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A Luggage-Assistant Handcart 
Instructors: Dr. Shane Johnson, Dr. Becky Hsu  

Team MVPs:  
Chen Kaining, Cao Yunke, Fu Zefan, Kevin Ratanawira, Zu Bingqing 

Problem Statement 
Lifting luggage upstairs requires heavy 
physical exertions. For example, 
students living at upper floors often 
struggle to move large suitcases up to 
their dorms (Fig.1). On the other 
hand, carrying the luggage downstairs 
is not only energy-consuming but also 
poses the danger of slipping and 
sliding down. Thus, a design is 
needed to make luggage-lifting easier 
and safer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Objectives 

To solve that problem and meet the 
need, our design is intended to save 
efforts of lifting heavy luggage 
upstairs and to ensure safety for 
carrying it downstairs. 
 

Design Description 
Fig 2 presents an overview of our 
design – a luggage-assistant handcart. 
To fulfill the objectives, the handcart 
is equipped with three types of 
specially-tailored wheels: star wheels, 
apron wheels, and universal wheels. 
The user holds the hand bars when 
using the luggage assistant and sets 
the luggage on the rack (Fig 3).  
 

 
 
 

smoothly on the stairs. We just need 
to use nearly half of the energy to 
take the luggage upstairs compare to 
the energy we need to life up the 
luggage. 
 
However, the apron wheel doesn’t 
work that well as we want. So we 
shorten the distance between the 
apron wheel and the frame then to fit 
the stair.  
 
We put a luggage weighted 20Kg on 
this handcart. It moves smoothly on    
       the flat ground. It can also go  
       every direction we want due to   
the universal wheel. 
 
The whole frame can load nearly 25-
30 Kg luggage. The maximum size the 
handcart can hold is 60*32*85 (cm). 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

Conclusion 
In this project, we have designed a 
luggage-assistant handcart that can 
transport the luggage both upstairs 
and downstairs. It saves the lifting 
force, ensures safety and provides 
additional convenience. Therefore, it 
is suitable for the real application. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
To lift the luggage upstairs, the user 
pulls the hand bars in a slanted 
upward manner. The stars wheels can 
rotate upward while fitting into the 
stairs sequentially and continuously. 
In doing so, it reduces the required 
lifting force.  
 
When going downstairs, the user can 
hold the hand bars and let the apron 
wheels contact the staircase. The 
apron wheels move steadily 
downward. If the hand bars get 
released, the apron wheels will brake 
so that the handcart cannot slide 
down. 
 
On the flat floor, the handcart can 
move in any direction with the 
universal wheels capable of 360-
degree rotation. This provides extra 
convenience for the users. 
 

Test and Results 
As is shown in the Fig. 3, we put a 
heavy luggage on the assistant for 
testing and improvement. Star wheel 
indeed help to save a lot of energy 
while going up. Star wheel rotates  
  

University of Michigan - Shanghai Jiao Tong University Joint Institute 

Apron wheel 

Star wheel 

Rack 

Hand bar 

Fig. 2 Design overview (CAD) 

Fig. 1 A student struggling with 
heavy luggage upstairs 

Fig. 3  Prototype loaded with a 
heavy suitcase

Universal 
wheel 



Problem Statement 
Parents may face problems when they 
teach their children to ride a bike. 
Traditional training wheels are not 
able to move and children may rely 
on them instead of learning how to 
ride a bike with only two wheels. 
Moreover, parents cannot run as fast 
as a running bike, thus they cannot 
protect their children when they fall 
off. 
 
Therefore, parents need an 
equipment which can not only let 
children experience riding with only 
two wheels but also protect children 
from falling off. To solve the problem, 
our team plans to build an equipment 
to help children learn riding efficiently 
and safely. This equipment should be 
able to lift up the training wheels 
when children accelerate and pull 
them back when children lose 
balance. 

 
Concept Generation 

Acceleration and gyro sensor can 
control servos based on acceleration 
and bank angle.  

 
 Design Description 

Two servos connect two training 
wheels to both sides of the rear 
wheel (Fig.1). When a kid starts riding, 
the bike will have an acceleration 
which can be detected by the 
acceleration and gyro sensor.  
 
 
 
 
  
 
 
 

Fig. 1 
 
 

We use hard springs to connect 
training wheels. When children lose 
balance, the spring can pull the 
training wheels back quickly to 
protect the children. 

 
 
 
 
 
 
 

Fig.3 
 

Validation 
We do several tests to make sure our 
prototype is able to work. First, we 
test the servo’s speed and torque to 
insure it could lift the training wheel 
up with the drag force from the spring.  
 
Secondly, we install all parts on the 
bike and test the whole system. We 
push the bike forward to see if the 
training wheels are able to lift, and 
then make a bank angle to see if the 
training wheels could be pulled back. 
 

Conclusion 
Finally, our Intelligent Training Wheels 
can automatically be lifted up when 
children ride bikes in balance and be 
pulled down when children are 
tending to fall off. Thus, it is able to 
help them experience riding with only 
two wheels, and protect children 
when they learn how to ride a bike. 
 

Acknowledgement 
Dr. Shane Johnson, Instructor of Intro 
to Engineering. 
Dr. Becky Hsu, Instructor of Technical 
Communication. 
 

When the bike accelerates to a 
specific value, the control board will 
control servos to pull training wheels 
up. If the sensor detects that the bike 
has a bank angle, which means the 
child may fall off, the control board 
will control servos to pull the training 
wheels down (Fig.2). 

 
 
 
 
 
 
 

Fig. 2 
 

Modeling and Analysis 
Indentifying the situation about riding 
and making the corresponding 
response are important. We need to 
find the critical values of acceleration 
and angular acceleration to lift or pull 
back the training wheels. 
 
We program the Arduino and link it to 
the sensor to make a testing 
prototype. We use the bike to 
simulate the process about riding a 
bike (Fig.3). We collect a huge 
amount of data of accelerations and 
the corresponding situations. Based 
on analysis, we find the critical values 
when the training wheels should be 
lifted or pulled back. Then we test the 
gyro sensor to determine which 
angular acceleration is the critical 
point for falling off.  
 
For the connecting structure between 
the servos and training wheels, we 
use rods to push the training wheels 
to make it lift (Fig.2). 
 
 
 
 
 

Intelligent Training Wheel 
Instructors: Prof. Shane Johnson, Prof. Becky Hsu 

Team Members 
Tian Ran, Zhang Xutong, Wei Shupeng, Guo Yuxuan 
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Problem  
 

Pure drinking water is necessary for 
people. And distillation is an effective 
way to get clean water. 
Therefore, there exist two problems 
in daily life now: 
 

� Rare water contains harmful 
substances. 
� The traditional distillation requires 
great energy, which can be really 
costly. 

Need  
So what we need are: 
� A distillation system that is easy to 
build and operate. 
� A more energy-saving way to distill. 

 
Design Description 

 

 
 
 
 
 

 

 

Fig.1   3D plot of the whole system  
 

 

In our system, there are two tanks 
that provide water supply. We set 
certain height difference between 
water levels in two tanks so that 
water could flow through the system 
naturally. Also we use a solar thermal 
collector called solar trough. It is 
curved as a parabola and lined with a 
polished mirror. When the sunlight 
strikes the panel, it could be reflected 
towards the focal line at where a 
metal tube will be placed. Thus the 
water inside the tube could be 
heated. To achieve the greatest 
efficiency, the system includes 
functionality of soalr tracking. A step 
motor is placed under the solar 
trough to control the direction the 
trough faces, in order to make it 
vertical to sunlight, thus making the 
reflection more effective. 

using a floating ball valve, we keep 
the water level in Tank 2 contant.  
Since the water level in Tank 1 is set 
to be higher that that in Tank 2, so 
the water could flow naturally 
through the tube and comes to the 
solar trough part. In this place, the 
metal tube is heated by the reflected 
sunlight and the temperature could 
be higher than 200 . So the water 
could be heated to steam. At the end 
of the tube, we place a steam 
collecter to condense the steam and 
keep the purified water for further 
use.  
 
 
 

 
 
 
 
 

Fig.4   Prototype of Solar Trough 
 

Conclusion 
 

Our system successfully utilize solar 
energy to heat water, which achieved 
the objective of distilling water in an 
energy-saving way. Also we made use 
of the height difference between 
water levels to let water flow 
naturally. So the system is highly 
effective and easy to operate. Thus, 
we believe  it would certainly help 
people who are in need of clean 
drinking water. 
 

Acknowledgement 
 

Dr. Shane Johnson, Lecturer at UM-
SJTU Joint Institute; 
Dr. Becky Hsu, Lecturer at UM-SJTU 
Joint Institute; 
Wang Xianglong, Yao Yichao, Zhang 
shun, Teaching Assistants for VG100 
at UM-SJTU Joint Institute. 
 
 

 
 
 
 
 
 
 
 
 

Fig.2  3D plot of Solar Track 
 

Significance of Solution 
 

First, to avoid unneccsary energy 
usage, we design an automatic water 
supply system without a pump. We 
place the two tanks on different 
heights and use this difference in 
water levels and a ball valve to let 
water flow and control the water level 
constant.  So in this way, the system 
doesn't require addtional electronics 
devices and thus is easy to build and 
use.  
 

In solar trough part, since aluminuim 
sheet is smooth and has good 
reflection, we use it as the solar 
thermal collector. And according to 
the geometry knowledge we have 
learned, a straight line would be 
reflected to the focal point of a 
parabola, so we form the aluminium 
sheet in the parabolic shape. Hence in 
this way we could collect the free 
solar energy and thus reduing the 
cost of distillation.  
 
 
 
 
 
 

Fig.3  AutoCAD drawing for the  
parabolic shape 

 

Validation 
 

The unpurified water is originally 
stored in two tanks on the right. By  
 
  

VG100 • Introduction to Engineering 

2x2x2x

Solar Water Distiller 
Instructors: Dr. Shane Johnson, Dr. Becky Hsu  

Team Members  
Zhang Mingchen, Lu Jianyan, Liang Qingzhong, Lu Yunfei, Wang Guanzhong 
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Problem Statement 
 
 

 
 
 
 

Need Statement 

 
 
 
 

 
Solution 

 
 
 
 
 
 

Design Description 
 

After research, we adopted  the plan 
with a pair of ultrasound distance 
sensors (Fig. 2)  in the front and on 
both sides to identify badminton 
birdies. If the upper ultrasound 
distance sensor cannot find an object 
and the lower one can get signal from 
the object, a badminton birdie is 
identified (Fig. 1). To pick up 
badminton birdies without damaging 
them, we used robotic arms (Fig. 2). 
To make the robot go along the court 
automatically, we apply rotate speed 
sensors to the wheels (Fig. 2).  
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 4 Route of robot 
 
Based on the design, the robot is 
assembled and tested (Fig. 5).  
 
 
 
 
 
 
 

 
 
 

 
Fig. 5 Real model of prototype 

 
Conclusion 

 

Our automatic badminton retrieval 
robot is able to identify and pick up 
most of the badminton birdies 
outside the court. It is a good helper 
to badminton players which can save 
their time and let them enjoy the 
game. Although this solution can 
meet the basic demand of picking up 
badminton birdies, improvements are 
still necessary. First, keeping the robot 
going along the court needs a more 
accurate solution. Second, a 
badminton condition checking device 
needs to be installed in the robot. 
During this project, our team learned 
how to cooperate with each other 
and had a better understanding of 
engineering.  
 

So that the route of the robot can be 
controlled (Fig. 4). If the robot 
identifies a birdie on its left side, it 
will turn 90 degrees to the left and go 
there to pick it up. Then, it will 
automatically go back to the initial 
position and keep finding other 
birdies. 
 
 

 
 
 
 
 
 

Fig. 1 Badminton Identification 
 
 

 
 
 
 
 
 

 
 
 
 
 

Fig. 2 3D model of prototype (front) 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 3 3D model of prototype (back) 
 
 
 
 
 

Automatic Badminton Birdie Retrieval  Robot 
Instructors: Dr. Shane Johnson, Dr. Becky Hsu 

Team Members  
Chen Yinfan, Liu Sihang, Sun Xun, Wang Puyu, Wang Tianrui 
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• Picking up badminton birdies is 
tiring and time-consuming. 

• Stooping to pick up birdies is 
difficult for elderly players. 

• Existent machines to help pick up 
birdies are not automatic. 

• Labor-saving and efficient 
badminton birdie pick-up  

• Easier way to pick up birdies 
without bending down 

• Automatic badminton birdie 
pick-up solution 

• Install badminton pick-up 
machine onto robots. 

• Use robotic arms to pick up 
badminton birdies. 

• Use two distance sensors to 
identify badminton birdies. 

X 

√ 



Problem Statement 
Algae are prone to grow on the inside 
wall on the aquarium glass. Therefore, 
people have to clean the aquarium 
regularly, and the cleaning process is 
tiring and time-wasting.  
 

Need Statement 
We need a machine which can clean 
the aquarium automatically so that it 
can liberate people's hands and save 
time.  
 

Solution 
We design an automatic aquarium 
glass cleaner which can clean the 
aquarium glass. It can move on the 
glass to clean the algae and realize 
full-automation. 
 

Design Description 
It mainly comprises three parts: 
cleaning system, moving system and 
intelligence system. 
The cleaning system contains two 
sections which are on each side of the 
glass. The inside part contains a 
scouring pad and 5 pieces of magnets, 
while the outside part contains a DC 
motor and another 5 pieces of  
magnets . The two sections will be 
attached onto the glass due to the 
magnetic force. The motor will rotate 
the outside magnets; then the outer 
section will spin the inner section to 
to clean aquarium glass thoroughly. 
 
 
 
 
 
 
 
Fig. 1 Concept diagram 
 
 
 
 

Operational Principle 
The cleaner will start from the upper 
left corner of the glass and move 
rightwards until it reaches the right 
edge. Then it will turn 180 degree and 
move leftwards. Similarly, when it 
reaches the left edge, it will turn 180 
degree as well. Aquabot will follow a 
continuous “U” shaped routine which 
will cover all parts of the aquarium 
glass. When its path covers all the 
glass, it will return to the upper left 
corner again automatically. 
 
 
 
 
 
 
 
 
 Fig.4 Path of aquabot 
 

Conclusion 
The final design can clean out the 
algae on the wall without manual 
operation. We achieved the goal of 
cleaning as well as full-automation. 
Furthermore, all the cleaner parts are 
common, which means the cost of 
the cleaner is low. The most difficult 
part for this project is how to 
combine every part together without 
influencing their individual function. 
During the process of overcoming 
obstacles, we learned how to 
cooperate as a team and how to 
communicate effectively, and most of 
all, we know that we should not give 
up in face of any difficulty.  
 

Acknowledgement 
Dr. Shane Johnson, Lecturer at Joint 
Institute. 
Dr. Becky Hsu, Lecturer at Joint 
Institute. 
 

For the fixture system, we will use 4 
pairs of magnets to supply sufficient 
normal force so that the friction force 
will be large enough to balance the 
gravity. 
For the movement system, two DC 
motors will drive two big rubber 
wheels back and forth. When 
Aquabot changes direction, the 
wheels will rotate in different 
directions and center magnets work 
as a united pivot. 
 
 
 
 
 
 
 
 
 
Fig.2 Prototype of aquabot 
 
Full automation will be achieved by 
Arduino Mega and a distance sensor. 
The sensor will detect the distance 
between the cleaner to the glass. But 
when it reaches the edge, the 
distance will be larger because it is 
between the cleaner and the wall. By 
this way it detect whether the cleaner 
reaches the edge of the glass. The 
system will decide when to swerve 
and when to finish. 
 
 
 
 
 
 
 
 
 
 
Fig. 3 3ds Max plot of aquabot 
 
 

 
 

Automatic Aquarium Glass Cleaner 
Instructors: Dr. Shane Johnson, Dr. Becky Hsu 

Team Members  
Qin Rongwei, Liang Lingfan, Ye Haochen, Liu Chang, Wang Yuetian 
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Problem Statement 
This folding stroller, which can be 
fixed on the bicycle easily, is helpful 
for those parents carrying babies with 
bicycles. First, it is very tired and 
troublesome for parents to take the 
stroller on and off a bicycle. Second, 
the exisisting bicyle baby seat in 
China is not safe. Our project is aimed 
at solving the above problems. 
 

Concept Generation 
The foldable frame can solve the 
problem of putting a stroller on and 
off a bicycle. The braking and buffer 
systems ensure the security of babies. 
 

Design Description 
We decide to use foldable steel frame 
to build the main structure of the 
stroller after brainstorm and several 
meetings. In addition, the stroller also 
contains buffer and braking systems, 
which ensures the security of babies. 
The Sketch plot is on Fig. 1 and Fig.2 
shows the image of our prototype. 
 
Fig. 1  SketchUp plot of the folding 
stroller's structure on bicycle. 
(Cited from the web Trimble. 3D 
http://sketchup.google.com/3dwareh
ouse/?hl=zh-CN) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Validation 
Before the final competition, we test 
the folding stroller with our own 
bicycle. The base of the stroller can 
be fixed on the back seat of the 
bicycle tightly(Fig.7), and all of the 
folding joints function well. 
 
Fig.7 the stroller is fixed on bicycle 
 
 
 
 
 
 
 
 
  
 
 
During our test, we found that the 
buffering system is not safe enough 
because the protection of the head 
side of the baby is not that strong, 
but the heads of babies are fragile. 
Hence, we add a layer of  spring pad 
on the two sides just in case. 
 

Conclusion 
Our final design can benefit parents 
who want to carry their babies with 
bicycles. Babies would be safe in it 
because of the buffer and braking 
systems. It's also convenient for 
parents to take the stroller on or off 
the back seat of the bicycle. What's 
more, the materials are cheap, so the 
price of it would be reasonable. 
 

Acknowledgement 
Wang Xianglong, Teaching Assistant 
at Shanghai Jiaotong University.

Fig. 2 prototype of the stroller 
 
 
 
 
 
 
 
 
 

Composition & Details  
We use steel tubes to form the 
folding frame(Fig.3), while make the 
seat(Fig.4) and buffering cushions 
with sponge(Fig.5).  
The braking system is typical of V 
brake(Fig.6).  
Fig. 3 the foldable frame 

Fig. 4 the seat of baby 

Fig. 5 the buffering cushions 

Fig. 6 the V brake 

 
 
 
 
 

Bike Baby Seat & Stroller 
Instructors: Prof. Shane Johnson, Prof. Becky Hsu 

Team Members  
Gao Wenjun, Jin Shuqun, Zhou Hanyue, Hu Qiaoqian, Hu Yang
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Problem  
 

 
 
 
 
 
 
Fig. 1 Problem of some special people 
 
It’s difficult for people to lift a heavy 
thing by their arms and to hold it on 
for a long time. For example, the 
disabled people find it difficult to lift 
a cup of water (See Fig 1).  

 
Need 

A design is needed to ease the 
burden of the arm so that the person 
will not feel so tired when lifting. 

 
Solution 

Our team is going to created a lifting-
assisted exoskeleton which can 
partially transfer the load of the arm 
to your shoulder and your waist.  The 
exoskeleton uses motors at the joints 
to provide the power of lifting. 
 

 
 
 
 
 
 
 
 
 
 
 
 
      Fig. 2 Concept Design Diagram 
 

 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 

Fig. 3 Prototype Overview 
 

Conclusion 
In general, this exoskeleton can help 
people lift things less than 0.8kg 
easily. However, there are two 
important aspects that we need to 
improve. First, the weight of the 
whole structure is still relatively large 
for people. We need to find other 
ways to improve it. Second, people 
feel uneasy when dressing on this 
exoskeleton. Some soft materials are 
needed to solve this drawback. Above 
all, every member has tried best to 
make the prototype better. We have 
learned a lot in this process. 
 

Acknowledgement 
Shane Johnson, Assistant Research 
Scientist and Lecturer at Shanghai 
Jiao Tong University. 
 
Becky Hsu, Lecturer of Shanghai Jiao 
Tong University. 
 

Significance of Solution 
The exoskeleton contains  a T-shape 
structure and a mechanical arm (See 
Fig 2). The T-shape frame will be 
bound to your shoulder and your 
waist by three belts. At the two joints 
of the arm there are two worm-gear 
motors which can rotate upward and 
downward. Thus the rotation of the 
motor allows your arm to move 
upward and downward. At the end of 
your hand, there is a weight sensor 
which can measure the weight of the 
object. The LCD will display the 
figures of the weight. The whole 
system is controlled by a MCU on the 
T-shape structure. The battery is at 
the bottom of the T-shape structure. 
Since the T-shape structure and the 
mechanical arm both are made of 
aluminum material, the whole 
exoskeleton is relatively light.  

 
Prototype Description 

Figure 3 shows our current prototype. 
First bind the T-shape frame to your 
back.  Turn on the power. The motors 
will rotate upward or downward 
following your motion because the 
contact switch can send the signal to 
the MCU, and then MCU sends back a 
signal to the motors. The weight 
sensor near the hand will measure 
the force of the load, and it sends the 
signal to MCU. Then MCU sends a 
signal to LCD to make it display the 
exact figures of the weight. In general, 
this prototype works well. It can help 
you lift things less than 0.8kg easily. 
In addition, the holes at the T-shape 
structure help decrease the weight of 
the system by 20%. 

 
 
 
 
 
 

Lifting-assisted Exoskeleton 
Instructors: Shane Johnson & Becky Hsu 

Team Members  
Dong Yingda, Ma Buting, Wang Jie, Yu Yuantong, Zhang Boqun 
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Problem Statement 
Main: The darkness in the cinema 
makes the audiences who arrive late 
feel inconvenient to walk in the aisle. 
See Fig.1. 
 
 
 
 
 
 
 
 
 
Fig.1  Darkness in the cinema 
 
1. If we use light with high light 
intensity to guide the way, it may 
affect the other people. 
2. Regular light will also be disturbing 
to others while watching the movie. 
3. It is not enough to just give out 
light at certain time. We want to 
make it give out light in a cool way. 
 

Need Statement 
Main: A material that can light up the 
way and looks cool 
1. A lighting material that has soft 
light. 
2. Sensors that can detect the 
magnitude of the light around and 
whether there is anyone on the 
carpet. 
3. Combine the carpet with Arduino 
so that we can program to design a 
beautiful lighting way that is not only 
practical but also cool looking. 
 

Solution 
Main: Pressure activated carpet light 
1. We choose to use optical fiber as 
our lighting part. 
2. Light sensor and pressure sensor 
exactly fit our needs.  
3. After discussing, we decide to use 
the relay to control different lighting  
 
 
 

When there is no pressure on the 
carpet, the sponge makes two 
conductive fabrics separate so no 
current will be detect by Arduino; 
however, when there is a pressure, 
the sponge is compressed and the 
two conductive fabrics touch each 
other at where the sponge has holes 
and connect the circuit to send a 
signal. The circuits control part has a 
series of relay which control the open 
and close of the optical fibres of the 
lighting part. By programming 
Arduino, we can make the optical 
fibres provide personalized service. 
For example, by detecting the 
pressure of the steps, the optical 
fibres can light in direction which 
people will go.Besides, if there is a 
constant pressure on the carpet, the 
carpet won’t give out light all the 
time, so that when there is an object 
on the carpet, the carpet won’t last 
lighting. See Fig.3. 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
In conclusion, our design meets all 
the needs we set at the beginning. It 
is capable of detecting the pressure 
and light intensity of surroundings. It 
can also give out light in the right 
direction at the right time according 
to the signal detected by the pressure
 sensor. In the future we can try to im
prove its lighting effect to make it 
more beautiful. 
 
 

units. The program that controls the 
way it gives out light is in the Arduino 
who controls the lighting process 
after getting signals from sensors. 
 

Significance of Solution 
Main: The light of the carpet is 
activated by pressure, so it will light 
the way for the audiences who walk 
in the dark aisle in a very convenient 
way. 
1. Optical fiber can give out soft light; 
it will show the way in the dark but 
not disturb others. 
2. By using sensor, the carpet can find 
out the right time to give out light, 
and in other time it doesn’t light, so it 
minimize the disturbance and save 
the energy. 
3. By using the combination of the 
relay and Aruino, we can let the 
carpet light in different ways, so we 
can give out real cool pattern and 
friendly service.  
 

Concept Diagram 
 
 
 
 
 
 
 

Fig.2 Concept design 
 
How the prototype works 

The carpet has three main parts 
the sensor part, the lighting part and 
circuits control part. The sensor part 
contains two devices. The light sensor 
 can check the light intensity of the 
environment to make sure that the 
carpet only gives out light in the dark. 
The other one contain two conductive 
fabrics and a sponge with holes.  

 Pressure Activated Carpet Light 
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Problem Statement 
When people expose their hands in 
the bitterly cold and windy weather, 
they usually suffer from chapped 
hands or other injuries due to 
coldness. Gloves should serve as a 
means of protection. Nevertheless, 
common gloves cannot resist wind or 
preserve heat for a long time. Thus, 
people need a design that protects 
their hands from severe coldness. To 
solve that problem, we have designed 
an automatically heating glove. 
 
 

 
 
 
 
 
 
 
 
 
 

Design Objectives 
Our design is intended to generate 
heat quickly and preserve heat for a 
long time. The heating process should  
also be automatically controlled. 
Besides, safe operation should be 
ensured without overheating or 
electric-leakage. Moreover, the gloves 
should be comfortable to wear. 

 
Design Description 

The concept diagram (Fig. 1) gives an 
overview of our design – an 
automatically heating  glove. The 
glove consists of four functional layers: 
outer layer, heating layer, heat-
preserving layer and inner layer.  

To maximize the heating efficiency, 
we decide to seal the phase-changing 
materials into small packages for our 
prototype. Since people will feel 
uncomfortable if  wires restrict finger 
activities, we cut  Chromel wires into 
short length and connect them  with 
electric wires, which are softer and 
longer.  
 
 
 
 
 
 
 

 
 

 
Tests and Results 

First, the prototype was tested for 
heating speed. Second, we tested the 
heat-preserving ability. Fig.4 shows a 
relatively fast temperature increase 
when heating starts and a good ability 
to preserve heat. Third, the automatic 
heating control function was verified. 
Also, overheating was avoided by 
calibrating the operating temperature 
with compensation for time delay of 
temperature sensors. Finally, a survey 
was conducted and indicated that our 
design wears comfortable. 

 
Conclusion 

Our design solves the target problem 
by providing heat in a short while and 
maintaining temperature for a long 
time. The automatic heating control 
functions well. Also, safe operation 
and comfortable use are achieved. 
Therefore, the automatic heating 
glove design helps make people’s life 
better. 

 
 
 
 
 
 
 
 
 
 
The outer layer protects the inner 
system and hand from wind. Spandex 
is used to insulate the glove to 
preserve heat. In the heating layer,  
Chromel wires can generate heat by 
connecting to the battery. The phase-
changing material of the third layer 
can absorb or release heat through 
the conversion between liquid and 
solid phases. As temperature goes up 
above 37 C , it melts and stores 
energy. This energy can be released 
when temperature decreases so that 
temperature is maintained in the 
glove. The inner layer that contacts 
hands is made of cotton so that the 
user feels comfortable wearing the 
gloves.  
 
The ATtiny 85 micro-controller 
automatically controls  the heating 
operation. It cuts off the circuit at a 
preset user-friendly temperature to 
prevent overheating. When the 
temperature drops to a low level, the 
heating process will restart. 
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Problem Statement 
When kids want to go to the toilet in 
public, there are not enough public 
toilets for them. Urban environment 
will be polluted if kids excrete 
anywhere in public (Fig. 1). 
 

 
 
 
 
 
 
 

Fig. 1 Problem 
 

Need Statement 
We need much more toilets for kids in 
public. The toilet should be 
convenient for kids to use. It also 
needs to be cheap, clean, and easy to 
install. The excrement should be easy 
to be collected and treated. 

 
Solution 

We designed the public toilet for kids 
(Fig. 2&3). Kids only need to press a 
button after using it. It can be placed 
in a 1m*1m area. It also can change 
new covers on the seat. The 
excrement is packed and collected 
into a dustbin. 
 
 
 
 
 
 
 
 
 
Fig. 2 Prototype of Public Toilet for 
Kids 
 

 
 

 

the wheels to pull the plastic bag 
down. The plastic bag is a long 
cylindric whole. So when the used 
bag is pulled down, the new cover will 
be brought up to the seat at the same 
time. Then, the step motor will drag 
the two boards together to nip the 
plastic bag. The heated resistance 
wire on the one board will seal it (Fig. 
5). Finally, the bag with excrement 
will be dropped into the dustbin. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Sealing system and wheel 
system 

 
Conclusion 

Our design is small in size, so we can 
install it widely in public area. It is 
specially designed for kids. The kids 
only need to press a button. Then the 
toilet can deal with excrement and 
replace a new cover. The excrement is 
packed, so it is easy to be collected. In 
this project, our teammates worked 
together and all learned a lot of 
things. 
 

Acknowledgement 
Dr. Shane Johnson, VG100 Professor 
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Fig.3 Prototype of Public Toilet for 
Kids 

 
Significance 

Public toilet for kids solves the 
problem that kids cannot find a place 
to excrete in public. It not only offers 
children a place to meet their 
physiological needs, but protects the 
urban environment. 

 
Concept diagram 

 
 
 
 
 
 
 
 

 
 
 
 
Fig. 4 Concept diagram of Public 
Toilet for Kids 

 
Operational principle 

Initially two boards are together. The 
kid presses a button after using the 
toilet. This will send a signal to the 
Arduino board. The Arduino board 
will separate the two boards and 
control the four DC motors to rotate 
  
 
 

Public toilet for kids 
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Problem Statement 
• Traditional books are usually big 

and heavy.  They are also not  easy 
for keeping and searching. An 
electronic version of a book is 
wanted. But many books have no 
electronic versions. 

• We could use a scanner to get the 
electronic version of a book. But 
using a scanner is not so easy and 
cheap. We have to spend a lot of 
time on a scanner, just turning a 
huge book around and around. 

 

Need Statement 
• A good electronic version of a book. 

This version should be clear and 
complete. We want to use this 
version on portable devices. 

• Less effort to get an electronic 
version of a book. 

 

Solution 
Our solution is an automatic book 
scanning machine. In this solution, we 
combine a page turning machine and 
a digital scanning pen, and we choose 
to use an Arduino board to 
automatically control the whole 
system, and the data can be 
transmitted to the computer with a 
data line connected to the scanning 
pen. 
Firstly we make a platform to hold a 
book. All the scanning and page 
turning will be done to the book at 
this place. 
We take advantage of a lead screw, 
this enable the scanning pen to go 
along a rail. 
We also design the scanning pen 
supporting structure to have the 
following features. 
• It can change its height according 

to the surface of the book. 
• It can raise the scanning pen up 

after scanning two pages.  
In order to let the page turning 
 
 
 

 

How the prototype works 
Our machine is automatically 
controlled. After placing the book on 
a platform and turn on the machine, 
the machine goes into the following 
loop until we press the stop button:  
1.The page turning rod rotates to one 

side of the book 
2.The micro air pump starts. The 

suction cup on the tip of the rod 
pull the page up. 

3.The rod turns to another side. 
4.The air pump stops.  The rod 

detaches the page. 
5.The scanning pen lowers and then 

moves from one side of the book to 
the other side. Data is transmitted 
to the computer through a data line. 

6.The scanning pen raises up. 
 

Conclusion 
We firstly designed very part of our 
machine in detail, but finally we 
decide to take advantage of the ready 
available structures such as lead 
screws and air pumps. These 
structures are proved to be effective, 
and they make our design easier. We 
then successfully made our prototype. 
After some tests and analyses. Our 
prototype can successfully turn pages 
and scan with high quality. We will 
also endeavor to make our prototype 
more intelligent (for example, can 
automatically recognize the size of 
the book) in the future.  
 
 
 
 
 
 
 
 
 

 
Fig. 2 Our prototype 

 
 
 
 
 
 
 

Fig. 1 Concept Diagram 
system (Fig. 1) work together with the 
digital scanning pen, we choose to 
use a micro air pump and a suction 
cup. We use a small tube to connect 
them together. We place a servo on 
one side of the platform. This servo 
drives a rod that can rotate.  As this 
rod rotates, one page can be pulled 
up by the suction cup on the tip of 
the rod.  
This solution meet the needs from 
the following points: 
The scanning pen touch well on the 
surface of the book, making the 
electronic version clear. Through page 
turning, this machine can scan every 
page of the book. These all make the 
electronic version complete. 
This machine is controlled by an 
Arduino board. Just place the book on 
the platform and turn on the machine, 
the machine will automatically turn 
pages and scan.  The effort we need 
to pay is minimized in this process. 

Significance of Solution 
Just as many other automatic 
machines, this solution saves a lot of 
efforts of people. Formerly we have 
to scan the books page by page to 
make electronic versions, which is 
very tiring.  
Now we can just simply set some 
parameters for the machine and the 
machine will automatically work. 
Then we can have time to do some 
other work and the work efficiency is 
raised.  
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Problem Statement 
Every year, over 90 billion batteries 
are disposed with remaining charge in 
the world, and there are no recycling 
methods available for the remaining 
charge. So we need to design a device 
that can sort batteries by charge level 
and work for common battery 
geometries. 
 

Concept Generation 
Use current meter to determine the 
internal resistance of the batteries to 
determine the charge level and use 
Arduino  to control servos to sort 
batteries into different boxes. 
 

Design Description 
We divide the whole process into 
three steps (See Fig 1, Fig 2, and Fig 3). 
In the first step, the battery will be 
put onto a battery holder (Fig 1). In 
the second step, the battery will be 
moved to the place to start the test of 
charge level (Fig 2). In the third step, 
the battery will be sort into a certain 
box of certain charge level (Fig 3).  
 
 
 
 
 
 

 

 
Fig 1 

 
 
 
 
 
 
 

 
 

Fig 2                 
 

 
 

internal resistance of a battery can be 
ignored. 
 
 
 
 
 
 
 
 
 

Fig 6 
 
Hence, we have designed a electric 
circuit including a resistor and a 
current meter. So that the value of 
current that passes through the wire 
can be determine and then we can 
use Ohm’s law to calculate the value 
of the internal resistance of the 
battery which changes significantly 
with the charge level. 
 

Conclusion 
The final product is able to determine 
the charge level of a battery and sort 
batteries of different charge level into 
different boxes. It makes it possible to 
recycle batteries with remaining 
charge. It finally saves the energy 
through this function. 
 

The design is based on an Arduino 
controlling system and combines the 
mechanical parts with the program in 
the Arduino. It can measure three 
different types of batteries at the 
same time and have a user-friendly 
mode. 
 

A lot of communities can apply this 
device to the detection of useful 
batteries. They can also modify the 
device to make it larger and have a 
greater capacity. On the other hand, it 
can also be a home appliance in one 
family. 
 
 

 
 
 
 
 
 
 
 

Fig 3 
 

 Modeling and Analysis  
Different type of batteries have 
different geometries. So the battery 
holder is designed to fit the size of 
three different type of batteries (Fig 
4), and batteries of different charge 
level have different usages. There will 
be four boxes corresponding to four 
charge levels (Fig 5). A crash sensor is 
used to test whether the battery has 
been put onto the battery holder.  
 

 
 
 
 
 
 

Fig 4 
 
 
 
 
 
 
 

Fig 5 
 

Validation 
The relationship of a battery’s 
capacity and its voltage is shown in 
Fig 6. In fact, the electromotive force 
of a battery won’t change a lot after 
being discharged partly. This is 
because the internal resistance of a 
voltage meter is so large that the 

Battery Charge Level Detector & Sorter 
Instructors: Prof. Shane Johnson, Prof. Becky Hsu   
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Problem Statement 
      For our college students, we often 

choose to live in campus because 
of the convenience. Instead, 
problems come out. 

 
1. It is always too noisy in the 

dormitory because roommates 
may own different schedules. 

 
 
 
 

 
 

 
 
 
 
 
 

Fig.1 Too noisy in dorm 
 

2.   Some people may choose to wear 
earplugs, but they may also miss 
the alarm. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Late 
 

Need Statement 
1. A system which can reduce noise. 
2. A system which can also wake up  

people. 
 
 
 
 
 

1. Connect two potentiometers to 
ATtiny85. 

2. Use battery pack to power up 
ATtiny85. 

3. ATtiny85 reads the resistance of 
two potentiometers and translate 
them into hours & minutes with 
the program in ATtiny85  

 
How the prototype works 

 
 
 
 
 
 
 
 
 
 

Fig.5 Working
 

1. Disconnect potentiometers form 
ATtiny85. 

2. Insert earplugs into ears. 
 

Conclusion 
         
      
 
 
 
 
 
      
 
 

Fig.6 Alarm Earplug 
 
      Our Alarm Earplug meets the 

corresponding needs of college 
students. It can also solve the 
common sleep problems of the 
public.  

 
 
  

     Solution 
1. Alarm Earplug is on the base of 

common earplug made of acoustic 
materials. 

2. It has alarm function to wake 
people up. 

 
Significance of Solution 

      Our earplugs can protect people 
from noise by blocking one’s 
meatus auditorius. The earplugs 
can also wake up people as alarm.   

      The innovation to set the tiny 
alarm system at the bottom of the 
earplugs has made up the defects 
of those in the market. 

 
Concept Diagram 

A. 
 
 
 
 
 
 
 
 

Fig. 3 Earplug 
 
Oscillator:  
        Oscillate to act as the alarm 
Button Battery:  
        Serve energy 
ATtiny85:  
        To be programmed on to control 
the circuit 
B. 
 
 
 
 
 
 
 
 

Fig.4 Set time 
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Problem Statement 
In today’s China, increasing number 
of parents begin their children’s music 
instrument education when the 
children are quite young. Our project 
is designed to solve the common 
problems that  
1. children easily get bored and tired 
when learning to play the piano. 
 
 
 
 
 
 
 
 

Fig. 1 Child having trouble learning 
the piano 

 
2. piano education in china consumes  
excessive time and money (over 
100RMB/h).  
 

Need Statement 
Therefore, what we need is  
1. a  simple, entertaining piano 
training   system 
2. the device should be inexpensive 
 

Solution 
A specially made keyboard satisfying 
the following requirements will meet 
our needs: 
1. The system can tell the player 

when to hit a certain key. 
2. There should be enough time for 

the player to respond to the 
system’s instruction. 

3. The player gets feedbacks from the 
system, telling if he does a good 
job. 

4. The device should be inexpensive. 
 
 
 
 
 
 
 

Instructional system includes columns 
of LEDs. Each column corresponds to 
a key. The LEDs of one column will 
shine one by one. When the last LED 
of one column shines, it is the time 
for user to press the key that 
corresponds to this column of LEDs. 
The time interval between the shining 
of each LED is 75ms. The time for one 
column of LEDs to finish a period is 
0.6 second which can be changed to 
fit the need of child.  
 
 
 
 

 
Fig. 5 Feedback system 

 
The feedback system consist of  
feedback LEDs and feedback LCD. The 
green LED’s shining means you hit the 
right key at the right time, while the 
red LED shows you are wrong. The 
time interval  that is available to get a 
green feedback is 0.3 second. The 
feedback LCD will give out a starting 
signal at the beginning. At the end, it 
will show your total score. 
 

Conclusion 
Our prototype successfully  satisfies 
the needs stated before. The LED 
animation instructs the player to play 
some easy pieces; the feedback 
system tells the player not just if 
he/she is doing well. Besides, the cost 
of such a device can be controlled 
within 400RMB. On the whole, this 
training system is simple, entertaining 
and inexpensive. 
 

Acknowledgement 
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Concept Diagram 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2 CAD plot of the keyboard 
 
Our project contains two Arduino 
boards and three systems. Arduino 1 
is responsible for the instructional 
system. The LED animation shows the 
user where and when to press the 
next key. Arduino 2 controls both the 
sound generating system and the 
feedback system . The sound 
generating system can make sounds 
when corresponding keys are pressed. 
The feedback system can evaluate the 
user’s performance. 
 

Prototype 
 
 
 
 
 

 
 
 
 
 

Fig. 3 Prototype 
 

From Fig. 3 we can see that there are 
three parts of our prototype: keys and 
sensors, feedback system and 
instructional system.   
  
 
 
 

Fig. 4 Instructional system 
 

Visually Instructional Piano Keyboard 
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Problem Statement 
• Have to read the length many 

times to make sure accuracy and 
precision 
• Have to convert one kind of unit to 

others 
 

Need Statement 
• Display the value automatically 
• Convert units automatically 
 

Solution 
• We can use a sensor to measure 

the length. The sensor transmits 
the information to the control part. 
Then the control part can send the 
information to the LCD screen to 
display the value.  
• The control part can realize the 

conversion between different units.  
 

Design Description 
In this project, we design a digital 
tape measure to make the whole 
process automatic and convenient. 
After several discussions and 
brainstorming, we decide to add a 
wheel, which clings to the surface of 
the tape measure in order to measure 
the length automatically. The wheel 
revolves as the tape measure is pulled 
out. Then by using a light-electric 
sensor connected with ATTiny85, we 
can get the angle that the wheel has 
revolved. Following this, we compile a 
program to calculate the length, 
which equals to the numbers 
 
 
 
 
 
 
 

Fig.1 CAD Plot 
 
 
 

 
 

 
 
 
 
 
 

Fig.4 Test Prototype 
 
will have all elements inside. It will 
look like a normal tape measure, but 
can do more things. 
 

Test & Significance 
After assembling all the parts 
together, we test our prototype. The 
prototype is on Fig.4. The accuracy of 
the prototype can obtain 0.1cm, 
which meets the criterion for the 
project. Furthermore, our prototype 
has proved to be very reliable. That 
means the value on the screen is 
almost the same with the actual 
length. The average error is less than 
1%. So our structure is feasible and 
the project really helps solve the 
problems we meet in daily life. 
 

Conclusion 
The digital tape measure can 
automatically display the length on 
the screen. It can also convert units 
automatically by clicking the button. 
According to the experiment and test, 
our prototype proves to be very 
precise and accurate. Our final design 
successfully solves the problems and 
satisfies the project criterion.  

 
Acknowledgement 
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Fig.2 Concept Diagram  
 
of turns multiplied by the perimeter 
of the wheel. Finally, the result is 
shown on the LCD screen. The CAD 
plot is on Fig.1, and the concept 
diagram is on Fig.2. 

 
How to Make It Work 

Since Dr. Johnson points out that 
accuracy and precision is the most 
important criterion for a good digital 
tape measure, we spent much effort 
to find the best way to measure the 
length. At first, we chose current 
sensor, but it could not obtain high 
accuracy. Then we studied how the 
mouse of computers works. We find 
that the sensor in the mouse is what 
we really need. It can guarantee both 
accuracy and sensitivity. The sensor is 
also very small.  
In addition, Dr. Johnson suggests we 
use ATTiny85 instead of Arduino to 
make the whole structure as small as 
possible. The main part of our design 
is on Fig.3. So our final prototype  
 
 
 
 
 
 
 
 

Fig.3 Main Functional Parts 
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Fig.2 Concept Diagram 

is on Fig.3. So our final prototype

Fig.3 Main Functional Parts

which equals to the numbers

Fig.1 CAD Plot



Problem Statement 
In the winter, Electric heating is 
expensive and we always waste the 
hot water when we wash our hands 
or take a bath. 
 
 
 
 
 

Need Statement 
1.One way that can reduce the cost in 
winter. 
2. A system that can store the heat 
we wasted. 
 

Solution 
In this project, our group will make a 
thermal battery which can store the 
heat by paraffin. This system has two 
parts: heat accumulation system and 
the temperature transducer. 
 

Significance of Solution 
Paraffin is the best heat-retaining 
solid from 40 C to 70 C because 
the paraffin will melt from 47 C to 
64 C  and the phase change can 
cause huge amount of thermal energy 
to occur. We use the dissolution to 
store and release the heat. 
 

Concept Diagram 
After exchanging ideas with Dr. 
Johnson and TAs, we decided to put 
heat insulation material in the 
interlayer and the bottom of our 
container to keep the heat for a long 
time.  We chose the crosslinking 
polyethylene pipe to transport the 
water and it will be surrounded by 
the paraffin.  The crosslinking 
polyethylene pipe will be made into a 
special shape so that the water could 
have as much contact as possible with 
the crosslinking polyethylene pipe. 
 
 
 

sensor was. Thus water leakage could 
be prevented. 
 

How the prototype works 
This system has two different 
operating modes: absorbing heat and 
releasing heat.  
 
1. Absorbing heat: When you put the 

hot water in the crosslinking 
polyethylene pipe, the heat will be 
absorbed by the cold paraffin 
because of the law of thermal 
transmission. Mild water would be 
out from the other end of pipe. 

2. Releasing heat: When you put the 
cold water in the pipe, hot paraffin 
will heat the crosslinking 
polyethylene pipe and water both.  

      Thus after several rounds, hot  
      water could be out from the other  
      end.  
 

Conclusion 
In this project, our design successfully 
realizes thermal storage between 
water and paraffin. The main material 
paraffin can maximize its heat 
capacity by absorbing and releasing 
heat through phase change, and the 
temperature is appropriate for the 
range of our product. The heat 
insulation cotton can minimize heat 
lost during storage. The LCD screen 
showing the temperature makes our 
product user-friendly. All the 
materials we use in this product are 
very cheap, which makes our 
prototype practical and functional. 
We undergraduate engineers 
corporate well with the engineering 
mind and the technical 
communication skills we have learned 
in VG100. This process makes us more 
prepared and experienced for our 
future projects. 

This design will make sure the water 
can release or absorb the heat in a 
short time.  We use the temperature 
sensor, LCD screen and Arduino to 
show the inner temperature of the 
thermal battery. Using Solidwork, we 
shows the design of our prototype. 
(Fig. 1 and Fig.2) 
 
 
 
 
 
 
 
Fig. 1 Solid Work plot (sectional view  
 
 
 
 
 

 
 
 

Fig. 2 full view of the thermal battery 
 
 

Modeling and Analysis 
We bought the crosslinking 
polyethylene pipe, paraffin, elbows 
and LCD screen from Taobao. Dr. 
Johnson gave us a temperature 
sensitive resistor for measuring the 
temperature. We initially intended to 
use the thermos liner, but its 
bottleneck is too small for the piping 
system so we changed the container 
to ensure the piping system could fit 
in. When connecting the elbows to 
the crosslinking polyethylene pipe, 
we used PTFE tapes to fasten the 
junctions. We used glue gun to seal 
the hole  where the temperature 

Thermal battery 
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Problem Statement 
Nowadays, people enjoy playing 
video games and spend much time 
sitting in front of computers.  Many 
problems occur. 
� Gamers want more joy from games. 
� People need exercise but hate to 

do it. 
� People are facing the threat of 

obesity. 
 
 
 

 
 

 
Fig. 1 People facing game addiction 
and obesity 
 

Need Statement 
� Attractive and unique. 
� Enjoyable and easy to operate. 
� Helpful to live a healthy life. 
 

Solution 
The combination of bicycle and racing 
game is a perfect choice. By applying 
racing game to a real bicycle,  
� Gamers will find game more 

realistic and interesting. 
� People will be more willing to do 

exercise with our prototype.  
� With much exercise on bicycle , 

people can keep fit and get rid of 
obesity. 

 
 
 
 
 
 
 
 
Fig. 2 Virtual reality bicycle game: 
Solution for problems 
 
 
 
 
 

Magnets and 
Hall effect  
sensors will 
record rpm 
of the rear 
wheel. 
 
 
Potentiometer 
will transform 
the angle into 
resistance. 
 
 
 
� CIRCUIT 
 
Circuit using  
Arduino  will 
deal with data 
and send 
them to PC. 
 
 

Conclusion 
Using all kinds of sensors to collect 
information, we successfully 
transform our ordinary bikes into 
fantastic gaming “ibike”. Arduino 
Leonardo’s special function to send 
keyboard output helps us greatly with 
converting sensors’ signals to motions 
in racing games. From this project, we 
learn to find what people need in life 
and how to meet their needs. In 
addition, it is wonderful to work as a 
team to face success or failure 
together, which is not only a valuable 
experience, but of great help to the 
future. 
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Significance 
People need to play games to relax 
themselves, but sitting in front of the 
computer for a long time is unhealthy. 
Our innovation liberates people from 
chairs to exercise  
for their own 
health without 
reducing fun. 
Obesity is no 
longer a threat as 
long as one has  
the will to live 
healthily and the 
approach to 
realizing his own 
will. 
 

Concept Diagram 
 

� OVERLOOK 
 

Our prototype (Fig.4) depend on a 
bicycle to perform the game. All the 
components (sensors, console, wires) 
will be fixed to bicycle. 
 
 
 
 
 
 
 

 
 

Fig. 4 Overview of the prototype 
 

� SENSOR SYSTEM 
 

Sensors at  
brake(Fig. 5)  
can detect 
Your motion 
At the brake. 
 
 

Virtual Reality Bicycle Game 
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Fig. 3 Bicycle game 
in dormitory 

 

Fig. 5 Brake system 

 

Fig. 6 Speed system 

 

Fig. 7 Direction system 
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Problem�Statement
During�hiking,�we�would�naturally�like�
to�take�pictures�to�record�our�
experiences.�Sometimes�we�even�
need�a�tripod�to�photo�the�whole�
crew.�However,�carrying�a�tripod�on�
long�distance�travelling�is�not�feasible,�
due�to�its�large�volume�and�weight.�
Also�wherever�the�cameras�are�placed,�
they�are�inaccessible�for�quick�
pictures.�Thus�an�integration�of�hiking�
stick,�tripod�and�camera�holder�
comes�to�our�mind.

Needs
Our�design�should�include:�
(1) A�light�and�stable�hiking�stick
(2) A�rotational�clamp�which�can�hold�

most�kinds�of�small�cameras�firmly
(3) Ability�of�taking�a�picture�without�

manually�pushing�the�button
(4) Adequate�stabilization�when�put�

on�the�ground
(5) Remote�control�to�film�a�picture�

and�to�rotate�as�well
(6) Photographing�center�indicator

Design�Description

Tests�and�Results
We�used�the�Arduino board�to�control�
the�whole�system.�The�rotational�
clamp�supports�multiple�
photographic�mode,�such�as�
panoramic�photography�and�time�
setting�photography.�Pushing�the�
function�button�once�triggers�left�
and�right�panoramic�photographing,�
while�pushing�it�twice�triggers�up�
and�down�panoramic�photographing.�
Pushing�the�button�for�a�third�time�
enables�time�setting�photography.�Set�
photographic�interval�by�pressing�the�
same�button�again�and�press�the�
joystick�to�start�photographing.�These�
functions�are�all�realized�in�our�test�
runs�and�the�functions�are�indicated�
by�five�LEDs.
The�removable�tripod�is�designed�due�
to�different�geological�characteristic.�
When�hiking�on�soil,�hikers�can�plug�
the�stick�into�the�soil�to�stabilize�
photographing.�However,�when�rocks�
are�everywhere,�hikers�should�use�
tripod�for�help.

Conclusion
Our�team�manages�to�control�the�
photographing�direction�and�identify�
pictures’�center.�Furthermore,�we�
assemble�a�removable�tripod�to�
stabilize�photographing.�Our�
photographic�hiking�stick�can�hold�
most�kinds�of�small�cameras�in�the�
market.�Our�product�successfully�
makes�photographing�in�hiking�more�
convenient�and�relaxing.

Our�photographing�hiking�stick�
includes�following�functions:�
(1) Servo�group�for�rotation�in�two�

directions
(2) Instant�shooting�system�at�the�

position�of�thumb
(3) Remote�control�keyboard
(4) A�removable�tripod�at�the�bottom
(5) A�small�laser�pointer�to�indicate�

shooting�center
The�link�between�the�camera�and�the�
device�is�realized�by�a�bolt�identical�to�
that�used�on�a�generic�tripod.�
Furthermore,�the�hiking�stick�has�a�
relatively�low�weight,�especially��the�
rotational�clamp.�Otherwise,�the�top�
of�hiking�stick�is�likely�to�fall�off.

Photographing�hiking�stick
Team�Mastering�Engineering

Instructors:�Prof.�Shane�Johnson,�Prof.�Becky�Hsu��
Team�Members

Chaoyi Wang,�Haitian�Sun,�Qifeng Teng,�Yiyang Lv,�Zhihao Liang

University�of�Michigan�� Shanghai�Jiao�Tong�University�Joint�Institute

Fig�3.�Servo�group�(one�
hidden�in�the�stick)

Fig�1.�The�whole�
structure�of�the�stick

Fig�4.�Camera�holding�
part�and�shooting�clamp

Fig�2.�Minimized Tripod Fig�5.�Panoramic�
photographing�result
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Problem
The�heating�method�of�burning�

coals�does�harm�to�both�local�
environment�and�plants�in�the�
greenhouse.

Burning�coals�is�not�economical�in�
the�long�run.

The�farmers�cannot�pay�much�
money�for�a�heating�device.

Electricity�is�not�available�in�
greenhouse�in�rural�area.

Need
A clean,�cheap,�and�resourceful�

energy�supply�to�replace�the�
traditional�fossil�fuel

Perform�well�in�heating.�Our�device�
should�be�highly�efficient

A cheap�and�simple�device�which�is�
affordable�for�ordinary�farmers.�

The�device�should fit�the�condition�
that�there�is�no�electricity�in�most�of�
the�ordinary�greenhouses.

Solution
The�solar�energy�is�a�good�choice,�

because�it�is�free,�clean,�and�
resourceful.

Variable�direction�of�the�reflector�
increases�the�efficiency.

Cheap�materials�such�as�PVC�pipes.
Few electronic�components.

Significance
Most�of�the�greenhouses�in�China�do�
not�have�a�heating�device.�Traditional�
heating�by�burning�coal�is�not�
environmental�friendly.�So�the�device�
solve�the�pollution�problem,�and�
improve�the�growth�of�the�vegetables�
and�increase�the�production,�which�
can�release�the�burden�of�food�
shortage.

Concept Diagram
The�system�consists�of�two�main�

easily.

Fig.�3 Water�Tank
The�radian�chosen�by�calculation�for�
the�curve�is�x^2=0.4*y.�Then�the�light�
sensor�collects�the�data�of�light�
intensity,�and�the�program�in�the�
Arduino�board�will�order�the�
motor(see�fig. 4)�to�rotate�certain�
degrees�so�that�the�reflector�always�
faces�the�sun.�The�other�side�of�the�
reflector�swirls�around�by�a�steel�stick.

Fig.�4 Motor

Conclusion
Finally,�the�task�of�heating�the�
greenhouse�has�been�smoothly�
completed.�We�managed�to�find�a�
balance�between�efficiency�and�cost.�
The�efficiency�problem�has�been�
solved�by�changing�the�direction�of�
the�reflector�to�face�the�sun.�The�cost�
of�the�system�have�been�reduced�
greatly�by�looking�for�different�
materials�and�substituting�expensive�
materials.�The�goal�of�designing�and�
constructing�a�solar�heating�system�
which�is�automatic,�efficient,�and�low�
in�cost�has�been�completed.�During�
the�process�of�the�project,�the�whole�
team�held�together�and�overcame�
difficulties.�We�engineers�have�
possessed�the�ability�to�accomplish�
the�project.�To�work�as�a�team,�we�
have�won.

parts,�a�reflector�and�a�
greenhouse(see�fig. 1).�The�
greenhouse�model�is�easily�
constructed�with�plaxiglass�structure�
and�plastic�membrane.

Fig.�1 View�of�the�Whole�System
The�reflector(see�fig. 2)�is�in�the�
shape�of�parabola,�focusing�the�solar�
ray�on�the�focus�line.�Onto�the�
structure,�reflector�material�is�
attached.�A�stainless�steel�is�put�on�
the�focus�line�of�the�parabola,�and�
the�water�in�the�steel�pipe�will�be�
heated.�Since�hot�water�has�a�smaller�
density�than�the�cold�water,�hot�water�
will�rise�and�move�along�the�PVC�pipe�
to�the�greenhouse.�The�hot�water�will�
slowly�release�the�heat�as�water�
moves�along�the�pipe�in�the�
greenhouse.�After�the�water�in�the�
pipe�moves�out�of�the�greenhouse,�it�
will�return�to�the�stainless�steel�pipe.�
In�this�way,�we�enable�the�water�to�
move�and�transport�solar�energy�to�
the�greenhouse.

Fig.�2 Reflector
Considering�the�convenience�problem,�
we�design�a�transparent�water��
tank(see�fig. 3).�Users�can�see�the
amount�of�water�and�add�water�here�

Solar�Heating�for�Greenhouses
Instructors:�Prof.�Shane�Johnson,�Prof.�Becky�Hsu

Team�Members
Wang�Mingkun,�Xu�Pengfei,�Zhang�Yuxiang,�Shen�Yang,�Liu�Chenyang

University�of�Michigan�� Shanghai�Jiao�Tong�University�Joint�Institute
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Concept Diagram 
 
 
 

 
 
 
 
 
 

Fig. 2 CAD graph of the umbrella  
drier 

 
 
 
 
 
 
 
 

 
Fig. 3 Circuit diagram 

 

How the prototype works
The umbrella will be rotated by the 
electrical motor so that the whole 
umbrella fabric can be wiped by the 
sponge and blew by the hot wind. 
The hair drier can be used to provide 
hot wind. 
The user needs to put the umbrella 
handle into the groove and let the 
umbrella just touch the sponge. The 
ultrasonic sensor can verify whether 
the umbrella is in its right position. If 
so, The Arduino board will turn on the 
servo to clamp the umbrella handle 
by two wheels. The relay will also be 
turned to trigger the heating unit at 
the same time. Now the wheels can 
rotate the umbrella, which means the 
sponge will wipe off water-drops and 
the heating unit then dry the 

Problem Statement 
Rainy days have always seen 
annoying problem of carrying wet 
umbrellas without automatic 
machines to solve this problem 
quickly.(See Fig. 1) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Photograph taken outside the 

SJTU library 
 

Need Statement 
An automatic umbrella drier which 
can dry the umbrella quickly is 
urgently needed. 
 

Solution 
Sponge and hot wind can meet our 
criteria. The umbrella will be rotated 
by the electrical motor so that the 
whole umbrella fabric can be wiped 
by the sponge and blew by the hot 
wind in a short time. The hair drier 
can be used to provide hot wind. 
 

Significance of Solution 
This solution enables the user to dry 
the umbrella quickly without any 
extra concerns, which exactly meet 
the needs listed above. If widely 
popularized, the wet umbrellas will 
never be a burdensome again. 
 
 
 
 

umbrella automatically and 
completely. After the whole process, 
the heating unit will stop and the 
clamping device will return to its 
original position. The user can thus 
get out the dried umbrella. Fig. 2 
shows the CAD graph of our 
prototype and the circuit diagram is 
shown in Fig. 3. 
 
 
 
 
 
 
 
 

 
Fig. 4 Prototype 

 

Conclusion 
Our umbrella dryer can dry the wet 
umbrella quickly and automatically. 
The user only needs to put the 
umbrella into the right position of the 
machine before she/he gets out the 
dried one in a short time, which 
means it’s very pragmatic and 
convenient in our daily life. Our group 
members cooperated with each other 
and attained experience and 
happiness from this project. The 
further improvement can focus on 
cutting the budget and shortening the 
drying time. 
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Problem Statement 
 Problems in using ordinary locks: 
A. Keys are easy to lose. 
B. The process of unlocking the 
bike with ordinary locks is 
annoying.  
 

Concept Generation 
Electronic touch panel lock can solve 
the first problem, and using servo to 
control the kickstand can solve the 
second problem.  
 

Design Description 
After analyzing and discussing the 
problems , we decided to use a 
combination of touch sensors and a 
servo system to take over traditional 
key lock, and  use an another servo 
system to control the stand. 
            Part 1:The touch panel 
There are nine touch sensors, three 
LED indicators , one button and one 
GSM shield integrated on a board. 
The board is made up of acrylic, and it 
is hidden under the saddle. The 
system's power comes from a solar 
cell.  Password can be any arbitrary 
shapes in 3X3 touch sensors.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig .1  3Ds Max plot of touch panel 
and modified lock 
 
 
 
 

C. Appearance: We try to make our 
design concise and compact. Thus, we 
did many soldering, cutting work to 
decrease our design's volume and 
make it look more beautiful.  

Validation 
At final stage, We did 15 experiments 
for recording how much time the 
improved bike touché system can 
save. Besides, we have recorded the 
feelings of triers. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Line chart of test result 
 

Conclusion 
Eventually, we completed our project 
successfully after the work-hard 
period. We gained lots of knowledge, 
and everyone enjoyed the manual 
operation including component 
assembly , soldering, processing 
acrylic board, etc.  
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Fig. 2 Prototype of touch system 

Every time you have 5 chances to 
input your password , if the wrong 
times is more than 5, the GSM shield 
will send a message to tell you your 
bicycle is dangerous now. 
           Part 2: Modified lock 
The modified lock consists of a small 
rounded lock, a key closed by a 
cylinder and a servo. 

Part 3: Modified kickstand
The new kickstand system consists of 
a servo, a button switch and a 
wooden kickstand. We fixed the 
button on the handlebar.  

Modeling and Analysis 
We mainly analyzed the three aspects 
of our prototype: 
           A. Security: We  required 
seriously the high security of our lock, 
so we need to make something seal 
the core part  of the improved lock. 
Thus, we use 3D printer to make a 
suitable cylinder to pack the key, and 
use mental shell to seal touch panel. 
            B. Stability: Touch sensor, 
servo, LED, solar cell are likely to be 
damaged by high temperature, rain 
water, or collision. Thus, we have to 
protect them from the damage with 
some protective covers.  

Bike Touché System 
Instructors: Prof. Roberto Dugnani , Prof. Rockwell Clancy   

Team Members  
Ardo Hintoso, Shan Kun, Zhang Xiaowen, Zhou Wenxuan, Zhou Xuanyu 
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Problem Statement 
In this project, our group found that 
traditional printed letters are still 
important in our daily life. However,  
most people do not check their 
mailboxes very often and 
consequently miss some important 
mails. So we decided to build a smart 
mailbox that can check mails for users 
and inform users the total number of 
received mails by text messages on a 
daily basis. 
 

Concept Generation 
The ultrasonic sensor is able to detect 
the mails. The GSM shield is used to 
send text messages to users. The time 
shield is able to control the working 
time of the system. The Arduino 
board is in control of the whole 
system, which is powered by 
batteries. The device can fit into any 
mailbox, so users do not need to 
change a new mailbox. 
 

Design Description 
The smart mailbox will check whether 
there is letter in the mailbox on a 
daily basis and send a text message 
telling the user the number of letters 
received in a day if there is any. The 
user's mobile phone number is saved 
in the Arduino program and can be 
changed. The smart mailbox does not 
have to work all day long, because no 
letters will be delivered at night, so 
we decided that it need to be on from 
9:00 to 17:00 everyday, 
corresponding to a mailman's 
working time. The smart mailbox is 
powered by battery. If the battery 
runs out, the user will receive a text 
message. In fact, it is a device that 
can fit into any mailbox. Users do not 
need to change a new mailbox, they 
only need to insert the device into 
their mailbox and it will work.

 
 
 
 
 
 
 
 
 
 
 
 
  

Fig.2 Inner placement of electronic 
components 

 
The battery is another problem we 
need to concern since it is not very 
convenient to change the battery. We 
tried to make the device more user-
friendly that can inform the user the 
battery is running out of power, which 
can also tell the user to change the 
battery in time. After those 
modification, our device has become 
a more user-friendly one. 

Conclusion 
Our design can successfully function. 
It can help people who have 
mailboxes, but are too busy or lazy to 
check them on a daily basis. Our 
design is convenient to install and 
easy to use, because it is portable and 
user friendly. In the construction of 
the prototype, we distributed work 
properly to each team member and 
collaborated effectively.  
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Modeling and Analysis 
In order to minimize the space all the 
components take, we decided to stick 
our components on the inner walls of 
the mailbox. We placed the ultrasonic 
sensor on the top of the mailbox and 
made it face downward, so that it can 
detect the distance.  Once a letter is 
delivered into the mailbox, the 
distance the ultrasonic sensor 
measures will change, which indicates 
that there is a letter delivered into 
the mailbox, and the Arduino will 
count. At a certain time of the day, 
the GSM shield will work and send a 
text informing the user the number of 
letters received in the day. A battery 
voltage detector will be installed in 
order to detect whether the 
electricity is able to make the whole 
device work.  
 
 

 
 
 
  
 
 
 

Fig.1 3D Effect 
 

Validation 
After several testing and simulation, 
we found that the ultrasonic sensor 
cannot keep working all the time, 
because the lifespan of an ultrasonic 
sensor is not quite long and it is also a 
waste of battery to keep the 
ultrasonic sensor on. We changed the 
detecting frequency of the ultrasonic 
sensor and redesigned the inner 
placement of the model to make it 
possible for a lower detecting 
frequency. 

Smart Mailbox 
Instructors: Dr. Roberto Dugnani, Dr. Rockwell F. Clancy   
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Problem Statement 
We will bring a brand new mosquito 
net for SJTUers. This cool product can 
draw up and down the net 
automatically and freely. 
 

Concept Generation 
A perfect combination of remote 
control, motors, light strings and 
hooks is designed to attain the goal. 
 

Design Description 
Through several group meetings and 
brainstorm, we decided to apply a 
new mosquito net system as our final 
design .The system is driven by 4 DC 
motors at 4 upper corners of the 
frame of the mosquito net, which can 
pack up or install the mosquito net at 
same speed.  4 light strings are used 
in the system, and each string can 
connect one hook to one motor. 
When packed up, the mosquito will 
form a plane on the top. What’s 
more, we add a bed curtain in our 
system which can both cover light and 
keep mosquito away, and it can be 
packed up or installed automatically 
as well. Simulation for this system is 
used to test the validation. Figure 1 
will give the CAD plot of the 
mechatronic system. 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of the mechatronic 
system 
 
 
 
 

 
 

 
 
 
 
 
 Figure 3 A completed prototype 
 
Fourth, as an additional function, a 
bed curtain was also tested. It works 
as well as the mosquito net.  
The main problem we found in our 
test was that the net was not closed 
tightly and might leave some cracks in 
the bottom. To solve this problem, we 
fixed tiny magnets on each lower 
corner of the frame so that the iron 
hooks could be attracted by the 
magnets. This improvement makes 
the whole system perfectly keep out 
mosquitoes. Figure 3 will show a 
completed prototype. 
 

Conclusion 
The auto mosquito net we built 
realizes the function of drawing up 
and down the net by remote control. 
And the construction of frame 
provides the convenience in taking 
away the mosquito net easily. Thanks 
to our team. Every one has exerted 
himself/herself to accomplish such an 
amazing project. We learn; we work; 
we make progress; we have done a 
perfect job. 
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Figure 2 A clear detail of the upper 
corner 

 
Modeling and Analysis 

We should ensure that our prototype 
is light and easy enough to install or 
disassemble, so we choose PVC pipes 
to make the frame. The materials are 
reliable; we can finish installing or 
disassembling our prototype within 
five minutes. At the right angles, 
several three-way pipes are used to 
connect the frame. With the help of 
the laser cutter, we also made four 
small platforms to hold the motors, 
so that we can fix the motors to the 
frame. To drag the mosquito net, we 
use very light strings; so they will not 
affect the beauty of our prototype. A 
clear detail of the upper corner can 
be seen in Figure 2. 
 

Validation 
We have finished testing our 
mosquito net system. First, it turns 
out that our frame is stable enough to 
hold a mosquito net. Second, we 
made some improvements so that 
the mosquito net can be well 
controlled by the hooks connected 
with the motors. Third, through 
enough repetitions, we found the 
time that the net needed to be 
opened and closed respectively. They 
are applied to our Arduino 
programming in order to precisely 
control the mosquito net.  
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Problem Statement 
In China, patients are often treated 
with fluid infusion. However, both 
nurses and patients often neglect the 
remaining fluid in the bottle. The 
result is that the blood will flow back 
to the bottle after there is no fluid in 
the bottle, and this is very dangerous. 
The design should be able to alert 
patients and nurses.  
 

Concept Generation 
Infrared optoelectronic sensors are 
implemented to detect the motion of 
fluid drops, calculate the speed of 
dropping and estimate the remaining 
time. If no liquid remains, the buzzer 
will beep and mechanical device will 
grip the infusion tube.  
 

Design Description 
Infrared sensors are implemented 
around the infusion tube to detect 
the dropping of the liquid.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 CAD render of implemented 
infrared sensors 
 
Sensors are connected to Arduino. 
Corresponding program are used to 
estimate the speed of dropping and 
time remaining. Those data will be 
shown on the LCD connected to 
Arduino. 
 

Validation 
After we finished our model and 
analysis, we designed an experiment 
to validate our prototype. We made a 
dummy and infuse him. During the 
infusion, the motion of liquid 
dropping could be detected; the 
speed and time remaining could be 
estimated and shown on the LCD.  
After all the liquid were infused into 
the dummy, the buzzer beeped and 
the mechanical device gripped the 
infusion tube.  
However, the whole project is still too 
heavy to easily assemble on the 
infusion system. The main reason is 
we must use the Arduino Uno board 
which is big, while the small Arduino 
Mini board does not have enough pin 
spots for so many functions. So it is 
very hard to design a stable as well as 
light structure to hold it and other 
modules. e can make further research 
to optimize structure. 
 

Conclusion 
The final prototype is able to detect  
the motion of fluid drops and 
calculate the speed of dropping as 
well as estimate the remaining time. 
Also, it is able to display the speed 
and remaining time on the LCD. After 
all the fluid is infused, the final 
prototype can beep to alert people 
and grip the infusion tube to prevent 
the reversed blood flow at the same 
time. During the VG100 course, all the 
team members tried their best to 
behave like real engineers and 
cooperate like a real think tank. All 
these left us important experience 
and great memories.  
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If infrared sensors no longer detect 
the dropping, the Arduino will send 
signal to the mechanical gripping 
device, and it will grip the infusion 
tube to prevent the back flow of 
blood.  
 
 
 
 
 
 
 
 
Fig.2 CAD render of mechanical 
gripping device 
 

Modeling and Analysis 
We finished the model based on our 
design. It is composed of an Arduino 
board, a pair of infrared sensors, a 
LCD screen, a mechanical gripping 
device and a buzzer. The infrared 
sensors are used to detect the drops 
of liquid. When liquid drops down, 
sensors can generate pulse signal and 
send it to the Arduino board. The 
speed of liquid can be estimate with 
the frequency of the pulse signal. To 
finally fix the fluid intension alert on 
the infusion system. We chose light 
and small components to make our 
prototype. It can directly detect the 
speed of dripping and further 
estimate the remaining time. All this 
information can be seen on the LED 
screen. 
 
 
 
 
 
 
 
 
Fig.3 Mechanical hand and steering 
engine 
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Problem Statement 
Students living in dormitories find it 
hard to fall asleep at night when 
others keep the light on, and they feel 
annoyed when waken up by the 
alarm clocks of roommates in the 
morning. This often results in conflicts 
and quarrels in the dormitory.  
 

Concept Generation  
To minimize the abominable effect of 
different rest time in the dormitory, 
we decide to create a luminous eye- 
shade. This eyeshade works as a 
normal eyeshade in the evening to 
block the light, and wakes up user in 
the morning with moderate light.  
 

Design Description 
After discussion, we decide to embed 
eight LEDs into a normal eyeshade 
and construct an electronic alarm 
clock in the eyeshade. In our design, 
the eyeshade is a three-layer 
structure. The inner layer of the 
eyeshade directly touches human’s 
eye, and it serves as a role to isolate 
the eye from the middle layer. The 
middle layer is a frame, on which we 
build the circuit system. The outer 
layer is for user’s operation. We put 
the control button and the interface 
of electronic clock on the outer side. 
 
 
 
 
 
 
 
 
 
Fig. 1 3D plot of the luminous 
eyeshade 
 
 
 
 

to maintain working status for more 
than 12 hours. 
 
 
 

 
 
 
 

 
 Fig.3 User with the luminous 
eyeshade 
 
 

Conclusion 
Our final design will provide a perfect 
solution problem caused by 
traditional alarm clocks. By applying 
the LED light of which the color is 
similar to natural sunlight, we 
minimize the harm that LED may do 
to human eyes. Besides, the material 
of the inner layer can assure the 
comfortability. This project is a good 
opportunity for us to use our 
knowledge into practice. We take 
pride of our design as well as the 
effort we have made in this project. 
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Fig. 2 prototype of Luminous 
eyeshade 

 
Modeling and Analysis 

The most important criteria for the 
eyeshade is that it should not make 
users feel uncomfortable when they 
wear it. To achieve this, we chose soft 
gauze as the material of the inner 
side of our eyeshade, and we used 
tiny electronic components to build 
our circuit system in the middle layer. 
Furthermore, we decided to use blue  
LED for giving out the light, since the 
blue light is mild. Finally, for 
eyeshade’s sustainability, we 
designed a power supplying section in 
the eyeshade, which is a button 
battery holder. 

 
Validation 

We carried up several tests to justify 
whether our product can wake 
people up. The eyeshade showed its 
excellent performance when people 
are in a shallow sleep, e.g. while 
taking a nap. When people are in a 
deep sleep, the performance of the 
eyeshade is still at a high level, hence 
the functionality is proved. 
Afterwards, we invited several users 
to wear this eyeshade; they had an 
energetic sleeping experience. 
Moreover, this eyeshade is testified  
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Problem Statement 
In this project, we want to design a 
device which can substitute the 
traditional stick for blind people. This 
device needs to be smaller and 
lighter. More importantly, it should be 
able to remind users of danger in 
time. 
 

Concept Generation 
Ultrasonic sensors can be used to 
measure the distance between the 
user and possible obstacles. Oscillator 
and earphones are designed to 
remind the blind people. Two Arduino 
boards are used to control all the 
components. 
 

Design Description 
In our design, the device contains two 
parts. One is attached on the back of 
user’s hand and the other on the 
waist. Figure 1 is the CAD plot of the 
on-hand part of Virtual Blind Stick. 
Figure 2 is the prototype of the on-
hand part of Virtual Blind Stick. To 
remind the blind people of possible 
danger, we determined to use an 
ultrasonic sensor to measure the 
distance between the blind and 
possible obstacles. The Arduino 
boards will receive the data collected 
by the sensors and check whether 
there is something unusual around 
the user, and then let the oscillator 
and earphone to provide feedbacks 
respectively.  
 
 
 
 
      
 
 
 

Fig. 1 CAD plot of Virtual Blind Stick 
 

prototype on our team members. The 
primary result of test is relatively 
good that the device can satisfy most 
of the situations we have imagined 
before. However, there still exists 
some unique situation in which the 
device cannot work perfectly. For 
example, it may not work well when 
the obstacle is only a tiny stone. We 
tried a lot to improve our programme 
because the technique level of 
hardwares was limited, and we made 
some improvement successfully. 
Figure 3 shows the error index of 
Virtual Blind Stick when it is tested to 
see whether there is an obstacle.  
 
 
 
 
 
 
 

Fig. 3 Test of Virtual Blind Stick 
 

Conclusion 
Our final design can successfully 
identify those normal situations of 
danger for a blind user. We made 
some changes on the organic glass 
frame at last, which made it easier to 
be attached. In this project, we paid 
lots of attention to the possible 
dangers for blind people, trying to 
thinking in their way. We also learned 
a lot about the Arduino programming 
and assembling. We certainly 
understand what is requirement-
based design for engineering.  
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Fig. 2 Prototype of Virtual Blind Stick
 

Modeling and Analysis 
In our primary design, we planned to 
use a infrared sensor to measure the 
distance. However, in our first test, 
we found that infrared sensor was 
not sensitive enough, and then we 
chose an ultrasonic sensor to replace 
the original infrared one. In addition, 
our first prototype only had the on-
hand part, but the test result showed 
that it cannot identify all the 
situations of danger with which the 
blind might be faced. Therefore, we 
determined to add another part 
which is attached to the user’s waist 
to specially collect the data of the 
ground when the on-hand part tests 
other directions simultaneously. We 
also improved the method of 
reminding. Our design only had the 
oscillator at first; considering that the 
reminding way should be more 
powerful, we added earphones linked 
to the on-waist part. When the 
ground condition changes, the 
earphones are supposed to remind 
the user; the oscillator on hand is 
responsible for warning the user of 
obstables found in other directions. 
All the things above are 
improvements after lots of discussion. 
 

Validation 
Before determining the final version 
of our machine, we test the latest 
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Problem Statement 
In this project, a new-typed solar 
panel is designed to imitate a 
sunflower. The solar panel should 
track the sunlight to get more 
sunshine, in order to solve the 
problem that the efficiency of solar 
panel will be much reduced due to 
the change of tilt angle of the sun. 
 

Concept Generation 
Two servos are used to realize the 
motion of horizontal and vertical 
directions. A mechanical system with 
plastic boards is designed to hold up 
the solar panels and light sensors. 
 

Design Description 
Since our project is designed to track 
the sunlight, we need to rotate it. 
Figure 1 and 2 show what we have 
designed. Since two angle parameters 
should be taken into consideration, 
we have set two servos. The one on 
the bottom of the stem rotates 
horizontally while the other at the top 
of the stem rotates vertically. Then 
we write code to control the servos to 
reach the best direction. Four light 
sensors are placed equally on the 
sunflower disc and the controlling 
parts are put at the bottom of the 
mechanism in the “flower pot”. 
 
 
 
 
 
 
 
 
 
 
 
Fig .1 3dsMax Plot for our project 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig.3 our prototype 
 
prototype more attractive and 
interesting, the whole prototype is 
decorated like a sunflower by 
painting.  
Flower petals are placed alongside 
the faceplate, which can stretch and 
contract. To increase the similarity 
between the robot and a real flower, 
a temperature sensor is used to check 
whether the light source is warm 
light, serving as a power switch to 
direct when the robot should turn on 
at the daytime. 
 

Conclusion 
Our project, the solar tracker, turned 
out to be quite qualified for the tasks 
we assigned to it. With two servos, it 
can track the warm light quite 
accurately and generate some 
electricity through the solar panel. 
This kind of device could be widely 
used in the power generation in the 
future. This project, together with the 
lecture, taught us how to raise a 
question, discuss and work together 
and finally get it done. Thanks to this 
project, we become better listeners, 
presenters and doers. 
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Fig .2 3dsMax Plot from  the bottom 
our project 

 
Modeling and Analysis 

After discussing with TA Xia and the 
lab assistant Chen, we decided to use 
plastic tube as a support. Since the 
width of the tube is limited, we had 
to drill a hole whose size is smaller 
than the tapping screw. Then we can 
fix the screw into the tube more 
easily and accurately. In addition to 
setting up the servos, we also 
assembled four light sensors on the 
board which is stuck to the board on 
the top. Four small cylinders were 
added to form shadow. To make it 
cute, we make some petals, paint it 
and add a flowerpot. Fig.4 shows our 
final product. 

 
Validation 

Testing is done after the prototype is 
completed. When a torch, the light 
source, is moving towards a certain 
angle in the space, the reaction time 
and accuracy of the prototype are 
recorded. In the first testing, the 
servo didn’t move enough that there 
was deviation between the direction 
of the faceplate and the light. The 
tolerance of the deviation was then 
narrowed by programming, and the 
prototype met the requirements after 
several adjustments. To make the 
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Problem Statement 
Lots of people feel bad about the 
keyboard embedded in some 
electronic devices. They are more 
used to the traditional computer 
keyboard. 
 

Concept Generation 
We decided on a portable virtual 
keyboard. The product can project a 
keyboard and can be connected to an 
electronic device. 
 

Design Description 
After collection of the background 
information and discussion, we 
decided on the simplest but the most 
direct structure. Figure.1 showed the 
concept design of the product. 
 
 
 
 
 
 
 
 
 
 
We connected a keyboard-projector 
to the main body, and put a fan-
shaped laser generator that can 
produce laser of certain frequency at 
the bottom. Therefore, whenever an 
user puts his or her fingers on the 
virtual keyboard, light spots on the 
finger tips are generated. At the top 
of the main body is a camera, which 
catches the light spots and return 
their locations to a tiny computer. The 
tiny computer processes the 
coordinates of the light spots and 
translate them to the corresponding 
keys. The data is transmitted to USB 
signal via Arduino and by an USB 
joggle it is given to the electronic 

Validation 
During testing, we found that we have 
almost finished the project. Figure.1 
showed that the keyboard can be 
used to play some basic games. 
 
 
 
 
 
 
 
 
 

 
 
 
However, some problems remains. 
The size of the device is a little large, 
so not very portable. Besides, the 
coordinates of the keys are unstable, 
so there might be some typos when 
typing. 
 

Conclusion 
Our final product will completely 
satisfies the criteria we made. It can 
be used whenever and wherever 
there is a plane as long as connected 
to an electronic device. However, 
some little details wait for futurity to 
improve. During this project, team 
members cooperated well. Everyone 
improved his or her designing, 
problem solving as well as technical 
communicating ability. We advanced 
a significant step in becoming an 
engineer during this project. 
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device. 
 

Modeling and Analysis 
Due to the inherent structure of the 
camera, we had to add a moonwatch 
telescope to get the full view of the 
keyboard and a filter the get only the 
light spots on the finger tips. The 
most central as well as the most 
difficult part of this device is how to 
get the coordinates of the light spots 
via a program under Android (since 
our tiny computer uses Android 
operating system). Our excellent 
programmer, however, finally made it. 
Figure.2 showed the result of getting 
the coordinates. 
 

 
 
 
 
 
 
 
 

Then what we need to do are just to 
transmit the key signal to the 
connecting electronic device (we 
realized this via Arduino and an USB 
joggle) and to give this product an 
attracting appearance. Figure.3 
showed the overall appearance of this 
product. 
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Problem Statement 
Guitar has become increasingly 
popular among people, especially on 
campus. However, we have to tune 
the strings each time we use the 
guitar. It’s always demanding and 
time-consuming to tune the strings to 
a standard frequency by ourselves. 
Therefore, an automatic tuner can 
relieve people from such tiring work. 
 

Concept Generation 
An amplifier can be used to collect 
electric signals output by the guitar 
and transmit them to the Arduino to 
control the motors to tune the 
strings. 
 

Design Description 
Our design is more about accuracy. 
Since the algorithm for Arduino to 
analyze sound signals had a number 
of limitations, we decided to design 
an amplifier to process the signal 
from the guitar. Arduino then will 
measure the frequency of the signal 
which is the time interval between 
high level and low level, and control 
the servo to tune the string according 
to the standard frequency. This tuner 
is driven by low revolution speed DC 
motor. Compared with stepper motor, 
this kind of DC motor can precisely 
control the motion. We also designed 
several tests to validate our design. 
Figure 1 shows the circuit of our 
amplifier and Figure 2 shows the 
button for choosing strings. 
 

Modeling and Analysis 
After we finished our first prototype, 
we found that the frequency 
measured by microphone and sensor 
was inaccurate because there were 
too much noise. According to this 
frequency, our tuner could not even 
work, so we had to give us this 
 
 

Validation 
Completing the prototype, we 
designed the functionality and 
accuracy tests since we wanted our 
design to tune the guitar as accurately 
as possible. We recorded the initial 
frequencies and final frequencies and 
made several charts to analyze the 
results. The charts showed that the 
Arduino measured the frequency 
accurately but our tuner couldn’t 
tune the guitar correctly.  
We discussed possible causes of the 
problem and checked the program of 
measuring frequency and controlling 
tuning. We also revised the 
connection mechanism to improve 
our prototype.  
Then we did more tests to verify 
these improvements. The results 
showed that the tuner can tune the 
guitar better. 
 

Conclusion 
The outcome of the final product 
turned out to be relatively 
satisfactory. Our tuner can tune the 
guitar based on the measured 
frequency. To make the tuning more 
accurate, we built an amplifier to deal 
with electric signals provided by 
electric guitar. The tuning mechanism 
has also been revised many times and 
has undergone several tests. During 
the whole process, we had a good 
team cooperation and tasks were 
allocated clearly and evenly so that 
we could accomplish the project 
successfully on schedule. We really 
appreciate having this opportunity to 
challenge us and improve us. 
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Figure 1. Circuit of the amplifier 
 

prototype and build another one.  
We chose the electric guitar which 
can provide electric signals itself. We 
needed an amplifier because Arduino 
cannot distinguish the signal 
precisely. The amplifier we needed 
was not available online, so we 
bought some materials from Taobao 
and constructed it by ourselves, as 
shown in Figure 3. We also designed a 
structure to connect the motor to the 
guitar by using coupling and Plexiglas. 
It was difficult for us to write an 
effective program. We searched for a 
lot of information to solve this 
problem. 
 
 
 
 
 

 
 
 
 

Figure 2: Button for choosing strings 
 
 
 
 
 
 
 
 
 
 

Figure 3: Overview of the circuit 
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Problem Statement 
At night, for where there is no street 
light, it’s usually dangerous to ride a 
bicycle. There might be a gap on the 
rough road or a stone on the narrow 
path. Besides, when you make a turn 
or put on the brake, it might be too 
sudden for others surrounding to 
notice you, which can lead to a crash.  
 

Concept Generation 
A light system can give riders safe 
conditions. We need a laser grid light 
thrown on ground to see whether the 
road is flat or not. We also need an 
indicator and a stop light, which are 
like the lights of cars, to prevent 
others from crashing  on our bikes.  
 

Design Description 
For the laser grid light, we use nine 
laser lights that can throw straight 
line on the ground to produce a 4*4 
grid. All lasers are fixed on an organic 
glass board.  
As for the indicator part, we use 10 
LED lights to combine it. Fig.1 shows 
how they are arranged. The switches 
for the indicators are on the 
handlebars besides your hands. For 
the stop light, we use 2 red LEDs and 
an acceleration sensor for the it. 
Whenever you put on the brake, two 
LEDs will turn on. All these lights are 
powered by batteries, including some 
lithium battery. 
 
 
 
 
 
 
 
 
 
   Fig.1 prototype of indicator 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 

Fig.2 prototype of grid light 
Conclusion 

Our final prototype can indicate the 
road conditions with the help of the 
laser grid light clearly. The stop light 
and the  indicators can work as well 
as those on a car. Hence, it reaches 
our goal to ensure our safety. In this 
relatively complex project, our team 
members work hard and are willing to 
cooperate with each other. We did 
what a team should do. Moreover, 
We learn how to apply our knowledge 
into our work and solve problems by 
ourselves.  
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 Fig.3 solidworks plot of laser grid 
 
 

Modeling and Analysis 
We finished our first prototype in 
time. It was a hard process and we all 
spent much time on the light system. 
First we completed the circuit 
sections of the three lights. Then for 
the boxes, we changed lots of designs 
at the beginning. But they were all 
failed. Finally we chose to use organic 
glass board for the boxes. The results 
were satisfactory. After that, we fixed 
the three kinds of light on the bicycle. 
The laser grid light was fastened on 
the support between the two 
handlebars. The stoplight and the 
indicators are fixed on the back stand 
of the bike. The switches for 
indicators are on handlebars besides 
your hands. The prototype can be 
seen in the Figure.2 and 3. We think 
the light system can do a good job.  
 

Validation 
Before finishing the final prototype, 
we did several tests for the light 
system and got nice results. At the 
beginning we used a carton to 
assemble the laser grid light, but it 
was not stable and the power of the 
laser light we use is too law. Hence 
we made a organic glass box for the 
grid light and change the laser lights 
to ones with higher power. Now the 
laser grid light shakes slightly when 
the bike is moving and can reflect the 
ground condition at about seven 
meters before the bike. We also do 
some improvement for the stoplight 
and the indicators. The stoplight can 
light up automatically when the bike 
is slowing down. The indicator lights 
can blink as expected, and will make a 
sound which is similar to the 
indicators on a car. So the prototype 
does a good job.  
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Problem Statement 
Joint Institute is constructing a Cross-
Culture Center. It will include a café. 
However, an ordinary café will not 
appeal to customers, considering 
SJTU already has many cafés on 
campus. In this project, we will design 
a fancy coffee table, the Magic Table, 
to attract more customers. It will 
change color corresponding to the 
music to give students better 
atmosphere to work and to relax. 
 

Concept Generation 
In order for the table to change color, 
we will program Colorduino to control 
an 8 * 8 RGB LED matrix, totaling 256 
LEDs. The matrix will be attached 
under the table.  
 

Design Description 
After brainstorming the concept of 
our project, we decided to use RGB 
LED matrix to implement the change 
of color. The computer analyzes the 
music, then transmits the signal 
wirelessly through Bluetooth to the 
Colorduino module. The Colorduino 
controls the LED matrix to display the 
patterns. The matrix will be placed 
under the table to give the visual 
effect we want. Simulation of the 
color changing on Colorduino is used 
to test the validation. Fig.1 shows the 
final prototype. 
 
 
 
 
 
 
 
 
 
 

Fig. 1 prototype of the Magic Table 
 

 
 

 
 

 
 
 
 
 
 
 
 Fig.3 Simulation of color changing on 

Colorduino 
 
With the program, the Colorduino 
could change light as we wanted. But 
when we transmitted the signal 
wirelessly through Bluetooth, the 
image was not very smooth. We 
adjusted the program to increase the 
downloading speed of  the wireless 
transmission and as a result, we 
enhanced the stability of the image. 
Fig.3 shows the program we used for 
the Colorduino. 
 

Conclusion 
Our final prototype of the Magic 
Table can change color corresponding 
to the music and the visual effect is  
quite remarkable. It has two different 
modes to better fit the atmosphere. 
The cost of each table is about 600 
RMB, so it is relatively affordable for a 
normal café. During the project, we 
obtained not only the specific 
knowledge about engineering, the 
experience in solving problems, but 
also techniques to communicate with 
each other. 
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Modeling and Analysis 
We purchased a glass coffee table on 
taobao and dissembled it for 
alternations. Meanwhile, we 
programmed Colorduino to make it 
change color corresponding to the 
music. We placed 256 RGB LEDs 
trimly in a 8*8 matrix on the front 
side of a  foam board and placed the 
wires on the back side. With the 36 
meters of wires that we used, we 
managed to connect the LEDs to the 
Colorduino to produce light as 
programmed. A polypropylene sheet 
covered the LED matrix to diffuse 
light. It softened the light and 
smoothened the color. The foam 
board was then supported by a 
wooden frame, which was fixed onto 
the table using metal rings. A 
keyboard shelf was fixed under the 
wooden frame to leave space for 
keyboard or MIDI keyboard. Fig.2 
shows the assembly explosion. 

 
 
 
 
 
 
 
 
 
 

Fig. 2 assembly explosion of the 
Magic Table 

 
Validation 

In order for the product to be put into 
use, we need to simulate the color 
changing of the LED matrix and test 
its functionality. This will be simulated 
using the Colorduino. Programming 
takes a large portion of the project 
and we need to make sure it is 
reliable. 
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Problem Statement 
In this project, students innovate to 
design a luminous cup to show fluid 
level and temperature by a LED 
screen. Arduino serves as the 
platform for programming. The whole 
structure should be invulnerable and 
stable, and the measurement should 
be reasonable. 
 

Concept Generation 
A pressure sensor and a temperature 
transducer are able to meet the 
requirement, and LED screens and 
lights visualize the data intuitively.  
 

Design Description 
We have two approaches to 
implement our idea. After two group 
meetings, we decide to produce the 
first cup with sensors and LED 
screens. A self-mixing mug with a 
switch is selected as the main body. 
Two holes are drilled on the base to 
set the temperature and pressure 
sensors. They both are connected to 
the Nano board. The second 
prototype is based on a transparent 
double-deck glass. A temperature 
sensor and LED lights are used. A 
button battery is used as power 
supply. Fig.1 and Fig.2 show the CAD 
plot for both prototypes. 

Fig. 1 A CAD plot of Prototype#1 
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Fig. 2 A CAD plot of Prototype#2 

Modeling and Analysis 
The first prototype is reformed from a 
self-mixing cup. It’s easy to construct 
the circuits by keeping its original 
switch and power supply. We use two 
LED boards to visualize temperature 
and fluid level. Removing the blender, 
we place the circuit board and sensors 
at the bottom of the cup. We spent 
much effort on obtaining accurate 
data from the pressure sensor. 
Therefore, we considered making 
another prototype needless of it. The 
original glass is transparent and has a 
double-deck structure. We put all 
components in its mid-layer, among 
which the LED lights serve to show 
different colors indicating 
temperature. Fig.3 shows one of our 
final products. 

Fig. 3 A picture of  the luminous cup 
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Users draw a 
pattern according 
to the password. 

Validation 
We need to test the availabilities of all 
the sensors before the final 
symposium. However, the tests did 
not go very smoothly. During the 
tests, we found out that the 
temperature sensor was not as 
sensitive as we had thought. After a 
certain amount of 90-centigrade 
water was poured in the cup, the 
feedback temperature went up slowly 
to 90 centigrade by about 5 
centigrade per second. So we could 
not see the result temperature 
directly, and instead, we had to wait 
for several seconds before the 
temperature was fixed. Thankfully 
this only affects users' experiences to 
a small extent. 
For the pressure sensor, the smallest 
detectable value during the test was 
120, which corresponded to the lower 
parts of the cup. This means we are 
not able to tell the difference when 
the water level is not high enough. 
Besides, this sensor was not very 
stable, so accidental errors occurred 
and the water level went up and 
down in a certain range. 
 

Conclusion 
The luminous cups we produce 
successfully achieve the purpose to 
show temperature and water level by 
LED screens on the surface of the 
mug. Thanks to the appropriate cup 
model we bought, we saved much 
time in assembling the sensors. We 
combine knowledge from lectures 
with practice. All of our team 
members take an active part in this 
project and cooperate efficiently. 
Throughout this project, we manage 
to call challenges and provide 
effective solutions. 



Problem Statement 
In this project, students are required 
to design a special hula hoop 
equipped with LEDs that can count 
the number of revolutions that it has 
rotated, in order to increase the 
happiness that players feel.  Our 
group decided to make use of RGB 
LEDs to count colorfully, along with 
LCD screen to count accurately.  
 

Concept Generation 
One acceleration sensor, nine RGB-
LEDs, one Arduino board one LCD 
screen and one hula hoop are mainly 
needed to realize the goal.  

Design Description 
After some meetings and discussions, 
we decided to take using an 
acceleration sensor and an Arduino 
board as the final method for the 
design. The acceleration sensor is 
attached to detect the angle that the 
hula hoop has rotated during the 
procedure and  in every period one 
more LED is turned on to represent 
one single turn. Besides, the 
relationship between the number of 
revolutions and the angle was 
concluded after we analyzed the data 
we gain from several times of 
experiments, and the relative data in 
the experiments are processed by the 
Arduino board. 
The appearance of our circuit is in  
Fig. 1 and Fig. 2 shows our prototype. 

 
 
 
 
 
 
 

 
 
 
 
For another, there always appears 
problems that are caused by terrible 
connections between components. To  
improve this, we make use of 
Electrical tapes and double faced 
tapes to fix nearly every connecting 
point in the circuit. After we did this, 
a good hoop was produced as our 
plan, and it gave us reasonable results 
after experiments afterwards. Thus 
this can be a reliable and stable 
product. 

Conclusion 
Our final design can make it to do the 
counting as the hoop is rotating. 
Additionally, it gets to be very colorful 
and beautiful, which can amuse the 
audience. Furthermore, this project is 
a Do-It-Yourself, through which our 
group has met all kinds of problems 
but they are almost handled. 
Generally, all five of us have 
experienced what should be in an 
engineering project and have learned 
abilities and spirits required for an 
engineer, as well as the happiness to 
work together. 
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Modeling and Analysis 
Since the hula hoop needs to be 
beautiful at the same time it is doing 
the counting job, we set the colors of 
these LEDs variously according how 
many turns it has take. For example, 
for the first ten rounds, LEDs are blue, 
and they get green after the turning 
off in the second ten rounds. 
Moreover, a LCD screen is supposed 
to be attached to finally show the 
exact number of revolutions since it 
seems hard to get the number from 
some changeable colors. Under this 
condition, when the hula hoop is 
being played, it will theoretically 
become very attractive. 
Fig. 3 displays the effect when 
someone is rotating the hula hoop. 
 

Validation 
Before the final exhibition, we took 
safety as a very serious problem. 
More specifically, we need to make 
sure that every time the player stops 
playing, the LEDs, sensor and board 
will not get destroyed if any of them 
hit the ground. So we choose to dig 
holes on the hoop so that the main 
part of the circuit can be settled 
inside the hoop, and thus 
components will remain complete 
thanks to the protection. In addition, 
the player will also not ruin the circuit 
easily.  
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 Fig. 3 Test results 
 
Later we check the luminance of a 
LED lamp by connecting it with the 
generator. Then we use the generator 
to recharge the battery. Fig. 3 shows 
the data in the test.  
Based on the testing results, we 
improve our prototype again to 
increase its utilizing ratio and make it 
more stable. The result is that it  
rotates faster, and produces more 
regular current.  
 

Conclusion 
Our final product successfully takes 
advantage of wind to generate power. 
It’s stable and powerful enough for 
basic household appliances. The total 
cost of our product is less than 100 
yuan, so we achieve the goal of 
lowering the cost to benefit people 
from rural areas. By simplifying the 
structure, our recycled wind 
generator will be easy to build 
without too much professional 
knowledge. Through this project, we 
learn to cooperate effectively and 
apply previous knowledge in practice. 
After completing this project, we 
harvest strong friendship and various 
abilities. All of us appreciate this 
opportunity. 
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Problem Statement 
In this project, students are expected 
to design a recycled wind generator  
to improve the quality of our lives 
with basic components. The recycled 
wind generator should be cheap, 
stable, and easy to build. 
 

Background 
According to our group’s survey, there 
are frequent power failures in most 
rural areas of China. Besides, most 
families of rural areas are not willing 
to buy expensive backup generators, 
neither can they build complicated 
generators by themselves. So most of 
the people there have to suffer the 
inconvenience. 
 

Design Description 
Through several group meetings and 
arguments on various ideas, we 
finally decided to make a recycled 
wind generator in this project. 
Considering the situation in rural 
areas, our design mainly focuses on 
lowering the cost and simplifying the 
large electric generators. Our recycled 
wind generator is able to supply basic 
illumination, and it can recharge 
battery for other uses. Fig. 1 shows 
the 3D effect drawing of our product. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 3D effect drawing of prototype 

 
 
 

 

Materials and Structure 
To make the generator cheap, we 
mainly use popular recycled 
materials. The wood and aluminum 
foil for making the blades and the 
frame are collected from the Building 
Materials Market. The generator is 
second-handed. To increase the 
efficiency, we choose arc-shaped 
vertical blades to collect the wind 
from all directions; we use bearings 
inside the joint parts to reduce the 
friction; we use a belt pulley system 
to get more rotations. To reduce the 
influence of output fluctuation, we 
use a rectifier and voltage regulator 
to ensure the stable and standard 
voltage output. Fig. 2 shows our final 
product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Final product 
 

Validation 
To get detailed information of the 
properties of our prototype, we take 
a series of tests. At the beginning, we 
test the speed of the wind, the 
rotating speed of the fan, the utilizing 
ratio, and the stability of the 
structure. Afterwards, we connect the 
turbine to a circuit, and test the 
voltage and current in the circuit. 
Finally, we test the power of the 
generator and the energy transferring 
efficiency.  

Recycled Wind Generator 
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 Problem Statement  
Window-shades are often used to 
control the sunlight exposure. 
However people usually don’t have 
the time to constantly adjust their 
window-shades. Existing high-tech 
window-shades can solve this 
problem, but they are far too 
expensive.  

Concept Generation  
We decided to make a window-
shades controller that can 
automatically adjust the window-
shades according to the altitude of 
the sunlight. In addition, the window-
shades controller will have a timer 
function, so that the user can open or 
close the window-shades whenever 
he wants.  

Design Description  
The controller is divided into two 
parts. The first part is connected with 
the upper part of the window-shades, 
and is made up of a stepper motor. 
The other part is a box that contains 
our the Arduino board, and the other 
electrical parts. There’s a keyboard 
and a LCD screen on the outside of 
the box. Refer to Fig. 1 and Fig. 2.  

 
Fig. 1 CAD plot of our product 
installed on window-shades 

 
 
 
 
 
 
 
 
 

 
 Fig.3 LCD output of the three 

functions 
 
 However, the big size of the 
controller is still a problem. The 
current size of the box is now 
15*15*10 cm. It is not attractive in 
appearance. If we want to improve 
this design, we will have to abandon 
the Arduino Mega, and design our 
own circuit board, so that we can 
decrease the size of it.  
At the same time, the price of our 
first prototype is around 180 RMB. 
Compared with existing high-tech 
window-shades, our product already 
has a great price advantage. However, 
the box costs 80 RMB. We can 
substitute it with a cheaper box, 
further increase our price advantage. 
 

Conclusion 
The final version of the intelligent 
window-shades controller is able to 
accurately adjust the window-shades 
to the altitude of the sunlight. It 
provides the users with an optimized 
indoor environment. 
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Fig. 2 1st  prototype of the controller 
 

Modeling and Analysis 
 Teaching assistant Xia pointed out 
that that we must take damage 
caused by improper use into 
consideration. That’s why we have 
added a manual mode, in which you 
can adjust the flipper motion 
manually without the original pole 
used to control the flippers.  
 

Validation 
 In order to test the reliability of the 
window-shade controller, we tested it 
under the sunlight for two hours. We 
recorded the whole process, and it 
turned out that it worked well. Most 
of the sunlight was blocked, and the 
flippers adjusted to the changing 
altitude of the sunlight as expected. 
We also tested the timer function. 
The window-shades opened at the 
alarm time.  
In addition, we tested whether our 
device could be easily installed onto a 
common window-shade. It turned out 
that a normal person can finish the 
installing process within 5 minutes.  
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Problem Statement 
In this project, students are required 
to design a vacuum flask that can 
visualize water level and water 
temperature through the use of LEDs. 
 

Concept Generation 
An ultrasonic sensor and a 
temperature transducer may achieve 
the goal. An Arduino Nano board 
combines the two modulus together 
and controls the lighting of LEDs 
accordingly.   
 

Design Description 
The smart flask has three parts, the 
receiving, controlling, and presenting 
part. The receiving part, composed of 
ultrasonic and temperature sensors, 
is placed on the lid of the flask. The 
ultrasonic sensor measures the 
distance between the lid and the 
water surface. The temperature 
sensor measures the temperature of 
the water inside. The controlling part 
is an Arduino board, which processes 
the outputs provided by the sensors 
and commands the presenting part to 
display visual effects. The presenting 
part is three layers of RGB LEDs, that 
can emit red, green, and blue lights. 
These LEDs change colors according 
to different voltage signals from the 
Arduino. In addition, all electronic 
components are water-proof. 
 
 
 
 
 
 
 

 
 
          
         Fig.1 CAD plot of prototype 
 
 
 

which are more accurate and can 
respond immediately. When we 
tested the ultrasonic sensor, we 
had to face a new problem. If the 
sensor was soaked, it would get 
damaged. To solve the problem, 
we redesigned the position for it. 
We put the sensor outside to 
avoid the water, and it made 
sense. After testing each part, we 
tested the whole product. It is a 
perfect one. 
 
 
 
 
 
 
 
 
   
 
           Fig.3 CAD plot of sensors 
 

Conclusion 
Our “Smart Vacuum Flask” can realize 
the visualization of the water level as 
well as temperature, so we 
successfully complete the task. 
Besides, the product has artistic 
values with RGB LEDs shining around 
its walls. To complete the mission, our 
team divided it into 3 small tasks that 
developed simultaneously. Hence, we 
raised working efficiency and exerted 
every team member’s potential. From 
this project, we know that no matter 
how demanding the task is, if we 
work as a team toward a common 
goal, everything will be solved. 
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          Fig.2 prototype of the flask 

 
Modeling and Analysis 

We decide to place all the modulus in 
the lid (see figure 3)and one battery 
under the bottom of the flask. The 
battery charges Arduino and Arduino 
in turns supplies both LEDs and the 
two sensors. To visualize water level 
and temperature, we put LEDs around 
the wall and wrap them with scotch 
tape so that they can present the 
visual effects of dim and continuous 
color. We made each LED belt in 
parallel connection so that they are 
under easy control. First we try to use 
tin to connect them but it turns out 
that tin is easily-broken, so we use 
copper wires instead. Since two 
sensors are under the lid, we bored a 
hole on the lid to let the wires go 
through.  

 
Validation 

To make sure that the vacuum flask 
can work well, we tested the sensors 
respectively. When we tested the 
temperature sensor, we found that 
the sensor could not response as 
quickly as expected. So, we tried to 
get another kind of temperature 
sensor. Finally, we chose dht11 
temperature and humidity sensor,  
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Problem Statement 
In Project 2, we want to design an 
apparatus to provide continuous cold 
compress for people, especially those 
who are injured or have fever. The 
portable apparatus should have 
remarkable effects for a long time. 

Concept Generation 
Using Peltier effect, we can cool the 
temperature very fast. At the same 
time, heat source with metal gates 
and cooling fans can meet the needs  
for heat dissipation. 
 

Design Description 
We have revised and completed the 
final design after several discussions 
and improvements. This apparatus is 
divided into the cooling structure, the 
wearing structure and the control 
module. The main cooling part  (Fig. 1) 
includes the Peltier unit, silica gel, 
heat sinks and a cooling fan. The heat 
sinks increases the area of the surface 
so that the heat can be released more 
efficiently. On the other hand ,we 
need to fix both the cooling part and 
the control module onto the bandage. 
(Fig. 2) shows the prototype of the 
cooling structure. (Fig. 3) shows the 
3D model of our prototype.  
  
 
 
 
 
 
 
 
 
 
 
Fig. 1 Simulation of Cooling Structure 
 
 
 
 

Validation 
We have tested and verified the effect 
several times. We can feel a distinct 
cooling within 30s. For a longer 
period, we can still have a cool feeling 
indicating the main goal is reached. In 
addition, the prototype fits most part 
of the body like leg, head and arm. 
(Fig. 4 ) shows the product can fit for 
the leg. The temperature can be 
adjusted through the control module 
successfully. The design meets the 
needs for cooling. Furthermore, the 
total cost of the prototype is lower 
than 200 RMB. However, there are 
some unsolved problems in the 
wearing part. For example, The total 
weight goes beyond our expectation. 
So does thickness. Although the 
prototype has a small size, we hope 
the appearance of the prototype can 
be revised better. Due to properties of 
Peltier units, the lasting time has not 
reached 8 hours so it needs to be 
recharged from time to time. 
 

Conclusion 
The final design has been completed 
successfully. In general, the prototype 
can satisfy the purpose described at 
the beginning, even though there 
exists some tiny problems about the 
size and the weight. When people 
need an immediate cooling, our 
product can provide a distinct effect. 
Particularly, Team 17 Rhombus has an 
excellent cooperation and an effective 
communication. This project gives all 
of us a better understanding of the 
engineering. 
 

Acknowledgement 
Prof. Dugnani 

Dr. Clancy 
 

 
 
 
 
 
 

Fig. 2 Cooling Structure 
 
 
 
 
 
 
 

Fig. 3 3D Model of the Apparatus  
 

Modeling and Analysis 
Since we want to make the prototype 
easy to carry and store, we need to 
reduce the size and the weight. When 
purchasing the materials, we have 
chosen the lighter fans and metal 
gates. Due to the improvement, we 
have to  increase the total thickness.  
To avoid the bad effect, the distance 
between the fan and the metal gate 
has been reduced as much as possible. 
Because the fan blades are located on 
the surface of the bandage, fingers 
can be hurt sometimes. To prevent 
the problem, acrylic boards and black 
yarn are installed above the fans. 
Besides, we also balance the weight 
of the each part for a better user 
experience. (Fig. 4) shows our final 
prototype. 
 
 
 
 
 
 
 
 
Fig. 4 Effect Picture of Final Prototype  
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Problem Statement 
In this project, we need to design a 
mechanical device to help students 
exercise in dormitory and charge the 
mobile phone battery at the same 
time. The instrument is driven by the 
pedal. What’s more, it should be light 
and convenient. 
 

Concept Generation 
The pedal drives the chain wheel and 
freewheel to make the DC generator 
produce electricity for the mobile 
phone battery.
 

Design Description 
After our several discussions, we 
decide to apply the structure that can 
help students exercise like ride 
bicycles and produce electrical energy 
as the final design. The structure is 
driven by the pedal to make the chain 
wheel and freewheel rotate. It 
needed enough electrical energy to 
charge the mobile phone so the 
structure for rotating the DC 
generator is important.  The Figure 1 
shows the main structure of our 
prototype.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Main structure of our prototype  

 
Detailed Structure 

We design and make the base and 
frame using fir board as well as metal 

 
 
 
 
 

 
 

 
 

 
 
 
 
 
 

Fig. 3 Connecting the base to a chair 
 

Conclusion 
Our design has met our original 
target: make it possible to exercise in 
dormitory and use the work we do on 
the device to produce electricity at 
the same time. We choose wood as 
the material of our main structure, 
and use a chain and several gears to 
make the transmission system. In this 
project, the whole group cooperate 
very well and efficiently. Everyone 
takes an active part in the discussion 
and practice. This project is a great 
success to a group of people who 
haven't done any profsesional work 
before. Thanks to this opportunity, we 
can have a good command of 
engineering knowledge and apply it in 
practice. 
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components including angle irons and 
hinges. To make the prototype 
working smoothly, we simply 

transplant the transmission system of 
a bicycle including pedals, 

chainwheel, axle, chain and 
freewheel to it, which can be seen 

from Figure 1. For the electrical 
system, we test a small DC generator 

and find out some properties of it 
before we decide what DC generator 
we should use on the final prototype 

based on analogy. You can see the 
main result of that experiment from 

Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Relation between voltage and 
rotation speed of the generator 

 
We finally choose the DC generator 
for automobiles to generator 
electricity and a lead-acid battery to 
store it. We also design a gearbox to 
enlarge the angular velocity so that 
the generator will roll at an ideal 
working condition. As you can see 
from Figure 3, on one end of the 
base, we fix two strong ropes. The 
base can be connected to almost any 
chair through the ropes so that it 
won’t shake when being pedaled. 
Thanks to the pair of hinges, the base 
can be folded and the prototype 
won’t take too much room when it is 
stored.  
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Problem Statement 
 A survey shows that the xylophone is 
the best musical instrument for 
children and music beginners. 
However, a real xylophone is not 
portable and even difficult to carry. In 
addition, it may be boring to hear 
only the sound of a xylophone during 
practice. 
 
In this project, we designed an 
electric musical instrument which is 
both portable and easy to learn. It 
can mimic the feelings of playing a 
xylophone. In addition, it can be 
switched to modes of different 
musical instruments in aid of MIDI. 
 

Concept Generation 
By combining ultrasonic sensors, 
Arduino, MIDI and a speaker (possibly 
a computer), we can achieve our goal. 
 

Design Description 
The ultrasonic sensor(s) can detect 
the location of strikes and return data 
to the Arduino board. The Arduino 
board is connected to MIDI, and thus 
MIDI can process the data to mimic 
the sound of xylophone in aid of a 
computer. The speaker can receive 
the signals from Arduino and then 
make respective sound effects  
corresponding to a chosen mode. A 
piece of paper with bars drawn on it 
may help locate the keys. 
 
The concept design is on fig. 1. 
 
 
 
 
 
 

Fig. 1 Concept Design of Project 2 
 
 
 

 
 
 
 
 
 
 
 
 

 Fig.3  Arduino “Air” Xylophone 
 
Nonetheless, in reality, ultrasonic 
sensors could still be unstable due to 
surroundings. To improve our project, 
we plugged an electrical capacity to 
stabilize the electric voltage. Thus, 
there were fewer systematic errors; 
the final prototype could work 
fluently. 
 

Conclusion 
Our project caters to the needs of 
portability and versatility for a music 
beginner who wants to master a 
musical instrument or even compose 
and arrange a new song.  Besides 
that, our xylophone is one of the 
cheapest one among all kinds of 
musical instruments. 
 
In this project, our team members 
cooperated with each other and 
overcame one engineering challenge 
after another. We learned not only 
from the lecture notes, but also from 
brainstorming, discussion, 
communication and presentation, 
which is a must for a real engineer. 
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Modeling and Analysis 
For the first prototype, we skipped 
the MIDI part to complete the basic 
design. However, we added seven 
LEDs corresponding to an octave to 
show which key was played during 
the test, for we had no locating paper.  
 
To find out the best possible width of 
each “bar” (key) of the xylophone, we 
made several attempts by changing 
parameters in the codes. It turned out 
that the width of a key should be 5 
centimeters. In addition, a small gap 
(1 centimeter) should be set between 
two keys in case two keys are 
mistakenly played simultaneously due 
to the width of mallets. 
 
The prototype can show an octave 
fluently. Fig. 2 demonstrates the first 
note “mi” in Song of Joy. 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Demonstration:  

“mi” in Song of Joy 
 

Validation 
Now that the first prototype was 
plausible, we attached a MIDI board 
to the Arduino board. After being 
programmed in Sonar, MIDI managed 
to mimic sounds of many musical 
instruments. (Fig. 3 shows the raw 
final prototype.) Furthermore, we will 
design several pieces of locating 
paper with “bars” drawn on it, 
varying in width and range. 
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Problem Statement 
In this project, students are 
motivated to design a fancy door lock 
with certain degree of security that 
imitates the Android unlocking 
interface.  
 

Concept Generation 
GSM module is used to randomly 
generate password for entrance. 
Servo is installed to the lock to 
accomplish locking and  unlocking the 
door.  
 

Design Description 
We borrow the idea of Android smart 
phone unlocking interface to make 
unlocking the door an interesting 
process. The basic idea is to use 
strong magnet as the “key”, and Hall 
effect sensor as the “key” sensor. 
Users draw a pattern by holding the 
magnet, and the sensor captures the 
signal and transmit it to the control 
device. To make the design more 
secure, the pattern is randomly 
generated. To achieve this, we use a 
GSM module. User will need to finish 
the steps as follows to open the door. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Three steps to enter the door 
 
 
 

function. Therefore, users can obtain 
the password from as far as they are 
by sending text message to a certain 
phone number. Security is guaranteed 
by the randomness of password. 
Additionally, if others send messages 
to the number, the password would 
still be sent to the user, not the 
person who sends the message. 
 

Validation 
We have run tests to see the 
effectiveness of the magnet 
sensor. As can be indicated from 
figure 4, the magnet we use is 
powerful enough to penetrate 
the door.    
 
 
 
 
 
 

 
Fig. 4 Validation of magnet 

Conclusion 
Our design can successfully 
accomplish the task to open the door 
in a fun and secure way. Whenever 
the user need to enter his or her 
dormitory, just send a text message. 
And within just a few seconds, a 
randomly generated password would 
be sent to the user. Next, grab the 
magnet hung on the door and draw a 
pattern according to the password 
received. LED would be triggered if 
the sensor senses the signal. Thus 
user would be able to see a beautiful 
drawing trace of the magnet and then 
the door is open. 
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Fig. 2 Password numbered from 1 to 9 
corresponding to dots. 

 
Modeling and Analysis 

We have searched for numerous ways 
to design a detachable door lock that 
can minimize the damage it does to 
the door. Eventually we use a strong 
servo that directly attaches itself to 
the door knob as shown in figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 3 The mechanism to open the 
door 
 

On the other hand, we choose 
magnetic sensor to send signal to the 
servo because magnetic field is able 
to penetrate the door. For the 
random password part, we use 
Arduino GSM shield to achieve the 
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Problem Statement 
In this project, students are require to 
design a  system to analyze blood 
perfusion. System is driven by an 
infrared camera and image processing 
software analyzing images taken from 
the camera. The whole structure 
should have reasonable cost and good 
accuracy. 
 

Concept Generation 
Stainless steel connected with two 
electrodes or water pipe connected 
with constant temperature water was 
sandwiched by gelatin and latex. 
These experiment tools can be set up 
to simulate human body condition. 
Temperature of the stainless steel or 
the water pipe changes in a rate 
similar to the human heart beat. Then 
pictures are taken for different time 
of the temperature changing and 
analyzing the blood perfusion. 
 

Design Description 
Our design is to use human heart 
beat as an internal excitation source, 
and look at temperature transients 
that it causes. A self-built 
Electrocardiograph(ECG) is used to 
capture heart beats, and the signal 
generated is recorded together with 
the triggering signal by LabVIEW 
software. The triggering signal is a 
square wave that is used to trigger 
the infrared camera to take pictures. 
The triggering signal synchronizes the 
infrared pictures and the signal 
from ECG. After the signals and 
pictures are recorded, an analysis was 
started of the images to get the 
temperature changes(DeltaT) caused 
by human body internal excitation. A 
contour image of the DeltaT of each 
pixel on the image will help 
determine sub-skin damages. 

 
 
 

 
 
 
 
 
Fig. 2 Temperature of a single point 
on stainless steel strip  
 
 
 

 
 

 
 
Fig. 3 Temperature map of plan 2 
 
per second with its control software. 
The frame frequency can reach 60Hz, 
but trigger frequency couldn’t. 
Fortunately, the camera can take 30 
frames in one triggering, and since 
start time of each triggering can be 
controlled, the exact produced time 
of each frame can be obtained, thus 
meeting our design requirement . 
 Conclusion 
Our final design with the stainless 
steels (Fig.2, 3) shows a cyclic 
temperature variance in response to 
the voltage applied on it. However, 
the design with the latex tube shows 
a little noisier temperature variation. 
In conclusion, the two systems we 
designed functioned relatively well in 
simulation with human skin and flesh. 
Cyclic temperature response could be 
obtained after applying some noise 
reduction technics. After applying 
lock-in algorithms, a contour image of 
the temperature difference will be 
generated help medical personnel 
with sub-skin damages. 
 

 

 
 
 
 
 
 
 
 

Fig. 1 Prototype of body simulation 

 
Modeling and Analysis 

Before applying the system on human 
body, some prototype and simulations 
are made. Two plans for simulating the 
human body were made. Both plans 
share a similar setup, only the way of 
simulating the blood perfusion and 
vessels varies. A gelatin base of 1 inch 
thick is at the bottom which functions 
as the heat sink in simulation to human 
flesh. In the process of finding the 
setup that is functionally similar to 
human skin, 2mm thin layer silicon was 
chosen. Two types of materials served 
as vessels and were sandwiched 
between the gelatin base and silicon 
skin. In first plan, saline solution was 
used as the blood and rubber tubes as 
the vessel. The solution was heated by 
a controlled water tank and then fed 
into the system by a peristaltic pump. 
In the second plan, the tube was 
replaced by a stainless steel stripe and 
a voltage is applied on it. See Fig.1 
 

Validation 
After finishing the signal acquiring and 
generating with myDaq, tests were 
conducted to see if the triggering signal 
generated by myDaq can trigger the 
Infrared Camera correctly and 
precisely. The lowest expected  trigger 
frequency is 60Hz. However, in reality, 
the camera can only be triggered twice   
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Problem Statement 
Varicose Veins (VV) is the most 
frequent venous diseases in the 
world. Only in US, there are 30 million 
people suffering this disease, account 
about 1/10 of the total population. 
Saphenous vein occlusion with RF 
ablation is an effective treatment 
method. But perforator occlusion is 
critical to prevent the VV recurrence. 
This project is aimed to find a solution 
for effective perforator ablation. The 
key feature of this design includes: all 
in one solution design, soft electrode, 
segment heating, and bending 
mechanism.  

 
 
 
 
 
 
 
 

Figure 1. Perforator Vein 
 

Design Description 
This product is designed to ablate the 
diseased perforator with complex 
geometry shape (enclosure 
perforator). In clinical operation, the 
procedure is to firstly enter the 
segment of diseased vessel from one 
end, and reach the other end along 
the vessel without breaking the vessel 
wall. A direct needle cannot achieve 
this. So the first function this product 
needs to achieve is to bend at a 
certain length. Typical perforator has 
a length around 30 mm. So a 30-mm-
long active bending length of 
segment is desired.  
  

 
By applying proper assumption about 
the initial conditions, the bioheat 
equation was simplified into the 
following second order differential 
equation.  
 
 
 
 
The range of r/R from 0 to 1 
represented the space in the blood 
vessel. The range from 1 to 2 
represented the tissue wrapped 
around the vein. From the plot, the 
tissue temperature was in the range 
of 80 to 90oC, which satisfied the 
corresponding engineering 
specifications. 

 
 
 
 
 
 
 
 

Figure 3. Temperature Distribution 
 

Conclusion 
In this project, the design is especially 
adjusted for the treatment of 
perforator vein, which is a 
groundbreaking exploration for the 
clinical surgery devices development. 
The prototype is manufactured by 3-D 
printing and will be demonstrated on 
the Design EXPO Day.  
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Figure 2. Deisign Overview 
 

For RF Ablation, a series of coils is 
connected to radio-frequency 
generator to generate heat to close 
the perforator, in order to ablate the 
diseased tissue. Coils are needed to 
be at the tip of the equipment. For a 
typically 30-mm-long perforator, the 
operation is expected to be 
completed in three-step method.  

 
For each time, perforator is burned 
out by one third, and the catheter 
device is drawn out to the adjacent 
one third length segment and burns it 
out. So the desired length of heating 
element is 10 mm, which is the one 
third of perforator length. The 
heating element segment is adjacent 
to, instead of overlaps, with the 
active bending zoon, to avoid 
disassembly of heating element.  
 

Modeling and Analysis 
The thermal model for the blood 
vessel was set up in cylindrical 
coordinates, in which the blood flow 
in upwards direction. 
The vein model was set up in 
cylindrical coordinates. 
 
Start with the bioheat equation, all 
the power absorbed per unit volume 
tissue and metabolic heating were 
included.  
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Problem Statement 
In this project, students are required 
to design a distal wrist mechanism to 
enhance the dexterity of traditional 
laparoscopic surgical tool. The system 
is composed of a bending mechanical 
structure and a heating element. 
 

Concept Generation 
Spring is the key component of the 
bending structure.  There are strings 
connecting the spring at its end to the 
winch located at the handle. Hence  
bending can be realized by pulling the 
spring. 
 

Design Description 
In our design, we tried to use a simple 
structure to meet the requirement of 
dexterity enhancement. So spring is 
the best choice. The selected design 
is shown in Fig.1, with a twisting 
handle and a long connecting tube to 
the twisting spring and at the end of 
the spring connected a RFA probe. 
(Fig.1). Composite parts inside the 
design such  as springs, spring-
connecting-rings, long-connecting-
tube, rod-inside-ring, tiny-long-tube, 
winch box cap, winch, winch box and 
handle. are fit together with screws 
and metal glues. 
The ProE plot is on Fig. 1 and Fig.2 
shows the separate parts of our 
prototype. 
 
 
 
 
 
 
 
 
Fig. 1 ProE plot of Mechatronic 
system 
 
 
 
 

 
 

 
 
 
 
 
 
 Fig.3 Mechanical working state of the 
prototype 
 
Firstly we test on the spring to see if it 
could bend for 90 degrees by pulling 
on the string connecting to the spring 
end. Then we will test on the copper 
coil by connecting it with the RFA 
generator and measure the 
temperature it reaches. Next, the 
winch will be tested to find out the 
relationship between the rotating 
angle of the winch and the bending 
angle of the spring. Finally, test will be 
done on the water circulation system 
to see if it could keep the tool surface 
cool. 

Conclusion 
Our final design can successfully 
enhance the distal dexterity and can 
allow a surgeon to approach a 
targeted surgical site or organ in 
various dexterous orientation by 
manipulating the wrist-like 
mechanism. Besides, we also replace 
the gripper by a Radiofrequency 
Ablation System to achieve a safer 
and more precise cut with a limited 
blood loss. In this project, team 
members cooperate efficiently and 
try to solve problem in professional 
way. This opportunity  enable us 
apply knowledge and skills studies 
from lectures. 
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Fig. 2 Separate parts of the prototype 

 
Modeling and Analysis 

The major part of the prototype, the 
metallic body, is made up of a head, 
bending part, steel rod and finally a 
handle. The head is a one-end-sealed 
steel tube that narrowly holds a PTFE 
tube to pass through. The spring with 
PTFE tube passing through is fixed 
between two connecting rings. One 
ring is connected with the head and 
the other one is installed on a long 
straight steel hollow rod. The rod is 
fixed tightly on the handle by 
mechanical structure. The handle 
with the winch inside is made from 
rapid prototyping. Six Ni-Ti strings 
passing through tiny stainless steel 
tubes connect the spring-end-ring 
with the winch and hence by rotating 
the winch we could achieve the 
bending of the spring part. The tiny 
steel tubes are fixes on the rod-
inside-rings by narrowly fitting in six 
holes. Finally s smaller PTFE tube 
wrapped with copper coil at one end 
will be inserted inside the previous 
PTFE tube to achieve the function of 
radiofrequency ablation. The 
concentric tube structure allows 
cooling water to flow in and out. 

Validation 
Before the exhibition, we will conduct 
four tests to verify if our design fulfills 
the expected specifications. 
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Deliverables 

Study of Laser Tissue Ablation Mechanism Using a Nanosecond 
Pulse Green Laser and a 980 nm Continuous Wave Laser 

Instructors: Prof. Shane Johnson, Prof. Huan Qi  
Team Members:  Xiao Han, Yuan Gao, Weijia Chen, and Zhetao Zhang 

This project, supported by Covidien 
Company and UM-SJTU Joint Institute, 
is to investigate study the basic laser-
tissue interaction as well as comparing
the ablation effects between continuous 
infrared laser and impulse green laser. 
Since the invention of laser surgeries, 
the infrared laser, which has the 
wavelength of 980 nm has been widely 
employed as it has the peak absorptivity 
of water. Nowadays, the advance of 
laser technology has enabled a 532 nm 
1 nanosecond  green laser. It can be 
applied to very efficient ablation 
mechanism with limited thermal 
damage. It is our job to deicide which 
one is more effective in laser ablation 
application on biomaterials. 

©Cntech 
Co.Ltd 

 Literature Review 
Acquire theoretical 
knowledge on laser 
waves and heat 
transfer.  
 
Laser 
Experiment 
System Design 
Compare the 
ablation 
effectiveness of 
different laser 
sources. 

 Modeling 

Heat transfer 
modeling of the bio-
tissue ablation 
mechanism 

Figure 1: Laser Ablation Experiments  
                       on Biomaterials 

 
Experiments 

In order to compare the ablation effect of 
these two kinds of lasers, we need to 
compare the fluence of laser energy. The 
calculation of fluence is based on two 
equations below. From these equation, we 
determine that the key parameters in our 
experiments are power, scanning speed and 
focal distance. 

In order to compare the ablation effect of
these two kinds of lasers, we need to
compare the fluence of laser energy. The
calculation of fluence is based on two
equations below. From these equation, we
determine that the key parameters in our
experiments are power, scanning speed and
focal distance.

 
  

Figure 2: Experimental Setup in Our Laser Lab  

After the experiments, we will measure the 
dimensions of craters generated by lasers, 
we put the samples under the microscope. 
With the help of professional software, we 
can save the picture and measure the depth 
and width of the craters. The sample 
pictures are shown below. 

Figure 3: The Depth and Width of 
Crater Created by Green Laser 

Figure 4: The Depth and Width of 
Crater Created by Red Laser 

Figure 5: Project cost  

 
Modeling and Analysis 

We simulate the heat distribution of our 
project by using finite element analysis 
software COMSOL. For the laser source, 
we simulate it as Gaussian distribution. 
The following picture demonstrates the 
ablation effect. 
  

Figure 6: Spatial Heat Distribution in Simulation 

To compare the ablation effect of the two 
lasers. The relation between ablation 
width depth with linear energy density 
was studied, and figure  7&8 show the 
difference between the two lasers. 

Figure 7: Ablation width Vs. linear energy density 

Figure 8: Ablation depth Vs. linear energy density 

 
Conclusion 

The green laser is more precise and 
accurate than infrared laser, and the 
green laser can remove deeper tumor. 
From figure 7, we can conclude that 
infrared laser is more efficient on 
removing larger tumor. The infrared laser 
has much more thermal damage effect on 
lab materials. And infrared laser can make 
lab material reach higher temperature. 
Both lasers have its superiority on tumor 
ablation, a combination of two lasers 
should be better. 

The cost of whole project is shown on 
figure 5. 



OBJECTIVE 
Design an in-process CAM system to 
remodel the damaged gas turbine 
components, compare with the original 
model and determine a feasible tool path 
for laser repairing. 
 

BACKGROUND 
Gas turbine engines are widely used in 
aircraft industry and electrical generation 
industry. Turbine engine blade is very 
expensive due to the requirement on 
safety and its capability to work in extreme 
environment. Repairing the blade is more 
cost effective than replacing them, when 
failure occurs on turbine blades. 
 
 
 
 
 
 

 
 

DESIGN DESCRIPTION AND 
PROCEDURE 

The final design contains two sub-systems: 
laser scanning system, and blade motion 
system. 
Laser scanning system consists of line laser 
scanner (ScanControl 2700-100, Micro-
Epsilon) and linear stage (PSA150-11-X-M, 
Zolix). 
Blade motion system consists of a 
rotational stage (RSA60-M, Zolix) and two 
customized turbine blades at compression 
stage. 
The two-axis controller can control linear 
stage and rotational stage at the same 
time. 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Statistics results are: maximum deviation is 
+4.830mm and -4.830mm; average 
deviation is +0.712mm and -1.138mm; 
standard deviation is 1.635mm. 
From the color map we can see that 
maximum deviation occurs at the edge of 
the blade. This may be caused by the 
severe point loss at those locations. For the 
major part of the blade, the greatest 
deviation occurs at the upper part of the 
blade around the thicker side. This 
deviation demonstrates how the blade is 
twisted and deformed. 

 
CONCLUSION 

Our final design can successfully design the 
tool path for the blades, which is the main 
purpose. By carefully controlling the 
scanning speed and selecting appropriate 
software, we increase the efficiency and 
accuracy of the system.  
In this project, team members cooperate 
effectively and make efforts to solve 
engineering problems in professional ways. 
We gain practical experience by applying 
what we have learnt in lectures in this 
project. 
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The linear stage moves at velocity of 
1.2cm/sec carrying the laser scanner to 
capture the whole surface at one side of the 
blade. Both the laser scanner and tachometer 
embodied in the controller have the same 
sampling rate of 100 Hz.  
The blade surface is scanned every 90 degrees 
for full information of both the convex and 
concave surfaces. 
The collected data is processed using C++ 
program to achieve the desired point cloud 
format.  
A 3D model is rebuilt in Geomagic using the 
point cloud. It is then compared with the 
other model as well as the CAD model for 
deviation analysis.  
A tool path will be generated accordingly 
using Unigraphics. 
 
 
 
 

 
RESULT AND ANALYSIS 

Point clouds from different directions are first 
combined together by aligning according to 
reference points. Noise points are removed 
before packaging; packaged surface is 
smoothed; holes in the surface due to 
reflection are filled in. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The packaged surface is then compared with 
original CAD model. After calculation, a color 
map is generated showing the 3D deviation 
over the whole surface with the help of 
deviation spectrum. 
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Problem Statement 
This project aims to accelerate face 
detection algorithm by using OpenCL 
as a vehicle to implement. Higher 
speed should be achieved while high 
accuracy maintained. 
 

Concept Generation 
The whole program has three main 
design concepts: video stream is pre-
processed, multiple faces are 
detected through algorithm, and 
computation is accelerated by using 
OpenCL. 
 

Design Description 
Our final design is a program written 
in OpenCL that can detect faces in 
real time on video stream. It divides 
the given video streams into images 
and performs face detection on the 
images using Viola Jones algorithm, 
which can be accelerated through 
OpenCL implementation. 
 
 
 
 
 
 

 
Separated by frames 

 
 
 
 
 
 

Process sub-images in parallel by using 
OpenCL accelerated GPU 

 
 
 
 
 

 
Detect faces by classifiers 

 
 
 

• Efficiency was tested by 
instrumenting code to record 
average system time both before 
and after the calculation(Time 
difference for each image). 
 

• Accuracy of our face detector was 
calculated by: 

 
 
 

Conclusion 
Our final design can successfully 
enhance face detection performance 
with faces correctly detected in real-
time video stream. Part of the 
computations were parallelized in 
GPU after engineering analysis to 
increase speed, which is the main 
goal of this project. Interesting effects 
can be added to the detected faces 
smoothly in images and video 
streams, which is one of the potential 
application of our design (shown in 
Fig 2). 
 
 
 
 
 
 

Fig. 2: Potential Application 
In this project, team members 
cooperate and communicate with 
professors , mentor and each other 
effectively, and try to solve 
engineering problems in professional 
ways.  This opportunity practiced the 
technical communication skills and 
applied  knowledge from lectures 
through real engineering analysis. 
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Fig. 1 Concept Demo Interface 

 
Implementation and Analysis 
During implementation, our major 
concerns are speed and accuracy. As 
for accuracy, since there is a tradeoff 
between accuracy and efficiency, the 
final design needs to have a balanced 
performance. Among various 
algorithms for face detection, Viola 
Jones algorithm provides the highest 
speed for similar accuracy (~90%). For 
implementation of Viola Jones 
algorithm, we chose to use the one 
provided by OpenCV. After analyzing 
the Viola Jones algorithm, we found 
that the heaviest job is to process 
similar sub images. Fortunately, these 
sub-images are independent of each 
other, which is suitable for GPU 
computing, since GPU is intrinsically 
good at simple and repeating work. 
So we decided to use OpenCL 
accelerated GPU to do this work in 
parallel. However, a problem with 
using GPU is that data exchange 
between CPU and GPU is very time 
consuming. So we made two rules to 
minimize the amount of exchange 
data. First, we only exchange when 
necessary . Second, we buffer small 
data in GPU for latter use. 
 

Validation 
We are supposed to show the 
increased speed after using OpenCL 
without sacrificing accuracy. 
Therefore, our validation plan mainly 
focuses on testing of efficiency and 
accuracy. 
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Problem Statement 
To help Intel develops its support for 
web app on Chrome on Android 
system, a web audio function is 
needed, where FFT is the 
fundamental algorithm. Thus, we are 
require to implement an FFT 
algorithm on OpenMAX DL, which is 
the open-source standard for media 
library portability. This open-source 
FFT implementation must be correct, 
efficient, and support IA. 
 

Concept Generation 
The program implementing radix-
2FFT algorithms and Intel SSSE 3 
optimization may achieve the goal. 
The OpenMAX DL API will be 32-bit 
and the program will have a 64-bit 
precision. 
 

Design Description 
After theoretical verification, we 
decide to apply  it as the final design.  
Radix-2 FFT scores medium in 
execution time and memory use but 
it’s extremely cost-efficient in terms 
of realization. The performance will 
be made up by translating C code to 
x86 assembly language and applying 
Intel SSSE 3 optimization. A 
customized Chrome built with our FFT 
implementation will be installed on 
an Intel phone provided by Intel for 
validation and demonstration. Fig. 1 
gives the concept chart and Fig.2 
gives the Intel Phone 
 
 
 
 
 
 
 
Fig. 1 Project Concept Chart 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Fig. 4 Performance Chart 
In real life situation, we will run a web 
app with complicated sound effects 
on both the Intel phone and an ARM 
tablet and audience can easily tell the 
Intel phone has a better sound effect. 
 
 
 
 
 
 
 
 
 
Fig. 5 Intel Phone (left) and ARM 
Tablet Running Web App “Drum” 
 

Conclusion 
Our final design successfully meet all 
the requirements in that it’s an open-
source FFT implementation on 
OpenMAX DL with high efficiency that 
will enable web audio function on 
Intel architecture. The design is 
verified by real test – the sound effect 
of web apps on an Intel phone is 
better than that on an ARM tablet. In 
this project, we cooperate effectively 
and solve engineering problems in 
professional ways.  
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Fig. 2 Intel Phone Running a Web App 
on Our Customized Chrome (FFT 
Implementation Built Inside) 

Modeling and Analysis 
As stated in the design description, 
our project has three stages – FFT 
algorithm realization, integration with 
Chromium and finally optimization. 
We first build the Radix-2 FFT 
algorithm in C and test its correctness 
using our test suites. Moreover, our 
code comply with the 32-bit 
OpenMAX API standard and maintain 
a 64-bit precision so that it can be 
built into the Chrome source code. 
We thus successfully build our version 
of Chrome. Finally, we gradually 
translate the C code into assembly 
language and use Intel SSSE 3 to 
further optimize the performance. 
Fig. 4 shows our analysis results. Our 
performance could be further 
improved if we can implement Split 
Radix FFT algorithm in the future. 

Validation 
Fig. 3 shows the 
development  
sequence of our 
program and  
how each  
engineering  
specification is 
proved to be  
satisfied by our 
tests. 
                            Fig. 3 Validation Chart        
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Problem Statement 
In this project, we are asked to design a device, which can 
automate the USB cable and Ethernet cable connection 
physically. HP wants us to implement at least four input 
ports and eight output ports at first. If our design proves to 
be successful, we will add more input connections as well as 
output connections.  
 

Concept Generation 
The main method used to generate ideas is morphological 
charts.  
After eliminating all the obviously erroneous combinations, 
we get four design schemes:  
1. PC as control unit + software simulation 
2. Micro-controller as control unit + mechanic device 
3. Micro-controller as control unit + physical switch 
4. Micro-controller as control unit + electromagnetic relay 
 

Design Description 
The concept design that we finally choose is a combination 
of Electromagnetic Relay Control Unit (ERCU), USB Hub and 
USB Peripheral Switch. The core component of the device is 
the ERCU. The relays can change the connection condition of 
USB lines that run through them. If we let the USB hub’s 
upstream port connects to the testing computer, we can 
realize the basic project goal of 1-to-n connection. 
To fulfil the advanced goal of n-to-n connection, the USB 
hub’s upstream port will connect to a USB peripheral switch. 
The USB peripheral switch allows at least four computer to 
connect to the USB hub non-simultaneously.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  The overall layout of the selected concept design 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Electromagnetic Relay Control Unit 
 
Engineering Design Analysis 
Our design should have multiple input and output ports. 
The minimum requirement is set to 4 computers connected 
to 8 printers at the preliminary stage.  
Secondly, there should be no current through the wires 
when disconnected and normal current when connected. 
The working current for USB cable is 500mA. These are the 
critical current requirements that our device must achieve.  
Thirdly, the crash rate should be lower than 4%. 
 
There is a clear rational behind our engineering decision. 
Since the essential task of our project is to assist to change 
the physical connection condition of the USB devices, it is 
common engineering practice to use electromagnetic relays 
which can be set in the USB lines to control the circuit.  
 
Validation 
After finishing the prototype, we have our prototype  tested 
and the most important engineering specification is the 
crash rate. We wrote the automation test scripts to execute 
bulk tests in order to get a reliable crash rate result. The 
crash rate we got from bulk testing was satisfactory. 
 
Conclusion 
Based on the ground set by pioneering researcher, we are 
able to devise many creative and startling ideas.  
A balanced and effective design is chosen as the winner 
design after hot debate and meticulous analysis. We are 
sure the chosen design will best match the customer 
requirement and perform well in the expected working 
situation. But it is still far from enjoying the victory, some 
modifications should be done to polish our design. 
 
 
 
 
 
 



Problem Statement 
In this project, students are required to 
optimize an evaporative cooling media to 
cool down and humidify the inlet air. A 
novel structure design and high 
performance material selection are the 
primary requirement. The core part of the 
project is the simulation of the new system. 
The whole system should have high cooling 
efficiency and low pressure drop. 

Concept Generation 
After simulating the system by using the 
software called Fluent, the combination of 
honeycomb structure and fiber fabric 
polymer can achieve the goal.  
 
 
 
 

 
 
 

Fig. 1 (a) Isometric view of final design 
(b)Left view of final design 

 

 

 

 

 

 

 

 

Fig. 2 Engineering draw of final design 

Design Description 
We choose glass fiber as the material and 
the honeycomb structure. Glass fiber fabric 
presents its advantages of high corrosion 
resistance, low price and strong 
robustness. The certain fabric structure 
allow polymer to carry water molecules in 
its gap, and so as to provide large water-air 
contacting area. Hexagonal structure is 
applied in our design ,because it has the 
tightest packing and relative strong 
strength. The CAD plot is on Fig. 1 and 
Fig.2. The final design is composed of 10 
layers. Each layer is constructed by basic 
hexagonal tunnels.  
 
 

Simulation 
As required by the sponsor, we simulate 
the performance of our design on FLUENT 
which is a world leading computational 
fluid dynamic (CFD) software. One critical 
problem is how to simulate the evaporation 
process, providing there is no such an 
available model in FLUENT.  
We solve this problem by utilizing the user 
defined function (UDF) method to add 
water vapor on surface of a water film. 
Figure 4 shows the mass fraction of water 
vapor in a tube. Figure 5 is the 
corresponding velocity profile. 
 
 
 
 
 
 
 
 
 
 
Fig.6 Mass fraction distribution of water 
vapor over the inner surface of a single 
hexagon 
Then we simulate our design with the 
above evaporative model. Figure 6 
illustrates the water vapor distribution in a 
single hexagon structure. Due to high 
computational complexity, simulation over 
the whole design will be finished in future. 

Conclusion 
We successfully generate a structure for 
cooling media and choose glass fiber fabric 
as the material. Also, for modeling the 
evaporative process, a completed 3D 
model is designed and implemented in 
CFD. During the whole project, every 
member devotes great effort and 
contributes outstanding work to this 
project collaborated with GE GRC.  
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There are small gaps between layers which 
allow water to flow from. In addition, each 
layer has a 15 degree angle’s deflection 
with vertical plane, so water spray can 
moist at least one surface and then 
horizontal osmosis will finally generate 
uniform water film on the surface of 
tunnels 
 
 
 
 

 
 
 
 
 

Fig. 3 Prototype of cooling media design 

Modeling and Prototype 
The prototype is use to demonstrate the 
material and structure for the design. The 
fiber fabric is bought from Taobao. We 
used milling machine to make a hexagon 
model. The fiber fabric scribbled with 
epoxy glue is twine on the model for three 
layers. The epoxy will take more than six 
hours to solidify. Because our design have a 
high structural repeatability, we only make 
one layer of honeycomb  with seven 
hexagon tube to demonstrate the design. 
 
 
 
 
 
 
 
 
 
 

 Fig.4 Mass fraction of water vapor 
 
 
 
 
 
 
 
 
 

 
 Fig.5 Velocity profile in the tube 
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Problem Statement 
In recent years, the residential 
water purification system has 
been increasingly used by 
people in China due to the 
emerging concerns about the 
drinking water quality.  As 
such, reverse osmosis 
membrane (RO membrane ) 
has become one of the most 
commonly used technologies 
for residential water 
purification due to its ability to 
remove ions compared to 
other purification technology. 
However,  the performance  of 
current RO system  might be 
deteriorated  if the hardness  
(usually measured by 
concentration of Ca2+) of the 
feed water is at high level.   
 
 
 
 
 
 
 
 
 
Fig. 1 RO membrane structure 
 
As pure water permeates the 
membrane, the concentration 
of feed solution becomes 
higher. If the saturation point is 
reached,  the salts dissolved 
will deposit and form a layer of 
scale on the surface of the 
membrane. This will influence 
the performance of the system 
and decrease its lifetime. Fig. 1 
shows the detail  of  the 
current RO membrane 
structure.   
 

Validation 
Lifetime  
As the formation of scale is 
extremely slow procedure, 
we accelerate the process 
by operating the system 
continuously and increasing 
the concentration of Ca2+ in 
the feed stream. The 
system is supposed to work 
properly and maintains 
relative high recovery rate. 
 
Recovery rate: 
The recovery rate will be 
measured by comparing the 
rates of outlet waste and 
purified water. The original 
recovery rate is supposed to be 
around 25% and the final value 
should not be less than20%. 
Fig. 4 shows a example result.  
 
 

 
 
 
 
 

Fig. 4 Example result for 
recovery rate 

 
Conclusion 

From the data we get up-to-
date, the combination of 
alternating flow and contra-
flow shows improvements in 
increasing the lifetime of the 
RO system. 
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Concept Generation 
The problem  may be solved by water softening 
(preprocess), scale prevention or scale removal. The 
methods of alternating the flow direction ( prevent scale 
accumulation at one end of the column (Fig. 1)) and 
contra-flow (scale removal) have been selected as the 
final design. 
 
 
 
 
 
 
 

 
 

Fig. 2 Alternating flow              Fig.3 Contra-flow 
 

Design Description 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
 

Design Layout 
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improved design

Alternating flow 
In the current design, the 
feed water is coming from 
the top of the cylinder 
and the concentrated 
waste water comes out 
from the bottom (left of 
Fig. 2). As the water flows 
through the cylinder, the 
concentration of salts 
keeps increasing. As a 
result, scaling forms 
unevenly. Hence, we 
designed the alternating 
flow concept as shown in 
Fig. 2. 

Contra-Flow 
Since scales are formed on 
the outer surface of the 
membrane, by pumping  
pure water through the 
membrane from inside, 
the scales can be washed 
off and carried away by 
the waste water (Fig. 3). 
This contra-flow operation 
should not be too 
frequent because it 
wastes purified water and 
scales don’t form too 
quickly.  

To achieve the 
function of 
alternating flow 
and contra-flow, 
the current 
design is modified 
as shown in the 
right figure 
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Problem Statement 
The purpose of this project is to 
design an innovative actuator system 
for the IGV(Inlet Gas Vane) system of 
the SIEMENS gas turbine. The new 
actuator system should be able to 
achieve accurate, fast and smooth 
control of the IGV system. The cost 
should be minimized.  

Design Description 
The final design of the IGV actuator 
system has the following components: 
AC motor, frequency converter (not 
shown in CAD), linear position 
sensor, ball screw and processing unit 
which has control algorithm 
embedded in it. When a signal is 
assigned to the system, the linear 
sensor will collect the position data 
and return it to the processing unit. 
After a control process, a voltage 
signal will be given to the frequency 
converter and the correlated AC 
power with proper frequency will be 
delivered to the motor. Finally AC 
motor will drive the ball screw, which 
is connected to the IGV system, 
moving to the desired location. The 
angle of IGV vane is then accurately 
controlled.  
 
 
 
 
 
 
 

Figure.1 Flow Chart of Final Design 
 
 
 
 
 
 
 
 
 
 

Figure.2 CAD Model of the Actuator System 
 
 

 
 
 
 
 
 

 
 

Figure.6 Layout of Prototype  
 
 
 
 
 
 
 

 
Figure. 7 Test Result of Prototype 

 

By modifying the PID control 
parameters, the best performance is 
obtained to meet engineering 
specifications. It can be validated that 
our design is feasible. The critical 
specifications and the corresponding 
test results have been tabulated below. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure.8 Validation of Design and Prototype 

Conclusion 
Both the final design and the 
prototype meet all the engineering 
specifications. We satisfied the 
customer requirements. We gained 
abundant knowledge and invaluable 
experience working with Siemens, 
which will be cherished by us forever.  
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Simulation & Analysis 
 
 
 
 
 
 
 
 

Figure.3 Block Diagram 
In the Simulink block diagram 
showing above, the position control of 
AC motor is implemented using P 
control for the position loop and PI 
control for the speed loop. The signal 
is then sent to the frequency converter 
to adjust the speed of the motor. 
Applying a step input and a negative 
step input, the responses of the system 
are given below. The overshooting, 
settle time and bandwidth are 0, 1.2 
seconds and 2.8 Hz respectively. 

 
 
 
 
 
 

Figure.4 Step Response of Final Design 

 
 
 
 
 
 
 
 
 
 
 

Figure.5 Frequency Response of Final Design 

Validation 
In order to validate the final design, a 
prototype is constructed as shown in 
Figure.6. Data acquisition and the 
feedback control are implemented by 
NI My DAQ and LabVIEW program. 
Since the low-scaled IGV system can 
travel within the limit of  40 mm, the 
validation test is set to make the 
ballscrew move from 40 to 80 mm. 
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Problem Statement 
In this project, PSG Shanghai requires 
us to optimize the management of 
their company operation including 
the designing of coding systems for 
new pump projects and a considerate 
Drawing and BOM Management 
Procedures. 
 

Concept Generation 
As we have indicated in the Fig.1, the 
coding system includes codes for 
projects and components. Generally, 
several sections are used to clarify the 
features of the items. The processes 
of drawing distribution and drawing 
recycling are demonstrated by flow 
chart and video. And the whole 
process will be implemented basing 
on the ADEPT ERP platform. 

checking these drawings and the 
sourcing department needs to 
transfer them to the suppliers and 
receive signature form from them.  

 
 
 
 
 
 
 
 
 
 

 Validation 
The new coding system will be 
compared with the existing coding 
systems of PSG to get a similar design 
for easier recognition. Also, some 
modifications have been made basing 
on the company’s feedback. For the 
drawing management process, it was 
simulated on the computer after 
previous design. After modification, 
we drew the complete flow chart for 
the company. Video and cards are 
used to demonstrate the designing 
detail of the Coding System and the 
Drawing and BOM Management 
Process. 
 

Conclusion 
This project aims to improve the 
management efficiency of PSG 
Shanghai, including the integration of 
coding system and the design of 
engineering drawing management 
process. Generally speaking, the final 
design has solved all the problems 
they've met, and their requirements 
have been analyzed and solved in 
detail.  
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added follow to describe its type. For 
the coupler, two more bits is added 

behind the code in order to describe 
the detailed type of the coupler. 

 
B. Drawing Management Process 
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Design Description 
A.Coding System 

The final concept includes two 
separate coding system, MAD pump 
and QAD pump project. The MAD 
coding has 4 sections indicating the 
common character of the pump 
features, including Pump Type, Body 
Type, Material and Special CR. The 
QAD coding system includes coding 
for project name and its imported 
component, domestic machining 
part, standard component, coupler, 
reducer, motor. Each component’s 
code in QAD has a unique key word to 
clarify its part. Also, drawing code is 

Fig. 2 shows an overview idea of the 
Engineering Drawing Control Process. 
In the diagram above, there are 
several essential departments, which 
are engineering department, quality 
control department, sourcing & 
buying department and service 
department. Engineering department 
is responsible for the drawing control. 
Also, the drawing control process 
involves the suppliers of PSG 
Company, but it’s not a subsidiary 
department of the company.  
 

Modeling and Analysis 
A.Coding System 

Major features of components are 
summarized and listed as the 
common section in models. Special 
requirements are added  if required.  
       
 
 
 
 
 

B. Drawing Managment Processs 

The Fig. 3 shows sample flowchart of 
drawings distribution that are for 
production. The quality control 
department will be responsible for 

Fig. 3 MAD code naming rule 
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Fig. 4 Flow chart of distribution process 
for production drawings 

Fig. 1 Big picture of the whole project 
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Problem Statement 
Hydro China was acquired by Dover, a 
global manufacturing firm, and 
moved its production line to 
Shanghai, in 2013. The factory has 
many problems such as insufficient 
materials replenishment, unclear 
work process and non-organized work 
cells.  
 

Concept Generation 
 
 
 
 
 
 
 
 
Fig. 1 The Kaizen Solution in 
Brainstorm 
 

Design Description 
A. Work Procedure 
The work process is decomposed as 
five major steps: Through the 
observation, the team found that the 
PCB, the enclosure and the motor had 
to be assembled prior to the final 
assembly. The time it took to 
assemble a PCB and a motor were 
similar. Therefore the team 
determined the optimal sequence of 
the work procedure (shown in Fig. 2) 
 
 
 
 
 
 
 
 
Fig. 2 The optimal work 
procedure 
 
 

deviation through consistent training 
and best personal promotion. 
 
B.  Inventory Supermarket Operations 
Improvement 
The team delivered safety stock 
bottom line solution to remind 
warehouse workers of replenishing 
supermarket inventory and a work 
process to replenish supermarket 
inventory.  

 
Validation 

The team proposed a validation plan 
to work procedure standardization, 
inventory supermarket operation, as 
well as the total performance. 
 
For work procedure standardization, 
the plans include Statistical Process 
Control Analysis on the current work 
procedure including all the sub-
process, a SPC Chart to visualize 
average time of sub-process for each 
worker and its deviation from the 
average as well as from best practice, 
and a progress map for each worker 
and find out if average process time 
decreases and if deviation drops. 
 
For Inventory Supermarket Validation, 
the validation plans include a process 
to record number of occurrences of 
inventory shortage and a process to 
record production downtime due to 
inventory shortage 
 

Conclusion 
To conclude, our design in work 
procedure, work cell, and inventory 
supermarket has integrated into a 
comprehensive Lean production plan 
to solve problems such as insufficient 
materials replenishment, unclear 
work process and non-organized work 
cells. Future projects can focus on the 
implementation of those plans. 
 
 
 

B. Work Cell Layout 
The team created a new design of 
supermarket &work station for Hydro 
China, by combine the three levels of 
supermarket shaft with the long table 
as a work station. The work cell is U-
Shape to make the material flow 
smoothly. In addition, the yellow zone 
is designed for temporarily storing 
final products, while the red zone is 
dedicated for supermarket inspector 
to find out and replenish underused 
parts. 
 
 
 
 
 
 
 
 
 
Fig. 3 Proposed Layout Design 
 
C. Inventory Supermarket 
The team selected Point Check 
System for inventory supermarket 
Kaizen plan. Point Check System puts 
a check point upon each time of 
replenishment, which measures in 
terms of weight whether the 
replenishment is sufficient for 
manufacturing enough products for 
the next order. 
 

Manufacturing Plan 
A. Work Procedure Standardization 
The team modified current work 
procedure instruction. The major 
adjustments include breaking down 
general work procedure into sub-
process, creating a best practice 
method for each sub-process and 
making it standard for all employees, 
estimation of best-practice work 
procedure time frame and recording 
the actual values, eliminating  
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An electric vehicle (EV) has a more 
complex mechatronics system and 
more operational parameters than 
traditional cars.  
 
 
 
 
 
 

Fig.1 CompactRio Hardware 
With the sponsorship of National 
Instruments, we will build a control 
system based on CompactRio and 
LabVIEW. The outcome of our project 
is expected to develop a vehicle 
control unit (VCU), a monitor system 
with sensors network and a display 
panel under hardware in the loop 
simulation.   
 
 
CompactRio is used to navigate the 
car system and an APP developed by 
NI called Data Dashboard is selected 
as our monitor and user interaction 
tool. As for simulation system, we 
eventually decided to write a block 
diagram in LabVIEW. 
 
 
As figure 1 shows, to achieve a 
complete vehicle control system, we 
need to finish three  parts which are  
display panel that connects user input 
 
 
 
 
 
 
 
 
 

Fig. 2 Overall design of the project 
 

 
 

developed in LabVIEW needs further  
test and verification. 
 
The port connection and the 
connection between simulation 
program and LabVIEW are our major 
concerns because they will directly 
influence the control accuracy  and 
effectiveness.  
 
 
The advantage of using CompactRio is 
that its excellent real-time control 
system, seamless connection 
between software and  hardware. 
Since electric vehicles are becoming 
increasingly popular, cars like Tesla 
are arousing more concerns, and we 
are confident that with more efforts, 
this control system can be applied to 
a variety of usages.  
 
 
 
 
 
 
 
 
 

Fig. 4 Tesla Automobile Model-S  
 
 
The objectives of our project was 
successfully achieved. We can control 
some of the electrical vehicle’s 
parameters in our simulation car 
system via the Data Dashboard APP in 
the iPad. Therefore, many of the 
important functions can be presented 
from the iPad. The simulation system 
works great and the operation 
interface looks  very organized.  
 
 
Mian Li, Professor  at UM-SJTU Joint 
Institute.  

to our control system, CompactRio 
which collects vehicle information 
and navigates the car system and 
simulation program that models the 
vehicle dynamics.  
 
We obtained a simulation program in 
Simulink from our instructor and 
adapted it to a LabVIEW program so 
that it can connect to CompactRio.  
 
To connect CompactRio to LabVIEW, 
we used Ethernet to connect 
CompactRio to computer first and 
then a router shares the variables 
between CompactRio and WiFi 
variables. Then, the iPad APP reads 
the variables through WiFi and 
displays them on iPad.  
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Display panel user interface 
 
Figure 2 shows the user interface of 
our display panel. Users can control 
speed and direction on the display 
panel and the left and right engines 
will change their power accordingly 
and show them on the panel. 
 
 
Originally, we planned to convert 
Simulink program to LabVIEW 
program through a set of conversion 
process. However, after several trials, 
the conversion turned out to be not 
feasible for our project. The 
simulation program that we  newly 
 

Instructors: Prof. Mian Li 
Company Representative: Mr. Fucheng Li, National Instruments 

Team Members: 
Daran Cai, Wenxuan Fan, Yiyang Jiao, Xinle Zhou, Yuan Zong 

VM  • Design and Manufacturing III 
& VE  • Major Design Experience 

University of Michigan - Shanghai Jiao Tong University Joint Institute 

Concept Generation 

Final Design 

Discussion and Analysis 

Future Work 

Conclusions 

Acknowledgement 

Introduction 



Problem Statement 
Students’ attendance records are 
significant documents for academic 
institutions to reflect students’ 
performances and the credibility of 
the academic institutions. We are 
going to design a new sign-in system 
which is more Accurate, time efficient, 
and user-friendly than the traditional 
way to check attendance. 
 

Concept Generation 
Our new sign-in system has two 
subsystems, The QR-code sign-in 
method for checking attendance and 
Wi-Fi Look Around method for 
avoiding the tricks. 
 

Design Description 
Our final solution can be described as 
the union of data collection and data 
processing. When we collect 
students’ attendance, the QR-code 
scanning technology is used as the 
main check-in method and Wi-Fi 
locator is used as double check 
technology. Our attendance collection 
process is based on the assumption 
that each student has access to a 
smart phone. A back-up solution, that 
instructors can also check students’ 
attendance manually, is also adopted 
in case anyone doesn’t have a smart 
phone. In the data processing, we 
introduce an online database to 
generate report documenting 
students’ attendance. 
 

User’s Interface 
Web users are defined as instructors. 
In the web user interface, the first 
web page should be a sign-in page, 
where users can log in with their 
registered ID/password. On the next 
page, users can specify what courses 
is he/she interested and what their 
 
 
 

automatically get the result that if 
they succeed or not, as shown in Fig3. 
 
 
 
 
 
 

Fig. 3 Screenshot App user ‘s interface 

 
Validation 

We did several experiments to 
demonstrate that the engineering 
specifications have been totally meet. 
Accurate is the major consideration, 
after hundreds of repeat using , our 
accuracy is more than 99%, which 
meets the requirement. 
The total time of the sign-in process is 
also an important issue. We ask 
several students to use our system to 
do the test. The time for professor to 
log in and generate the QR-code is 
about 20s, and the time for students 
to scan is about 10s, the information 
transition and generating result is less 
than 20s, 1 minute should be enough. 
The capacity is also a part we need to 
consider, we test our system in the 
largest classroom in JI, even if we 
stand at the back door of the 
classroom we can still scan it. 
 

Conclusion 
Our new sign-in system is designed to 
provide efficient, cost effective, 
accurate, and user-friendly check-in 
environment for courses students and 
professors. This sign-in system can 
also satisfy some special 
requirements, like students early 
leaving, and sign-in for others. 
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purpose of visiting the website is. The 
options include QR-code Generator, 
sign-in result and result generator. 
If the instructor is intending to check 
students’ attendance in the class, 
he/she should choose QR code 
generator. And then a QR code would 
be pop up on the next slide. 
Instructors are supposed to post this 
QR code on the projector so that 
every student in the classroom can 
scan it. And a timer next to the QR 
code would tell the students that how 
much time is remained for them to 
scan this QR code. If time is up, any 
late scanner will not be counted, as 
shown in Fig.1. 
 

 
 
 
 

Fig. 1 Screenshot of the QR code generator 
If the instructors would like to see the 
sign-in result he/she would choose 
sign-in result. And then he/she would 
see the following page, where the 
sign-in result showed who attend the 
class. Also, instructors could manually 
change the status of students’ 
attendance, as shown in Fig.2. 
 

 
 
 
 
 

Fig. 2 Screenshot of the QR code generator 
In the App users interface, it is 
designed for student users. When 
instructor posts the QR code on 
screen, students are supposed to take 
out their smart phone and open our 
App. First students can sign in with 
registered user name and password. 
Then, users can scan the QR-code 
shown on the screen and their will  
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Problem Statement 
In this project, The team is required 
to design a optical tracker that can 
identify the markers on the surgery 
device and locate the positions with 
two camera integrated. The project 
should have high accuracy and 
robustness with the low cost. 
 

Concept Generation 
The 3D printing technique is used for 
integrating the two web cameras to 
accomplish the mechanism and 
OpenCV package is used in C++ to 
develop the algorithm for image 
processing. 
 

Mechanism Design  
The cameras used in this project are 
MACIO-200T  and for each camera, a 
3.0 Megapixel lens is paired. The 
camera and the lens are shown in Fig. 
1.  
 
 
 
 
 
 

Fig. 1 MACIO-200T Camera and lens 
 
The mechanical part of the project is 
a casing and the framework system 
for the cameras. The casing is 
fabricated using 3-D printer to ensure 
the accuracy. Fig.2 shows the CAD 
model of the casing. Fig.3 shows the 
framework.  
 
 
 
 
 
 

Fig. 2 CAD model of the casing 
 
 

 

 
 

 
 

Fig. 5 Effect of Distortion Correction 
 
And the final step is reconstruction. In 
this step, the 3D coordinate of the 
markers need  to be calculated, with 
the support of the Method of 
Stereoscopy, as shown in Fig. 6. 
 
 
 
 
 
 

Fig. 6 Reconstruction 
 
After testing the algorithm has been 
developed, the result can be shown in 
Fig. 7 below. 
 
 
 
 
 
 
 
 
 

 
Fig. 7 Result 

 
Conclusion 

The final results of the project show 
the accuracy of 2mm. Also this 
project has a budget of only 
RMB2000, the cost of which is far 
lower than the product in the market. 
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Fig. 3 Framework of prototype 
 

Algorithm Development 
The targets in the pictures to be 
processed are the makers on the 
surgery device, as shown in the Fig. 4 
 
 
 

Fig. 4 Markers to be identified  
 
The markers are in the shape of cross 
corners, so the Harris Algorithm is 
used for the recognition. To find the 
corner, the autocorrelation matrix is 
generated in the way: 
 
 
 
Then calculate the R value using: 

 
After normalizing the range of the R 
value of each pixel in to [0,255], the 
result becomes: 

 

 
After recognizing the corners, 
distortion correction is needed. The 
effect of this correction is shown in 
Fig. 5. The theory used for distortion 
correction is Brown’s model:  
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Problem Statement 
Traditional Wheelchair: 
 
 
 
 
 
 
 
Figure 1: Traditional Wheelchair 
 
Omni-directional Wheelchair: 
 
 
 
 
 
 
 
Figure 2: Omni-directional Wheelchair 
 

Concept Generation 
The whole project can be separated into 
5 substructures. All the selected 
concepts are summarized in the 
following chart.  
 
 
 
 
 

 
 
 

Table 1: Morphological chart  
 

Design Description 
Our team selected the concepts that 
mostly fit the customer requirements.  
 
� Controlling System 
Digital system is used for controlling 
system. Arduino Leonardo R3 comes 
with extensive online documents and 
fully-packaged function library.  
 
The schematics of the control circuit 
design is as shown in the following 
figure: 

 
 
 

 

 
 
 
 
 
 
 
 
 

Figure 3: Controlling System Schematics 
 

� Structure Design 
The mechanical structure of the 
wheelchair consists of three main parts:  
- Chassis: where the drivetrain from 

the motors to the wheels is mounted 
inside the beam structure.  

- Plate: that holds electrical devices 
- Chair: with a chair support to connect 

it to the plate.  
 
 
 

 
 
 
 
 

 
 

 
Figure 4: Wheelchair CAD Model 

 
Figure 4 below shows the CAD model for 
the overall mechanical structure of the 
wheelchair. 

 
�  Chassis Design 
The chassis consists of four beams that 
have a square structure. The entire drive 
train is hidden inside the beam, which 
include (from inside to outside): 
Motors -> motor mounts -> couplings -> 
bearings and bearing mounts -> wheel 
shafts -> mecanum wheels.  
 

The CAD design of chassis is as shown in 
Figure 5. 
 
 
 
 
 
 

 
 
 

Figure 5: Chassis CAD Model 

 
Validation 

� Circuit Test 
LED control test, analog-to-digital 
converting test and PWM control test.  
� Motor Test 
Output torque, rotation speed and 
power. Digital control on motor speed 
and rotation direction.  
 
 
 
 
 
 
 
 
 
 

Figure 6: Circuit & Motor Test 
 

� Mechanical Test 
Using FEA simulation analysis in 
Solidworks to minimize the deflection of 
the shaft and the thickness of the beam  
 

Conclusion 
The mobile mechanism is to equip four 
mecanum wheels. The CAD design has 
made determined the mechanical 
structure of the wheelchair, and Arduino 
board is used to control the motor.  
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� 2 DOF 
� Restriction on the 

minimum turning 
radius 

� Hard to move in 
narrow space  

� 3 DOF 
� No restriction on 

the minimum 
turning radius 

� Can move in 
narrow space  

Substructures Concepts 
Wheel Mecanum Wheel 
Control Digital circuit 
User Interface Joystick 
Battery 
Management 

Wired off-board 

Motor Brushless DC motor 
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Problem Statement 
In this project, we are asked to build a 
small unmanned aerial vehicle, and 
then implement the auto-pilot control 
system which is able to drive the UAV 
itself. Finally, we will install the 
scouting and monitoring system so 
that it can finish search and rescue 
missions. 
 

Concept Generation 
Fixed Wing UAV may achieve the goal 
and auto-pilot control system 
provided by the open-source 
communication paparazzi may be 
used to control the UAV. 
 

Design Description 
We decided to use the Fixed Wing 
UAV as shown below. It is about 169 
cm wide, 121 cm long and 7.9 cm tall. 
It has the perfect size for the 
designed use and it’s payload capacity 
is appropriate for the applications of 
this project. 
 
 
 
 
 
 
 
 
Fig. 1 Three views of the chosen Fixed 
Wing UAV 
 
We chose Paparazzi among other 
open-source autopilot control system 
as it provides affordable hardware 
with free software. The main 
autopilot board we’ve chosen is 
Paparazzi Tiny v2.11. It has onboard 
u-blox GPS, and it is designed for easy 
DIY assembly.  
 
 
 
 
 

and flying information can be 
transmitted back from the UAV to the 
ground station. Below are the 
parameters of the XBee board. 
 

Validation 
The validation plan includes the 
verification of the auto-pilot control 
system and the feedback system. In 
order to validate the auto-pilot 
control system, a possible plan is to 
fly the UAV with the traditional 
remote control method first, and then 
record the flying track and program it 
into the auto-pilot system, and finally 
use the control board to carry out the 
same track to see how well the UAV 
flying results match the ones with the 
RC control. As for the feedback 
system, a computer will be used to 
monitor the signals being transmitted 
back from the plane. The information 
will be analyzed to see if the feedback 
system works properly.  
 

Conclusion 
After searching many resources and 
done a good deal of literature survey, 
we evaluated lots of customer 
requirements and engineering 
specifications and made the QFD. We 
came up with several possible options 
as the conceptual designs and made 
our decision the one we selected. 
Manufacturing designs as well as 
validation plan were constructed. We 
integrated the Paparazzi auto-pilot 
control system to the Fixed Wing UAV 
we chose and tested it using under 
our validation plan. 
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Fig. 2 Pin layout for Tiny v2.11 
 

Implementation 
The implementation of the auto-pilot 
control system consists of two major 
parts: the control center micro-
processing system and the wireless 
communication system. 
 
In order to build the auto-pilot 
control system using the Paparazzi 
processor, our team has coded a 
series of programs and configurations 
corresponding to the control unit of 
the UAV we have built. The Paparazzi 
processor can be connected to the 
computer and all the programming of 
configuration can be uploaded. UAV 
properly will be controlled with 
decent feedback results. 
 
For the communication between the 
UAV and the ground station, two Digi 
Xbee boards are used. One board is 
integrated on the UAV with antenna 
receiver, while the other is connected 
to a ground device such as a 
computer, all related parameters  
 
 
 
 
 
 
 
 
Fig. 3 Paparazzi ground control 
software 
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Problem Statement 
In this project, students are require to
design a vehicle with spherical wheel 
driving system. Four electrical motors 
drives the system. The final structure 
not only have normal straight 
motions, but also lateral motions.
 

Concept Generation 
Four omni-wheels, as well as four 
spherical wheel can achieve the goal.
Electrical motors control the angular 
velocity and friction directions of four 
omni-wheels. 
 

Design Description 
After reading some related articles 
and having several discussions with 
professor, our team decide to apply 
four spherical wheel, with four omni-
wheels as the final design.  This 
system is driven by four electrical 
motors, which can provide power to 
omni-wheels. By the driving force 
from the static friction between 
omin-wheels and spherical wheels, 
spherical wheels can rotate freely. 
After programming for the electrical 
motors, the vehicle can move 
automatically. The UG plot is on Fig. 1 
and Fig.2 shows the image of our 
prototype. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 UG plot of vehicle with 
spherical wheel driving system 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig.3 General function structure chart 
 
However, in the test, it is hard to
control for frictions to be large 
enough, so we forced to component 
together by using screws. 
Another test is to programming the 
way to move. Since the vehicle should 
be able to move in many ways, 
programming for this four wheels is 
not easy. To simplify the programming, 
we adjusted the angle of four omni-
wheels so that they worked in two 
direct ions,  th is  was eas ier  to 
programming. 

Conclusion 
Our final design can successfully 
move freely and automatically, which 
is the main purpose. Since steel frame 
is replaced by aluminum alloy and 
acrylic frame, the weight of the 
vehicle reduce a lot, and it can ensure 
the vehicle remain stable. Four omni-
wheels structure can provide enough 
driving force, so the vehicle has 
enough power to move. In this 
project, everyone not only finish his 
own task, but also cooperate with 
others effectively, which guarantee 
the final work have a wonderful 
performance. 
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Fig. 2 Prototype of vehicle with 
spherical wheel driving system 

Modeling and Analysis 
Since the driving force from static 
friction is limited, the total weight of 
the system has to be less than 5 
kilograms. So aluminum alloy is 
selected as the material of chassis, 
and it is also easy to be machined. For 
the upper frame, acrylic is used. And 
since it is transparent, the inner 
structure of the vehicle can be seen 
from outside. Motors and controlling 
unit is bought from the Internet. They 
belong to the same developing kit 
and there are already a few built-in 
functions, so they are easy to use. All 
spherical wheels and omni-wheels 
are also bought from the Internet. 
During the process of assembling, 
glue is used to connect upper frame 
and side boards. 

 

Validation 
After prototype was made, we 
finished our evaluation and tests. 
To make sure the vehicle can move, 
friction between ball wheel and 
omni-wheel should be large enough, 
so the distance between ball wheel 
and onmi-wheel is shorter than just 
touch. 
 

A Spherical Wheel Driving System 
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Problem Description 
In this project, students are required 
to design a peripheral device of a 
smart cell phone, which can be used 
to detect existence of a tumor. The 
control and data processing will rely 
on the application on the smart cell 
phone. We expect our design to be 
accurate, cheap, personalized and 
accessible.  
 

Concept Generation 
Our design can be fulfilled with a 
smart phone, a data transmission 
system, a control box and a 
microfluidic chip. Smart phone sends 
control signal and handles data. Data 
transmission system communicates 
with cell phone. Control box receives 
signal from cell phone and controls 
the flow of blood. Microfluidic chip is 
the testing region.  
 

Design Description 
After balancing the concept options 
we brainstormed, we decided to 
choose the combination of Android 
System, Wi-Fi as data transmission 
system, Control Box with Pneumatic 
Pump and Tumor Marker Detection 
Method. Fig. 1 is the plot of the 
whole system when working.  The 
smart phone sends a signal through 
Wi-Fi to the Wi-Fi board. Then Wi-Fi 
board controls the pneumatic pump 
which controls the flow of the liquid 
sample. Then, after the liquid sample 
flows to the testing region which is 
Micro-fluidic chip in our design, the 
liquid mixes with tumor marker 
where the smart phone will take the 
image of the pattern. And the smart 
phone will send the image back to 
doctors for further analysis. Fig. 2 is
the design plot of the micro-fluidic 
chip.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Simulation test result 
 
The result is listed in Fig. 3. From the 
figure , we can see that our 
expectation is satisfied perfectly. The 
response time of each part in the 
system is no longer than 5 seconds. 
Also, the total operation time of the 
system is less than 10 minutes which 
means the system works fast and with 
high efficiency. The maximum voltage 
of the circuit is less than 24 volts 
which is very safe to users. The cost is 
not very high and the weight is light.  
 

Conclusion 
The project idea comes from two 
trends of current field of healthcare. 
One is the changing method of 
diagnosis (based on marker but not 
external characteristics any more) and 
the other is the trend of personalized 
medicine. The expected outcome will 
be a tumor marker detection system 
combined with a Microfluidic chip 
and a smart cell phone. This design 
will bring diagnosis to patient’s home 
and make the whole process faster, 
cheaper and also more accurate.  

Acknowledgement 
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Fig. 1 The whole system 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Micro-fluidic chip design 

 
Engineering Design Analysis 

The most important  engineering 
specifications of our product is 
accuracy, short operation time and 
low cost. We use tumor marker 
detection for lung cancer which can 
reach a high accuracy of 97%. For the 
operation time, after calculating the 
flow velocity and path length, we get 
that the approximated operation time 
is around 7 minutes. Also, considering 
the cost of all components, the total 
cost of our design added is less than 
10,000 RMB which is absolutely 
acceptable by a normal family.  
 

Validation 
We suppose our design to be accurate, 
fast , safe, cheap, portable and easy 
for operating. After completing the 
whole design, we did a series
simulation test based on the system.   
 
  

Automated Microfluidic Tumor Marker 
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Needs Statement

When it comes to buying shoes, 
people may have difficulties. Some 
people may think that the real 
shops have low varieties to choose 
from. Thus, we plan to come up 
with an idea that can satisfy their 
need. 

Business Idea
Show shop is a shop that shows the 
shoes from different companies. 
The shoes will be bought from the 
local distributors. In our shop, 
people can view and try a large 
variety of shoes. Then, they can 
place their order of the shoes they 
like to buy. After this, the  
customers can get their shoes in a 
center or the show shop in a week’s 
time span.

Winning Strategy
By cooperating with upcoming 
sports companies such as LiNing, 
Anta, 361 and Peak, our show 
shop gives customers a chance to 
choose from a large variety of 
shoes . To get the shoes we contact 
the local distributors. Most 
distributors have few shoes left 
over after the retailers have 
purchased them. This creates a 
backlog. Since we plan to pay the 
distributors on the spot, there is no 
possibility of financial or storage 
back log. 

Financial Forecast
We are going to start up a real 
shop in an university zone and we 
need a lot of money for this. The 
major yearly cost will contain rent 
fee for shop and transportation 
along with salary for the 
salesperson. Due to the large cost 
of start up, we will lose money in 
the first year. After first year, we 
already have a steady group of 
customers, then, we will slightly 
increase the price of each shoes. 
With the increasement in the 
number of shoes we sell, we can 
attract more customers. Hence, 
our profit is supposed to increase 
every year. The following picture 
gives the general idea of our 
financial forecast.

Conclusion
Our show shop will give people a 
large variety of shoes to choose 
from. We think that people will 
find it pleasant to buy shoes in our 
show shop. Together with our sale 
strategy, we are confident of 
making money in this project.

Acknowledgment
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We can compete with competitors 
like real shops as they are generally 
lack of varieties. In our first shop 
we focus on only basketball shoes 
and running shoes. 
After a start up we could improve 
and can show more types of shoes 
based on the success of the 
shopping model.

Winning Move

Our winning move is composed of 
two parts.
Firstly, we will focus on campus 
area. We targeted at SongJiang 
University Zone as we will open our 
first show shop there. As per our 
survey,  the SongJiang University 
Zone  has over 100,000 students. 
These university students are our 
main customers.

Second, we will make some 
promotions to attract customers. 
Since we lower the cost, we may 
lose money in the first year but this 
would help us in making customers. 
We would increase the price 
steadily so that the customers don’t 
lose faith in us.

Show Shop
Team Members

Huxiao Bo, Shubham Agarwal, Zheng Ruixiang
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Fig. 1 The logo of show shop

Fig. 2 The conceptual location 
of show shop

Fig. 3 The Financial Forecast
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Needs Statement 
Most people who go to shopping mall 
have a hard time finding the empty 
parking space. Also, they have a 
preference of foods and most people 
want to buy goods with a cheaper 
prize.  Above all, they can do nothing 
outside the restaurants while waiting 
for the empty seats beside the 
restaurants.  Shopping Guide can help 
them out of such situations. It is a 
smart helper to advise the right thing 
to do and save their time of waiting 
for empty seats. 
 

Business Idea 
Shopping Guide is a free smart phone 
application that saves people’s time 
in Shopping mall and offers them 
better shopping experience. The 
application is designed to help people 
to find their ways to any shop or 
restaurant or even where they parked 
their car. The application also offers 
many other services like discount 
information pushing and seat-waiting 
alarm. 
 

Project Description 
The key idea of our application is the 
indoor navigation in the shopping 
mall. This is realized by the NFIC 
technique. We will set up NFIC labels 
on the walls about every 10 meters 
and the label is 3cm x 2cm. And the 
sale and specialties information 
comes from the merchants and the 
feedback of other customers. It’s 
some kind of social network. The 
application will be free and the profit 
mainly comes from two sources: the 
shopping mall will pay for the smart 
shopping system and some 
merchants will pay for 
advertisements in the application or 
other special functions. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig. 3 7-Year Financial Model 
 
And the number of customer 
shopping mall will increase from 1 to 
more than 10. As more and more 
people start to use our App, we can 
get more and more money from 
advertisement, and that part of 
revenue will continuously increase. 
According to the model, we need 
about 100K RMB to start our business, 
and we can reach a financial balance 
in the second year and start to give 
payback to investor in the third year. 
After 5 years, our company may reach 
a bottleneck, because there is no 
more shopping mall to explore. But 
we believe our company will 
continuous grow by exploring new 
market and use more interesting 
functions to attract more users.  
 

Conclusion 
Our application is an integration of 
current technologies while it supplies 
a whole new service. Customers in 
shopping mall can enjoy a smart and 
convenient shopping experience with 
our application while pay for nothing. 
We are confident that this new 
service will soon spread out and 
become the first choice of most 
modern shopping malls. Surely, it will 
earn considerable profits after it is 
widely accepted. 
 

 
 
 
 

Fig. 1 Grand Gateway Shopping Mall 
 
 
 
 
 
Fig. 2 Shopping Guide = Label + App 

 
Winning Move 

Shopping Guide can create a win-win-
win situation between us, customers 
and shopping malls. Shopping Guide 
is easy to use and most importantly 
improve the efficiency of the 
customers and shopping malls. First 
customers who go to the shopping 
mall will quickly get parking, shopping, 
eating information. Besides they do 
not need to spend time waiting for 
seats of the restaurants. Shopping 
guide is able to guarantee the 
efficiency and shorten the 
unnecessary time. As for stores and 
restaurants owners, their features are 
shown on Shopping Guide and they 
are able to get more incomes. For 
shopping malls, Shopping Guide is 
able to help them attract more 
customers and investors. We will 
convince shopping malls and stores 
owners will have a sharp increasing in 
profits if Shopping Guide is installed. 
The wildly cooperation with shopping 
malls around country will make us 
stand. 
 

Financial Forecast 
A 7 years financial model has been 
made for our company. In this period, 
the company will grow from a 3 
person team to a company with 
about 20 employees.  
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Needs Statement 
Have you ever had such experiences 
in campus like having  good business 
ideas  but no partners, losing  wallet, 
or wanting to start a special-interest  
club? If your answer is “Yes”,  the 
most possible way to solve these 
problems is to send a plea for help on 
the Internet. However, current SNSs 
all have some disadvantages for 
seeking help. Then, our product 
“Campus Wanted!” is a solution for 
those problems.  
 

Business idea  
“Campus Wanted!” is a social 
network platform allowing users to 
get any necessary and specific help 
from each other in any fields, 
basically serving for college students. 
One can send help requests on the 
website and it will mobilize other 
users to help him with a reward 
system. Our goal is making most users 
can get reliable and fast helps as they 
wish. 
 
 
 
 
 
 
 
 

Fig.1 Logo of Campus Wanted!  
 

Winning Strategy 
“Campus Wanted!” is  a social 
network platform to organize users to 
help each other efficiently. Even 
though some competitors exist, they 
do not provide the identical service. 
They focus more on expressing rather 
than responding. However,  we 
believe that for this platform, the 
quality and quantity of the responses 

 
 
 
 
 
 
 
 

 Fig.3 Financial Forecast of  
Campus Wanted! 

 
As a social network site, it will be 
difficult for the first two or three 
years to make money, because we 
have to spend much on promotion 
and advertisement at first. In addition, 
the website and the servers must be 
stable and easy to use in order to 
keep users. After those three years, 
the whole service will be normalized 
and stabilized. Because the profit of a 
SNS largely rely on the number of 
users and our platform is competitive, 
we hope it can attract more than 70% 
of the college students, so the 
revenue will be considerable several 
years later. 
 

Conclusion 
“Campus Wanted!” is a promising 
social network  with its fresh business 
idea and well-designed system. It is 
not only a profitable company, but 
also take  social responsibility to 
encourage students to help the others 
and make new friends.  We believe 
this product has great potential 
among Chinese college students and 
it will be a great hit in the big market. 
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to the help requests is much more 
important. So, we use a reward
system to encourage and incent users 
to help others. In addition, we 
provide our service mainly focusing 
on college students, because students 
have more free time and knowledge
relatively, and they can also bring us 
more economic profit. 
 
 
 
 
 
 
 

Fig.2 Working Model 
 

Winning Move 
For a social network site, the most 
significant value and resource is its 
users. Therefore, we will spend our 
main efforts and money on expanding 
the market and engaging users at first. 
We will start from SJTU and other 
Shanghai campuses because of the 
“home advantage”. To achieve goals, 
we may hire some popular students 
as the first group of users to post 
their help request. Furthermore, we 
will attract freshmen by specifically  
solving their problems to absorb 
them into our loyal users. We can also 
cooperate with companies and 
colleges to let them post their official 
recruitment information (internship, 
TA, volunteer) to attract more 
students. 
 

Financial Forecast 
The following is an expectation of our 
profits. We expect the website can be 
profitable within three year, with 
revenues mainly from advertisements 
and online value-added services. The 
following are diagrams of our 
financial forecast.  
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Needs Statement 
 

Nowadays, the situation of food 
safety in China is far from satisfactory.  
At the same time, with the 
development of the economy, 
people’s living standard has been 
improved, they begin to pursue food 
with higher quality, but unfortunately, 
they find few choices are there for 
them. So our company is going to 
solve this dilemma. 
 

Business Idea 
 

GoGreen is a chain store which 
provides high quality food ingredients 
for customers. We pick the best food 
we can find, and the food we provide 
will all be processed, which means 
the customers can use them directly 
after they buy it. Safety is our main 
focus and we also provide convenient 
service.  
 
 
 
 

Fig. 1 Logo of our company 
 

Mission and Vision 
 

In order to achieve sustainable 
success, our company will focus on 
three missions. Our social mission is 
to operate our stores in a way that 
introduces a health ideology of green 
food, and eliminate people’s worry of 
food safety. Our product mission is to 
seek high-standard green food 
ingredients, produce them to possible 
final status,  and provide them in a 
convenient way. Our economic 
mission is to operate the company on 
a sustainable financial basis which 

what we do is to clean and package 
the food ingredients so that people 
can cook them directly after they take 
them home. Our target consumers 
are middle or high classes people, 
hence we will choose certain 
communities in the second or third- 
tier cities that these people live in. 
The last one is our full attention will 
be on food ingredients. 
 

Company Building 
 
        Our main strategy  in developing 
our company is building a brand 
image of safe, green and convenient 
to catching as many core customers 
as we can serve in the areas our chain 
stores located. In the supply chain, 
our store’s position will be a retailer  
during the first few years, and after 
we have a good enough economy 
basis and popularity in society, we will 
try to move our position to a 
wholesaler. We will choose some 
middle or high class communities not 
far from each other to begin our store 
by the consider of transportation and 
management. After stepping into the 
wholesaler stage, we would have 
more profit per product thus we can 
developing research department and 
improve our service.  
 
 
 
 
 
       Fig. 3 GoGreen in supply chain 

Conclusion 
 
Our project will be feasible and 
profitable. 
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allows the growth in the quantity of 
chain stores as well as the quality of 
our stores and employees. 
 
In the future, GoGreen will be the 
leader in the green food market 
which guides the industrial standard; 
and  when people want to buy food 
ingredient, the first thing jumps into 
their mind will be “GoGreen” with 
two words “convenient” and “safe”. 
 

Hedgehog Concept 
and SMaC Recipe 

 
Our company will develop in the 

hedgehog method. Our passion, 
economic engine and the strength are 
shown in the follow figure: 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Hedgehog Circles 
 
Our company focuses on the sale 

of clean and green food ingredients. 
Our SMaC recipes include five aspects 
-- our source, the food we will provide, 
what we will do, where we will locate 
our stores, and our focus. For the 
source of our products, we will 
choose the top 3 raw material 
supplier in the market, and test them 
according to the national standard. 
Then, what we will provide mainly are 
some daily food and we will provide 
some special food periodly to 
guarantee the adequate options. And 

GoGreen 
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Needs Statement 
In this rapidly developing industrial 
world, sustainability is no doubt an 
important thing that has to be highly 
valued. Green-Tees aims to protect 
the environment, which is an 
essential need.   
 

Business Idea 
T-shirts are possibly the most popular 
piece of clothing that most people 
wear. Green-Tees implements the 
idea of recycling shirts to attract 
people to come to the store in which 
the recycled clothes will be given to 
the people in Africa; the altruistic 
idea of giving to people that are in 
poverty will let customers have feel-
good-do-good phenomenon since 
they are doing a good deed. One 
business idea is to let the store 
become people’s portable wardrobe. 
It’s important to make customers feel 
like they are at home. Another idea 
that since our t-shirts are all designed 
with simplicity � we also provide the 
service for people to let them freely 
design their own clothes with our 
“GDesign” section. The decoration of 
the store will also borrow the idea of 
“transcendentalism”; when people 
walk in the store, it is as if they 
walked into nature (we will do so by 
using horticulture). Sofas, fresh air, 
and tasty complimentary drinks will 
make guests comfortable.  
 
 
 
 
 
 
 
 
 
 

Figure 1: Green environment 
 
 
 

Company Building 
The director of the company will be a 
team consisting of Li Minghao, Ardo, 
and Ni Yueqiang, who are the 
sponsors of the company. There are 
three specific departments worth 
mentioning, which are directly led by 
the director team: design department, 
sales department, and logistic 
department. The design department 
is responsible for the design of T-shirt. 
For every drawing, the department 
will ask teenagers for advice, only 
those T-shirts which are mostly 
accepted by teenagers will be 
manufactured.  
The sales department is responsible 
for marketing, which consists of 
improving service quality, make 
additional value to the T-shirt, and 
provide a pleasant shopping 
environment. The performance of the 
department will be evaluated by 
customers. The director of our 
company will regularly visit our shops 
to ask customers for advice to ensure 
good quality of service. The logistic 
department is responsible for 
donating T-shirts, besides other 
regular logistics. It will find those who 
need help, send the T-shirts to them, 
and take pictures for advertising. The 
logistic department is somehow the 
most important department in our 
company. We will mainly focus on 
developing this department to 
achieve our goal to spread happiness. 
 

Conclusion 
We combined charity and profit. We 
build a company not only to earn 
money, but also to spread happiness. 
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Mission and Value 
Missions: 
�Do Charity 
�Become Famous T-shirt Seller 
�Become Fashion Designer 
 
Values: 
�Happiness  
�Comfortability   
�Corporate Social Responsibility  
�Creativity  
�Focus 

 
Hedgehog concept 

/SMaC Recipe 
We will focus on three thing, T-shirt 
design, charity and selling 
environment. First, we will hire a lot 
of young and creative designers to 
design T-shirt and become the best T-
shirt design company.  
 
 
 
 
 
 
 
 
 

Figure 2: Fashionable T-shirt design 
Second, we will donate T-shirts 
returned from customers to children 
who live in poor areas. We believe 
our great-designed product would 
give them happiness and reasons to 
smile. Third, we will create an 
impressive and pleasant shopping 
environment. It is fine if people don’t 
purchase anything, we will still let 
them drink our healthy tea and most 
importantly, let them feel good. 
We take profit per T-shirt as our 
economic denominator, but if the T-
shirt is donated, we add the full price 
of it to the profit, since we value 
helping people. 
 
 

Green-Tee 
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Needs Statement 
In this project, students are required 
to make a company with their own 
idea.  The company should have clear 
mission, values, strategies and also 
future prospect.   
 

Business Idea 
Our company is a design company 
that focuses on visual identity. Visual 
identity expresses the  aspects, 
whether it is the mission, values or 
business of an organization, through 
the design. 
 
The lack of visual identity in China 
motivates us to build this company. 
Many Chinese companies designed 
their logos using only Chinese letters. 
Some of these logos do not 
incorporate visual identity. 
 

Mission and Value 
Our company is focused on creative 
and unique design.  We are different 
from other design companies, since 
the design that we make is 
concerning the visual identity of our 
client. It is not just about looks but 
also the meaning of the design. Our 
service provide not just attractive 
design but also a design that 
resembles and reflects the client. 
 
 
 
 
 
 
 
 
 
Fig.1 Core value of Videco 
 
Our greater goal is to change the 
importance of visual identity in China,  
 
 
 

Company Building 
The company will start as a design 
club in Shanghai Jiao Tong University.  
After we have acquired significant 
amount of members in the club, we 
will start to select the members that 
are appropriate for the company.  The 
selection will be based on passion for 
the company and design ability.   
 
At the very beginning, our company 
will give free samples to potential 
clients, which are small and newly 
build companies. After the client 
acknowledge and interested in our 
design, we are planning to make 
contract with them.  We will increase 
the revenues by renewing contract 
and offering design for other type of 
products. 
 
 
 
 
 

 
 
 

Fig. 2 Financial forecast of the 
company 
 

Conclusion 
By following this process, we believe 
that our company have the capacity 
to achieve the designated goal.  
Because of the connection that we 
have made previously in Shanghai 
Jiao Tong University, we have reason 
to believe that it is easier to attract 
and inform more people of visual 
identity. 
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specifically for Chinese companies.  
We will always make designs that is 

unique to each company, designs that 
will represent the culture and primary 

business of the company. We will 
arouse the attention of more Chinese 

companies into visual identity. 
 

Hedgehog concept 
/SMaC Recipe 

In order to succeed in the real world, 
we came up with several concepts 
that will guide the company from 
time to time. We need to understand 
what we can excel than other design 
companies. Our passion is to make 
design, we believe that our designs 
have the power to change many 
things. We have passion to improve 
China, our country. The passion 
motivates us to make a meaningful 
and attractive design so that Chinese 
companies value visual identity more 
and known more in the world.  
 
For example, the logo of the sports 
brand Li-Ning (Fig. 2) has a meaning 
behind the logo. The shape 
represents the letter L and a waving 
red flag which correspond to China. 
The color red represents energetic 
and competitive spirit. 
 
 
 
Fig. 1 Li-Ning sport brand logo 
 
We believe that our company can 
excel in having unique designs and 
get more people to know about visual 
identity. We will employ young 
people and fresh graduate from 
prestigious universities. Young people 
have unique ideas and can relate to 
the present trend more because of 
the societal background that they 
have.  
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Needs Statement 
MELove aims to build a company for 
college students to buy engineering 
products easily and be professional to 
provide the consultation about the 
engineering components, including 
sizes, function usage and so on.  
 

Business Idea 
Our company sells various mechanical 
and electrical components. It would 
locate on college campuses and 
provide the components mainly for 
the students and the university. The 
incomes mainly come from two parts. 
Firstly, we would sell the products to 
the college engineering students who 
need the components for the 
engineering projects. Secondly, we 
provide the products to the 
universities where the products are 
used for course materials. 
  

Vision 
Core Values: “Help all engineering 
students learn by themselves.” This 
means we will try everything to ease 
their pressure in finding the resources 
they want, but we will never teach 
them how to do. We provide the raw 
materials with a little aid, and then let 
them learn by themselves. 
 
Core Purpose: “Save time for every 
engineering student.” As engineering 
students  we deeply understand how 
difficult it is now for us to find 
electrical components as we want. 
We can crush all of our competitors 
with our engineering background. 
 
Target BHAG: “Become the No.1 
supplier of most universities that 
focus on engineering.” We are going 
to be the first company that is 
targeting both students and the 
university engineering departments.  

experience with our customers, we 
can be the best in the world at 
providing engineering components.  
On one hand, Melove has close 
connection with the university, and 
provide course materials. On the 
other hand, Melove aims at becoming 
a one-stop-shopping store which can 
provide all possible engineering 
components students may need in 
their projects. Melove does marketing 
investigation and quality control for 
buying in products to ensure the 
quality of our sales. Most importantly, 
Melove provides unique consultation 
service to help engineering beginners 
adapt to the engineering courses. The 
service provides guidebooks and 
studying materials for the customers 
to learn how to use the project by 
themselves. In addition, professional 
salesperson can chat with customers 
online to introduce the features of 
the products and recommend 
products to the customers.  
  

Conclusion 
Our final design can successfully 
knock off the destined poles on 
“Arena” in sequence, which is the 
main purpose. Besides, benefited 
from plastic materials, we reduce 
weight of the whole system. We 
choose a relatively easier structure so 
that the mechanic system can finish 
task quickly. In this project, team 
members cooperate effectively and 
try to solve engineering problems in 
professional ways. This opportunity 
enable us apply the knowledge and 
skills studied from lectures. 
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Fig. 1 Examples of Electrical 
Components 

 
Hedgehog Concept 

Our company provides one-step 
shopping that can largely reduce 
people’s unnecessary workload. Our 
company provides things with good 
quality and we are honest to 
customers by providing them 
necessary consultation service that 
they want. Tremendous power drives 
our economic engine. First, we 
provide comprehensive supply for 
customers. We have a deep 
communication with the 
administrators, professors and 
students. Second, we provide 
tremendous-speed service. 
Depending on our deep 
understanding of the customers 
demand, we can offer them supply at 
the first moment. 
 
 
 
 
 
 
 
 
 
Fig. 2 The Main Focus is Engineering 

Universities 
Company Building 

MELove is made up of a group of 
young and passionate people with 
engineering background, especially 
the University engineering students. 
Since our team shares the same 

MELOVE 
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Needs Statement 
In this course, students are asked to 
form a project team and be  
entrepreneurs to start their own 
company. Therefore, we created a 
company based some of the 
important concepts and strategies 
learned in classes. 
 

Business Idea 
We start a company called Idea Incub-
ator that specializes in finding and rea
lizing the best potential engineering   
ideas in the world. We dedicate  
ourselves in providing a comprehensi-
ve  solution to the problem of the gap 
between brilliant idea holders and  
investors. To be specific, we are trying
 to create a platform for the  
connection between idea holders and
 investors by holding various kinds of 
activities including idea café which is 
undergoing right now and global  
event in the future. We also have a  
professional engineering team to eval
uate the feasibility of ideas.  
 

 
 
 
 
 

Figure 1 : a group photo of members in idea café 

Mission and Value 
The mission of our company is that 
Idea Incubator is where ideas come 
true. Actually, Idea Incubator is a 
platform focused on idea share, idea 
communication and idea realization 
within exoteric atmosphere. That is to 
say, our company’s success bases on 
the realization of these creative and 
promising ideas, and this open, 
highly-qualified, efficient and reliable 
platform is a proper description of 
what our company  
 
 
 

obtain enough popularity we will start 
running our company. 
However, we’ve realized that there 
will be some inevitable problems conc
erning with funds and other aspects, 
and thus the speed of the expansion 
of our company will be slow and stea
dy by setting restrictions of the mont
hly accepted ideas.  
 

 
 
 
 
 
 
 
 
 
 

Figure 2 : an example of an idea on  
company’s website –”Idea Market”  

 
Conclusion 

The finalized design of our company  
can successfully attain our initial 
purposes of building a “dream 
factories” by building connections 
between idea-holders and potential 
investors. Overall, we came up with 
the idea of providing an online and 
offline platform for people who want 
to make their ideas come true and 
those investors who are interested in 
innovative ideas. Throughout the 
whole process of designing,  negating 
the previous design and finalizing 
details, we’ve learned a way to think 
more practically.  
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want to provide. 
The vision of our company is that “no 
more worthy ideas will be wasted in the 
future because of us Idea Incubator”. As 
for a more vivid description, our 
assumption is that all investors will take 
visiting our company website and 
attending conference as a daily habit, 
while creative people will realize that 
our company is their first choice when 
realizing their ideas. 

 
SMaC Recipe 

What our company do is continuously 
building a dream team which consist of 
experienced consultation group and 
elite engineers. Only with these reliable 
members, our company can set our 
standard of selecting ideas, evaluating 
ideas, and supervision during idea 
realization, which provide a good 
reputation and cognition of brand. 
What’s more, our company will adhere 
to our criteria of evaluating ideas based 
on  creativity, risk and feasibility. Since 
ideas are critically significant in our 
company, our company’s profit per X is 
profit per idea according to the  
Hedgehog concept. 
 
               Company Building 
Prior to the establishment of the real  
company, we will apply our engineering 
knowledge in the field of website devel-
opment and software design to  
construct  the so-called “idea market” 
website, which will serve as the 
foundation of the company structure 
and the major financial source of us at 
the startup. More specifically, we will 
collect those ideas offered at idea café, 
sort them by different categories, and 
post them on the website.
At the same time, we will  also carry out 
a series of advertisement plans to 
publicize our company and once we  
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Needs Statement 
 When it comes to buying shoes, 

people may have difficulties. Some 
people may think that the real 
shops have low varieties to choose 
from. Thus, we plan to come up 
with an idea that can satisfy their 
need.  

 

Business Idea 
 Our business model is to build a 

Chinese convenient chain stores in 
rural areas, which is exploring  

 the chain store field in developing 
area. The store will locate in living 
area to make shopping more 
convenient. Daily items are sold in 
store. Store management and chain 
policy will refer existing model at 
the first stage, combining the 
special condition in rural area 

 Our main competitors are local 
private stores. We have great 
strengths comparing to them. We 
ensure the quality and plenty 
categories with reasonable price. 
Our modern management will 
make our stores professional and 
high efficient. 

 

Mission and Value 
 Mission: We build HomeMart to 
provide enough convenience and 
modern life style for people in rural 
area. This can also bring sustainable 
economic increase and make us be 
the No.1 convenience chain store in 
rural store.  

 Value: Good quality and various 
categories are ensured during . Easy 
access comes true from location 
with deep consideration. In order 
to make our chain store more 
popular, we will provide store 
operating and management 
training to make franchisee easy to 
start their business. 

  
 
 
 
 

 place we will seriously consider the 
supply chain of products. 
Moreover, the decoration of the 
store will also be taken into 
consideration. After capture these 
area ahead of other stores, we will 
also have some measurements to 
keep our customers. In addition to 
the warm service and diversity 
goods we provide, we will also 
have the membership for our 
customer. With the membership, 
our customer can get discount for 
the goods and some gifts if they 
buy certain amounts of goods. 
Thus, with these measurements, 
we can keep our customer even 
when competitors come to this 
area. After gaining enough money 
and experience, we will continue 
to expand our company to more 
rural areas. 

 
 
 
 
 
 
 
 
 
 

 

Conclusion 
 We  had a deeper understanding of 

the mission and value and how to 
set these things, definition of the 
SMaC concepts and Hedgehog 
concepts and also how to be a 
good leader in the future. 
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Hedgehog concept 
/SMaC Recipe 

 We will build our company based 
on the SMaC and Hedgehog 
Concept. Our SMaC principles are 
to concentrate on the rural area 
and to sell the various qualified 
products. We will try our best to 
offer whatever our customers need 
in our convenient chain store, and 
always stick to the rural position 
strategy. The other helpful strategy 
frame, the Hedgehog Concept is. 
Our passion is about providing 
convenient service for people, 
which is our main purpose of 
opening a convenient store. Our 
economic engine is profit per 
customer. We will try to maximize 
the time and money our customers 
spend in our shop, making our 
store the first choice of shopping 
for our customers. And we are best 
at offering convenient service 
which is the key point of being a 
convenient store . 

 

Company Building 
 To build our company, we will open 

our first HomeMart in the rural 
area that contains the subways 
station. And also that place should 
be the crossing area of most 
neighborhoods so that people 
living there can reach our store in 
five minutes and obviously it’s very 
convenient. After choosing the 

 
 
 
 
 

HomeMart 
Team Members  

Xiaobo Hu, Yangming Wang, Zhenming Ye 
Instructor 

Vincent Chang 
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Fig. 2 The 5-Year Financial Forecast 

Fig. 1 The Logo of HomeMart 
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Laboratory assignment  
Choose Your Own Experiment – 

Analyze, Build, Conduct and Design 
 
Project duration and budget 
This is a seven-week project, and each team is allocated 
a budget of 400 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 
LI Ran, WANG Chuanwei, WANG Zhizheng and 
ZHUANG Hanyang 
 
Acknowledgement 
Licenses for the LabVIEW data acquisition software and 
additional units of myDAQ portable data acquisition 
hardware used in VM495 are kindly donated by National 
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. 
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FLUID MECHANICS AND THERMAL SCIENCES 
1. Analysis of Temperature Influence on Fluid Viscosity 

and Shape Influence on Drag Factor  LI Bowen,  
HAN Wenda, ZHOU Xinle, and YU Jiangpu 

2. Investigation of Air Bubble Detachment in Different 
Liquids  LU Xiangxing, LI Zan, GAO Yuan, and QIN Ye 

3. Performance Analysis of Automobile Spoilers   
HOU Yao,  LI Shijia, GUAN Xianheng, and XIAO Sihan  

4. Experiments on the Temperature and Illumination 
Fields Generated by Infrared Light Sources   
DING Xiaodi, JIANG Haowen, XIAO Tingben, and  
XIE Peilun 

5. Evaluation of Wind-Driven Generators Under  
Different Operating Conditions  CHEN Jiada,  
LIANG Jumin, Peng Jingyuan, and Wan Jing 

 
SOLID MECHANICS AND MATERIALS 
6. Performance of the Mountain Bike Disc Brake   

LI Pengfei, LI Weihao, XU Chenyu, and ZHANG Yuanfan 
7. Evaluation of the Effects of Temperature, Material, 

and Moisture on the V-Type Bicycle Brake  CAO Yuqi,  
HU Yazhe, LIU Yang, and WU Jiayi 

 
 
 
 
 

DYNAMICS AND VIBRATIONS  
8. Study of Vibration and the Generation of Sound   

Using Rulers  CAI Xunjie, DU Yuheng, JIN Yuanjun,  
and WANG Tianwei 

9. Performance of the Human Body in Absorbing 
Vibration  CHEN Shaodong, LU Jingxi, SHENG Yating, 
and ZHOU Weitian 

10. Vibration Behavior of the Conjoined Desk-Chair 
System in SJTU Classrooms  DAI Chengwei, FAN 
Wenxuan, TAN Zhengyi, and WANG Fudi 

11. Analysis of DC Motor Vibration due to Loading 
Imbalance  HE Yifan, WANG Ying, ZHANG Yuhan,  
and ZHOU Dongyi 
 

OTHER MECHANICAL ENGINEERING SUBFIELDS 
12. Sound Transmission in Different Pipes  Wei Jiawen, 

WU Can, XIANG Wang, and ZHU Qianrong 
13. Evaluation of Cell Phone Speaker, Battery, and Heat 

Dissipation Performance  HUA Yang, WANG Zhijun, 
YANG Xinyun, and ZHANG Minqian 

14. Investigation on the Factors affecting Wi-Fi Signal 
Strengths  LIU Xiang, LU Dingduo, MA Shijun, and 
WANG Jinzhi 
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Performance of the Human Body in Absorbing Mechanical Vibrations 
CHEN Shaodong, LU Jingxi, SHENG Yating, and Zhou Weitian 
 
            In daily life, human bodies are subjected to all kinds of vibrations.  
For example, when driving a car, the body bounces with respect to the  
terrain on which the car travels. However, the human bodies have the  
ability to absorb most of the oscillations. Our initial hypothesis is that the 
mechanical structures of the human body causes such an effect. The  
objective of our experiment, therefore, is to explore how the mechanical 
characteristics of the human body affects its vibration absorption. The  
experiment consists of three parts:  
(a) Investigate the mechanical characteristics of different body parts. 
(b) Investigate the mechanical characteristics at different frequencies 
(c) Explore the effect of vibration absorption on different test subjects 
           The experiments are conducted by two persons on a bicycle.  Small bumps 
are fixed on the bike wheels to generate consistent vibration.   The person at the 
front of the bike pedals up a slightly inclined  slope while a virtual metronome  
                                                                dictates the pedaling speed and controls the  
                                                                vibration frequency. The bike passenger sits 
                                                                at the back seat with the data acquisition 
                                                                system, consisting of two arduino boards 
                                                                and a laptop that connect to two  
                                                                accelerometers attached, respectively  
                                                                to the source of vibration (the bicycle) and 
                                                                the human body part of interest. 
 

        Physical model              Wheel bumps  
 

1 

    Experimental setup for sensors        Mobile experimental platform 

A Study on Vibration and Sound Generation of Rulers 
Xunjie Cai, Yuheng Du, Yuanjun Jin, and Tianwei Wang 
 
        There is a famous video on the Internet that a person used a ruler as  
the musical instrument to play popular songs. In this video, the musician  
generated different tones by changing the length of the ruler he used.  
Inspired by the video, this experiment will examine the vibration of rulers  
and find out how sound generation is related to this oscillating motion. 
        The vibration of a ruler can be modeled as a cantilevered beam. Since  
there are many variables that can affect the vibration of a cantilevered 
beam, the objectives of the experiment are to find the following: 
(1) The relationship between the sound frequency, the cantilever beam  
      length, its undamped and damped natural frequency. 
(2) The effect of the frequency by Young’s modulus as well as density by  
      changing material. 
(3) The effect of the frequency  by “composite” rulers  
      made of two or three layers of rulers. 
(4) Calibration of the rulers with different tones by  
      changing the length or material. 
        The sound generated from the ruler is recorded by  
a microphone and analyzed using LabVIEW.  Fast  
Fourier Transform is used to analyze the sound in the 
frequency domain. The vibration frequency of the ruler 
is measured with strain gauge, since this frequency is  
identical to that of the strain change. The initial result  
shows that the sound frequency as well as the damped 
natural frequency are inversely proportional to the  
square of the cantilever beam length. 

Wheatstone bridge Strain gauge 

Microphone Ruler MyDAQ 

 

 



Vibration Behavior of the Conjoined Desk-Chair System in SJTU Classrooms 
DAI Chengwei, FAN Wenxuan, TAN Zhengyi, and WANG Fudi                                               ND-3 Accelerometer  
 
 Most desks in SJTU are connected to the row of chairs in front of  
them. We find that slight vibration (input) of a chair in front is sometimes 
amplified and felt by those occupying the desks behind (output sensors). 
This is particularly annoying during an exam.  Therefore, this experiment  
is designed to analyze the vibration behavior and simulate the desk-chair  
system with varying inputs from the front chair.  
 The scope of this experiment covers investigating how long the  
vibrations last, estimating the spatial variation of the output vibration 
signals, and deriving the vibration equation.  The experiments were 
conducted in Dong Shang Yuan 401.  Automatic data acquisitions system 
was used to record the motion detected by four ND-3 accelerometers. 
  
                Desk                      Chairs in front   
         Because of the symmetry of the desk and chair, the vibration  
                       behavior of only half of the system was studied. Two sensors  
       were attached at the outside corners while the other two  
       sensors were fixed on the edges at the center of the desk. 
       Repeatable displacement inputs were applied on the three 
       chairs separately.  Our preliminary measurements were 
       influenced by three main factors including different level of 
                       sensitivity of each accelerometer, noisy surroundings, and 
       inconsistent force input.  To minimize these experimental 
       errors, calibration of the ND-3 transducers and application of 
       consistent force input will be considered in future work.  
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Analysis of Vibration Due to Offset  and Its Balancing 
HE Yifan, WANG Ying, ZHANG Yuhan, and ZHOU Dongyi 
 

Figure 1. Experiment setup 

Vibration stability is a key parameter to characterize the performance 
of machines, since unexpected vibration is harmful to its function. If 
intense vibration is detected at a frequency equal to the rotational 
frequency of a machine, the cause is likely to be machine imbalance. 
Specifically, when the machine loading is distributed asymmetrically 
about its shaft, a centrifugal force will result in a load perpendicular 
to the shaft, leading to vibration of entire structure.          
        The source of unbalance for our experiment is offset of the disks, i.e. 
the disk is mounted eccentrically on the shaft. The experiment has three 
objectives: 
a. To explore the effect of the offset and angular speed on the intensity of 
the primary vibration.  
b. To explore the effect of location of balancing mass on decreasing vibration 
under certain disk’s offset.  
c. To develop a general approach for rotor balancing using vibration 
measurement. 
      The experiments are conducted based on the DC motor setup shown in 
Fig. 1. The piezo-film transducer is mounted on the base of the motor to 
detect its vibration, and the photo-sensor worked with a white mark 
adhered to the disks, to establish a reference for data analysis. Part of the 
result is shown in Fig. 2, the amplitude of sine wave obtained from 
accelerometer if proportional to the level of vibration. The phase shift 
between the plots for vibration and photo-sensor indicates the location of 
the unbalance.  

Figure 2. Plot for original data for 
offset 5mm voltage input 3V 
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Sound Transmission in Different Pipes 
Can Wu, Jiawen Wei, Wang Xiang, Qianrong Zhu 
  Sound transmission in pipes is a classical topic in the field of acoustics. 

Most researches focused on sound leakage from the pipes to study the 
room noise  problems. The behavior of sound wave passing through a 
pipe is primarily determined by the material, diameter, length and 
temperature of the pipe. The impact with the pipe wall would cause 
energy loss of the input and thus the output decibel would decrease. 
In this experiment, the objective was to study various noise problems in 
the reality. In our daily life, noise came from water pipes bothered the 
residents so much that how to design the shapes of pipes become an 
important factor of a residence. This experiment analyzed the pipes with 
different diameters, lengths, and shapes (straight, 1 turn, 2 turns, T-
shape, non-uniform) to see their effects on sound transmission. 
The characteristics of sound transmission in different pipes were analyzed 
in the experiment. A loudspeaker was placed at one end of the pipe to 
provide sound signal, while a microphone (connected to MyDAQ) was put 
at the other end to catch the signal. The pipe was covered by soundproof 
cotton so that the sound leakage from pipe walls could be reduced or 
even blocked. In order to further analyze the characteristics of the sound 
transmission, different signals were compared and plotted when using 
pipes with different parameters. Right figure  showed the result of a 
meter-long straight pipe with 40-mm diameter. Though with noise, the 
behavior of square wave could be observed. For straight pipes, the result 
showed a trend that the smaller the diameter of the pipe was, the larger 
peak value of decibel could reach, which means people could hear more 
noise from the pipe. 

Fig 2. Decibel  vs. Time 

Microphone 

Loudspeaker 

Soundproof Material 
DAQ 

Performance of Heat Dissipation, Speaker, and Battery for Cell Phones 
Xinyun Yang, Minqian Zhang, Yang Hua, Zhijun Wang 
 
Cell phone is more popularized in the recent years. Thousands  
of new cell phones appear on the market, thus customers are  
hesitate on which cell phone to buy. Despite the operating  
system and appearance of cell phone, basic performances of  
the cell phone also influence customer’s choice, such as the  
heat generation of the cell phone, quality of the speaker, or 
battery life. 
 
This experiment focuses on cellphone used in daily life. The objective 
is to compare the performance of different cellphones on several  
aspects, and find out the one with best performance and  
quality. In order to obtain the data, control experiments are set up.  
The experiment used in the experiment is shown in Figure 1.  
 
The performances to be tested are listed as following: 
• Measure the temperature distribution of different cellphone 
• Compare the sound quality of cellphone with different speaker 
• Test the time duration of cellphone battery in one charge cycle 

 
Data of temperature distribution of iPhone 5 is shown in Figure 2. 
When sound quality is concerned, intonation and sounding Range  
are tested to judge the quality. In battery test, duration of battery  
with different battery levels (25%, 50%, 75%, 100%) are tested. 
 
 
 

Figure 2. Temperature Distribution of iPhone 5 

Figure 1. Experiment Setup 
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Investigating the Factors Affecting Wi-Fi Signal Strength 
LIU Xiang, WANG Jinzhi, LU Dingduo, and MA Shijun 
 
           The deployment of Wi-Fi hot spots on the SJTU campus has been 
growing rapidly over the past four years.  However, students are not quite 
familiar with the effects different factors have on Wi-Fi transmission, such as 
its spatial variation and ability to penetrate walls.   
 The objective of our experiment is to analyze the factors affecting Wi-Fi 
signal strength, including distance, direction, and the blockage.  Therefore, the  
experiment consists of six different parts:  
• The 3D spatial variation of the Wi-Fi signal strength within the dorm room  
• The 3D spatial variation of the Wi-Fi signal within the JI Building 
• The transmission ability of the Wi-Fi signal through the wall 
• The effect of encryption methods on the signal strength of the Wi-Fi 
• The effect of router pole’s direction on the Wi-Fi signal strength 
• The relationship between the signal strength of the Wi-Fi and 
internet speed. 
          The experiment setup for Wi-Fi signal measurement requires a  
USB wireless adapter and a laptop with LabVIEW.  In the first  
experiment, we determined the spatial variation of the Wi-Fi signal  
strength on the second floor of the JI building by dividing the floor areas  
into 29 sections, measuring the Wi-Fi signal strength, and binning the  
measurements into 5 categories (zones), where zone 1 is the area with  
The strongest Wi-Fi coverage.   The e-reading room and the hallway,  
17-1 sections, have acceptable Wi-Fi coverage while the hallway, 18-24  
sections, has bad Wi-Fi coverage, and therefore could be improved in  
the future. 

Analysis of Temperature Influence on Fluid Viscosity and Shape Influence on Drag Factor 
Bowen LI, Wenda HAN, Xinle ZHOU, and Jiangpu YU 
 
     Honey can be drizzled and ice-cream can hold its peak because of viscosity.  
A fluid makes smaller splashes when poured if it has a higher viscosity. 
Viscosity, acting as a crucial fluid property, represents the fluid resistance to  
gradual deformation by shear stress.  It is caused by friction between  
neighboring fluid particles moving at different velocities.  Drag force is also 
a kind of resistance which affects acceleration of solid particles moving in the  
fluid.  
    The objective of the experiment consists of two parts:  
(a) To find out the relationship between fluid viscosity and temperature                             
(b) To find out the shape factor influence on fluid drag force.                                                   Experimental Setup 
 
    To evaluate fluid viscosity and drag force acting on the objects, our  
experimental setup combined a cylinder and a water tank inside the aluminum 
frame.  Honey is chosen as the experimental viscous liquid and poured into 
the cylinder.  Hot water in the water tank provides different temperature  
environment.  Some laser generators and sensors are mounted on the frame  
as figure shown.  When we drop an object from the top of the cylinder, the  
lasers which connect with LabVIEW can record the motion and placement  
data of the object.  The velocity and acceleration can be obtained from the  
LabVIEW results data. After several times tests in different water temperature  
and objects shapes, the relation between viscosity and water temperature,  
objects shape factor and drag force can be calculated as experimental results. 
                                                                                                                                                      Viscosity and Temperature [1] 

 
[1]”Dynamic, Absolute and Kinematic Viscosity” http://www.engineeringtoolbox.com/dynamic-absolute-kinematic-viscosity-d_412.html (Accessed: July,21,2013) 



Investigation of Air Bubble Detachment in Different Liquids 
LU Xiangxing, LI Zan, GAO Yuan, and QIN Ye 
 
 Bubbling is a common phenomenon that always occurs with sudden pressure change, phase change or chemical 
reaction. For example, the generation of vapor bubbles in water within a pipe, which is called cavitation, can cause 
significant damage to the propeller with shock wave created by the bubble collapse.  However, bubbles also have wide 
applications such as being the contrast agents for the contrast-enhanced ultrasound technique and measuring the 
surface energy of solids. Therefore, investigating bubble dynamics is very important for fully understanding the 
mechanism of bubble formation and evolution. 
 This experiment aims to investigate (a) how the air or liquid properties such as pressure, density, and viscosity 
affect the height, contact angle, and generation frequency of the bubble during the detachment process, (b) how the 
height, area, and volume of the bubble changes with time, and (c) what factors affect the sound wave generated when 
the bubble collapses. Bubbles are generated in tap water, brine water, and oil by an air pump with different flow rates 
changing from 200 mL/min to 300 mL/min, and then a high-speed (240 fps) camera will record the detachment 
process. Finally, a microphone captures the sound wave when bubble collapses. The following pictures show the 
strategy to analyze the successive video frames.  
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Performance Analysis of Automobile Spoilers  
HOU Yao, LI Shijia, GUAN Xianheng, and XIAO Sihan 
 
When automobiles are moving at a very high speed, the air flowing over the car will  
cause a large lifting force at the front, which far exceeds the down force generated at  
the rear. This is particularly the case in car race and is also the first problem the race car 
designers want to avoid. To solve this problem, a spoiler is added to the rear of the car  
to change the flow pattern and add additional downward force. The grip force is thus 
increased and the car becomes more stable. The trade-off of adding a spoiler is  
introducing an extra drag force to the car and makes the car much heavier.  Thus the                          Pressure difference 

oil consumption is increased as well. So regular cars are not equipped with a spoiler,  
but adding a spoiler is a must for race cars. 
  
This experiment is to analyze how the geometry and contact angle of a spoiler  
may affect the downward force and drag force. As shown in the figures, the  
spoiler is to be fixed in the wind tunnel, tubes are to  be inserted into the spoiler  
from one side, one of  the open ends of the tube is buried under the upper and  
bottom surfaces at different locations, the other end is connected with pressure                      Spoiler in the wind tunnel         

transducers. In this part, the pressure differences  between the upper surface       
and bottom surface are analyzed. In the experiment, the whole model car with  
a spoiler is placed in the wind tunnel, the drag force is measured in this case  
with respect to several different distances away from the tail of the car.  
Moreover, the car is to be placed on a scale that can show how much weight  
was added when the wind tunnel is turned on. 
 
 
                                                                                                                                                                 Model car in the wind tunnel 
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Evaluation�the�Performance�of�Wind'Driven�Generator
LIANG�Jumin,�CHEN�Jiada,�PENG�Jingyuan,�and�WAN�Jing

As�the�global�energy�crisis�deteriorates,�any�approach�could�be�utilized�as�an�
energy�source�is�very�precious.�Unlike�traditional�coal�fired�power�generation,�
wind�power�generation�is�a�renewable,�environment�friendly�way�to�convert�the�
energy�of�wind�to�electric�energy.�

A�prototype�of�wind�driven�generator�was�built�by�our�team�in�order�to�evaluate�its�
performance�under�different�conditions.�Control�variables�method�was�applied�to�
find�out�the�effects�of�different�factors�that�might�influence�the�performance.�
Four�objectives�are�listed�below:
�Compare�the�output�voltage�of�the�generator�with�different�number�of�blades
�Explore�the�effect�of�wind�speed�on�the�output�voltage�of�the�generator.
�Compare�the�output�voltage�of�the�generator�with�different�angle�between�the�blades�and�the�wind�flow.
�Compare�the�output�voltage�of�the�generator�with�different�blade�lengths.��

At�different�distances�between�the�prototype�and�the�fan,�output�voltage�from�
the�generator�and�voltage�pulse�form�the�photo�gate�were�recorded.�The�
Root�Mean�Square�(RMS)�value�of�the�generated�voltage�was�used�since�the�
generator�output�power�is�proportional�to�the�square�of�voltage.�When�the�
rotating�blades�passed�the�photo�gate,�a�high�voltage�from�the�photo�gate�was�
recorded.�Hence,�the�rotation�speed�(with�unit�of�RPM)�was�calculated�from�
the�times�of�sudden�voltage�rise�of�photo�gate,�taking�the�number�of�blades�
into�consideration.�According�to�the�data�sets�at�different�distances�between�
the�prototype�and�the�fan,�a�proportional�relationship�between�RMS�Voltage�
and�rotation��speed�was�plotted.�The�whole�test�was�done�three�times�to�
ensure�the�measurements�and�results�were�repeatable�and�reliable.
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myDAQ

Photo�Gate

Experiment�on�Temperure and�Illuminance Fields�of�Infrared�Light�Source
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Evaluation of Temperature, Material, and Moisture Effect on V-type Bicycle Brake 
CAO Yuqi, HU Yazhe, LIU Yang, and WU Jiayi 
 
       There are two major types of bicycle brake in the market, the disk brake and  
the V-type brake. Compared to the disk brake, v-type brake is more sensitive to  
surrounding and its own condition. A moderate change of braking force, surface  
roughness and shape, and environment temperature can lead to a large  
deviation in the braking performance.  
       The goal of the experiment is to evaluate the braking performance,  
namely the braking time, of the v-type on bicycle. The objectives of the test
can be divided into the braking ability under 
(a)  Different input braking forces 
(b)  Different initial speeds 
(c)  Different shapes or materials of the v-type brake 
(d)  Different moisture conditions 
       The experiment will be performed outdoor in the morning, afternoon,  
and early evening, because temperature variance  can also influence the  
braking time. The temperature of the brake after each brake will be  
recorded as a reference of the temperature profile of the brake. 
       The braking force inserted on the wheel by the v brake will be recorded 
by a force sensing resistor, which is connected in a serial circuit with four  
other resistors in a total of 10 kilo-ohms. The rotational speed of the wheel  
is measured by a photoelectric gate placed on the axis of the wheel. Then  
the circuit and the photoelectric gate are connected to NI MyDAQ, then to  
the computer.  The data collected is then recorded by  
LabVIEW. 
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The Disc Brake Performance of a Mountain Bike 
LI Pengfei, LI Weihao, XU Chenyu, and ZHANG Yuanfan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

Mountain biking is a fashionable sport around the world. Since the brake is 
frequently used in mountain biking, a good brake plays an important role 
in ensuring the rider’s safety. Braking generates heat, which negatively 
impacts the performance of the brake. Almost all the mountain bicycles 
use disc brake due to its better braking performance and faster heat 
dissipation than other types of bicycle brake. Brake disc has many holes, 
which contributes to fast heat dissipation. When braking the bicycle, a 
force is applied perpendicularly to the outermost circle of the brake disc, 
which delivers a large torque to stop a rotating wheel. 

The objectives of this experiment are to find out the heat generated by 
braking the bicycle in different riding velocities, and the brake 
performance under different temperature and weather conditions.  

The experiment is conducted while the bicycle is flipped upside down. The  
rear wheel is made heavier to make the moment of inertia similar as a 
man riding on it. First, it is accelerated to different speeds at ambient 
temperature. The temperature rise and time to stop is measured. Secondly, 
a heat gun is used to heat the disc in order to change the initial 
temperature. Thirdly, the disc is coated with water and oil. It is then 
accelerated again to different speeds and the braking time is measured. By 
doing this, the brake performance in different temperature and weather 
conditions can be tested.  



Problem Statement 
The purpose of this capstone project 
is to investigate the current 
commercial and research autopilot 
systems, propose a proper 
configuration of the autopilot system 
with the balance of cost and 
performance for civilian applications, 
design a small fixed wing Unmanned 
Aerial Vehicle (UAV) and integrate the 
autopilot system into the UAV.  
 

Concept Generation 
Unmanned Aerial Vehicle (UAV) is a 
flying object without any crew on 
board. Instead, it is controlled by the 
autopilot system. Because of its small 
size and needless of crew. The cost 
could be reduced by a significant 
amount while the application could 
be extended to more difficult 
situation that manned vehicle might 
be highly risky. 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 The Aerial Vehicle Control  
 

Design Description 
The design is the combination of 
MAJA UAV/FPV which is an aircraft 
with high, zero-sweep wing with 
dihedral, a Paparazzi Tiny v2.11 
autopilot system and a digital camera.  
 
In addition, the autopilot system 
includes Tiny v2 board, aerial vehicle, 
IR sensor, radio modem, battery,  
 
 
 

 
 

 
 
 
 

Fig. 3 Configuration in Paparazzi 
 
 
 
 
 
 
 

 Fig. 4 Simulation in Paparazzi  
 

Conclusion 
We have generated the concept of a 
combination with a high, zero-sweep 
wing with dihedral and the Paparazzi 
autopilot system. The simulation and 
validation shows that this design will 
be highly useful with significant 
reduction of cost. In the future the 
software compiling will be down and 
the subsystems will be assembled in 
order to build the complete system. 
 

Reference 
[1] Paparazzi Project (a free and 
open-source hardware and software 
project for autopilot)  
http://paparazzi.enac.fr/wiki/Main_P
age 
[2] Wikipedia about Unmanned Aerial 
Vehicle 
http://en.wikipedia.org/wiki/Unmann
ed_aerial_vehicle 
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modified RC receiver, right aileron 
servo, left aileron servo and motor. 

 
 
 
 
 
 
 
 
 

Fig. 2 Potential Solutions for Autopilot 
 

Modeling and Analysis 
Considering the price and limitations 
of their products, one would see a 
expendable platform of small UAV is 
very important for future applications 
and research. With this platform, we 
can provide the developers a 
relatively simple way to demonstrate 
their thoughts, or to simulate reality 
conditions. Further, due to the 
natural characteristics of small UAVs 
that they cannot flight too high and 
too long, which are because of the 
limitation of their batteries, short 
wingspan and light weight, we have 
to take the safety requirement into 
consideration. In that way, we also 
need to design a effective aircraft 
configuration to balance the cost and 
performance of the small UAV 
platform.  
 

Validation 
The vehicle can fly with manual 
remote control. It can receive the GPS 
signal and locate itself in the open 
area. The data link between ground 
station and UAV has been established 
with Xbee. However, the signal fails to 
be interpreted by the ground station. 
In other word, the vehicle flies 
without closed loop control.  
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Problem Statement 
Nowadays, in the process of 
traditional micro processing system, 
due to the heat effect,  splash will 
happen and reduce the accuracy and 
efficiency.  To reduce the heat effect, 
visualized laser micro matching 
system is the prime method to solve 
the problem.  
 

Concept Generation 
We aim to use MFC user interface to  
link laser system and computer. With 
the assist of computer’s strong 
computing  and data processing 
ability, we can control laser, three 
dimensional stage, scan and micro 
camera to achieve automate control 
and precise matching. 
 

Design Description 
After brainstorm and several 
meetings, we decide to apply four 
linkage system as the final design.  
This hardware system consists of laser 
and three dimensional stage. We can 
get  feedback signals from  laser and  
judge whether it is function correctly. 
After several tests, the laser system 
can be accurately controlled.  
 
 
 
 
 
 
 
 
 
 
 
 
    Fig. 1 Laser Hardware System 
 
 
 
 
 

Modeling and Analysis 
In the later fabrication, we apply 
canny calculation method to improve 
image quality. By using this method, 
we can reduce the background noise. 
Meanwhile, we use edge processing 
to transform coordinate and fix 
position. 
 
 

 
 
 
 
 
 
 

Fig. 5 Image Comparisons by Canny 
 

Validation 
To meet engineering specifications, 
we set objectives and judge the 
samples whether it is standard.   

 
 
 

Fig. 6 Reference of Validation Plan 
 

Conclusion 
Our final design can successfully 
achieve the hardware and software 
functions. Different part of the system 
is  effectively combined and construct 
a powerful system which can achieve 
what we desired originally. 
 

Acknowledgement 
Huan Qi, Assistant Professor at 
Shanghai Jiaotong University. 
 
 

 
 
 
 
 
 
 
 

     Fig. 2 Laser Generator 
The other software part are drawing 
user interface and real time imaging 
system. We can draw  samples in the 
interface and  design multiple tasks 
according to  given order. We also set 
cameras to achieve real time imaging. 
By using camera, we can get feedback 
information timely and adjust process 
method. With the software system, 
we achieve laser processing function 
and ensure accuracy due to  camera 
feedback. 
 
 

 
 
 
 
 
 

Fig. 3 CNC User interface 
 
 
 
 
 
 
 
 

Fig.4 Drawing User Interface 
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Problem Statement 
Next generation CMOS technology 
requires the long metal wires to be 
replaced by optical fibers for high 
speed communication, leading to a 
mixed electrical and optical integrated 
system. Photodetectors are one of the 
key devices for optical-electrical signal 
conversion in such a system. But the 
existing technology for photodetectors 
can only offer limited speed and 
sensitivity. We aim to break the 
limitation of current technology by 
developing a bipolar phototransistor, a 
photodetector with internal gain, on a 
single nanowire. In this project, we 
focus on the optoelectronic simulation 
of such a device using commercial 
software. 
 
 
 
 
 
 
 
 
 
Fig. 1  A bipolar transistor (left) and a 
bipolar phototransistor (right). Their 
operational principles are similar. 

Design Description 
The nanowire-based bipolar photo-
transistor has a structure of N+-P-N 
 
 
 
 

 
 
 
 
 
 
 

with an across-section 50nm x 50nm is 
uniformly illuminated by a plane wave 
at a wavelength of 588nm. The base 
width varies from 700nm to 200nm 
while the emitter and collector is 
maintained constantly at 1μm. Fig.3 
clearly shows that the gain is steadily 
increasing from 200 to 1200 as the 
base region width shrinks from 700nm 
to 200nm. However, when the base 
region is reduced to 100nm (not 
shown here), the NPN junction 
becomes “punch-through”, which 
means that the bias between the 
collector and emitter lowers the 
potential barrier of the p-type base 
region, leading dramatic increase in 
the dark current of the device. The 
observed behavior is consistent with 
the existing theory.  
 
 
 

 
 
 
 
 
 
Fig.3 Photocurrent density vs. voltage 
of the devices with different base 
region width.    

Conclusion 
Our simulation has shown some 
exciting results that the nanowire 
bipolar phototransistor we designed 
operates properly with a gain of 200 – 
1200 when the base region is wider 
than 100nm. The work lays a solid 
foundation for our future simulation of 
the impact of surface recombination 
and other factors on the device 
performance. 
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along the nanowire axis, as shown in 
the inset of Fig.2. The doping concen-
tration of the emitter (N+) region is set 
at 1019 cm-3 while the base (P) and the 
collector region (N) are doped at 
1017cm-3 and 1015cm-3, respectively. 
The width of the base region is 700nm. 
For comparison, we simulate a PIN 
diode of a similar physical structure, 
which has a gain close to unity. Fig.2 
indicates that the phototransistor has a 
gain of ~200. 

Innovation 
Bipolar phototransistors based on 
planar silicon bulk structures have 
been studied previously. We are the 
first group to study such a device based 
on a single nanowire. Through  simula-
tion, we plan to demonstrate that the 
device amplifies photocurrent, investi-
gate the impact of doping concen-
trations and base width on its behavior, 
and explore the influence of the 
surface recombination and the nano-
wire diameter. We expect our simula-
tion work will accurately predict the 
behavior of the devices in experiment. 

Modeling and Analysis 
In this poster, we have systematically 
investigated the impact of the base 
width region on the gain of a NPN 
bipolar phototransistor. The doping 
concentration of each region is shown 
in the inset of Fig.3.  The nanowire 
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Fig. 2 The current density vs. voltage of an N+-P-N bipolar phototransistor (a) 
and a regular PIN diode (b) with (black) and without (red) light illumination.  

(a) (b) 



Problem Statement 
The most common physical injuries 
are injuries of the lower extremity. 
Controlled studies on highly physically 
active groups like athletes show that 
five injury types are repeatedly cited 
as accounting for over 50 percent of 
all training injuries – the most 
common injury of them is plantar 
fasciitis. 

 
Concept Generation 

To mitigate the problem of plantar 
fasciitis. Common solutions provide 
fit and proper structural support to 
the medial arch. While most doctors 
use custom fitted or custom molded 
solutions, our team has chosen a 
different route – Smart Shoes. 
Smart shoes are designed for the 
following functions: 
• Height adjustment        
• Stiffness adjustment 
•Low profile for better fit   
• Wireless control 
 

Design Description 
To support the arch in the standing 
position we have a contoured arch 
support which can also carry out 
height and stiffness adjustment. 
 
 
 
 
 
 
 

Fig 1. Sketch of Design 
The mechanism relieves stress in the 
arch to allow pain relief in patients 
with plantar fasciitis. The sketch 
shows a simplified medial arch 
orthosis with horizontal adjustable 
spring to control the stiffness of the 
system.  A separate height 
adjustment fits the user.   
 
 
 

Validation 
Spring properties were tested using a 
material testing system.  Tensile 
properties for modeling are shown 
here.   
 

 
 
 
 

 
Fig.4.  Test Result of Spring 

The Finite Element model of the foot 
may be compared with experimental 
data from the literature given:  
1) barefoot  
2) shoes, and 
3) shoes + orthosis 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5. Strain Comparison among 1)barefoot, 2)with shoes 

and 3)with foot as well as orthosis from Kogler’s data. 

Special ‘spring’s we use are    
Conclusion 

A mechanism with height adjustment, 
stiffness adjustment, and wireless 
controlling will be made to help 
mitigate the most common injury� 
plantar fasciitis.  
Models for foot and arch support 
mechanism is being made to predict 
the interactions between foot and the 
mechanism. Phase II of our Smart 
Shoes project will include assembly of 
the adjustable mechanisms into a 
combined arch support structure.   
 
 

Modeling and Analysis 
Finite Element modeling was 
conducted which allowed for  
1) Structural analysis of the medial 

arch of the foot and 
2) Structural analysis of the foot 

orthosis. 
3) Determining the range of material 

properties needed for the orthosis  

2D Foot model created to analyze 
how the foot reacts 

 
Fig.2 . 2D model  

To determine the geometry of our 
mechanism. We used models to 
analyze displacement, deformation, 
and principle stresses in the 
mechanism. The range of properties 
and geometry of mechanism 
components may be determined on 
prediction of models and tests. 
Constraints and loads are added to 
the 2D geometry below and we  can 
see how maximum in-plane stress 
varies with respect to load. 

Fig3. Maximum in-plane stress v.s. load. 
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Problem Statement 
The project is designed for the ABET 
evaluation and accreditation to Joint 
Institute, which verifies the high 
quality of JI's education level. The 
students are expected to design 
follow up survey of alumnus and their 
employer, gathering feedback for 
further future improvement process. 
 

Concept Generation 
To achieve the project goals, a 
series of questionnaires are 
designed for different majors of 
graduating students, alumnus 
and their employers as well as 
parents . In addition, some 
alumnus will be interviewed to 
gather their feedbacks of Joint 
Institute's education. 
 

Design Description 
 We intended to design around 30 
questions to learn how much 
alumnus had learnt from JI in all 
perspectives, including the academic 
knowledge, multiply skills, ethics, 
communication and teamwork 
abilities, etc. Each question has 
unique purpose to gather infomation 
from respondents in a specified 
aspect strongly relating with ABET 
criterion. Besides, students from 
Technology Department of JI's 
Student Union have been invited to 
help build an online version of  
 
 
 
 
 
 
 
 
  Fig. 1 Demo of online questionaire 
 

 
 
 
 
 
 
  
     Fig.3  Effectiveness of Questions 
 
 
 

 
 
 
 
           Fig.4  Partial SPSS Analysis 
 
questions truthfully.Thus, we decided 
to revise some improper questions 
and develope survey website. 
 

Conclusion 
Our questionaire design and 
interview of alumnus follows the 
guideline of ABET and could reveal 
the alumnus reflection of JI's 
education level in various of 
persectives. Through analysising the 
results and feedbacks from survey, we 
could provide the outcomes and 
suggestions to Joint Institute for 
recognizing the strength and 
improving the current weakness. 
Eventually, the project would 
contribute to the ABET's accreditation 
of Joint Institute. 
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questionaire for the convinence and 
interest for respondents to take the 
survey.  

Modeling and Analysis 
There are five sections in the finilized 
alumnus questionaire: preface, 
personal information, acedamic 
knewledge, extented skills, as well as 
feedbacks for the questionaire itself 
(length, questions setting). various 
types of questions are included such 
as single choice, multiply choice and 
open questions to reflect the alumnus 
opinions. What's more, face to face 
interviews with JI alumnus engineers 
will be important complement of the 
questionaire survey. 

Validation 
There were altogether 70 sample 
questionaires distributed to some 
alumnus and parents. The responses 
were  analysised to vertify the 
effectness of questions and 
completness of questionaires. 

       
     Fig. 2  Filling out questionaires   
Aided with SPSS software, we found 
each question's discrimination from 
the result. It indicated which 
questions needed to be revised and 
which were generally good. Through 
analysising the completness of the 
survey, we also found a few problems 
like misunderstanding of questions or 
lacking of patience to answer  
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Problem Statement 
*Cold, wet weather, night, & rainy 
days → Drying clothes is not efficient 
*Air pollution → Smelling clothes & 
Irritated skin 
Hanging clothes outside requires zero 
energy. Can we improve drying and 
maintain zero energy? 
 

Concept Generation 
Drying clothes requires: 
• ↑Temperature of air         
• ↑Velocity of air 
• ↑Surface area of clothes  
• ↓Humidity of air 
•  Isolate the system from cold, wet, 

polluted environment 
 
To achieve these requirements: 
• ↑Temperature & zero energy 

through a solar furnace + solar 
panel 

• ↑Velocity of air with a fan 
• Hang our clothes in a chamber 
Optional: 
• Store energy using the phase 

changing material to release the 
energy at night 

• Simple filter purifies the air  to 
improve the smell of our clothes  

 
Design Description 

Our device mainly consists of three 
parts: clothes bag, solar furnace, and 
thermal battery. The conceptual 
design is shown in Figure one as: 
 
 
 
 
 
 
 
 
 
Fig. 1 Conceptual design of system 
 
 
 

Validation 
We used ANASYS (CFD) for further 
analysis. We set two boundary 
conditions: one is a uniform heat flux 
on the shell of the tube and the other 
is a difference of pressure between 
inlet and outlet to simulate the effect 
of sunshine and air flow. The 
temperature distribution in the swirl 
tubes of the solar furnace is shown in 
Figure 3. 
 
 
 
 
 
 
 
 
Fig. 3 ANSYS model of solar furnace 
with swirl flow, temperature 
distribution 
 
Further work is needed to  analyze 
the effects on drying clothes given the 
following parameters: solar intensity, 
velocity of air flow, humidity, numbers 
of the baffles. 
 

Conclusion 
Our final prototype proves we can 
improve drying and maintain zero 
energy. Not only does it make drying 
clothes more efficient, but it also 
prevents bad smell of clothes. It is 
now possible to dry wet clothes even 
in rainy days or at night. By this 
innovative, efficient and 
environmentally-friendly drying 
device, we achieve “zero-net-
energy ”. At last, we are more 
conscious in our daily lives.   
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City air is pumped through the air 
purifier to the solar furnace, being 
heated. The hot air then runs into the 
clothes bag to dry the wet clothes. 
Meanwhile, the thermal battery stays 
contacted with the solar furnace 
during the process so that the 
thermal energy is stored in the 
battery. When the temperature of the 
furnace drops below a certain point, 
the battery is separated from the 
furnace. With the energy stored in 
the battery, we are able to dry wet 
 clothes even in rainy days or at night. 

 
 Modeling and Analysis 

To achieve the high thermal 
conductivity with a low price, we 
chose aluminum to fabricate the main 
structure of the prototype. Based on 
Computational Fluid Dynamics (CFD) 
using ANSYS Fluent, we simulated the 
process of heat transfer. Air is being 
heated while passing through the 
furnace. The temperature of the air 
rises about 20 to 30 degrees Celsius 
while maintaining a flowing velocity 
around 12.25 cubic meters per 
second. For simplicity, we choose the 
cylinder model to approximate the 
actual case. The first model by 
SolidWorks® is a cylinder of  fluid 
within a swirling baffle and it is 
shown in   
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Fig. 2 SolidWorks to simulate air 
inside tube 
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