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Problem Statement 
Assuming we are watching a video, 
and a fantastic car catches our eyes 
all of a sudden. The quickened heart 
beat signals that this is exactly the car 
we are eager for. Then we naturally 
click that car in the video hoping for 
more information about it. 
Annoyingly, either there is no 
information, or the popup 
information is irrelevant to this car.  
The fact is that when audiences are 
clicking objects in videos, the content 
providers don’t  know what object 
audiences are really clicking and 
searching for. Thus, the connection 
between audiences and the 
information is missing.  
 
 
 
 
 
Fig.1 Object recognition and tracking in videos 

 
Concept Generation 

 
 
 
 

 
 
 
Fig. 2 Concept diagram 
To ensure the feasibility of our project, 
we only focus on the cars in videos. 
After evaluating the pros and cons of 
recognition only, track only and 
combination of recognition and track, 
we finally chose the last concept. 
Although we perform automatic 
recognition and tracking, manual 
corrections are allowed to correct the 
result of both automatic recognition 
and tracking to increase performance.  
 
 
 
 
 

Graphical User Interface 
In order to integrate manual 
correction and algorithms of scene 
splitting, recognition and tracking, we 
designed a Graphical User 
Interface(GUI) on MATLAB for 
engineers from AVD to use.  

 
 
 
 
 

Fig.6 The Graphical User Interface(GUI) 
 

This GUI is user-friendly, since 
engineers only need to click and draw 
for a few times during the video 
processing. What’s more, engineers 
can also use this GUI to evaluate the 
work done by his/her colleagues by 
simply importing the labelling result.  

Validation 
We used our GUI to manually label 
cars in the video and treat these data 
as the ground truth. Then we follow 
the procedure of using our tool to 
automatically label cars. According to 
the engineering specifications, we 
mainly compare the success rate, 
processing speed and precision. 

Conclusion 
In videos, the location and timestamp 
is the identification of one object. The 
purpose of our design is to help 
engineers to figure out those 
identifications more efficiently. As the 
result of validation, we find our 
design can meet the engineering 
specifications and greatly improve the 
efficiency of video-processing.   

Acknowledgement 
Mentor: Wayne Wu from AVD Digital Media 
Vincent Chang, Mian Li and Huan Qi from UM-SJTU 
Joint Institute  
Chenyan Feng and Bohua Gan from UM-SJTU Joint 
Institute  
 
 

Design Description 
 
 
 
 
 
 
 
 

Fig.3 Principle of scene splitting 
 

The basic idea of our design is as 
follows. Firstly, we apply algorithms of 
scene splitting to the input video. The 
purpose of doing so is to ensure that 
we only recognize and track cars in 
the scenes where there is the target 
car. In that case, the efficiency of 
processing videos is greatly improved. 
After scene splitting, we utilize the 
existent algorithms in openCV to 
automatically recognize the cars. 
 
 
 
 
 
 
 

Fig.4 Box Selection Algorithm 
 
Then, to eliminate wrong recognition 
results, we designed a box selection 
algorithm by ourselves. By applying 
this algorithm, most wrong boxes are 
kicked out. 
 
 
 
 
 
 

Fig.5 The ORIA tracking algorithm 
 
Finally, after users have corrected the 
recognition results, our design can 
track cars in the following frames of a 
scene accurately. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

                                
 
 
 
 
 
 
Fig.3 Graphical User Interface (GUI) 
 

A Video Processing Tool for Car 
Recognition and Tracking 
Sponsor: Cayar Zhang   
Mentor:  Wayne Wu 
Team Members: Zhengrong Li, Tian Qin, Jia Tan, Siyu Tang, Jiesheng Zhang 
Instructor: Prof. Vincent Chang 

Scene 1 Scene 2 Scene 3 Scene 4 
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Problem Statement 
Biomedical scaffold is a polyporous 
structure made with biocompatible 
materials which does not poisonous 
to cells or body tissues. The scaffold 
can provide supporting force, 
facilitate & lead cell propagation and 
decompose finally in the body.  
The design problem for us is to use 
open-source FDM system to make 
biocompatible scaffolds.  

 
 
 
 
 
 
 
 
 
 

Fig. 1  Biocompatible scaffold (left) made 
by FDM system 

Concept Generation 
The FDM system is also called 3D 
printer. By Building a open source 
design 3D printer and developing 
biocompatible materials, a scaffold 
can be made. However, the 
biocompatible test is also needed to 
check if the scaffold is valid. Thus the 
whole process will be firstly built a 3D 
printer and develop useful material; 
secondly fabricate the scaffold and 
finally test the bio-compatibility of 
the scaffold.   
 
 
 
 
 
 
 

 
 
 

Fig. 2 Concept Diagram 

 
 
 

 
 

 
 
 
 
 
 

the biocompatibility test. The tests 
were focused on cell propagation and 
cell adhesion. 
 
 
 
 
 
 

 
 
 
 

Fig.5 The scaffold and cells under scanning 
electron microscope 

Validation 
Pore size, porosity biocompatibility 
test were the three main aspect for 
scaffold validation. The pore size was 
analyzed by Matlab image processing. 
The porosity was calculated using 
specific gravity test. The last part was 
most important. The cell propagation, 
cell adhesion and cytotoxicity of the 
scaffold were researched at Luwan 
SJTU school of medicine.   

Conclusion 
The scaffold made by the team has 
satisfied the physical criteria including 
small hole-diameter, high porosity, 
decomposable in the tissue and not 
poisonous to cells. Although the cell 
adhesion test were still in the time 
line, the team has provide a low risk, 
reliable solution for using low cost 
FDM system fabricate biocompatible 
biomedical scaffold.  

Acknowledgement 
Sponsor: Covidien 
Instructor: Prof. Huan Qi from UM-SJTU Joint 
Institute  
Special thanks to: 
Kai Huang from SJTU school of medicine 
Prof. Feng Cheng from SJTU school of medicine 
 
 

Design Description 
The open source 3D printer design is  
called Prusa i3. The machine was 
consist of X,Y,Z axis and an extruder.  
The axis were driven by step motors 
and the extruder was driven by three 
axis. Meanwhile, the material used 
for printing was melted in the heating 
cave and was extruded during the 
movement of the extruder.    
 
 
 
 
 
 
 

 
 
 

Fig.3 The 3D printer 
To print an efficient scaffold, 
biocompatible material must be 
applied during the 3D printing. The 
team selected PLA+HA (PolyLactic 
Acid, a macromolecular thermal 
plastic;  HydroxyApatite, an inorganic 
power mainly consist of calcium and 
phosphorus) as a good raw material 
for making scaffold. These raw 
materials was transferred into 
1.75mm diameter filament by a 
extruder.  
 
 
 
 
 

 
 
 
 
 
 

Fig.4 The filament extruder 
In order to check the quality of the 
scaffold, the raw materials and the 
printed scaffold were sent to Luwan, 
the SJTU college of medicine, to take 
 
 
 
 

 
 
 
 
 

Fig. 5 2D bone profile 
 

                                
 
 

Bioprinter For Heterogeneous 
Biomedical Scaffold Fabrication 
Sponsor: Covidien 
Team Members: Renjie Li, Wentao Cheng, Xiaomin Zhuang, Jiayu Cao, 
Yingtao Wang 
Faculty Advisor: Prof. Kai Xu  Instructor: Prof. Huan Qi 
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Wireless Stethoscope 
Sponsor: Li Weng, Bing Zhang, GE 
Team Members: Hanlin Shi,  Hua Chen, Huate Li, Zhuqiulong Lin, Qin Xu 
Instructor: Dr. Mian Li 

 
 
 
 
 

    Fig.5 Bode plot of the filter     
 

Validation 
 
 

 
 
 
 
 
 
 
 
 

 
 

  
 

Conclusion 
• The front end could successfully 

sample heart beat of patients and 
the sound quality is satisfactory.  

• The Android App is handy for users 
and enables doctors to complete 
remote diagnose.   

• The stethoscope is accurate, 
efficient, compact and low cost.  
 

Acknowledgements 
Shuo Zhang from School of Electronic 
Information and Electrical 
Engineering  
Yongzhi Liu and Luke Tao from GE 
Vincent Chang from UM-SJTU Joint 
Institute 
Renjie Li from UM-SJTU Joint 
Institute 

Reference 
[1] Chih-Ming Liang, Ming-Te Chen, “Bluetooth-
based Headset”, United States Patent 
Application Publication, Pub. No.: US 
2006/0025074 A1 
 
 
 
 
 

Problem Statement 
        Heart disease is one of top 10 
causes of death in China. The patients, 
especially the high risky population 
need to have auscultation regularly 
according to doctor’s 
recommendation. The wireless 
stethoscope, which we propose here, 
is to develop a compact, wireless 
device, and develop an application to 
run on smart phones or tablets 
which will control the measurement 
and manage the data. It should 
achieve two main functions, data 
transmission and data storage. The 
goal is to improve the user experience 
as much as possible.  

Concept Generation 
        In the final design, a condenser 
microphone with a head of a 
mechanical stethoscope is applied to 
measure the heart sound. A PCB with 
sound amplifier and noise filer is then 
connected to the stethoscope to 
eliminate noise and amplify the 
sound signal. A Bluetooth module is 
connected with PCB to transmit data 
to a mobile phone with android app 
on it. The heartbeat file is finally 
visualized as a wave plot and 
uploaded to a cloud server by the app. 
 
 

 
 
 
 
 

Fig.1 Structure diagram 

 
 
 
 
 
 

 
Fig.2 Concept diagram 

 
 
 
 
 
 

 

Design Description 
The shell of the stethoscope is 

designed using CAD software and 
manufactured by 3D-printing. The 
CAD graph of the front end is 
provided as below. 

 
 
 
 
 
 
 
 

Fig.3 Illustration of shell 
 
The PCB board is responsible for  

data processing, a circuit is used for 
noise filer and sound amplifying.  

After data processing procedure in 
the PCB board, sound signal is 
transmitted by Bluetooth module to 
Android APP. On Android App there 
are four parts of the App: log in; 
record; upload and view.  

 
 
 

 
 
 
 
 

Fig.4 Android APP layout 
        
        Finally data would be uploaded 
to the cloud server which enables 
doctors to access data in a different 
place.  
 

Model and Analysis 
        The bode diagram below shows 
that the filter can effectively 
eliminate high frequency noise and 
amplify sound signal. 
 
 

Customer 
requirem

ents 

Engineeri
ng 

specificat
ions 

Targeted 
value 

Satisfy? 

Accuratel
y acquire 

and 
transmit 

data 

Sample 
rate 

＞8000 
Hz 

Yes 

Power 
efficient 

Stand-by 
time 

＞100 
hours 

Yes 

Low cost RMB ＜800 
RMB 

Yes 

Compact 
and 

portable 

mm^3 ＜
100mm*
100mm*

50mm 

Yes 

Easy to 
operate 

Level of 
pages 

＜6 Yes 
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Portable Reverse Osmosis Water 
Machine 
Sponsor: Peng Wang, GE 
Team Members: Yijun Pan, Shengqi Fan, Qinghong Chen, Yangyi Su 
Instructor: Prof. Kai Xu  

index. By comparing the index 
variation, we can verify the 
purification capability of our RO 
membrane. 
For the productivity test, we measure 
how much purified water can users 
get by rotating handle one cycle. The 
volume of feed water and purified 
water is measured for calculating the 
recycle rate of our RO membrane. 
 
Validation Results: 
According to validation part, most 
specifications can be met. 
 Salt rejection≧90% 
 Organics rejection≧90% 
 Productivity≧1.6ml/turn 
 Recycle rate≧15% 
 Volume≦30L 
 Weight≦20kg 
 Cost≦2000RMB 
•  Lifecycle≧1year 
√ means having been verified · means to be 
determined. 

Conclusion 
Our portable RO water machine has 
realized the concept pressurizing 
water through RO membrane by 
human force. The drive force needed 
for our device is only 2N.The 
productivity of our machine is 4.8L/h. 
The test and validation show that our 
RO water machine can meet all the 
customer requirements.  

 
Acknowledgement 

Sponsor: Bing Zhang, Peng Wang 
from GE 
Instructor: Kai Xu, Vincent Chang, 
Thomas Hamade, Huan Qi from UM-
SJTU Joint Institute 
 

Reference 
[1] Chian Environment Quality Report, China 
Environment Department 2013. 
 
 
 
 
 

Problem Statement 
Waster processing is usually the 
biggest concern of human beings. 
The report given by China 
Environment Department showed 
that more than 59.6% river was 
polluted[1]. People can not just drink 
water directly from these polluted 
river. Sponsored by GE, our team aim 
to design a portable water purifier 
based on reverse osmosis membrane. 
Since this RO water machine project 
is already phase two project, we also 
need to improve the phase one 
design in weight, size and 
pressurization method.  

 
Reverse Osmosis Membrane  

With the development of technology, 
people have developed many physical 
and chemical methods to clean the 
water, such as sediment , filtration, 
and chlorination. According to the 
filtration level, we can divide it 
into  microfiltration, ultrafiltration, 
nanofiltration and reverse osmosis, 
where the reverse osmosis method 
has the best effect.   

 
 
 
 
 
 
 
 
 
 
 

Fig 1: Filtration Level  
 

Design Description 
Our final design is presented in the 
figure 2. The whole machine consists 
of three parts: force-magnifying 
device, piping system and RO filtering 
section.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 2 Final Design CAD 
 

A special-designed ball screw is used 
in force-magnifying device to 
transmit the rotation to linear motion 
that controls the piston’s movements. 
A sleeve combines the ball screw nut 
with the piston tail so that the 
combined part can lead the 
movement of piston in the cylinder. 
Both holes on the cylinder are used 
to control the water flow. Each hole is 
connected to a three-way valve and 
then the PE pipe of 1/2-inch-
diameter with a one-way valve. Our 
design can generate a pressure up to 
65 psi. Users can rotate around 20 
times to generate the clean drinking 
water for a sip. 

 
Validation 

For the purification capability test, we 
take 500ml pure water and remain its 
temperature at 15℃ and add 20g 
NaCl, 20g KCl, 10g KNO3 / 20g glucose
（C6H12O6）, 20ml 70% alcohol 
（C2H5OH）in. The solution is 
collected into containers before and 
after using our prototype and sent to 
the GE for detail analysis to get the 
total dissolved solids（TDS） index 
and the total organic carbon（TOC） 
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Simulation of Taper Roller Bearing 
Pumping Effects (Phase 2) 
Sponsor & Mentor: Peter Li & Shijiang Liu, GE 
Team Members: Mei Lv, Xin Qian, Tantian Ning, Yibin Liu, Yangtian Li 
Instructor: Prof. Kai Xu & Prof. Vincent Chang, UM-SJTU Joint Institute 

Conclusion 
    Finally, the section view of the 
single-roller model can be delivered in 
both vector diagram (Fig. 5) and 
velocity magnitude diagram (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
    The overall distribution of absolute 
pressures and mass flow rates on the 
11 roller surfaces cut from left to right 
evenly on x axis under different 
operating modes are listed in below.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acknowledgement 
Shijiang Liu, Ying Zhou from GE  
Kai Xu from UM-SJTU Joint Institute 

Reference 
[1] VE450/VM450 FA2013 Capstone Design Team 
6, Lubrication and Sealing System for High Speed 
TRB Pair on Gearbox. 
[2] Introductory FLUENT Notes, FLUENT v6.3 
December 2006, Fluent User Services Center, from 
www.fluentusers.com 
 
 
 
 
 

Problem Statement 
For high-speed wind turbine, a 

pair of taper roller bearing needs to 
be lubricated during rotation. 
Pumping effects caused by the shape 
of the rollers generate larger pressure 
resistance against oil at longer 
bearing side. Hence oil is distributed 
differently at two bearings against 
practical demand,  causing 
unbalanced lubrication that may lead 
to wind turbine’s malfunction. To 
analyze this problem, the phase two 
project will focus on virtual 
simulation of pumping effects under 
factors of bearing’s temperature, 
velocity and operating modes. 

Physical CAD Model 
To operate the simulation process 

efficiently, several modifications have 
been applied onto the original CAD 
files. The inner shaft corner, roller 
cage are eliminated; a peripheral 
filling and the central pinnacle dome 
have been added. And the final 
segmentation is done by cutting 
between neighboring rollers 
symmetrically as shown in Fig.1. 

 
 
 
 
 

 
 
 
 
 

Boundary Conditions 
A precise simulation must be 

based on strictly defined boundary 
conditions. The pumping effects are 
generated by the motion of the 
rollers consist of both rotation and 
revolution speeds, which are defined 
in the rotating reference frame. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The governing formulations that 
convert from the absolute velocities 
(Eq. 1) into the relative velocities (Eq. 
2) are listed as following.[2] 

 
 
 
Apply the initial setting of inner 

shaft’s angular velocity as 1800rpm. 
The boundary velocities can be 
defined in Eq. 3 and correspond to 
the simulated vision (Fig. 2). 

 
 
 
 
 
 
 
 

 
 

Mesh Generation 
    According to the relatively complex 
topological structure of the single-
roller model, the non-structural mesh 
is applied to the simulation. With the 
extremely narrow gap compared with 
characteristic length of other surfaces, 
the local density boxes are applied 
along the upper and down narrow 
gaps in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
     
The default path of geometry 
generation is from dot to curve and 
then to surface and volume. The final 
cell number is around 2.7 million. 

 

Figure 1. Single-roller CAD model 

Outer Ring 

Inner Shaft 

Roller 

Roller Cage 

(Eq. 2) 

(Eq. 1) 

(Eq. 3) 

Figure 2. Simulated boundary conditions 

Figure 3. Local refinement 

Figure 4. Entire mesh structure  

Figure 5. Vector diagram 

Figure 6. Velocity magnitude diagram 

Figure 7. Pressures & Mass flow rates 
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Problem Statement 
A slip-ring is an electrical component 
in a wind turbine. It connects the 
stationary part and rotational part of 
the turbine and transfers signal 
between them. While the turbine is 
working, performance of the slip-ring 
may be degraded. To verify if the 
vibration degrades the performance 
of slip-ring, GE has developed a test 
rig. But currently, the mounting base 
is connected to the slip-ring rigidly, 
which means no rotation of the slip-
ring is allowed. We need to improve 
the test rig so that it can provide both 
the vibration and rotation for the slip-
ring with a high robustness. 
 
 
 
 

 
 

Fig.1 Whole structure of current test rig 

Concept Generation 
A mounting base can convert 
vibration from vibration bench to slip-
ring. An actuator is used to provide 
rotational motion that is transferred 
by a transmission part, which is also 
in charge of isolating vibration.  
 

 
 
 
 

Fig.2 Concept diagram 

Design Description 
The final design has an actuator, two 
couplings, three shafts, two housings, 
several taper roller bearings and so 
on. The actuator would provide 
rotation, and Coupling1 together with 
shafts and Coupling2, which has an 
elongation of 40mm could transfer 
the rotational motion to slip-ring in 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 

scenario being simulated is static 
loading. Stress distribution curves are 
shown below. 
 

 
 
 
 
 

Fig.6 Stress distribution of shaft1 

Validation 
Validation Process:        
The adjustable speed range should 
cover from stationary to 20 rpm. We 
need to use a speed controller to 
adjust the speed of the motor from 0 
rpm to 20 rpm with an interval of 1 
rpm. We can use velometer to 
measure the rotating speed of the 
slip-ring to check if its rotating speed 
is stable.  
Validation Results: 
According to validation part, most 
specifications can be met. 
 Safety factor for stress>=2 
 Reliability of bearing>=0.9 
 Displacement absorbed by 
transmission part >5.5mm 
 Diameter of hole for wire>45mm 
Cost<=8000RMB 
• Rotational speed: 0-20 rpm               
√ means having been verified and · means to be 
determined. 

Conclusion 
The test rig is able to provide both 
rotation and vibration motion for slip-
ring. The range of rotation speed can 
cover from 0 to 20 rpm, and the 
actuator is well isolated from 
vibration. Therefore it can be used to 
test the performance of the slip-ring. 

Acknowledgement 
Sponsor: Yang Liu from GE 
Prof. Kai Xu from UM-SJTU Joint Institute  

the other end. Housing1 is fixed to 
the vibration bench through a base, 
and the slip-ring is connected to 
Shaft1 by a Mounting Plate,  
 
 
 
 
 
 
 
 

Fig.3 The whole set-up system 
The structure of the two housings are 
the same. Shaft is supposed to be 
carried by housing through two taper 
roller bearings. The bearings can 
ensure smooth rotation of the shaft, 
and the shape of Shaft1, together 
with the cover outside is able to fix 
the location of those bearings during 
vibration. 
 
 
 
 
 
 
 

 
Fig.4 Cross section of housing 

Engineering Design Analysis 
The static stress analysis of the screws 
is done in Solidworks. The screws 
under investigation are those 
between Mounting Plate and slip-
ring. The safety factor is 1.54.  
 
 
 
 
 

 
 

Fig.5 Stress distribution of screw 
We also conduct a stress analysis by 
Solidworks on the shaft1. The 
 
 
 
 
 

 
 

 
 

 
 

                                
 
 

Slip-ring Driving System on Vibration 
Test Rig 
Sponsor: Yang Liu, GE 
Team Members: Haihua Ou, Dan Wang, Shichen Gu, Cheng Cheng 
Instructor: Prof. Kai Xu 
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Customer Needs 
In the tire industry, it is crucial for a 
company to analyze the rival’s 
products. This project dedicates to 
performing fast and automatic ana-
lysis on various tire patterns based on 
images provided. By “vectorization”, 
the software not only cuts the time 
cost from one day to ten minutes, but 
also generates vector graphs that can 
be easily operated by tire designers. 
The time we save and the conve-
niences we provide, will help Giti 
stand out in the intense competition. 
 
 
 

   
 
 

Fig. 1 Illustration: from 1 day to 10 minutes; 
from manual to digital 

 

Concept Generation 
To reach this in computer vision, we 
choose OpenCV as development 
environment, and divide the task into 
three steps: Flattening—Contour 
Extraction—Vectoriztion.By splitting 
and focusing on three different 
aspects of an image, we can thus 
better manipulate the information 
stored in the picture. 
 
 
 
 
 
 
 

Fig. 2 Concept Diagram 
 

Design Description 
1) Flattening: 
Since the tire images are taken by 
cameras, and the curve of tire surface 
is projected onto a plain, we need to 
make adjustment to assure accuracy.  

3) Vectorization: 
Vectorization is the step for turning 
the bitmap into vector graph ( in 
geometric descriptions). The core of 
vectorization is line recognition, with 
image traversed pixel by pixel. The 
algorithm is shown below: 
 
 
 
 
 
 
 
 
 
 
 
 

 
Validation and Conclusion 

According to simulation, our design 
meets the following specifications. 
• Total Time Consumption <= 10mins 
• 24bit-colored (jpeg) image input 
• Vector (dxf) graph output 
• 5% accuracy within 80% area 
  (compared with the actual size ratio) 

 
 

 
 

 
 

Fig.4 The output vector graph, opened in 
AutoCAD 

Tire pattern analysis is a meaningful 
job, because it enables tire companies 
to know their competitors. Our design 
can help them conduct the analysis in 
a swift and effective way. 

Acknowledgements 
Mr. Zhang Fangliang, Li Tingzhao from Giti 
Prof. Li Mian from UM-SJTU Joint Institute  
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[2]OpenCV: http://opencv.org 
 
 

We employ exponential function in 
dealing with this nonlinear stretching, 
bilinear interpolation to fill in the 
blank pixels. This method can ad-just 
the picture into a flat rectangular 
pattern. 
 
 
 
 
 
 
 
 
 
Fig.3 The result of flattening. (Human eye 

may be misled by the effects of light.) 
2) Contour Extraction: 
The useful information on a tire 
pattern is the contour. We use a 
series of operations to filter the 
useless information off the picture 
and remain the contour information. 

 
 
 
 
 

Fig.3 From left to right: Original –> 
Brightness & Contrast –> Gaussian Blur & 

USM Sharpen –> Laplacian Operator 
 

The Gaussian Blur is employed to 
eliminate the hot pixels; USM 
Sharpen is used to enhance the 
contour information; finally, we use 
gradient differential operation to 
extract the contour. Among Laplace, 
Sober, and Scharr operators, we find 
that Laplacian Operator most effec-
tive in terms of tire patterns. 
 
 
 
 
 

Fig.4 Using contour extraction for 
preliminary line blocks information 

 
 

 
 
 

Vector Information Picked up from 
Tire Pattern Images 
Company Sponsor: Li Tingzhao, Giti Tire 
Company Mentor: Zhang Fangliang, Li Tingzhao, Giti Tire 
Team Members: Xue Erfan, Pan Jingtian, Shen Ruofei, Wei Handong 
Instructor: Prof. Mian Li 
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Optical Character Recognition (OCR) 
For HP AiO LaserJet 
Sponsor: Fox Zhu, Hewlett-Packard Development Company 
Team Members: Chujia Hong, Jiahao Lai, Hezhong Li, Kaiyu Wang, Yameng         
Wang  
Mentor:   Justin Tang      Instructor: Vincent Chang 

 
 
 
 
 
     
 
 
 

Analysis 
To test the functionality of our design, 
we input a 350-character scan text 
and analyze the output file. 
 
 
 
 
 
 
 

  
 
 
 

 
Conclusion 

• Our design proved theoretically the 
optical character recognition (OCR) 
technology can be applied to AiO 
LaserJet independently. 

• To put into widespread use, we 
should improve the algorithm to 
recognize words from figures and 
ensure higher recognition rate.  
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Fox Zhu, Justin Tang from Hewlett-
Packard Development Company 
Vincent Chang from UM-SJTU Joint 
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[1] Digital Image Processing Using MATLAB, 
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[2] GB 2312-1980 Standard Simplified Chinese 
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Problem Statement 
A All-in-One (AiO) LaserJet is a device 
which combines scanner, printer, fax 
machine, copying machine together. 
To improve the qualify of copying, the 
OCR technology is applied to the 
LaserJet. But there are some 
problems. 
Because of no computer intervention, 
the RAM of LaserJet microprocessor is 
limited. Also, the recognition rate and 
speed should be acceptable. 
 
 
 
 
 
              Fig.1 All-in-One LaserJet 

Concept Generation 
To configure the MATLAB based 
demo environment, sub-systems are 
defined as image pre-processing, 
character database and features 
filtering. 
 

 
 
 
 
 
 
 
        Fig.2 Concept Diagram 

Next, the process can be simulated in 
integrated demo. In the pre-
processing part, we segment the 
scanned text into single character. 
Then use feature arrays to compare 
with those character in database, we 
can get the most possible character 
and print it out to regain the text. 
 

 
 
 
 

               

Design Description 
Basically, we develop an OCR system 
for common-used Chinese characters 
using MATLAB. The system consists of 
several functions and the most 
important parts are segmentation 
function and recognition function. 
After accomplishing graying, 
removing noise, binarization tasks in 
the pre-image function, we use the y-
axis projection of each pixel array 
(see Fig.4) to segment into different 
lines.    
 
 
 
 
 
 
 
 
 
 
 
 
As for the character segmentation 
algorithm, we cut off each single part 
that is between first black point and 
first all white column. Then for some 
complex characters, the previous part 
is divided into several parts and the 
segmentation is decided by the 
relations among those parts.     
After segmentation, three features 
arrays are used for recognizing the 
character by comparing with those in 
the character database. The first 
feature array is to store pixel point 
distribution of each part. The second 
is to store the external features by 
checking the first and second strokes 
in four directions (see Fig.5) . The 
third array can record the directional 
elements of each part and categorize 
them into four sorts: vertical, 
horizontal,  left-inclined and right-
inclined.                                                                                         

Fig. 5 External feature array construction 

    Fig.3  Flow chart 

Fig.4 Projection of two lines 

Engineering 
Specification 

Target Real 
Value 

Satisfy? 

 
Recognition 
rate 

 
>90% 

 
92% 

 
√ 

 
Time of the 
OCR process 

 
Acceptabl
e 

0.128s/ 
character 
(average) 

 
√ 
 

 
Memory size 

 
 <100 MB 

 
14.4 MB 
 (on peak) 

 
√ 
 

Table 1: Engineering Specification and    
corresponding test result 
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Problem Statement 
Printing documents on a shared 
printer is fairly common today. 
However, did you ever think of the 
possibility that sensible documents 
could leaked this way ?  
From the time the printing request 
is launched to the time the 
documents are picked at the 
printer, nobody knows what can 
happen. 
 
As a solution, the fingerprint 
printer allows you to realize a safe 
printing. Using this process, your 
documents are not printed until 
your fingerprint has been scanned 
and recognized by the printer. 
 

Concept Generation 
The project is divided in three 
parts:   
• A user interface 
• A wireless network (server) 
• The fingerprint printer 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Concept diagram 
 
The microchip is used for setting 
the communication between the 
scanner and the server.  
To print the documents, the ID 
sent from the user’s computer 
(login page) and the ID sent from 
the fingerprint recognition have to 
match.  
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Validation 
Two criteria are really at stake in 
this project; the speed and the 
accuracy. 

Speed : 
From the moment when the user 
scans his finger to the printing of 
his documents, no more than 5 
seconds should pass by.  
After several tests, it occurred that 
our project meet this specification 
with a near  100% ratio. 

Accuracy : 
When processing the fingerprint 
recognition, the user shouldn’t 
have to carry out more than            
3 scanning trials before getting a 
match result. 
In addition, no false match result 
are allowed; in no way is it 
acceptable to be recognized as an 
other user. 
People with thin fingerprints had 
originally troubles to be recognized 
by the scanner. Thus, the scanning 
software inside of the device was 
replaced and it is now possible to 
match one’s fingerprints within a 
reasonable amount of trials. 

Conclusion 
At the current time, there is no 
such product as the fingerprint 
printer on the market. Meaning 
that this project couldn’t start from 
an already existing basis. However, 
the project is now able to 
demonstrate a fully working 
prototype of fingerprint printer. 

Acknowledgement 
Fliming Yang from HP 
Vincent Chang, Mian Li from UM-SJTU Joint 
Institute  
 
 

Design Description 
Attachement : 
The integration of the different 
components inside the printer was 
an actual challenge. 
 
 
                                
 
 
 
 
 

Figure 2. Fingerprint printer assembly 
 

The microchip has to fit hidden in 
the structure, but the scanner, the 
screen (to show the result) and the 
button (to register a new user) 
have to be accessible and well 
presented.  
In particular, it has to be easy as 
possible to scan one’s finger. As a 
result, the scanner surface should 
be perfectly fit to the printer upper 
surface. This is why a special 
support has been designed. 
 
 
 
 
 

Figure 3. Scanner support 

 
Programming : 
The software parts mainly aim at a 
really intuitive use of the product.   
On his computer, the user prints 
documents as usual, and a single 
step with a login page is added. 
On the printer side, the scanner 
light when used and a screen is 
integrated to the structure to 
share instructions and results with 
the user. 
 
 
 
 
 

Identity Recognition Based on a 
Fingerprint Printer 
Sponsor: Fox Zhu, HP  
Team Members: Linye Han, Andriamahatratra Tiana, Wisniewska Paulina,  
Guangyu Jin, Yuxi Wang 
Mentor : Fliming Yang, HP  Instructor: Prof. Mian Li 
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computer 
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4 

Fingerprint 
Printer 
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4 

: Login and send documents 
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: Send associated ID 
: Print the associated printjobs 
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Problem Statement 
In daily work, HP’s engineers need to 
spend plenty of time to test AiO 
Laserjet. One of the processes is to 
set image data and print image out to 
check whether the setting is correct 
or not. This process cost them lot of 
time(two weeks) and copy paper. So 
they need a visualization software 
which can help them to instantly 
check the image. It will improve their 
working efficiency. 
 
 
 
 

 
 

Fig. 1 Problem Concept Demonstrations 
 

Concept Generation 
Once the image is loaded in, it can be 
zoomed or dragged and the graphical 
information will be displayed. Besides, 
Gamma, Contrast, Lightness, Denoise 
and Sharpness can be applied on the 
image. The Calibration function can 
calculate the black, white and grey 
reference data and output the 
coefficients of quadratic function and 
distribution of pixel. 
 
 
 
 
 
 
 
 
 

Fig. 2 Detailed structure function 
 

Design Description 
The Software we design is developed 
based on Matlab. Software’s UI is 
based on Graphical User Interface 
(GUI). The following figure depicts our 
software.  

 
 

 
 

 
 
 
 
 
 

Validation 
Validation Process:        
Most of specifications can be tested 
by easy experiments such as 
resolution, image size, file types and 
memory space. Besides that, we 
compare our software with 
photoshop and find that the accuracy 
of pixel processing is 100%. 
However, the Bit-Depth supporting 
need to be modified to meet 
customers’ requirements. 
 
 
 
 
Fig.6 The Comparison of the Original 

and the After-Processing 
 

Validation Results: 
According to validation part, most 
specifications can be met. 
 Resolution Support<=600 x 600 dpi 
 Memory Space<=30MB 
 Image Size<=210 x 297mm 
 Processing Time<=1s 
 Maintainability Index>20 
 Input File=bmp. tif. jpg. png.  
 Output File=bmp. tif. jpg. png.  
 Output Bit-Depth=8 bits 
• Input Bit-Depth=8bits,10bits,12bits               
√ means having been verified and · means to be 
determined. 
 

Conclusion 
Our Software is low-cost and has 
small memory size. Also, short 
processing time and accurate pixel 
processing help HP engineers to 
improve their working efficiency.  
Moreover, it’s easily upgraded and 
user friendly. 
 

Acknowledgement 
Fox Zhu  and David Cheng from HP 
Prof. Mian Li and Prof. Vincent Chang 
from UM-SJTU Joint Institute  
 

 
 
 
 
 
 
,  

 
 

Fig.3 Software User-Interface 
 

Look-Up Table: The Look-Up table is 
used to replace the pixel on the 
image. After applying the table on the 
original image, the pixel of image will 
be replaced and became a new image. 
Also, the LUT curve can be displaced 
and we can drag the curve directly to 
change the image. 
 
 
 
 
 
 

 
 

Fig. 4 Look-Up Table Curve 
 

Calibration: Calibration is to simulate 
the process of adjusting the external 
light in scanning process. There are 
two steps in calibration, analog and 
digital. The red curves are the gray 
value distributions of three reference 
images scanned in. The green curves 
and blue lines are respectively the 
results after analog and digital step.  
 
 
 

 

                                
 
 
 
 
 

Fig. 5 Calibration 
 
 
 
 
 

 
 

 
 
 

Visualization of Scanning Process for 
HP AiO Laserjet 
Sponsor: Fox Zhu, Hewlett-Packard 
Team Members: Bitong Wang, Luqiang Zheng, Song Yang, Yi Zhuang, Lijun      

Mao 
Faculty Advisor: David Chen(HP)   Instructor: Prof. Mian Li 



11

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

University of Michigan - Shanghai Jiao Tong University Joint Institute 

Problem Statement 
Smart autofocusing, which can detect 
and focus objects correspondingly, is 
a very popular research area these 
years. With the help of OpenCL GPU 
accelerating algorithms, the speed as 
well as smoothness will be improved. 
In this project, we focused on the 
implementations as well as the 
increase of speed and the decrease of 
CPU occupancy of smart autofocusing. 

Concept Generation 
The flow chart below shows the 
procedure of our project, which is 
divided into two major parts, namely, 
object detection, and camera 
autofocusing. We implemented the 
acceleration processes by applying 
parallel computations on GPU. 
 
 
 
 
 
 
 
 

 
Figure 1. Concept diagram 

Design Description 
We firstly implemented object 
detection and camera autofocusing. 
After realizing the basic functions, we 
optimized our project by acceleration. 
Design of Object Detection 
Object detection means we can find 
the targets we want by passing an 
instruction to the computer, so that it 
can find and select the objects.  For 
this part, we must first collect enough 
positive and negative image samples 
and then use haar training to obtain 
the xml file, which is crucial for the 
recognition process. We have checked 
the accuracy of recognition by both 
algorithms and real objects. Up to 
now, we have been able to recognize 
 

 
 
 

 
 
 
 
 
 

we can set focal length by ourselves. 
 
 
 
 
 
 

 
 

Figure 5. Effect of applying autofocusing 

Test and Validation 
We tested our project in the following 
aspects. 

Table 1. Engineering specifications and 
corresponding test results 

 
 

 
 
 
 

Also, we decreased the detection and 
focusing time from 25ms to 15ms 
under 1280x720 resolution. 

Conclusion 
We realized object detection, smart 
detection and autofocusing based on 
the haar training and OpenTLD 
algorithm. By transplanting the 
algorithm from CPU platform to GPU 
platform, we released the burden of 
calculations on CPU, and accelerated 
calculations by using GPU. The speed 
can be further increased if the time of 
capturing image from camera can be 
decreased and the efficiency of 
parallel computing can be further 
optimized. 

Acknowledgement 
Sponsor:    Fleming Feng & Evelyn Yan, Intel 
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[1] Georg Nebehay, Robust Object Tracking Based 
on Tracking-Learning-Detection, 2012 
 
 

apples, oranges and faces. 
  
 
 
 
 
 

Figure 2. Object detection - apple 
 
 
 
 
 
 

Figure 3. Object detection - face 
Design of Smart Detection 
Based on the OpenTLD algorithm, we 
can select the object by either boxing 
or clicking on it. And then, the 
algorithm will check the selected 
object frame by frame so that it can 
learn more information and perform 
detection accordingly. And the 
cascade structure here decreases the 
detection time to a large scale. As a 
result, we can detect and track any 
object we want. The whole procedure 
is shown in figure 4. 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Procedure for detection [1] 

Design of Autofocus 
The autofocusing part is realized 
based on the calculation of the 
sharpness of the selected area. The 
focal length is adjusted to achieve the 
maximum sharpness in that area as 
fast as possible. We also added the 
function of focusing manually so that 
 
 
 
                             
 
 

OpenCL GPU Accelerated Camera 
Smart Autofocusing on Intel Platform 
 
Sponsor: Fleming Feng & Evelyn Yan, Intel 
Team Members: Yilun Cao, Ying Gao, Zhen Yuan, Ming Zhong, Rui Zhu 
Company Mentor: Nanhai Zou   Instructor: Prof. Vincent Chang 
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Problem Statement 
Nowadays, surveillance cameras are 
all around us. Data indicates that 
there are more than 10,000,000 
cameras have been installed all over 
the world, which lead to a great 
amount of videos. What’s worse, 
most of these cameras are high 
definition; the size of a single piece of 
video can be very large. As a 
consequence of these two factors, 
people are having troubles finding 
space storing those videos, even for a 
short range of time. 
 
 
 
 
 

 
 
 

Fig. 1 A simple flow chart indicating the 
existing problems 

 

Concept Generation 
The video input is handled by the 
processor and passed to the encoder 
for compression. Since our structure 
is simple and does not have much 
room to change, our concept 
generation focus on the details of the 
crucial part of our design: The 
Processor and The Encoder. 
 
 
 
 
 
 
 
 

Fig. 2 Concepts generated 
 
After brainstorming, we generated 
the morphological charts as below. It 
is divided mainly into three part: 
OpenCV, OpenCL, and codec. 
 
 
 
 
 

and compress it. When the data is 
processed, we call it raw video and 
the format of it is .yuv, which could 
take several gigabytes to save a 5-min 
video. Here we have two design, use 
H.264 format or H.265; 7z is also 
considered. H.265 actually has a 
higher compress rate but it is not 
supported by lots of hardware. 
H.264+7z was selected to achieve 
higher compress rate. However, the 
7z compression takes lots of time and 
is not every efficient in terms of 
compressing.  
 

Conclusion 
This project aims to design a set of 
device that promote the performance 
of existing video surveillance system 
in certain places like supermarkets, 
warehouses, and offices. The core of 
this project is the video abstraction 
algorithm on Intel’s GPU, it can 
abstract the important information 
from the surveillance video. By 
sacrifice the bit rate and frame rate of 
the uninterested parts, the size of the 
video can be reduced. Technologies 
like real-time alarm can be used to 
offer a better user experience. After a 
evaluation, the design has reached 
the constomer requirements. 
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http://www.hikvision.com/cn/prgs_724_i2745.ht
ml 
 
 

 
 
 
 
 
 

Fig. 3 Morphological chart 
 

Design Description 
In our design, we chose background 
differencing in our algorithm to 
achieve our goal. The basic idea in 
this algorithm is to compare the 
difference in adjacent frames so that 
motions can be detected. To get the 
outcome we want, we declared three 
frames, which are copies of the 
original one to process the images. 
Now, as the important information 
are highlighted, our mission is to 
reduce the size of those processed 
frames so that the total size of the 
video can be smaller. 
 
 
 
 
 
 
 
 

 
Fig.4 A sample of processed frame in our 

design. Mosaic mask is applied. 
 

According to our design, we have a lot 
of computation when there are 
moving objects. So we can optimize 
the computation so that the code can 
be faster. We decided to use existing 
functions in GPU acceleration part, 
which has the worst optimization but 
best stability. But for now, the speed 
is fast enough for us to accept. 
Codec is applied when we want to 
save the processed data as a video 
 
 

OpenCL GPU Accelerated Video 
Abstraction on Intel Platform 
Sponsor: Nanhai Zou, Intel 
Team Members: Xiao Chu, Cheng Gongye, Shichen Xie, Zheng Zhao, Yijie 
Zhang 
Faculty Advisor: Prof. Huan Qi 

OpenCV OpenCL Encoder 

Detectio
n Processing Computa

tion Codec Mode 

Backgro
und 
differen
cing 

Process
ing key 
frames 

bluring 
Use 
existing 
functions 

H.265 
Periods 
process
ing 

> 10,000,000 
 
 
 

installed 

 
 
 

popularized 
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Problem Statement 
Car recognition is the technique to 
recognize cars from each other by 
processing the high quality video, 
which comes from the monitoring 
camera. Existing technique has many 
problems, such as disability to handle 
car without plate and low detection 
rate on complex Chinese characters.   

Concept Introduction 
Our team's project aims at writing a 
video processing code to process 
video to recognize cars by their 
licenses, driver's faces and the other 
specific details including the color, 
brand and adornment behind the 
front window, which achieves a 
detection rate higher than 95%. 
 
 
 
 
 

Design Description 
Our project is a software algorithm to 
processing the image scratch of the 
video from the monitoring camera. 
The design is a processing algorithm 
consists of mainly two parts: The 
plate detection part and the face 
detection part. 
 
 
 

 
 
 

 
Fig.2 Structure function 

If the plate is accessible, the system 
will use the plate detection to 
recognize the cars and save them in 
the Data base. Otherwise, the face 
detection function will be activated, 
saving the details of car in the 
database 

Face Detection 
 
 
 
 
We use Viola-Jones algorithm to 
recognize face, and the steps are as 
follows: 
1.  Gray & Binarize the image 
2.  Blur the image: 
Blur is special preprocess step to enlar
ge face and skin area in the picture. 
3. Tilt detection: 
Tilt image with positive and negative 
25 degree and detect face in all three 
pictures for sake of tilted face.  
4. Apply Viola-Jones algorithm 

Validation 
Those data are provided based on so
me simple tests. Some other 
specifications might be added for 
further improvements 
Validation Results: 
·    detection rate > 95% 
·    false positive rate < 4% 
·    total time = 3s 
·    clarity > 12 million pixels 

Conclusion 
Our team's project achieved two 
functions:  
1. By preprocessing the video and 
applying the recognition algorithm, 
the words on plate is read from the 
car. 
 2. Face detection technique, which 
runs processing code to process video 
to recognize cars driver's faces. 
The over all detection rate achieves 
above 95%. 

Acknowledgement 
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Plate recognition 
 
 
 
 
 
 
Fig.3 Plate recognition 
First image was preprocessed with gra
yscaling, then vertical edges detection
 and binarization were implemented o
n the image. Second, we propose eros
ion operation and dilation operation a
nd search the plate based on location,
 area and the ratio. Finally we extract 
the characters on the plate.   

Binarization 
After the word picture Is scratched 
from the plate the pixel is processed 
to be pure black/white. 
 

 

Edge Navigation and  
Noise Reduction 

The edges need to adhere the word: 
 
Noise exists to affect the result, only 
the number left to be white: 
 
                            After reduction 

Recognition Algorithm 
We divide the character into several p
arts and calculate the percentage of 
white area in each part. Then compar
e the data with standard cases to mak
e a decision. For complex situation, w
e detect blob and straight line to class
ify the characters.  
 
 
 
 
 
 
Fig.4 “2” test result        Fig. 5 Division of “2” 
and   “2” standard 
 
 
 
 

 
 
 
 
 

                                
 
 

Car Recognition Based on GPU 
Acceleration 
Company Sponsor: Fleming Feng & Evelyn Yan, Intel 
Company Mentor: Michael Fu & Nanhai Zou, Intel 
Team Members: Lu Yang,Yuxuan Wang,Yifei Chen,Tengyang Jia,Hanrunyu Yan 
Instructor: Prof. Vincent Chang  

Fig.1 Concept Diagram 

Capture 
Database 

Entrance control 

Image 
process 
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Automatic Processing Handling System 
Involving Safety Inspection for Valve 
Crosshead Manufacturing 
Sponsor: Zhejiang Liming Company 
Team Members: Yusheng Cai, Shihao Que, Li Jing, Guobin Liu 
Instructor: Dr. Kai Xu 

The handling system for 2nd die is 
positioned on the other side of the 
die (Fig 2). Without sorting function, 
it also remains handling mechanism 
(Fig 5). The size and length of linear 
units are slightly revised; the 
placement of motor is tailored. 

 
 
 
 
 
 
 
 The control and inspection system 

are realized as conceptual decision. 
PLC is applied and now it can control 
the motors already. Sensors need 
further test and adjustment. 

Validation 
Plan: Simple tests will be run after the 
construction of prototype. Functions 
for sorting, feeding and handling will 
be mainly tested to see whether they 
can work. The efficiency test will be 
run after assembly to press punching 
machine in Zhejiang Liming Company. 

Conclusion 
     After two months of hard work, a 
rigorous design of automation reform 
project for industrial purpose has 
been developed. A prototype is to be 
constructed accordingly. It is expected 
to at least triple the volume of 
production for valve crosshead of 
Zhejiang Liming Company. 
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Problem Statement 
Zhejiang Liming Company now 

produces valve crosshead with two-
step press punching under operation 
of workers. Total time consumed for 
one complete product will be about 8 
seconds and the workers can only 
work for 8 hours every day, which 
make the volume of production 
insufficient to meet its high request.  
Moreover, workers safety is not 
guaranteed during machine’s 
pressing phase. This project aims at 
creating an automatic process 
handling system for valve crosshead 
manufacturing, as well as increasing 
production efficiency and workers’ 
safety. The new press punching 
machine provided now has two dies. 

Concept Generation 
One difficulty of our design is to 

make sure the orientation of the 
work piece could accurately fit that 
of two dies (Fig 1). Otherwise, work 
piece could not be processed as 
expected. After heated discussion 
among team members and instructor, 
we decided on designing a 
mechanism can sort and fix the 
direction of the material before 
dropping them into dies. 

 
 
 
 
 
 
The entire moving system is 

designed to be of 1-DoF to avoid 
unnecessary vibrations. Ball screw is 
chosen for its high precision and 
speed. A laser matrix is planned to be 
the sensors offering safety inspection 
as wrongly placed work piece will not 
be dropped into the die. Finally a 
highly precise and sensitive PLC is 
involved to work as controller. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Final Design  
The final design is determined 

with actual scale of the real press 
punching machine and the dies 
equipped on it(Fig 2).  

 
 
 
 
 
 
 
 
 
The left part is responsible for 

sorting raw material and handling to 
first mold (Fig 3).  

 
 
 
 
 
 
 
 
The entire mechanism works like a 

bullet loading system of a gun(Fig 4). 
With raw materials filled in pre-
arrange slot and pushed with push 
bar when loading, the system can 
reload one piece of material each 
time. A rotating mechanism with 
elastic structure of the push bar can 
adjust materials’ direction and fit it 
into the match slot. 

 
 
 
 
 
 
 
 
The ball screws of proper size and 

brushless motors with enough speed 
are applied to ensure the speed and 
precision requirements of the project. 

 
 
 

 
 

Figure 1. Special shape of raw materials and 
corresponding dies of same shape 

Figure 2. Final design overview 

Figure 3. Handling and sorting system for 1st die  

Figure 4. Sorting mechanism. 

Figure 5. Handling system for second mold 
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Problem Statement 
Current contact management of 
Showcase, a selling-assistant APP 
developed by Logic Solutions[1], is 
not optimal enough. Operations like 
mapping an address is complicated. 
The existing management contribute 
little help to build and maintain 
custom relationship.  
In addition, a team from previous 
team has built an iOS model. 
However Android is occupying a 
larger share in mobile market. 
Therefore, in order provide more help 
to more salesmen, we were entrusted 
to develop an Android Showcase 
Contact Management. 
 
 
 
 
 
 
 
               Fig.1 Current CRM Module 

 
Concept Generation 

The CRM module is further divided 
into two parts which are input and 
activity, GPS, OCR (Optical Character 
Recognition), and import are 
considered to facilitate input of data. 
The dimensions of activity are 
expanded to contact, company, 
project, and event. 
 
 
 
 
 
 
 
 
    
                Fig.2 Concept Diagram 
 
 
 

Validation 
Validation Process: 
We need to perform some basic tests 
to guarantee that the basic 
functionality works. We will first 
validate that the CRM module works. 
These functionality needs to be 
validated: create/edit/delete 
company and individuals. Basically 
what needs to be done are 
performing the tests and checking 
whether we can get expected results. 
Then we will need to validate the map 
module by checking whether check-in 
and navigation work. Then some 
extreme test cases should be applied 
to make sure that the program will 
not crash. The extreme test cases 
includes testing some abnormal 
inputs to the forms, or some invalid 
address to map module. 
 

Conclusion 
In the project, we are expected to 
improve a customer relation 
management of a selling-assist APP, 
Showcase. We develop a new APP 
which may be later integrated into 
Showcase, with better management 
logic and map functions. 
 

Acknowledgement 
Sponsor: George Shen, Logic 
Solutions 
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Instructor: Vincent Chang, Kai Xu 
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Yiming Hao, Tingyang Meng, Zezhi 
Chen 
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Design Description 
Basically we develop an entirely new 
Android APP module using Eclipse 
and IntelliJ IDEA. The new contact 
management module consisting of 
two main parts, which are CRM and 
map. As for CRM part, many useful 
functional items like project progress, 
event history and local contact 
information import/export are 
brought in to make it a great assistant 
for salesmen to manage their contact 
information and projects. While GPS 
part is a special embedded design 
according with salesmen’s business      
---- selling products door to door. The 
contacts in the CRM part can be 
directly located on the map so it’s 
very convenient for them to visit their 
clients. Also the map system can 
generate an optimal visiting route in 
case of visiting multiple customers at 
a time. 
 
 
 
 
 
 
 
 

 
Fig.3 Home Page of Prototype 

 
 
 
 
 
 
 

 
 
 
 
 

Fig. 4 Map Module 
 

                                
 
 

Android Showcase Mobile  
Contact Management  
Sponsor: George Shen, Logic Solutions 
Mentor: Anna Geng, Sean Zeng 
Team Members: Mingheng Song, Yiming Hao, Tingyang Meng, Zezhi Chen 
Faculty Advisor: Vincent Chang  Instructor: Vincent Chang, Kai Xu 
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Problem Statement 
Well designed and manufactured 
holes and hollow inner structures are 
necessary to protect turbine blade 
(Fig.1).The extra heat is removed from 
the blade through the holes and the 
blade is covered with the protective 
air film generated by the holes. 
However, insufficient pulses number 
will result in blind holes while 
excessive pulses number will lead to 
surface scarring in the inner opposite 
surface. Therefore, an off-line 
breakthrough detection system based 
on laser drilling machine would 
reduce the cycle time and material 
and labor costs, which can bring great 
business benefits to the company. 
 
 
 

 
 
 

Fig. 1 Typical Turbine Blade[1] 
 

Concept Generation 
Sub-system concepts are developing 
an algorithm to do image processing 
and detect whether the offline image 
is breakthrough or not. By comparing 
the results to the accuracy of 
manually checking, the results can be 
used for validation 
 
 
 
 
 
 
 

Fig. 2 Schematic Diagram of Vision Based 
Drilling Breakthrough Detection System 

 

 
 
 
 
 

 
 

Fig. 3 Concept Diagram 
 
 
 
 
 
 

Validation 
After the prototype is constructed, 
the simulation of the actual shop 
production is available. Thus, here are 
three sources of images for improving 
the algorithms. 
Offline images from the prototype 
Online images from Siemens 
Offline images from Siemens  
The specifications of the design is to 
use the image processing method t o 
detect the breakthrough status so as 
to  reduce the current cost of 
detection which is the manual check. 
Following is the details of 
specifications. 
Accuracy over 97% 
Fitting the shop production process 
Speed of one round of detection 
lower than 0.5s. 

 
 

Conclusion 
Despite some adjustment of our 
project, we are still working hard to 
make our project satisfactory. Online 
images get from Siemens have been 
gone through to capture the features 
after breakthrough. A prototype has 
been built to try to get off-line images 
by ourselves. Due to the limitations of 
our equipment, offline images get 
from our prototype is not excellent. In 
summary, our project meets the 
demands of Siemens and our 
instructor. 
   

Acknowledgement 
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Design Description 
Besides the online image provided by 
SIEMENS, to better simulate offline 
images, a prototype was built for 
image capturing.  

Modeling and Analysis 
A plane X-Y direction motion was 
designed by CAD and then built with 
slide rods and blocks, on the frame of 
aluminum bars. The drilled aluminum 
pieces can move at any position of 
horizontal plane.  
 
 
 
 
 

 
 

Fig. 3  Prototype of Hole Detection 
 

Ring LEDs and Back LED sources 
simulate the actual breakthrough 
detection conditions.  
 
 
 
 
 
 
 

Fig. 3 Two Light Sources 
 

For each hole, back LED behaves 
better for the high light density.  
 
 
 
 
 
 
 
 
 

 
Fig. 4 Images of 3 Holes under Two 

Different Light Source 
 
 
 

An Off-line Breakthrough Detection Approach 
of Laser Cooling Hole Drilling Process of Gas 
Turbine (GT) Turbine Blades 
Sponsor: Yetao Zhou and Yucheng Tang, Siemens 
Team Members: Mengyang Xu, Minzhi Xue, Ruowei Gu, Qiyu Shao, Cong Shen 
Faculty Advisor: Prof. Huan Qi   Instructor: Prof. Huan Qi 
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    The DC motors and servo motor 
are all triggered by PWM signal. The 
trigger signal is pre-programmed 
onto a circuit board bought on the 
market. Once the system starts, it can 
operate continuously. The circuit 
board and the programming user 
interface are shown in Fig. 5. 
 
 
 
 
 
 
 
 

 
Conclusion 

• On-line thermal imaging system is 
constructed to monitoring the 
thermal coating process. Real time 
images are available and data can 
be saved.  

• Off-line software is written to help 
do the post data analysis. 

• A 2 DOF working platform is built 
to prove that the on-line thermal 
imaging system is feasible. 
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Problem Statement 
In the thermal coating process, the 

component temperature distribution 
during coating is of great importance 
to the final quality of coating. Due to 
fractures and flaws on the surface 
being coated, heat may pile up and 
high temperature areas may occur. [1] 
To solve this problem, an on-line 
thermal imaging system as well as an 
off-line software are needed to 
record and analyze the temperature 
distribution during thermal coating. A 
working platform simulating the real 
working condition is also required to 
prove the feasibility of the online 
thermal imaging system.  

On-line Thermal Imaging 
Thermal images of the downsized 

gas turbine blade were captured by 
infrared camera (FLIR, A325) at 9 Hz 
sampling rate. The true temperature 
distribution (left) and optical image 
(right) of the downsized gas turbine 
blade are shown in Fig. 1. 

 
 
 
 
 
 
 
 
To ensure the thermal images are 

real time, an user interface based on 
LabVIEW is constructed. Both true 
temperature distribution and RGB 
date are displayed. The RGB data can 
be saved for future analysis. The user 
interface is shown in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Circuit board and the programming 
user interface.  

Figure 4. The working platform. 

Figure 1. True temperature distribution (left) 
and optical image (right) of the downsized gas 

turbine blade. 

Figure 2. User interface based on LabVIEW 

𝑇𝑇𝑠𝑠,𝑥𝑥 − 𝑇𝑇∞
𝑇𝑇𝑚𝑚,𝑖𝑖 − 𝑇𝑇∞

= 𝑈𝑈
ℎ𝑜𝑜𝑜𝑜𝑜𝑜

exp − 𝑈𝑈𝑈𝑈
𝑚𝑚 𝐶𝐶𝑝𝑝

𝑥𝑥  (Eq. 5) 

Off-line Software 
Though the online data can be 

saved through the user interface, an 
off-line software is also needed to do 
post data analysis. In light of this, an 
off-line software is written based on 
matlab. The major functionalities of 
this software are: 
 Load in (user configurable) the 

RGB data.  
 Transform RGB data into true 

temperature data. 
 Plot the temperature history of a 

certain pixel point on the true 
temperature image chosen by user. 

     Fig. 3 shows the user interface of 
the off-line software and the 
temperature history of the chosen 
pixel point. 
 
 
 
 
 
 
 
 
 
 
 

The Working Platform 
    To verify the feasibility of the on-
line thermal imaging system, a 
working platform should be built to 
simulate the real working condition 
of thermal coating. The working 
platform is designed to have 2 
degrees of freedom (2 DOF). Two DC 
motors and one servo motor are 
embedded onto the platform to 
ensure the horizontal and vertical 
motion. The heating mechanism is 
designed to be “spot” heating, to 
simulate this, hot air gun which has 2 
mm outlet diameter is used. 

Fig. 4 shows the set up of the 
working platform. 
 
 

Figure 3. Off-line software Interface 
(upper) and temperature history of the 

chosen pixel point (lower) 

Hot Air Gun

Gear Power Train and Servo Motor

Control Unit

Downsized Gas 
Turbine Blade

IR Camera
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Gas Turbine IGV Actuation System 
Miniature Model Development & 
Demonstration 
Sponsors: Mr. Law Ow and Mr. Ren Chao, SIEMENS 
Team Members: Yichao Yao, Zhichao Zhang, Junxi Zhu, Xiaofan Xu, Jianwei Sun 
Instructor: Prof. Xu Kai, UM-SJTU Joint Institute 

Validation Plan 
     The specification and the related 
test lie in the table below: 
Table. 1 Tests related to the specifications 

 
 
 
      The validation tests have been 
divided into three categories.  
• Measure 
     Since there are some specifications 
can be validated through this test 
directly, such as the overall weight 
and size.  Since the material and 
components are selected strictly 
according to our design, so the actual 
weight and size should be nearly the 
same as the design value. 
• Analysis 
     Since there are two specifications 
hardly to be tested, they will be 
analyzed through calculation. Service 
life will be decided by the weakest 
component, the stepper motor.  
• Feedback Experiment 
     This is the most important test of 
this project. This test can be used to 
test the response time and the 
accuracy of vane angle control.  

Conclusion 
    Precisely control the inlet guide 
vane is very important for the 
working of the Gas turbine. Our 
product can give customers a direct 
view of how the IGV system works 
and how we control it through 
algorithms and mechanical 
transmission. 
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Problem Statement 
       The combustion turbine is a 
machine which can obtain the 
mechanical energy from the high 
temperature and high pressure 
combusted air. 

 
 
 
 
 

Fig. 1 A front view of the turbine with 
the inlet guide vanes[1] 

By controlling the inlet guide 
vanes (IGV), which locate at the 
entrance of the compressor, the 
certain amount of fresh air can be 
imported into the system so that the 
amount of energy used can be 
managed within a proper range in 
order for energy saving. But due to 
the eccentric problem of the ring, it is 
very difficult to measure and control 
the angle of incidence of each vane 
individually. Our job is to overcome 
this problem to get the real-time 
angle feedback of the vane, and 
integrate all the works done to build 
a demonstration case for the IGV 
technology. 

Concept Generation 
In order to meet sponsors 

requirements, the following key 
factors were taken into consideration 
when designing the system. 

 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Customer Requirements 

 

Design Description 
We are the 5𝑡𝑡𝑡 team working on 

this project. Our main contributions 
includes: 
1. Redesigned the linkage 

mechanism of the IGV model. 
2. Improved the human-machine 

interface (HMI) of the system. 
3. Integrate all components into a 

complete product for the 
demonstration of the IGV 
technology. 
 
 
 
 
 
 

Fig. 3 Redesign of the linkage mechanism 
    Figure 3 shows the details of the 
linkage mechanism of our design. 
Both horizontal and vertical shaft 
have one end assembled with a 

linear bearing (fixed in the outer ring 
and horizontal block respectively) 

and another end with two rotation 
bearings (fixed in the horizontal and 
vertical blocks respectively) to give 2 

dofs. The rotation of outer ring 
pushes the horizontal shaft as well as 

the horizontal block to rotate with 
the same speed, then the motion of 
the horizontal block is transmitted to 
the vertical block through the vertical 

shaft. 
 
 
 
 
 
 
 

Fig. 4 The design of the demonstration 
case& the improvement of the user 

interface 
Figure 4 shows the details of the 
linkage mechanism. Both horizontal 
and vertical shaft have one end 
      

Engineering 
Specifications 

Yield 
Strength 
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Life 

Vane Control 
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Response 
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Problem Statement 
    To achieve higher view experience, 
3D display technology is developing in 
recent years. Different from these 
traditional 3D display technologies 
like 3D films, our team presents a 
new 3D display technology, 
volumetric display which allows 
people enjoying 360 ° volume-like 3D 
effects. 
    The definition of volumetric display 
is: "volumetric display device permits 
the generation, absorption, or 
scattering of visible radiation from a 
set of localized and specified regions 
within a physical volume.”[1] 
 
 
 

 
 
 
 

Fig. 1 A Real Clay Doll and the 360° 3D 
Image Using Volumetric Display [2] 

 

Concept Generation 
    Volumetric display need to allows 
360 ° naked-eye 3D effect. We use a 
full parallax multi-view 3D technology 
by first generating 360° image 
information, projecting it and splitting 
it in different angles. 
    To achieve high quality volume-like 
imaging, dense information for 
different angle must be available.  
    To improve pattern transmission 
efficiency, a encoding-decoding 
algorithm is generated to realize the 
High-speed Pattern Stream System. 
 

 
 
 
 

Fig. 2 Concept Diagram 

 
 

Validation 
Validation Process:        
    We set up the experiment using a 
hard drive’s motor instead of a 
stepping motor. We use a sphere as 
the source pattern and project it. We 
view the pattern with 360 ° angles 
horizontally. 
 
 
 
 
 
 

Fig.5 Validation Experiment 
Validation Results: 
According to validation part, most 
specifications can be met. 
 Resolution >= 400*300 pixels 
 Imaging Angle = 360° 
 Speed of Patterns >= 20 Hz 
 Power Supply >= 48V*4A 
• Adequate Luminance<= 120-150nit 
• Safety Distance >= 1 meter 
• Working Time >= 8 hours               
√ means having been verified and · means to be 
determined. 

Conclusion 
    Volumetric display allows 360 ° 
naked-eye 3D effect. A volume-like 
image can be derived through our 
system. If we improve the robustness 
of the system and generate colorful 
images, it is promising to be 
industrialized. 
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Design Description 
    Our final design is composed of a 
high speed projector, a diffused tilted 
mirror, a stepping motor, a controller, 
a power supply, a shell and a laptop. 
 
 
  
 
 
 

Fig.3 The Whole Structure 
 

Optical Part 
    To render the volumetric display, 
we project patterns vertically and 
view horizontally. To achieve high 
resolution, a high reflected mirror is 
used to reflect the light from the 
projector. To avoid the spot from the 
light source, a diffused film is coated 
on the mirror, scattering the strong 
light. 
Structure Part 
    A rotating system is developed to 
provide a high-accuracy imaging 
environment. The projector projects 
patterns sequentially in time domain. 
Meanwhile the rotating system will 
split these monochromatic images in 
space domain and distribute the 
patterns according to the fixed angle. 
Algorithm Part 
    An encoding-decoding reversal 
algorithm is generated to improve the 
pattern-transmission efficiency. Every 
24 images are encoded into 1 pattern 
according to 8 color-bit  standard in 
advance. After transmitted, it will be 
decoded into the original 24 images. 

 
 
 
 
 
 
 
 

Fig. 4 Encoding Algorithm  
 

                                
 
 

A True 3D Display Device without 
Glasses 
Sponsor: Prof. Wenjie Wan, UM-SJTU Joint Institute 
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Problem Statement 
To free our hands for photographing, 
people usually choose to wear a 
head-fixing camera. But such a 
camera cannot really record people’s 
sight because eyeball motion is much 
different from head motion, and the 
limit of head motion sometimes may 
make photographing unpractical or 
even dangerous. Here we propose an 
eye-tracking camera, which is worn 
on the head and shoot the direction 
people are looking at flexibly. The 
pictures can be further processed for 
information. We expect it to be a 
fundamental for virtual reality, 
navigations, social networks and 
mobile computing. 
 

Concept Generation 
A mini-camera is needed to track the 
eye motion, and give eye-images to 
the microcontroller every few 
seconds. After processing eye-images, 
the microcontroller controls a 
rotation device to turn the direction 
along people’s eyesight, and 
command the main camera to take 
pictures. 
 
 
 
 
 
 
 

Fig. 2 Hardware Concept Diagram 

 
 
 
 
 
 
 
 

 
Fig. 3 Software Flowchart 

 
 
 
 
 
 

 
 
 
 
 
 

 
Fig. 5 Prototype 

 
For edge detection operator, we 
examined the pictures in stationary 
condition. The result is 70.5. 
For response time, we timed the 
interval between eye-motion and 
camera shot. The average time is 1.8s. 
For battery life, we kept the system 
on after one charge. The battery life is 
around 3h. 
For focusing center difference, we 
plan to photograph some marks, and 
test the deviation between the marks 
and the center of the picture. 
Validation Results (until Dec 1, 2014): 
 Weight<=2kg (On-head <= 1kg) 
 Viewing angle>=120 degree 
 EDO(stationary) >= 20 
? Response time <= 1s 
? Battery life >= 1 day 
? FCD <= 5 degree 
This is just a temporary result. 
Optimizations are needed. We expect 
to meet all specifications by Design 
Expo. 

Conclusion 
We implemented the basic function 
of the camera. We still need to 
optimize. This project is open-ended. 
It will provide a platform for further 
development and construction of 
wearable smart device. 

Acknowledgement 
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Design Description 
We divided the design process into 
hardware design and software design. 
The hardware consists of on-head 
part (cameras, base and servos) and 
off-head part (controller, battery and 
servo voltage supplier). The software 
consists of four modules:  a top 
module scheduling three submodules, 
which are eye-tracking, servo control 
and Android photograph app. For 
hardware design, we test many 
components, drew some ancillary 
components with CAD, and did some 
measurements. To do software design, 
we designed a low-cost eye-tracking 
algorithm and PWM based servo 
control with python, and 
implemented an Android App to 
control photographing. All the 
modules are coordinated with a 
multi-thread program. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig.4 Eye-image processing 
 

Validation 
Validation Process:        
For weight, with and without 
cellphone, the weight is less than 
500g and less than 700g, respectively.  
For viewing angle, the angle of 
horizontal and vertical rotations are 
143.2 degree and 120.7 degree, 
respectively. 
                                
 
 

A Head Wearing Eye-tracking Camera 
 
Sponsor: Prof. Xudong Wang, UM-SJTU JI 
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Jiacheng Cai 
Instructor: Prof. Thomas Hamade 
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Team Members: Luan Zeming, Chen Zheng, Wang Tianyu, Xiang Ru, Yang
Yihe

the temperature. Moreover, in view 
of safety, the hat is designed to be 
heated in 12V.

Conclusion
• Our team has successfully 

accomplished a magic sports hat. 
• However, the exterior of the hat 

still requires improvements. The 
heat-preserving temperature 
should be adjustable by applying 
various PCM with different phase-
changing point. 

• Our product is theoretical to be 
used by babies and residents who 
are in freezing places. Further, it 
can be applied in hair salon.
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Problem Statement
The common winter hats’ functions

cannot satisfy higher requirements.

Specific problems of common winter 
hats are as below:
• Lacking in the function of heating 
• Difficult to combine heat 

preservation and ventilation
• Weak waterproof
• Uncomfortable to wear
• Not easy to clean

Background Research
To get more detailed information,

we have launched several researches
First, we performed a research on
feelings of cold weather and drew to 
an conclusion that wearing a single 
hat cannot prevent cold.

Then we carried out another
research about the importance of
different aspects of the hat (Fig.2).

According to the results, we find
that creating a heat-preserved hat
seems reasonable.

Concept Generation
Our magic sports hat is proposed 

along with a heating system. In 
addition, it is waterproof, heat 

preserved, temperature controllable 
and sweat absorbable.

Design Description
• An inner layer made of Polar-Tec

aimed at heat preserving
• An outer layer made of Gore-

Tex(Fig.4) to realize waterproof
• The heating system is installed 

between two layers, including 
Phrase-Changing Material(PCM).

• Chrome wire and control circuit 
between two layers (Fig.5)

Validation
At first, we did some research to 

find out what people think is the 
most important for hats(Fig.2). In 
order to determine a suitable 
temperature,  we looked up 
information and collected data from 
Internet. Then we found a particular 
kind of PCM and tested chrome wires 
in different resistance to guarantee 

Figure 4. Gore-Tex® material

Figure 3. Concept diagram
Figure 1. a common winter hat

Figure 2. Importance of different aspects.

Figure 6. team member Wang Tianyu is 
wearing a magic sports hat

Figure 5. Control circuit
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Design Description 
Our final design consists of five main 

parts:
Solar Furnace

Solar furnace is an aluminum box 
whose temperature increases 
immediately when sun is shining. It is 
provided by Prof. Shane Johnson. 
Wind blows through the pipeline in 
the furnace and gets heated.

Thermal Battery
Phase change materials can absorb 

or release heat in the process of 
melting or solidifying (see Fig.4).

Balancing Structure

Insulation 
We choose rigid foam to prevent 

energy loss. This material is light but 
has a good insulating ability.
Circuit
•Two thermal sensors for solar 
furnace and PCMs
•Arduino board
•Stepper motor controlling board

University of Michigan - Shanghai Jiao Tong University Joint Institute

VG100 • Introduction to Engineering  

Solar Furnace With Night Drying
Instructor: Prof. Shane Johnson & Prof. Andrew Yang, UM-SJTU Joint 
Institute
Team Members: Shiyu Zhang, Huihui Liu, Junren Liao, Congyu Shen, Wei 
Fang

Working Process
In the daytime, furnace keeps in 

contact with thermal battery and
heats the PCMs. PCMs melt and 
store energy. At night furnace and 
PCMs are separated to avoid energy 
loss. When users need to dry 
clothes, they are pushed in contact 
again and PCMs release the energy 
to heat furnace by solidifying (see 
Fig.6).

Validation
At the time of writing this poster, 

we are testing the efficiency of our 
prototype by testing the time 
needed to dry a wet sponge when 
PCMs are all liquid. Then we
compare the result with result under 
natural condition.

Conclusion
Low cost and high efficiency give 

this product huge commercial 
potential. However, when applied in 
real life, the system should be put 
slopingly to collect solar energy as 
much as possible, which requires an 
extra frame to fix it, but we didn’t
build it in this project due to the 
limited time.    
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Problem Statement
A dryer can efficiently solve the 

problem that drying clothes in the 
sunshine takes long times, 
especially in winter. However, the 
current electric dryers consume too 
much energy (see Fig.1) and the 
wide use of such appliances causes 
huge energy consumption on the 
earth.

Our project aims at building a 
dryer that consumes low energy but 
is also efficient.

Concept Generation
•Choose solar energy instead of 
electricity to reduce the energy 
consumption
•Store energy in the phase change 
materials to realize night drying
Figure 2 shows our concept 
diagram.

Figure 1: Energy use for standard household 
appliances[1]

Figure 2: Concept diagram

Figure5: Balancing structure for PCM container

Figure 6: working process

Figure 3: Solar furnace

Figure 4: PCM & PCM container
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Team Members: Feng Zhengyang, Sun Lingfeng, Wang Zesen, Lü Ganyu,

Tan Sijie

Validation
After connecting the circuit, we 

tested the relation between the force 
and the signal of the sensors. We 
have also tested the long circuit 
between the gloves and the dummy, 
since lack of protection may cause 
damage to the circuit. To make our 
product more useful, we add a 
function called visual feedback[Figure 
4]. It can make a graph to indicate 
the data of force gained from both 
receiving and training systems.

Conclusion
Our massage trainer has a 

considerable market and developing 
foreground because massage has 
become more and more important to 
people’s life. A practical trainer is 
needed for so many massage schools 
to improve their way of teaching. Our 
final product can successfully collect 
data of proper force for massage and 
then give feedback. 

Moreover, we plan to add more 
sensors on the dummy in the future 
to make the system able to guide the 
learners about the position or even 
the technique to massage. It will also 
alarm if the massager is pushing some 
area which is essential for human and 
will be hurt when being pushed.

Acknowledgement
Dr. Shane Johnson, Lecturer at UM-
SJTU Joint Institute.
Prof. Andrew Yang, Lecturer at UM-
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Problem Statement
Massage is a great solution to 

shoulder problems. But in massage 
schools, it is hard for the teachers to 
describe how much force they are 
using while teaching their students. 
Moreover, different people may be 
satisfied with force in different ranges, 
and it’s difficult for the learners to 
reach their needs. 

Concept Generation 
Make a system consisting of two 

parts[figure 1]. One is receiving 
system which can detect the data of 
the most suitable force. The other is 
training system which compares the 
data gained formerly and the force a 
learner uses and then  gives feedback 
to guide the learner during practice. 

Design Description
We attach several force sensors 

[Figure 2] on the fingertips of the 
gloves. These sensors help us know 
the quantized value of the force for 
massage when a instructor is 
massaging someone with the gloves. 
The client could push a button on the 
smartphone until he feels 
comfortable. The data will be sent to 
computer by the Bluetooth. Then the 
data will be collected and sent into 
Arduino.

When a learner wants to practice
massaging, he can massage some
specific points on the dummy where 
sensors are attached to. Then sensors 
collect the new data and
send them to the Arduino, which will 
compare it with the “proper” data. 
The feedback system then gives the
learner guidance. If the force is in 
proper range, the green LED will be 
on. If the force is too large, red LED 
will be on. Therefore, the learner can 
adjust the force according to the 
feedback.

Modeling and Analysis 
Since our product is only used as a 

test product, we decided to use only 
three sensors on the gloves relating 
to the three sensors on the dummy.
Since we need to give the Arduino a 
signal to record the proper force, we 
decided to use the Bluetooth Model. 
When we send a char ’1’ from our 
mobile phone to the Arduino board, 
the Arduino will take down the 
current data of the sensors as the 
proper ones. Also, since the dummy 
we bought is hard on its surface, we 
to used some gelatin sponge on the 
surface to create the feeling of “skin” 
so that the system is more practical.

Figure 1. Concept diagram.

Figure 3. Glove and training system we made.

Figure 4. Visual feedback on PC screen.

Figure 2 . A force sensor we use
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Polynomial Actuation 
Instructors: Dr. Shane Johnson & Dr. Andrew Yang 
Team Members: Chunchao Li, Qi Lian, Chun He, Tao Cheng, Shengting Shao  

heat and pressure. To improve the 
device, we come up with the design 
to fix the rack on a vertical track and 
use a special kind of rubber as the 
surface. After the test, it shows that 
this design can satisfy the project 
requirements. But our project can’t 
form an accurate surface of the mold 
because stepper motors have 
relatively large volumes and the 
distance between two adjacent points 
is large.   
 
     
 
 
 

 
Fig.3  3D Concept Diagram of Polynomial 

Actuation 
 

Conclusion 
• Our device is a mold which can 

change shape. It can shorten the 
long production period and lower 
the cost. 

• As the technology of tiny motors 
develops, the device can involve 
smaller stepper motors, which can 
improve the accuracy of the device. 

• The device can be applied in the 
industrial manufacturing in the 
further. 
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Problem Statement 
In the modern industrial 

manufacturing, the demands for 
molds is becoming larger and larger. 
However, on average a new batch of 
molds takes manufacturers “three 
months” and costs “fifty thousand 
RMB” [1]. Besides, the current molds 
cannot change its inner structure. 
What’s more, the current three 
methods (“RP&M, agar and 3D 
printer”) trying to solve the problem 
all have flaws [2]. 

 
Concept Generation 

The stepper motors control the 
movement of racks and the raised 
and concave racks realize the 
formation of the surface。 

 
       Design Description  
After brainstorm and several 

meetings, we determine our final 
design. We decide to change the 
shape of surface by changing the 
position of some points on the 
surface. To change the position, we 
use stepper motors, racks and gears. 
The connection is shown in Fig.1.  

 
 
 
 
 

 
 
 

Fig.1 Concept Diagram of Parted Device 
 

      The stepper motor connected to 
the Arduino (which is not mentioned 
in Fig.1) can control the distance the 
point of surface moves. The gear and 
rack translate the rotation of the 
stepper motor into the movement of 
the point on the surface. Through   
seven parts like this, seven points of 
the surface can be controlled. As a  

 

result, we can get the shape we 
want.(Fig.2)  

 
 
 
 
 

 
Fig.2 Concept Diagram of Polynomial 

Actuation 
 

Modeling and Analysis 
      Since Prof. Johnson expects us to 
move the rack more fluently, we 
decide to make a groove for the rack. 
Six acrylic boards are incised by laser 
cutter in department’s machine shop. 
One of them is used to fix stepper 
motors and others construct a 
bottomless cuboid. We choose 
commercial standard products to 
simplify our manufacture process. 
We bought seven stepper motors on 
the Internet and we use ball joints 
which enable our device to change 
the surface more conveniently. 
During the fabrication of the 
connection parts, we apply some 
glue to stick rack for high stability.  
 

Validation 
      Before the final show, we 
separately finish the test of each 
stepper motor, the operation of the 
joints and the working of the surface 
of the mold. In order to change the 
shape of the surface, we need to 
adjust the height of the rack. 
However, the rack will slope when it 
goes up, which will further prevent 
the gear from rotating smoothly. In 
addition, there are no materials from 
our daily life that can meet the 
requirement s of the surface, which 
should be flexible enough to distort 
and strong enough to resist extreme  

The Fantastic 
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Figure 6 shows the simulation 
results in SolidWorks. The shear stress 
applied on the heel is less than the 
shear strength of the material.

Validation
Adjustable High Heels can be 

adjusted from 6cm to 10cm. We have 
tested it on 15 people and it can work 
perfectly. The maximum weight we 
tested is 70kg. 

Conclusion
Adjustable High Heels make the 

high heels easy to adjust and ensure 
the health of wearers. However, due 
to manufacturing limits, it takes much 
time to manufacture and its 
appearance needs improvement.
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Problem Statement
High heels can boost women’s 

careers and improve their beauty and 
37%-69% women wear high heels for 
1-8 hours a day.[1] However, 
extended wear of high heels can 
cause harm to toes, knees and backs, 
as shown in Figure 1. A recent study 
in 220 participants shows that 61.8% 
of participants have foot swelling, 
19.4% blisters, 16.4% foot numbness, 
12.3% callosities, 2.8% heel spur and 
3.7% bunions.[2] Additionally, high 
heels are inconvenient to switch for 
different situations, as shown in 
Figure 3.

Difficulties in Design
To solve these problems of high 

heels, we need a pair of shoes that 
can adjust height freely according to 
different situations. 

The difficulties in design include:
• Designing a structure able to be 

adjusted easily.
• Ensuring the structure strong 

enough to bear the weight of a 
lady.

• Choosing an appropriate material 
that is strong and light.

• Ensuring the structure is safe.
• Manufacturing the heels.

Design Highlight
Adjustable High Heels have the 

following highlight:
• Healthy height range from 6cm to 

10cm.
• 3 levels of height.
• A self-lock device to ensure safety.
• Strong and light aluminum alloy 

material.
The appearance of Adjustable High 

Heels is shown in Figure 3.

Adjustable high heels consist of a 
height adjustable supporting 
structure and a self-lock device, as 
shown in Figure 4 and Figure 5.

To adjust the height of the heels, 
you just need to rotate the heel to 
unlock, pull it out to suitable height 
level and rotate it back. There is two 
pins to ensure the heels will not 
rotate when walking.

Figure 1. Force Analysis on Traditional High 
Heels (left) and Injury on High Heel User (right).

Figure 2. Traditional High Heels are 
Inconvenient for Driving.

Figure 3. The appearance of Adjustable High 
Heels.

Figure 4. The lowest status (left) and the 
highest status (right) of the heels.

6cm

10cm

Figure 6. Simulations for the final design 

VG100 • Introduction to Engineering

Adjustable High Heels
Team Members: Yixiu Liu, Wenhao Peng, Leyang Xue, Ying Zhou, Minghai Li 
Instructor: Dr. Shane Johnson & Prof. Andrew Yang

Figure 5. Locked status (left) and unlocked 
status (right).
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Adjustable Stiffness Spring
Instructors: Prof. Shane Johnson, Prof. Andrew Yang, Teaching assistants 
Yichao Yao, Yijun Pan, Yuxin Song
Team Members: Junyi Xu, Yucheng Yin, Jingyao Hu,  Zhijun Fan, 
Zhiqing Chen

Figure 5 shows the stress of different 
parts when the spring is stretched in 
different positions.

At first, we had difficulty in controlling 
the step motor wirelessly. We asked 
TA for help to improve our program, 
eventually we solved the problem.

Conclusion
 Our adjustable stiffness spring has 

a relatively small volume and a 
broad range of adjustment.

 We are able to control the stiffness 
of the spring wirelessly, instantly 
and continuously.
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Problem Statement
Since the spring has been invited, it 
has been applied to many fields. For 
example, the suspension system of 
bicycles consists of springs, but for 
various conditions of roads we need 
different stiffness of spring. That’s 
why adjustable stiffness springs come 
out. However, current adjustable 
stiffness springs are big and most of 
them are expensive. In addition, the 
range of the adjustment is not broad 
enough and the stiffness of the spring 
can’t change continuously and 
instantly.

What We Need
 Relatively small and cheap springs.

 High range of changing stiffness.

 Continuous change.

 Instant wireless control.

Design Concept
The final design concept uses inner 
and outer disks to go up or down 
along with the helical burr of the 
springs so that the length of springs’ 
working part can be changed. We put 
a smaller spring inside a concentric 
bigger one and change their working 
parts separately. When the stepper
motor turns, the inner disk will move 
first and after it goes to the top or the  
bottom, it will start rotating the outer 
disk. The pictures below are our final 
design graphics. (See Fig.1,2,3.)

Modeling and Analysis
According to Prof. Shane Johnson’s 
expectation, we should make the 
spring very small. We are in trouble 
with the most important part the disk, 
which required not only accuracy to 
rotate in  the spring, but also intensity 
to change the effective distance of 
spring. Hence we ask help for the 
follow student Que Shihao who gave 
us significant advice to improve the 
disk better. The springs and the shafts 
were machined by factories, which 
can cut down the budget. We choose 
to use 3D print to make The Guide 
Rail, the C-Shell case, the disk and the 
transporter more accuracy. The Mini-
Stepper motor is bought online. 
During the assembling of our spring 
system, we use glue to make the 
device more stability.

Validation
In order to make sure that the whole 
system can work properly, we apply 
Solidworks to test the mechanical 
strength of the system.
Figure 4 shows when we use the 
strongest scheduled force to press the 
spring, the deformation of different 
parts of the disk.

Figure 2. Exploded View of the spring

Figure 1. Top view of the spring

Figure 4. Deformation of different parts of 
the disk under the strongest scheduled 
force

Figure 5. Different stress of 
different parts (Blue stands for Low 
Stress while Red stands for High 
Stress)

Figure 3. Cutaway view of the spring
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Pitcher Trainer
Instructor: Dr. Shane Johnson & Prof. Andrew Yang, UM-SJTU Joint Institute
Team Members: Lars vaagnes, Ren Yubo, Hang Wei, Yang Zhenwei, ZuoJiaqi

tireless efforts our team we managed 
to succeed. At the time of writing we 
are still testing and making smaller 
adjustments. 

Conclusion
The finished Pitcher Trainer is a 

product that does what it aims to do, 
and we are satisfied with the accuracy 
of our speed and position detection. 
In addition aluminum structure is 
relatively lightweight which allows for 
greater mobility. However, the project 
was not without problems. We had to 
completely change our design twice, 
we ordered defective parts, and we 
had to learn a programming language 
that none of us had any experience 
with. But through our combined 
efforts and resourceful thinking we 
managed to produce a satisfactory 
result, and we hope that aspiring will 
feel the same way about the baseball 
pitcher trainer. 
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Problem Statement
There are many dedicated young 

baseball pitchers who practice alone 
despite the lack of proper pitching 
aids.  We aim to make pitching alone 
more convenient and fun by 
providing an intuitive ball collection 
system and digital feedback. This will 
give aspiring pitchers a new edge, as 
they will be able to practice 
independently of their teams. 

Design Description:
We devised numerous designs, but 

in the end this one proved the most 
viable one. 

Our system has two strike zone 
sized aluminum rectangles that house 
two infrared grids. The aluminum 
rectangles are elevated from the 
ground by an aluminum support 
structure with four legs. 

As the baseball enters the first grid 
position and time is detected while 
the second grid only detects the time 
of entrance. Using this data we give 
feedback on the pitch. After exiting

the second grid the baseball will be 
collected in our net. 

Modeling and analysis 
We chose to detect the speed using 

laser switches rather than through 
the use of a camera, as the latter 
proved unfeasible and impractical. 
The main structure is in aluminum, as 
we need it to be sturdy without it 
being too heavy. Arduino mega board 
was chosen because it provides 
enough I/O Pins for our many sensors. 
The laser transceivers and receivers
will be powered by a 3.7V battery, 
which is cost efficient and has high 
capacity. 

Validation
To ensure the accuracy of the 

pitcher trainer data we have to 
assemble all factory made parts with 
the aid of a laser sensor. Using this we 
were able to obtain the length 
between the grids with a high level of 
precision, and align our laser switches. 
With the product assembly finished 
we proceeded to test it tirelessly. 
However, our original arduino code 
turned out to be defect, in terms of 
speed detection. This proved to be a 
serious problem, but through the
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Problem Statement
A great number of people prefer to 
drink tea or coffee; however, they 
may get scalded by hot water, or may 
drink cold tea or coffee unwillingly. 
Furthermore, hot drinks will get cold 
easily in normal bottles and keep hot 
in vacuum bottles, so we can not 
enjoy the best drink.

Concept Generation
Use phase change materials (PCM) to 
maintain the temperature of the drink 
at a proper temperature and a buzzer 
which can inform people when water 
come to the specific temperature.

Design Description
After searching online for principles 
of other bottles, we decided to use 
the design which is shown in the 
figure below. (Fig. 1)

Fig. 1 Concept diagram of the bottle
a. Stainless steel bottle
b. Mylar packets with PCM
c. Heating resistance wire 
d. Plastic bottle

There are several phase change 
materials in mylar packets and 
heating resistance wire sandwiched 
by a stainless steel bottle and a plastic 
cup which are connected by foam.
A buzzer and temperature sensor 
connected to Arduino Tiny board at

C. Sensor testing: We tested the 
temperature sensor several times and 
found the accuracy of our sensor is 
±0.5⁰C. It is enough to tell customers 
the alarming temperature to shut 
down the power.

Validation
After assembling the first version of 
the bottle, we tested the temperature 
of water in the bottle. Also, we tested
on the validation of the  buzzer, and 
we made it work at 42⁰C successfully.
We contrasted the temperature of 
water in vacuum bottle, normal 
bottle, and teaffee bottle. The result 
is shown in Fig. 4.

Fig. 4 Time-Temperature graph

Conclusion
After devoting our efforts to the 
project, we eventually finished our 
project successfully. The Teaffee 
bottle can keep water at the certain 
temperature and inform of the 
temperature of water people hope. 
Although it has to be charged before 
using since the PCM need energy to 
melt, we can take it away for a really 
long time without power supply.
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the bottom of the bottle. (Fig. 2) 

Fig. 2 Concept diagram of Arduino

Modeling and Analysis
In order to complete our objective, 
we did some tests on the heater and 
the phase change materials (PCM).
A. PCM modeling: To ensure the PCM 
has enough contact area with the 
inner bottle and the heater, we 
decided to pack it into small Mylar 
packets. Each packet is 8cm in length 
and 3.5cm in width and sealed by a 
heating sealer. We melt PCM and 
freeze it into thin slices. (Fig. 3)

Fig. 3 Prototype of the bottle

B. Heater and PCM testing: For safety 
and efficiency, we use heating 
resistance wire with insulation shell, 
and technician Chen helped us to 
measure the temperature using a 
thermocouple wire. After testing the 
heater by a DC supply, we finally use a 
10 Ώ wire and a converter to change 
220V AC to 12V DC. Phase change 
materials can preserve heat when 
changing phase. So we melting the 
PCM into liquid and measure the 
melting point. It is up to about 42 
degree centigrade.

TEAFFEE BOTTLE
Instructor: Prof. Shane Johnson & Prof. Andrew Yang 
Team Members: Yue Shen, Anyu Lu, Yanning Wang, Wenyao Zhu, Kai Zhang

VG100 • Introduction to Engineering
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Plastic Bottles Compressor & Collector
Instructors: Prof. Shane Johnson Prof. Andrew Yang
Teaching Assistants: Yichao Yao, Yijjun Pan, Steven Song
Team Members: Wang Yingchen, Gao Mingjie, Zhao Changjian,           
Gong Zhaojie, Lin Zhi

Validation
We have met some problems

while testing. The first is that our
aluminum structure could hardly hold
the force. Therefore, we reinforce the
linkage part of the structure to
increase the strength of the structure.
The second is that the press got stuck
in the track. We stuck a kind of
smooth material on the press to
reduce the fraction. The limitation is
that other objects such as stones can
not be dealt with.

Conclusion
Now our machine is able to

compress plastic bottles and separate
liquid inside from the bottle. It can
achieve our principle objectives. We
can further improve our machine by
designing a classification system to
avoid compressing rubbishes like
apples and stones. In the future, the
machine can be placed in public
places such as stations to compress
and help collect plastic bottles.
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Problem Statement
Plastic bottles are widely used in

the beverage industry. Quantities of
plastic bottles actually causes many
problems:
• Much space occupied
• Great difficulty and low efficiency 

in recycling
• Waste of resources
• Serious plastic pollution

Concept Generation
The Plastic Bottles Compressor &

Collector must have the functions
below:
1. Compressing the plastic bottles

automatically
2. Draining the remaining liquid off

from the bottle
3. storing plastic bottles and liquid in

different boxes
4. Refusing to start if the entrance

door is not closed

Design Description
Our design ensure people to use

our machine easily and safely. First
the bottle comes in through the pipe.
After the detectors detect the bottle
and that the door is closed, the
electromagnet will be powered on

and the press starts to work. The pins
on the press will create holes on the
bottle so that air and liquid in it will
leak out. Then the bottom door will
open and the bottle will slide along
the strainer. The liquid will go
through the strainer. If the box is full,
the sensor which is placed in the
store box will output a signal to
remind people to empty the box.

Modeling and Analysis
It is important to guarantee the

safety of users, so we designed a
safety system. When the door is open,
the sensor will detect it and send a
signal to Arduino board, the machine
won’t work unless the door is closed.
We also found that the machine with
two linear actuators is quite large and
heavy, then we improved our design
by using only one linear actuator with
pins and press on it. The pins are

fixed on a board and the board can
slide in the presser freely, so the
bottle cannot get stuck on the pins.

Figure 2: Concept Drawing

Figure 4: Compressing Part

Figure 3: Process Diagram

Figure 5:Testing

Figure 1: Problem and Need
http://global.rakuten.com/zh-tw/store/stylishlife/item/101444/
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Sporting Charger
Instructor: Prof. Shane Johnson, Prof. Andrew Yang
Team Members: Yue Yao, Han Chen, Yiyang Lv, Xuanzhe Tian, Zhexuan Chen

Figure 5. Circuit diagram

Validation
As we are writing this poster, we 

have not finished our testing part,
but we have already made two 
prototypes. The first prototype uses 
rigid material to press the PEC to 
make it curve, another uses flexible 
material to bend the PEC. We are 
now in process of testing these two 
prototypes' generation efficiency. So 
during the Expo we will display a 
wonderful product including 
validation.

Conclusion
Our final design can successfully 

transform the mechanical energy of 
walking into electricity and charge 
the battery, which is the main 
purpose. Besides, the device is small 
enough to be put inside the shoes 
and the charger is made inside the 
shoes so that it can be taken 
wherever you go. However, the 
power of the charger is not very 
strong. If we can find more powerful 
generating materials to enlarge the 
power, our charger may substitute 
traditional ones.
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Problem Statement
Nowadays, with the development 

of cell phone and MP3 player, people 
become increasingly dependent on 
these products in daily activities. 
However, a fully-charged iPhone-6 
can only last 11hours, which is a 
quite short time. Moreover, many 
people forget to charge their 
portable devices for many reasons. 
Therefore, when people go out, their 
phone or MP3 will sometimes lack 
electricity. In this case, they cannot 
listen to their favorite music, or even 
miss important calls!

Need
The charger should be:

• Small and light, easy to carry
• Charging the battery while walking 
or sporting
• Powerful enough to charge small 
device

Design Description
We use piezoelectric 

ceramics(PEC) to provide electricity 
for our product. These materials are 
placed in a certain structure under 
the shoe pad. When we stamp our 
feet, the PVC board will be bended, 
and pressed onto PECs, so the PECs 
will produce electricity. When we lift 
our feet, the process inverses. After 
initial  collection and certification, 
the electricity will be stored in the 
battery. Thus, you can use the 
battery to charge your phone after 
walking or sporting!

Modeling and Analysis
Taking Prof. Johnson’s suggestion, 

we choose to bend flexible material 
to curve the piezoelectric ceramics 
and generate electricity. Our final 
design has fewer parts than the 
original one, which  makes the 
manufacturing process easier.  We 
use Solidworks to simulate the 
deformation of different boards as 
shown in Figure 3. The mechanical 
structure is finished by the threading 
machine in the material lab. For 
circuit part, we choose super-
capacitor to collect the tiny initial 
current and use chip max1672 to 
certify the current so that it can 
charge the storage battery. Also,  we 
parallel all the PE ceramics together 
to enlarge the initial current. 

Figure 2. Shoe with portable battery.

Figure 1. Concept diagram of the structure Figure 4. Prototype of sporting charger.

phone
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Figure 3. Deformation of PVC board
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Baby	  bottle	  

Instructor:	  Dr.	  Shane	  Johnson,	  Prof.	  Andrew	  Yang	  

Team	  Members:	  Zhao	  Chen,	  Rui	  Gao,	  Yichen	  Gu,	  Jianan	  Jiang,	  Xinsen	  Lu	  

insert	  a	  thermometer	  into	  the	  milk	  to	  
record	  the	  temperature	  when	  heating	  
stops.	  It	  takes	  2.5	  minutes	  to	  reach	  35	  
℃,	  and	  it	  stops	  heating	  at	  about	  
37℃.	  Next,	  we	  cover	  the	  bottle	  with	  
the	  lid	  and	  test	  its	  temperature	  after	  
thirty	  minutes,	  it	  is	  still	  in	  the	  suitable	  
temperature	  range.	  However,	  though	  
we	  use	  battery	  as	  power	  supply	  make	  
the	  project	  more	  safer	  and	  portable,	  
the	  battery	  usually	  runs	  out	  after	  
several	  times’	  heating,	  which	  may	  
cause	  some	  inconvenience	  parents	  to	  
charge	  it.	  

Conclusion	  
	  	  *Our	  project	  successfully	  achieves	  
several	  significantly	  useful	  functions.	  
It	  protects	  the	  nutrition	  of	  milk	  by	  
controlling	  the	  heating	  to	  the	  best	  
temperature,	  and	  it	  ensures	  babies’	  
safety	  and	  spares	  parents’	  worries	  by	  
displaying	  the	  temperature	  to	  show	  
whether	  	  to	  feed	  or	  not.	  Furthermore,	  
the	  milk	  inside	  our	  bottle	  can	  keep	  
the	  suitable	  temperature	  for	  a	  long	  
time	  even	  in	  cold	  weather.	  	  

*Some	  improvement	  can	  be	  done	  to	  
the	  power	  supply	  to	  make	  the	  battery	  
more	  capacity	  and	  convenient	  to	  
charge	  so	  that	  our	  product	  

Acknowledgement	  
Prof.	  Andrew	  Yang	  &	  Dr.	  Shane	  
Johnson	  from	  the	  University	  of	  
Michigan-‐Shanghai	  Jiao	  Tong	  
University	  Joint	  Institute	  

Problem	  Statement	  
As	  baby	  bottles	  come	  into	  the	  

world,	  it	  becomes	  indispensable	  for	  
babies	  and	  their	  parents.	  However,	  
traditional	  baby	  bottles	  cause	  much	  
inconvenience	  and	  even	  hazard	  to	  
babies;	  they	  can’t	  show	  whether	  the	  
temperature	  of	  the	  milk	  inside	  is	  
suitable	  for	  babies	  or	  not,	  nor	  can	  it	  
keep	  the	  milk	  inside	  warm	  for	  long	  
time	  to	  free	  parents	  from	  frequently	  
reheating	  the	  milk.	  	  And	  traditional	  
heating	  methods	  are	  universally	  
inconvenient	  and	  inaccurate.	  

Figure	  1.	  Ordinary	  bottle’s	  
temperature	  change	  at	  25	  ℃	  	  

Concept	  Generation	  

To	  solve	  these	  problems,	  we	  
design	  to	  use:	  

*	  electrothermal	  films	  to	  heat	  the	  
bottle	  efficiently	  

*	  the	  phase	  changing	  material	  
(PCM)	  to	  keep	  the	  bottle’s	  
temperature	  for	  a	  long	  time	  

*dc-‐dc	  relay	  and	  temperature	  
sensor	  to	  control	  the	  heating	  circuit	  

*temperature	  display	  band	  to	  
show	  whether	  the	  temperature	  inside	  
is	  suitable	  for	  babies	  or	  not	  

*a	  base	  to	  plug	  in	  when	  the	  bottle	  
need	  heating	  

*Heating	  section:	  we	  use	  several	  
electrothermal	  films	  to	  heat	  the	  
bottle.	  As	  the	  bottle	  is	  plugged	  into	  
the	  base,	  these	  films	  wrap	  lower	  part	  
of	  bottle	  and	  start	  heating.	  

*Heat	  preservation	  section:	  	  PCM	  
packed	  in	  aluminum	  foil	  bags	  around	  
the	  bottle	  can	  store	  the	  heat	  when	  
heating	  and	  release	  the	  heat	  to	  the	  
bottle	  in	  using	  so	  as	  to	  keep	  its	  
temperature.	  

*Heating	  control	  section:	  a	  dc-‐dc	  
relay	  fixed	  in	  the	  base	  receives	  signal	  
from	  temperature	  sensor	  and	  cuts	  the	  
current	  for	  heating	  section	  to	  stop	  
heating	  at	  the	  best	  temperature.	  

*Temperature	  display	  section:	  a	  
special	  band	  tied	  around	  the	  bottle	  
senses	  and	  shows	  the	  temperature	  
inside.	  

After	  the	  bottle	  is	  taken	  out	  of	  the	  
base,	  a	  special	  base	  coat	  will	  cover	  
the	  bottom	  	  and	  lower	  part	  of	  bottle.	  

Modeling	  and	  Analysis	  

Since	  baby	  can	  easily	  drop	  the	  
bottle,	  we	  coat	  the	  bottle	  with	  rubber	  
sleeve	  and	  fix	  a	  handle	  to	  it.	  Besides,	  
we	  design	  the	  base	  andmake	  it	  by	  3D	  
printing.	  Then	  we	  place	  the	  battery,	  
dc-‐dc	  relay	  and	  the	  temperature	  
sensor	  into	  the	  base.	  

Validation	  
	  	  After	  assembling,	  we	  fill	  the	  bottle	  
with	  cold	  milk,	  put	  it	  onto	  the	  base	  
and	  start	  heating.	  Meanwhile,	  we	  	  

Figure2:	  Concept	  Digram	  of	  Baby	  Bottle

Figure3	  :	  Final	  Product

University of Michigan - Shanghai Jiao Tong University Joint Institute
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Hurricane

Design	  Description
Our	  project	  can	  be	  divided	  into	  

four	  functional	  sections:
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Adjustable Truss Structure Demo  
Lifting
Instructors: Dr. Shane Johnson , Pro. Andrew Yang
Team Members:Zhao Xiyu, Jia Xinli, Wu Tong, Zhang Chenzhi, Ji Duohui

Due to the limitation of the 
materials, our product cannot 
simulate all the possible situation of 
trusses in mechanic solid such as 
complex structure or large force. 

Conclusion
Our final product can be adjusted 

into different structures conveniently, 
which adapts to the teaching 
requirements and receives a good 
teaching effect. In this project, our 
team members cooperate effectively. 
This opportunity enable us to work as 
real engineers in a team, we all 
appreciate this period of time.

Reference
[1]ZhangQi,LiYingjun,MaRujian,Design
and analysis of force sensor for 
condition monitoring system of ball 
cold heading forming, "Applied 
Mechanics and Materials", 
2013,364:253-
[2]http://thomsonreuters.com/thoms
onreuterswebofscience/ 
[3]www.baidu.com 
[4]http://www.cnki.net

Problem Statement
It is often a problem to display 

forces’ impact on truss in the senior 
course VM211(Intro to Solid 
Mechanics), as the previous structure 
could not satisfy the specific needs 
for  measuring and displaying how 
truss works.

Concept Generation
Connect the structure with 

adjustable joints, measure both 
tension and pressure and display the 
digits directly.

Design Description
The structure consists of three 

parts, the adjustable main structure, 
the measuring part and the 
displaying part. 

The main structure is made of 
aluminum alloy and the the sticks are 
all connected with specific-made 
joints to connect with the sticks. So 
the whole structure can easily 
removed and is adjustable.  

A highly precise sensor is used to 
measure the force that is established 
on certain stick. The digits will then 
be amplified.

Figure 2: The truss

The digits will be transmitted and 
shown on the screen with two 
different units.

Modeling and Analysis
The problem is on how to 

translate the tiny deformation to 
electrical signal. Our principle 
objectives are to design the 
equipment’s structure and find the 
appropriate materials.

Validation
Our product has been tested for 

several times. Different materials 
including acrylic, aluminium and alloy 
are used. Through tests we find the 
most appropriate materials for our 
project depending on the weight, 
strengthen and other factors. 

We constructed trusses of 
different structures and calculated 
the theoretical value of forces. The 
test result shows difference is less 
than five. This result shows that our 
product is accurate enough to 
support the real application.

Sculptor

Figure 1: The worried student and teacher[4]

Figure 3: Displayed structure

Figure 4: Specific-made joints after several tests

Figure 5: The application of truss

Figure 6: The final version

Ely bolt
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Home Weather Station
Instructor: Dr. Shane Johnson and Prof. Andrew Yang
Team Members: Andy Hsiao, Jiang Yifan, Wang Zijian, Feng Shihao, Zhu 
Shengyun

As seen in Figure 4, if you light a 
cigarette in a room where the Home 
Weather Station is, the readings spike 
up and change dramatically as the 
cigarette burns out.  The pollution 
created by the cigarette fills the room 
and creates a polluted area.  The 
graph shows how the PM2.5 sensor 
collects the small micro particles and 
is very sensitive to the air pollution.  
This proves our product is useful for 
PM2.5.

Conclusion
• The air quality collected by U.S. 

consulate isn’t accurate for all of 
Shanghai.

• It is necessary to have a Home 
Weather Station to record more 
accurate data on PM2.5 for 
people’s health reasons.

Acknowledgement
Dr. Shane Johnson, Lecturer at UM-
SJTU Joint Institute
Andrew Yang, Lecturer at UM-SJTU 
Joint Institute

Reference
[1] Consulate General of the United 
States, Shanghai, 2004, “U.S. 
Consulate Shanghai Air Quality 
Monitor,” Consulate General of the 
United States, Shanghai. [Online]. 
Available: 
http://shanghai.usembassy-
china.org.cn/airmonitor.html

Problem Statement
Current weather reports are only 

accurate to a large radius.  When 
taking pollution records of PM2.5 
into account, accuracy to a more 
specific location is important. 

In Shanghai, the majority of the 
people rely on the U.S. consulate for 
their PM2.5 air quality information.  
They are considered the most 
accurate out of the available sources. 
They take their measurements at 
Huai Hai Middle road.  The problem 
is the air quality there and the air 
quality in other areas like Minhang
could differ significantly.  To the 
north the Minhang campus, there is a 
steel factory that affects our 
pollution differently than other parts 
of Shanghai.  PM2.5 is a health safety 
issue and people should be able to 
get the data accurately.

Design Description
Our product starts with an outer 

container designed to block out light 
and to protect the sensors placed 
inside.  We have four major sensors;  
Ultraviolet light , Temperature, 
Humidity, and PM2.5 sensor.  We 
have a Bluetooth module on the top 
right (Fig. 2) in order to send the 
recorded data to a computer via 
Bluetooth.  This information will be 
sent with the help of an android 
application.  In addition, we have a 
SD card under the top shelf that will 
keep the record history for users to 
look at as a reference.  

Challenges
While testing the PM2.5 sensor, we 

noticed that the readings weren’t 
very accurate because it was also 
picking lighting and sound particles.  
To fix this problem we placed the 
sensor in under the first shelf of the 
container to reduce the exposure to 
sound and light.

PM2.5 Validation
Our most important sensor is 

definitely the PM2.5 sensor as air 
quality is our main focus for the 
Home Weather Station.  Although 
there they can be expensive to get a 
precise sensor, we were able to use a 
relatively cost efficient sensor and 
still get reliable data.  

Figure 3 shows both the data from 
our Home Weather Station(blue line) 
and the Minhang Weather 
Station(red line).  As you can see, the 
lines are fairly close to each other.  
This means that the data we were 
able to record is just as reliable as 
other weather stations.

Figure 1. Steel Factory’s pollution next to 
Minhang Campus

Figure 2. Concept Diagram

Figure 3. Graph of indoor air quality

Figure 4. Graph of cigarette air quality
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Beam Bending Demo 
Instructor: Dr. Shane Johnson& Dr. Andrew Yang, UM-SJTU Joint Institute 
Team Members:Ding Kaili, Fu Zefan, Hu Yang, Peng Yixiao, Qian Xiangru,    
Sun Haochen 

• Furthermore, we combine 
LabView software with Arduino 
board to create a clean user 
interface. 

Validation 
      Before the final completion, we 
have carried out our test and made 
adjustments to make our product as 
perfect as possible. We set the 
maximum force applied on the beam 
as 10N, since we don’t want to 
burden the professors who carry the 
device. We also use the following 
eq.1 to calculate the theoretical 
displacement value, with which we 
can calculate the percentage error 
[1]. We find that the former beam 
bending demo has slight systemic 
error, so we correct some parameters 
through many experiments to make 
the results as precise as possible. As a 
result, our demo can nicely prove the 
beam bending equation: 
 
                                 ,where              eq.1    
                                

Conclusion 
      We have designed a simple 
mechanical structure to hold the 
beam and the sensors, which makes 
the whole machine lighter and 
smaller, and also makes the 
measurement continuous and 
visualized. The user interface is neat. 
This demo can surely boost students’ 
learning. 
      Nowadays it’s hard to buy beam 
bending demos in China. Since our 
product is both cheap and functional, 
it will have a really good market 
prospect in China or other countries. 

Reference 
[1] R.C. Hibbeler, statics and 
mechanics of materials, 3rd ed. 
London, Britain: Prentice Hall, 2010. 

 
 
 
 
 
 

Problem Statement 
Beam bending demo is a teaching 

aid for ME teachers to prove a 
fundamental and important beam 
bending equation. However, several 
problems exist. 
• some are too big and heavy so 
that it’s hard for teachers to carry 
• some don’t have sensors so that 
students cannot see a visualized 
measurement 
• some have unmovable sensors so 
that the measurement is limited to 
only one point 
• some have similar color to the 
blackboard so that it’s hard for 
students to see clearly 
• some use badly organized 
software that shows unclear statistics  
• In conclusion, current designs 
need improvement.  

Concept Generation 
Combining data processing with 

structure supporting can help 
improve current design. 

Design Description 
For the structure supporting frame 

that holds all components, we build 
two layers. One is for the beam and 
the other is for the displacement 
sensor. On the lower level, sliding 
supporters are used to adjust the 
beam length. On the higher level, 
lead screw makes the displacement 
sensor movable. The distance can be 
calculated directly from the number 
of rotations of the lead screw. 

For the data processing part, we 
connect the displacement sensor 
with an AD converter to make the 
signal more stable. Arduino board 
gets data from the AD converter, and 
sends calculated values to LabView to 
draw the final graph. All these 
components are hidden behind the 
white borad to let students have a 
better view.  

 
 
 
 

Team Core 
The CAD plot of the frame is in   

Fig. 1, and Fig.2 shows the concept 
diagram of our product. 

 
 
 
 
 
 
 
 
 
 
 
        Fig. 1 CAD plot of frame  
 
 
 
 
 
 
 
 
 
 
         Fig. 2 concept diagram 
 

Modeling and Analysis 
• Since traditional Beam Bending 
Demo is too heavy and big, we use 
aluminum alloy to make it light and 
portable. The joints of the frame 
consist of strong bolts to ensure 
safety. Sliding cylinders are applied to 
change the distance between the two 
supporting points for the beam. 
• We measure both distance in 
horizontal axis and displacement in 
vertical axis. Thus, a graph of their 
relationship can be provided. 
• Meanwhile, we apply couplings, a 
lead screw and a step motor, to move 
the LVDT sensor automatically.  
• In addition, we plan to put a white 
board just behind the beam to make 
it clearer to students in the back of 
the classroom.  

 

University of Michigan - Shanghai Jiao Tong University Joint Institute 
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Automatic Finger Nail Painter  
Instructors: Dr. Shane Johnson, Prof. Andrew Yang 
Team Members: Qi Peiyuan, Kang Yiyan, Lin Rui, Han Heming, Kong Weijiang 

Although the air brush may be out of 
control sometime, we did some tests 
on the project before it proved to be 
able to remain accuracy even when 
moving at the high speed.  
 

Validation 
      We did some tests in painting nails, 
including tests with both real nails 
and fake nails.  
 
 
 
 
 

Fig 4. Testing process with fake nails 
          In fact, the device can only work 
well on horizontal desk, which means 
a little slope can occur errors and lead 
to failure to paint nails.  

 
Conclusion 

      Ultimately, with the team spirits 
and the perseverance of our 
teammates, our automatic finger nail 
painter can be used without much 
mistakes and bad effects. Although 
the device maybe is not small and 
cheap enough, after our continuous 
efforts in the future, the device will 
be improved further. Through the 
whole process, we all have learned a 
lot about the spirits in engineering 
and improved our ability and skills. 
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assistant of Intro to Engineering. 
Song Yuxin, Teacher assistant of 
Technical Communication. 
 
 
 
 
 

Problem Statement 
      Women have to spend a lot of 
time to change their nail pattern 
which is frustrating and inconvenient. 
They also have to pay much money 
for the labor when going to the nail 
salon and having nail artists do the 
design. 
 
         Concept Generation 
      A computer, a step motor, Acrylic 
plates for support, a DVD driver, air 
brush kits including air pump. 
 

 Design Description 
      In our design, we choose air brush 
kits to paint nails. Then by using 2 
DVD drivers that compose X-axis and 
Y-axis, we can easily move the 
position of the air brush. When we 
want to upload the pattern we want, 
the program we have written will 
make the air brush move by following 
the certain route. Meanwhile, the 
program will impel servo to press the 
button on the air brush. Under the 
pressure the air pump provides, the 
paint for nail is sprayed out. And 
finally, the ideal pattern will be done 
after the whole process is done. 
 
 
 
 
  
 
 

 
 
 
 

Fig 1. Concept diagram of the 
prototype 

The whole process of using automatic 
finger nail painter is shown as follows. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Process of using the device 
 

Modeling and Analysis 
      Our machine is meant to make a 
nail pattern design and paint it on 
people’s nails. Three aspects of our 
prototype are analyzed mainly.  
 
1) Flexibility in changing colors 
      To realize the idea to change 
colors, we use three different tubes 
and control  them by changing with a 
servo motor. To prevent paints from 
mixing together, we also use a tube to 
supply water to clean the air brush 
during the process. 
2) User interface 
 
 
 
 
 
 
 

Fig 3. User interface of color  
changing program 

      To make the device easier for 
customers to use, we create a user 
interface to let those who are not 
familiar with program convenient to 
change the color they want. 
3) High working efficient 
      To achieve high working efficiency, 
we adjust the speed of the air brush. 

 
 
 

upload a pattern you 
want  

use our software to 
translate into G-code 
and upload to Arduino 

control airbrush to 
move and print 

if you want to change 
pattern then go back to 
the first step 

Air Navigator 

VG100 • Introduction to Engineering 
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Business Idea 
Our company, “Xhome”, offers a 
home exchange service for people in 
China. The home exchange enables a 
new way of traveling where people 
can gain experience of the real local 
life in different cities within China. It 
is a vacation alternative for those who 
are looking for a convenient vacation 
and still want to remain the feeling of 
being at home and have accessibility 
to for example a car or a full-
equipped kitchen. By accessing our 
website and becoming a member 
costumer can find people who are 
interested in exchanging their house 
or apartment during the same time. 
With our service customers will be 
guaranteed a safe home exchange 
and a high quality service.  
 
 
 
 
 
 
 

Figure 1: Logo of XHOME 
 

Mission and Value 
The mission of our company is 
making  “house exchange” the first 
choice when people want to travel in 
China. Nowadays, hotels are very 
expensive and only two or three 
people can live in one room. When 
people want to travel with their 
family for many days, the problems 
are serious. Our company can solve 
these problems by building a simple 
and safe system for house exchange 
travel to provide cost-efficient and 
comfortable living condition for 
travellers with their family. Travellers 
who choose our company’s house 
exchange travel will experience 
home-like condition as if they are 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2: Website design of XHOME 

 
Financial Forecast 

We will first begin our business in ten 
large cities in China. After two years’ 
development, we will expand our 
business to most of cities in China. 
The break even point will be half year 
after that. 
The revenue is calculate from 
500+200x (per exchange), where x is 
the amount of days customer rent the 
house. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Five years financial forecast for XHOME 
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taking their home with them. Our value 
is reliability, efficiency and simplicity. 
Customers will find it easy to do the 
house exchange. All they needs will be 
satisfied in an efficient way. Their own 
houses’ safety can also be ensured. 
They will have amazing experience. 
 

SMaC 
1. Only accepts identification 
registration. 
2. Electronic contracts signing for every 
exchange. 
3. Never reveal customers’ information 
without agreement. 
4. Provide daily supplies for travellers. 
5. Never bother customers with 
problems that we can solve. 
6. Never do telephone selling. 
7. Stay away from luxury houses. 
8. Exclude place that not convenient to 
reach. 
              
              Strategy and Practices 
To build our company, we first need to 
design a website as the home exchange 
platform. Members can find suitable 
houses or share their house on the 
website. Personal information and 
housing information will be verified 
during the online registration 
procedure to ensure safety. 
Then, we will look for the legal aid to 
make a template of our electronic 
contract for home-exchange and find 
and train the staff to do the home 
verification. 
Finally, we are going to set up our 
offices in ten big traveling cities in China 
and start to provide our services in 
these ten cities. After our company got 
a certain popularity, we will expand our 
services into more travelling cities in 
China. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Website design for XHOME 
 

VX421 • Leadership and Technology 
Management 
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Xhome - Exchange Home 
Instructor: Dr. Vincent Chang 
Team Members: Paulina Wisniewska, Cao Yunke, Jin Yuzhe,  
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Business Idea 
Our app is innovatively designed for 
both game players and movie fans. 
We will continuously develop the new 
related games after the preview of 
one movie comes out. Users can 
participate in the activities in the 
game center and then exchange the 
gifts from the credits they earn from 
the game. Also, it helps the movie 
company promote the influence of 
their products. Our product can 
provide a win-win mode for movie 
and mobile game industry. 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1: Log in Interface 
 

Mission and Value 
Our app is movie based mobile game 
center. It provides a new concept for 
a social network and redefines the 
meaning of the game. Our designers 
will develop fancy games for game 
lovers but also attractive content for 
movie fans. 
 
 
 
 
 
 
 

Figure 2: Home Page 
 
The core value of our app is simple 
but inspiring.  

Keep innovative. Share and Enjoy! 
 
 
 
 
 
 
 
 
 
 

Our profits come from three parts, 
advertising, sponsors from movie 
companies and inside purchasing. The 
sponsors from the movie companies 
should be the main part of our 
revenue. The inside purchasing will 
display together with gift exchange. 
 
 
 
 
 
 

Figure 5: Inside Purchasing 
 

Financial Forecast 
As mentioned, this industry in China 
is still weak comparing with the 
similar markets in North America. Our 
app is aimed at this place and we 
think we can achieve a success in film 
off-product market and help promote 
the industry. For the very early years, 
we have to run the company with the 
help of financing or sponsors. During 
this period, we have to be faced with 
challenges from negative profits. 
However, with the increase of the 
number of users, the revenue will go 
high and we start to make profits and 
promote our influences. Later, we will 
seek for the corporation  with 
different movie companies and 
cinemas.  Also, the social network can 
help us achieve our goals with the 
interactions from our users. 
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Consider that we will publish new 
games in the whole year, so we have to 
keep innovative to develop attractive 
new games for new users. Also, we will 
encourage our users to share their 
feelings and enjoy the games with their 
friends. 
 

Hedgehog concept 
The related field in China is still weak, 
especially the film off products industry. 
The hedgehog concept for our company 
is that we will make sure that all the 
content can keep up-to-date. Also, we 
will arrange good content for users so 
that they can have more to share with 
each other. Furthermore, throughout 
the connection among users, we will 
develop a community based on movies 
and related games. In this community, 
users are free to share their feelings, 
game skills and movie comments. In 
addition, they can get acquainted with 
some new friends.  
 
 
 
 
 
 
 

Figure 3: My Center Page 
 

 Strategy and Practices 
Our target users are young people from 
16 to 28 years old. Most of them love 
both movies and games. In addition, 
our content will be based on mainly 
three kinds of movies, cartoon, action 
and science fiction. 
 
 
 
 
 
 

Figure 4: Game Center Page 
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Business Idea 
As we are all aware of, the car 
industry in China is booming at a 
rapid speed. People  are flocking to 
the car exhibitions and parking 
problems happen from time to time. 
With more cars in the market, it also 
generates great potential for the 
used-car sales in China. However, the 
current used car market in China is 
not so satisfactory yet. According to 
our research, it has two major 
existing problems now: 
Poor evaluation system 
Poor after-sale services 
So we intend to establish a reliable 
used car trading platform and help to 
refine the used car market in China. 
 
 
 
 
 
 
 

 
Figure 1 : Unreliable car quality and value 

evaluation system 
 

Mission and Value 
There are three missions that our 
company holds: 
1)Establish a reliable platform for 
used car sales. The used car business 
currently available in China is not very 
reliable. Our company provides the 
reliable evaluation system so that you 
can safely buy the good cars.  
2) Provide the solid warranty system 
and after services. These services are 
very important to improve the 
reliability and the quality of our 
products. 
3)Promote the used car culture in 
China. Currently, Buying used car is 
not very common in China. Therefore, 
we need to be the leader of this part 
of business. 

 
 
 
  
 

 
 
 
 
 
 
 
 
 
 
 

purchase used car online, we’ll ship 
the used car to the nearest real store, 
and they can come to the real store to 
take the used car. In addition, the 
customers can have their newly 
purchased used car renewed in our 
real stores. To protect the interest of 
our customers, we’ll provide warranty 
to every used car sold via our 
platform.  
 
 
 
 

 
Figure 3 : Our physical stores spread around China. 

 

Financial Forecast 
Our goal is to provide people in china 
a better system to sell and buy used 
cars. Comparing the market in 
America , we get the data that the 
potential of China’s market is about 7 
times bigger than American’s market ,  
Also , we assume we ‘ll share 40% of 
the market in the next five years . We 
assume that each used car is about 50 
thousand RMB . Considering the 
expense we need to establish the 
company , we get the financial graph , 
and from the graph, we get the 
conclusion that we need ￥12 million 
investment and we can profit about 
￥39 million profit every year.  
 
 
 
 
 
 

Figure 4: Financial forecast of U-Car 
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SMaC 
The SMaC recipe of our company 
specifies the details to provide a 
realiable and convenient service for our 
customer. 
1. A careful inspection is provided by at 
least three professional car appraisers 
for each car. 
2. 30-day warranty is provided for free 
repairing service.   
3. Simplify the deal process so that the 
paperwork could be done in 30 
minutes.  
4. Do consignment sales only. 
 
 
             Strategy and Practices 
To establish a trustworthy and 
convenient used car trading platform, 
we first need to establish a complete 
evaluation system.  
 
 
 
 
 
 

 
 

Figure 2 : Our business mode flowchart 
 

We’ll recruit a team of professional 
used-car appraisers, and establish an 
evaluation standard. Sellers send their 
used car to us, and we evaluate their 
used cars with the same evaluation 
standard and provide a recommended 
sale price along with a binding report to  
it. The binding report will serve like an 
ID car of the used car. Secondly, we’ll 
establish a website, U-Car.com. 
Information of every used car on our 
platform will be posted on the website. 
Customers can see the information and 
they can choose purchase online or face 
to face trade with the sellers. Thus, real 
sores should also be built. Customers 
and sellers can complete deal in our 
real stores. If the customers choose to 
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Business Idea 
According to WHO, heart diseases 
stands for 30% of the leading causes 
of deaths in the world today, stroke 
accounts for 23% and road injury for 
5%. Our belief is that through instant 
medical care the majority of these 
deaths can be prevented.    
 

Building the vision 
DITE is a medical equipment company 
that focuses on producing portable 
technological medical devises. We 
want to make medical treatment 
more efficient, and through portable 
medical devices prevent deaths 
caused by medical emergencies. We 
believe that todays advances in 
technology should be beneficial to 
everyone, we want to profit only from 
work that benefits humanity and we 
want to advance the medical field 
through technological innovations.  
 

Building the vision 
Our BHAG is that in 30 years there are 
no longer any deaths caused by 
medical emergencies. We envision a 
future where accidents no longer are 
an issue, people are able to survive 
medical emergencies like heart 
attack, stroke and deadly injuries. 
Medical care is instant and we will 
never have to line up in the hospital 
again. Our products are known world-
wide and have become everyone’s 
personal helpers in their daily life. The 
world will be safer than ever.  
 

SMaC 
Our SMaC recipie consists of 
concentrating on portable medical 
devices and focusing on preventing 
deaths through accidents and chronic 
diseases.  
 
 
 
 
 
 
 
 
 

If we meet serious accidents, or a 
sudden heart attack, we can find the 
nearest hospital and its location. In 
the meantime, if Origo detects that 
our vital sign is out of the normal 
range, the App will automatically 
send the emergency call to our 
personal doctor and relatives.  
 
 
 
 
 
 
 
 
 

Figure 2: Complete Function of Origo 
 
We will keep our products user-
friendly and cooperate with first-class 
hospital. We will also spend money 
on advertising our products. 
 

Financial Forecast 
In recent years, the mobile health 
market is still on its starting stage, 
and there will have a trend of 
sustained growth in the next five 
years. According to the research, we 
predict that he trade size is likely to 
be around 18.1 billion Yuan by 2019, 
which is almost 8.5 times bigger than 
todays. 
About the market share, we will try 
our best to increase our share to 0.5 
percent in 2019, and thus realize the 
early goal of our company. That is to 
say, the revenue of our product 
should be about 90 million Yuan by 
2019. So this number becomes our 
target in the next five years. 
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We also want to keep our products 
user-friendly, since a lot of our 
customers might be senior citizens or 
children. Through technological 
development will we create a 
competition free zone, and we will 
maximize the benefits of that 
competition free zone through Intel’s 
four-part cycle. We will earn customer 
trust by always upholding our 
manufacturing and price commitments, 
and we will never cut funding for 
research and development – even if in a 
recession; instead we will use the 
recession to drive our technology ahead 
of everyone else. Also, we welcome 
constructive criticism, no matter where 
in the company it comes from; once a 
decision has been made we stick to it – 
even if in disagreement.  
 

 
               Strategy&Practices 
Our company’s representative product 
is Origo. Users need to wear it on their 
wrists and the bracelet will detect their 
electro cardio signal on both wrists. 
After signal processing, 
electrocardiograph (ECG) is generated 
inside Origo and transmitted to our 
smartphone through the 3G/4G model. 
By installing corresponding App, we can 
monitor this ECG vividly.  
 
 
 
 
 
 
 
 
 

Figure 1: App design for Origo 
 
According to Figure 1, we can also know 
our heart rate or blood pressure 
through Origo. 
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Business Idea 
Sub-health is a state between health 
and illness. It causes lack of energy, 
depression, loneliness and so on. 
According to the survey of the World 
Health Organization, there are 80% 
people in a state of sub-health. In 
order to help them, our company 
provide device and service. People 
can wear our device at their twist. 
Device collects data from people’s 
bodies, then we make the 
corresponding exercise and diet plan 
for them to help them get good 
health. 
 

Mission and Value 
Our mission statement is "Create and 
keep a healthy world". It consists of 
three parts. For social mission, we will 
improve the life quality of people all 
over the world. For product mission, 
we will make device and service safe, 
professional and innovative. For 
economic mission, we will forward 
the company as the No.1 in health 
care and form a health-care fund for 
charity. 
Our values are vitality, profession and 
responsibility. 

 
SMaC 

The SMaC Recipe of our company can 
be described as the SMaC tree. The 
SMaC for device is the roots of the 
tree. The service is the trunk with the 
branches. And the leaves represent 
our market. 
In terms of the SMaC for service, we 
use the "freemium" business model. 
Hygieia's basic service is to provide 
free app to comprehensively analyze 
your health condition. Moreover, the 
service of pro version can give more 
specific health plan. The service 
provided for VIP is personal health 
advisor service. 
 

 
 
 
  
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 3 : Website design for Hygieia 
 

Financial Forecast 
We can forecast our net profits by 
considering our profits and costs. In 
terms of the profits, as our market 
size becomes larger, our profits will 
increase. And after the third year, the 
profits will trend to be stable. In 
addition, at the beginning, we invest a 
lot of money in many aspects. With 
the development of our company, our 
costs will also trend to be stable. 
According to the profits and costs, our 
company will make a loss at first. 
Between the second year and the 
third year, we will make the balance. 
At the fifth year, if lucky enough, our 
profits nearly make up the previous 
loss. 
 
 
 
 
 
 
 

 
 

Figure 4 : 5-year net profit of Hygieia 
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For our device part, we provide one 
version for each generation of devices. 
We also follow and lead the trend of 
fashion. And our device should be easy 
to operate. 
For the market part, we keep the price 
of the device of each generation the 
same and we do survey every 2 months 
to get customers’ feedback. 
 
 
 
 
 
 
 
 
 

 
Figure 1 : SMaC Tree 

 
           Strategy and Practices 
Our company provides both devices 
and services. Thus, we need to design 
the device and the Website for our 
company at first. Our device has a 
shape of watch and it can collect the 
data of your health condition. You can 
get a lot of information and services on 
our Website. Second, to make our 
device and service safe, professional 
and innovative, we will hire many 
engineers and specialists. Finally, we 
will publicize our company by 
multimedia advertising and launching 
some activities of health life.   
 
 
 
 
 
 
 
 
 
 

 
Figure 2 : Device 
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Business Idea 
Playing sports is one of the hobbies 
people most like because it’s fun and 
healthy. We believe that doing sports 
with more people is a lot more 
enjoyable. However, sometimes it is 
not easy to find friends to play with or 
one can get tired of playing with the 
same ones all the time.  WeSport will 
create a mobile App to bring people 
together to play sports and share a 
good time. 
 

Mission and Value 
The core mission of our company is to 
promote a healthy lifestyle among 
people because our App is aimed at 
sports. When customers use our 
product, they have to search people 
around to find their partners, and 
gradually, it will enlarge their social 
circles. After a period of time, 
chances are that a sports-based 
community will be built. Our value is 
to do what is right for the customers 
and be honest and professional to 
them to ensure a long-term customer 
relationships. The more convenient 
our customers find our product is, the 
more successful we will be. 

 
 
 
 
 
 

Figure 1 :Icon of WeSport.  
 

SMaC 
Our company focuses on getting 
people together to play sports in 
order to develop a healthy social 
network rather than a virtual network. 
We consider young people as our 
main customers since they are easier 
to accept and adapt our App.  

We make a three-steps plan in five 
year development. First step, we will 
start our business on SJTU by 
cooperating with gyms in SJTU and 
then getting money from sport 
association. Next is to expand our 
business in the same way to other 
universities in Shanghai. Finally, we 
will explore the whole market in 
Shanghai. We will make contracts 
with gyms and sport centers all over 
Shanghai and make money by 
introducing customers for them. After 
five year growth, we expect 800,000 
customers using our App. 
 
 
 

 
 
 
 
 

Figure 3 : Product model of WeSport 
 

Financial Forecast 
In the first two years we expect to 
earn around 100,000 RMB which is 
not much. We need to take into 
account that the App will not be 
popular at the beginning. The big 
change will come when our App will 
expand to Shanghai. There are lots of 
gyms in Shanghai and if we make a 
good collaboration plan our profit will 
increase by five. The more people use 
the gyms the more money we will 
make because our profit is per facility 
use.  
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In terms of service, We collaborate 
actively with sports centers and offer a 
good facility service. We decide to 
update every 6 months adding 
improvements based on customers’ 
feedback. We apply the functions 
including rating system to help 
customers to find suitable partner and 
to ensure the safety. Another function 
we apply is chatting system in order to 
enable convenient communication.  In 
addition, we should use a simple and 
user-friendly interface. With a simple 
interface, we can attract more 
customers to use WeSport. Here is our 
design of the interface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 : App interface for WeSport 
 

Strategy&Practices 
We build the product model for our 
company. It includes three parts: users, 
UI and the Cloud. The first version of 
App will be finished before expanding 
our business.  

VX421 • Leadership and Technology 
Management 

University of Michigan - Shanghai Jiao Tong University Joint Institute 

WeSport 
Instructor: Dr. Vincent Chang 
Team Members: Aitor Altuna, Guo Yuxuan, Liu Chenyang,  
                               Wang Yuetian, Hu Zhongnan, Wei Shupeng 
 



42

               Business Idea 
A lot of people have enthusiasm for 
music; but most of inexperienced 
singers can not find an appropriate 
platform to perform and demonstrate 
their outstanding singing ability.  
What we are creating now is a 
platform, for those people with music 
dream, to upload their songs on our 
website. Then you will get the 
comments and grade for your song 
from people who listened to this song 
through our website.  

 
 
 
 

Figure 1 : Logo of Sounderella.  
What singers can benefit from
 our website? 
1. Popularity of course.  
All the songs are divided into different
 categories when singers upload 
them, such as pop, blue, jazz, heavy 
metal so on.  
2. Like-minded people.  
This is the platform provided for the p
eople fancy music to share their 
suggestions and original songs. You ca
n find a companion over our website. 
3. Most important is, opportunity.  
To the superficial side, some owner of
 bars or sponsors of a certain activity 
may provide you a job as a singer in t
heir place. To the inner side, we will al
so cooperate with Management Com
pany, and they may dig out the promi
sing future star by our website. 

 
 
 
 
 
 

 
Figure 2 : Website design for Sounderella 

 
 
 
 
 
 
 
 
 

At the first two years, we will spend 
more than 75% of outcome on the 
popularization. Our first two years 
income are mainly from the VIP Fee. 
We attempt to accumulate popularity 
in these two years without making 
profit.  
 
   
 
 
 
 

Figure 3 : the 1st-2nd year financial forecast 
For the third and fourth year, so it still 
occupies the majority of the yearly 
budget. Larger company scale causes 
more outcome for staff laborage. 
By attracting some advertisers and 
make profit from it. So the income in 
these two years will increase. We 
attempt to balance the budget and 
start making profit. 
 
 
 
 
 

Figure 5 : the 3rd -4th year financial forecast 
The fifth year will be a leap in the 
process of success.  
For the income, we start to 
collaborate with record corporation 
and cooperating with record company 
will bring us a huge amount of profit. 
And advertisement is also an 
important source of income. At the 
same time, singer will be more willing 
to pay for VIP service to be famous.  

 
 
 
 
 

Figure 6 : The fifth year financial forecast 
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Mission and Value 
Mission: To become China's leading 
music platform, creating a home for all 
original singers. 
Values:  
1) Only focus on the singer's voice 
2) Create a well arranged album page 
for every singer  
3) Have users active on music platform 
by creating a community environment 

Hedgehog concept 
What we are deeply passionate 
about 
1. Make our website a real voice of 
China ,focus on the voice from your 
deep heart 
2. Make every original singer’s dream 
come true, help you to find an 
opportunity 
3. Make more and more people know 
original music, put this kind of music on 
the ground, not underground. 
What we can be the best 
We can be the best choice for those 
original singers who want to be famous 
What’ our economic engine 
We can make profit from per singer. The 
singers will bring popularity to our 
website, the popularity will transfer into 
record deal and more record deal will 
attract more singers to our website.  

Financial Forecast 
This is our five-year financial forecast. 
As you can see in the chart, at the first 
two years, we will lose money. We can 
balance the budget in the third year. 
For the fourth and fifth year, we start 
making profit. 
 
 
 
 
 
 
 

Figure 3 : five-year financial forecast 
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Laboratory assignment  
Choose Your Own Experiment – 

Analyze, Build, Conduct and Design 
 
Project duration and budget 
This is an eight-week project, and each team is allocated 
a budget of 1000 RMB. 
 
Deliverables 
• Project proposal (written and oral presentation) 
• Team progress memorandum and presentation 
• Project poster (in conjunction with the JI Design Expo) 
• Team final presentation and final laboratory report 
 
Instructors 
Prof. David L. S. HUNG and Dr. Kwee-Yan TEH 
 
Teaching assistants 
CAI Yusheng, and LV Mei 
 
Acknowledgement 
Licenses for the LabVIEW data acquisition software and 
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Instruments (NI). 

In VM495, students gain valuable hands-on 
experience in proposing, planning and 
executing an extended experimental and 
analysis program in a mechanical-engineering 
related topic of their own choosing. 
 
The course involves key areas of scientific investigation 
and engineering experimentation, including the review 
of literature, writing and planning of technical proposal, 
design and set up of experiments, development of 
experimental techniques, analysis of the test results, and 
writing of high-quality laboratory reports. 
 
The technical communication component of the course 
trains students to become more proficient in communi-
cating ideas and presenting results in different scientific 
and industrial formats, including (a) orally—through a 
series of project presentations, and (b) in writing—via a 
sequence of written proposal, progress report (memo-
randum), project poster, and final laboratory report. 
 
The course also emphasizes team-building skills, 
necessary for each group of students to work effectively 
towards a common project goal. 
 
 
 

List of Projects 

1. Investigation of dust concentration on various heating conditions 
Feng Qijie, Shen Li, Wang Zhizheng, Zhang Xian, Zheng Dilin 
 

2. Performance of ball bouncing off racquet strings at different string tension 
Ding Yanran, Luo Zongtai, Yeong H. Kim, Zhao Fengnian, Aitor Altuna 
 

3. Wind-induced Vibration of Flagpole  
Benshuai Xie, Mingchao Ma, Xinda Xiao, Zhaoxi Yao 
 

4. Agricultural Greenhouse Heat Transfer Analysis   
Gao Siyi, Yao Yifei, Zi Haozhe and Zhang Jizhou 
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Investigation of dust concentration on various heating conditions 
Feng Qijie, Shen Li, Wang Zhizheng, Zhang Xian, Zheng Dilin 
 
  

VM495 • Mechanical Engineering Lab II 

University of Michigan - Shanghai Jiao Tong University Joint Institute 

An acrylic box was set up with a resistance heater below it to simulate 
a room and its ground-heating system.  Particulate matter — in this 
case, smoke generated by an atomizer — was added to the box, and 
PM concentration was measured by four dust sensors mounted 
vertically at different heights. After the smoke settled in the box and 
the sensors recorded steady-state readings, the heater was turned on. 
The corresponding smoke concentration change was recorded until the 
readings stabilized.  
 
Our results show periodic spurts of concentration increase at all four 
heights (sensors) after the heater was turned on.  These concentration 
peaks exhibit the following features due to convective air circulation 
inside the box: 
• They appear at the same period (approximately 250 s) 
• The peaks recorded by sensors mounted at higher heights lag 

behind those recorded at lower heights by 15 s to 30 s 
• The magnitude decreases with time and with sensor height 

Particulate matter (PM) can pose various dangers to human health, and its distribution can be affected by air 
movement. This experiment aims to investigate how a ground heating system can affect the particulate matter 
distribution in a room, and whether the heating system poses additional threat to human health. 
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Performance of ball bouncing off racquet strings at different string tension 
Ding Yanran, Luo Zongtai, Yeong H. Kim, Zhao Fengnian, Aitor Altuna 
 
How ball bounces off tennis or badminton racquet string during impact, under different string tension, is not fully 
known.  This experiment investigates the phenomenon by evaluating kinetic energy of the bouncing ball and vibration 
frequency of the racquet strings on a custom-built setup.   
 
A badminton net was initially tensioned to  
22 pounds of force on an impact frame with  
two load cells connected to the ends of two  
racquet strings. One load cell was mounted  
horizontally, the other vertically, to measure  
the tension difference in both directions. A  
546 g copper ball was attached to the end of a  
513 mm long aluminum rod to serve as a  
pendulum. A rotary encoder was fixed to the  
frame and connected to the rotational axis of  
the pendulum to measure its angular change.  
The ball was released from 45 angle and data 
were gathered until the ball stopped bouncing  
off the net. The rebound angle and impact peak force decreased with increasing number of impacts. After 30 s, the 
peak angle reduced to 6.75 , and the peak force decreased from 66 N to 60 N. The location of impact of the ball on 
the net had a large influence on the peak force recorded by the load cells. The ball hit closer to the vertical string than 
the horizontal string during the experiment. As a result, the impact peak force was higher (71.8 N) in the vertical 
direction, and lower (66.0 N) in the horizontal direction. We  will further investigate how different string tension and 
string type affect the dissipation of kinetic energy and the natural frequency of net vibration. 
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Wind-induced Vibration of Flagpole 
Benshuai Xie, Mingchao Ma, Xinda Xiao, Zhaoxi Yao 
 
Wind-induced vibration of flagpole is influenced by many factors,  
including wind speed, the shape or size of flags, and the location of a flag  
in a formation.  This study introduces the experimental results based on  
each of these three factors and provides useful information about  
reducing amplitude and frequency of flagpole vibration. 
 
Three experiments were conducted to investigate the influence of these  
three factors.  The first was to change the wind speed from 0 to 21 m/s.  
The second was to change the shape and size of the flag. The third was to  
change the location of the flag.  Two strain gages were attached to the  
bottom of a flagpole to measure its strain, and thus the frequency and  
amplitude of vibration could be calculated.  Applying Fast Fourier  
Transformation (FFT), the signal in time domain can be transformed  
into signal in the frequency domain, as shown in the figure on the  
right.  The red line (barely visible) indicates that noise is equally  
distributed over all frequencies, whereas the blue line indicates that 
under 21m/s wind, the frequency of the pole vibration stands out,  
between 30 and 35 Hz. For each flag, there is a characteristic wind  
speed that may induce resonance so that vibration amplitude is  
particularly large. At different locations, the frequency of flagpole  
vibrationis also different.  This experiment quantifies the  
relationship between vibration, wind speed, and the size of the flag, 
and identifies the ideal flag formation that minimizes flagpole  
vibration amplitude and frequency. 
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Agricultural Greenhouse Heat Transfer Analysis 
Gao Siyi, Yao Yifei, Zi Haozhe and Zhang Jizhou 
 
Greenhouses are widely used in the agricultural field for heat conservation. There are different kinds of plastic film 
materials with different thicknesses on the market for the exterior wrap for greenhouses. This experiment reports the 
heat transfer characteristics of the 0.14mm thick plastic films made of polyethylene (PE). 
 
According to fundamental theories of heat transfer,  
heat is transferred via three mechanisms: conduction,  
convection, and radiation. However, since air is a fluid,  
any temperature gradient within it will cause natural  
convection. Therefore, conduction is not considered in  
this experiment. In order to obtain temperature data,  
thermocouples 1 to 6 are placed on the ground, 7 to 9  
are attached on the ceiling and 10 to 12 are mounted  
on top of the greenhouse on the outside. In one specific 
set of experiment, thermocouple 13 was put between  
two layers of PE films. A light intensity sensor is fixed on 
the ground, too. Electric fan is used to induce air  
motion inside the box.  
 
The temperature plot shows that using two layers of PE 
films instead of one causes more light to be blocked,  
thus lowering the steady state temperature. The heat  
dissipation rate is slower due to the extra layer of film.  
Moreover, according to our light intensity measurement,  
the thinner the film is, the more light can pass through it and reach the greenhouse, and there is a minor increase in 
measurement uncertainty as the film thickness decreases.   
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