling with the small device at 
home or in the office. It helps people 
exercise more, build a harmonious 
relationship between adults and their 
children, and enrich their daily lives.

Acknowledgement
Dr. Shane Johnson and Dr. Irene Wei from 
the UM-SJTU Joint Institute;
Teaching Assistants [Zhou Xiaochen, Li Jiaqi, 
Ma Zhixian, Liu Xinyi] for VG100 at UM-
SJTU Joint Institute.

More project information, please contact: 
[Hnzkky770302@sjtu.edu.cn]

Modeling and Analysis
The way to realize our project is
mainly divided into three parts.
Firstly, we will build a field 2-3 meters 
in length with complete safety 
protection and apply two US010 
ultrasonic sensors on one side of the 
track.
Secondly, we will connect the sensors 
with ATmega board and write codes 
on it, and we can calculate and 
analyze the possible route of the ball. 
We can get two positions when the 
ball rolls pass the sensors. We use the 
two positions to form a line and 
predict the final position of the ball.
Thirdly, we use Bluetooth to connect 
Atmega board and Android phone 
and show how many pins are knocked 
down on the phone screen. Then we 
will write an APP on Android phone. 
And this App will allow two people to 
play a standard competition.

Fig 3: Predict the track

Bowling Simulator
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Bai Ge, Sun Qi, Wei Ye, Shen Ting, Wu Jiahao

Fig. 2 Connect Atmega with APP
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Problem 
Uneven distribution of plantar 
pressure (UDPP) is a condition where 
the foot does not distribute the 
weight of the whole body properly 
while walking or running, resulting in 
excess shock absorption on a small 
area of the foot. UDPP can cause joint 
pains such as knee pains and swelling, 
ankle injuries or sprains. Conventional 
treatments for these problems such 
as using foot orthoses, electronic 
alerting systems are far from effective 
or may worsen the condition.

Concept Generation
Our project aims to design a new type 
of insole with comfortable material 
and metallic balls in insoles at special 
designed places. The insole will alert 
the users when UDPP happens and 
enable them to modify their gaits 
independently.

Design Description
Our solution is an insole that can alert 
sufferers to modify their gaits. The 
insole contains two parts: the special 
designed insole and balls. The outer 
side of the insole is replaced with 
softer insole material, and there are 
holes on it. The balls are metallic, and 
their radiuses range from 4mm to 
6mm. After careful measurement and 
analysis, balls of different sizes are 
put into the holes in particular places. 
If UDPP occurs when sufferers are 
using the insoles, the excessive 
pressure along the outer side will 
compress the insole and expose 
metallic balls. The balls will then 
touch sufferers’ feet, which makes 
sufferers feel uncomfortable and be 
aware that UDPP occurs, then they 
will change their gait. Else no 
excessive pressure will be applied to 
the outer side of the insole, thus 
sufferers cannot feel anything.

Validation
We tested 12 people with UDPP and 
12 people without UDPP. We 
calculated the average plantar 
pressure (APP) around the outer side 
of the foot divided by the weight of 
each subject. After analyzing the 
normal control group of people 
without UDPP, we set a standard 
quotient. People with UDPP has the 
quotient higher than the standard 
one. Fig. 4 shows the deviation 
percentage of 5 sufferers’ left and 
right feet’s quotients. The higher the 
deviation percentage, the more 
serious the UDPP problem is.

After the one month test, we will 
measure the plantar pressure of 12 
people with UDPP after using the 
insole. By the second test, we expect 
to see the reduction of the deviation 
percentage of every sufferer. The data 
will show our insoles work well. 

Conclusion
The project helps the people with 
UDPP to correct their walking posture. 
It allows ordinary people to get rid of 
the common problem in a convenient 
way. The insole helps to release the 
patients’ economic burden and 
improve their health condition.
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Modeling and Analysis
The way to realize our project is
mainly divided into three parts. 
Firstly, we measure and analyze the 
plantar pressure of the sufferers, select 
some suitable balls and install them 
into the insole. Secondly, we take a 
long-term experiment. Each sufferer 
will use our insole for a month, during 
which time, the plantar pressure will 
be measured every week. Thirdly, we 
measure and analyze the plantar 
pressure of the sufferers again. Then 
we make a comparison with the 
previous data and see whether our 
product make any difference.

SUP Insole
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: DU Yang, LIU Yating, CHENG Bosen, WANG Xinyi, HU 
Honglei
Consultant: Fatemeh

Fig. 2 How it works?

Fig. 3 Procedure of the project 

Fig. 1 Structure of the insole

UDPPNormal

Ball

Insole

Fig. 4 The deviation percentages of the        
5 sufferers
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Validation
At first, we tested device's size and 
mass as showing in Table 1. Then, we 
read the data of carbon monoxide, 
sulfur dioxide and PM2.5 on it near 
air station, and compare them with 
the digits shown on the air station as 
shown in Table 2. For methanal, we 
compared our data with the one 
shown on high-accurate methanal
monitoring device. At last, we tested 
its warming time's influence on 
accuracy as shown in Table 3.

Conclusion
The project is more than an air quality 
analyzer, it’s an adviser, which helps 
people to carry out effective 
protection. This device enables 
people to know the accurate air 
quality data wherever they are. One 
possible improvement is to increase 
its accuracy. Because of constraints of 
costs, we can't purchase better 
sensors. If we have better sensors, 
the data will be more accurate.
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Modeling and Analysis
The component of the device is 
divided into four parts.
First, collect data by four sensors. To 
choose proper censors, we analyzed 
price, accuracy, reaction speed and 
measurement of different sencors.  
Second, send the data collected into 
SD card to save it. Then, send the 
data to phones through Bluetooth 
module. At last, Arduino will give 
different advice according to the data.

Fig. 3  The phone app

Problem 
Every year, 1.1million Chinese die 
from air pollution like PM2.5, CO and 
so forth, which accounts for 17% of 
the total amount of death. However, 
the available air quality monitoring 
devices are inaccurate for a specific 
location. And it can’t provide advice 
for people to carry out effective 
protection. Besides, they are unable 
to monitor poisonous gas and warn 
people when the concentration of 
poinous gas is too high. What’s more, 
they’re also not portable.

Concept Generation
Our project aims at building a 
portable pollution monitoring unit 
which can measure the amount of 
PM2.5 and poisonous gas and warn 
people when the air quality is poor. 
Besides, it can help people carry out 
effective protection through an app.

Design Description
The proposed air pollution 
monitoring technology is shown 
schematically in Figure 1. It’s portable 
equipment with a unit of CO sensor, 
arduino, PM2.5 sensor, sulfur dioxide 
sensor, methanol sensor and SD card. 
It can also connect to bluetooth, so 
that it can send advice to a phone.

Fig. 1 Concept diagram

Fig. 2 The concept graph

Pollution Monitoring Unit
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Yixuang Wang, Junhui Li, Chenye Wei, Puyang Huang, 
Shuyuan Hou
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Problem 
As dart game become more and more 
popular in bars and saloons, people 
may find it complex and tedious to 
figure out the score left when using 
the standard game rule (501 rule) for 
competition. Also, for those rookies, 
they may not know where they 
should shoot for the best strategy.

Concept Generation
Our project aims at making a smart 
dart game board, which enables 
people to play dart game without 
calculating each competitor the 
points left to score and gives rookies 
the best strategy. The points left and 
strategies would show on the 
indicator beside the game board.

Design Description
Our final solution is a dart game 
board connected with an indicator. 
The dart game board contains a slice 
sensor which can digitalize where 
people have shot. Then the result will 
be sent to the Arduino to figure out 
the points left and the best strategy 
for each player, which would show 
clearly on the indicator.

Validation
For testing, two players would have a 
formal dart game with the smart dart 
game board. The points each player 
left to score and hints if possible 
would show on the indicator. We 
tested the speed for the change of 
the indicator, whether it is accurate or 
not and whether it records on the 
right player. We chose the single 
region to finish the game to test 
whether the explosion dart wouldn’t 
be recorded.

Conclusion
The project aims at simplifying the 
formal dart game so that it’s more 
acceptable and easier for rookies. 
Also, it can be used in formal 
competition without tedious 
calculation for competitors.
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Modeling and Analysis
The path for the calculation is 
operated by Arduino. The concrete 
operational principle can be mainly 
divided into three parts. At first, when 
a dart inserts into the board, the 
sensor could perceive the pression of 
the dart clearly so that it could send 
the position of the dart to Arduino. 
We use piezoelectric thin-film sensors, 
which can provide really accurate 
position. After that, the Arduino 
program would convert the exact 
position of the dart into the score and 
figure out the points left. We create 
an algorithm for off-target darts so 
that it wouldn’t be recorded as score. 
The last step is to record scores, 
change players and give hints. If 
players throw darts too fast, errors 
may occur. We use the delay method 
for this part. After P1 throws three 
darts, he or she should wait three 
seconds to ensure that the dart 
wouldn’t fall off the target. This gives 
the program enough time to figure 
out the right score. The program 
would change players after each 
player has thrown three darts and 
give hints when a player’s score is 
lower than 180.

Smart Dart Board
Instructors: Dr. Shane Johnson, Dr. Irene Wei

Team Members: Yuankai Zhou, Zhirui He, Fangqi Yuan, Ang Xu, Jian Shi 

Fig. 2 The structure of the dart board

Fig. 3 The structure of the whole project

Validation Results:
Accuracy for position≥99.9%

Interval of records≤3s
Interval Changing Players≤5s

Accuracy for invalid darts≥90%
Cost≤800RMB 

Fig. 1 A board we need

Fig. 4 The structure of every section
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Problem 
Although badminton is a popular 
sport in China, people are lack of the 
facilities for training. There are not 
enough coaches to instruct on 
people's training, and people can 
hardly find a criterion for telling their 
progress.

Concept Generation
Our project devotes to making some 
devices to substitute coaches in 
telling trainer's progress, which help 
people make adjustments according 
to the data shown by our devices.

Design Description
A robot with several functions is our 
final solution. The robot itself is a 
target set on the ground, which can 
help the player train to aim and hit 
the balls accurately. When the ball is 
hit onto the robot, it senses the 
hitting and then the CPU can send 
signals to the LED screen. The screen 
can show the collected data to the 
player to give him feedback on the 
training. Furthermore, the robot is 
able to move around the court so that 
it is possible for players to train their 
tactics and it can be a rest for a player 
if he can hit a moving target for fun.

Validation
On the testing day, we invite many 
students who like playing badminton 
to try our product on the badminton 
court. Luckily, the results are 
satisfying. The trainer is hit totally 104 
times by  badminton balls and the 
feedback is shown successfully 97 
times. Many students speak highly of 
it and want to know something 
further about it. Our product can 
move along the line smoothly and 
show the data clearly. To sum up, it is 
quite a success.

Conclusion
The project solves the problem by 
providing an automatic badminton 
trainer, which allows people of all 
ages to improve their badminton skills 
without a coach. It is not only a 
substitute for a coach and a target, 
but also a useful and convenient 
device that can provide the 
information and datum that no one 
else can offer to help users. Several 
improvements can make the device 
better. Firstly, a pitching machine can 
be connected with the device to train 
the users how to strike the ball better. 
Apart from that, installing a speaker 
can make users receive the results 
immediately and more convenient.
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Modeling and Analysis
The way to realize our project is
mainly divided into three parts. The 
three main electric devices are shown 
in figure 3. Firstly, to sense the hitting 
of the ball, we choose the MPU6050 
acceleration sensors, which can sense 
the acceleration of the ball when it 
hits the robot. Secondly, to make sure 
the collected data can be shown to 
the player timely, we use a 1.2-inch 
LED screen to ensure the player can 
see it even if he is in the back of the 
court. Thirdly, to enable the robot to 
move along a specific line, we not 
only attach wheels and motors to the 
robot but also fix 4 TCS3200 color 
sensors under the robot. By 
programming, we can make sure that 
it can move along the lines stipulated 
by the player. 

Automatic Badminton Trainer
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Zhe Yang, Yuelin Liu, Zhengdong Hu,  Yizhou Yu

Fig. 1 How the Trainer Works in the Court

Fig. 2 Concept Diagram of the Trainer

Fig. 3 Three main electric devices 
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Problem 
Nowadays there are millions of 
people play fighting game, but the 
traditional way of controlling is not 
able to let users to feel “real”, let 
alone getting exercise from it. Besides, 
a skilled player can still be weak and 
even unable to tress a chicken.

Concept Generation
Our project aims at combining few 
sepetate targets and detect the forces 
applied by player and diffrernt 
directions.

Design Description
Our simulator contains two parts: 
hardware and softwares. The 
hardware part will contain a main 
target to hold all stuff, 6 separate 
targets to apply forces, 6 iron frame 
to contain the targets, pressure 
sensors to detect the force, and 
Arduino Uno to receive signals.
For the software part, we use Matlab 
to deal with the signals from Arduino 
Uno, and show&calculate scores for 
different force and strategy of hit.

Validation
We did few sample tests to determine 
if the player's strength can match the 
score he/she gets. Pay attention that 
the system will omit too tiny forces.

Although we invited 11 volunteers to 
test our project, we only list out 5 
representative types of human body, 
and modify our score algorithm.It 
comes out that if testers hit the target 
heavier, more accurately and with 
more skilled combo provided, they 
will surely and obviously get higher 
score.

Conclusion
The project solves the problem by
making a revolutionary controlling 
system of fighting games, which can 
transform the players' hit on targets 
to some scores and force levels to let 
players understand their punch/kick 
in a more concrete way. Players can 
get more fun by using it and GET 
EXERCISE as well.This project can 
solve the aimed problem that 
addiction to video games causes lack 
of exercise in a safer and more 
interesting solution.

Acknowledgement
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Modeling and Analysis
Realizing our project can be devided 
into 4 steps:
First, to create a object for players to 
punch/kick comfortably, we use 
separate, soft targets sticking to the 
frames.
Second, to successfully and accurately 
get the data of forces, we put 
pressure sensors between the target 
and the crosspoint of frames.
Third, to analyse the data and show 
scores on matlab, we use Arduino 
Uno to collect and tranport data into 
Matlab.
At last, we use functions to build a 
person-shaped target to inform 
players where actually they hit and 
how hard they hit it.

Real Fight Simulator
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Cai Zhenyi, Jian Zeyu, Jiang Yunpeng, Shen Shiyu, 
Zhang Yiwei

Fig. 3  The whole process

Fig. 2 The details of each target

Children Teenagers♂ Teenagers♀ Man Woman

Punch Force/N 90 200 150 600 300

Kick Force/N 300 800 550 1300 700

Score(punch only) 0-9 0-20 0-15 0-60 0-30

Score(kick  only) 0-30 0-80 0-55 0-130 0-70

Score(with combo) 40-80 110-160 80-130 220-270 110-180

Fig. 4  The interface of the game

Fig 1.  Exploded view of whole system

Table 1  Test data table

Electro 
signals

Digital     signals

Data of 
pressure

Project Target

Arduino Uno

ComputerGame UI
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Problem 
Nowadays, sports lovers want new 
ways to sweat and unwind. However, 
for football lovers, there seems to 
lack a tool that combines challenge 
with fun. Traditional soccer tools 
don’t have precise targets, need to 
get the balls back manually, and the 
simple rules may make some players 
lose interest quickly.

Concept Generation
Our project aims at building a soccer 
arcade which applies an electronic 
system and flexible scoring rules. It 
has LED lights to show the target, the 
contact switches to record the hit and 
the slope to automatically return the 
balls.

Design Description
A system based on the connection 
between the mechanism and the 
programming is our final solution. The 
mechanical part contains an 
aluminum alloy frame, a large 
wooden board and twelve small 
wooden boards. Springs are set on 
the large board to support the small 
boards and buffer against the hit. 
Every small board has a LED light 
behind it to show the target, and two 
contact switches to record the hit. 

Validation
We did a sample test by testing one of 
our group member’s urine. 

Table 1 Sample Frequency Test Data 

We made a total of 50 trials to record 
the number of boards hit at each time. 
As is vividly depicted in the table, 
although there are four possibilities at 
one trial, 2 boards and 3 boards hit at 
one time is most possible. Then we 
set our scoring system according to 
this data. One board hit at one trial 
will get the highest score, two boards 
or three boards will get less. Although 
the possibility of four boards get hit at 
one time is very small, it is a sign of 
inaccurate shoot, so we won’t give 
high scores under this circumstance.

Conclusion
The Soccer Arcade really provides the 
users with a wonderful experience. 
Not only does it urge the users to 
keep practicing their muscles, but it 
also enables them to keep a clear 
mind and high concentration. The 
Soccer Arcade breaks the way in 
which the traditional soccer goals 
work. This design is a joyous news to 
those who want to practice their 
mind and body at the same time since 
the flexible scoring system and 
changeable target, one at one time, 
will get the players concentrated.

Acknowledgement
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Modeling and Analysis
The way to realize our project is
mainly divided into three parts. Firstly, 
to figure out the target properties of 
our soccer arcade, we first analysis 
the traditional ones. Then we choose 
the structure we now have, that is, 
twelve smalls boards on one large 
board. To ensure we can record every 
hit accurately, we then select contact 
switches and springs. Then we design 
the frame to keep the whole 
equipment in balance and a wooden 
slope to automatically return the balls. 
Then, we design the circuit to ensure 
that our system works well. Finally, 
we do programming that matches the 
system and do test and improvement 
to ensure the successful operation of 
the whole system.

Fig. 3  The circuit design

Soccer Arcade
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Wang Yuhao, Wu Jiayao, Wu Zheng, Zou Jiayun, Sun Yi

Fig. 1 The structure of the soccer arcade

Fig. 2  The appearance of the soccer arcade

Numbers of boards hit Frequency
1 6
2 18
3 21
4 5

frame big
board

hinge small
board

contact
switch

spring
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Problem 
Recent years, people have raised 
their awareness on healthy. However, 
traditional cookery has full of 
problems including hard to learn, 
nutrition and water loss, energy 
waste, heating ingredients unevenly, 
short expiration date, etc. The Sous 
Vide machine on the market can 
solve the problems above, but it is 
too expensive and hard to guarantee 
good taste for all food. 

Concept Generation
Our project aims at building a low-
cost Sous Vide machine focus on beef 
which can use the water bath to cook 
beef with simple structure and simple 
components, so that everyone can 
afford to cook beef with the nutrition 
and gravy easily.

Design Description
Our final solution is to build a low-
cost Sous Vide machine focus on beef 
with thermostat, control panel, water 
heater, temperature sensor, water 
pump and container. The users only 
need to seal the beef in the bag, put 
the bag in the machine and press 
some buttons, then the machine will 
heat the beef to a certain degree in 
water bath. 

Validation
We did a sample test by testing the 
degree of steak between raw and 
rare and taste.    

Table 1 Temperatures and Times 
for Beef

We used stopwatch to measure the 
time needing to cook some specific 
degree of steak. What’s more, we 
controlled variables. By analyzing the 
data we get, we find that rare steak 
needs to be cooked at 52℃ for 1 
hour; medium rare steak needs to be 
cooked at 57℃ for 1 hour; medium 
steak needs to be cooked at 63℃ for 
1 hour; medium well steak needs to 
be cooked at 68℃ for 1 hour; well 
done steak needs to be cooked at 
74℃ for 1 hour.
So in conclusion, by controlling the 
time and temperature, we can get 
expected degree between raw and 
rare.

Conclusion
The project solves the problem by 
providing an cheap and healthy way 
to reduce the cost and avoid getting 
weight. One possible improvement is 
to make our machine well-looked to 
appeal to customers. This product 
allows students to make beef that 
cater to their appetite in their 
dormitory without being caught by 
supervisor of dorm.
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Modeling and Analysis
First we will search for his principles 
and break them down into small 
widgets. Then purchase parts at a 
lower price. Then test the effects of 
the components to meet the required 
standards. After the test has reached 
the standard, it is fitted into a small 
and delicate heating system with 
suitable fasteners. In this step, pay 
attention to the circuit connection in 
the diagram. Then we tested it with 
beef, analyze the data of temperature 
and beef texture, reaching the 
optimum temperature for our 
excellent beef. We'll set up a program 
that will automatically work for you 
when you press the button and bring 
you a delicious finished steak. Finally, 
think about how to improve the 
device and how does he make a 
greater contribution to social 
facilitation.

Fig. 3 The electrical wiring diagram

Beef Sous Vide Machine
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Joy Wang, Kathy Cheang, James Chen, Vincent 
Chang, Louis Liu

Fig. 2 The concept diagram

LVJZ

Fig. 1 The key components

Thermostat 

Temperature 
sensor 

Hot water 
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Mini water 
pump
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Different E-drum Kit
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: He Yujia, Zhuang jiaying, Jiang Houfu, Chen Yaxing, Liu 
ShuoyuMr. CLN

Problem 
Drum kit is of vital importance for any 
music. But its traditional clumsy 
shape and high cost shut the door to 
many freshmen. Some e-drums are 
made to be portable, others are made 
to have high quality voice and 
adjustable cymbals. But the drum kit 
that combines these two features 
together hasn’t shown up so far.

Concept Generation
Our e-drum kit will have an exquisite 
shape to ensure its lightness and 
handiness and high-quality sound 
system with abundant cymbal options. 
Also effective and easy operations on 
selecting different cymbal 
combination are involved.

Design Description
We use light materials to fabricate 
drum head and design its shape like a 
yoga mat to make it extremely 
portable. Beneath every drum head is 
a Piezo sensor, sensitive enough to 
detect every beat. It translates the 
beat into electrical signals and sends 
it to the Arduino rapidly. In addition, 
our e-drum kit can realize various 
drum combination and free choice of 
cymbals. The core of the whole kit is 
an Arduino mega, a microcontroller 
that receives, processes and transmits 
signals to a loudspeaker. The sound 
file is saved in the SD card. 

Fig. 2 The structure of the  kit

Modeling and Analysis
Firstly, to make the kit portable and 
folding, we choose acrylic board to 
fabricate the principal part.
Secondly, to improve the sound 
quality, we use Cooledit to optimize 
the sound we have found on the 
Internet.
Next, we put the sound into an SD 
card (shown in figure 3), which will 
allow us change the cymbals as we 
require.
Then we use potentiometers (shown 
in figure 4) to realize various drum 
combination and free choice of 
cymbals.

Fig. 3 The sound part

Fig. 4 The Arduino part

Finally, about the programming part, 
We use several music shields together 
to make sure that we can voice 
simultaneously and we use three 
mega board to connect them together.

Fig. 1 The appearance of the kit

Validation
We played the song My Love-Westlife

The beat is simplified. We have found 
that the touch of our drum is not that 
comfortable. So we are determined to 
change the material into rubber. 

Conclusion
Drum kit culture originates from the 
USA. When the civil war ended, the 
versatile black people got a lot of 
musical instruments from the 
disbanded army. They combined 
different drums and cymbals together, 
which became the very first drum set. 
Flexibility and low threshold are the 
keys of the drum set culture. Our 
product makes playing the drum set a 
more popular activity without 
sacrificing the effect of sound, thus 
lowering the barrier to spread the 
drum set culture. More people will 
get to know the history after the civil 
war and how simple and optimistic 
the drum set lovers are. The war 
won’t destroy people’s love for music. 
An increasing number of professional 
drummers will also come to the fore, 
bringing people more dramatic music 
feast.
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Problem 
In many cases, electronic devices can 
easily run out of power. However, 
most portable chargers have low 
sustainability. Besides, traditional 
electric generators are limited by 
many factors, such as space and 
weather. Using a hand generator 
continuously for a long time may also 
cause muscle fatigue.

Concept Generation
Our project aims at creating a 
portable and low-cost generator 
which is fit for cellphones. The 
structure of our charger is capable of 
storing energy when people exercise 
their whole body by pulling out the 
string. Afterwards, it can provide 
sustainable power supply for a 
relative long period of time, so that 
people won’t worry about the 
problem of urgent needs for power.

Design Description
The system is based on a generator, 
an energy storage module, a drive 
module and a pressing module. The 
generator with a voltage regulator 
can output 5V stable power when 
spinning. It also has a bump so that 
the generator will be locked when the 
pressing module is pushed down. A 
small torsion spring is connected to 
the end of the string to help reset the 
handle automatically. When people 
pull the handle repeatedly, the string 
will drive the energy storage module 
through gears, and the big torsion

Validation
The force of the big torsion spring 
depends on the average pulling force 
of a man which is about 200N, and its 
diameter is restricted by the width of 
our charger which is about 100mm. In 
order to work out the proper 
specifications of the springs, we refer 
to the Hooke’s law:

φ = 
where φ is the deformation angle, T is 
the torque exerted by the spring, and 
K is the spring constant. Combine this 
with the following equation, which 
calculate the spring constant.

K = 
Then, the suitable size of the torsion 
spring can be determined, with which 
the fitness effect can be attained and 
the wasted energy can be minimized.

Conclusion
The project is a portable and easy-to-
use cellphone charger which is 
expected to provide sustainable 
electricity supply for people no 
matter where they are. In addition, 
our project is more than a charger. It 
can also serve as a fitness equipment 
which allows people to do physical 
exercise. One possible improvement 
is to advance the efficiency of the 
charger.
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spring in the middle stores elastic 
potential energy. The unilateral 
bearing fixes the direction of the 
rotation of the spring so that it can 
accumulate the energy of the pulls. 
After enough energy has been stored, 
by putting up the pressing module, 
the big torsion spring will drive the 
generator to spin, so that a cellphone 
can be charged automatically. A 
gearbox is fixed between the torsion 
spring and the generator to control 
the spinning speed of the generator 
and decrease wastage of energy. 

Fig. 2  The 3D model of inner structure

Modeling and Analysis
The way to realize our project is 
mainly divided into three parts. Firstly, 
since the purpose of our project is to 
charge cellphones, we choose a 
generator which can output 5V stable 
voltage so that it won’t damage the 
battery of a cellphone. Secondly, we 
test and calculate to select suitable 
torsion springs and gears which can 
store and output energy smoothly. At 
last, we design the overall structure 
of the charger to achieve more 
relaxed usage experience.

Fig. 3 The appearance of the charger[1]

Pull-out charger
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Wu Yuhao, Jiang  Yimin, Zhang Xinli, Jin Zhejian, Stanley Gu

Fig. 1 The structure of the locker
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Problem 
Most teachers and students of the 
course Intro to Solid Mechanics often 
come across the problem that it is 
hard to display force’s impact on the 
truss structure. In a previous solution, 
the truss cannot stay stable. And we 
cannot read the force and carry the 
machine easily.  These two problems 
still bring many inconvenience to 
teachers and students, so we decide 
to solve the problem.

Concept Generation
Our project aims at building a stable 
truss model that is easy to assemble 
and reconfigure. Besides it can display 
real-time data on the screen.

Design Description
Considering only small displacements 
exist, once the structure is built, the 
angles between members will not 
change significantly, so the whole 
structure will keep stable. Moreover, 
the special shape of the Joint makes it 
easy to plug one member in and pull 
one out (Fig. 2).

Validation
We put the whole system into work. 
We build a structure and calculate the 
theoretic forces on each truss. Then 
we measure the real forces on the 
truss with the measuring system. If 
these two data match with each other, 
our structure is validated. We plan to 
test for more than 10 times to make 
sure that our system is both accurate 
and precise.

Conclusion
The purpose of our project is to make 
a stable planar truss teaching model 
which can measure the axial forces on 
each member, display the data on the 
screen and reconfigure easily. We 
design a kind of conjunction to 
connect the members, which 
supports convenient reconfiguration, 
and a measure system to measure the 
forces accurately. We make the 
system not only a flexible teaching 
model, but also a modular product. It 
can help students understand the 
truss structures better and help 
teachers teach more easily.
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And the sensor and amplifier in 
members is the key point of out 
design. We choose Resistance Strain 
Gauges to be our sensors. A Strain 
Gauge is a metallic foil pattern which 
can be deformed. As its deformation, 
its resistance will change proportional 
to the strain . Also, we use an 
amplifier and the HX711 Module to 
make the signal more precise and 
accurate.  

Modeling and Analysis
The way to realize our project is
mainly divided into four parts. Firstly, 
We would analyze the structure (Fig.4) 
and design the whole system. Then, 
we would buy and test all the 
components we need. In this way, we 
can avoid many problems which may 
happen afterward.  After that , we 
would assemble our components and 
test whether it can work well. This 
can help us avoid mistakes and make 
improvements. Finally, we would 
validate the system and finish a 
report. In this way, we can find some 
ways to make our structure better.

Flexible Force-measuring Truss
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Gan Dingzhe, Kuang Yue, Sun Yan, Zhao Yiqing, Zhang 
Zhenyuan

Fig. 1 An overview of the whole system 

Fig. 2 The special designed joint

Fig. 3 Concept Diagram of Member Bar

Fig. 4 Analyzing the truss structure

Fig. 5 Model of validation
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Problem 
New video games flourish and old 
traditional games start to lose their 
popularity. Besides, traditional real-
life toys are less attractive to children 
than video games because traditional 
toys need practice and are hard to get 
started. Children are more addicted 
to new video games, which results in 
a series of health problems, and the 
addiction also becomes one of the 
biggest worries from parents.

Concept Generation
Our project aims at building a new 
kind of toy to revivify a classic game 
“Snake”. A real-life game mode 
promotes the same fun as well as less 
possibility of addiction.

Design Description
A toy snake that can revivify the 
functions of the classic game is our 
final solution. The device can 
“swallow” food and can automatically 
extend every time it finishes eating 
food. A laser diode transceiver is used 
to detect the “food” and a stepper 
motor that twists every time the 
transceiver detects the “food” is used 
to extend the rope which serves to 
limit the length of the device. The 
programming part is all done by 
Arduino.

Validation
To better revivify the classic game 
“Snake”, we make a real-life toy that 
shares several similarities with the 
original game and also we make some 
changes. Our product “Happy snake” 
manages to move and turn smoothly. 
The robot can take in “food” and after 
the detection of the “food”, it can get 
longer. When the head of the toy 
knock its body or a wall, the toy will 
automatically break off which means 
a round of game is over. The toy is 
good-looking with the use of 
colorized cardboard, and the body 
part vividly brings back the characters 
of a real snake. With these designs, 
Our robot is full of fun. One possible 
problem is that the structure which is 
made of cardboard is not water-proof 
and can't hold too much force, which 
means the body part is a little fragile.

Conclusion
Our project solves the problem by 
introducing a new real-life game 
based on a classic game “Snake”. The 
new game has more fun than the 
original one. Through this game, the 
rate of children addicted to video 
games can be reduced. It is not only 
easy to get started, but also fun 
enough to attract nostalgic “Snake” 
game lovers. After that, the process of 
a game won't take too long and the 
toy can be easily rearranged after 
playing, so it is a good option for 
people to relieve their pressure at any 
time.
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Modeling and Analysis
To realize our design, the whole 
device is divided into two main parts. 
The head of the toy contains a laser 
diode transceiver to detect the “food”, 
two motors with wheels to send in 
“food”, another two motors to drive 
the device and a stepper motor fixed 
in the rear of the part. The body part 
is an extensible structure made of 
several colorized cardboard and 
connected with fishing lines. The 
body part and the head part are 
connected with the stepper motor 
that twists to drive the coil to control 
the length of the device. To ensure 
smooth operation, we take the speed 
of  the stepper motor and motors, the 
accuracy of the laser diode 
transceiver and the effciency of the 
extensible part into consideration.

1: Small Motor
2: Stepping Motor
3: Gear Motor
4: Wheel
5: Laser Diode Transceiver
6: Spool Part
7: Acrylic Board

A Creative Game Combining Tradition 
with Modern Science – Happy Snake
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Member: Jiwen Chen, Chulei Chen, Yujie Chen, Hanyu Wang, 
Zhendong Liu

Fig. 2 The operation of the device

Fig. 1 Design philosophy
Fig. 3 Exploded view
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Problem 
Every year, numerous pairs of cleat 
shoes are manufactured for athletes 
to prevent them from slipping, but 
the effect is far from expectation. It’s 
because no quantized testing device 
has been developed so far to check in 
figures if the cleats are eligible or not. 
What’s worse, no creative attempt 
has been made to test if variations in 
shapes or angles can promote its 
friction coefficient.

. 

Concept Generation
Our project aims at developing a 
quantized friction-testing device of 
cleats, which can display the friction 
coefficients digitally for cleats with 
diverse shapes and angles. The final 
purpose is to help athletes check if 
the cleats he uses is qualified to the 
situation and what kind of cleat is his 
best choice.

Design Description
We designed a test machine using 
simple physics principles combined 
with off-the-shelf electronic 
instruments. It can directly display the 
friction coefficient of a cleat on the 
computer screen. Three cleats will be 
adhered to a wooden plate, thus 
making it self-stand able. Some 
weight will be exerted from above. 
And obviously the weight is exactly 
the compressive stress F the cleats 
stand. The plate will be attached to a 
string, which have balance weight 
attached on the other end.

Validation
We did a sample test by testing some 
of common cleats

Table 1: Sample cleats test Data 

Although the test strip can test almost 
every kind  of cleats, we list Table 1 
just as an example. By comparing the 
standard value and the data we get, 
we find a 4 pyramid one works a little 
better than a traditional conical one 
in terms of offering several Newtons 
of extra friction force since it 
assemble the pressure more 
effectively resulting in a larger 
equivalent pressure. The system goes 
through the testing smoothly, but the 
readings are not persuasive enough. 
To achieve creditable results, We 
need to test more samples to 
calibrate the conclusions.

Conclusion
The project solves the problem by
providing clear and accurate figures 
of the friction coefficient for diverse 
shoe cleats. Manufacturers can rely 
on this quantized system to produce 
cleats in a more scientific way. By 
changing the shapes and angles of 
cleats, we get several optimized types 
of cleats which can help in different 
situations. Thus, the final result is that 
athletes can have better performance 
in sports.
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Modeling and Analysis
The way to realize our project can be 
divided into these parts: firstly, we 
will collect the model of different 
series of cleats through 3Dimension-
printing.Then we finish the 
construction of mechanical structure 
of the testing system based on our 
requirement of variables. Next we will 
apply accelerometers with MPU6050s 
to ensure the accuracy of data. After 
that, we use Arduino microprocessor 
and programs written by Visual Studio 
to automate the collecting and 
output of data. Finally, a friction-
testing system is designed combining 
software and hardware. As the result 
of this testing, we can get useful data 
of the cleats’ performance in friction 
via variation in shapes and angles.

Friction-Testing Device for Diverse 
Cleats
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Zhao Yijia, Shen Shiqi, Chang Siyao, Yang Xuting, Lu Hengyi

Fig. 2 Exploded view of the testing system

Practicer

Sample 
No/variables

1(ordinary) 2(sample 
shape)

3(sample 
shape+angle)

Shape cone four pyramid 
shape 

triangle

Angle 90 degree 90 degree 60 degree

Friction 
coefficient

0.21 0.28 0.15

Fig. 1 An athlete suffering from injuries 
caused by improper design of cleats

A pulley is used to convert part of the 
gravity of the balance weight to the 
toss on the wood plate, which is 
calculated by T = M

M+m
. Besides, an 

accelerometer is attached to the 
wood plate to read its acceleration. 
And then comes the friction, as f=T-
Ma. The friction coefficient, denoted 
as µ, is equal to F/f. All necessary data 
will be collected by an Arduino and 
relayed to Computer, or manually 
input into a program. And it will take 
balance and calculate the friction 
coefficient instantly.
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Problem 
Fish owners are always bothered by a 
question that how to feed their fish 
when they are not at home for a few 
days. Then there comes the 
traditional fish feeding machine; 
however, the fish food in it will get 
wet, stick together and fail to drop 
into the tank. Also, it is not suitable 
for small-sized fish tanks.

Concept Generation
Our project aims at developing a new 
type of fish feeding machine, which 
uses individual packages to keep the 
fish food dry. This machine will be 
fixated on the top of the fish tank—
this is specially designed for 
small/round fish tanks.

Design Description
A combination of gears, stepper 
motor and individual packages is the 
final solution. When receiving a signal 
from Arduino, the stepper motor will 
turn clockwise, driving the two gears, 
which will turn reversey and tear the 
package. The Arduino is connected to 
a Bluetooth module, which can be 
controlled by an App on the user's 
smartphone. In this way, we can 
easily adjust the time to feed and 
amount of food.

Validation
We did a sample test using the most 
common goldfish in the market. 

Table 1: Testing results

During the testing period, the 
machine ran perfectly and all the fish 
food dropped to the tank as epected. 
As can be seen in the table, our 
machine is able to feed 5 fish for 10 
days if the interval is 24h. This result 
perfectly accord with our target 
audience—people who keep a few 
fish in a small tank. We strongly 
recommend you to use traditional fish 
feeding machines if you are keeping 
more than 10 fish or ostentatious fish 
as pets in a large tank, not only 
because our machine cannot last that 
long, but also for environmental 
reasons.

Conclusion
The project solves the problem by 
using an innovative gear-and-motor 
design, which allows the use of 
individual packages. The cost is also 
extremely low, for no complex 
machinery is needed. What is more,  
featured with the supporter design, 
the machine is perfectly fit for round 
fish tanks.

Acknowledgement
Dr. Shane Johnson and Dr. Irene Wei from 
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Teaching Assistants Zhou Xiaochen, Ma 
Zhixian, Liu Xinyi for VG100 at UM-SJTU 
Joint Institute.
More project information, please contact: 
hmj2017@sjtu.edu.cn

Modeling and Analysis
The way to realize our project is
mainly divided into three parts. Firstly, 
to make the individual packages, we 
choose high-quality sealing bags, 
which will keep the fish food fresh 
and dry. Secondly, we carefully 
calculate the number of teeth of the 
gears and let the stepper motor turn 
certain rounds at settled time. In this 
way, we can ensure that the machine 
tears exactly n packs of fishfood. 
Thirdly, an APP is introduced to allow 
the users to control the machine 
wirelessly. Users may adjust time 
intervals and amount of fish food fed 
each time as they wish.

Fig. 3 The phone app

Fish Feeding Machine
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Cai Weihao, Hu Yifan, Huang Mingjun, Kuai Yifeng, Yang 
Tianqi

Fig. 1 The structure of the fish-feeding 
machine

Fig. 2 The software part
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Problem 
Nowadays, when people travel 
outdoors they sometimes spend 
hours or even days on board without 
having any overall physical exercises, 
and they can’t charge their phones if 
there’s no power supply. People who 
stay in the office for whole days also 
need some exercises.

Concept Generation
Our project aims at building a 
portable exercise box which is light 
and small enough so people can put it 
in their bags and take it onto a train 
or an airplane. They can use it to take 
overall physical exercises whenever 
they want and use the energy they 
consume to charge their phones. 

Design Description
Our solution to the problem is a 
lifting exercise box with a charging 
device. The box is small and light so 
you can take it wherever you want. 
The force used to pull the shaft can 
be adjusted to fit the need of 
different people. The screen is used 
to show the calories and the battery 
letter to monitor your exercising 
process. The battery can charge your 
electric devices when you don’t have 
a fixed power supply.

Validation
We did a sample test by testing 
whether the battery can be charged 
and whether the box does a good job 
enabling people to do exercise. We 
pull the box for about 100 times per 
group member, the box still works 
after the 500 times’ pulling. Then we 
use the box to charge the phone after 
the box has 100% of charge level. The 
time to charge different type of 
phone from 25% to 75% is shown in 
the Table 1. And the times to pull the 
shaft needed to charge the battery to 
100% is about 4000 times. 

Conclusion
The project solves the problem by
providing a convenient way to 
perform a urine test. It’s more than a 
urine analyzer, it’s a health-care 
system, which allows ordinary people 
to self test their urine at any place.
One possible improvement is to 
quantify our results and make them 
more precise. This system allows 
people serve themselves at home 
without queue for a test, which not 
only eases their life but also eases 
hospitals’ burden.

Acknowledgement
Dr. Shane Johnson and Dr. Irene Wei from 
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Teaching Assistants [Xiaochen Zhou, Jiaqi Li] 
for VG100 at UM-SJTU Joint Institute.
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Modeling and Analysis
The way we carried out our product 
can be mainly divided into three parts. 
Firstly, we have to build up the 
structure of the box, we use the coil 
spring to enable the string to 
withdraw after we have pulled it. To 
make the efficiency of the charging
part higher, we add a rectifier to it to 
enable both process of the string can 
charge the battery. Then we add a 
device like the brake of the bicycle to 
enable the consumers to adjust the 
pulling force. Secondly, we need to 
test the battery letter. We used a 
voltage dictation module to test the 
voltage of the battery and estimate 
the battery level, then we use the 
Arduino to show the data on the LCD. 
Thirdly, we have to find the 
relationship between the times that a 
consumer pull the shaft and the 
calories he has consumed. So we 
after we have finished the basic 
structure, we test the calories 
consumed and then get the relation 
ship. The data will also be sent to the 
LCD by Arduino.

Portable Exercise Box
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Liangyu Luo, Jingnan Zheng, Zeheng Xu, Zhiyu Chen, 
Tianzhang Cai

Fig. 2 The structure of the inside part

Battery

Direct current machine
Coil spring

Table 1 Time used to charge the phone

Bearing block

Fig. 1 The top part

shaft
USB soket

LED

Phone 
type

Apple 
6s

Samsun 
Galaxy Mi 6

Time 
used
(mins)

51 60 43

Coiler
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Problem 
Nowadays, many people have the 
trouble of foot sweat. The sweat in 
the shoes causes bacteria to grow, 
resulting in a bad smell and even 
tinea pedis. The shoes at the market 
are not sufficient to solve this 
problem. For instance, some use thin 
and pierced cloth to cool down the 
foot but it will be cold in the winter. 
Some manage to let the sweat go 
through the shoe-pad but the sweat 
is still kept in the midsole and left 
over inside.

Concept Generation
Our project aims at creating an air 
circulation system in the midsole and 
a structure in the sole of the shoes.
Whenever people walk a step 
forward, the whole shoes will work 
on to circulate the air so that people 
can have a cool and comfortable 
walking experience.

Design Description
We design our circulation system in 
the midsole of the shoes. The midsole 
is made up of ten different EVA layers. 
There are two sacs in the front, one 
sac at the end of the midsole and 
connection pipes used to join them 
together. Holes cut on the insole can 
let the air in the shoes go down into 
air circulation while holes in the side 
let air go into the atmosphere.

Validation
To validate this circulation system 
really works, we choose some 
volunteers who are confused with the 
problem of foot sweat. By testing two 
shoes’ humility to see the 
improvement of our prototype.

Table 1 Test Data 1

Table 2 Test Data 2
The test data shows an obvious 
decrease of the humidity between 
the ordinary shoes and our moisture 
wicking shoes. Also, the volunteers 
feel comfortable while walking.

Conclusion
The prototype solves the problem of 
foot sweat very much by a novel and 
effective air circulation system. The 
system helps to get the wet air out 
and keeps the inside of the shoes dry 
successfully. Besides, the material 
used to make the structure is 
satisfactory. It is believed that people 
can have a pleasant walk on putting 
on this shoes.
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Modeling and Analysis
The production of our shoes is
mainly divided into three parts. First, 
we identify which area of the sole has 
the most moisture and do a survey on 
how people think of the problem of 
foot sweat in the public. Second, we 
design the circulation system 
considering on the comfort, effect, 
function to realize moisture wicking. 
This is the most important part. By 
choosing the soft materials and 
cutting them into ten different layers, 
we can stick them into a full structure. 
Besides, we make some holes in the 
side. Finally, we test our prototype by 
comparing two shoes with humility 
sensor DHT11. The data then can be 
sent to the computer through 
Arduino and Bluetooth. It helps us 
improve our prototype.

Moisture Wicking Shoes
Instructors: Dr. Shane Johnson, Dr. Irene Wei
Team Members: Shen Zhuowen, Guo Yunjie, Chen Shuang, Zhao Ziming

Fig. 2 Concept Diagram

36

26

Do you have the 
problem of feet sweat?

yes not to matter
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humidity heat
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Do you need the 
moisture wicking shoes?

yes not to matter
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(the front)
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Connection pipe 
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(ten layers)

Arduino 
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DHT11

Ordinary 
shoe

Fig. 3  Testing procedure

Moisture wicking shoe

Fig. 1 Survey data
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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). 

VM495 • Mechanical Engineering Lab II

University of Michigan - Shanghai Jiao Tong University Joint Institute

Laboratory assignment 
Choose Your Own Experiment —

Analyze, Build, Conduct, and Design 
 
Project duration and budget 
Seven weeks, 1000 RMB budget per team 
 
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 Dr. Kwee-Yan Teh 
ME Labs Teaching Assistant Team 
SHI Jiawen, ZHU Shengyun 
 
List of projects 
• Bending and Torque Frequencies on T-shaped Beams of 

Different Dimensions 
• In Flight Dynamical Effects of an Object Carried by a 

Quadcopter 
 
 
 

Bending and Torque Frequencies on T-shaped Beams of Different Dimensions
Zhenghao LIU, Zhijun FAN, Ru XIANG, Yihe YANG

We consider the impulse response of a simple symmetrical T-shaped beam with its leg fixed, to emulate the dynamics 
of traffic signboards in the wind. The beam simultaneously bends and torques, and the objective of our lab project is 
to capture such 2D vibrations and to study how geometrical variations of the length    , the width       and the thickness
    of the beam determine its vibration frequencies. Estimates of these frequencies by finite element analysis (Abaqus)
are used as reference. For experiments, two 
strain gauges are attached on two sides of a 
vertically assembled T-shaped beam in different 
orientations. One orientation is set to maximize 
bending response, while the other to maximize 
the torque response. We apply Fast Fourier
Transformation (FFT) on the impulse response
(voltage) signals to extract the dominant bending
and torque frequencies of the T-shaped beam.
On the other hand, a stroboscope flashes light on
the beam at a fixed frequency. The set of images
acquired by high-speed camera shows vibration 
responses from a perspective of deflection. We 
reduce the frequency of light flashing in the
stroboscope from initially a high value to a
comparable value with beam vibration frequency. Thereby, we can both verify the previous frequency measurements
as well as observe the aliasing effect due to different sampling rates. Through these two experimental approaches, we
can measure the frequency dependence on geometrical variations in length, width and thickness of the beam. 
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In Flight Dynamical Effects of an Object Carried by a Quadcopter 
Chen Wanyan, Liu Zeyang, Muhammad G. K. Khattak 
 
This experiment reports the quantitative analysis of a weight hung off a quadcopter in flight. Primarily the effect on 
roll, yaw and pitch of the weight are analyzed by using an  
inertial measurement unit (IMU; Bosch BNO055). The  
weight is hung by a string the length of which is also  
varied and the corresponding effects are analyzed. In  
addition, a Global Positioning System (GPS) unit  
(u-blox NEO-6M) is also mounted on the weight to  
record its location and position whilst in flight. The  
experiment was conducted with varying weights of  
2500 N and 5000 N and lengths of string of 2 m, 4 m,  
6 m and 8 m. The IMU, GPS and the corresponding  
mass are all placed inside a 18”x18”x3” box. The drone  
was first flown to an altitude of 20 m and then set to  
hover and, in the meantime, the dynamical effects on  
the weight were recorded by portable logger (SparkFun 
Logomatic v2). The quadcopter was then flown in a  
straight path for almost 50 m at 6 m/s, and the  
corresponding data were recorded. The same process  
was repeated with varied string length and weight. We  
found that whilst the drone was hovering, initially the weight demonstrated a random motion, but after a some time 
the motion becomes periodic with a constant diameter. During the straight path flight the weight demonstrated a 
pitch angle, but no yaw or roll was observed. The pitch angle decreased with the increase in the length of the string 
and also with the increase in weight. The results and analysis from this experiment can help us understand the 
dynamics of object carried by a drone, which can be very useful in drone-delivery projects.  

VM495 • Mechanical Engineering Lab II

University of Michigan - Shanghai Jiao Tong University Joint Institute
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Problem Statement
3D Printing is a gradually developed 
technics in recent years. However, 
most 3D printers are only based on 
open-loop control  system, whose 
step motors will easily step out and 
damage the printing products.   
There are only several 3D printers 
which base on closed-loop control 
system. However, they are both 
expensive and easily damaged for the 
core module of their printers are 
optical gratings.

Fig. 1 Damaged  3D printing product 
caused by steps out [1]

Main Parts Selection
Here we will use additive type of 
encoders as main parts of the closed-
loop control system. As we can see in 
Fig. 2, the additive type encoders is a 
better choice when considering about 
the price and the environment. For 
the exact resolution of the encoders,  
we will use 2000-resolution encoders. 
Because the resolution of x and y axis 
can reach to 3200, however, the 
2000-resolution encoders can 
recognize the 4000-resolution 
displacement. 

Fig. 2 Comparison between additive type 
and absolute type of encoders

Data Transfer
Data Transfer Process:       
We will detect both theoretical 
positions and actual positions of X 
and Y axes. We continuously compare 
the values of both theoretical 
positions and actual positions and get 
their difference value. If the value is 
bigger than 0.1mm, which is our 
minimum resolution, the feedback 
system will modify the actual position 
by letting motors move the distance 
back.

Fig.6 Flow chart of the controlling system

Achievement
We have applied National Invention 
Patent in June. 30th, and now it is 
shown as a National Invention Patent 
on the official website of State 
Intellectual Property Office of China 
with Patent No.2017105231523.

Fig.7National Invention Patent
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3D Printers establish
We use Mendel I3 type 3D printer. 
Since it's 3-axis translational structure 
is the most common one among the 
3D printers in sale. Thus, it's a 
representative one for standard 3D 
printers.

Fig.3A DIY 3D Printer

Mechanical Assembly
We use nuts, screws, rods, etc. to set 
up a assemble module for encoders, 
The usage of the assemble module is 
to keep the step motors and encoders 
in  synchronization. We can see the 
assembly details of X axis module in 
Fig. 4 and Y axis module in Fig. 5

Fig. 4 Assembly View of Y Module

Fig. 5 Assembly View of X Module

Introducing the Closed-Loop Control 
and Blackout Continuing Printing 
Functions into 3D Printers
Team Members:Li Xiahan, Li Chunchao
Instructor: Li Jinsong




