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Executive Summary 
Many students at SJTU sometimes 
forget to close the door and turn off 
the lights when leaving the dormitory. 
Although this situation may only arise 
occasionally for each student, when it 
does happen, the properties in the 
dorm room will be in danger and 
energy waste will occur. To solve this 
problem, our team designed a cell-
phone checking & controlling system 
for SJTU dormitories.  
 
Based on our target users’ needs, we 
established the following five criteria. 
To do so, our design should send 
accurate information about the status 
of the dormitory door and lights to 
the users’ mobile phone. It should 
also be able to close the door and 
turn off the lights when receiving the 
corresponding commands. Besides, 
our design should not go against the 
dorm policy in the construction 
process and should leave no 
damaging trace after removal in the 
dorm. It should also be placed where 
people in the room can hardly touch 
to ensure the safety and not to 
interfere with the students’ normal  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
lights and doors every time. Second, 
our device had a high success rate of 
closing the door and turning off the 
lights after receiving the 
corresponding commands. Third, it 
only took 15 minutes to remove our 
device and there was no damaging 
trace after removal.  
 
To improve our design, our team has 
a list of recommendations. A more 
careful selection of the material is 
suggested to reduce the cost. We also 
recommend finding a more stable 
way of connecting the wires to 
improve the robustness of the design. 
Furthermore, including more sensors 
to identify the number of people in 
the room and more controls such as 
turning off the air-conditioner is 
suggested to make the whole system 
more powerful. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
living. Moreover, the cost of the 
device should not exceed 300 CNY. 
 
Our design enables users to check 
and control the dormitory doors and 
lights by sending text messages 
through their mobile phones. Users 
can send three kinds of commands 
via text message. A text message with 
the word “check” enables the users to 
get the feedback of the status of the 
dormitory door and lights. A text 
message with the word “off” runs the 
motors on the light subsystem to turn 
off the lights. A text message with the 
word “close” runs the motors on the 
door subsystem to close the door. 
(See Figs 1 and 2.) 
 
The results of the tests on our 
prototypes were as follows: First, our 
device could get the correct 
information of the status of the dorm 
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Fig. 1 Subsystems of our design. 

Fig 2. More subsystems.  



Executive Summary 
People in China, especially the 
housewives and the elderly, often use 
handcarts to help transport goods 
when shopping. However, these 
handcart users may face several 
problems. First, goods may get 
impaired while transporting. Second, 
goods may get wet on raining days. 
Third, the quality of some goods will 
be affected by outside temperature. 
These problems need to be solved. 
However, based on our research, 
existing handcarts cannot solve them. 

We established three criteria about 
functionality. First, it should be able 
to prevent the collision for the goods 
in handcart so that the goods in our 
product will be safe. Second, it should 
be able to prevent outside water 
coming into the handcart on rainy 
days. Finally, it should be able to 
reduce the outside temperature 
influence toward some goods in our 
handcart so that the quality of goods 
will not be impaired.  
 
Our design—an improved handcart—
has three functional parts including 
preventing collision layer, waterproof 
cover, and temperature keeping 
storage. (See Figs 1 and 2.) The first 
part is the collision prevention part. 
This part is mainly made of EVA board, 
which is very soft. It can make goods 
safer. The second part is the handcart 
cover. This part is mainly made of a 
waterproof cloth. It can protect the 
goods from outside rain. The third 
part is a heat retaining storage. This 
part is mainly made of foam board 
and EVA board, which retain heat. It 
can reduce the influence of outside 
temperature on the goods. 

minutes was 17 C on average. 
Therefore, the storage that can keep 
the heat works well and will protect 
the goods inside from being affected 
greatly by the outside temperature. 
 
We have three recommendations for 
improving this design. First, using 
cheaper materials will enhance the 
affordability of our design. The 
structure of the design can also be 
improved so that it will be more 
robust and reliable. Finally, we 
recommend a detailed user’s study, as 
more research on the users and 
observation of the problems when 
they are using the handcart could 
help provide more insights into 
improving this design. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After three tests on our prototype, 
the results showed our prototype is 
waterproof and shockproof as well as 
able to keep hot and cold items. We 
dropped eggs into the collision 
prevention layer from the height of 1, 
3, 5, and 8 meters with three times 
each, and most of the eggs were not 
broken. So our prototype can protect 
the goods from breaking when there 
may be a collision. Then we poured 
water toward the handcart with 
paper inside and the paper was still 
dry. So our prototype is waterproof 
for at least Level 3 on the IPX 
Waterproof Specification. So our 
prototype can protect the goods 
inside the handcart from the rain. 
Also, we tested the heat retaining 
function. The temperature difference 
of the cups of hot water inside the 
handcart and outside after 30 
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Fig. 1 Our prototype. 

Fig. 2 Our design highlights. 



 
 
 

 
 
 
 

 
 
 
 

 
the filter are affordable and available 
to them. 
 
In conclusion, our prototype can 
efficiently purify the grey water. The 
prototype’s structure is stable enough 
for usage. Thus, our project can help 
relieve the water crisis in Tianshui. 
 
We have some recommendations to 
improve our design. First, using 
stainless steel for the structure can 
better protect the design from acid 
rain. Second, a better bump can save 
the labor of getting water out of the 
storage system. Finally, asking 
professionals to help test the quality 
of our purified water will be better. In 
this way, local people will be more 
convinced about our water quality. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ceramic rings. Finally, the purified 
water goes into the storage part 
whose volume is about 10 L. However, 
if users think it is non-recyclable, the 
water will go straight through the 
drainage system without purification. 
(See Fig 1.) 
We tested our prototype for water 
quality and flexibility. We compared 
de-ionized water, tap water, soapsuds, 
and water purified by our design and 
tested them for pH, Total Dissolved 
Solids (TDS), conductivity, salinity, 
hardness, and electrolysis. The results 
indicate that the quality of the 
purified water is better than that of 
the soapsuds and tap water since the 
values of the four quantitative tests 
(pH, TDS, salinity, conductivity) are in 
reasonable ranges; also, the 
qualitative tests show that the 
purified water is better in hardness 
and electrolysis. (See Fig 2.) For the 
flexibility test, we measured the time 
it took to separate all the bottles of 
chemicals, and it took only 14 
seconds, which means it is easy for 
users to change the chemicals. 
According to our survey, the cost of 
the prototype is also acceptable to 
the local people, and the chemicals in 

Fig. 1 Design overview. 

Executive Summary 
The water supply of Tianshui, Gansu 
Province mainly depends on the Ji 
River, which used to be abundant in 
water supply. However, due to severe 
pollution and climate change, it has 
turned into a seasonal river. During 
the low-flow season, local residents 
suffer from water shortage problems. 
Sometimes even tap water is not 
available, and the locals use water 
from the well instead. For some poor 
families, they need to take water from 
others who have a well in their homes. 
Unfortunately, there is no way of 
purifying grey water in most homes. 
Thus, we decided to design a simple 
water recycling system for grey water. 
With this water recycling system, 
users can freely choose whether to 
recycle the water or not. 
A grey water recycling system should 
be able to result in a water quality 
that is good enough for housework, 
laundry, and agriculture. The design 
should be sustainable, which means 
the components of the design should 
be able to be used for a long time and 
be easy to substitute. Also, people 
should be able to choose whether to 
recycle water freely and easily. 
We designed a water recycling system 
so that water used for washing hands 
and taking showers can be purified 
and it can be used again for 
housework, laundry, and agriculture. 
We used stainless steel sink for 
collecting water, supported by a 
wooden structure which is planned to 
be put near a drainage ditch. When 
water is poured in, if users think it is 
recyclable, they can turn on the 
switch of the filtration part and water 
will be purified by filter cotton,  
activated carbon, volcanic rocks, and  
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Fig. 2 Test on water quality.  



Executive Summary 
The piano is one of the most 
prevalent musical instruments in 
China. However, since the natural 
intervals left at the end of a page are 
usually too short for manual page 
turning, it can be interruptive to 
piano performances. In addition, the 
pages may slip off and block the view, 
further worsens the situation. Current 
products and designs cannot 
satisfactorily solve these problems. 
They either can turn only a few pages 
for one installation, or have no page-
fixing function.
 
For the practicality of our design, 
three major criteria should be 
satisfied. The design should have a 
90% success rate for page-turning, 
and the page-turning function should 
be available within a range of 30 
pages without reinstallations. In 
addition, our design should not block 
the piano player’s view while turning 
the page.  
 
Fig 1 shows the overview of our  
design and labels of subsystems. In 
the initial position, the two rollers are  
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
maximum 47 and a minimum 40. It 
well exceeded our criterion of 
continuous page-turning.  
 
 
 
However, the success rate of our 
prototype turned out to be only 
about 80%, too low for practical 
usage. We analyzed the problem and 
concluded that there was an inherent 
defect in our design in the rolling 
system. We thus recommend further 
investigation on this issue. 
 
 
 
 
 

held up, so that users can easily place 
the score onto it. A switch in the 
control system puts down the rollers 
to prepare the score for page turning. 
By waving a hand from right to left in 
front of the triggering system, users 
can turn the page over. This process 
includes the rolling system rolling up 
a page, the turning system inserting 
into the curve and turning around, 
the other side fixing that page, and all 
parts returning to the original 
position. (See Fig 2.) A hand-wave in 
the opposite direction can turn a 
page back.  
 
Our test showed that our design has 
an extraordinary ability to fix pages. 
Out of the 40 trials we had taken, 
including 20 turning over and 20 back, 
in no case did the page slip off, nor 
had it formed a curve large enough to 
block the user’s view. Also, without 
reinstallation, our device was able to 
turn pages within a range of 44 pages 
on average, with a maximum 47 and a 
minimum 40. It well exceeded our 
criterion of continuous page-turning.  

An Automatic Page-Turner for Piano Scores 
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Fig. 1 Design overview. 

Fig. 2 Process of page-turning. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
design can change them by about 
3 C. (See Fig 3.) We walked around 
the sensors and did some daily 
movements which one may carry out 
in the dorm, but the wind deflector 
did not turn, showing no interference 
with unexpected motions. We also 
did a cost analysis and found it no 
cheaper than similar products on the 
market. However, because our device 
has the unique function of changing 
wind direction with hand gestures 
and is quite different from existing 
products, we believe our design’s 
price is still reasonable.  
 
Our design meets all of our criteria 
listed above and can detect hand 
gestures and deflect the air-
conditioner wind as expected. It is a 
unique design that can truly improve 
the dorm room environment and 
allow for a healthier life.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
materials, such as PVC pipe, foamed 
plastic board, and nylon screws, to 
ensure our design is rustproof. The 
electrical part controls the behavior 
of the mechanical part by two 
infrared reflectance sensors with a 
core Arduino board. (See Figs 1 and 2.) 
 
We carried out several tests to 
evaluate our design. We measured 
the temperature and humidity in the 
dorm rooms and found that our  

Fig. 1 Our prototype.  

Fig. 2 Design overview. 

Fig. 3 Temperature and humidity change. 

Executive Summary 
Students living in dorms may face 
problems that the air-conditioner 
may blow directly on them and do 
harm to their health. In other cases, 
air-conditioner blade may be broken 
or the remote control of the air-
conditioner may go missing. In order 
to solve these problems, our team 
designed an air-conditioner wind 
direction adjuster which enables 
students to adjust wind direction 
simply with hand gestures. 
 
We formulated three criteria for our 
design including functionality, 
interference resistance, and rustproof. 
Concerning functionality, it should be 
sensitive to hand gestures and change 
the wind direction, which also means 
to be able to change the environment 
temperature of the wind-blown area. 
Besides, other regular movements, 
such as students passing through the 
balcony door, sleeping on the bed, 
sitting or standing by the study desk, 
and taking clothes from the wardrobe, 
should not interfere with our design. 
In addition, the design should be 
rustproof as water vapor may 
condense on the wind blade.  
 
Our design has two sensors that can 
detect certain waving gestures, 
namely waving left and right, and 
activate the servo immediately. 
Meanwhile users should keep their 
hand still and continue activating the 
sensor. The wind deflector of our 
design, which is attached to the outer 
frame, will then turn until the users 
lift their hand when it turns to the 
desired direction. Our design consists 
of two parts. The mechanical part 
includes the main frame and wind-
deflector-driving servo. We chose 
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Executive Summary 
In their daily lives at SJTU, students 
sometimes forget their keys to their 
room. When such a situation occurs, 
they have to go downstairs to ask the 
quarter aunt for help, which is very 
inconvenient. In order to solve this 
problem, our team designed a keyless 
entry using knocking as a password. 
 
We set six criteria for our design. First, 
our design should be able to open a 
locked dorm door and not interfere 
with the using of a normal key. 
Second, our design should have 
modifiable password. Third, it should 
have high reliability and accuracy. 
Fourth, our design should not be 
disturbed by the daily sounds in the 
dorm such as speaking voice and 
music. Fifth, our design should be 
user-friendly so that it requires little 
force and no professional knowledge 
to use.  
 
Our design consists of two parts: the 
electrical and mechanical parts. In the 
electrical part, four sound sensors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
and an electrical board with a button 
and a buzzer are connected to an 
Arduino board which is also 
connected to the mechanical part. 
The mechanical part is a servo 
connected to a plastic handle, which 
is used to open the lock. Figs 1 and 2 
show the overview of the electrical 
and mechanical structures, 
respectively. When a person outside 
knocks several positions on the door, 
the sound sensors receives the 
knocking and passes the information 
to the Arduino board. The Arduino
board executes it and gives orders to  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
the mechanical part which opens the 
door.  
 
We built the prototype according to 
our design and conducted four tests 
on it. In the functionality test, we 
verified that our final prototype can 
open the door by knocking, does not 
interfere with the using of the normal 
key, and has modifiable password. We 
confirmed that our prototype has an 
error rate of 10 percent in the false 
alarm test. Through the sound 
interference test, we verified that our 
prototype could still work under the 
noise with 80 dB. In the comfort test, 
we found that even a slight knock can 
be sensed by the sound sensors so 
that our device does not require 
much force. Also, it turned out that 
our device can endure great force 
about 40 N.  
 
In conclusion, our team addressed 
the problem that sometimes students 
do not have their keys to open the 
dorm door. The solution we proposed 
is a keyless entry that requires 
knocking as the password. It turned 
out to be a functional and robust 
system while still easy to build. Our 
final prototype has satisfied all the 
criteria we have set for our design. 

Fig. 1 Electrical structure. 
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Fig. 2 Mechanical structure. 



Executive Summary 
There are many situations in which 
pet owners cannot take care of their 
pets for a long time. Even if they use 
existing pet feeders on the market, 
they cannot know how much their 
pets really eat. At the same time, the 
remaining food is in the dish all the 
time, which will go bad and may 
undermine the health of pets. In 
order to solve this problem, our team 
designed an automatic pet feeder. 
 
Our design should give out food at a 
fixed time set in advance. It should 
adjust the amount of food supply 
according to how much the pet ate 
during the previous meal. 
Furthermore, the device should clean 
all the leftovers automatically. After 
the meal, our design should give 
users feedback about how much their 
pets have eaten. Last, it should be 
safe to pets and cannot be damaged 
by pets easily. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1 shows the overview of our 
design. Before every meal, one servo 
will control the auto-cleaning dish to 
sweep the leftovers into the waste 
box. Then, the other servo will make 
the rotor rotate a certain degree so 
that a certain amount of food will 
slide down into the food dish. The 
food amount is set by the pet owner 
in advance. Next, a speaker will play a 
 
 
 

clean the remaining food before a 
meal; it could also supply a certain 
amount of food at a certain time with 
little error. Besides, it sent feedback 
to the user and adjusted the amount 
of food successfully. The overall 
success rate is 92%. Therefore, we 
think our design performed well and 
fulfilled all our criteria.  
 
In conclusion, our design meets all 
our criteria and realizes all the 
functions. However, in order to 
improve our design, our team listed 
several recommendations. The 
volume of the speaker should be 
enlarged. Reducing the size of the 
waste box to make it available in 
narrow space, such as cages, will be 
helpful, too. We hope our design will 
benefit families with pets and offer 
pets the best care. 

song to remind the pet to have a 
meal. After the meal, based on the 
data collected by weight sensors, a 
text message will be sent to the pet 
owner by a GSM module to inform 
him how much food the pet ate this 
time. At the same time, for the next 
meal, our design will adjust the 
amount of food provided according to 
the amount the pet ate this time. 
Moreover, to ensure that the pet will 
not suffer from starvation, our design 
will keep providing food until some 
food is left on the dish. All of these 
functions are controlled by an 
Arduino board. 
 
Fig 2 shows a picture of our 
prototype. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To examine its functionality, we used 
our device to feed a cat for two days, 
six meals. (See Fig 3.) Also, we let the 
machine run for hours and recorded 
our observations. The results of the 
test showed that the machine could 
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Fig. 2 Prototype of our automatic pet 
feeder. 

Fig. 1 System overview. 
Fig. 3 We tested our device with one 
of our team member’s cat. 



 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
We built two prototypes and checked 
whether our design meets the criteria. 
For functionality, we tried pulling out 
and spooling back the cable for 200 
times, and the final prototype gave a 
satisfactory result. For versatility, we 
tested it with the typical Apple ear 
buds, Sony MDR-KE30LW, and 
Monster Beats Studio HD, and the 
second prototype proved well 
adapted. For the cable protection, we 
tested the functionality of the Apple 
ear buds after trying it out inside the 
container for 100 times and it still 
works. For robustness, we tested the 
CAD design with SolidWorks 
simulation. For user-friendliness, we 
reduced the time for installation and 
removal down to 10 minutes, which 
was observed during 40 trials. 
 
Our final design meets all the criteria 
we established; it fits various kinds of 
headphones and enables users to 
withdraw or retract the cables 
smoothly. For recommendation, we 
hope the container will have a better 
form for a bigger market. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A scroll spring stretches when the 
cable is being withdrawn. So when 
users stop withdrawing the cable, the 
spring retracts the cable. For more 
convenience and stability, we 
installed a button on the top layer to 
control the retraction and withdrawal. 
 

University of Michigan - Shanghai Jiao Tong University Joint Institute 
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Fig. 3 A cross-section diagram.  

Fig. 1 Our prototype. 

Fig. 2 An exploding diagram. 

Executive Summary 
Today earphones are widely used. 
When earphones are placed in 
pockets or in bags, the cables get 
entangled easily. It is troublesome to 
unravel them every time we want to 
use the headphone. In addition, it is 
distracting and can be dangerous to 
disentangle the cables while walking 
on the road. We have searched for 
some products that can solve these 
entanglement problems. But some of 
them are troublesome to use, and 
others cannot be widely used. 
Therefore, our team chose to bring an 
entrepreneurship design to solve the 
entanglement problem for people 
who use headphones. 
Based on our investigation and survey 
results, we established the following 
criteria for our design. It should have 
the functions of retracting and 
withdrawing the headphone cables 
smoothly without getting tangled. It 
should be able to fit various kinds of 
headphones, especially for those 
popular with users, such as the typical 
Apple ear buds or the Monster Beats 
Studio HD. It should never impair the 
cables. It should be able to withstand 
the pressure inside a full-filled bag. 
Most importantly, it should enable 
users to install or remove the cables 
with the container. 
Our design enables users to withdraw 
the cable from the container. When 
users finish using the headphone, 
they can press the button on the 
entry to retract the cable. The 
product consists of three plastic 
layers and a scroll spring. (See Figs 2 
and 3.) The torsion spring is attached 
to the middle layer which serves as an 
axle to wrap the cables. The top and 
bottom layers play the role of covers.  
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possible to achieve the best 
rehabilitation effect through changing 
the exercise intensity during different 
stages of recovery. As a result, 
students who are recovering from 
severe leg injuries are able to stay on 
campus during their recovery period. 
We also have some recommendations 
based on our observations during the 
tests and analysis. The structure of 
the design can be modified to support 
a heavier exercise load and reduce 
the cost. Also, the weight 
configuration and the material of 
cushion under the bottom of our 
design can be adjusted so that the 
exerciser will not slide on the floor 
during exercise with a heavy load.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
we tested it to see whether it meets 
our criteria. Without changing the 
weight, we tested the force exerted 
on the other end at 15 positions. The 
result showed that our design was 
able to provide constant force on a 
user’s leg. Also, we verified that it 
could be put under the desks in SJTU 
dormitories. Furthermore, our design 
supports adjustable exercise load and 
was able to exercise different leg 
muscles.
 
Therefore, our design supports 
rehabilitation exercise for leg muscles 
in university dormitories. It can 
provide constant force so that the 
muscles get exercised properly. The 
adjustable exercise load makes it   

Executive Summary 
For people whose legs are severely 
injured, exercise is an important part 
of their rehabilitation because their 
leg muscles weaken during the long 
period of recovery. They need 
exercise of different muscles and 
proper exercise intensity. Also, 
students in universities are prone to 
getting their legs hurt because of 
their frequent participation in sport 
activities, and rehabilitation exercise 
is thus vital. However, there is no 
existing product on the market which 
supports exercise with adjustable 
intensity, and existing patented 
designs take too much space that 
they cannot be implemented in 
student dormitories. Therefore, a new 
design is needed to make 
rehabilitation exercise available in 
university dormitories.  
 
We have set up four criteria for our 
design. Our design should be able to 
exert a constant load on a user’s leg, 
to provide adjustable exercise load, to 
exercise various leg muscles, and to 
be used and stored in SJTU dorms.  
 
According to these criteria, we 
designed an exerciser which used 
aluminum alloy as its structure. It 
uses three pulleys to transfer weight 
into forces in various directions for 
exercise and to allow maximum range 
of exercise movement. The weight is 
made of dumbbell disks which are 
fixed together by rope. A cable with 
safety catch on both ends is used to 
connect the weight with a pedal, 
which can also be changed 
conveniently into an ankle buckle, 
allowing various ways of exercise. 
(See Fig 1.) 
 
After building our prototype,  
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Fig. 1 Our prototype. 



 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

6. Our design is affordable for 
common users. 

Based on these results, we concluded 
that our design is a success. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cartridges mainly remain as iron  
hydroxide and calcium hydroxide. 
They are environmentally friendly. 
 
We built our prototype (Fig 2) and 
carried out five tests to evaluate our 
design based on our criteria. In 
addition, we did a cost analysis. After 
five tests and the cost analysis, we 
obtained the following results: 
1. The prototype can heat the water 

by 18-20 C in seven minutes. 
2. The shell of our prototype is water 

tight, so that the chemicals will 
not leak out and the water in the 
bottle is safe for drinking. 

3. The cartridge of our prototype 
does not have any problems in 
transportation or storage. 

4. The prototype is easy for users to 
learn and use.  

5. The prototype suits all the water 
bottles on the market. 

Fig. 1 Design components. 

Executive Summary 
Many people want to get hot water 
when they are outside, for example, 
during the cold winter or when they 
are having a stomachache; however, 
it is difficult for them to get hot water 
outdoors. In order to solve this 
problem, our team designed a 
portable heating stick to heat bottled 
water which can help people get hot 
water anywhere, anytime. 
 
Based on our survey results, we 
established five criteria for our design. 
First, our design should be able to 
heat a bottle of water by 20 C in 10 
minute. Second, it must be safe; the 
water in the bottle should not be 
contaminated while heating and the 
cartridge should be safe during 
transportation. Third, our product 
also should have an affordable price. 
The price of the whole design should 
be less than 35 CNY. In addition, our 
product should be easy to learn and 
use. Finally, it should be applicable to 
fit different kinds of bottles. 
 
Figure 1 shows the components of 
our design. Our design heats the 
water by exothermic chemical 
reactions which are supplied by a 
disposable cartridge inside a shell. 
The primary reactants of the reaction 
are carbon, iron, calcium oxide, and 
water. When using our design, users 
need to put the cartridge into the 
magazine first and then put the 
magazine into the shell. The heating 
process will start when users pour 
water into the shell to the indicated 
level. The ring on the shell is 
adjustable. It can be adjusted 
according to the length of the bottle, 
which ensures that the shell suspends 
in the bottle and does not come into 
contact with it. The disposable 
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Fig. 2 Our prototype in a bottle. 



Executive Summary 
Our client, who is in Harbin, uses a 
machine to process carbonized wood. 
It uses umbrella-like chimney caps on 
the chimney of its machine to prevent 
rain and snow from entering the 
machine. However, the umbrella-like 
chimney cap makes the slow-speed 
and 200 C gas from the machine 
hard to exhaust through the chimney 
and thus causing the machine to 
malfunction. Our team investigated a 
solution to this problem of exhausting 
gas while preventing rain and snow 
from entering the chimney.
  
While finding the cause, our team 
investigated that the slow-speed and 
200 C gas is easy to form a flow 
which makes gas inside hard to emit 
out in such a chimney cap. Our team 
also investigated that other existing 
chimney caps may also malfunction 
with such slow-speed and high 
temperature gas. Our team thus 
designed a chimney cap with a new 
structure specialized for their 
machine to help their machine 
exhaust gas. 
Based on the client’s expectations, we 
set up four criteria for our design. To 
function in ordinary condition, the 
chimney cap has to resist 200 C 
temperature since the working 
environment is such and the chimney 
cap should at least stop rain and snow 
from falling into the machine. To 
compete with other chimney caps, 
the slow-speed and 200 C gas 
should be able to flow out. To work in 
bad weather, the chimney cap should 
be mechanically robust enough to 
undertake 450Pa accumulated snow 
pressure, the biggest snow pressure 
in recent fifty years in Harbin, and hit 
of small hails. 
  
. 
. 
 

(Horizontal) to 90° (Vertical) and 
found it able to prevent all the falling 
raindrops. We then tested snow-proof 
(Fig2-b) with light plastic foam and 
found that the chimney cap can 
prevent floating snow from entering 
the chimney even if we throw snow 
directly into the chimney cap. We 
tested its air permeability (Fig 2-c) 
with simulated slow-speed gas and 
found almost no gas stayed in the 
chimney. We tested robustness by 
putting 5.28 kilograms of heavy books 
(972Pa in terms of snow pressure, 
much bigger than 450Pa) on it for 
three days as well as crashing four   
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Test results: a) Waterproofness. 
b) Snowproofness. c) Air permeability. 
 
 
kilograms of weight onto the chimney 
cap. The chimney cap appeared 
excellent without damage. 
 
Based on the above test results, we 
find this design satisfies all our 
criteria and thus being a successful 
one: Our design is able to help snow 
and raindrop from entering the 
chimney cap as well as help the slow-
speed and 200°C gas emit out. It is 
even robust enough to work in bad 
weather. Additionally, the stainless 
steel we used can resist 200°C. 
 
 
 
 
 
 

Our design, together with the client’s 
machine, makes up a whole system 
(Fig 1-a). The chimney cap is at the 
top of the chimney. It is made up of 
seven rectangular baffles (Picture 1-b). 
Stainless steel was chosen to make 
our design resist more than 200 C. 
Rain and snow will be prevented from 
entering the machine by the upper 
baffles. Smoke from the machine will 
flow out through the gap of the 
baffles (The rough path based on 
observation is illustrated in Fig 1-b). 
 
We tested the chimney cap with three 
main tests. We first tested the 
waterproof ability (Fig 2-a) with  
 
 
 
 
large density falling water from 0   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD diagram and Plexiglas 
model of our chimney cap design. 
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Executive Summary 
A centrifuge is an extremely useful 
medical device for the separation of 
DNA/RNA, blood cell, cell membrane, 
and virus. However, due to its high 
price, it is often unaffordable in 
developing countries. To solve this 
problem, our team designed an 
inexpensive medical centrifuge that 
costs less than $20 USD and that 
mostly uses recycled materials. 
 
Our team established three criteria: 
high acceleration, safety, and low 
price. The acceleration of the 
centrifuge should reach the level 
needed for medical diagnosis. The 
centrifuge should not present 
potential danger as long as users 
follow instructions. The centrifuge 
should have a lower price than the 
centrifuges on the market.  
 
The centrifuge is a combination of a 
self-designed circuit and parts from a 
discarded computer. As can be seen in 
Fig 1, there are four components that 
work together to conduct centrifugal 
operation. Electricity goes into the 
device and is converted first by the 
recycled power supply from a 
computer, followed by the self-
designed circuit with suitable output 
for the centrifugal part. During the 
converting, users can control the 
speed of the centrifuge by changing 
the magnitude of the current. 
  
Our team conducted tests on the 
prototype with respect to 
acceleration, functionality, and safety. 
In the acceleration test, we measured 
the rotational speed with a digital 
tachometer and obtained the 
centrifugal acceleration of 941 g. It 
turned out that the acceleration   
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
Our team makes the following 
recommendations. Future teams 
could improve the acceleration to 
reach the DNA/RNA research level by 
increasing the input voltage on the 
motor. They could also consider 
lessening the weight of the 
mechanical part and reducing air 
resistance and vibration. Once the 
target acceleration is achieved, future 
teams may develop possible ways to 
measure the ultra-high speed of the 
design and compare it with existing 
qualified ultracentrifuges. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
produced by our device would be 
theoretically sufficient for medical 
use, but not for DNA/RNA research. In 
the functionality test, we carried out 
three groups of centrifugal 
experiments for copper hydroxide 
suspension liquid, E. coli solution, and 
blood sample, respectively. We 
separated these mixtures successfully, 
which verified that our centrifuge 
performed well enough for medical 
use. In the safety test, the outer shell 
provided protection for users 
effectively. Based on the results 
above, our design satisfies all the 
three criteria. 
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Fig. 2 a) Detail of tube mount. b) Motor control.  

Fig. 1 Inside shot of our prototype during operation. 



 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
well in over 116 times of cutting with 
different books and by different 
people. We also measured the weight 
of our device. It turned out to be 1.55 
kg, which is less than the weight of a 
common laptop, so students are all 
able to lift it onto the table. All the 
tests show that our design is 
successful. 
 
To conclude, our design is able to cut 
thick books neatly, quickly, and safely. 
Thus, it will bring a lot of convenience 
to JI students when they cut their 
thick books in the future. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
mat prevents users’ hands from 
knocking on the table and ensures 
that the knife does not scratch the 
table. Also, it restrains the device 
from skidding. The cutting part is a 
two-handle knife. After fixing the 
book, users can cut the book spine 
under the guidance of the slit on the 
boards. (See Figs 1 and 2.) 
 
We carried out five tests based on the 
final prototype. In the functionality 
and effectiveness tests, we used 
softcover books of different sizes 
ranging from 226 mm to 276 mm and 
thicknesses from 5 mm to 56 mm to 
test the cutting ability, cutting time, 
and the appearance of the cut. Our 
design turned out to be able to cut all 
sizes and thicknesses of softcover 
books. Furthermore, the time it took 
was less than cutting by a utility knife. 
For the safety test, none of the 26 
subjects were injured during the 
cutting process. In the test for 
robustness, our device performed  

Fig.1 Design overview. 

Executive Summary 
Softcover textbooks for students at 
the Joint Institute (JI) are usually thick 
and heavy. Many students want to cut 
them into sections for the 
convenience of use. However, print 
shops on campus charge 20 CNY on 
average for cutting each thick book, 
and as a result, students opt to cut 
the books on their own. 
Unfortunately, many students 
surveyed have the experience of 
injuring their fingers while cutting 
books by themselves. To solve this 
problem, our team designed a book 
cutter to help JI students cut their 
thick softcover books. 
 
We generated four criteria for our 
design. It should be able to cut 
softcover books of all common sizes 
and thicknesses. The cutting time 
should be less than cutting the same 
book by a utility knife. In addition, the 
edges of the books after the cutting 
should be smooth. Most importantly, 
the cutting track of the knife should 
be out of users’ reach when they are 
cutting books.  
Our design has a two-handle knife 
which can cut books easily by taking 
advantage of the force given by the 
user’s weight. In addition, under the 
guidance of the track, users can cut 
through book spines neatly and 
quickly. The design consists of two 
parts: the fixing part and the cutting 
part. The fixing part is made up of 
Perspex boards, adjustable clips, rigid 
foam supports, triangular pedestals, 
and an anti-skidding mat. When users 
fix the thick book between the boards 
with the help of clips, the rigid foam 
will support the book. The pedestals 
ensure the stability of the whole 
device during the cutting process. The  
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Fig. 2 Our prototype. 



Executive Summary 
People sometimes go outside and 
leave their house with a window 
open. When it suddenly rains, rain 
can splash in and things nearby may 
get wet. Sometimes it could destroy 
some items. Although there are some 
existing products for curtains, broken 
bridge windows, and louvers that aim 
to solve this problem, there are no 
DIY products for sash windows. 
Therefore, our team decided to 
design an automatic window closer 
which can close the sash window on 
rainy days when people are not in the 
room. 
 
Our team determined the following 
five design criteria. First, it should 
close the sash window automatically 
when raining. However, when there 
are people in front of the window, the 
window should not close 
automatically so that people can 
open and close the window. 
Moreover, since it must work in the 
raining condition, the device should 
be water resistant. It should also be 
easy to mount and remove. Finally, it 
should be affordable so that most 
people who are interested in our 
design can afford to do it themselves. 
 
Our design is an automatic window 
closer for sash windows. (See Fig 1.) 
The picture below illustrates the 
overview of our design. Once it rains, 
the liquid level sensor outside will 
send a signal to the single chip 
microcomputer, which would trigger 
the drive set mounted on the frame 
of window, to rotate its wheels and 
move forward. Furthermore, users 
can still open the window when they 
are nearby even if it is raining 
because of the infrared sensor that 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
easy to mount and remove. It also has 
a safety switch and is user friendly. 
Hence, our design can guarantee the 
better quality of life.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
detects movements of humans. (See 
Fig 2.) If the window gets stuck by 
some objects and cannot be closed 
completely, a beeper in the box will 
inform the users. 
 
We designed two main tests, one for 
water resistance, and the other one 
for the ease to mount and remove. All 
the components, except the motor 
and the circuit board, could stand the 
watering for eight minutes; our 
mount requires only six seconds to 
remove and fourteen seconds to fix it 
or maybe six seconds more to 
consolidate it. Our device also passed 
the durability and robustness. All 
these results set our design a success. 
 
In conclusion, our automatic window 
closer can prevent rain from splashing 
in, which assures the functionality; it 
has been tested to be water resistant,  
 
 
 
 

An Automatic Window Closer for Sash Windows 
Instructors: Jason Daida & Masako Iwamoto  

Team Members  
Gongye Cheng, Jing Li, Wang Yameng, Zhao Yixin, Zhu Bihan 

VG • Introduction to Engineering 

University of Michigan - Shanghai Jiao Tong University Joint Institute 

Fig. 2 An IR proximity sensor prevents 
the closer from shutting a window 
when someone is nearby. 

Fig. 1 Overview of our system to open sash windows. 



Executive Summary 
Today, many places like the SJTU 
campus or Shanghai are covered or 
are planned to be covered with Wi-Fi 
signals. As Wi-Fi signal is invisible, 
people would encounter problems in 
finding easy access to appropriate Wi-
Fi sources. Our team obtained some 
inspirations from a similar product for 
visualizing the Wi-Fi intensity done by 
a Norwegian group. Hence, our team 
decided to design our own Wi-Fi 
signal intensity demonstrator to 
enable people to find places where 
the Wi-Fi signals are strong. 
 
We established three criteria for our 
design. First, our design should be 
able to test Wi-Fi signal intensity and 
display it. We should be able to apply 
long-exposure photography to 
visualize the displayed Wi-Fi intensity. 
Finally, our device should be able to 
record GPS data and provide Wi-Fi 
intensity data with respect to them, 
which can later be disposed into a Wi-
Fi map.  
 
Our team designed a Wi-Fi signal 
intensity demonstrator prototype 
with an LED stick to display Wi-Fi 
intensity. Our team used an Arduino 
board attached to Wi-Fi and GPS 
modules to test the Wi-Fi intensity in 
different places. Next, we recorded 
the Wi-Fi intensity data with respect 
to GPS data with the help of an SD 
card slot. Then we built a 4-m LED 
stick and fixed it on a bicycle to 
display the obtained Wi-Fi intensity 
conveniently and steadily. (See Fig 1.) 
The LED stick has 56 LED lights to 
enlarge the displaying range to make 
our design more accurate in 
demonstrating the Wi-Fi intensity 
than the Norwegian group had done. 
 
 
 
  

sensor to test our device’s accuracy.  
Eventually, we took some photos 
while a tester rode the bicycle, which 
indicated that our device could be 
steadily applied with our improved 
on-bicycle structure. Based on these 
results, we concluded that our design 
has met our criteria. We solved the 
problem that people may have 
difficulties in finding strong Wi-Fi 
signals around a large area.  
 
Nonetheless, because of the time and 
limitations in hardware, our design 
still has some drawbacks. We were 
unable to detect a specific Wi-Fi 
signal source and to shorten the time 
intervals between two scans of Wi-Fi. 
Meanwhile, we do not have enough 
data to make an adequately 
satisfactory map according to SJTU’s 
Wi-Fi intensity. For future teams, we 
recommend that they may first 
improve the design to test a specific 
Wi-Fi source. In addition, they can 
shorten the time intervals between 
each Wi-Fi scan to make the photos 
even more accurate. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We conducted several tests on our 
prototype. We took many photos 
while applying our prototype in 
different places. For example, we 
tested our prototype indoors in Dong 
Xia Yuan, and we tested it outdoors 
around Si Yuan Lake (Fig 2), in front of 
the JI building, around Han Ze Lake, 
and at many other places to visualize 
the Wi-Fi intensity. We then 
compared the intensity obtained from 
the Wi-Fi module to the intensity 
obtained from a cellphone’s 
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Fig. 2 Result of visualizing Wi-Fi signal 
strength at Si Yuan Lake.  

Fig. 1 Prototype mounted on bike 
(only part of the LED stick is shown). 



Executive Summary 
Our design is aimed to solve the 
problem that dust that has 
accumulated in the laptop blocks heat 
from getting outside. Many users are 
troubled with the dust because it can 
burn up the laptop, and the dust is 
too hard to remove. Furthermore, 
many manufacturers just produce 
cooling devices with fans, which will 
bring more dust. Our team decided to 
design a device that has the functions 
of both cooling the laptop and 
preventing dust to solve the problem 
completely.
 
Our design has the following three 
main criteria. First, it should not let 
particles that are bigger than 10 
microns enter the laptop. Second, it 
should release the heat effectively. 
Third, the load-bearing property 
should be good. Moreover, our 
project should also be easy to use. It 
should also have a good cost 
performance. Finally, it should have 
universality; most of the laptops 
should be able to be used with our 
design. 
 
Our final design looks like a laptop 
cooler. (See Fig 1.) Our final design 
mainly uses filters to prevent dust, a 
fan to cool down, and copper to 
dissipate heat. Our final design is 
composed of four parts. The shelf is 
the main body of the design, the 
filters construct the main functional 
part, and the cooling part is built up 
by a fan and several copper strips. 
The main body is designed as a slope 
so that the thickness of the design 
will not make it uncomfortable for 
laptop users. The dust prevention 
part contains two filters that can be 
changed by users. The filter can 
prevent dust from getting inside a 
  
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
than 12 CNY, which is rather 
reasonable and low so that mass 
production is possible. 
 
In conclusion, our design meets all 
the criteria we set. First of all, the 
device can prevent dust 
whose diameter is larger than 10 
microns. Second, it can effectively 
dissipate heat for laptops. Thirdly, it 
has a large load-bearing ability. Heavy 
gaming laptops such as Alienware can 
be easily put on our device. Besides, 
our design is user-friendly since the 
users only need to turn on the switch 
and put their laptops on the devices. 
Finally, our device appears to be cost 
effective and fits all the laptops 
whose air intakes are at the bottom.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
user’s laptop. It realizes the main goal 
of dust prevention. The copper strips 
are coiled around the filter so that the 
heat coming from the laptop will be 
transferred to the lower surface. The 
fan blows wind to diffuse the heat in 
the copper strips and filters. (See Fig 
2.) As a result, the laptop cools down. 
 
We conducted three tests and a cost 
analysis to evaluate our design. In the 
pressure resistance test, our final 
prototype could resist two laptops 
and two heavy books, or about 8 
kilograms at the same time. Second, 
we also used a software to measure 
the temperature in the laptop before 
and after powering our device which 
showed that our device could 
decrease the temperature by about 
5°C. The last test was total dust 
proportion test. We conducted a 
comparison test at a research center, 
and the results showed that our  
prototype could prevent dust bigger 
than 10 microns efficiently. Thus, the 
prototype could prevent most of the 
dust that would affect users’ laptops. 
Finally, as an entrepreneurship 
project, the bulk material cost is less  
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Fig. 2 Prototype with top removed. 

Fig. 1 Prototype of the laptop cooler with filter. 



 
 
 

 
 
 
 

 
 
 
our design. We first examined the 
design’s functionality of data 
collecting, GPS location data 
transmission, and message sending, 
respectively. During the test, the 
device successfully collected data 
from users by direct contact on 
fingertips. It was able to send text 
messages to the target mobile phone 
when the data collected was 
abnormal. Also, the GPS location data 
was accessible on the website and 
can be traced. We then conducted 
tests to measure the precision and 
accuracy of the GPS location. We 
placed the device in 4 different 
directions around a computer in 
different places and collected data 
and found the average deviations 
were within 10-4.  
 
For future research, we listed some 
recommendations. A waterproof test 
should be carried out in order to 
verify the normal use of our design on 
rainy days. A more precise and stable 
sensor is strongly recommended to 
replace the current sensor. Also, a 
network which links with the medical 
system can be established so that 
when a heart attack really happens, 
the nearest hospital can receive the 
user’s medical history as soon as 
possible to save time. 

 
 
 
 
 
 
 
 
 
 
 
 
message sending. Second, it should 
be able to locate the user precisely 
and accurately, which means the 
location retrieved by the GPS module 
should be the same as the actual 
geographic location and the average 
deviation should be within 10-3. Third, 
it should be waterproof to ensure 
normal usage on rainy days.  
 
Fig 1 shows the overview of our 
design. When a user is using our 
device, his personal health data (i.e., 
oxygen saturation in the blood) is 
collected constantly by the sensor 
attached to the handle of the crutch. 
Also, his current location is identified 
by the GPS module at the bottom of 
the crutch and posted on our own-
built website. (See Fig 2.) When the 
user has a heart attack, the sensor 
gets abnormal data. Then the Arduino 
board located in the gray box would 
give commands to send a warning 
message to the user’s relatives’ 
mobile phones. Finally, as shown in 
Fig 2, the user’s relatives can log into 
our website via either a mobile phone 
or a desktop computer to check the 
user’s accurate location. They can 
take action immediately after figuring 
out the location to ensure timely 
rescue of the user. 
 
We carried out four tests to evaluate 

Fig. 2 Our website that displays the location of the user. 

Executive Summary 
Heart disease has been a concern. In 
the real world, there is a large 
number of old people who have heart 
disease. Some of them, however, 
cannot use mobile phones for help 
when heart attack suddenly happens. 
Many old people with heart disease 
die due to the lack of timely rescue 
when they have a heart attack with 
no one around. In order to solve this 
problem, our team designed a smart 
crutch for the elderly. 
 
To generate a successful design, we 
formulated three criteria. First, it 
should be functional, which means it 
can realize the functions of data 
collecting, Global Positioning System 
(GPS) location-data transmission, and 
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Fig. 1 Our prototype. 



Executive Summary 
In our daily life, we often search for 
private resources out from a messy 
bookshelf that time is wasted on 
recognizing and locating the target. 
Current methods represented by the 
RFID system cannot return the exact 
order and position among books from 
one single shelf and require particular 
bookmarks to realize the function. 
  
Based on these findings, our team 
designed an automatic book finding 
system, which is a DIY project aimed 
for company file stores and family 
hosts. Our project accomplishes the 
functions as auto scanning the 
position info of interposing books as 
well as indicating the location of the 
particular book that the user is 
searching for. 
  
We believe that an ideal system to 
solve the problem should satisfy the 
following four criteria. It should locate 
book with precision and accuracy. It 
should be possible to operate without 
specialized skills. It should react 
efficiently to the commands. 
Moreover, it should suit multiple sizes 
of bookshelves. 
  
Our design can get the information of 
the position of each book when it is 
put on the shelf, and return the 
position by lighting the LED to help 
users. (See Figs 1 and 2.) To achieve 
the functions, we used proximity 
sensors, each of which senses when a 
book is placed in front of it. Each 
sensor corresponds to a position on a 
bookshelf. To get the position of a 
book, the Arduino board matches a 
sensor position with a book’s data 
that is stored on a mobile phone.  The 
Arduino communicates with the 
cellphone through Bluetooth.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For further development of our 
project, we recommend future teams 
to focus on developing an algorithm 
to allow the system to handle the 
multi-pass operation and to  consider 
reducing the total cost by modifying 
the materials. From what we have 
discussed above, we can conclude 
that our design solves the problem of 
locating a book on a messy shelf. 
However, realistic operations require 
more modifications to our project, 
and we consider our project as an 
interim accomplishment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We performed three tests to evaluate 
the design. For our design aims to 
find a book efficiently, we tested the 
time our design needed to find a 
book, and the result was three 
seconds after Bluetooth was 
connected. We then tested the 
effective range of our Bluetooth 
system, and the best range was 
within eight meters. We also tested 
the time needed for removing the 
system from bookshelf as well as 
setting it back onto the bookshelf, 
and it took about ten seconds. 
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Fig. 1 Systems diagram of the book-finding system. 

Fig. 2 Our prototype. 



Executive Summary 
It is a growing trend that many young 
people are starting to wear contact 
lenses instead of the traditional 
glasses. However, changing contact 
lenses care solution is not so 
convenient since it is suggested by 
doctors that the care solution of 
contact lenses should be changed 
every day. Our team designed an 
automatic liquid changing machine 
for contact lenses to solve such a 
problem. This machine is able to 
change the care solution every 24 
hours automatically. It can also 
vibrate to clean the lenses. 
 
We formulated five design criteria for 
our design. The first is that it can 
change care solution automatically. 
Secondly, it should be clean and 
sanitary. Thirdly it should be 
economical, which means it ought to 
save the care solution. Fourthly, it 
should not damage the lens. Finally, 
we are also trying to make our design 
user-friendly. 
 
Our product consists of four main 
 
 
 

days at the same time. Third, we used 
a microscope to test whether it is 
harmful to contact lenses by 
comparing the surface of the lenses 
cleaned by our device and the surface 
with scratches made on purpose. 
Lastly, we tested its effect of 
cleanliness in a biology lab. We used 
germ culture to compare the germs 
on three lenses whose care solution 
were changed by our device, changed 
by hand, and never changed, 
respectively. 
 
In conclusion, we combined 
electronics and mechanics together 
to achieve the result that this 
machine can change the care solution 
and clean the contact lenses 
automatically. We met all the design 
criteria which we made before the 
construction of our design, so we 
believe that our design is a success.  
For future teams who are interested 
in our design, we recommend that 
they can cut the cost and think about 
some way to improve the cleanliness 
of this device. 
 
 

parts: the outer covering, the contact 
lens holder, the liquid dispenser, and 
the single chip microcomputer. (See 
Fig 1.) The outer covering is used to 
hold everything together and isolate 
the inside part and the open air. The 
contact lens holder is used to clean 
and store the lenses. It includes a 
detachable board, a vibrating motor, 
two independent lens cases with 
holes, and a steering engine with a 
board. Another important part is the 
liquid dispenser. It is used to squeeze 
the liquid in the bottle. It includes a 
motor and a string connected to a 
stick. Finally, the Arduino board is 
attached behind our device thus away 
from liquid. 
 
In the test, we tested the feasibility, 
reliability, harmlessness to the lenses, 
and effect of cleanliness of our 
product. First, we ran this machine to 
see whether it could change and 
clean the care solution automatically. 
Second, we turned this product 
upside down to see if the waste 
solution will leak outside and also to 
ensure that it will five times in five    
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Fig. 1 CAD drawing of our design. 



Executive Summary 
Our project is a do-it-yourself smart 
lock that enables users to open the 
dormitory doors with any personal 
RFID card. In addition, our smart lock 
can separate masters and guests, 
which means it can control the time 
guests are allowed to enter the room. 
 
The reason why our team chose to 
design a smart lock is that students 
usually forget to take the key with 
them when they leave the dormitory. 
Students feel anxious and 
embarrassed when they are locked 
out of the dormitory returning from a 
shower. To solve this problem, our 
team decided to make a smart lock by 
ourselves. 
 
We set four criteria for our design. 
First, our design should provide an 
alternative way to open the door. 
Second, we thought our design 
should allow personal RFID cards to 
be registered, such as our own 
student ID cards or showering card. In 
addition, our design should identify 
the room residents and guests. Last, 
since our design is designed for our 
dormitory doors, it should be 
removed easily without damaging the 
door. 
 
The whole system of our design can 
be generally divided into three parts: 
input, output, and power system. The 
input part, including a keypad, a RFID 
reader, and a real time clock, allows 
users to add or delete guests and set 
passwords. (See Figs 1 and 2.) The 
output part includes a solenoid valve 
and a relay, which are used to open 
the door. The power system includes 
 
 

two kinds of power source: one was 
the battery, which served as a backup 
supply in case of sudden loss of 
power, and the other was the direct 
current supply.
 
We conducted four tests for our 
design to evaluate functionality, 
power dissipation, robustness, and 
reading range. To test the 
functionality, we succeeded every 
time while registering 40 cards, 
setting half as users and the other 
half as guests. Our device also 
performed well in deleting users, 
opening the door from inside, and 
limiting the entering time for guests. 
Then we tested the power dissipation, 
which was about 1 W when our 
device was at rest and turned into 10 
W during the process of opening the 
door. Therefore, the energy 
dissipation of our design was low. To 
test the robustness, we used the card 
to open the door for 50 times, and 
each time the device worked normally. 
We also tested our reading range by 
putting the card close to the device. 
We did it for 50 times, and the 
reading range varied from 5.3 cm to 
5.5 cm; thus, we concluded that the 
maximum distance the card was able 
to work was about 5.4 cm away from 
the reader.  
 
To improve our design, we have 
several recommendations. We 
recommend that later groups may 
reduce the cost and the volume of 
our design, add more functions, and 
improve the appearance. In 
conclusion, our design can bring a lot 
of convenience to our users. 
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Fig. 2 Detail of what’s inside of the 
control box. 

Fig. 1 Side view of our design as 
mounted on a door. The control box 
is mounted on the door. 



Executive Summary 
Many tasks in our daily lives involve a 
large amount of papers to deal with, 
especially in schools and print shops 
People end up wasting much time 
separating papers manually. Although 
there are some existing devices such 
as collating machines capable of 
separating papers automatically, they 
are subjected to some shortcomings 
including being too large to be 
applied in schools and print shops. In 
order to address the issue of dealing 
with papers, our team built an 
automatic paper separator.
 
In order to be a successful design, our 
device has to meet two fundamental 
criteria—functionality and accuracy, 
that is our device should be able to 
separate over 100 sheets of paper 
automatically and keep the error 
index within 5%. Furthermore, for the 
purpose of improving our device, we 
added three more criteria—
robustness, user-friendliness, and 
buildability, which means working 
under different light and voltage 
conditions, notifying users when an 
error occurs, and being buildable by 
hobbyists, respectively.  
Taking these criteria into 
consideration, our team constructed 
an automatic paper separator. Our 
device consists of three subsystems—
paper feeding system, rotating system, 
and central controlling system. The 
feeding system is able to feed one 
piece of paper one time into the 
rotating system. Meanwhile, the 
rotating system rotates the paper tray 
90 degrees each time when the 
papers reach the expected number 
for one portion. Because every layer 
of papers overlaps with neighboring 
layers by 90 degrees, the users can 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
inform users of the error when 
papers get stuck. Finally, hobbyists 
can build our device by following the 
manual provided by us.  
 
Based on the results above, we 
conclude that our design satisfies all 
the criteria we set. It is capable of 
separating papers automatically and 
accurately in different conditions and 
we made some improvements to 
make it more robust and user-friendly. 
People are able to use our device to 
separate papers automatically instead 
of wasting time to separate them 
manually. It can be applied in schools 
and print shops widely.  
 
Recommendations are provided for 
those who are interested in our 
design and are willing to work further 
on it. The low-cost SCM and plastic 
may be used instead of plexiglass and 
the Arduino board, respectively to 
lower the cost. Additionally, we 
recommend that future teams can 
reduce the noise and volume of our 
device. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
take the separated paper instantly. 
Additionally, the two systems above 
are controlled by the central 
controlling system consisting of an 
Arduino board, light sensors, and 
drive board.   
 
We tested our design for each 
criterion after construction. The 
results showed that our device meets 
all the criteria—functionality, 
accuracy, robustness, user-
friendliness, and buildability. First of 
all, our device is capable of separating 
132 sheets of paper automatically at 
one time. Secondly, the maximum of 
error index was 4.83 when the 
number of papers reached 200. 
Thirdly, it works under different light 
and voltage conditions. Fourthly, the 
error alarming system is able to 
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Fig. 1 Our prototype. 

Fig. 2 CAD drawing of final design. 



Executive Summary 
For outdoor painting, painters often 
have to carry a portfolio as well as an 
easel. However, it is inconvenient and 
tiresome to carry them both at the 
same time due to the size, structure, 
and weight of the easel. Besides, 
painters may easily feel tired if they 
keep holding the portfolio with their 
hands for a long time during painting. 
Therefore, our team designed a self-
standing sketching portfolio to solve 
these problems. 
 
Based on the survey we conducted 
among our target users, we set up the 
following five criteria. First, our 
design should be a portfolio serving 
like an easel whose height and angle 
is adjustable for a better sketching 
posture when the painters are seated. 
Moreover, the weight of our design 
should be less than the sum of the 
weight of an easel and a portfolio for 
portability. In addition, our design 
should be robust enough to be 
waterproof and withstand the 
unexpected external force. 
Furthermore, our design should be 
durable. Lastly, our design should be 
affordable and the price of it should 
be lower than the total price of an 
easel and a portfolio. 
 
Our design is a portfolio with two 
retractable bars and one middle leg 
fixed and hidden inside it. (See Figs 1 
and 2.) The two retractable bars are 
on each side of the middle leg. The 
length of the retractable bars and the 
middle leg can be adjusted to form a 

tripodal structure to ensure stability. 
Painters can use our portfolio as a 
normal one by holding it, or if they 
feel tired from holding the portfolio, 
they can use the middle leg for 
supporting, with the portfolio placed 
on their laps. Finally, if they still feel 
that the portfolio is too heavy, they 
can just have it stand on the ground 
by itself, with it acting like an easel. 
 
We did several tests to evaluate the 
prototype of our design. First, we 
asked several artists to draw on the 
prototype. According to their 
feedback, our design successfully 
made painting more relaxing and 
pleasing because of its convenience 
and wide adjustment range for height 
from 55 cm to 118 cm and for angle 
from 4° to 35°. In addition, we 
measured the weight of our 
prototype. It was 2.25 kg, far less than 
3.6 kg, the estimated total weight of 
an easel and a portfolio. In the end, 
we did the cost analysis for our 
design. The analysis revealed that the 
bulk material cost of our design is 
about 5 CNY. The estimated consumer 
price of it, by a factor of ten, is 50 
CNY, which is much lower than 80 
CNY, the total price of an easel and a 
portfolio. 
 
Hence, our design fulfilled the criteria 
we established. It is of great help to 
the painters. It can free their hands 
when they are painting. Besides, it 
can be competitive in the market and 
affordable for the users due to its low 
cost. 
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Fig. 2 Prototype with legs folded. 

Fig. 1 Our prototype.



 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
sensitivity still needs further 
improvement. A survey was also 
carried out on user-friendliness. Over 
80 percent of the interviewees 
thought our design was easy to play.  
 
From the tests and analysis, we 
conclude that our design fulfills four 
of the five criteria. The drum set we 
designed can smoothly and accurately 
play single sounds when the 
photosensors are blocked but still has 
some problems in its sensitivity.  
 
Our design has great potential to be 
further developed. The MP3 board 
can be replaced by other boards to 
minimize the delay. In addition, more 
sensors can be used to control the 
volume and the length of the sounds. 
Another recommendation is to 
combine our drum with games such 
as Taiko Drum Master. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We conducted four tests for our 
prototype. We reduced the weight of 
our drum set to about 1.7 kg, which is 
much lighter than a usual drum set, 
by using wood board to build the 
mechanical structure. We also did a 
test on accuracy by examining 
whether the drum could give out the 
sounds which it is supposed to play. 
We tried our best to minimize the 
delay of the circuit to 120 ms, but the  

Executive Summary 
For those who love music, the drum is 
an essential and important 
instrument. However, the most 
commonly used drum set is too heavy 
to carry around. Also, people are 
interested in new ways of playing 
music. Therefore, we planned to 
concentrate most sounds of a drum 
set into a single drum. We also 
investigated other drum synthesizers 
including the applications on Android, 
Mac, Windows, and some keyboards. 
Our design will better provide people 
with the sense of live play as well as 
the advantage of a lighter weight. 
   
We set five criteria for our design. 
First of all, our design should play 
sounds when photosensors are 
blocked. This is an essential way to 
distinguish our drum from the normal 
drum set. To play music smoothly, we 
should make sure that our design is 
sensitive to each tap and is very 
accurate. Our design is mainly for 
entertainment, so it should be easy to 
play. Comparing with the common 
drum set, our design should be easy 
to carry around. 
Here we introduce the principle of 
how our non-headed drum makes 
sounds through the circuit. Six 
sensors which are fixed on one side of 
our drum detect the lasers emitted by 
laser pointers fixed on the opposite 
side. After perceiving the change of 
voltage on the sensor, the Arduino 
board which is attached inside the 
drum converts the signals into 
commands. Then these commands 
are sent to the MP3 board which is 
connected with the Arduino board. In 
this way, the MP3 board reads MP3 
files saved in an SD card and gives out 
the sounds. (See Figs 1 and 2.) 
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Fig. 2 Our device when playing. 

Fig. 1 Our design overview. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
times and undergo a 10-minute 
washing in a washing machine for 10 
times. The results showed that our 
design does not leak and will not 
break under frequent washing in a 
washing machine. Thus, we 
concluded that our design meets 
most of the criteria we set.  
 
For future improvements, we 
recommend applying non-fading 
materials to prevent color fading, 
applying fast drying water absorbent 
material to shorten the drying time, 
and making the mouth of the cover 
bigger than the bottom for quick and 
easy use. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
always stay relatively dry. Although all 
the water absorbing layers have holes, 
our design does not leak due to the 
capillary action and the limited 
amount of water left on a folding 
umbrella.  
 
For evaluation on our design, we 
conducted a series of tests, which 
covered water leakage, water 
absorption, average covering time, 
and washing durability. The water 
absorption and average covering time 
tests were comparison tests in which 
we also evaluated an existing product. 
The results showed that compared to 
the existing product, our design 
improved by 200% in absorbing water, 
and nearly 40% in average covering 
time, in which 38 testers were 
involved. Our design was able to 
absorb 83% of the water and only 
required 22.3 seconds to cover the 
umbrella. (See Fig 2.) For the other 
two tests, we let our design absorb 
120 ml of water for twelve  

Executive Summary 
According to a survey we conducted, 
89% of people use folding umbrellas, 
compared to only 11% who use long 
umbrellas. Carrying a wet folding 
umbrella often brings problems, such 
as people not knowing where to place 
the wet umbrella appropriately. If 
they keep carrying the umbrella by 
hand, the drip tends to wet people’s 
clothes and pants, which can even 
make them feel embarrassed. To 
address these problems, our team 
designed a water absorbing cover for 
folding umbrellas. 
 
After conducting a survey online, we 
set up five criteria for our design to 
meet. Our design is expected to hold 
various wet folding umbrellas. It 
should not leak when holding the wet 
umbrella is put in. It is expected to 
absorb more than 70% of the water 
from a wet folding umbrella. It is 
supposed to be quick and easy to use 
such that the average time it takes to 
cover the umbrella and pull it out are 
within thirty seconds and five seconds, 
respectively. It should also have good 
washing durability so that it will not 
break under normal washing.  
 
Fig 1 shows the overview of our 
design. Our design is a waterproof 
cover which contains an inner water 
absorbing cover. The inner small 
cover holds the central part of the 
umbrella and absorbs most water left 
on a folding umbrella. The outer large 
cover folds over the inner small cover 
and wraps the rest of the umbrella. 
The inner layer of the outer cover 
absorbs the rest of the water 
remaining in the whole cover. The 
outer layer of the outer cover is made 
of waterproof oxford cloth and can  
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Fig. 1 Design overview. 

Fig. 2 Using our design to cover the 
umbrella. 



Executive Summary 
In our daily life, sometimes people 
may forget to kick up their bicycle 
kickstand. This could lead to terrible 
outcomes including traffic accident 
and abrasion to the kickstand. Our 
team wanted to solve this problem by 
inventing a bicycle kickstand that will 
rise up and fall down automatically 
when the bicycle moves or stops. 
 
Since people ride bicycles at different 
speeds, our kickstand should be 
functional under both high speed and 
low speed condition. To do so, our 
kickstand should be able to rise up 
and fall down automatically at 
different speeds. Our design should 
be able to be attached on different 
kinds of bicycles since many kinds of 
bicycles exist. Also, a normal person 
should be able to assemble our 
kickstand within two minutes based 
on our purpose of providing 
convenience. Considering that people 
often have to ride bicycle on rainy 
days, our kickstand should also be 
waterproof. 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
and make the motor and kickstand 
run in the opposite direction. 
 
We tested our design in low speed 
and found it worked well. (See Fig 2.) 
Even when users pushed their bicycle 
and walked very slowly, the kickstand 
still could rise or fall when moving or 
stopping. It shows that our kickstand 
can be used at different speeds. We 
also checked if our design can be used 
on different kinds of bicycles and 
found that our design fits them all. 
The average time we used was about 
two minutes, so it is easy to assemble. 
Finally, we tested for water resistance; 
we splashed water onto our device 
and found it met the IPX-4 level. So 
our design meets all criteria. 
 
We have several recommendations 
for improvement. To prevent misuse 
of our device, we will strengthen its 
robustness. Since it gets very hot 
during summer, we should make sure 
our design can work well in high 
temperature. We may also reduce the 
time for rising and falling to provide 
more convenience to the users. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Our design will be assembled on the 
bicycle by four parts. (See Fig 1.) 
When the bicycle moves, a sensor will 
send a signal to an Arduino board for 
each time a blocker passes the sensor. 
Then the Arduino board will deal with 
this signal and switch on the relay to 
control the motor and kickstand to 
run for a certain time. When the 
bicycle stops, another signal will be 
sent from the sensor  pp

Fig. 1 Design overview. 

Fig. 2 Low-speed test. 
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Executive Summary 
Shanghai is a southern city in China, 
and it rains a lot there. For example, 
there is a period between June and 
July called “Mei Yu,” during which 
there are many rainy days. On these 
rainy days, SJTU students often need 
to hang their wet clothes in their 
dormitories. However, the space in a 
dorm room is often limited and 
therefore students may find it difficult 
to hang their clothes indoors. 
Therefore, our team decided to 
design an indoor clothes hanger to 
help students solve the problem of 
hanging clothes indoor. 
  
We determined that our design 
should be able to hang clothes and 
can work in all SJTU dormitories. Also, 
the design should be affordable to 
students and can stand enough 
weight. In addition, it should not take 
too much room so that each person 
in the dormitory can use one at the 
same time. Finally, the design should 
resist corrosion. 
  
According to our criteria, we designed 
our indoor clothes hanger. It can be 
used by being fixed on the bed post in 
a dormitory room (Fig. 1). When users 
want to use the device, they can 
connect the wire and the hook on the 
device to make the horizontal rod 
stable, adjust the length of the rod, 
push it to the direction the users like, 
and then hang the clothes on (Fig. 2). 
The device is made of aluminum to 
make it strong and light enough.  
After making the prototype, we 
conducted six tests to evaluate our 
design based on our criteria. We 
measured the maximum number of 
clothes that can be hung on the 
hanger without interfering with the  

shirts and it can bear 11.6 kg. We  
then did a space evaluation test  to 
make sure all the people in the dorm 
can use our designs at the same time 
and to ensure the design can be used 
in all the dormitories at SJTU. We also 
evaluated whether the materials we 
used would resist corrosion. We then 
calculated the bulk material cost  and 
found it would be below 2 RMB. 
Finally, we evaluated the safety of our 
design.  
 
Although our design satisfies most of 
our criteria, it still needs to be 
improved. First, we recommend 
improving safety since our design is 
made of steel and therefore users 
may get hurt. Second, we suggest 
adding a device that can prevent 
water from dripping onto the floor, so 
that the problem that the floor will 
get slippery and dirty due to the 
water from the wet clothes can be 
solved.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
drying speed and the maximum 
weight it can stand. It turns out that 
our hanger can hold at most 4 to 6 T- 
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Fig. 1 Clothes hanger on the bed post. 

Fig. 2 Clothes hanger when in use.  



 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
photos of the soccer balls that were  
washed by our design had 
significantly more concentrated color 
gradations than those that were 
hand-washed. This means our design 
did a better job in washing the soccer 
ball. 
 
For further improvement, we provide 
four recommendations. To start up, a 
flexible way of controlling the water 
flow can help reduce the resistance of 
the ball’s rotation. In addition, the 
handle should be well stored when it 
is not in use. Also, the sponges can be 
made embedded into the framework. 
Lastly, it will be better if the cleaning 
system can wash both soccer balls 
and basketballs.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

carried out tests on it. The test on 
functionality proved that the design 
reached our expectation for cleaning 
soccer balls. We used Photoshop to 
analyze the color gradation to 
determine the cleanness of a soccer 
ball (Fig 3). The result was that all  

Fig. 2 Our prototype. 

Fig. 3 Comparison of color gradation 
between hand-washing and using 
our design. 

Fig. 1 Design overview. 

Executive Summary 
Many students on campus often play 
soccer. However, according to our 
online survey, 80 percent of students 
wash the soccer ball once every half 
year. The fact is that if they try to 
wash the ball by hands, their hands 
may get dirty. In order to address this 
problem, our team designed a 
cleaning system for soccer balls. 
 
To ensure the effectiveness of our 
design, we set five criteria. First, in 
the same period of time, our design 
should be able to wash more mud off 
the ball than washing the ball by 
hands. Second, it should be easy for a 
college student with normal strength 
to use. In addition, it should not 
cause damage to the soccer ball. 
What’s more, the design should use 
less water than hand washing. Last, it 
should be affordable so that our 
target clients can accept its price. 
 
Our design is a framework containing 
the washing system and the inlet and 
outlet system for water (Fig 1). The 
handle, the sponges, and the 
reservoir compose the washing 
system. The handle directly passes 
through the center of the cap of the 
framework to provide motion. The 
sponges are fixed on the inner surface 
of the framework. The reservoir with 
a tray is located at the bottom of the 
framework. Water comes in and out 
of the design through two water 
pipes. Users only need to push down 
the handle, and the ball will rotate 
and the sponges will clean it. In order 
to take advantage of the drainage 
system, we suggest that students use 
it in the laundry rooms or in the tanks 
for washing mop.  
We built a prototype (Fig 2) and  
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Executive Summary 
In most Chinese households, people 
often need to replace light bulbs that 
have burnt out; however, this is often 
a rather troublesome and even 
dangerous task. Our team designed 
the Automatic Light Bulb Changer to 
deal with this problem, help people 
who do not want to be bothered by 
the trouble of replacing light bulbs, 
and reduce the risk associated with 
this task.  
 
We set five criteria for our design. As 
a light bulb changer, our design 
should at least be able to replace light 
bulbs commonly used in Chinese 
households. Additionally, our design 
should be able to survive accidental 
drops. Our design should ensure the 
full installation or removal of a light 
bulb without breaking the light bulb 
or allowing the user to contact lethal 
voltages. Moreover, our design should 
replace common light bulbs within 10 
seconds. Finally, to remain 
competitive, our design should have a 
price lower than similar products in 
the market, which on average cost 
100 CNY. 
 
Our design is constructed from a 
retractable pole, a gearbox motor, 
and a circuit. (See Fig 1.) When using 
our device, the user needs to only 
press the button at the bottom of our 
device. This will trigger the 
microcontroller on the circuit to run a 
program that automatically controls 
the motor, and via a light bulb clip, 
turns the light bulb. The program is 
able to determine when the motor 
should stop or reverse in order to  
prevent light bulbs from breaking or 
falling, ensuring the safety of the  
 
 
 
 
 

bulbs and do so within 10 seconds. 
(See Fig 2.) Our design survived falling 
from the height of 1.6 meters over 20 
times, and continued to function 
without problems. We further found 
that our design will finish turning the 
light bulb and notify the user only 
when the light bulb has been fully 
installed or fully removed. We looked 
up bulk prices of materials used in our 
design, and concluded that it would 
cost 3.59 CNY to mass produce, 
allowing for an estimated consumer 
price of 40 CNY. These tests and 
research showed that our design 
fulfills our design criteria. 
 
Although our design has been largely 
successful, we have several 
recommendations for future 
improvements. Since the 
microcontroller we used is still not 
fully utilized, we recommend that its 
features, like power saving modes, 
should be better used, and the 
algorithm used in its program 
improved. Moreover, the selection of 
materials used can be refined to 
further reduce the costs, which will 
reduce the price of our design and 
increase its competitiveness on the 
market. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
user. Our design also provides visual 
and audio indication to the user when 
light bulbs are fully installed or 
removed. 
 
In order to validate whether our 
design satisfies our criteria, we 
constructed several prototypes and 
tested them, and calculated their bulk 
material cost. We tested the 
functionality, robustness, efficiency, 
and safety of our design, and found  
that our design can successfully 
replace several different kinds of light  
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Fig. 1 Design overview. 

Fig. 2 Various fixtures to use with our  
design.  



 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
multiple pages back and forth 
smoothly. 
 
We have three recommendations for 
improvement. Adding a sensor to the 
present device can greatly improve 
the success rate of the turning. 
Moreover, smaller clips and 
electromagnets could improve the 
stability of the turning. To be more 
economical, substituting some 
cheaper material for wood can be 
also considered. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
turn over single A4 papers without 
slipping or dropping. We invited a 
pianist, a violinist, and a saxophonist 
to perform with our design, and it 
worked well in all situations. Test 
results for functionality showed that a 
small deviation of the starting point, 
which now is adjusted by the user 
himself at the beginning, can lead to 
a failure in multiple-page turning due 
to error accumulations. Once the 
starting point is corrected, however, 
our design can succeed in turning  

Fig. 1 Design overview. 

Executive Summary 
Musical instrument players, with both 
hands occupied, have been long 
bothered by the problem of turning 
scores during a performance. 
However, the music score turners on 
the market cannot perfectly play the 
auxiliary role. With the rapidly 
growing number of musical 
instrument players worldwide, an 
effective helper to turn over music 
scores automatically is urgently 
needed. To meet the increasing needs 
and help musical instrument players 
better focus on and enjoy their 
performances, we designed an 
automatic music stand. 
 
We established the following criteria: 
Our design should be controlled by 
foot; it should be able to turn 
multiple pages, back and forth. 
Besides, it can be applied to both 
separate pages and music scores of 
different sizes; it should work well 
with users playing various musical 
instruments, indoors and outdoors. 
 
Fig 1 shows the overview of our 
design. The wooden board on the top 
with an adjustable platform is used to 
hold the music scores. The turning 
machinery on it is triggered by the 
corresponding foot switch installed 
on the wooden box at the bottom 
with a controlling circuit inside. The 
electromagnet is powered at the 
same time. The servo turns the page 
while the clip attached to the page in 
advance is stuck to the electromagnet. 
After a while, circuit cuts off the 
electromagnet and releases the page.  
 
Test results showed high universality 
of our design. It can be adjusted 
easily to fit different books; it could  
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Executive Summary 
With more demand for reading, the 
number of individuals who are near-
sighted are increasing sharply. Many 
of them wear both frame glasses and 
contact lenses, thus having to carry 
two cases with them all the time, 
which is highly inconvenient. 
Moreover, the space in the normal 
glasses case is not used to full extent.  
  
To find out whether our idea to 
combine the two types of glasses 
cases is practical, we conducted a 
survey on the Internet. It turned out 
that 148 out of the 178 people 
thought it is inconvenient to take 
both cases for frame glasses and 
contact lenses. So our product will 
bring convenience to users and have a 
good market.  
  
To make our design function well, this 
case should be able to contain the 
frame glasses and contact lenses at 
the same time. It should fit all the 
reading glasses in the market. 
Moreover, to protect the glasses, it 
should not break when dropped on 
the floor. The friction inside the case 
should not harm the lenses. In 
addition, to have a good market, the 
price should be no more than 20 
RMB. And the size of our case should 
not be bigger than the average size of 
the normal cases. 
  
Fig 1 shows the overview of our 
design. When users open the upper 
lid, they can put the contact lenses 
case and tools into the smaller sub-
case. When users turn the case over 
and open the lower lid, there is a 
bigger sub-case and the frame glasses 
can be put in. To bring convenience to 
users, the size of our design is almost 
the same as the normal case.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As Fig 2 shows, the area of the base 
and the height of our case are both 
very close to the normal case. 
  
Our team tested the variety of glasses 
that can fit the case. On the market, 
there are mainly three kinds of 
reading glasses according to frame 
type: full frame, half frame, and no 
frame. There are two kinds of reading 
glasses according to lens shape: 
square glasses and round glasses. We 
went to the glasses store and 
borrowed one pair of glasses for each 
type mentioned above and tested 
whether it would fit into our case. It 
turned out that they all fit well. 
Therefore, our design satisfies the 
criterion of functionality in terms of 
variety of glasses.
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Fig. 2 Comparison with existing case. 

Fig. 1 Overview of our prototype. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cellphone battery in 20 minutes by 
increasing the remaining-battery 
display of the cellphone battery meter. 
Therefore, our design fulfills the 
functionality criterion in terms of 
being able to charge the motorcycle 
battery and the cell phone battery.  
 
To improve our design, we 
recommend future teams to build a 
circuit which yields more stable and 
suitable electricity for charging the 
cellphone battery directly. The other 
recommendation is for M-Heal; they 
may as well choose the motorcycle 
battery, instead of the cellphone 
battery, to power their surgical lamp. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
like Uganda. The bicycle and circuit 
components also adopt accessible 
materials. 
 
According to our test, our design 
increases output power to 53.8 W, 
more than 100 times of the maximum 
power produced by the two previous 
designs. (See Fig 2.) Test results also 
show that our design can charge the 
motorcycle battery and the cellphone 
battery. As shown in Fig 3, the 
unloaded voltage of the motorcycle 
battery increased from 5.80 V to 6.48 
V after 13 minutes of charging. 
Moreover, the motorcycle battery 
also succeeded in charging the 

Executive Summary 
In developing countries, frequent 
blackouts lead to patients’ deaths on 
operation tables in hospitals. To 
tackle this problem, we collaborated 
with M-Heal, a student organization 
from the University of Michigan, 
which aims to improve healthcare 
quality in underdeveloped 
communities. M-Heal devised a 
surgical lamp powered by cellphone 
batteries. This lamp needs an 
independent charger in case of power 
outages. However, existing chargers 
on the market are unsustainable in 
developing countries, and two 
previous designs from 
VG100/ENGR100 failed to output 
enough power. Therefore, to meet M-
Heal’s need, we worked on a 
redesigned cycling power generator. 
 
M-Heal set a bottom line that our 
design should be able to charge two 
batteries in 20 minutes. Besides, it 
should use local materials in 
developing countries so as to be 
available and sustainable. We also 
added a necessary criterion; our 
design should be easy to operate so 
that a cyclist with common strength 
can pedal with it for 20 minutes. 
 
Fig 1 provides an overview of our 
design. When a cyclist pedals, the 
kickstand holds the bicycle stationary 
and the rear wheel drives a generator. 
Then, the generator produces 
electricity to charge the motorcycle 
battery. The electricity stored in the 
motorcycle battery will be used to 
charge the cellphone battery through 
an adaptor circuit. To be sustainable, 
our design recycles a generator and a 
6V lead-acid battery from 
automobiles and motorcycles, which 
are available in target countries 
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Fig. 1 Design overview. 

Fig. 3 Unloaded voltage of the 
lead-acid battery. 

Fig. 2 Comparison of output power 
capacity.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To improve our design, the following 
four recommendations are made. For 
the function, we suggest that the 
keyboard should yield more specific 
symbols to stay up to date. The 
keyboard should apply to more 
platforms so that it can be used more 
widely. Also, we recommend using 
other materials for the cover to make 
it more comfortable to use. 
Furthermore, the emoticons should 
be sorted in order to make the 
keyboard much easier to master. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
environment, and then click the 
corresponding button according to 
the interface on the screen. Then the 
emoticons will be shown in the 
textbox, just as illustrated in one of 
the pictures. Our emoticon keyboard 
was constructed using an Arduino 
Mega, a shield board, a matrix 
keyboard, and materials for the cover. 
(See Fig 2.) 
 
To test the input time of our 
emoticon keyboard, we randomly 
selected 57 students and asked them 
to input four identical emoticons in 
two ways – the traditional way and 
the novel way using our keyboard. 
The results showed that comparing 
with the traditional way of inputting, 
our keyboard saves about 66% of 
time on average. It proved that our 
keyboard satisfies the requirement of 
user-friendliness with respect to input 
time. 

Fig. 2 Prototype of our design. 

Fig. 1 A GUI appears on a computer’s screen when our keyboard is used.   

Executive Summary 
Social Networking Services, such as 
Facebook, QQ, and Renren, enjoy 
great success. One byproduct of the 
popularity of these services is an 
increased use of emoticons. The term 
emoticon comes from the phrase 
“emotion icon” and is comprised of 
several symbols to convey an 
emotion, such as a smiley face :). 
However, the emoticons cannot be 
used flexibly since users are confined 
to existing emoticons without 
customization. Besides, users cannot 
quickly input a list of emoticons due 
to typing speed limit. Thus, our team 
was inspired to design an emoticon 
keyboard for user’s convenience so 
that emoticons can be typed in simply 
and quickly. 
 
As a User Input Device (UID), our 
design is required to be both 
functional and user-friendly. To 
achieve this, our design should allow 
for quick and easy generation of 
emoticons during execution of an 
application. It should also apply to 
different social networking platforms, 
such as Renren, QQ, and Facebook. To 
meet users’ needs, time for inputting 
emoticons should be shortened 
compared with the traditional way of 
inputting. To make it more user-
friendly, mastering the keyboard 
should be easy and require no special 
skills. 
 
Fig 1 shows the overview of our 
design. After connecting our 
emoticon keyboard to the computer 
via the USB port, the Graphic User 
Interface (GUI) will appear on the 
computer screen. To execute the 
application of our emoticon 
keyboard, users just need to switch 
the interface based on the current 
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There are some recommendations to 
improve our design. Since most 
farmers in China have low income, 
the constructing cost should be 
reduced. Besides, a device can be 
added to adjust the height of handle 
to suit people of different height. 
Moreover, solutions should be found 
to make the trolley be more 
functional on muddy path.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We conducted four tests to evaluate 
our design. The maximum weight that 
our prototype can support is 100 kg. 
We also tested that the wheels and 
frames could resist the erosion of the 
fertilizer. Moreover, we tested the 
maximum incline that our braking 
system could work is 20 degrees. A 
survey was conducted to find that our 
trolley can provide people with a 
comfortable seat.  

Fig. 1 Our trolley design prototype in a field. 

Fig. 2 Details of our trolley. 

Executive Summary 
In China, farmers have to carry 
farming goods and tools by hand, by 
shoulder or on the neck into the field 
when they plant rice in the paddy 
field. It may cause injuries to them, as 
more than 15-kg fertilizer should be 
used each time and 2 to 5 times per 
month. There are other existing 
trolleys on the market; however, their 
wheel distance is too wide compared 
to the actual width of the field road. 
To address this problem, we designed 
a field road trolley to relieve the 
heavy workload of Chinese farmers.  
 
We set five criteria that our design 
should satisfy. To achieve the basic 
functionality, our design should be 
able to move on common types of 
field roads that vary from 350 to 450 
mm in width. Our design should also 
be able to support at least 100 kg of 
goods. Moreover, our design should 
not interfere with the normal growth 
of rice. As a Greater Good project, the 
materials of our design should be 
sustainable to farmers.  
 
To fulfill the criteria we have 
established, we constructed a trolley 
that can move on the field roads. (See 
Fig 1.) Farmers can put the goods and 
tools on the trolley and push the 
trolley into the field. A bar connecting 
two wheels enables the two front 
wheels to move in the same 
direction, and a braking device 
attached to the wheels enables the 
trolley to stop on possible slopes in 
the field. Moreover, a seat is attached 
to the frame so that the trolley can 
also serve as a resting seat or a 
wheelchair. (See Fig 2.) 
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Executive Summary 
The sanitation conditions in some 
small restaurants in developing 
countries are worrying. After meals, 
the tables are often left with piles of 
food waste, which is quite hard to be 
cleaned thoroughly and therefore 
breeds numerous bacteria and germs 
on the table surface. To improve the 
sanitation conditions and to attract 
more customers, many small 
restaurants are using disposable 
tablecloths. But disposable 
tablecloths are unable to cling stably 
to the tables, especially on windy 
days. Moreover, it takes the waiters 
too much time and effort to replace 
the tablecloth after each meal. In 
order to solve these two problems, 
our team designed a tablecloth tack.   
 
Based on the expected functionality, 
our design should be able to fix 
tablecloths stably on a table. Also, it 
should reduce time for replacing 
tablecloths. Since the users may rip 
off the tablecloths, our design should 
function well when used brutally. To 
provide a good using experience, the 
tablecloth tack should never interfere 
with eating or pose potential danger 
to the users. In order to broaden our 
market, our design should fit various 
kinds of tables. It should also be easy 
to install and be removed from the 
table. Moreover, it should be 
affordable to small restaurant 
owners.    
 
Our design is a fast system for 
restaurants that use disposable 
tablecloths. (See Figs 1 and 2.) The 
four tacks, which are installed 
beneath each table corner, function 
together to hold multiple layers of 
tablecloths. After each meal, users 
simply need to rip off the top layer of 
 
 
 

 
 
 
 
 
 
 
 
 
 

• The tack system functions normally 
even when users rip off the 
tablecloths.  

• The tablecloths can withstand wind 
when fixed by our tablecloth tacks. 

• The tack system remarkably speeds 
up the displacement time of 
tablecloths. 

 
When we were testing in a restaurant, 
we unexpectedly found a flaw in our 
design. If users unintentionally tear 
holes in the top layer of the 
tablecloths, the tablecloths 
underneath can be stained badly with 
oil and soup. We suggest that future 
teams who are interested in our 
project first consider this problem.  

 
 
 
 
 
 
 
 
 
 
the tablecloths to retrieve a clean 
table. 
 
We evaluated the highlights of our 
prototype (see Fig 3) and conducted 
several tests. The first highlight is the 
semi-spherical shell of the tack, which 
will protect users from being 
scratched or hurt. The second 
highlight is the use of removable 
adhesive tape, which can stably fix 
our tacks onto the table and make 
them removable. The last highlight is 
the cheap materials we used, which 
make our design quite affordable. The 
tests showed that: 
• The tablecloth tack can withstand 

daily hit and stretch. 
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Fig. 1 Design concept. 
Fig. 3 Parts of a Table Tack. 

Fig. 2 Taking one tablecloth off. 



 
 
 

 
 
 
 

 
 
 
 

 
 
 
result was that our prototype worked 
well with them. 
 
In conclusion, our design met our 
criteria. The prototype can give 
exactly two chopsticks every time. It is 
easy to clean the device since the 
inner box can be easily separated. It is 
sealed so that chopsticks in it will not 
be polluted by the dust in the air or 
by others’ hands. Also, the design and 
the chopsticks inside do not go moldy 
with water in it for a short period of 
time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We made our prototype (Fig 2) and 
carried out three tests. We tested 
whether it could work well, and it 
turned out that 566 of 600 trails were 
successful. Then we tested whether it 
would go moldy. After the chopsticks 
dispenser was sealed for two days, 
several drops of water remained in 
the outer box, but the chopsticks did 
not go moldy. In addition, we tested 
whether it could be used with 
different kinds of chopsticks. Two 
completely different types of 
chopsticks were used. The 

Fig. 1 Design overview. 

Executive Summary 
We observed several problems of 
current chopsticks containers in 
cafeterias. It is not efficient for people 
to collect a pair of chopsticks. 
Because the chopsticks are open to 
the air, people can touch them with 
their dirty hands. Our online survey 
also indicated that most people are 
eager to have a more convenient and 
more sanitary way to collect 
chopsticks. Nevertheless, no product 
or patent which is proper to be used 
in small restaurants or cafeteria was 
found. In order to solve this problem, 
our team designed an improved 
chopsticks dispenser particularly for 
small restaurants and cafeterias. 
 
We established five criteria for the 
design. Our design should give one 
pair of chopsticks every time and 
should also be effective to deliver 
chopsticks. To make the chopsticks 
dispenser sanitary, it should be easy 
for workers of cafeterias to clean it. 
Our design should also be sealed to 
prevent dust and should have 
desiccant to eliminate dampness. In 
addition, the chopsticks dispenser 
should be durable so that it could be 
used for many times.  
 
Fig 1 shows the overview of our 
design. The outer box holds the other 
two parts as a container. Chopsticks 
are placed in the inner box which is 
separated from the outer box. Two 
grooves were designed at the bottom 
of the inner box, through which two 
chopsticks will fall down. Two 
corresponding grooves on the 
rotation part will hold a pair of 
chopsticks. When a user presses the 
button beside the cover, the axis will 
rotate the cylinder and a pair of 
chopsticks will fall out.  
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Fig. 2 Our prototype. 



Executive Summary 
Plastic brooms, which are widely used 
by housekeepers, catch a lot of hair 
from people and sometimes pets 
after being used to clean the floor. 
Cleaning the dirty hair off the broom 
by hands is a very troublesome, even 
unpleasant experience. To help 
housekeepers clean the hair off the 
broom in a clean and efficient way, 
our team designed a pedal-driven 
broom cleaner. 
  
As a broom cleaner, the design should 
chiefly clean hair from the broom 
efficiently and collect them into a 
special collector. Next, the design 
should enable the users to learn it 
quickly and finish using it within few 
steps. Moreover, all the sharp corners 
and nails in the external surface 
should be cut or hidden so that it will 
not hurt the users. Furthermore, it 
should not contaminate the 
surroundings when cleaning the 
broom. 
  
Our design offers a clean and easy 
way to clean the hair attached to the 
broom. Figure 1 shows the overview 
of our design. When the user inserts a 
broom in and treads on the pedal, the 
nail brush which is connected to the 
pedal will be pulled such that the 
teeth will be closed and plug into the 
broom. After the broom is extracted 
out, the hair will remain in the box 
and be brushed down into the 
drawer.  
 
For our design, our team has done 
three different tests. In the efficiency 
test, our team considered two 
different situations, 100 and 500 hair. 
We invited 30 persons to use our 
prototype and they cleaned the  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the broom and the drawer, which 
were 6 and 13s on average (Fig. 2). 
Due to these test results, our 
prototype performed well and met 
the criteria we set before. 
 
In conclusion, our design is safe for 
the housekeepers to clean the broom, 
is reliable for long-time use, and is 
easy for first-time users to use.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
brooms by stepping on the pedal one 
or two times. In the reliability test, we 
stepped on the pedal constantly for 
10 minutes, and after testing 10  
times, we found that the string did 
not lose the connection with the 
pulley. It indicates that our design is  
reliable enough. As for the user-
friendliness test, we collected the 
data of the time that people cleaned 
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Fig. 1 Prototype of broom cleaner. 

Fig. 2 Time it took for users to clean the broom and drawer.  



Executive Summary 
Students living on campus often leave 
their washed clothes hanging out for 
days. As a result, the clothes get dirty 
or wet again during the drying 
process. So as to solve this problem 
and avoid a duplication of labor, our 
team have designed a unique clothes 
hanger, which will text its user when 
clothes are dry.
 
We have established four criteria for 
our design. Basically, it should notify 
its user when the humidity difference 
between the air and the clothes is 
detected to be zero. Secondly, it 
should implement its functionality 
without hurting the user or damaging 
the clothes. Then it should be able to 
work with shirts or pants of different 
fabrics. It should also be able to work 
after falling from a height of two 
meters. Furthermore, it should still 
work as expected even on windy and 
rainy days. 
 
The overall design is a circular clothes 
hanger with a circuit box screwed 
over it, as shown in Fig 1. With one 
sensor keeping in touch with the 
surrounding air and the other inside 
the clothes, our design will be able to 
tell the humidity difference between 
them. Whenever it perceives that the 
difference is approaching zero, it will 
send a text message to remind its 
user to pick up the clothes. All the 
progresses will happen in an 
automatic way once the user presses 
the switch button. 
 
We have done a series of tests to 
evaluate our design. We first carried 
out the functionality test to check 
whether our design could detect 
humidity and text its user on time.  
 
 
 
 

user as expected when the air 
humidity was high on rainy days. 
Nonetheless, we still regard our 
design to be useful and helpful for its 
unique time and effort saving 
functionality. 
 
To further improve our design, we 
suggest adding a displayer to visualize 
the humidity change, adding more 
sensors to bear more clothes, 
adapting it to more kinds of clothes, 
and doing more research on air 
humidity to ensure it can work on 
rainy days. 

Then we chose clothes made of 
cotton, wool, polyester fiber, and 
denim to check whether our design 
could work as expected. Later we 
verified that whether our design 
could still work well after falling from 
a height of two meters. Moreover, we 
simulated heavy wind and rain, each 
lasting one minute, to check whether 
our design is robust enough to work 
on windy and rainy days. 
 
The test results turned out to be 
satisfying, except for the last one. 
Although our design performed well 
in resisting water, it failed to text its 
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Fig. 1 Our prototype. 



Executive Summary 
When people are outdoors in 
summer, it is fairly hot for them as 
there are no fans or air-conditioning. 
Especially when people are watching 
a ball game or attending a ceremony 
along with many people around, they 
will suffer a lot from the high 
temperature. According to our 
investigation, most people have 
encountered this 
problem.  Therefore, our team 
designed a cooling system in clothes 
which can make people cool when 
they are outdoors in summer.
  
We set several criteria for our design. 
In order to improve the condition 
constantly and effectively, our design 
should work steadily for at least three 
hours. In addition, since our design 
has an automatic mode, the thermal 
sensor is required to measure the 
temperature 
accurately.  Furthermore, the purpose 
of the design is to keep people cool 
when the weather is hot, that is to 
say it has to be effective on lowering 
the temperature.  
  
The main part of our design is a vest 
with a cooling system. (See Fig 1.) 
Two fans are attached to the back of 
the vest. The battery is stored in the 
right front pocket of the vest and the 
controlling system is put in the left 
one. Our design has two modes. The 
first is the manual mode. It relies on 
users to turn on or off the fans so 
users can control the system as they 
like. The second mechanism is 
automatic. When users turn on the 
switch, the thermal sensor at the 
center of the back will measure the 
temperature automatically. If the 
temperature is higher than the set 
value, the sensor will send a signal 
 
 
 

the temperatures recorded by the 
thermal sensor and the thermometer 
was less than 1°C in most cases. As a 
result of the location test, we chose 
to put the thermal sensor at the 
center of the back where the 
temperature was highest among all 
the test locations. The effect test 
confirmed that the cooling system 
was effective and could lower the 
temperature about 4°C. The results of 
these tests showed that our 
prototype met the criteria well. 

In conclusion, our design meets all 
criteria we set. Nevertheless, we 
made several recommendations to 
improve our design. First, a humidity 
sensor can be added. With the 
humidity sensor and the thermal 
sensor, the design can detect the 
weather condition more accurately. 
Second, the volume and the mass of 
the whole system can be reduced. 
Third, the appearance of the design 
can be improved.  

to the Arduino board. Then the 
Arduino board will feed through the 
electronic relay so the fans start to 
work. If the temperature is lower 
than the set value, the electronic 
relay will be cut off. As a result, the 
fans stop. 
 
We carried out four tests to evaluate 
our prototype. The results of the 
effective time test showed that the 
battery was able to steadily supply 
electricity for about 3.5 hours. In the 
accuracy test, the difference between 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of Mechatronic system. 
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Fig. 2 Prototype of our design. 



Executive Summary 
During our daily life, when we cook in 
the kitchen, we may often encounter 
the situation in which the water in 
the pot spills out. If the water is of a 
small amount, it is not a very serious 
problem. However, when there is a 
mass of water, it is possible to put the 
fire out and cause leaking gas, which 
is quite dangerous. To solve this 
problem, our team designed a 
cooking alarm system. 
 
We established five criteria for our 
design. As its basic function, the 
device should be able to alarm 
automatically when water spills out. 
Besides, our design should not give 
false alarms when only a small 
amount of water spills out. Our 
design should also be able to fit 
different sizes of pots. Moreover, to 
make sure that the device can work 
normally in the kitchen, our design 
should be able to function under a 
high temperature. Additionally, our 
design should be waterproof. This 
criterion is aimed for the device to 
survive when people accidentally spill 
some water on our design. 
 
Our design is a cooking alarm system. 
(See Fig 1.) Our prototype can provide 
alert while water spills out. When 
water spills out from the pot, it will go 
into the tubes connected by two 
separated wires. Then the two wires 
will be shorted out, which as a signal 
will be found by an Arduino in the 
circuit box. (See Fig 2.) Next, the 
Arduino board will provide energy for 
the alarm device to give an alert. The 
metal-plate holder, two rods, and the 
iron standing are responsible for 
supporting the whole prototype. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the circuit could still work. Finally, we 
tested our device whether it functions 
under high temperature. Although 
our prototype could work over 200°C, 
it could not survive while having 
direct contact with fire. Hence, this 
prototype did not perfectly meet the 
criterion of working under a high 
temperature. 
 
In conclusion, our design could 
successfully give out an alarm when 
the water spills out and provide a 
safer cooking environment. To 
improve our design, we have several 
recommendations. First, we suggest 
using Fire Sleeve, which is a fireproof 
material, to make the tube. Besides, 
to improve robustness, the metal 
plates can be replaced by other 
insulated material. In addition, since 
our prototype occupied too much 
space, we hope that the size could be 
reduced in the future. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Through testing, we verified that the 
prototype successfully alarmed the 
users as soon as a mass of water 
spilled out while cooking. However, 
when we dropped only a small 
amount of water into the tube, the 
wires were not short cut, and our 
prototype did not give a false alarm. 
Besides, by adjusting the length of 
the arm, we successfully used the 
prototype to fit four kinds of pots 
with different sizes. Additionally, we 
spilled much water onto our 
prototype. Since the circuit was in a 
box and the water could not come in,  
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Fig. 2 Electrical components.  

Fig. 1 Prototype of cooking alarm system. 



VM  • Design and Manufacturing III 

Problem Statement 
Endovenous Laser Treatment (EVLT) is 
applied to treat Chronic Venous 
Insufficiency. The project goal is to 
improve EVLT by: 1. Designing a 
reusable fiber system for lower 
procedure cost, 2. Increasing the 
efficiency for better treatment 
outcome. 
 

 
 
 
                     Fig. 1 Laser emit radially [1] 
 

Concept Generation 
Sub-system concepts are generated 
according to the function that the 
design need to achieve, and then four 
concepts are generated by combining 
the sub-systems. 

 
 
 
 
 

 
Design Description 

The design has a reflector to emit 
laser radially, and a protector to 
prevent the fiber from being polluted 
by the blood. The fiber system can let 
the laser emit directly to the blood 
vessel wall, leading to better 
treatment outcome, as shown in Fig.3. 

The protector is connected with the 
fiber system in a method that can be 
disassembled easily. Steps to replace 
the disposable protector are: 
 

Step 1:  Cut the pyrocondensation 
pipe and  peel off it from the tip 
Step 2:  Take off the used protector 
Step 3: Put on the new protector 
Step 4:  Use a new pyrocondensation 
pipe for connect and heat it to shrink 
 
 
 

Validation Results: 
•The temperature of fiber measured in 
lab is slightly lower than that predicted 
by COMSOL model since we measured 
the surface temperature of fiber 
• The temperature measured in lab 
keeps increasing since the fiber is fixed, 
while the temperature predicted by 
COMSOL model first increases then 
decreases since the fiber is moving. 
• The heating process is longer in 
experiment than in simulation since 
the prototype used in experiment is 
larger than COMSOL model, that is, 
there is more water to be heated 
� Energy transmission efficiency >= 90%    
� The temperature on vascular wall 
>=60                                         
� Delivered energy < 80 J/cm 
� Cost per use <= 800 RMB    
� Axial divergence angle > 45    
�Diameter of fiber tip optics <= 2mm  
� Time to prepare <= 3min               
� Corrosion time to 15% power loss >= 
60 min 
Note:  means specification approved and · means validation is 
on the way since DR 4. 

Conclusion 
The first version of our design meets 
almost all the engineering 
specifications, but also needs some 
improvement. After discussing with 
sponsors and redesigning, our final 
design works perfectly. The most 
important feature of this optical fiber 
is reusability which has been met by 
using heat shrink tube. 
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                Fig. 2 Laser emit radially 
 

Modeling and Analysis 
A model is built to simulate the 
heating process inside the vein during 
the surgery. The model involves laser 
absorption, heat transfer and fluid 
models solved by finite element 
analysis via COMSOL Multiphysics 
4.2a. The model provides theoretical 
guidance to the design process. 
 
 
 
 
 
 
 

 
 

Fig. 3 Comparison of heating process 
between COMSOL simulation and 

experimental measurement  
 

Validation
Validation Process:        
Use silicone tube (8cm) as vein analog 
and use chicken breast as surrounding 
tissue analog. Six thermal couples will 
be placed on the external surface of 
the silicone tube, and the inner 
surface of the hole in chicken breast. 
Laser will be turned on and the fiber 
will be extracted under steady speed. 
 
  
                               
 
 

Design of Reusable Fiber of Endovenous Laser 
Treatment for Chronic Venous Insufficiency (Phase II) 

Instructors: Prof. Vincent CHANG Sponsors  Prof. Huan QI, Young PENG  
Team Members  

Ke CAO, Xiaobin GAO, Yuhao HE, Zongchang LIU, Chong WANG 

_ jpg_ jpg

University of Michigan - Shanghai Jiao Tong University Joint Institute 

Fig. 4 Vein analog experiment setup 



Problem Statement 
In this project, students are required 
to design a laser tissue soldering 
system for minimally invasive surgery. 
This system consists of a solder 
feeding nozzle, an optical fiber, and 
an endoscope. The prototype system 
should be able to solder wounded 
organ tissues. 
 

Concept Generation 
The structure should cooperate the 
three parts well to achieve soldering 
function. The design is considered 
from three aspects: practical use, 
future development, and experiment. 
 

Design Description 
The design criteria for our prototype 
are safety and repeatability. For 
practical use, a manually controlled 
rigid hollow stick is designed. For 
future development, another motor 
driven L-shape structure, with two-
dimensional mobility that can help 
locate the wound, is designed. Both 
designs are 220mm in length and 
25mm in diameter, and can carry the 
feeding nozzle, the optical fiber, and 
the endoscope, as shown in Fig. 1.  
 
 
 
 
 
 
 
 
 

Fig. 1 CAD Plots of Two Designs 
 
For the experiment, soldering tests 
are conducted on a piece of pork liver 
with an incision on it. Qualitatively, 
the watertight quality of the soldered 
tissue is tested. Quantitatively, the  
 
 
 

specified. A Comsol model is then 
developed where 
the temperature 
of tissues during 
the soldering 
process is 
simulated, as 
shown in Fig.5 

 
Validation 

For the prototype, a motor is chosen 
as the driving force. However, regular 
motors rotate too fast, and the 
rotation angle cannot be controlled 
precisely. To improve this, a stepper 
motor, whose output is a angular step 
function, is used, with which the 
translation motion can be achieved. 
For the experiment, a thermal camera 
is utilized to monitor the temperature 
of tissues in soldering. The maximum 
temperature is controlled under 
which protein can be well coagulated 
without scalding tissues. 
 

Conclusion 
The final design can achieve the goals 
of the projects, and the budget is 
within control. In the practical 
experiment, the liver tissue is well 
soldered, as shown in Fig. 6. It is 
determined that the soldered tissue is 
watertight and the soldering strength 
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unit area strength of the soldered 
incision is defined and determined by: 

 

 
Fig. 2 below shows the two prototypes. 

 
 
 
 
 
 

Fig. 2 Laser Tissue Soldering Prototypes 
 

Modeling and Analysis 
For the design, the L-shape structure 
should be able to deliver translation 
movement of the tip. To fulfill this, a 
pulley-gear system is designed. Fig. 3 
 
 
 
 
 
 
 
 
 
 
 
 
For the experiment, the thickness is 
one key factor of the soldering quality. 
The relationship between incision 
thickness and soldering strength is 
explored, as shown in Fig. 4. 
 
 
 
 
 
 

 
Fig. 4 Unit Area Strength Decreases with 

Incision Thickness 
 

In order to perform the soldering well, 
a typical value of incision thickness is 
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Design #1 Design #2 

shows that the tip’s 
translation can be 
achieved by rotating 
the upper pulley. 
ABS plastic is chosen 
to be the shell 
material of the 
prototype for its 
relatively low 
density and high 
strength.  

Tip 

Fig. 3 Pulley-gear 
System 

Fig. 5 Comsol Modeling 

is high. In this 
project, team 
members
cooperate well 
and try to solve 
problems in 
professional 
ways.

Soldered 
Part 

Fig. 6 Soldered Liver 



Problem Statement 
As one of the most common 
treatments for renal disease, 
hemodialysis through central venous 
access still has some deficiency, of 
which accurate location of the 
internal jugular vein and insertion of 
the catheter into the vein are the top 
two challenges during surgery. Our 
project will focus on designing an 
introducer device to solve these 
problems.  
 
To insert the hemodialysis catheter 
into the internal jugular vein, a guide 
wire is inserted first using modified 
process of Seldinger technique. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Traditional Seldinger Technique.  
1) The desired vessel is punctured 
with a sharp hollow needle; 2) A 
guidewire is advanced through the 
lumen of the needle; 3) The needle is 
withdrawn. 
 
Before using the traditional Seldinger 
technique, as shown in Fig.1, multiple 
insertions with a smaller needle are 
needed to locate the vein, while 
 
 
 

needle accidentally punctures the 
artery near the vein; secondly, once 
the smallest needle found the vein, 
the other needles will follow the path 
and won’t go beyond  
the tip of the internal needle, thus 
avoiding the  puncture of the 
posterior wall of the vein. The other 
improvement compared to current 
practice is the stability of the design. 
By using the vacuum chamber and 
the handle design, the procedure can 
be done with one hand laid steady on 
the patient’s body, the only 
movement is to pull a trigger with 
one finger.  

Validation 
The prototype was 3D printed upon 
the CAD model, except that we added 
a side wall to stabilize the needle 
movement. 
 
A 10mm diameter soft tube was 
imbedded 1cm under surface in a 
sponge block to simulate the internal 
jugular vein, and a pump was used to 
push the “blood flow”. The prototype 
of our design can be well practiced in 
this validation model. 
 

Conclusion 
A new introducer device was built to 
realize the one-step insertion of the 
guildwire for hemodialysis  through 
central venous access.  The device 
provided more stability and more 
safety than current practice. 
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the first step in Fig.1 is done following 
the insertion direction of the smaller 
needle to avoid severe bleeding, thus 
making the whole procedure very 
complicated.   
 

Concept Generation 
The main focus of this project should 
be to simplify the procedure of guide 
wire insertion under the premise of 
safety. 
 

Design Description 
The final design is a multi-needles 
insertion system, settled on a gun 
shaped handle, which can be 
operated only by one hand.   
 
The smallest needle is used to locate 
the vein as tradition; a vacuum 
chamber on the handle is used to 
withdraw blood instead of the syringe; 
once doctor can make sure the 
smallest needle is inside the vein, 
outer needles will be inserted along 
the smallest needle by pulling a 
trigger on the handle; then the device 
can be withdrawn, leaving only a 
hollow plastic tube in the vein to 
allow the insertion of the guide wire. 
 
The insertion of guide wire can be 
realized with one hand in this design, 
and it only takes one step, which is to 
pull a trigger. The design can also 
improve the stability and safety in 
many other ways. 
 

Modeling and Analysis 
The operation process of the design 
was done in CAD animation.  
 
This design takes safety as the top 
consideration. Firstly, it uses a very 
small needle to locate the vein, which 
can avoid severe bleeding if the 
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Fig. 4 SIFT detection sample
 
Next, U-input will read the action 
from user testcase and the position of 
the target image from the 1st image 
recognition, to execute that action on 
the target image and obtain the 
actual output screenshot. Finally, the 
image recognition is applied again to 
check the actual output against the 
expected one from the user testcase. 
 

Validation 
The specifications are tested by 
different types of testcases, including 
functionality, quality, compatibility, 
speed and space usage. 

 
 

 
Fig. 5 Validation plan 

Conclusion 
Our final design is a fully functional 
automatic GUI test tool. It can help 
users generate testcases easily. And 
with image recognition method, it can 
accurately locate targets and compare 
features. So the automatic GUI test 
process is efficient and accurate. 
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Problem Statement 
The success of any GUI application 
depends on how the user actions are 
performed to access application's 
features and whether the application 
responds in functionally correct 
manner. An application with incorrect 
behavior, or invalid user interaction 
can lead to huge problems. Currently, 
the GUI testing process is mainly 
done by inefficient manual work. Our 
project is  developing an application 
that uses image recognition and 
operating system automation to 
achieve automatic GUI test. 
 

Concept Generation 
The application reads xml file as input 
testcase, then utilizes the U-input 
protocol under Linux operating 
system to realize automation, and 
finally applies the combination of 
Random Fern and SIFT algorithms for 
image recognition. The whole GUI 
application is developed in C++. 
 
 
 
 
 
 
 
Fig.1 Concept selection for each sub-
problem 
 

Design Description 
The final design is an application for 
GUI tester to generate testcases and 
execute the GUI test. The software 
could provide not only the general 
test result, such as whether the GUI 
has passed each testcase, but also the 
details for each automatic actions and 
target image detections. The input of 
GUI test application requires target 
images (logo, button, etc.) and 
actions to be executed on the 
 
 
 

target images (click, type, drag, etc.) 
The application uses image 
recognition to replace human eyes to 
find the target images’ locations and 
applies computer automation to 
simulate human actions.  Therefore, 
the GUI testers only need to generate 
the testcase and execute it.  
 

Modeling and Analysis 
 
 
 
 
 
 
 
 
 

 

Fig.2 The model of GUI test software 
 
Firstly, from the user’s testcase in xml 
format, the input xml parser will 
extract the information of target 
image, action on the image, and the 
expected result after the action. Then, 
the image recognition will take both 
the target image and a background 
screenshot to locate the position of 
the target image. Two algorithms are 
used here: Random Fern compares 
randomly-generated feature pairs to 
select similar candidate grids, and 
SIFT detects key points to further 
filter the grids from the Random Fern. 
 
 
 
 
 
 
 
 

 
Fig. 3 Random Fern detection sample 
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Problem Statement 
In this project, students are required 
to design a software to auto test 
video codec. The system uses vga2rgb 
to capture frames on the server 
computer. The testing process and 
results are in the client computer.  
 

Concept Generation 
Solutions to five sub-problems that 
are derived from the data flow 
diagram (Fig. 1) were evaluated 
rigorously based on the customer 
requirements.
 
 
 
 
 
 
 
 
 
 
Fig. 1 Data flow diagram of the video 
codec auto testing software 
 

Design Description 
Given the data flow diagram above, 
we brainstormed several solutions to 
each of the blocks and provided with 
the best solution based on the 
customer requirements (Table 1).  

Table 1 Solutions to design problems 
 
 

 

 

 

 

  
Other than these, our design also 
involves video capturing, image 
scaling and format transforming . 

 

 

Frames         Original            Testing 
     1                   
(Good) 

     2 
 
 
     3 
(Still figure)
 
     4 
(Screen 
Blurred) 

5
(Blackout) 
Fig. 2 Test cases represented using 
time stamps 
 
 

 
 
 
 

 
 
Fig. 3 Results output in HTML format 
 

Conclusion 
Our final design can successfully 
detect common codec errors such as 
a still figure, blurred screen and a 
blackout. Also, it can figure out a 
correctly played video with user 
defined threshold. Besides, the test 
results are presented on HTML pages 
so that users can easily track the 
frames that went wrong, if there’s any. 
In this project, each team member 
has improved programming and 
communication skills. 
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Modeling and Analysis 
To test the quality of a video codec, 
we want to compare the original 
video and the testing video. First, we 
capture, scale down and record the 
original video at 8 frames/second. 
The luminance characteristic is then 
extracted from the images for the 
assessment during fuzzy matching. 
After that, we do the same thing to 
the testing video. Now we can use 
fuzzy matching algorithm to do 
comparison. The fuzzy matching 
algorithm is that for each sample 
frame in the original video, find the 
closest sample image in time from the 
test video, calculate the root-mean-
square error for every ten pairs of 
frames. If this value is greater than a 
user defined threshold, we call a “fail” 
for those ten frames. Those with 
intolerable differences in the 
characteristic of images from the 
same frame will cause a fail in the 
result output. 

 
Validation 

We have finished debugging and 
testing, so that our testing results are 
highly reliable. The validation involves 
two test parts: 1) correctly find out 
the frames with errors and locate 
their time stamps; 2) correctly pass 
the test when the testing video is 
faultless. During the test, we 
manually simulated several common 
codec errors in the test cases, such as 
a still figure, blurred screen or a 
blackout (Fig.2). The software passed 
these test cases. For the second part 
of testing, the software also correctly 
passed the test case for faultless 
video. Then a user friendly result 
output was successfully implemented 
on the HTML page, as shown in Fig.3 
next column. 
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Problem Statement 
With the development of the 3D 
displays technologies, hologram 
attracts more and more people. The 
aim of capstone design is to design 
and implement a glasses-free 3D 
display device with human interaction. 
 

Concept Generation 
Three main components of the final 
design are: mechanical, image and 
control. The mechanical part focuses 
on designing for supporting 
structures and material selection 
projection medium. The image part 
consists of computer algorithms to 
generate 3D images and projection 
method. The control part involves 
gesture recognition and human-
image interaction. 
 

Design Description 
The main body of the device is 
decided to be a holographic pyramid.  
This design is mechanically stable, 
easy to install and provides high 
image quality. The pyramid is made of 
four pieces of triangle acrylic boards 
with single layer of film on each 
board. A LCD screen is placed on the 
top of the pyramid and faces 
downwards to project the images 
onto the pyramid. To achieve gesture 
control, Wii Remote stands on the top 
of the device to detect infrared 
signals from human. Fig. 1 shows the 
CAD plot of the design prototype. 
 
 
 
 
 
 
 
Fig. 1 CAD Plot of Design Prototype 
 
 
 
 

The user is allowed to various human-
image interactions including rotating 
the images in all available directions 
and zooming in or out the images. 
Gesture recognition algorithm 
captures the movement of one hand 
or two hands and decrypts the 
movement into control inputs within 
60 ns. The short response time 
enables the user to experience 
extraordinarily smooth control. 
 

Validation 
The engineering specifications are set 
to be good image quality, fair control 
experience and fair production quality. 
All of the specifications have been 
satisfied in our final prototype. The 
device is affordable in terms of the 
project budget. 

 
Conclusion 

The final prototype achieves the goal 
of a glasses-free 3D display device 
with human interaction. The 
approach of mechanical structure is 
straightforward yet of good quality. 
The projected images provides high 
3D experience. Besides, the response 
time of gesture control is negligibly 
short, providing people with smooth 
feeling to interact with the device. In 
addition, the acrylic materials make 
the prototype light, robust, and good-
looking. All team members cooperate 
with each other in professional 
manners, enabling the success of the 
capstone project. 
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Modeling 
Each surface of the acrylic pyramid is 
designed to form a tilt angle of 45 
degrees with the ground. This ensures 
that the images casted on the 
pyramid maintain aspect ratio. With a 
film of 78% light transmittance and 
20% reflectance, the image quality is 
greatly improved. Four acrylic bars, 
which are manufactured by lathe 
machine, are used to support the 
upper structure. The wooden base 
board has a square slot for fixing the 
base sides of the pyramid.  The acrylic 
bars are screwed onto the base board. 
One example of the 3D images 
generated by the design is shown in 
Figure 2. 
 
 
 
 
 
 
 
Fig. 2 Example of Holographic Effects 
 
When users move their hands in front 
of the device, Wii Remote is capable 
of detecting the corresponding 
infrared signals and sending data to 
the computer via Bluetooth. The LCD 
screen presents the 3D graphics 
implemented by OpenGL using C#. 
The gesture input will generate real-
time image variations in OpenGL, so 
the 3D image in the pyramid is 
accordingly changed. Figure 3 gives 
an example of the gesture control. 
 
 
 
 
 
 
Fig.3 User’s Control Experience
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Problem Statement 
In this project, our goal is to design a 
computer program to identify and 
track 3D planes robustly in a video of 
an indoor environment without any 
prior knowledge. Plane information 
obtainable from our program should 
give a great understanding of indoor 
scene, which is very important in 
both computer vision and artificial 
intelligence. 
 

Concept Generation 
Three design alternatives are 
generated  for our program: PPTE 
(Point tracking using Point –based 
sampling and Transformation error), 
EREV (Edge tracking using Random 
sampling and Edge-intersection 
Validation) and HEEV (Hybrid tracking 
using Edge-based sampling and Edge-
intersection Validation). 
 

Design Description 
After brainstorm and literature 
research, we construct the HEEV 
framework as the final design.  Hybrid 
tracking is used to track both edge 
and point features which successfully 
avoids drifting problems. Points are 
sampled on the same side of edges 
(Fig. 1). Potential planes sharing an 
edge with confirmed planes are 
considered more likely to exist.  
 
 
 
 
 
 
 
 
 
Fig. 1 Point and Edge Features 
Tracked in Video Sequences 
 
 
 

 
 
 
 
 
 
 
  
 
 
Fig.3 Labyrinth Game based on HEEV 
 
and feature points. We also 
developed Labyrinth  Game which 
synchronizes the planar controller 
with the game interface via 
estimating the pose of the 
phone through a camera.  The game 
is shown in Fig. 3. Player experience 
shows our design achieves real time 
performance to satisfy the project 
requirements. 
 

Conclusion 
Our final design can successfully 
detect and track planes in both video 
files and instant video captured from 
a camera connected to the computer. 
It could also estimate plane poses, 
which provides sufficient information 
to run the Labyrinth Game.  
All teammates engaged actively 
throughout the project duration and 
learned a meaningful lesson about 
how to  apply theoretical knowledge 
to solve engineering problems  in a 
creative, efficient and professional 
way.  
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Indoor videos are processed by the 
program to test the framework. Fig.2 
is a demonstration of our project. 
 
 
 
 
 
 
 
 
Fig. 2 Demonstration of HEEV result 

 
Modeling and Analysis 

Two important features we want to 
achieve in our program is real-time 
and high accuracy. To achieve real-
time performance, we combine a fast 
local line extraction algorithm with a 
comprehensive global one in the edge 
tracking part to improve the 
computational speed. For accuracy, 
time reversibility constraint is applied 
in point feature tracking to further 
avoid drifting problems. Also, by 
utilizing the relation between points 
and edges, and the relation between 
adjacent planes, hypothesis are 
generated for clustering and sampling 
so as to make the process more 
accurate and efficient. Important 
parameters in the program are 
adjusted to suit environmental 
conditions by conducting abundant 
test cases. 
 

Validation 
Before developing game prototype of 
our design, we run test cases for each 
part. Synthetic dataset such as boxes 
and cars are used to test the 
algorithm in Matlab and the outcome 
shows good result as long as the 
environment has enough clear edges 
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Problem Statement 
Digital display panel is the new trend 
in future vehicle development, 
especially in electric vehicles. In this 
project, we use a Blackberry Playbook 
as  our display panel. We develop an 
HTML5 application and construct a 
server on Beagleboard for data 
processing and transport. 
 

Concept Generation 
This project needs two devices well 
coordinate with each other. The 
Beagleboard reads data from serial 
ports, transforms them to useful 
information, and then deliver them to 
the Playbook using WebSocket 
protocol. Then the information will 
display  on the Playbook along with 
other functions  like the navigation 
system and entertainment system. 

 
Design Description 

This project is to design a display 
panel for electric vehicles. In this 
project we are sponsored with a 
Beagleboard and a Playbook. The 
Beagleboard is an open source, 
single-board computer built on TI 
OMAP3 processor. It can act as a 
center control unit in our project and 
for later development. The Playbook 
is a tablet computer which serves as a 
display panel in the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 

makes it possible to display larger 
icons. In the middle shows the speed, 
voltage and state of charging. 
Additional info such as the weather is 
listed on the right. The second page is 
the navigation system which uses 
Google Map as the core search engine.  
The third page is the entertainment 
system. It can play music and video 
and remain playing when we switch 
to other pages. 
At first stage, we use serial port 
simulator to simulate the data with 
the same type and format as the EV 
sends to validate our design. At later 
stage, we will try to test it on the real 
EV depending on its availability. 

 
Conclusion 

This project explores the possibility of 
digital display and proves to be a 
revolutionary breakthrough in inside-
vehicle infotainment (IVI) display.  
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The whole project can be devided 
into three main parts, data gathering, 
data transformation and information 
display. As shown in Fig.1, the digital 
signal process will send out the 
signals to the Beaglboard by serial 
communication. Then the data 
received is transformed into readable 
information. We also construct a 
server on the Beagleboard to achieve 
communication with the Playbook. 
The server sends out  information 
anytime the Playbook requests.  We 
use WebSocket as our communication 
protocol. WebSocket is a new web 
technology providing bi-direcitonal, 
full-duplex communication channels 
over a single TCP connection between 
the web browser and the server. The 
user interface (UI) is designed using 
HTML 5. Other than displaying the 
vehicle information, we add useful 
functions like navigation system and 
music & video player. After finishing 
designing the UI, we apply for 
signature, pack the program and 
install on the playbook.  

Modeling and Validation 
Fig. 2, 3 and 4 depict the three page 
of the display panel. The first page is 
the dashboard. On the left is the 
safety warning section which is a big 
feature of our design. Regular 
dashboards can only have small 
warning lights because they are fixed 
in position. Digitalizing the dashboard 
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Fig.1 Flow chart of the system of 
our project. 

Fig.2 Dashboard and other vehicle 
information 

Fig.4 Entertainment system

Fig.3 Navigation system 



Problem Statement 
Smart home has been a popular topic 
for over 50 years.  However, the 
sensor are easily disturbed and thus 
not accurate. The remote control is 
not efficient either. In this case, the 
student team is asked to design a new 
efficient smart home and 
demonstrate on Design Expo. 
 

Concept Generation 
To achieve the goal, remote control 
and auto-management are decided to 
be main concepts. Moreover, user 
interface, prediction, and  wired 
control are the concepts selected.  
 

Deliverables 
To demonstrate the idea, three kinds 
of deliverables are to be shown in 
Design Expo: Controller and simulator 
for auto management, user interface 
for remote control, physical prototype 
for system demo. 
 

Physical Prototype 
Several parts are involved in the 
physical prototype: lighting system, 
heating system, and automatic 
security system. These parts could be 
demonstrated by light bulb, heater, 
and door, which could be controlled 
automatically. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Physical Prototype for demo 
 
 
 

Simulator 
Simulator is be used to demonstrate 
ideas which was not easy to show in 
physical prototype. The simulator’s 
data communication will be based on 
users commands. Otherwise, it will 
keep sending default status defined in 
program. 
 

 
 
 
 
 
 
 
 Fig.4 Simulating using google 
sketchup 
 

Prediction Algorithm 
Three parts are involved in the 
prediction algorithm: encoding, 
decoding, and timing. All locations 
and actions will be encoded as 
variables, while then being decoded 
using transition probability matrix via 
Markov Chain model. Timing will then 
be computed based on probability 
theories. 

 
Conclusion 

The final design includes a smart 
energy system remotely controlled 
using Beagle Boar, and the prediction 
algorithm will enable its function of 
auto-management while the user 
interface will ensure its user 
friendliness. 
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Controller 
In this design, Beagle Board will be 
used as the main controller in charge 
of network communication. 

 
 
 
 

 
 
 
Fig.2 Beagle Board as controller 

Software Programming 
One major function of the controller 
is to transfer data between client and 
in-home devices. As stated above, 
these communication processes 
should be totally independent. 
Therefore, the program of controller 
is also designed as multi-thread 
structure. The two communication 
processes are both sub-thread, and 
the main thread work for transferring 
data between the two threads. 
Another function of main thread is to 
collect data and do analysis and 
prediction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Program structure for control 
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Problem Statement 
EV Environment Control is a common 
issue in Electric Vehicle Development 
which includes controlling the 
temperature of vehicle room, battery 
area, motor and super capacitor area, 
etc. Our main objective is to design a 
temperature management system for 
an EV that can cool the vehicle room 
and battery area temperature when it 
goes high . 
 

Concept Generation 
Our system utilizes a dual medium 
concept. We used air flow as well as  
sprayed water to enhance 
temperature exchange. 
 

Design Description 
• Fans and thermoelectric air-

conditioner (AC) are used to lower 
temperature; 

• Water sprayer is used to spray 
water to the battery surface as 
needed; 

• A relay is connected in series with 
the fans and AC to act as a switch; 

• An Arduino microprocessor checks 
the temperature from a MAX6675 
thermocouple unit to control the 
on and off of the switch as well as 
the fans and AC. 

• The power of the units are 
provided by the EV battery itself, 
which is charged by a solar panel; 
 
 
 

 
 
 
 

Fig. 1 Basic System Working Principle 

 
 
 
 
 
 
 
 
 
 
 

 Fig.3 Vehicle room view for the  
         system 
 

Conclusions 
• Able to check  temperature  in the 

vehicle room and battery area and 
run the system accordingly; 

• Able to adjust the temperature to 
the given range within 10 minutes; 

• System weight less than 20 kg; 
• 7 components, low complexity; 
• System power consumption 

accounts for 15.6% of the total 
electric power, which is low. 

• Difficulty of real situation testing, 
since batteries owned by JI right 
now do not reach high 
temperature when working. 
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Fig. 2 Car shell used to test the 
       system 

 
Modeling and Analysis 

We used FEA methods to analyze our 
system’s performance. We modeled 
the battery using COMCOL and put it 
in cool air flow. We used MATLAB to 
run simulation within a 2*1*1 m³ area 
and found that our system works 
pretty well. 
 

Validation 
We used a thermometer and a stop 
watch to validate our system.  We 
used a cup of hot water as the 
substitution for real battery. We 
found that the batter area 
temperature can be kept lower than 
70 ºC within 3 minutes and vehicle 
room area temperature lower than 30 
ºC within 5 minutes with the system 
running.  
 
 
 
 
 
 
 
 
Fig. 3 Battery box structure with hot 

water as substitution for battery 
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Problem Statement 
In this project, students are requested 
to complete a close-wheel EV and 
develop a testing system to evaluate 
the efficiency of the vehicle. A close-
wheel EV was partially constructed. 
Students are asked to would first 
revise the design and fabricate the 
close-wheel EV, and then develop a 
test system to evaluate the efficiency. 
 

Concept Generation 
Two methods of efficiency evaluation 
of measuring power directly and 
measuring  torque and derives power.  
Would developed such that the 
outcomes could validate each other.  
 

Design Description 
Several design modifications were 
applied to the close-wheel EV. A 
whole new set of front-wheel 
suspension system and steering 
design were applied. Chassis was 
modified based on the original design. 
The back-axis was rebuilt, and a new 
bearing layout was employed. Motors 
and gears were both redesigned as 
well, so that they can be aligned. We 
also built a rack to hold the battery 
packs. The design modifications and 
created features of the fully 
functioned powertrain can be found 
in Fig. 1&2. 
 
 
 
 
 
 
 
 
 
Fig. 1 Design modifications to EV 
 
 
 
 

 
 
 

 
 
 
 

Fig. 4 DC motor torque curve
 
Powertrain efficiency can be 
determined using the following 
equation.  
 
 
 
 
Direct Power Measurement  
Motors were connected at the rear 
wheels and will be implemented into 
a closed circuit as a power generator.  
The current m and the voltage m in 
this circuit will be measured, and the 
power obtained should be the power 
output at the wheels, which is 
output times the motor efficiency . 
Efficiency was calculated by following 
equation.

 
Conclusion 

We redesigned and manufactured a 
fully functioned close-wheel EV based 
on original design from last semester. 
Direct power measurement and 
torque measurement were employed 
for the powertrain efficiency 
evaluation and validation.  
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Fig. 2 Comparison between original 
and our design. The modifications are 
labeled with numbers.  
 
 
 
 
 
 
 
Fig. 3 New powertrain and battery 
rack with sensors mounted.  

 
Evaluation & Validation

We developed two methods of 
efficiency evaluation that could self-
validate each other.  
 
Indirect Power Measurement 
With the rotating speed ω and the 
motor torque-speed curve, shown in 
Fig. 4, the torque τ at this speed can 
be obtained by the product of the 
torque and the angular speed τω is 
the power output from the motor, 
Pmotor-output. If the motor has a 
constant angular velocity, then the 
difference between the motor input 
power Pinput and the motor output 
power Pmotor-output is the power 
consumed by the friction force.  
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Problem Statement 
As EV will become more popular, an 
innovative power solution, wireless 
charging through resonant coils, is 
being studied. A demo system 
showing a wireless charging system 
contains both electrical vehicle and 
track will be presented.  
 

Concept Generation 
Through resonant  coils, electrical 
power will  transfer from Power 
Amplifier to the rectifier circuit. From 
the circuit, the super capacitor will 
get charged, which will power the 
motor of the vehicle. 
 
 
 
 
 
 
 
 

 
 Fig. 1  CAD plot of the vehicle 
 

Design Description 
The power amplifier would output 
power into the four emitting coils 
staying under the track. Controlled by  
photo resistor sensors  and Labview 
program, only one emitting coil that is 
closest to the vehicle will provide 
power. A receiving coil on the vehicle 
would receive the energy by 
electromagnetic induction. Because 
the coils are in resonance at 
13.56MHz, a high power transfer 
efficiency is expected. The generated 
current would charge the super 
capacitor after going through the 
rectifier circuit and the DC/DC 
module. The super capacitor would 
power the motor on the vehicle to 
move on the track. 
 
 
 

 
 
 
 
 
 
 
 Fig.3 Final product of demo system 
 
In the test of the demo system, the 
energy transfer efficiency was much 
lower than we expected. The major 
problem is that after we connected 
the rectifier circuit to the receiving 
coil, the capacitance of the coil 
changed significantly, leading to 
dramatic drop of efficiency. Two 
possible solutions are considered:  
 
a. Modify the coils to increase the 

transfer efficiency  
b. Control the vehicle to stop at a 

charging station  when voltage in 
super capacitor is low 

 
Conclusion 

In our final prototype, the vehicle can 
receive energy while moving. Due to 
the limitations of low coils transfer 
efficiency and power amplifer’s low 
output, the vehicle cannot keep 
moving all the time, but the initial 
concept of wireless charging while 
moving is successfully demonstrated, 
which is our main goal.  By control the 
number of powered emitting coils, we 
reduced the waste of energy. 
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Fig. 2 Sample simulation of DC/DC 
converter circuit 
 

Modeling and Analysis 
The demo system basically consists of 
five parts: input system, resonant 
coils, coils control system, rectifier & 
DC/DC converter circuit, and vehicle& 
track. For the input system,  we 
estimated the required power supply 
and purchased the suitable power 
amplifier.  The resonant coils  were 
fabricated by ourselves by  glueing 
the copper wire into the helix on the 
synthetic glass cylinder, the resonant 
frequencies were adjusted with the 
Network Analyzer by adding 
capacitors . The coils control system 
was programmed by Labview, and we 
borrowed the Labview control card 
from JI Lab. For the circuit part,  we 
first designed and simulated the 
circuit  on  ADS and PSPICE. Fig.2 
shows the circuit topology, from 
which we  fabricated the circuits with 
purchased components. The required 
vehicle and track were mostly limited 
by the size of coils, so we  purchased 
the track and a vehicle prototype 
after we finalized the coil design. Fig. 
3 shows the final product of our 
demo system.  

 
Validation 

The major task for this project is to 
keep the vehicle moving while it is 
charged by coils, so our validation 
plan is to run the whole system  after 
we finished building the prototype. 
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Problem Statement 
The team decided to implement the 
mist screen based on the previous 
prototype, including increasing the 
screen height as well as making it 
more stable and uniform with higher 
quality and resolution. Also, the team 
planed to develop the human-
machine interaction functions. 
 

Concept Generation 
The major functions of the prototype 
included speeding mist spray, ejecting 
mist spray, protecting mist spray, 
recording gestures, recognizing hands, 
and delivering instructions. 

Design Description 
The mist-screen generator consisted 
of four components: cross-flow fans, 
wind splitter, mist generation shell 
and the nozzle. In detail, air flow is 
accelerated by two cross-flow fans 
and separated into three independent 
tunnels by wind splitter; mist spray is 
generated by the ultrasonic vibrators 
and mixed into the air flow passing 
through the inner tunnel. Finally, the 
mist flow is ejected from the nozzle 
vertically, along with the air 
protection flows on both sides. 
 
 
 
 
 
 
 

 
Fig. 1 CAD plot of Mist-screen 

Generator 
The human-machine interaction 
system would consist of two infrared 
emitters, a Nintendo Wii handle with 
an image processing program in C#. 

Because the Reynolds number of the 
straws is smaller than that of the gap, 
flows became smoother. Wii handle 
had lower cost and could accurately 
detect the position of infrared 
emitters. 
 
 

 
 
 
 

 
Fig. 3 Prototype of Mist-screen 

Generator 
 

Validation 
Before the design expo, the team 
performed tests on the screen size, 
stability as well as the accuracy and 
speed of user-interaction device. The 
team used a tape ruler and measured 
the screen height to be 50cm. The 
water consumption of the prototype 
is 1 L/h. Weight of the device is 20 kg, 
which satisfies the portability 
requirement. Power consumption is 
210 W. Moreover, prototype can 
recognize gestures including zoom-in, 
zoom-out, and slides change. 
 

Conclusion 
The final prototype can generate 
50 45cm mist screen with uniform 
and stable surface. Interaction 
between user and machine can be 
well performed. In addition, team 
members learned much about 
teamwork and problem-solving skills 
in real design and manufacturing 
projects. 
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The Wii handle would be placed in 
front of the mist screen. A user would 
hold one infrared in each hand and 
make different gestures in front of the 
handle. The handle would detect the 
position change of infrared emitters 
and send signals back to the 
computer. The C# program in the 
computer would then identify the 
gestures of the user and change the 
output images to the projector to 
change the projected images 
corresponding to the movements of 
the user. 

 
 
 
 
 
 

 
Fig. 2 Sub-function Flow Chart in User 

Interaction Part 
 

Modeling and Analysis 
The design of this project has the 
following features: cross-flow fans 
were chosen, which could generate a 
smoother, wider and faster flow. Two 
air flows on back and front of the 
mist flow were ejected to restrict the 
mist flow from slowing down and 
spreading to the two sides. The 
height of the screen were increased. 
The water tank was placed inside the 
pipe near the outlet of the prototype 
so that the mist generated would be 
all blew out. Moreover, the total 
travel distance of the mist particles 
were reduced, no mist particles 
would be lost, more mist particles 
would be ejected from the outlet, and 
the mist flow would be more pure. 
Layers of straws were inserted into 
the outlet gap through which the mist 
flow and air flows were ejected.  
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Problem Statement 
The goal of the project is to design 
and implement a one-seat real-sized 
electric vehicle (EV) integrated with 
control and steering systems, where 
modularization and 360  steering are 
highlighted. 
 

Concept Generation 
The project can be decomposed into 
seven functions lied in both 
mechanical and electrical sectors. By 
each function, concept designs are 
proposed and selected. The final 
design is shown in Figure 1. 
 
 

 
 
 

Fig. 1 Final Conceptual Design 
 

Design Description 
The control flow of the EV is shown in 
Figure 2. The motion of the vehicle is 
controlled by the user via a joystick. 
 
 
 
 
 

 
 

Fig. 2 Process flow 
 
The base of the vehicle is made of 
industrial aluminum. With designed 
structure shown in Figure 3, the 
vehicle can be exerted with strong 
load.  
 
Wheels are installed via the slots to 
the base. And also, each wheel is  
 
 

 
 
 
 
 
 
 
 
 

 Fig.5 Prototype 
 
By replacing the steering wheel with 
joystick, the EV can switch among the 
normal driving, drifting and 360
rotating function under the control 
algorism. Also, velocity control and 
the steering control on two initiative 
wheels ensures the accuracy of the 
movement of the EV. 
 

Conclusion 
The project is intended to implement 
modularization and 360 driving on a 
one-seat real-sized EV. This goal is 
realized with the successful testing 
result. Modularization is 
revolutionarily implemented, and 
360 steering is accomplished 
phenomenally. However, due to the 
limitation of time and resources, this 
prototype is not perfect. More 
improvement should be made in 
control algorithm, suspension and 
brake systems to improve user 
experience. 
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Fig. 3 Base and linkage structures 
 
locked by four bolts, which prevents 
relative sliding between the wheel 
and the base while providing fast 
installing ability. Actually, the linkage 
design implements modularization. 
 
The vehicle can spin in 360 , which 
attributes to the special design of 
steering system and the usage of in-
wheel motor. The steering motor is a 
DC motor with worm gear, and the 
driving motor is a BLDC motor. The 
driving circuits of two motors are 
integrated in the PCB in Figure 4, 
which is designed in Altium Designer. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 PCB for motors 
 
Other design details including bearing, 
USB protocol and FPGA would not be 
demonstrated specifically due to 
length concern. But all questions can 
be answered in the field. 
 

Validation 
The project is concluded following the 
schedule. The actual outcome is as 
shown in Figure 5. It keeps the 
original design to the most extent.  
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Problem Statement 
In this project, students are required 
to design a demonstrate railway 
system to show the working principle 
of wireless charging. The final goal is 
to achieve a high power transfer 
efficiency so that the train can be 
charged while it is moving. 
 

Concept Generation 
Inductive Power Transfer may achieve 
the goal and the quality of coils is the 
key to achieve high efficiency. 
 

Design Description 
• Working Principle: Inductive 

Power Transfer. As Shown in 
Figure 1 below. 
 
 

 
 
 

 
 

• Circuit: 
 1. Power Source (Fig. 2): Change the 
AC current with amplitude and 
frequency we want. 

 
 
 
 
    
 2. Power Transition Coil (Fig. 3): 
With Network Analyzer, make coils 
with resonance frequency of 13.56 
MHz. 
 
 
 
 
 
 
 
 

Assemble all these components 
together, the final prototype is as 
shown in Fig. 6. 

 
 
 
 
 
 
 
 
 

Validation 
Before assembling all components 
together, we tested each portion and 
made sure they can work separately. 
We tested the circuit segment by 
segment and modified the design 
when we found bugs. After that, we 
built up the system and made some 
small changes to make  the system 
run smoothly. 
 

Conclusion 
Our system turned out to be satisfied 
with the requirements. The model 
train could be charged wirelessly and 
all circuit could achieve the functions 
desired. The major deficiency of this 
design is that our coil can not reach 
the efficiency we set at beginning. 
However, by the knowledge we have 
gained, if we are given more time we 
can achieve higher coil efficiency. 
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 3. Rectifier (Fig. 4): Make a circuit 
that can transfer AC current to DC 
current. 

 
 
 

 
 

 
• Control System: Detect when the 

train reach the coil and turn it on 
to charge the ultra-capacitor. 
 
 
 
 
 
 
 

 
 
 

Modeling and Analysis 
• To simplify the manufacturing 

process, we purchased the model 
train and railway track directly. 
 

• Totally our model train will contain 
4 carriages. The carriages will serve 
as power train, carry rectifier and 
regulator, carry ultra-capacitors 
and coil, carry Arduino board.
 

• The coils are laid below the track 
segmentally. Each coil is connected 
to control circuit. 
 

• Ten ultra-capacitors are connected 
in parallel to supply high voltage 
and enough electricity quantity. 
 

• We wrote state of charge (SOC) 
detecting code and embed it into 
Arduino board. SOC information 
will be gathered and wirelessly 
sent to computer. 
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Fig. 1: Inductive Power Transfer 

Fig. 2: SY Type Power Amplifier 

Fig. 3: Power Transition Coil 

Fig. 4: Rectifier Circuit 

http://hyperphysics.phy-
astr.gsu.edu/hbase/electronic/rectbr.html

Fig. 5: Control System 

Fig. 6: Demo railway system 



Problem Statement 
In this project, students are required 
to design and implement a hardware-
based probabilistic inference 
algorithm on the FPGA (Field-
Programmable Gate Array) board. The 
application of this project is a 
communication coding methods LDPC 
(Low-Density Parity Check). 
 

Concept Generation 
Develop a high efficiency, parallel 
architecture Verilog program which 
could import the disturbed encoded 
image message into the FPGA board 
and output the processed decoded 
image message. 
 

Design Description 
Our final design consists two part: the 
pre-processing includes encoding and 
simulated channel noise appending 
and message encoding, which is 
accomplished with MATLAB; the 
decoding process is implemented on 
the hardware FPGA and Verilog 
programming language is used to 
accomplish the Soft-decision Log-BP 
(Belief Propagation) decoder. 
We choose MATLAB to implement the 
encoding and noise appending 
process because these procedures are 
comparatively simpler processes, 
implementation on hardware will not 
achieve significant performance 
improvement. The decoding method 
is the mainly focus of this project. 
Compared with the software based 
implementation, which is part of the 
project plan, the hardware 
probabilistic inference  
implementation takes less resource 
and will be much faster when several 
threads are paralleled. 
 
 
 
 
 

test benches such as ModelSim are 
used to simulate each module and 
check whether the output results 
accord with our expectations. Besides, 
to test the correctness of the soft-
decision in image-noise-deduction, 
Bit Error Rate (BER) is calculated 
under the same Signal Noise 
Ratio(SNR), which shows the results 
are satisfactory.  Compared with 
other traditional decoding algorithms, 
the Log BP algorithm presents the 
best efficiency.  
Finally, we carry out the validation on 
FPGA as well.  To ensure the accuracy 
of the decoder on hardware, the bit 
error rate of the decoding output is 
compared with the ideal value, 10e-6 
BER. Then the space utilization ration 
is also carried out to see the 
practicability of the LDPC decoder on 
FPGA. 
 
 

Conclusion 
Our project aims to realize the log BP-
based LDPC decoder on FPGA, which 
is demonstrated through the 
application of image-noise-deduction. 
Due to the property of parallel  
computing of hardware, the efficiency 
of LDPC-decoder is improved 
dramatically.  Based on the 
comparison of processing speed 
between software and hardware, We 
easily demonstrate the advantages of 
the parallel algorithm on hardware. 
We share our achievements in this 
project  and corporate with each 
other to improve  the project 
efficiently, which leaves us a good 
experience.   
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 Fig.1 Circuit Scheme of the Soft-
Decision Log BP Decoding 
Algorithm 
 

Modeling and Analysis 
Restricted by the practicability of 
different complex decoding 
algorithms, Log BP based algorithm is 
selected to realize the LDPC decoder. 
Then a C++ simulation demo is 
carried out to present  the  processing 
model of  the LDPC decoder. To make 
a clearer visual demonstration of the 
decoder,  we run the decoding system 
with different iterations to show the 
efficiency of image-noise-deduction 
gradually.  

 
 
 
 
 
 
 

 
Fig. 2 Sample Output the Target 
Image with FPGA 

Validation 
Due to the complexity of the Log BP 
based LDPC decoder, large amounts 
of Verilog modules are carried out. To 
make sure the accuracy of the codes, 
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Problem Statement 
In this project, students are require to 
design a brand new encoding to 
perform integration to effectively 
reduce the noise in image processing. 
The system should be implemented 
on FPGA board and with reasonably 
high speed and low implementing 
area. 
 

Concept Generation 
The structure of the design was first 
discussed and divided into seven sub 
functions as Encoding, Randomizer 
Unit, Noise, Programming Language, 
FPGA Platform, Application Language 
and Input & Output Images.  
 

Design Description 
The project focuses on software 
simulation and hardware 
implementation. We need to make 
stochastic encoding work in image 
processing  under these two 
conditions by programming. The 
programming language we choose is  
MATLAB and Verilog HDL. We use 
MATLAB to perform software 
simulation on image processing and 
Verilog HDL to perform hardware 
implementation on FPGA board as 
shown in Fig. 1 and Fig. 2. An uniform 
noise source will be added to 
simulate the noise condition.   
 
 
 
 
 
 
 
 
 
 
Fig. 1 Xilinx Spartan-3E FPGA board 
with dimension 15cm x 17cm 
 
 
 

 
 
 
 
 
 
 
 
 
 Fig.3 Noise-tolerance comparison 
under stochastic and positional 
encoding.  
 
compare the result from behavior 
Verilog with MATLAB simulation. If 
they are the same, the Verilog code 
can be implemented on FPGA. Then, 
compare the result from FPGA with 
MATLAB simulation for the second 
time as a final test. Through these 
two tests, we can validate our design 
as shown in Fig. 3.  
 

Conclusion 
The stochastic computation is an 
emerging computation technique.  Its 
elegance in speed, simplicity and 
noise-tolerance is explicitly demoed. 
By transforming computations from 
the deterministic positional domain 
to stochastic domain, and encoding 
all the image date with highly 
redundant, probabilistic encoded data, 
we believe our fast, noise-tolerant 
and energy-efficient image processing 
technique will excel in this field. We 
have developed an architecture to fit 
our design into FPGA boards and have 
improved the image processing 
algorithm  under hardware conditions.   
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Fig. 2 RTL schematic for the hardware 
implementation in FPGA 

 
Modeling and Analysis 

To realize the hardware 
implementation, a FPGA board from 
Xilinx and programming codes in 
MATLAB, Perl and Verilog are needed. 
The input image will be converted 
into data through Perl. Then the data 
get processed using stochastic bit 
streams by Verilog. After that, the 
FPGA board will be used to convert 
the Verilog code into real circuit 
behavior. After that, the image 
processing process will be enabled 
through MATLAB and final result is 
converted into an output image.  The 
final design analysis includes: i) 
internal error rate, ii) noise tolerance, 
iii) speed and chip area, iv) energy 
consumption. 

 
Validation 

Our validating test is based on golden 
brick simulation using MATLAB 
software. Delay and noise tolerance 
are the two main engineering 
specifications that we will test for. 
Our design should have a noise 
tolerance over 15 percent and 1/10 
delay compare to standard 
multiplication algorithm. And this is 
the result we have already got from 
MATLAB golden brick simulation. For 
validating our design, we need to 
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Problem Statement 
The project requires to design a 
mechatronic system to simulate the 
real Electric vehicles working 
condition and implement anti-skid 
control method  for the EV.  

Concept Generation 
The final concept is modeled with 
two driving wheels, no tilting. The 
experimental platform will apply the 
simplified aerodynamics balance 
prototype as shown on fig.1. 
  

 
 
 
 
 
 

Fig.1 Final Concept Generation 
Design Description 

The aerodynamic balance prototype 
(Pro/E plot shown on fig.2) is driven 
by two electrical motors, which can 
precisely adjust the angular velocity 
and quickly the change according to 
the control signal. This experimental 
platform has six main components, 
encoders, chassis, motor hull, motor, 
timing pulley, belt and support., in 
which encoders collect angular 
velocity, and the spinning wheels will 
drive the timing pulley to rotate at 
the same time. On slipping condition,  
a difference of angular velocity occurs 
on the timing pulley and motor.  
 
To prevent the vehicle from slipping, 
the controller unit uses command 
current of encoder as input, and 
compare the real and ideal velocity 
after transformation. The difference is 
obtained as the error of the feedback 
 
 
 
 
 

Analysis Validation 
The control effect is observed through 
the trajectory of the vehicle. Since 
there will be a velocity difference on 
the two rear wheels when it turns, we 
could plot the paths of the vehicle 
when no slipping occurs, slipping with 
and without control unit. By 
comparing these lines, the efficiency 
of controller is known(see fig. 5). 
 
 
 
 

 
 
 

Fig.5 vehicle trajectory under 
different road and control conditions 

 
Conclusion 

The final design is completed by 
leading the driven pulley with rear 
wheels. The controller compares the 
real speed with the ideal one and 
make changes to the motor torque 
accordingly. It can successfully 
simulate the real electric vehicle’s 
working condition and control the 
vehicle when the wheel begins to slip, 
which satisfies the requirement. This 
simplified model can be further 
modified in its transmission ability, 
measurement in its other two 
dimensions, and hopefully be used as 
the evaluation device for an EV’s 
dynamic characteristic.  
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Fig.2 Pro/E plot of the design 
 

feedback control system to modify 
the next input. This control strategy is 
known as the Model Following 
Control. (Block diagram shown in fig.3) 
 
 
 
 
 
 
 

Fig.3 Block diagram of controller 
Modeling and Analysis 

Since the budget is limited, a much 
cheaper 3030 aluminum material, 
whose structure is appropriate for fix 
and assemble, is used for prototype 
building. For strong strength and 
convenient hole drilling, 7mm thick 
plastic plate is adopted to be the 
motor hull. The timing pulleys are 
custom-made accordingly. Different 
from Pro/E plot, the pulleys are put 
horizontally to provide stability. Final 
prototype is shown in fig.4. 
 
 
 
 
 
 
 
 
Fig.4 Top view of the final prototype 
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Problem Statement 
In this project, students are required 
to design a modular electric vehicle 
(MEV). The vehicle is driven by two 
electrical motors. The vehicle should 
be flexible to switch between two-
seat sporty and four-seat luxury cars. 
 

Concept Generation 
Six modules are designed to achieve 
easy modification. A reconfigurable 
modular four-seat car has the 
flexibility to switch to a two-seat 
sports car by only changing the basis 
frame and adding two more seats. 
 

Design Description 
After the concept generation,  
selection process, modifying the 
design based on the customer 
requirements and engineering 
specifications, we finally came up 
with the prototype design as shown 
in Figure 1. From the figure, we can 
see the combined prototype with 
different modules, which are moving, 
steering, chassis, bumpers and body 
shell. The whole length and width of 
the prototype are 350 mm (470 mm 
for the 4-seat chassis) and 305 mm. 
 
 
 

 
 
 
 
 
Fig. 1 CAD plot of the MEV 
 
Different shells are available for varies 
car types. The body shell of the sporty 
vehicle is shown in Figure 2. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 Actual MEV without the body 
shell
 

Validation 
Installation time—we will record the 
time for assembling the 6 modules, 
which should be less than 10 mins.   
Vehicle type switching time—we will 
record the time for shifting a two-seat 
sports car to a four-seat vehicle, 
which should also be less than 10 
minutes.  
Safety test—the car hits a wall at a 
normal speed, which is 1km/h. We 
evaluate the damage of the shell and 
the bumpers to test the safety and 
the strength of the vehicle. 
 

Conclusion 
We have accomplished the design of 
a MEV within a budget of 2,000 RMB; 
two chassis frames and two body 
shells build up sporty and luxury 
types of the vehicle. Our prototype 
presents the idea of separating a 
vehicle into modules based on 
functionality, and users can modify or 
replace each part to meet different 
customer requirements. 
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Fig. 2 CAD plot of the MEV coupe 
with a body shell 

 
Modeling and Analysis 

Moving—this module consists of two 
motors with encoders attached which 
are directly connected to two ware 
wheels, so that we can control the 
speed of the two wheels. 
Steering—we chose a parallelogram 
steering linkage structure as the 
steering module, which enables the 
two front wheels to turn to different 
angles. 
Chassis—the chassis is consist of a 
rectangular frame made of aluminum 
alloy profile, which protects the 
vehicle in case of crashes. Five other 
modules are all connected to the 
chassis module, so easy connection 
between two aluminum profiles is the 
biggest benefit of this concept. 
Bumpers—We selected polymer two-
side bumpers concept for these 
modules which are low cost and have 
elasticity to decrease the impact. 
They are designed as separated 
bumpers at the front and back. 
Body shell—3D printed shell with 
aluminum frame supported inside is 
selected to build the body shell, 
which  permits both aesthetics and 
safety. 
 
Figure 3 shows the actual prototype 
of the coupe MEV without the body 
shell in order t o show you the real 
mechanical part of the vehicle. 
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Problem Statement 
In this project, our team is required to 
build a drag reduction structure and 
validate its feasibility. This structure 
should simulate the real-world model 
such as highway and metro. Rollers 
are installed on the moving surface to 
create a decreased velocity gradient 
and thus help decreasing drag. 
 

Concept Generation 
Our team decided to build a structure 
to simulate the driving metro in 
tunnel. The model should fulfill the 
customer requirements as drag 
reduction, visualization, speed range, 
low noise, sensitivity and low cost.  
 

Design Description 
As shown in Figure 1, the model can 
be decomposed into the following 
parts: an inner shell, surface rollers, 
outer shell, cross shaft, motor 
transmission shaft and torsion spring. 
The inner shell integrated with 48 
surface rollers, shown in Figure 3, will 
rotate at a speed around 500 RPM, 
which primarily simulates the average 
speed of a metro. The rotational 
motion of the inner shell is powered 
by a 60 W electric motor. The work 
outputs from the motor are 
transmitted to the inner shell by a 
straight shaft and cross shafts. The 
outer shell functions as the tunnel 
surface. At the bottom of the outer 
shell, there is a connected torsion 
spring. Its purpose is to measure the 
steady angle rotated by the outer 
shell, which hence enables us to 
determine the moment by the drag 
force due to the rotation of the inner 
shell. The larger angles the outer shell 
rotates, the larger the drag force is. 
 
 
 
 
 

Validation 
In order to determine whether the 
model realize the project goals, two 
tests regarding decreased velocity 
gradient and sensitivity, and drag 
reduction effect need to be 
performed. First, our team need to 
mount the inner shell and rollers on 
the motor and operate the system for 
observation. Theoretically, the 
installation of rollers will decrease the 
velocity gradient. The expected 
outcome is the smooth rotation of 
rollers and the direction of rotation is 
opposite to that of the motor. Second, 
our team need to mount the 
components together without the 
spring and operate the system to 
check whether the rotation of the 
outer shell is obvious to observers. 
Then we need to install the torsion 
spring check whether the stiffness of 
the spring is adequate to the rotation.  
 

Conclusion 
Our team has built the model to 
simulate the real-world metro 
situation. In the next phase we will 
mainly focus on the validation test to 
determine the drag reduction. The 
design could be improved in the 
following aspects: increasing the 
density of rollers along the surface, 
increasing the scale of the model and 
operation in a high speed. This 
project provides an idea for drag 
reduction. There still remains much 
potential to be explored. 
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Fig. 1 Novel drag reduction structure 

3D model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Novel drag reduction structure  

prototype. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Surface roller. 
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Problem Statement 
In this project, students are require to 
design a powder paving bed for 
additive manufacturing. It serves as 
the base part of a 3D printer.
 

Concept Generation 
A powder supply to pour powder 
onto  a platform. A roller would push 
powder into a pistol which is  the 
working area. The bottom of the 
piston can drop down by certain 
distance. The device would pave 
powder by repeating this process.

Design Description 
After brainstorm and several 
meetings, we determined our final 
design. We divided our system into 
two parts, X-axis and Z-axis.  Each 
part was driven by a ball screw  with 
little fiction and a smooth track. In Z-
axis there were two L-frame to 
support the piston so that the piston 
can move up and down by our control. 
The X-axis had similar design. Each 
time the roller paved powder, a 
powder collector would collected all 
the rest powder to make the powder 
reusable. 
The Solid works  plot is on fig. 1 and 
Fig.2 shows the image of our 
prototype. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1Left view of whole structure 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 Final product. 

Of our material, including the pitch of 
the screw and the pulse degree of the 
motor. So we can control the distance 
of each step. For the resolution part, 
we connected a  gauge to the piston 
and started to move piston. After we 
collected our data, we found the 
resolution was under ten percent. 
Also the deformation of the structure 
was in the extent of tolerance. 
 

Conclusion 
We believe our device is successful as 
it fulfills all the requirement of our 
sponsor. Consequently, we have 
confidence to impress the audience in 
the final expo. 
Through the capstone project this 
time, we gain a lot of experience not 
only in mechanical engineering, but 
also some soft skills. We have to 
realize that it is not enough if we only 
have specific knowledge In our future 
career, we also need great 
communication skills, presentation 
skills  and  cooperation ability. We 
suffer a lot but also learn a lot in this 
summer. 
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Fig. 2 right view of whole structure. 

 
Modeling and Analysis 

The engineering specification of our 
sponsor is very high. The most critical 
one for us is the distance of each step 
of Z-axis should be 100 micrometer 
and its revolution needs to be 
controlled under 10 percent. We tried 
very hard to meet this criteria. In our 
combination work, we found some 
problems we hadn’t thought in our 
initial design and we were keeping 
improving. We made an alumina 
frame to support the platform and 
the piston. Also, we add another to 
stick under the L-frame to strengthen 
the load structure. Our final project is 
quite stable. 
Fig.2 shows our final product. 

 
Validation 

Before the final competition, we 
finish simulation and test separately. 
The first step is to test whether the 
structure can move as expected. 
Actually, we had seldom knowledge in 
motor control and mechanical 
principle. We gained a lot of 
knowledge from Internet and 
managed to complete the main 
function of our device. 
So the second step comes to the 
accuracy control. We knew the data  
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Problem Statement 
In this project, students are required 
to build a wireless network of 
intelligent sockets with power sensing 
ability that enables users to monitor 
the power consumption in the 
building. Students should also 
develop a web-based graphic user 
interface(GUI) for users to do the 
monitoring conveniently.
 

Concept Generation 
Hall-effect sensors can sense the 
current and voltage from the socket 
without connection with the grid. The 
ZigBee technology can be used in the 
socket network that makes the 
system low-cost and power-saving. 
The data collected can be uploaded to 
the cloud server, fetched by the GUI, 
and shown on a web page. 

Design Description 
Our product (prototype shown in fig. 
1) is divided into three sub-functions: 
the sensor circuit, the socket network, 
and the GUI.  
 
 
 
 
 
 
 
 

Fig. 1 the intelligent socket 
For the sensor part, we use an 
ACS712 hall-effect sensor to sense 
the current and an three-output 
transformer to sense the voltage and 
do the power supply. For the socket 
network, we use the ZigBee protocols. 
The Zigbee modules in each socket 
(Fig. 2) can self-organize a network. 
One module acts as a coordinator 
that starts the network, collects the. 
 
 
 

transcribed by Google Web Toolkit 
when displayed within the browser. 
 

 
 
 

 
Fig. 3 the printed circuit board

 
Validation 

In order to test the accuracy of the 
sensor, we used a multimeter to 
measure the current sand voltages 
and compared them with our 
measurement. To test the self-
organizing network,  we first put a 
socket out of the communication 
range to the coordinator.  Then we 
place another socket in between. 
Then we found the coordinator could 
receive data from both of them. For 
the user interface part, customer can 
view the network topology as well as 
the real-time power data, including 
current, voltage and consumed power.  

 
Conclusion 

The outcome of our project is 
satisfying. The sensor can sense 
current and voltage with very small 
error. The sockets can successfully 
form a low-power consumption and 
self-organizing network. Clients can 
track the information of every 
working socket and the network 
topology on web pages conveniently. 
We believe similar products will be 
widely used in the smart grid in the 
near future. 

Acknowledgement 
Xudong Wang, Associate Professor at 
Shanghai Jiaotong University.  
Kwee-Yan Teh,  Lecturer at Shanghai 
Jiaotong University. 
 
 

data, and sends them to the 
computer. The remaining modules 
send the data to the coordinator 
either directly or through several 
hops on other modules.  Then all data 
are uploaded to a cloud server, which 
is used to hold the database and web 
application platform in our design, 
Users can view the real-time power 
data, including current, voltage and 
consumed power, collected from each 
socket as well as the network 
topology on the GUI. 

 
 
 
 
 
 

Fig. 2 the ZigBee module 
Modeling and Analysis 

The socket is designed in the same 
size of an ordinary socket with the 
dimension of 80mm by 80mm. The 
printed circuit board (PCB) is then 
confined into 55mm by 35mm , as is 
shown in Fig. 3. Then we draw the 
layout of our circuit and ask a 
workshop to build the PCB. For the 
network part, we use the CC2530 
system-on-chip from Texas 
Instruments and the compliant Z-
STACK protocols for our development. 
We make one coordinator and four 
sensing sockets in this project. For the 
user interface part, we use Amazon 
Web Service as the cloud service 
provider. Amazon Relational Database 
Service is adopted as the database, 
for it complies with MySQL data base. 
Amazon Elastic Beanstalk is used as a 
cloud-version of Tomcat environment 
that holds the web application. The 
web-application is written in Java and 
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Problem Statement 
Photovoltaics (PV) is a rapid-growing 
renewable energy. At the end of 2011 
the PV capacity worldwide was 
67,000 MW. The ever-increasing 
residential solar panels not only help 
families save money on electricity, 
but can also be connected to power 
grids to help replenish lost power.  
Large number of PVs connected to 
the grid, however, if not regulated, 
could cause the voltage profile along 
the grid to rise, and as a result cause 
damage to the transformer on the 
power system. The task is thus to 
design an optimization model for 
power network with PV panels 
injecting power to it at different 
locations. The optimal voltage and 
power that each PV should output to 
the grid need to be solved, and a 
measure to regulate power injection 
needs to be implemented. 
 

Concept Generation 
A residential system was devised to 
simulate the power and voltage 
profile across the power distribution 
grid. The feasibility of three 
programming methods: non-linear 
programming (NLP), quadratic 
programming (QP) and Newton 
method were evaluated. NLP was 
finally selected to solve the 
optimization model. For power 
regulation, reactive power control, 
coordinated control with on-load tap 
changer and modified MPPT 
algorithm were evaluated. The 
modified MPPT algorithm, with its 
flexibility and ease of implementing, 
was chosen as the final approach. 
 

Design Description 
The mathematical formulation of the 
residential system model is shown 
below: 
 
 
 

problem is obtained as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Validation 
Our  final design is a software based 
on Matlab GUI system, which can 
emulate a given power grid with solar 
cells, individually track  the maximum 
power point of each PV cell, and 
maintain the fairness of power 
distribution by wireless network. We 
choose a 30-PV topology as a default 
case to show the performance of this 
software, and we can easily edit the 
topology in .m file to emulate more 
complicated  cases.  
 
Conclusion 
The aim of our project is to design 
algorithms to facilitate the connection 
of PVs into the grid. An optimization 
model is formed and utilized to 
implement centralized control and 
the MPPT algorithm is modified to 
regulate the output of individual PV 
module. The results obtained from 
solving the optimization problem 
turns out to be correct; all power grid 
constraints are satisfied. 
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The function of the optimization 
problem is to assign an optimal 
power level to each PV. The modified 
MPPT controller, upon receiving the 
signal of this power level, adjusts the 
operating point of the PV module by a 
PWM in the boost converter, so that 
the power injection would converge 
to the desired level. 
The modified MPPT algorithm is 
based on the perturb & observe 
method and the incremental 
conductance method in conventional 
MPPT algorithms, but is able to track 
any power level desired. The block 
diagram of a single PV module 
equipped with a modified MPPT 
controller is shown as follows:  

 
 
 
 
 
 
 

Modeling and Analysis 
Matlab is the platform used to set up 
the whole distributed grid with PV 
cells connected in. The optimization 
problem solver is written into Matlab 
code and an individual PV module is 
constructed by Simulink blocks, with 
the original MPPT replaced by the 
modified one.  
Based on the data of residential 
system, solution for the optimization 
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Problem Statement 
In this project, students are require to 
is build the image denoise algorithm 
on both PCs and FPGAs and compare 
the how fast the implementation is.  

Concept Generation 
The project consists of four main 
design concepts, which are: Image 
Denosing Models, Sampling Methods, 
Random Number Generators and 
Hardware Description Languages. The 
models being used to generate these 
concepts are Potts Model, Gibbs 
Sampling, LUT Optimized PRNG and 
Verilog HDL.  
 
 
 
 
 
 
Fig. 1 The Morphological Chart 

Design Description 
In Fig.2, the denoised algorithm is 
converted into blocks that can be 
implemented on the FPGA.  
After our careful observation, the 
block diagram can be optimized. First, 
since the “New State Generator” use 
Gibbs Sampling to generate the new 
state x’. But x’ differs x in only one 
pixel xn, so the difference between 
energy functions U(x|y) and U(x’|y) 
are the potential of the clique 
including xn and its neighbors.  
 
 
 
 
 
 
 
 
Fig. 2 Original and Optimized Diagram 
 
 
 
 

 

SNR gain reflects the denoising 
quality, and our sponsor wish that the 
SNR gain for our denoising process 
could be larger than 10dB.Test cases 
are very significant in programming 
based project. In this project, we 
designed some test cases. First, we 
decide to use images with different 
sizes as original image, such as 
256*256, 512*512, 1024*1024, to 
test the capability and speed of the 
denoising process. Second, different 
types of medical images would be 
used as input, such as CT, MRI and 
PET, etc. Third, different types of 
image objects would be used as test 
case, such as brain image, heart 
image, leg image, and so on. Each 
type of medical image should haves 
at least three different kinds of 
objects.  

Conclusion 
Our final design can successfully 
denoise a 128*128 image on FPGA 
board, which is the main purpose. 
Besides, the speed of the denoising 
process on FPGA board is 10 times 
faster than on PC as desired. 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. 
 

 
 
 
 

 
 
Fig. 4 Example of the Denoised Image 
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Therefore, we can read xn and its 
neighbors and then find the 
corresponding probability p in the 
look up table. It accelerates the 
process and saves the FPGA 
resources.  

Modeling and Analysis 
Let x be the original clear image and y 
be the noise corrupted image, then 
the image denoising problem is to 
derive the original image x given the 
noisy image y, which can be denoted 
as x|y. P(x) is the prior probability 
defined by the Markov Random Filed 
(MRF). And P(y|x) is the likelihood 
function of y for given x. Then 
according to the Maximum A 
Posteriori (MAP) Estimation, the most 
likely original image x* is the one 
which maximized the probability 
P(x|y). U(x) is the energy function of 
the image x, which is related to the 
choice of clique models.  We 
transform the original image denoise 
algorithm into the problem to find 
the x* which minimizes U(y|x). 

 
 
Fig. 3 The Main Algorithm 

Validation 
In this project, accelerating rate and 
SNR gain is used as two criteria to 
rate the denoising process, and also, 
we designed some test cases to test 
whether the project product met the 
design specifications. 
For the accelerating rate, we would 
measure the time of processing an 
image to a same certain SNR gain by 
PC implementation and FPGA 
implementation, and compare the 
time by calculating the accelerating 
rate. For SNR gain, we would calculate 
the SNR of the noised image and then 
compute the SNR of the denoised 
result image both for PC and FPGA 
implantations.  
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Problem Statement 
In this project, students are require to 
find an application for stochastic bit 
streams. By using stochastic bit 
streams, the goal can be reached with 
shorter delay, smaller circuit area and  
less power consumption. 
 

Concept Generation 
The application is  image denoising.  
Row-Column Algorithm can 
accomplish Fourier Transform. Low-
pass filter may achieve the goal. 
 

Design Description 
After concept generation, the design 
is divided to five parts. 
The first part is stochastic number 
transform part. In this part, data are 
transformed to stochastic numbers 
with the random number generator 
called linear feedback shift register. 
The second part is Fourier Transform 
part. In this part, Row-Column 
algorithm is used to do Fourier 
Transform. The signal will be 
transformed from time-domain to 
frequency-domain. During the third 
part, a low-pass filter corrects the 
noising points, and then inverse 
Fourier transform will be done to 
transform the data back which is the 
forth part. Finally, by using a counter 
to count the number of 1s in the 
result, the stochastic numbers will be 
converted back to actual numbers. 
 

Modeling and Analysis 
The FPGA is Spartan-3E Starter which 
is provided by Minyou Wu. Verilog 
codes are written to build the whole 
design. By using a USB to com 
connection line, images are 
transferred from computer to FPGA. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Fig.3 Errors produced by stochastic 
computation 
 
The RGB pictures will be transformed 
to grayscale pictures firstly.  
For fault tolerance,  some pixels’ bits 
will be changes to simulate 
transformation flips. Then after 
denoising by both ways, clear 
comparison will be detected. 
 

Conclusion 
Our final design successfully achieves 
the goal which is  to make the delay 
shorter, circuit area smaller and  
power consumption less. It proves 
that  using stochastic bit streams can 
accelerate computation time of 
accumulation operation. It can also 
extend to other image processing 
applications which involve Fourier 
transform such as image encryption. 
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             (A)                              (B) 
 
 
 
 
 
 
 
              (C)                              (D) 
 
Fig. 2 Images before and after 
denoising. (A) Original picture (B) 
Picture after adding noising (C) 
Denoising by conventional way (D) 
Denoising by stochastic way 

 
After the computation of FPGA, the 

images will be transformed back and 
showed on the computer.  

The images before and after 
denoising by FPGA are showed in 
Figure 2. 
 

Validation 
Before the final Expo, the test and 
validation are performed in FPGA.  
Image denoising by both conventional 
way and stochastic way are built to 
compare the delay, circuit area and 
power consumption. 
Delay can be measured by FPGA. For 
conventional way, no error will be 
produced if there is no flip during the 
transform. 
So, the results of stochastic way will 
be compared to conventional way to 
get the probability of error.  
The test cases prepared are clear 
images which are added Gauss 
noising.  
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Problem Statement 
In this project,  our team is required 
to build an endoscopic probes and 
ensure that the light from the source 
gets through the prism to the receiver. 
At the same time, the light needs to 
reflect from the prism to the 
surrounding and reflect back in order 
for us to obtain the image. 
 

Concept Generation 
After searching through possible 
components and discussing with the 
sponsor, we decided to use LED light 
source as our main light source and 
normal lens to concentrate the light. 

Design Description 
Our probe design is shown in fig 1. 
Our main focus is on focalizing the 
light from source via lens and prism 
to the receiver. 
 
The circuit design part (Fig.2) is very 
important and fully related to the 
coding and decoding part. After 
studying the previous group design 
and the infrared transmission 
protocol, we modified the previous 
group work and made the necessary 
adjustment to the circuit. 
 
 
 
 
Fig. 1 CAD model of probe 
design(from left to right) lens, prism, 
micro-motor, circuit board, battery.  
 
 
 
 
 
 
 
Fig.2  Virtual circuit configuration 
 
 

indicates that the coding and 
decoding of the transmitter and 
receiver are synchronizing properly. 
 
 
 
 
 

 
 
Fig. 5 Simulation of coding circuit 
 
 
 
 
 
 
 Fig.6 Simulation of the decoding 
circuit 
 

Conclusion 
In our project,  we mainly focuses on 
the light source and the lens. Taking 
in the customer requirements into 
consideration, we choose the best 
option available from our various  
solution designs.  
 
After we managed to miniaturize the 
probe  size by 15 percent, we changed 
our focus on the light focusing onto 
the receiver.  
 
By using Pairwise comparison and 
weight dimension matrix, we came up 
with the final design for our light and 
lens combination, which is LED light 
and the normal lens.  
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Figure 3 shows the overall design of 
our project. The main part of our 
work is to miniaturize the probe and 
add the lens in order to focus the 
light to the receiver.  

 
 
 
 
 
 
 

Fig. 3 Overview of the design - coding 
circuit(blue board), LED light and 
lens(wrapped in yellow paper at the 
end of the tube), probe.  

 
Validation 

Our validation divided into two main 
parts, the validation of the probe and 
the validation of the coding/decoding. 
For the probe part, the motor should 
be able to rotate with the specific 
speed and direction. By using a 
stopwatch to measure the time prism 
takes to rotate one round, we could 
measure the speed of the motor 
rotation. 
 
We also need to make sure that there 
will be enough light reflected inside 
the probe to go to the receiver. From 
our calculation and testing, the light 
reflected as shown in fig.4 will be 
enough for the probe to operate. 
  
 
 
 
Fig.4 reflected light inside the probe 
 
The validation of the coding and 
decoding circuit can be done via the 
computer.  From last three 
lines(green color) in Fig.5 and Fig.6, it 
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Problem Statement 
The project requires students to 
knock down ten poles in a strict order 
with two independent servomotors. 
Students are expected to finish the 
knocking process with mechatronic 
system as quickly as possible. Short 
path, smooth motion and precise 
servomotor control are the keys for 
success of the project.

Concept Generation 
To  accomplish the task, two 
conceptual designs are  built  with  
CAD software. The first concept is 
five-bar linkage.  The second concept 
is two-bar with slots mechanism. 
Since  both concepts have only two 
degrees of freedom, the servomotor 
would control the rotating angles of 
two bars.Figure.1  shows models of 
two designs  
 
 
 
 

 
 
 
 

 
 
 
 

 
Figure.2  CAD model conceptual 

designs
Design Description 

To determine  the final design, the 
comparison in Table.1 between two 

conceptual designs helped to find the 
strengths  and weaknesses of designs 
 
 
 
 

circle represents the initial position of 
the hitter. Similar simulation was also 
completed for the two-bar structure, 
whose result is shown in Figure 4. For 
both structures, the ideal time 
consumed are about four seconds. 
But due to  the friction and the 
response time of motors, the actual 
time needed should be larger. Some 
lubricants are necessary in reality to 
reduce the frictions. 

 
 
 
 
 
 
 
 
 
 

Figure.3 Simulation of the four-bar 
structure 

 
 
 
 
 
 
 
 
 
 
 

Figure.4 Simulation of the two-bar 
structure 

Conclusion 
All the components necessary have been 
manufactured or purchased. The 
assembling of the whole structures is still 
underway. Since the simulation results for 
both structures are comparable, the final 
design will depend on the actual 
performances. 
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Table.1 Design comparison 
 
 
 
 
 
 
 

Since two concepts have both  
characteristics, two prototypes are 
made to compare the practical 
performance.Figure.2 shows  two 
prototypes. 

 
 
 
 
 

Figure.2 Prototypes 
Modeling and Analysis 

To reduce the weight but also keep a 
high stiffness of the structure, all the 
bars were manufactured with the 
material Plexiglas by a LASER cutting 
machine. Some small holes are 
designed at the ends of bars such that 
they could be connected to the motor 
with screws. Bolts are applied for the 
bar connection to achieve a lighter 
weight compared to bearings. To 
constrain the hitter on the bar and 
keep itself vertical, clamp springs are 
employed. Finally,  the motor are 
fixed on the bottom plate by screws 
to prevent any shift. 

Validation 
Simulations of path and velocity for 
both structures have been 
accomplished with Matlab to 
evaluate their performances. Figure 3 
shows the path of the hitter in the 
four-bar structure and the speeds are 
indicated by different colors of the 
lines. The red square on the dashed 
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Problem Statement 
In this project, students are required 
to design a mechatronic system 
driven by two servo motors to knock 
down all the poles on the arena in a 
certain sequence as fast as possible.  
 

Concept Generation 
Five-bar linkage system is a simple 
and effective way to achieve the goal. 
The system has two DOFs and the 
angle changes of the linkage can be 
controlled by two servo motors. 
 

Design Description 
Five-bar linkage system is chosen as 
the final design because  it can meet 
most of the criteria  such as  
effectiveness, stability and simplicity 
well. One pole is held as a hitter at 
the tip of the linkage to knock down 
the targets on the  arena. This system 
is driven by two servo motors, which 
can precisely adjust the two links 
attached by changing their rotating 
angles. The position of the hitter can 
therefore be determined by the 
motion of the linkage. Programming 
is needed to control the two servos 
since it is required to hit the targets in 
a certain sequence in the shortest 
time. Simulation for this  mechatronic 
system is used to test the validation.  
The CAD plot is shown in Fig. 1 and 
Fig. 2 shows the image of our 
prototype. 
 
 
 
 
 
 
 
 
Fig. 1 CAD Drawing of the 
Mechatronic System 
 
 
 

 
 
 
 
 
 
 
            (a)                                    (b) 
Fig.3 Simulation of the Prototype. (a) 
Hand-made Model in 1:3 Scale. (b) 
Animation in Matlab. 
 
In practice, vibrations and bending 
occur to the system, which may affect 
the stability of the system and fail the 
system to knock down targets. To 
improve the system, the shaft part at 
every joint is adjusted to be more 
compact and lubricant shall also be 
used to ensure the joints rotate 
smoothly. Double layer links stacked 
with Plexiglas shims are used to 
increase the stability and avoid 
bending. More tests of the corrected 
system shows a better result to satisfy 
the project requirements. 
 

Conclusion 
Our final design is a compact and 
efficient system and can successfully 
knock down the targeted poles on 
arena in the right sequence as 
required. Although the structure may 
look simple, many facts that may 
affect the results need to be take into 
consideration, like the limited power 
and angles that servo motors can 
provide. This project offers us a great 
opportunity to apply our knowledge 
into practice, make efficient 
teamwork and solve real engineering 
problems in a professional way. 
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Fig. 2 Prototype of the Mechatronic 
System 

 
Modeling and Analysis 

Bars used in the system that made of 
Plexiglas are manufactured by laser 
cutter in department’s machine shop.  
All joints between links are connected 
with steel shaft; while the linkage 
system are attached to the servo 
motors by four thin screws, which can 
avoid sliding between the linkage and 
the motors very well. Commercial 
standard products are also applied to 
simplify the manufacture process. 
Brackets for assembling the servos 
onto the base are purchased online. 
The two electrical servo motors are 
provided by Prof. Xu. The arena and 
poles for the competition are built by 
the teaching assistant. During the 
assembling of our mechatronic 
system, glue is also used to provide 
higher stability of the system. 

Validation 
Simulation and test have been done 
to validate the performance of the 
system. A handmade model in one-
third scale, shown in Fig. 3(a), is built 
to generate a rough idea on the path 
of the hitter. Animations made in 
both ProE (Fig. 1) and Matlab (Fig. 
3(b))  are used to give the program 
afterward. The animations works well; 
thus, as long as linkages follow the 
servo motors precisely, the system 
can give a good performance. 
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Needs Statement 
This project is the final project for VX-
420, Business Basics for 
Entrepreneurs in Joint Institute.  
Students need to brainstorm a 
business project and analyze it from 
different aspects with instructions 
from professor. 
 

Business Idea 
The business idea for our group is a 
portable medical apparatus and 
instrument that can be taken along 
with the patient to monitor his health 
condition. If there is a sudden heart 
attack for the patient, this product 
will be able to send signals to the 
nearest hospital to let them come as 
soon as possible. In this way, it can   
save precious time for curing the 
patient. 

Winning Strategy 
Our customers are people who have 
coronary disease. The number of the 
patients is 2 million in China and is 
increasing at the rate of 0.5 million 
per year. The market is growing faster 
and faster. Our product is between 
commodity and high value and long 
cycle. There are already pioneers like 
Intel health guide and Zhengzhou 
Xintian.  Our disadvantage is that 
people don't have much confidence 
in the medical machine that is made 
in China. However, our advantage is 
the usability and convenience of the 
products. We integrate all the 
necessary functions into a single 
watch so that it is portable enough 
for patients to take it anywhere he 
wants to. In this way, patients can live 
a normal life, which is the idea we are 
insisting on. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Data: China Cardiovascular disease  
Report 

Conclusion 
It takes three years for our project to 
start to make profit. By our 
estimation, its profit will reach more 
than 10 million per year after 5 years. 
Current medical condition in the 
world is not good enough. There is a 
bright future in the medical field and 
there are many opportunities to 
change current medical condition. 
Our project is just one of them which 
can save time and save life for people 
with coronary disease. 
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Fig. 1 Portable watch which can 
detect health condition of people 
with coronary disease 

 
Winning Move 

We will never forget that our 
products are for the people. Thus, our 
winning move is to make the best 
products for our customers.  
All the current products on the 
market lack usability. Customers will 
find them inconvenient to use. 
However, our proposed products will 
put our customers at the first place. 
We will make our product more 
portable. As Fig. 1 shows, our watch 
like device gets rid of all the 
unnecessary functions, and remains 
pulse detection and emergency 
messaging, which will serve our 
customers much better.   
This will be our first device. After this, 
we will launch more customer 
focused products. Customer demand 
is the first forever.  
 

Financial Forecast 
The following diagram is a forecast of 
the profit from the northeast of China 
in the next few years. It is based on 
the data listed in the following table. 
The data came from the forecast of 
the official reports and some 
reasonable assumptions which is 
made by us. The result of this forecast 
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 shows that it takes only 4 years for 
our company to recoup the 
investment and will gain at least 11 
million yuan per year after 2016. The 
profit will still keep a high growth rate  
after the early growth.  



Needs Statement 
In China, the College Entrance 
Examination is very competitive. 
Every high school student wants to go 
to a high-level university. And the 
students’ parents are also willing to 
pay higher cost to achieve a better 
future for their children. About 10 
million senior students take the CEE 
each year, and most of them need a 
unique professional guidance for 
choosing the potential universities 
and the suitable majors. 
 

Business Idea 
Generally, Guiducation has three 
platforms to operate: an online 
website to publish free basic 
information, such as entrance score 
and brief introduction to universities.; 
an online system which is used to 
order a detailed university 
information and other online service; 
and a hypostatic store to provide 
face-to-face consulting service.  
 

Winning Strategy 
We should have advantage over the 
strong opponents in this field, which 
are SINA and Sunshine. They make a 
lot of effort on information and data. 
However, our Guiducation not only 
cover these basic aspects, but also 
focus on the individual long-term 
consulting. With this service, a great 
number of customers will gradually 
find out about the uniqueness and 
the necessity of our services to them. 
Therefore, we will establish our 
company in a few years, and gradually 
raise our price. We also noticed a 
trend of exodus these years for high 
school students to go abroad for 
higher education, it’s still our 
business to help the students decide 
the right way to go, whether or not to 
take the CEE. 
 
 
 

 
 
 

 
 
 
 

 
 
 
Fig. 2 Financial Prediction for the first 
five years of Guiducation
 
For the first three months probation 
period, the service is free. After the 
probation period, the service fee is 
charged accordingly. For the 
individual service, it is charged in two 
ways, one is by hour and the other 
one is by program. The financial 
forecast chart is shown in Fig. 2. 
In summary, the Guiducation has a 
large and steady market. It is very 
attractive to high school students and 
their parents. It will become a wide 
investment.  
 

Conclusion 
We have come with these ideas, 
expended our  time on it,   done all 
these hard work to make our society 
benefits more from it resources, to 
make tomorrow’s  student better 
than what we are today.  
Our deep  conviction of  the necessity 
of such service in the market roused 
us to action. We come here today to  
make the first step.  
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Fig. 1 Logo of our company 
 

Winning Move 
Our featuring service is the 
personalized consulting that targets 
all the high school students. We will 
follow the academic record of our 
clients for every exam and show them 
some charts for evaluation and 
analysis. What’s more,  our face-to-
face consulting  will further diagnose 
these charts, as well as provide more 
detailed and personalized advise to 
the students for both the exams and 
their prospective professional career. 

 
Financial Forecast 

Guiducation has a large customer 
market and a huge potential to earn 
money. The main customer groups of 
Guiducation are high school students 
and their parents. Currently there are 
about 29 million high school students 
in China. This market is a long cycle, 
steady market. The size of market will 
remain for a long time. Our strategy is 
first spreading Guiducation in big city 
like Beijing, Shanghai, Guangzhou, etc. 
Then gradually, we will extend our 
service to small towns. 
 
As for service fee of the Guiducation, 
The basic online information 
searching is free. It is available to 
everyone. We will sell registration 
identity card for the online consulting. 
With the registration, more 
information and service like grading 
tracking is available. 
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Needs Statement 
In our daily life, people have 
difficulties hanging out with their 
friends conveniently and efficiently 
due to the lack of a platform to 
exchange the information. In the 
meantime, people are always looking 
for a discount when hanging out. To 
address this issue, Hang-out website 
is built up. 
 

Business Idea 
Hang-out website aims to provide a 
social network platform for the 
purpose of helping people hang out 
with their friends more conveniently 
and efficiently, such as dining, 
watching movies, going to Karaoke 
bar, and travelling. Meanwhile, 
people are able to enjoy a great 
discount provided by Hang-out 
website, like the coupons of the 
restaurants and rebates from the 
hotels. 

Winning Strategy 
Hang-out  website helps people with 
common interests to hang out 
together and targets young people.  
Even though some competitors exist 
(Renren, Dianping, Lashou, etc.), they 
do not provide identical service and 
products. They focus more on online 
social network and comments on 
music, movie, food, etc. while this 
website focus on getting people out 
of the room to make appointments 
and hang out with friends. Therefore, 
this is a new Internet field with great 
needs. However, in a competitive 
world as the Internet Technology, 
much attention has to be paid to the 
paranoia side, such as being copied 
and slandered.  Luckily, the 
developing internet regulations and 
laws provide a good protection to 
Hang-out website. 
 
 
 

 
 
 
 
 
 
 
 
 
 Fig.3 Financial Forecast of Hang-out 

Website. 
 

bringing us revenue are 
advertisement and commission from 
the restaurants and hotels. Both two 
ways largely rely on the number of  
users. With the popularization  of 
social network in China, the number 
of users is expected to increase 
exponentially. The huge amount of 
users will bring large amount of traffic 
and therefore more revenue from 
advertisement and commissions. 
Based on the increasing users and the 
investments, Handout website is 
going to return to profitability in one 
and a half years.  
 

Conclusion 
Hang-out website is a novel and 
interesting business idea. It jumps out 
the pattern of popular social network 
that stresses on spending time on the 
internet, but instead it encourages 
young people go outside and explore 
their interest with friends or make 
new friends. Moreover, quite a 
fortune can be made by 
advertisements and  commissions 
which is a good business model. 

Acknowledgement 
Vincent Chang, professor at Shanghai 
Jiao Tong University.
Fairwin Askara, teaching assistant of 
Vx420. 
 
 

 
 
 
 
 
 
 

Fig.1 Hang-out Website Logo 
 

Winning Move 
The focus of the future strategy of 
Hang-Out website would be owning 
the customer. We have two ways to 
support this focus. 
First, Hang-Out website would 
gradually expand its service cover 
range. The final goal is to serve all 
kinds of out-of-home  activities. The 
customer would experience one-site 
service when there is a will to go 
outside with some friends. 
Second, Hang-Out website would do 
some mergers and acquisition to 
deepen the business chain. Some 
famous website that on the upstream 
or downstream in the business chain 
would provide  big discounts and 
stable traffic for Hang-Out. 
 
 
 
 
 
 
 
 
 
 

 
Fig.2. Hang-out combines features of 

other social networks 
 

Financial Forecast 
A financial model is made for Hang-
out website. Two important ways  

Hangout Website (www.hang-out.cn) 
Instructor: Prof. Vincent Chang   

Team Members  
Li Qingkun, Lu Di, Huang Jinbo,  

 Tao Xiaoran, Wu Ji & Zhou Chencheng 
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Needs Statement 
Many foreign travelers in China can 
not understand the Chinese menu in 
the restaurants. Besides that, the 
Chinese food greatly differs from the 
western food. They can hardly expect 
what to eat. 
 

Business Idea 
A smart phone application can offer 
professional translation of the menu 
by scanning the menu using the 
phone camera. The application also 
tells the ingredients of the food to 
users. It serves as a platform that 
users can provide their own reviews. 

Winning Strategy 
Our competitors are Google 
translator and other electronic 
dictionaries. There is no competitor in 
OCR(Optical Character Recognizer) 
food translation field. Our target 
customers are foreigners in China. 
Our market research shows that there 
are difficulties in communication 
between foreigners and local 
restaurants (Fig. 1).  Our group has 
hired a professional team specializing 
in image recognition field. Collecting 
menus across China, we have already 
had an advanced database. 
Some brutal facts may pose an 
obstacle in capturing large market 
share.  M&A between a dictionary 
company and a high-tech company 
may result in our biggest competitors. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Fig. 3 Income per quarter 2012 ~2016 
 
annual income about  4 million. In 
this financial model, expense and 
income is estimated per mouth  to 
ensure reality and precision. An 
example of income and cash flow per 
quarter is shown in Fig. 3 to show the 
growth  of the company.  
According to our estimation, in total 
four rounds refunding are needed in 
these years and the first fund should 
come within 6 mouths after we 
release the product. We believe this 
time is fairly long for us to find the 
potential investor and keep the 
company on the right track .   
 

Conclusion 
The food translation market is a new 
playing field for companies. There are 
100 million travelers from abroad 
travelling in China annually. If we can 
obtain 10% market share, our 
customer base can reach ten million 
after few years.  At that time, we can 
expand our business  and  open our 
own restaurants to further increase 
income and scale. We believe this 
product has great potential and will 
be a big hit in the market.   
 

Acknowledgement 
Vincent Chang, Lecturer at Shanghai 
Jiao Tong University.
Fairwin Askara, TA of Vx420. 
 

 
 
 
 
 
 
 
 

Fig. 2 Application Interface  
 

Winning Move 
According to our market research, 
other companies have not focused on 
this field and thus do not have  
professional translations for food. We 
hence can use a free version to obtain 
large market share, and then we will 
release our advanced version, which 
would charge some money, but would 
provide more functions and is 
advertisement free.  
In the following few years, we will 
gradually enlarge our translation 
database to a larger range of 
languages. Eventually, we will 
upgrade our Eat@China to a global 
version. This strategy is essential to 
our global expansion plan and will 
bring us millions of customers.  
Finally, we will maximize the use of 
WEB 2.0 technology to build a 
platform so that users can add their 
own reviews and comments and 
interact with each other. This feature 
makes our product more user-friendly, 
and is critical to differ our product 
from others. 
 

Financial Forecast 
A thorough 5 years  financial model 
has been made for this product. In 
this period, the company will grow 
from a 4 person ultra small size 
company to become a medium size 
company with 20 employees and 
  

Eat@China 
Instructor: Vincent Chang   

Team Members  
He Jiaju, Jia Lingxiao, Omar Turki, Xiao Jiayi, Zhang Ruilin 
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Needs Statement 
University students wants to figure 
out what are the features of some 
jobs and whether those jobs are 
suitable for them and whether they 
have enough qualification to do them. 
Internship might be the best way to 
answer these questions. Guinex will 
help students to get short-term 
internship much more easily and less 
costly by cooperating with companies 
directly. 

Business Idea 
For our customers, we will provide 
three series of service, which are 
guidance of work and career, regular 
visits to big companies, and the short-
term internship program. 
For short-term internship, after 
evaluation, Guinex will help value the 
ability of students. Based on the  
evaluation, Guinex will recommend 
companies to the customer, which 
may be most suitable for them.  
 
 
 
 
 

Fig 1 
Winning Strategy 

Since  companies will be paid by us, 
they will save recruiting cost when 
they train the interns. And after the 
recommendation of Guinex, they are 
more likely to find the right people. 
Students could save lots of time and 
energy by taking a short-term 
internship to know a job better and 
also know themselves better. 

 
 
 
 
 

Fig 2 
 
 
 

 
 
 
 
 
 
 
 
 

Table.1 Cost Analysis 
 
Fig.5 shows the revenue and FCF of 
our business. The company is going to 
make profit from 2018, and 4 years 
later Guinex will have a revenue 
about 225 million RMB.   
 
 
 
 
 
 
 
 
 
Fig.5 Instant Revenue & Free Cash 
Flow since the Project Start
 

Conclusion 
Based on the big market in China and 
the relative new and fresh business 
idea, Guinex would be very 
competitive. Guinex is not only a 
profit company, but it also will take 
the social responsibility to help 
students know themselves better and 
learn what their future careers are 
during the short-term internships 
provided by the companies working 
together with Guinex.  
 

Acknowledgement 
Prof. Vincent Chang 
 
 

Winning Move 
Our business  is divided into three 
parts: Guidance, experience, 
internship. Our main profit source is 
internship part. We first charge the 
students for qualification evaluation. 
Then the students will determine 
whether to go to the companies we 
recommend. If they want to go, they 
will pay us, and we  then arrange him 
to be trained and work in the target 
company. We also pay the training fee 
to the company. 
 
 
 
 

Fig.3 
After the short-term internship, if 
both the student and the company   
feel satisfied with each other, Guinex 
will return the money to the student 
and the company returns training fee 
to us. However, if the student does 
not want to work in this company or 
the company does not want to hire 
the student, then we return no 
money to the student, and the 
company does not need to return 
training fee back. In this case, we 
make money. 
 
 
 
 
 
 
 
 

Fig.4 
Financial Forecast 

Table 1 shows the total cost for us to 
have one branch company in one year. 
The total amount of money we want 
from investor is about 30 million RMB, 
which will cover the development and 
daily cost for 6 years.  

Guinex 
Instructor: Vincent Chang   

Team 5  
Ge Song, Xiaoran Li, Jiesheng Zhang, Zhen Yuan, Qianchang Zhu 
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Event Cost/Year 

Office Rental 16,200 12 

Staff  Salary 4,000 20 12 

Operating Fee 5000 100 

Total 1,650,000 

Accessing to Better Job 

Guidance Charge Free 

Experience   Charge Little 

Internship 



Needs Statement 
Many people  are very busy and do 
not want to spend time on recording 
all their spending everyday, but they 
really need to do this to control their 
expense avoiding living paycheck-to-
paycheck . so our software will be a 
good helper for them to get those 
recording automatically and help 
them to save time and money. 
 

Business Idea 
WisePay is a free mobile application 
that suggest you how to spend your 
money more wisely. Our source of 
finance is local merchants and 
advertising. 
 

Winning Strategy 
Our  application will give you a weekly 
report of your spending budget. It can 
be displayed in form of a pie chart or 
a bar chart diagram. Also you may 
receive some spending advice when 
you needed say dinner time or 
shopping weekend.  Another 
advantage of our application is that 
users don’t need to type. A photo of a 
piece of bill or a swap of a credit card 
is enough for WisePay. What’s more, 
the technology of voice input is under 
research and it will be possible to be 
released next year.  
 
 
 
 
 
 
 
 
 
 
Fig. 1 Description about WisePay. 

 
 
 
 

Fig.3 cooperation model 
 

Financial Forecast 
Although our long-term expected 
turn is high, but we have to admit 
in the first year our profit is low 
because of the lager cost of 
program building and data 
linking.. The deficit seems a little 
high in the first year, but it’s 
temporary because the develop 
cost will go down quickly. the 
profit our company can make is 
really high after only three or four 
years. The money invested to us 
will deserve its value.
 
 
 
 

 
Fig.4 Financial analysis in first four 
years of WisePay 
 

Conclusion 
WisePay is an application which can 
change the way people live. Although 
there are many hardship about some 
links in our model such as the trust 
from our partner and existing 
competitors, we do have the chance 
and confidence to do better and win 
in this field. 
 

Acknowledgement 
Vincent Chang , Professor at Shanghai 
Jiao Tong University.

Our target partners include Union Pay, 
related to purchase via credit cards, 
and PayPal, related to purchase 
online. We will share data and benefit 
from each other.WisePay’s target 
market is the white collars with 2-8 
years of working experiences. we 
provide free app to users and charge 
money from local merchants through 
advertising. About competitors, we 
do have several existing competitors, 
but WisePay’s convenience and 
strong function will win them over. 

 
 
 
 
 
 

 
Fig. 2 Value chain of WisePay 

 
Winning Move 

Using suggest restaurant for lunch, 
WisePay actually is bringing value to 
both sides in the process. First it is 
creating value for the app users 
because it actually helps them with 
the decision of an indifferent lunch. 
And also it helps them save money 
because the lunch has a huge 
discount. Also the local restaurants 
are gaining benefits, because first 
WisePay is bringing traffic to the 
restaurants so that they can sell more 
products to the customers and also, it 
is a perfect branding opportunity for 
the restaurants.  About our partners, 
we are trying to convince them  that 
Wise Pay will stimulate more credit 
card payments as well as online 
payments, which is consistent with 
their benefits. The function done with 
our partners will be our most 
powerful advantage. 

WisePay 
Instructor: Vincent Chang   

Team Members  
Li Juyi, Cao Jiyan, Chen Yanqin, Wang Yuzhou, Yang Guang 
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Laboratory assignment  
Choose Your Own Experiment – 

Analyze, Build, Conduct and Design
 
Project duration and budget
This is a six-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 
LU Yang, 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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Effect of SPF, Dose, Dilution and Applied Order on Performance of Sunblock Lotion 
HOU Xueying, LI Nan, WANG Zhaoguang, XU Tao 
 
Sunblock lotion is commonly used in daily life to protect human skin from excessive exposure to  ultraviolet (UV) in the 
sunlight, especially in hot summer days.  Even though the atmosphere has blocked most of UV radiation, UV with the 
wavelengths ranging from 230 to 400 nm can reach the Earth’s surface.   
UV index is used to evaluate the UV intensity.  UV index, which is a  
measure of the sunburn potential on the scale of 0 to 11, considers both  
the UV intensity of each wavelength and the portion of such wavelength 
in all UV wavelengths. The higher the sunburn potential, the larger UV  
index will be.  Figure 1 shows the change of UV index from 12:00 to  
13:00 on July 21st, 2012.  
         The objectives of this experiment, inspired by the real situations  
of applying sunblock lotion,  are to compare the performance of the 
lotion under different conditions. The details  are listed as following:
(a) Compare performance of sunblock lotions with different SPFs, 
(b) Compare performance of sunblock lotion diluted by different  

amounts of saline, 
(c) Compare sunblock efficiency of double dose of lotion with lower SPF  

and single dose with higher SPF, 
(d) Explore whether sunblock efficiency is affected by applied order of  

two layers of lotion with distinct SPFs. 
 The experiment is conducted with a setup shown in Figure 2.  Natural  
sunlight acts as the light source.  UV sensors are  placed on the supports  
reaching out of the balcony.  A lotion sandwich, which is made by two  
pieces of quartz glass with sunblock lotion in between, is placed on top of  
each UV sensor.  The UV sensors will return the UV index of the light with  
and without protection of the lotion. 

Figure 1. UV Index vs. Time 

Figure 2. Experiment Setup 



Investigation of the Durability of Tennis Ball 
Guo Tong, Yu Jiangpu, Li Zhan, Wang Zhenfei 
 
As many tennis players and amateurs know, a tennis ball would not be used for many times  
during a match, because the bounce height will be lower and  the bounce performance to a  
racket will also be worse after long time of hitting.  This is mainly caused by the decrease of  
internal pressure due to the deformation during hitting. 
 
          Our experiments concentrate on the bounce performance response to internal pressure  
of tennis balls.  The objectives of our experiment  are to investigate the decrease of bounce  
performance after hitting and to find the hitting times which can significantly affect the  
performance of bounce.  The experiment consists of three parts: 
(a) To identify the effect of the internal pressure on the bounce performance, 
(b) To find the difference between new balls and used balls by our force-displacement system, 
(c) To measure the hitting times which affect the bounce performance. 
 
           For the first part, the height of the first bounce of each tennis ball (new and used) is  
recorded by a video camera, and the first bounce height can be observed after analyzing the  
video frame by frame. 
            A force-displacement system is designed for the second experiment.  The upper plate  
can move up and down smoothly along four sliding rails.  The ball is placed between two plates  
and weights are put on the upper plate, so the plate will compress the ball and the  
displacement of the ball is measured by two LVDTs. Different balls will generate different force- 
displacement responses, which will be recorded by LabVIEW. 
            For the third experiment, the wearing out process is realized by skilled players.  After 
multiple times of hitting, the ball will be tested under the force-displacement system again,  
and its bounce performance analyzed.  
 

A Study of Factors that Influence the Friction Coefficient between Soccer Ball and Soccer Field 
Jingyi Bao, Zixiao Chen, Xun Xu, Nan Zhong 
 
Soccer is the most popular sport in the world.  Predicting the results of soccer games is a hot topic not only among soccer 
fans but also in soccer lottery companies.  One way to predict the result of a game is by investigating the friction force 
between the ball and the ground.  In a soccer game, some teams like passing the ball on the ground and acting in concert 
with other teammates.  On the other hand, some teams have the style of passing the ball over the ground.  Thus, if the 
friction between the ball and the field is very small and the ball  
moves very fast on the ground, a team that frequently passes ball  
on the ground is more likely to win, because cooperation among  
members of that team is more likely to avoid losing possession of  
the ball to the rival.  An initial data analysis was performed on real  
soccer games, and short passes were found to be the dominant  
style of passing balls.  In addition, actual soccer ball kicking was  
performed and recorded and rotating was found to be the dominant  
type of soccer ball movement. 
 
The objective of this project is to determine the significance of factors 
that may influence the frictional coefficient between the ball and the  
field. A customized experiment apparatus was built.  In one test, the  
ball was released at a fixed height and rolled down to the field.  Two  
sets of infrared sensors were aligned at the beginning and the end of  
the moving track of the ball to measure its velocities at those positions.  
A DOE experiment on controlled factors such as inner ball pressure,  
field type, and field moisture was conducted.  Data on soccer ball  
velocities was obtained and analyzed.  Finally, the friction coefficient  
between soccer balls and soccer fields in different situations was  
determined. 
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Investigation of Damping Effect on Pendulum Periods 
GAO Xiaobin, JIANG Weiran, PU Jichao, and WANG Yeli 
 
Generally, the pendulum period is derived without considering the damping  
effect due to factors such as air drag and internal friction at pivot points.   
This project investigates the damping effect on pendulum periods instead.   
The objective of the experiment consists of two parts:  
(a) to find the optimal combination of mass shape, mass material and rod  

length, which gives the minimum damping decay;  
(b) to investigate the pendulum period trend on corresponding damping  

decays. 
  
To perform this experiment, a 600 mm × 300 mm × 800 mm frame has  
been built for the pendulum.  A rotary encoder has been installed on the  
rotating rod so that the angle could be recorded in time domain.  The  
experiment includes four individual tests.  First, mass with different  
geometric shapes will be tested to decide which shape induces the least  
damping effect.  Second, for a certain shape, the effect of mass size will  
be tested.  Third, our team will vary the stainless wire length until an  
optimal length with the longest decaying time is found.  The combination  
of all these factors leads to the fourth test, the validation of general form  
of pendulum period equation.  The pendulum period will be found using  
Fast Fourier Transform (FFT) based on the plot of angle vs. time.  The plot  
and the computed FFT results have been shown on the right.  The final  
experimental results will be compared to the theoretical values for  
investigation of damping effect. 
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Musical Acoustics – The Mathematical Interpretation of Sound 
Li Chen, Ma Binjian, Xie Yifan 
 
 People have been playing music since ancient  times.  
However, why different sounds would be sensed with distinct  
pitches and timbres has never been fully understood by until  
recent centuries.  In this project, we investigate some basic  
principles of auditory perception, relating its physical properties  
with the hearing sensation.  Since sound is a kind of mechanical  
wave, the harmonic analysis is applied to reach the goal.   
 Our experiment is composed of three tests,  
(a) Explore the relationship between frequencies and pitches. 
(b) Determine frequency from the vibrating string properties. 
(c) Define musical sound timbres by the amplitudes of harmonics. 
 Different musical sounds are played by team members and  
received by computer via a microphone.  FFT transform is then performed 
using LabVIEW to analyze the sound signals.  The musical instruments  
used in this experiment include a guitar, a  violin, an erhu and a  
harmonica.  The universal tensile machine is also used to measure the  
tension in the string.  From the completed tests (test 1 and part of test 2), 
the pitches and fundamental  frequencies of musical sound from the pitch- 
fixed musical instruments fit the expected trend line quite well,  and the  
sound frequency is shown to be inversely proportional to the length of  
vibrating string. Further tests will show us the relationship between the  
linear density and the oscillating frequencies as well as the axial tension  
and oscillating frequencies. Finally a table containing sound timbres and  
its harmonic components will be constructed. 



Study the Factors Affecting the Forced Internal Convection Coefficients  
Zhao Xinran, Sheng Mingyuan, Zhou Yang, and Chen Shaodong 
 
The purpose of this experiment is to build a water circulation system, 
and using this system to study a forced internal convection situation  
with water as fluid. Since in the formal heat transfer course, the  
experiments included are designed only in wind tunnel, the goal of  
experimenters of this lab is to study the heat transfer in a water-flowing  
environment. 
 In the experimental plan, a close-looped water circulation system  
is built, which includes a pump, a reservoir, a test box with heating  
circuit attached to its bottom. Water in the reservoir is pumped into the  
test box from one side and exit from the other side, then return back to the reservoir. The test box has a rectangle 
cross section, and the four side surfaces along with the upper surface are made of plexiglass, while the base has three 
connected layers: top layer is made of stainless steel, which contacts the  
water flow; the mid layer is the silicon heating board with known heat  
generation rate per unit area, which is connected to the power supply;  
the bottom layer is made of insulated material with thermal conductivity  
known. When water flows through the test box, the  inlet and outlet  
temperatures of the water are measured. Also, temperatures at the upper  
surface of the steel board, the upper and lower surfaces of the insulated  
material are also measured at different positions, therefore the convection 
heat transfer coefficient between the water flow and the heating board  
can be determined from these temperatures. Test boxes with different  
cross-section shapes and different lengths have been manufactured, and tests will be conducted in each test box. 
Thermal couples will be inserted into inlet, outlet and bottom regions to measure the temperatures of interest.  
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Analysis of Heat Dissipation Efficiency of Downstream Body Blocked by Upstream Body  
Xiaoran Li, Ran Li, Zhixuan Cen, Yuzhou Wang 
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This experiment is a fundamental test involving fluid mechanics and 
heat convection.  Two aluminum bodies are placed in a wind tunnel  
for test.  The objectives of this experiment are to test the effects of  
1) wind speed, 2) shape of upstream body, and 3) distance between 
the two bodies on the heat dissipation efficiency of the downstream 
body.  
 
The scope of this experiment is limited to measuring the final 
temperature distribution of a downstream body after it reaches 
steady state with the blockage of wind by a solid body upstream.   
The shape change of the upstream body are cylindrical and cuboid.  
The wind speed is limited to 2–6 m/s. The distances between the two 
bodies are limited to 0.5 cm, 10 cm and 20 cm. Other factors that may 
lead to heat dissipation changes, like the change of heat flux rate from 
the heater, are not considered in the experiment.  
 
Flotek 250 wind tunnel in the JI Laboratory is used and aluminum 
bodies are manufactured to serve as test models. Data are acquired by 
thermocouples and DAQ system. COMSOL software is used for 
preliminary modeling for the parameters determination.  

 
 




