


Problem Statement 
In this project, students  need to 
design a semi-auto shelf that can 
exhibit  books, relics and items on 
display.  Our system is driven by a 
motor. We should ensure that viewers 
can operate the shelf  simply while 
the shelf can respond accurately.  
 

Concept Generation 
Two IR-electric switchers identify the 
viewers’ gesture and a DC motor 
controls the spin of the roller.  
 

Design Description 
After our discussion of the project. 
We decide to apply IR-electric as the 
sensor. This kind of shelf spin can 
itself by electricity and can be 
controlled by our gestures. The 
movement of gesture will be detected 
by IR-Electric Switch. It will spin 
clockwise or anticlockwise according 
to different gesture. This self may be 
used as a display counter in market, 
showcase in museum or the 
moveable wardrobe in home. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of Mechatronic system 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 structure of the roller 
 
things such as a paper box on the 
shelf,  the roller can spin at 
established speed. But when the 
weight is increased, the roller spin 
difficultly. To improve our design, we 
decide to replace the motor with a 
low speed on to increase its torsion.  
After this, the shelf can work as the 
criteria. More tests help us to 
improve our project. 
 
 

Conclusion 
First we wanted to make all things we 
needed by our own. But then we 
found it was impossible to deal with 
all the problems both in software and 
hardware in such a short time. Then 
we made the decision: grabbing the 
essence, the software and the 
innovation, and giving up those not so 
important, like the outside 
structure. After all the adjustments 
and tests, we built the shelf which can 
spin according to the gestures done 
by other people. To some extent, the 
operation is like using iPhone. You slip 
your hand over the IR switches, and 
things in the shelf will move according 
to your mind. 
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Fig. 2 prototype of semi-auto shelf 
 
 

Instruction and structure 
We design five gestures of the 
operation.  Put the right hand in front 
of the right IR-switch and don’t move 
it , the semi-automatic self will spin in 
clockwise. Put the left hand in front 
of the left IR-switch and don’t move 
it , the semi-automatic self will spin in 
anticlockwise. Move the hand from 
the left IR-switch to the right IR 
switch, the semi-automatic self will 
spin automatically .When the Move 
the hand from the right IR-switch to 
the left IR switch, the semi-automatic 
self will stop spinning. The automatic 
spinning speed of the shelf depends 
on the speed of your hand’s 
movement. 
Outside shape of the semi-automatic 
shelf is a hexagon and the shelf is 
inside the shell. Three plates are 
placed at equal separation distance. 
The pillar of the shelf is a linear 
incandescent lamp. 

 
Validation 

Before the finish of our project. We 
had the program test and simulation 
test separately. When we test the 
program we write, the program  runs 
by the established way.  
However, in reality, it does not work 
perfectly. When we lay some light  
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Problem Statement 
In this project, we planned to design a 
device to help college students to find 
their own bicycle when there are so 
many bicycles around. The device is 
assembled by  radio modules, 
infrared photoelectric switches, 
singlechips and so on. The device 
should be sensitive and achieve the 
function accurately.  
 

Concept Generation 
The radio modules can send signals 
by a board in hands, and the infrared 
photoelectric switches mounted on 
bicycle will receive the signals and 
send back the linear infrared signals 
to us to show the bike’s location. Thus, 
by pushing a button we can find our 
bicycles easily. 
 

Design Description 
After brainstorm and group 
discussions, we decide to use radio 
signals and IR signals to link our 
whole system. The radio system is 
designed to send signals to the bike 
by RCB in our hands to notice the bike 
that we are going to find it. Then, the 
radio receptor on the RCB on bike 
receive signals and hence the IR 
emitter send infrared signals. We 
place six emitters on the bike in six 
different directions and one receptor 
on the RCB in our hands. So we can 
know the direction we should go to to 
find the bike by receiving the infrared 
signals. 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 

        
Fig.2  Prototype of Part One  

 
Conclusion 

Our final design can successfully help 
you find your bicycle, which is the 
main purpose. There are two 
indications that show the direction 
you should go to. In this project, our 
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 and gain 
some new knowledge. 
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Fig.3 Prototype of Part Two 
 

Modeling and Analysis 
We decide to use infrared radio for 
our prototype. The baseboards are 
finished with a saw all by ourselves. 
For radio emitter and receptor, we 
buy PT2262 and PT2272 modules. 
Also, we buy IR detectors through the 
Internet. We choose ready-made 
components and commercial 
standard products to simplify the 
manufacture process. The robotic 
controlling boards are provided by 
the course. Also, the infrared emitters 
and receptors are bought from 
Taobao. During the assembe process 
of our mechatronic system, we apply 
strings  to stick the IR and radio 
detectors for high stability. Fig.2 
shows our final product. 

 
 
 
 
 
 
 
 

Fig.1  Average time wasting on find 
bicycle 

 
Validation 

Before the final competition, we 
finish simulation and test separately. 
We prove the product feasibility by a 
survey we made. The statistics will be 
shown as Fig. 3. In order to test 
whether it can link well, we just link it 
in a small room. After that, we need 
test it in a more open space. So we 
made it in the parking lot in front of 
the library.  By analyzing our  data, we 
are delighted that our product design 
turned to be successful as we 
anticipate. 
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Problem Statement 
In this project, our team decide to 
design an automatic mirror dryer to 
prevent the formation of mist on 
bathroom mirror. The system is 
controlled by the RCB (Robot Control 
Board) to turn on or turn off the 
switch. The dryer should work well at 
different environments such as at all 
seasons. 
 

Concept Generation 
A satisfactory design contains a 
heater supplied by a 12V Lithium 
battery and a relative humidity sensor. 
It also uses a relay and the RCB to 
control the system. 
 

(Design Description) 
The whole system is controlled by the 
RCB. The sensor above the mirror (Fig. 
2)  gathers information of relative 
humidity around the mirror and 
sends it to the RCB. RCB analyzes the 
values by running the program in it. If 
the relative humidity is beyond the 
threshold value, the RCB will turn on 
the heater through a relay and if the 
relative humidity meets the condition 
of turning off the heater, the heating 
circuit will be cut by RCB as well. 
for the electrical motors is necessary. 
Fig. 1 shows the drawing of our 
design. 
 
 
 
 
 
 
 
 
 
 
Fig. 1 design drawing of Automatic 
Mirror Dryer 
 
 
 

Validation 
We conducted the simulation test 
after finishing the prototype. A hot 
pot was placed inside the vessel to 
produce water vapor and simulate 
the shower room. We pour tap water 
in the pot and heated it until it boiled, 
which provided the high temperature 
and high humidity inside the vessel. 
We first manually shut the heater off 
to see if water droplets would form. It 
did. Then we manually turned on the 
heater to see if the mechanical part of 
our design was reliable. The results 
that the heated part of the mirror 
became clear soon met our 
expectation. After that, we plugged in 
our controlling system with the 
program and did the test again. We 
found some strange outcome this 
time and further tests showed that 
we had set wrong threshold value. 
After debugging, the corrected device 
had a better performance and 
achieved the goals of our design. 
 

Conclusion 
Our design is effective on keeping the 
mirror dry when people take a shower. 
We choose a low-voltage power 
supply support for the sake of safety. 
Also, our team follows a practical 
schedule and distributes tasks 
reasonably, which makes the whole 
project much easier. For better 
performance, we could transport the 
heat form the other side of the heater 
to the mirror for higher energy 
efficiency. A more sensitive sensor 
will raise our product’s accuracy. 
More fancy appearance is also 
recommended for commercial need.  
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Fig. 2 prototype of Automatic Mirror 
Dryer (Front sight) 
 

Modeling and Analysis 
The prototype of our design is a 
device containing a testing vessel, a 
mirror, a model wall, a 12V heater 
(12V 15W), RCB and a power supply 
support. The model wall is made from 
KT and organic glass boards which are 
cut into suitable size by laser cutting 
machine. Hot melt adhesive is used to 
make them joint with each other 
firmly.  The relative humidity sensor is 
glued inside the vessel together with 
the mirror. As for the power supply 
support, we use a 12V DC heater 
instead of a 220V AC heater since it is 
less dangerous and would be safe if 
some accidents happened. The heater 
is fixed just behind the mirror. All the 
components are assembled together 
and we connect the electric parts by 
wires. The whole system is fastened 
on the model wall as showed in Fig. 2 
and Fig. 3. 
 
 
 
 
 
 
 
 
 
Fig. 3 prototype of Automatic Mirror 
Dryer (Lithium battery is left out) 
 

 
  

Automatic Bathroom Mirror Dryer 
Instructors: Prof. Peisen Huang, Ms. Masako Iwamoto 

Team Members  
Calvin Wang, Peng Xu, Tingyang Meng, Xiaoming Guo, Bangqi Xu 

VG  • Introduction to Engineering 

University of Michigan - Shanghai Jiao Tong University Joint Institute 



Problem Statement 
In real life,  parents may be too busy 
to take care of their little babies when 
he or she is crying. Our design is to 
make a sound-control cradle to swing 
when a baby is crying to comfort him 
or her when parents are busy.
 

Concept Generation 
A voice detector, an RCB board, two 
motors and a proper transmission 
system can help us realize this design. 
Some boards  may be  used to form  
the whole structure of our device. 
  

Design Description 
After having group discussions for 
several times, we decided to choose 
two tyres to be our transmission 
system. The friction  between the 
tyres and the cradle is the force that 
swing the cradle. In order to ensure 
the safety of the baby in the  cradle, 
we decided to reinforce the device 
with some additional boards and 
some iron soles. We fixed some 
boards to the inner sides of the cradle 
to reduce the influence of the wind. 
We also fix four iron joints at the 
bottom of our device to make sure 
that it will not collapse.   
 
The physical picture of the elements 
used in our prototype is on fig. 1 and 
fig.2  shows the image of our 
prototype. 
 
 
 
 
 
 
 
    Fig. 1 The elements of our design 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig.3 A bird-view of our design 
 
What’s more, we have done a lot of 
experiments and adjust the resistor to 
ensure that the sound sensor will not 
be too sensitive to let the cradle 
swing all the time. Furthermore, our 
team put forward an idea of the 
alarm system. That is to say, if the 
baby keeps crying for a long time, the 
buzzer will give out a loud noise to 
alert parents. 

 
Conclusion 

After a series of adaptions, our final 
design can successfully swing the 
cradle. According to the result of the  
experiment, we believe babies will 
feel comfortable in such an cradle. In 
addition, resulting  from our 
secondary components, the inner 
boards and iron soles, our prototype 
can swing smoothly, steadily and 
precisely. In this project, our group  
members cooperate effectively and 
finally work out our first work in 
engineering through a  professional 
way. This opportunity gives us the 
experience of being an engineer  and 
a clear idea of the importance of 
teamwork in engineering. 
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Fig. 2 Prototype of the sound- control 
cradle 

 
Modeling and Analysis 

Since it is very important to make our 
design safe enough for the babies, so 
we have tested many times to see 
whether the joints are stable enough 
and the wires are strong enough to 
hold the force. At the same time, we 
spent much time to analysis the 
sound the microphone received.  
Because our design is focus on the 
period of night, so we just had to 
adjust the sound sensor to the right 
accuracy so that it will output the 
high level (referring to “1”) when the 
baby cries and it will output the low 
level (referring to “0”) when the baby 
calms down. Using the RCB, we can 
program that the motor rotates when 
the potential is high, and stops when 
the potential is low.  
 

Validation 
Due to the limitations of technique 
and knowledge, we just built a 
smaller prototype which can vividly 
express our idea and help us do some 
evaluations. After doing  some 
research, we have found that the idea 
is very well-received by parents 
nowadays for the rapid pace of their 
jobs. 
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Problem Statement 
In the second project, students will be 
required to design and build a simple 
mechatronic system with the same 
basic set of components as what was 
used in the first project to improve 
the quality of everyday life for people. 
 

Concept Generation 
A vertical belt conveyor system which 
two servos with arms is installed on 
can help us achieve the goal. It is 
driven by two motors with gearboxes. 
 

Design Description 
After the brainstorm and several 
meetings, our team make a decision 
to build a present wrapping machine 
to be our second project. And we 
decide to apply a vertical belt 
conveyor  system to our design as 
well as the mechatronic system 
consisting of servos, sensors and a 
RCB. Two boards of the same size are 
used to fix our system, while a solid 
base is also essential for the stability 
of the two boards. The belt conveyor 
system operated by two motors has 
the function of elevating the servos. 
Each servo is linked with a L-shaped 
batten. We need it for bringing the 
paper up and it can seal  the present 
by rotating a certain angle. Four 
sensors are installed on the board in a 
vertical row, which are used to detect 
the color of white or black to judge 
the position at which the servo stop. 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of Mechatronic system 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
Fig. 2 prototype of Mechatronic 
system 

 
Modeling and Analysis 

When we are choosing some basic 
materials, we think that plastic 
boards are very cheap and reliable. 
While in the process of assembling, 
we find that how to keep the standing 
board stable becomes our most 
though task. To solve the problems, 
we try a lot of different methods, at 
last we used two recycled wooden 
sticks to prevent the board from 
shaking. We also select a plastic 
board for our base.  Then the same 
problem occur. It is not stable 
enough, so we use plastic bars as 
supporters to sustain the structure. 
 
   

Validation 
After we finish the task, we simulate 
all parts of the machine. In order to 
string the wrapping paper strictly, our 
servos and program should be 
reliable. When only moving on the 
ground, the arm works well. However, 
when it is lifted up for test, it cannot 
string the paper as before due to 
difference in height between two 
servos. To eliminate the difference, 
we adjust the speed value of two 
motors during several tries. 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 Simulation of the prototype 
  
What’s more, we find out hat after we 
stabilize the two boards with the 
wooden sticks, 
the system still can’t reach the best 
condition. The board may lean 
towards each other, which will have a 
negative impact on both the 
appearance and the function. To 
modify the design, we take full 
advantage of the rest wooden stick to 
build a “bridge” linking the two 
boards together. And then the two 
boards can keep vertical and stable 
during the whole process of 
operation.  
  
 

Conclusion 
Our machine can succeed in wrapping 
up presents automatically as we 
want. What’s more, benefiting from 
woods, our structure is as stable as 
possible and light enough. During the 
process of this project, we try to solve 
engineering problems in professional 
ways. This opportunity enable us to 
have a better command of the 
knowledge of mechatronics. 
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Problem Statement 
In this project, students are required 
to design an everyday mechatronic 
system. Because we have lots of 
troubles caused by disordered cash in 
our daily life, our group attempts to 
make a cash identifying and counting 
device to address the problem. 
 

Concept Generation 
Our device should automatically 
deliver, distinguish, and count notes 
with different face values. Color 
sensor can identify different kinds of 
money. And we can use motor to 
deliver notes one by one. 
 

Design Description 
To achieve the expected functions, 
our design is divided into two parts. 
One is to devise a sensor to identify 
the face values of notes, and another 
is to make a device to deliver paper 
money. Because of the negligible sizes 
differences, color property is taken 
advantage of. A photodiode, a LED, 
and red, green and blue filters make 
up a color sensor. After analyzing the 
intensity of three kinds of light, we 
can get the exact color and face value 
of every note. For delivering part, a 
container, a motor and springs are 
used to guarantee that we can deliver 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 sketch of the design 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 photo of the final design 
 
several banknotes for it to count and 
calculated the average time for single 
notes. The result was that the average 
time was about five seconds. And we 
used some methods to make it faster. 
Also, through calculation, the cost is 
really low. Except a motor, a servo, 
and a simple color sensor made by 
ourselves, all the materials can be 
found from our everyday life. The 
totall cost of construction is around 
100yuan.   

 
Conclusion 

We have successfully finished our task 
to make a device to distinguish and 
count cash with different face values. 
Our device has expected functions 
and meets the criteria well. It has 
high accuracy. The cost is really low. 
And it has high robustness and long 
lifetime. With some improvements, 
such as  increasing the productiveness,  
it can be applied in real world and 
provide users with convenience.  
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Fig. 2 sketch of the design 
 
notes one by one stably. And 
programming is necessary to make 
the RCB count the total number of 
cash. Fig.1 and Fig.2 show the sketch 
of our design. 

 
Modeling and Analysis 

Our prototype consists of two main 
parts and other links between 
adjacent two parts. For detection part, 
we used servo to adjust the angle so 
that three filters could focus on the 
notes one by one. By analyzing the 
three readings, we could get the color 
of notes and their face values. For 
delivering part, we chose springs to 
press the notes and a tire connected 
with a motor to make them out. In 
this way we realized that only one 
note could come out each time. As for 
junction, we chose plastic and 
isolating tapes to achieve low weight. 
Fig. 3 shows the photo of our final 
design. 
 

Validation 
To check the performance of our 
device, we did several tests. In the 
accuracy test, when we put different 
kinds of notes on it, our device could 
get correct amount. And the error 
was few. So we thought that it fits our 
standard. In the speed test, we used 
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Problem Statement 
In this project,  the team plans to 
build a mechatronic system which can 
work as a grading device for checking 
the answers of multiple choice 
questions. The whole system will be 
controlled by RCB and driven by 
several electrical motors. The device 
should be  portable and easy to 
operate. 
 

Concept Generation 
Using light sensors to detect the 
absence or presence of the  reflecting 
light  and then “read” the marks. Use 
wheel driven by  servos  to  remove 
the papers. 
 

Design Description 
After  doing research for related 
techniques and having  group 
meetings, we had our final design. 
The mechatronic system contains  
several main parts.  First, there is a 
base part holding a plate. The plate is 
connected to the electrical motor to 
rotate and  will hold the paper while 
the system is working.  Second, there 
is a rectangular  shelf  fixed to the 
base part and supporting the arm 
which carries the sensors. The 
sensors will “read” the marks 
consecutively as the plate rotates. 
The CAD plot is on fig. 1 and Fig.2 
shows the image of our prototype. 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of Mechatronic system 
 
 
 

The problem is how we can eliminate 
the first piece of paper without distur
bing the ones below it. As the maxim
um dynamic friction is always smaller 
than the maximum static friction, we
only need to concern about the relati
ve displacement between the paper a
nd the plate. To decrease its possibilit
y, we chose the material to deliver the
 paper as light as possible, and also it 
should have a high friction factor, so 
we chose rubber.   

 
 

Conclusion 
Our final design can successfully 
“read” out the marks on the circular 
papers and give out final score by 
comparing the input answers with the 
standard answers, which are our main 
goals. Besides, the device is able to 
remove the paper which has been 
checked thus there is no need for 
placing the paper one by one. We 
choose structure which has a  
relatively easier working  method, 
simplifying the process. During the 
project, team members work hard 
and cooperate effectively. We have 
learned  a  lot about solving  
problems and working like 
professional engineers. 
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Fig. 2 prototype of Mechatronic 
system 

Modeling and Analysis 
We decided to use breadboard for the 
mainboard of our prototype since a 
lot of this material is left from Project 
1. Above the mainboard we 
purchased angle aluminum for 
connections and to establish the 
frame to hold the sensors. Under the 
mainboard we set the motor and 
through a hole on the main board, 
the axle of the motor can drive a 
plastic plate rotating between the 
mainboard and the frame. A linear 
actuator is attached to the vertical 
part of the frame so as to deliver 
paper. The RCB under the mainboard 
connects all the electrical 
components to control and supply 
power. 
Fig.2 shows our final product. 

 
Validation 

First we tested our light sensors, and 
we found that they are not sensitive e
nough to distinguish the penciling spo
t from the white area. To solve this pr
oblem, we gave our sensors an angle 
so that the reflected light won’t go str
aight into the detector. Then we teste
d the rotate speed of the plate. Finall
y we chose the speed that will let  the
reader perform steadily and precisely
. Then it came the most difficult part 
of delivering the read paper.  
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Problem Statement 
In this project, students are required 
to design a mechatronic device which 
can be used in our daily life. The 
device should be creative, helpful, 
practical and rather cheap. The idea 
of our team is to make an automatic 
water dispenser. 
 
 

Concept Generation 
A solenoid valve may achieve the goal 
and the photoelectric sensor will be 
used to detect the cup and help 
control the system. 
 
 

Design Description 
After brain storm and several 
meetings, we decide to use the 
solenoid valve in the final design. The 
solenoid valve can be linked to the 
RCB and controlled by it. A 
photoelectric sensor will detect the 
cups. When a cup is under the valve, 
the RCB will receive a digital signal 
sent by the photon sensor. Then it will 
make the valve open and let the 
water flow. When the cup is taken, 
the valve will be turned off in the 
same way.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

During the testing part, we found that 
when putting the cup under the 
sensor, there exists a delay when the 
water comes out. Our goal is to 
reduce the delay to a second. But the 
switch of the solenoid valve need 
time to open, and the time of open 
can not be changed, so our object is 
to change the code to recover it. 
Another problem is that when the 
water in the cup is enough, you have 
to remove the cup, and then the valve 
will turn off to stop the water from 
flowing. However, after you remove 
your cup, there is still some water in 
the tube which is under the valve. 
Thus the water will flow to the 
ground, which will cause unnecessary 
waste and make the ground dirty. So 
we cut the tube to reduce the 
amount of the water. More tests of 
our corrected system shows a better 
result to satisfy the project 
requirements. 

  
Conclusion 

Our final design has successfully 
made it more convenience to hold 
water with a cup or bottle only by one 
hand, which is the main purpose. 
Besides, our device will also be 
cleaner than others because there is 
no need for the cup to touch the 
device. The structure is not 
complicated and it is easy to use. In 
the project, our team members 
cooperate well and always work 
together to solve problems. During 
the project, we have practiced what 
we had learned in the lecture happily.  
 
 

 
 
 
 
 
 
 
 

Fig. 2 model of the controlling system 
 

Modeling and Analysis 
We applied a solenoid valve and a 
photoelectric  sensor for our 
prototype. We bought these two 
components on Taobao. The basic 
model for our prototype can be 
described as following: when the light 
sensor detects light, it send a signal to 
the RCB to keep the voltage between 
the valve at 0 V, and no water flows 
out. When the sensor sense no light, 
it send another signal to the RCB to 
change the voltage to 24V DC, then 
the valve is on, and water flows out. 
For the water container, we use a 
plastic bottles with a cubage of 1L, 
which one can buy easily in a 
supermarket. And our  whole device 
will be packed in a big box. Fig.2 
shows our controlling model.  
 

Validation 
Before the testing day, we have 
finished structure construction and 
the function ensure. Moreover, we 
have improved the sensor's 
position, so that the sensor could 
detect the cup more accurately 
and efficiently. In the programming 
part, our programmers have tried 
their best to correct their code and 
found problem in it to get a better 
response.  
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Problem Statement 
In this project, students are require to 
design an automatic wine-pouring 
machine which can pour red wine 
automatically when a goblet is placed 
under the wine bottle. The system is 
driven by two electrical steering 
engines and three sensors. And the 
whole structure should have  good 
stability, low cost, strong practicability 
and satisfactory safety in order that 
the machine can be used in 
restaurants and cafeterias to comfort 
the process of drinking. 
 

Concept Generation 
We use steering engines to imitate 
the movement of hands to pour wine 
and use sensors to identify the 
existence of the wine glass and 
confirm the start and end of the 
whole process. The whole machine is 
charged with a RCB. 
 

Design Description 
Our design mainly contains four parts: 
the support components, the rotating 
equipment, the amount-detecting 
device and the robot control board. 
These four parts are all connected to 
a base. The support components are 
used to support the rotating 
equipment and the red wine. The role 
of the rotating equipment is to rotate 
the wine bottle to pure wine. The 
amount-detecting device is used to 
detect the amount of the red wine in 
the goblet. And the robot control 
board controls the rotating 
equipment and the amount-detecting 
device. The base and the four parts 
constitute our automatic wine-
pouring machine. The figure 1 is the 
first two parts of automatic wine-
pouring machine’s prototype with a 
bottle of red wine. 

 
 

 
 
 
 

Fig.2  The relation between the 
horizontal displacement an the length 
between bottleneck and spin axis. 
 
small enough and the it's affection of 
pouring could be ignored. 
 

Conclusion 
The major purpose of our group is to 
make the process machine pouring 
wine easier and more elegant. We 
had many designs at first and we 
chose the best one finally. We did our 
best to find suitable materials and to 
improve the design to meet our goal. 
At the end we almost completed our 
prototype which basically satisfyied 
our criteria: good stability, low cost, 
strong practicability and satisfactory 
safety. Unfortunately, because of the 
lack of suitable materials and 
professional knowledge, the 
prototype has many imperfections. 
The design of the machine is also not 
perfect. However, we are quite sure 
that our machine will improve the 
process of machine pouring wine and 
make it an more elegant course. 
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Fig. 1 first two parts of automatic 
wine-pouring machine’s prototype 

 
Modeling and Analysis 

Since  we started to do the machine, 
we also  began to find the suitable 
material for it. We found a kind of 
board which is hard enough that can 
support the weight of the wine bottle 
and we use it as the  base. We use 
hinges to build the complex 
supporting structure. We 
disassembled two paper knivies and 
built a sensor holder with them. 
Besides, we changed many things we 
usually see into parts of my machine. 

 
Validation 

Before the final competition, we 
finished tests and improved our 
design according to the test results. In 
order to pure wine into goblet rapidly, 
the rotating speed of servos and the 
angle of roll should be especialy 
accurate. So we did a lot of 
experiments and finally found out a 
set of most suitable datas. However,in 
experiments, sometimes the 
bottleneck could not be directed at 
goblet accurately because when the 
bottle was rotating, the bottleneck 
would have a horizontal  
displacement . To solve this problem , 
we shortened the length between the 
bottleneck and the spin axis so that 
the horizontal displacement could be 
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Problem Statement 
In this project, students are require to 
design a mechatronic system to 
improve the quality of our life. RCB 
and sensors should be involved in this 
project. 

Concept Generation 
Money-exchanging machine may 
satisfy the requirements  and RCB is 
used as the control center while  
sensors are used to detect  the kind 
and number of bills and coins. 
 

Design Description 
After brainstorm and several 
meetings, we decide to apply money-
exchanging machine as the final 
design.  This mechatronic system is 
divided into two parts, one is bill part 
while the other is  coin part. The bill 
part is based on a broken printer by 
which we can get in and out bills as  
we wish. We build a track for coins 
and sensor is put in the inlet  the 
number of  coins. We use the RCB and 
relevant program to combine the bill 
part and the coin part. Fig .1 and Fig.2 
shows the bill part and coin part 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 the prototype of the coin part 
 
 
 
 
 
 
 

However, in reality, we find that we 
cannot use self-tapping screw to fixed 
the RCB, because the end of the 
screws are too long and we cannot 
find anything to shut out them. 
Therefore we use other screw to 
finish this task. We use shorter screws. 
The prototype of bill part spit out 
more than one bill once sometimes. 
We use a board to ward the second 
bill that will come out with the first 
one. More tests of our corrected 
system shows a better result to satisfy 
the project requirements. 
 

Conclusion 
Our final design can successfully 
exchange bills and coins, which is the 
main purpose. Besides,  we ues  
three-ply board to make the shell of 
the machine to make it look more real. 
Although making a money exchanging 
money is tough, we use exsting 
materials to make it easier. In this 
project, team members cooperate 
actively and try to solve engineering 
problems in professional ways. During 
this time, we not only become good 
friends bus also apply the knowledge 
and skills to practice to get a better 
understanding of knowledge. 
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Fig. 2 the prototype of bill part 
 

Modeling and Analysis 
During the assembling of our 
mechatronic system, we test our coin 
part to see whether it works well. 
Fig.2 shows our coin part. 

 
Validation 

We finally use program and sensors to 
count the number. But the outlet of 
the bills isn’t on the straight line. We 
adjust the outlet to fit the outer skin. 
We finally fixed the RCB to the outer 
skin. It can make us save many wires. 
Finally we just test the whole 
program. It turned out great.  
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Problem Statement 
In this project, students are require to 
design a mechatronic system  to help 
control the windows, the curtain and 
the air-conditioner inside the office 
buildings. System consists of two 
servo motors, one DC motor, several 
sensors and an RCB. The whole 
system will be easy to assemble and 
be put into use in office buildings. 

Concept Generation 
The system will react as soon as 
the sensors detect the change of 
the environment.  

Design Description 
After brainstorm and several 
meetings, we decide to apply 
environment control system as the 
final design.  This mechatronic system 
consists of two servo motors, one DC 
motor, several sensors and an RCB, 
which can detect the change of wind, 
light and temperature to react quickly. 
The servo motor will close the 
window when there’s strong wind 
outside the building. In the same way, 
another servo motor will draw the 
curtain if the sunlight is too bright 
and infects the people working inside 
the room. In summer, the system can 
control the air-conditioner by detect 
the temperature in the room and 
decide whether to turn on the fans or 
the air-conditioner.   
 
 
 
 
 
 
 
 
 
 
Fig. 1 The model of curtain controller 
 
 
 

 
 
 
 
 
 
 
 
 
Fig.3 the whole control system 
However, in reality, we find it hard to 
get the accurate temperature of the 
circumstance and we can’t decide 
when to turn on the fan, which may 
cause failure of our whole system. To 
improve our mechatronic system, we 
use different parts of body to test the 
temperature and to determine 
whether it is hot or not. After this, we 
made the temperature control system 
more efficient. More tests of our 
corrected system shows a better 
result to satisfy the design of our 
team. 

Conclusion 
Our final design can successfully take 
action when the wind, light and 
temperature change, which is the 
main purpose of our design. Besides, 
by making models, we proved that 
this system is possible to be put into 
use in office buildings. We choose a 
clear type of model so that our design 
can be shown in every aspect. In this 
project, team members cooperate 
effectively and try to solve 
engineering problems in professional 
ways. This opportunity enable us 
apply the knowledge and skills 
studied from lectures. 
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Fig. 2 The window controller 

Modeling and Analysis 
We aimed to make a model with 

some iron sticks. We made a small 
house and a window framework. Also 

we assembled the motors to the 
framework to make the system an 

ensemble. In order to make it clearer 
how each part works, we put the 

curtain, the window and the fan in 
different directions. These iron sticks 

are hard enough to support the 
whole mechatronic system, and all 
the functions of the model can be 
shown clearly. Fig 1 and Fig 2 show 

the main parts of our system. Nearly 
all the parts were bought online, 

which proved to act well after some 
basic tests. 

 
Validation 

Before the final competition, we 
finish simulation and test separately. 
In order to react immediately when 
the environment changes to the 
critical point, programming of the 
sensors and the motors  should be 
reliable. We tested a lot to get the 
accurate data of each sensor. And we 
set the data to the motors to let them 
take the correct action so that the 
environment could be more suitable 
for officers to work in. The final 
design of the system is shown in Fig 3. 
And the final product will be shown 
during the expo. 
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Problem Statement 
In this project, students are require to 
design a mechatronic system to cut 
off specific shape of paper. System is 
driven by two electrical motors. The 
whole structure should have high 
accuracy and flexible motion. 
 

Concept Generation 
Two rotate systems may achieve the 
goal and two motors control the 
movements of blade and paper. 
 

Design Description 
After brainstorm and several 
meetings, we decide to apply two 
rotate systems,  a supporting system 
and a processing system as the final 
design.  This mechatronic system is 
driven by two motors, which can 
precisely adjust the movement of the 
blade and paper. A sensor is fixed 
beside the blade while another is 
fixed to the track. They are required 
to detect the black line of the figure 
so programming for the motors is 
necessary. Simulation for this  
mechatronic system is used to test 
the validation.  The CAD plot is on Fig. 
1 and Fig.2 shows the image of our 
prototype. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 CAXA plot of Mechatronic 
system 
 
 
 

finish simulation and test separately. 
In order to cut off the shape on the 
paper, programming of the motor 
should be reliable.  And the sensor 
must also work well. We tested the 
cutter to let it cut various kinds of 
shapes. The outcome shows good as 
long as the blade follows the motors 
precisely. However, in reality, we find 
that, due to the time delay in the 
sensor and the motor, the sensor 
cannot react  and pass the signal of 
changing directions to the motor in 
time. As a result, the cutter cannot 
cut off circles and some other 
complicated shapes precisely. To 
improve our system, we widen the 
lines of the shape and adjust the 
position of the sensor  to increase its 
sensitivity. To get the system more 
reacting time, we also speed down 
the motor and make it move slower 
More tests of our corrected system 
shows a better result to satisfy the 
project requirements. 
 

Conclusion 
Our final design can successfully cut 
off specific shapes on the paper, 
which is the main purpose of our 
project. Besides, benefited from  the 
sensor of good quality, we increase 
the accuracy of the whole system. We 
choose a relatively easier structure 
which can also finish the task 
precisely. In this project, team 
members cooperate effectively and 
try to solve engineering problems in 
professional ways. This opportunity 
enable us apply the knowledge and 
skills studied from lectures. 
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Fig. 2 CAXA plot of processing system 
 

Modeling and Analysis 
Since the robustness is one of the key 
to whether the cutter can perform 
well, we decide to use iron materials 
for our prototype. The axis is finished 
by laser cutter in department’s 
machine shop. All the joints are made 
of aluminum. We try to choose 
commercial standard products to 
simplify the manufacture process. 
Two sensors, the board and the blade 
are bought from taobao,  the wheels 
are provided by Prof. Huang. During 
the assembling of our mechatronic 
system, we use the screws, angle 
irons and copper cylinders for high 
stability. Fig.3 shows our final product. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 photo of the final product 
 

Validation 
Before the final competition, we 
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Problem Statement 
After washing the clothes, we hang 
them outside. We often forgot to 
read the weather report and the 
weather report may be not right 
sometimes. When it rained 
unexpectedly, we were always 
worried about our clothes hanging 
outside. So we are going to use 
mechatronics to solve this problem. 

Concept Generation 
Use humidity sensors or other 
methods to detect wheather it is 
raining outside, then use RCB to 
achieve automatic control of a shelter. 
 

Design Description 
When the machine is on, the motor 
on the side without certain will run 
first. A kind of light and strong rope is 
linked between the motor and the 
certain. The motor runs and the rope 
will be twined by the rolling of the 
motor. Then the certain will be led to 
the other side with the twining of the 
line. Then the certain will unfold 
completely in a short time. Assuming 
that the certain generally finish 
unfolding completely in thirty 
seconds, we will program in the robot 
control board so that the motor will 
stop running punctually. If time 
permitting, we will also make a device 
to fold the certain automatically after 
the rain. The way to fold the certain is 
just like the way to unfold it. There is 
also a rope between the end of 
certain and a motor. We will fix the 
motor on the other side and also use 
the humidity sensor to turn it on. 
 

 
 
 
 
 
 
 
 
Fig.2 The outlook of our prototype  
 
Having a symposium give us a clear 
thought of what we need to change 
and what we will begin to prepare. 
We should make outline about the 
advantages and disadvantages of our 
first design and what progress we can 
make. We also need to argue what 
the next steps of our project. We can 
ask some professors and some senior 
students for some advice too. Making 
a new prototype’s criteria is necessary 
for us so that we can know the 
direction we should head to. Making 
division of work again and made the 
work detailed for everyone. 

Conclusion 
As already introduced above, our 
group has been creating “Automatic 
Umbrella for Clotheshorse” for 
project 2. Our group is well-managing 
the time of discussing and is 
constantly preceding our tasks. We 
have come up with general idea 
about how to create it. Materials we 
will need are organized on the lists 
and already bought some of them. 
We should expect we will encounter a 
lot of problems during making the 
machine. Therefore it is quite difficult 
to predict the completion. 
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Fig. 1 The main sensor of project: 
humidity sensor 

Modeling and Analysis
A prototype can be made by wooden. 
To start with, we will make a wooden 
balcony. So we have to make much 
wood into pieces. We need to drill 
some holes on the wooden balcony 
for making motor and curtain fixed. 
Then attach the wires and make a 
circuit. Using a humidity sensor 
controls the switch. Using a motor 
unfold the curtain. Firstly, testing 
balance, we need to consider 
whether the wooden shelf can 
support these components. Secondly, 
the weight would be as less as 
possible. At last we will test the time 
from the beginning we spray water to 
the curtain open completely. In order 
to make sure the efficiency of our 
device, the time should reach a 
standard so that the clothes will not 
be wet. 

Validation 
To solve problems we faced, 
improving and testing is necessary. 
The electrolyte may be not able to 
control the circuit. So we finally 
decided to use humidity sensors to 
control the opening switch or turning 
off switch. With program in RCB, our 
device will work or stop when the 
humidity change.  
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Problem Statement 
As the economic status of people 
increased, people perused higher 
standard of life such as having coffee 
or tea. However, in this busy world, 
people cannot just sit and wait for the 
hot drink to cool down. Thus, our 
team introduces the machine that 
would make and cool down hot drinks 
in short amount of time. It is the 
“iDrink”.  
 

Concept Generation 
 The blender works both as a cooling 
device and a facility facilitates the 
solve procedures of powder drink as 
well tea leaves. The dumping arm is 
used to dump the solute such as 
coffee or tea into the water when the 
temperature is suitable. The figures of 
the blender and dumping arm are 
below. 

 
Design Description 

The motor attached at the top allows 
the solvent (coffee, tea powder) to 
enter the hot water. A tea spoon 
attached with SERVO motor stirs the 
water for the solvent to mix. Two fans 
are used to cool down the drink. One 
fan is used to add cool air to the hot 
water and the other fan is used to 
take the heat out. A temperature 
sensor is used to measure the current 
temperature of the drink. 
 
 
 
 
 
 
 
 

 
Fig. 1 The blender of iDrink 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 Logo 
Our iDrink seems unworkable every 
Wednesday night. Hence we give it a 
weekend to rest in the JI Lab. Luckily 
it’s much better now. More tests of 
our iDrink shows a better result to 
satisfy the project requirements. 
 

Conclusion 
Our total project contains several 
parts, such as idea and material 
collecting, hardware assembling, 
software programming and final 
optimizing. All of our procedure 
makes our iDrink more stable and 
multifunctional to satisfy more special 
and contemporary demands, and 
finally reach the topic ——to 
economize our time and vim. This 
opportunity also enable us apply the 
knowledge and skills studied from 
lectures and previous project. 
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Fig. 2 The dumping arm of iDrink 
 

Modeling and Analysis 
Our prototype consists of an 
automatic blender, a dumping arm 
and temperature cooling system. The 
automatic blender’s framework is 
made of wood, and the dumping arm 
consists of a servo, a batten and a 
plastic dish. The cooling system is 
actually a heat pipe, and we bought it 
on Taobao.com to simplify the 
process. We also put a fan on the 
automatic blender to make the 
cooling system more efficient. The 
automatic blender is connected to 
the motor which is provided by 
instructors and TAs. We use nails to 
strength the joint. We use glue to 
stick holder for high stability.  
  
 

Validation 
Before the final presentation, we 
finish hardware part and software 
part separately. In order to  ensure 
the iDrink can work well during the 
presentation, we combine the 
hardware part and software part 
together by doing lots of experiments. 
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Problem Statement 
In this project, students are required 
to design a automatic veggie-cutter to 
cut vegetables automatically , thus 
help people preparing for cooking 
materials and improve the cooking 
efficiency. 
 

Concept Generation 
Two chopper controlled by servos  
may achieve this goal and two motors 
can push the vegetables forward. A 
sensor will contribute to the input 
device. 
 

Design Description 
After brainstorm and several 
meetings, we decide to apply two 
choppers and a plastic frame as the 
main part of the final design.  The 
choppers are driven by two electrical 
servos, and the links between them 
can transform the rotation to linear 
motion, so the choppers can move up 
and down. Two wheels controlled by 
motors can push the vegetables 
forward with friction. A sensor is 
contained in the input device, which 
is used to select the sizes people want 
the vegetables to be cut as. Another 
two sensors are used to detect the 
position of the vegetables so that the 
machine can decide when to start or 
stop working. 
 
 
 
 
 
 
 
 
 
 

Fig. 1 first design of the cutter 
 
 
 

the machine works quite well. 
 
 
 
 
 
 
 
 
 
    Fig.3 simulation of the chopper 
 
But we also find some problems. One 
is that the choppers often tilted when 
moving upward or downward, so we 
changed the distance between the 
two spouts and adjusted the form of 
the choppers angles to reduce its 
friction.  Another is that due to the 
structure of the links, the vertical 
motion range of the choppers is a 
little small so the machine can’t cut 
too thick things. We have no time to 
improve this so it can only be 
remained as a fault. 
 

Conclusion 
Our final design can generally 
successfully cut the vegetables 
automatically.  Though the prototype 
has some disadvantages, it can work 
fairly well as we want. And the 
improvement can be made if we have 
enough time and money. In this 
project, our work has been 
distributed reasonably and all the 
teammates has devoted into it. It’s an 
achievement we gained together and   
also an opportunity for us to 
experience. 
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Fig. 2 prototype of the cutter 

 
Modeling and Analysis 

To make the building of the frame 
more easily, we bought three sets of 
Lego plastic building blocks. These 
blocks are light in weight and 
unrestricted to constitute almost 
anything we want. But it also has a 
disadvantage: it’s easy to fall apart, so 
some adhesive tapes are used after 
our prototype is done. Having 
balanced the strength and cost of the 
steel, we used high-carbon steel to 
make the chopper, which can be 
made sharp enough to cut the 
vegetables, and is also easy to process. 
As to the servos, we chose  two with 
a torque 9 kg*cm to ensure the 
choppers  enough forces, and the 
gears inside are metallic so that they 
won’t break easily. Besides, we also 
fixed a plastic board on the frame to 
reduce the friction. The rest parts of 
the machine such as RCB, motors, 
wheels and so on are all given by the 
lab. 
 

Validation 
Before the final demonstration, we 
made a series of tests to get a correct 
evaluation of the machine and find its 
problems. The tests included 
vegetables’ sizes test, strength test, 
frequency test, precision test and 
stableness test. Generally speaking,  
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Problem Statement 
In this project, our group are going  to 
design a mechatronic system to let 
people treat their keys more properly.  
People sometimes forget to pull their 
keys out after unlocking the door or 
hurry out home without taking their 
keys. Such negligence often leads to 
an embarrassing situation which 
brings much inconvenience.  
 
Expected Function of Project 

Our project requires people to hang 
their keys in a certain place every 
time to avoid the situation stated 
before. If people don’t do so in one 
minute after opening the door, a 
beeper will scream to remind you of 
properly placing your keys. What’s 
more,  if you go out without taking 
your keys, the beeper will be 
activated, too.  
 

Design Description 
Our  project generally consists of 
three parts: the receiver, the 
processor  and the output device. We 
use two pyroelectricity  infrared 
sensors  to detect people, one 
infrared sensor to confirm the state of 
door, a potentiometer to detect the 
state of keys, an RCB to process 
information, a beeper to carry out 
instructions and a screen to display 
messages. Two pyroelectricity 
infrared  sensors  are attached 
separately to the top edge of the 
doorframe with one infrared sensor 
on the sided edge. The RCB, 
potentiometer and the beeper are all 
fixed in a half-open box . A hook, 
which is connected to the 
potentiometer, extends out the box 
for the placement of the key.  The box 
can be fixed anywhere user suggests 
convenient , for example, on the wall. 
 
 
 
 

Validation 
Before We compared our prototype 
with the 3D model made by Google 
SketchUp to ensure that it was 
completely the same as our design. 
We first tested its fault tolerance by 
walking by the door without opening 
it. The device correctly displayed 
message on the screen indicating 
there is someone by the door but 
without making any noise. Then we 
simulated the situations that people 
was coming out of or coming into 
house under different conditions. The 
system made correct response when 
door remained open for too long. 
Finally, we put a key of wrong weight 
onto the hook and the alarm 
screamed, indicating a invalid entry. 
The function that enables the host to 
set the standard weight of key also 
worked well. 
 
                 Conclusion 
Our final design can successfully give  
accurate feedbacks  to users, which is 
the main purpose. Besides, benefited 
from the suitable choice of sensor , 
we reduce cost  of the whole system. 
We choose a relatively easier 
structure so that the mechatronic 
system can handle task quickly and 
work more stable. In addition our 
project is available for higher grade. 
For example it can be connect  to 
another smart home system or 
security system. We expect some 
group can improve it or combine it  
with other system in future 
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Fig. 1 3-D design of Mechatronic 
system (indoor view) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 3-D design of Mechatronic 
system (outdoor view) 

Modeling and Analysis 
     After consulting Prof. Huang about 
out design, we realized that we 
should enable the device to make 
sound in time if the host hurries out 
without taking off the key. Therefore, 
we put two sensors on the doorframe 
to judge whether the people is going 
out or going in. At first, it was hard for 
us to find a door model. Fortunately, 
we found a door which had been 
used by sophomore students in the 
laboratory. We placed one infrared 
sensors instead of ultrasonic sensors 
in order to save money. Besides, we  
put another sensor on the doorknob 
to detect whether the door was open 
or closed. But it seemed to be 
inaccurate so we fixed it on the 
doorframe. 
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Problem Statement 
In this project, we determine to 
design a mockup surgical intervention 
system under the visual guidance.  
Through the help of MicroTracker, we 
set up a 3-DoF mechanism so as to 
test the function of real-time 
positioning. 
 

Concept Generation 
The 1-DoF remote center of the 
motion mechanism is easier to 
achieve the goal. By modulating 
algorithms into chip to control the 
motion, we control the servo motors 
and step motor to drive the whole 
system. 
 

Design Description 
Our final design is to use the remote 
center of the motion mechanism as 
the main structure. This mechatronic 
system is driven by two servo  motors 
and a step motor, which can precisely 
adjust the tip of the mechanism. Two 
servo motors control the rotating 
angular of the system and the step 
motor controls the extent of the tip’s 
extension. We apply the serial 
debugging to the control system  
according to the real time input. The 
UG plot shows the image of our 
prototype. See Fig. 1  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 UG plot of Mechatronic system 
 
 
 

which results in inaccuracy of the tip, 
we make the plate stick to the gear of 
the steering motor.  
Besides, for the steering motor which 
controls the rotation of parallelogram 
frame, range of angle, it is found that 
in real case, the frame will touch the 
plate before 90. Therefore, range of 
angle is adjusted to the real case. 
What’s more, multiple trials are done 
to test the function of real-time 
positioning. We use the serial 
debugging to control the motion of 
each motor, and change velocity of 
the engine by controlling the Baud 
rate. 
By modulating algorithms in chip, our 
system shows a better result to the 
project requirements. 
 

Conclusion 
In our final design, we choose to use a 
parallelogram model to make a 3-DoF 
motion system with two steering 
motors and a step motor to shift the 
tip of the robot controlled by MCU.  A 
3-DoF mechanism is a easier structure 
so as to position the tip  controlled by 
the tracker in the working space. In 
the whole project, we have learnt to 
solve engineering problems  through 
teamwork. The cooperation helps to 
improve the project more effectively. 
In this project, we apply the 
knowledge both from ME&EE to this 
major design, and most importantly, 
this opportunity will enable us to be 
the global engineers, which will surely 
benefit us a lot in the near future. 
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Fig. 2 Prototype of the Mechatronic 
system

 
Modeling and Analysis 

The model of the mockup surgical 
intervention system is a four-bar 
linkage. The plastic linkages are 
accomplished by the laser cutter. Two 
steering motors and a step motor are 
used to shift the tip of the robot 
controlled by MCU.  
The system runs automatically by 
obtaining the position coordinates 
where the tip will reach according to 
our command. The computer will 
analyze the distance of the tip to 
calculate the angle that each of the 
two steering motors are required to 
rotate and the distance that the 
stepping motor needs to shift. The 
whole process is accomplished in turn, 
first the steering motor at the top, 
and then the other steering motor, 
and finally the step motor. 
 

Validation 
Before Design Expo, we finish several 
tests and revise the prototype. 
First, since in the region of 
50mm*50mm*50mm space, every 
specific point should be touched 
accurately. Error between real 
position and experiment data are 
controlled in a certain scope. In reality, 
to avoid the fact that the circular 
plate moves slightly up and down  
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Problem Statement 
Chronic Venous Insufficiency (CVI) is a 
condition where incompetent 
saphenous valves cannot pump 
enough oxygenated blood back from 
leg to heart. To treat this 
disfunctionality, radiofrequency 
ablation technique (RFA) is employed; 
RFA catheter is to be inserted into the 
varicose vein. This project aims on 
creating concept design of reusable 
RFA catheter to effectively reduce 
treatment cost. 
 

Concept Generation 
The design will  include two layers of 
plastic with metal cap at the distal 
end and the outer plastic surface as 
the disposable part to be replaced 
after each surgical procedure. 
 

Design Description 
Since the catheter needs to be reused 
several times before being disposed, 
the selected design consists of  the 
reusable and disposable parts. 
Reusable part contains the copper 
wires, thermocouple, PEEK 
(Polyetherehterketone) shaft and 
active electrode made from platinum. 
The inner catheter is then covered 
with the disposable parts (PEEK tube 
and metal cap). To ensure its sterility, 
the outer layer will then be replaced 
with a new one after each surgery. 
Please refer to Fig 1 and Fig 2. 
 
 
 
 
 
 
 
 
 
Fig. 1 Catheter’s distal end 
 
 
 

inverter, while inverter is used to 
control the incoming DC voltage and 
convert it into square signal. Finally, 
the filter will convert the square 
signal into sinusoidal wave. This 
sinusoidal wave is the required wave 
for the catheter to generate heat.  
 
 
 
 
 
 
 
 
 
 Fig.4 Specially-designed generator 
for RFA catheter  
 
In order to verify that the complete 
system can work, we use beef liver as 
specimen; the probe will be inserted 
into the raw meat. The result shows 
that the liver will be cooked up to 
80oC. Furthermore, we will also dip 
the catheter into a bowl of water to 
see whether any leakage occur on the 
metal-plastic connection. 
 

Conclusion 
The final design proves to be able to  
deliver both engineering and 
customer requirements. In addition, 
we have successfully created a 
complete system for RFA treatment; 
the goal for reusable catheter design 
is also accomplished. 
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Fig. 2 Final prototype 
 

Modeling and Analysis 
Since medical materials are not easy 
to be purchased, the final prototype 
comprises of copper cap and plastic 
tube, not the special materials 
mentioned earlier.  
In order to combine metal and plastic 
together, specially-designed cap is  
manufactured   
(as shown on  
Fig. 3). This 
unique design 
 ensures that   
the cap will not 
fall off easily  
during surgery.         Fig. 3 Metal cap 
For the inner part, copper wire which 
is used to transmit the high 
radiofrequency is soldered into the 
active electrode, while the 
thermocouple is welded in proximity 
to the copper wire. Thermocouple is 
installed so that the temperature can 
be easily monitored and can be 
feedback to the generator which will 
then adjust the desired temperature. 
 

Validation 
As the generator is not available, our 
team decided to build one in order to 
test the catheter.  The generator 
contains three main parts i.e. FPGA 
circuit board, inverter and a filter (see 
Fig 4). The FPGA circuit board was 
programmed to give command to the 
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Problem Statement 
 
The project investigates how fiber cutting affects the 
treatment outcome of Endovenous laser treatment 
(EVLT). 
Four detailed deliverables are listed below:  
I. Figure out the CVI disease state and potential 
market of EVLT in China. 
II. Build up laboratory testing system in order to 
investigate the effect of the reuse of fiber. 
III. Calibrate and evaluate the laboratory EVLT testing 
system under different conditions. 
IV. Quantify the degradation of ablation efficacy 
after fiber cutting. 

 

Concept Generation 
 
To realize the project goal, the testing system is 
required  to have a laser beam that can be used for 
further analysis, able to measure the power density 
distribution across the dot image form laser beam as 
well as fix all components rigidly and adjustable in 
relative positions. 
 

Design Description 
 
Based on purpose consideration and budget 
consideration, CCD camera is chosen to capture the 
power density distribution. However, due to 
paperwork in the custom’s office,  CCD camera can 
not  be used. Thus, a slit beam profiler replaced the 
previous design. Optical instrument in the system 
are shown in the Fig. 1 below. 
 
 
 
 
 
 
 

 
Fig.1  Conceptual Design 

 
Fig.2 shows the real testing system of this project, 
including slit beam profiler, laser unit and fiber optic 
delivery system.  

 
 
 
 
 
 
 

Fig.2 Real Product of Testing System  

 
 
 

However, vise and scissors will cause large peak 
energy loss and huge energy loss due to the crack 
on crystal during cutting. Tools of cutter are shown 
in Fig.5 . 
 

 
 
 
 

Fig.5 Fiber  Cutter, Vise and Scissors 
 
 
 
 
 
 
 
 
 
 
 

Fig.6 Energy Distribution Result from Profiler 
 
Cutting angle causes serious damage to the fiber 
tip. The inclined surface will lead to the leak of 
light in one side and therefore wider distribution, 
which dilutes the energy. Fig.7 shows the fiber tip 
after inclined cutting. 

 
 
 
 
 
 
 
 

Fig.7 Fiber Tip after Inclined Cutting 
 

Conclusion 
 
For this project, all four deliverables are 
accomplished on time and within budget limitation.  
The final design of testing system has been 
successfully measured the degradation of reusable 
cutting fiber. According to experiment design,  
detailed data of different cutting method has been 
figured out. By comparison of those situation, best 
cutting method is selected to be the fiber cutter. 
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Modeling and Analysis 
 
The model and analysis of EVLT are introduced to 
illustrate the validation of EVLT as well as the effect of 
fiber cutting.  To provide a convincing result, we lend 
a solid support from results obtained from 
experiment, which means we use the power density 
distribution obtained from experiment as the heat 
source, shown in Fig.3. Then, a comparison of 
temperature distribution with different heat source is 
made according to the results from simulation. Fig.4 
shows this model at time t=4s, with a constant pulling 
back speed of 2mm/s. The area with color indicates 
the permanent damage occurs in this place. Vessel 
walls are expected to be in damage leaving tissues 
nearby uninfluenced. 
 

 
 
 
 
 
 
 

Fig. 3 Power Density Distribution Obtained from 
Experiment without Cutting (Left) and with an 

Oblique Cutting Angle (Right) 
 

Applying these two distributions into model, we can 
obtain the results shown in Fig.4.  

 
 
 
 
 
 
 
  
 

Fig.4  Heat Transfer Model Using Experiment Data as 
Heat Source, without Cutting (Left) and with an 

Oblique Cutting Angle (Right) 
 
Comparing these two figures, the effect of fiber 
cutting on EVLT can be observed. When the fiber is 
cut with an angle, it causes some more damage on 
the perivenous tissue on one side while leaving the 
other side on the vessel wall undamaged. The 
conclusion of modeling can be drawn, which is the 
EVLT is influenced by the energy lost and the shift of 
position of the peak power after cutting the fiber. 

 

Validation 
 
Three cutters including vise, scissors and fiber cutters 
are investigated in this project. The data analysis 
mainly focuses on the laser quality in terms of 
deviation from standard Gaussian distribution, energy 
loss, wave width and peak loss. The result is that fiber,  
cutter produces smooth energy distribution curves 
with smallest energy loss, which is the best cutting 
method. (shown in Fig. 6) 
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Problem Statement 
With the population aging trend in 
today’s world, assistive devices and 
system will in huge demands, 
especially wheelchairs. In this project, 
students are required to improve the 
current driving system of wheelchair 
to make it omni-directional, thus 
more dexterous, convenient, and 
human-oriented. 
 

Concept Generation 
According to the specific customer 
requirements and also the 
engineering specifications, the QFD 
chart has been drawn.  
 

Design Description 
After brainstorm and several 
meetings, four alternative ways has 
come up to minds. The system with 
Four Wheels Controlled by Power 
Difference have been chosen as our 
final design by using the  
morphological charts and Weighted 
Decision Matrixes. The PCB board has 
been made to control the 
translational motion and rotational 
motion through the joystick, namely 
four-dimensional  motion control.  
This design can better satisfy the 
needs of money saving and control 
efficiency compared with other 
designs. The CAD plot is on Fig. 1 
shows the image of our prototype. 
 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of mechatronic system 

with key components 
 
 

 
 
 
 
 
 

Fig. 3 Control circuit distribution 
 

Validation 
The main parameters needed to be 
validated include degree of mobility, 
radius of minimum circle for rotation, 
volume, weight and allowable load., 
each tested individually. Testers are 
assigned to drive the wheelchair with  
joystick to do translational motion in 
an arbitrary direction and change the 
moving direction without 
reorientation (rotation), and 
rotational motion without 
displacement. The parameters will be 
measured during these test 
procedures.  
 

Conclusion 
Our final design can successfully 
achieve the omni-directional motions 
with high efficiency. Furthermore, a 
joystick is installed to make 
manipulation simply. The principle is 
to design the position of wheel and 
the circuit. The circuit algorithm 
converts the signal from joystick to 
certain voltage  on each motor. And 
mechanical structure ensures the 
robustness and correct motion of 
wheel. In validation tests,  all 
parameters satisfied by the 
engineering specifications .  
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Mechanical Modeling 
The key part of our mechanical design 
is the chassis of wheel. And due to 
the symmetry, we can just analyze 
one of the four parts. Fig. 2 shows the 
components used to assembling the 
driving system, mainly include 
bearings, couplers, bearing blocks  
and motor blocks. Four wheels, 
electrical motors and servo controls 
are provided by Prof. Xu. Also, the 
other parts have been manufactured 
in the machine shops. During the 
assembling of our mechatronic 
system, we apply some electric 
welding to stick holder for high 
stability. We try to choose commercial 
standard products to simplify the 
manufacture process.  
 
 
 
 
 
 
 
 

Fig. 2 Chassis assembling 
 

Electrical Control Modeling  
The simulation of the electrical 
control system is finished by Protel 
DXP 2004. And the schematic of this 
system is shown in Fig. 3, mainly 
includes the input port, battery port, 
output port and the OP AMP circuit. 
The PCB boards are made according 
to it. The input electric signal is 
transmitted from the wires on the top 
of the schematic to the four op amps. 
With the different calculation of the 
four op amps, the outputted electric 
signals are transmitted to the motors. 
In this way, the control system 
achieves the goal to convert the 
electric signals to the prescribed 
motion.  
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Problem Statement 
In this project, students are required 
to design a 3D scanner to  collect  
surface information of a real object 
and reconstruct its three dimensional  
digital model. The scanner should be 
low cost, portable and easy to use. 
The main focus is to improve the 
speed and accuracy of reconstruction. 
 

Concept Generation 
Two major technologies to achieve 
the goal are stereovision and 
structured light. A cell phone with 
embedded cameras is considered as 
platform. Three kinds of visual 
matching algorithms – homologous 
point, pattern matching, trajectory 
matching – are taken into 
consideration.  
 

Design Description 
After brainstorm and concept 
selection process, we decide to apply 
stereovision technology on a cell 
phone with two embedded cameras, 
which provide two different views of 
images of the object. A laser line is 
projected on the object to assist 
pattern matching process. As shown 
in Fig.1, based on Epipolar constraint, 
we could find corresponding laser 
patterns on stereo images. Once we 
get 2-D coordinate of points pair on 
each image, 3-D coordinate of the 
real object could be calculated by 
applying triangulation method.   
 
 
 
 
 
 
 
 

 Fig.1 Epipolar Constraint  
 
 

Second, we test reconstruction 
precision. We scan a reference plane 
which is parallel to the lens of camera 
and get z-axis value of scanned points, 
which represent distance. Ideally, the 
z-axis value should be constant. 
However, due to the incline angle, z 
will have a linear relationship 
between x and y. We fit the sample 
data by surface regression and 
calculate mean square error. The 
standard deviation of depth is 5.9 mm 
with real distance is 30cm. Further 
more, we scan three plane ladder, 
whose step of each level is parallel to 
the lens. We calculate average 
difference of z-axis value of and 
compared the accuracy error of three 
steps. The error may be smaller by 
improving the measurement of the 
object. 
 

Conclusion 
In this project, our group design a cell 
phone based 3-D laser scanner based 
on stereovision technology, which 
could show approximated point cloud 
model of real object. For our final 
prototype, HTC EVO 3D is chosen. We 
implement all the image processing 
and calculation process in Java and 
successfully simulate the program on 
Android platform. We also test 
correctness of our algorithm and 
reconstruction precision by several 
validation method. The point cloud 
model could be constructed to a 
surface model for further 
development.  
 

Acknowledgement 
Dr. Peisen Huang, Associate Dean of 
UM-SJTU Joint Institute.  
Dr. Kai Xu, Assistant Professor of UM-
SJTU Joint Institute. 
 
 

Manufacturing Process 
Our manufacturing process are 
divided into four parts. First, we 
conduct camera calibration to get 
intrinsic parameters of each camera 
and their extrinsic correlation. Second, 
we capture stereo images of the 
object, extracted them from cell 
phone, and process image with gray-
scale transformation and optimal 
threshold method to detect laser 
pattern contours. Third, we track laser 
points in the left image, apply visual 
matching algorithm to find 
corresponding target points in the 
right image, and then calculate 3-D 
coordinate of real point. Last, we 
eliminate noise spots, construct point 
cloud as representative of external 
surface of real object and display it on 
cell phone. Fig.2 shows our simulated 
result of a cylindrical cup. 
 
 
 
 
 
 
 
 
 
 

Fig.2 Point Cloud of Cylindrical Cup 
 

Validation 
We conduct two validation 
experiments. First, we test visual 
matching algorithm correctness. We 
take photos of a chessboard, select 
several intersect points, and calculate 
distance between estimated image 
points and real image points. With 
efforts, we rectify algorithm and 
reduce error to 1.5~5 pixels, which is 
less than 1mm on the object and thus 
can be ignored.  
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Problem Statement 
The objective of this project is to 
develop a robot using surface optical 
encoder to navigate accurately in 
complex indoor environment with 
wireless control. The main focuses are 
to elevate the optical encoders and 
improve the position detection 
accuracy based on previous team’s 
work. 
  

Concept Generation 
For the limitation of the budget, the 
design of this project is based on 
modification and improvement of the 
hardware from the previous team. In 
addition, the real-time and wireless 
control function will be added to the 
prototype. 
 

Design Description 
After the concept selection, the 
solutions to each designed function is 
finalized as Figure 1 shows. 
 
 
 
 
 
 
 

Fig.1 Concept Selection 
To enable the encoder can still work 
after elevated, a laser light source is 
mounted below the encoder to 
illuminate the ground. In this way, the 
lifespan of the encoder can be greatly 
improved. For the electrical control 
function, the controller board, 
wireless module and motor driving 
module are all produced by Arduino®. 
These modular boards are more 
efficient when communicating with 
each other, more convenient to 
modify and more easy to setup. In the 
same time, the controller board can         

The PC interface provides a simple 
and user-friendly access to control 
the robot, as Figure 5 shows. 
 
 
 
 
 
 
 
 

Fig.5 PC Interface (demo) 
 

Validation 
To validate the robot can work 
accurately, the elevated optical 
encoder is first test separately under 
different height and displacement. 
The result shows that the encoder can 
work well with external laser by 
adding a coefficient. 
After tests and calibration, the 
prototype can locate itself at 1 meter 
with 5cm error. 
 

Conclusion 
This project accomplishes the goal of 
realize locating with optical encoders 
and real-time wirelessly control. The 
major difference between this project 
and the previous team’s achievement 
are that the encoders are elevated, 
the command of the destination can 
be renewed during the ‘s movements, 
the communication between the 
robot and PC is wirelessly and real 
time, and the user can obtain the 
location information and change the 
destination. 
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provide great processing capability 
and compatibility to different signal 
input. By using the hardware above 
and control program, the robot can 
navigate itself inside an indoor 
environment under the wirelessly 
real-time control from the PC 
interface. Figure 2 shows the flow 
chart of this working process. 
 
 
 
 
 
 
 
 

Fig.2 Working Process 
 

Manufacture & Prototype 
To fix the elevated encoders, a PMMA 
plastic frame is manufactured by laser 
cutting. The encoders and external 
laser light source are mounted on the 
frame. Figure 3 shows the assembly 
of the frame, encoders and laser light 
source. 
 
 
 
 
 
 

 
Fig.3 Frame with Encoders & Laser 

The assembling of the robot is 
relatively simple. After fixed the 
frame and the boards, the assembling 
process is finished, as Figure 4 shows. 
 
 
 
 
 
 
 

Fig.4 Assembly of the Robot 
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Problem Statement 
In this project, students are required 
to design a automatic video recording 
system  for customized production 
factory.  By using this system, video 
for each customized order will be 
recorded automatically on production 
line and sent to customers to improve 
their satisfactions. 
 

Concept Generation 
Two sub-functions should be built 
and integrated into a stable system. 
So we divided our project into two 
parts: Identification system and 
Recording system. 
 

Design Description 
By concept selection and weighted 
decision matrix, we determine to use 
RFID to design our identification 
system and webcam to record system. 
So our selected concept should be a 
wireless based production system, 
integrating software controlled 
webcam and RFID based information 
collection system. Related customized 
process of the production line should 
be recorded automatically and the 
recorded video will be saved into the 
specific database and match to their 
own orders. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Customized product 
 
 
 

However, in reality, we found that the 
sensitivity of the RFID reader is not 
very high, which may cause some 
software error after some orders. We 
did analysis on this and identified the 
problem is not due to our software 
program but the hardware. The line 
that connected the RFID reader and 
PC is not stable. We believe 
substituting them with new 
equipment can solve the problem and 
make the system work stably for a 
long time. 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Prototype on single site of 
SmartView Automatic Video 
Recording System 
 

Conclusion 
Our final design can successfully 
achieve the automatic recording 
process on production line, which is 
the main purpose of our project.  
During these three months’ research 
and development, this system can 
also send video on Youtube and send 
mails to customers. Further 
development will be the mass 
application on production line.   
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Fig. 2  Embroidery Part- Customized 
Production Process 
 

Test & Validation 
Before the final Expo, we performed 
the test and validation in real shoes 
production line in Reebok factory in 
Fuzhou. We installed the system to 
the production line by fastening web 
camera onto the proper position. In 
the test, we recorded two parts of the 
production line: electrical embroidery 
and shipping of a certain order using 
our record system. Then we 
combined those two parts into a 
whole video using our combine 
system. Also, the order information 
was saved into the database. The 
result of the test is satisfying. The 
video quality met the requirement of 
the sponsor and the combine 
operation did not show much 
distortion between the two parts. The 
database part also operated well.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Function Structure 
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Problem Statement 
In this project, students need to 
design a system which can harvest 
wasted wireless energy at 2.45GHz. 
The collected power is at 0.2mW level. 
And the system should achieve a high 
efficiency and 3 to 5 V output voltage. 
 

Concept Generation 
This design mainly has four parts: 
antenna, rectifier, management 
circuit and relevant applications. 
 

Design Description 
Finally, we choose antenna array, RF 
rectifier and boost converter to make 
the final design. Please refer to the 
Fig.1, Fig.2 and Fig.3. The applications 
are LED array, calculator and super 
capacitor. The block diagrams of RF 
rectifier and boost converter are 
provided in Fig.4 and Fig.5. 
 
 
 
 
 
 
 
       Fig. 1 Patched Antenna Array 
 
 
 
 
 
 
          Fig. 2 RF Rectifier Circuit 
 
 
 
 
 
 
      
     Fig. 3 Power Management Circuit 

 
 
 

Validation 
According to project plans, we finish 
fabrications of the RF rectifier circuit 
and management circuit with the 
Circuit Board Plotter. We first test 
rectifier with a 1,500 Ohm resistor, 
we successfully achieve a output 
voltage of 270 mV. Later, we 
separately tested the efficiency of 
rectifier and boost converter. At last, 
we put all three parts together and 
the energy harvester can harvest a 
power up to 0.3 mW at a overall 
efficiency of 23% to 30%. The 
efficiency will vary depending on the 
different power input and application 
load. Also we find many applications. 
In Fig.8, it is the whole system of the 
Radio Frequency Energy Harvester. 
Here we use the collected energy to 
provide power for a calculator. 
 
 
 
 
 
 

 
 

Fig.8 Whole System of Our Design 
 

Conclusion 
Our final design can successfully 
harvest the wasted energy from a  
Wi-Fi router, and the collected energy 
can supply the power for applications 
like calculator, LED array and sensors. 
In this project, all team members 
have a great time and gain many 
professional experiences. It concludes 
all the knowledge we learned in ECE. 
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      Fig. 4 RF Rectifier Block Diagram 
 
 
 
 
 
 

Fig. 5 Management Block Diagram 
 

Modeling and Analysis 
The modeling and analysis of the 
antenna performance is carried out 
with the help of Vector Network 
Analyzer and Spectrum Analyzer. The 
main focus is S11 and collected power 
level. In the rectifier design, we use 
Advanced Design System (ADS) to 
help us do the layout simulation and 
check the voltage and efficiency 
performance. We referenced to one 
boost converter design and verify that 
design with SPICE. Fig.6 and Fig.7 are 
the results for rectifier layout. 
 
 
 
 
 
 
 
 
   
 Fig.6 ADS Simulated Output Voltage 
 
 
 
 
 
  
 
 
  
      Fig.7 ADS Simulated Efficiency 
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Problem Statement 
In this project, students are require to 
develop a software system/platform 
that use proximity detection system 
for K-8 students’ edutainment 
community. This project targets on 
introducing a brand new topology of 
a program that helps students learn 
knowledge in a different way. 
 

Concept Generation 
Server-client socket programming for 
communication implemented in C#, 
and graphic user interface 
implemented in FLEX and Flash. 
Combined with Team 10’s application. 
 

Design Description 
Our final design is e-TA (e Teaching 
Assistant). This e-TA is a software 
platform can be used during various 
kinds of classes. It aims at providing 
teachers to give some grouping 
activities related to the course 
content. Students are assigned as 
some certain roles and then they 
move independently to form some 
groups according to some specific 
roles. During the grouping process, 
the students can acquire the 
knowledge in a much initiative way. 
The outstanding features of the e-TA 
system are that it can DIY the rules 
and the roles all by teachers which 
means it can be applied in different 
courses, and the GUI here is very 
customer friendly. 
 
 
 
 
 
 
 
 
Fig. 1 Teacher’s Start Screen 
 
 
 

After the final combination, we use 
six CMPCs as an example. The 
chemistry course, and math course 
are previously embedded in our 
design.  
 
 
 
 
 
 
 
 
 
Fig. 4 Course Model 
 
 
 
Fig. 4 Chemistry Course 
As an example, in the chemistry 
course students are assigned as 
different kinds of elements, and are 
told to form some target components. 
Then, after the game starts, they can 
try to find out who are the right 
group member by the help of Team 
10’s revision of the proximity 
detection.  And this system can tell 
the students whether they form a 
group successfully or not. 
 

Conclusion 
Our final design can successfully 
achieve the customer’s requirements, 
as it tightly connects with proximity 
detection technology and it is simple 
to operate, attractive to K-8 students. 
And acting as an multi optional 
edutainment community platform, it 
also achieves its goal to help students 
with their learning process.  
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Fig. 2 Students’ Interface 
 

Modeling and Analysis 
 

 
 
 
 
 
 
 
 
Fig. 3 Project Topology 
Network Communication 
Network communication is built by C# 
to form the server-client model. The 
teacher’s computer acts as the server 
while the students’ computer act as 
the clients. Information transmission 
is built on TCP/IP sent in sockets. 
Local Communication 
Local communication is built by the 
Native Process function referred in 
the teacher’s and students’ program. 
This technology allows 
communication between FLEX/Flash 
and .exe application. 
Teacher’s/Students’ UI 
These two parts are built and packed 
in AIR application. Various images are 
used here to ensure that it can be 
used easily and conformably.  
 

Validation 
Before the final competition, we 
finish two UI parts and the 
communication parts separately. 
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Problem Statement 
In this project, students are require to 
design a Wi-Fi Proximity Detection 
System to achieve a positioning 
function on Intel’s Classmate PC 
(CMPC) and provide hardware 
support to application layer. 
 

Concept Generation 
Wi-Fi Distance Measurement and 
Accelerometer Displacement 
Measurement are used to achieve 
Triangular Positioning and get the 
relative direction of two CMPCs. 
 

Design Description 
Our final design is called triangular 
positioning system. This system is an 
integration of Wi-Fi antennas and 
accelerometer both embedded in the 
CMPC provided by Intel. Suppose the 
student has moved a distance S, 
which can be calculated by the 
accelerometer. After the movement, 
we get the original distance S0 and 
new distance S1 from the reference 
point by RSSI. From this triangle, we 
can determine the relative distance 
and direction from the reference 
point. Besides, our system would 
support multiple users to 
communicate data at the same time. 
Figure 1 shows the details of our 
design. 
 
 
 
 
 
 
 
 
 

 
Fig.1 Triangular Positioning 

 
 
 

middle can clearly show the direction 
of the rest of the computers. 
 
 
 
 
 
 
 
 

 
Fig.5 Display Interface for the Result 

However, in reality, we find the 
acceleration value is quite unstable 
and the integration result is not 
accurate enough. To solve this 
problem, we use the stride detection 
method, which will tell us how many 
steps it moves. we synthesize them to 
realize our triangular positioning 
system. The tests of our system satisfy 
the requirements from our customer. 
 

Conclusion 
Our final design can successfully 
detect the relative position among 
CMPCs, which is our main goal. 
Moreover, we make great 
breakthrough in direction detection 
part , which is unimaginable before. 
We can also  tell whether the target is 
near or far and  detect the distance 
within 2 meters. Our system has 
completed the basic functionality. In 
this project, team members 
cooperate closely and effectively and 
solve engineering problems with the 
knowledge learned in lectures.  
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Fig.2 Proximity Detection Demo  
 

Modeling and Analysis 
Together with Wi-Fi distance 
measurement and accelerometer 
distance measurement, one CMPC 
can detect another PC’s direction.  
Wi-Fi Distance Measurement: 
The CMPC collects RSSI values of its 
left and right antennas and compares 
them with the database to get the 
expected distance between CMPCs. 
 
 
 
 
 
 

 
Fig.3 RSSI Signal Vs. Distance 

Accelerometer Measurement: 
The step-wise detection is used. 
When the acceleration of z-axis 
fluctuates according to the walking 
mode, a step is detected.  
 
 
 
 
 
 
Fig.4 Accelerometer Data Vs. Distance 

 
Validation 

Before the completion, we finished 
the Wi-Fi and accelerometer distance 
measurement. We used three CMPCs 
as an example. The computer in the 
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Introduction 
This project aims to construct a test 
bench for the receiver to move in 
both horizontal and vertical directions 
so that dynamic behavior of the 
wireless power transfer system can be 
tested.  
 

Concept Generation 
The device should make the test coil's 
moving velocity and relative position 
controllable. Meanwhile, it should 
have steady mechanism, the ability to 
hold coil of different sizes and shapes 
and an interface to allow customers 
to input the velocity, acceleration and 
relative position through personal 
computer or other devices. 
 

Design Description 
After several meetings, we decide to 
build up the test bench for three 
mechanical mechanism: motion 
platform, electric vehicle and coil-
holding frame. The motion platform 
serves as a straight track of two 
meters in length, and the electric 
vehicle runs on it. At the same time, 
the vehicle holds the receiving coil. 
Apart from the dynamic part, a frame 
assembled by the PP-R pipes and the 
plexiglass board is put above the 
platform, holding the emitting coil.  
The CAD plot for the test bench is 
showed on fig. 1 and Fig.2 shows the 
image of our prototype. 
 
 
 
 
 
 
 
 
Fig. 1 CAD plot of Mechatronic system 
 
 
 
 

data under the condition of 
different speed and  different 
distance.  
 
 
 
 
 
 
 
 
 Fig.4 plot of the Vector Network 
Analyzer when the coil is static 
 
 
 
 
 
 
 
 

 
Fig.5plot of the Vector Network 
Analyzer when the coil is moving 

 
Summary 

Our final design can successfully test  
the efficiency of wireless power 
transfer between coils.  As shown in 
the above pictures, the movement of 
coil seems to have little effect on the 
transmission efficiency and resonant 
frequency; while future investigations 
are needed. 
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Fig. 2 prototype of Mechatronic 
system 

Test Procedure 
First, we test the control program for 
motor, encoder and  sonar position 
sensor individually to satisfy the 
requirement of speed control and 
position control. Then we combine 
these three parts together to test the 
whole bench’s efficiency and error. 
Finally, we add up the UART 
communication protocol to 
encapsulate the whole system. 
Therefore, we only need to send 
control signal to the MCU to control  
the bench. 

 
 
 
 
 
 
 
 

Fig.3  The model car 
Result Analysis 

Our aim is to test the changing of  
efficiency and resonance point of the 
wireless charging  when the charging 
coil is moving. We use the Vector 
Network Analyzer and our test bench 
to test the data. The result is showing 
in Fig .4 and Fig. 5. The green line 
shows the efficiency of charging and 
the number in the right above corner 
is the resonant point. We  test the  
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Problem Statement 
Conventionally, the micro motor at 
the end of an endoscopic probe is 
powered and controlled via electric 
wires from the outside of body of 
human patient. These electric wires in 
the probe may block the beam for 
scanning, and the wires usually make 
the assembly/disassembly process 
more difficult. The goal of this project 
is to eliminate the electrical wires by 
using infrared light to control the 
probe.  
  

Concept Generation 
Based on our design specifications, 
our final concept is determined, 
which uses infrared signal, brushed dc 
motor, and longitudinal packaging. 
 

Design Description 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 CAD model of probe design 
 
Our final design is shown in figure 1. 
From the top to bottom are infrared 
light emitter, prism, brushed micro-
motor, double-sided circuit board, 
and batteries. All internal 
components are aligned along the 
central axis. The motor is fixed in the 
socket of the circuit board to save 
space, and it is also a good way to 
fasten the motor. The circuit board is 
chosen to be double-sided also 
because of the limited space inside of 
the probe. On one side of the circuit 
  

Validation 
The validation is mainly focused on 
the functionality of the probe, which 
is the motor should be able to rotate 
with the specified angular velocities 
in the correct sequence. To be specific, 
a visible laser is shone on the prism 
and directed out of the probe. A stop 
watch can be used to measure the 
angular speed since it is relatively 
slow. The measured speed will be 
compared to the target value, and the 
deviation will be recorded.  
 
To make the probe operation 
convenient, a remote control 
software is designed so that the 
doctor can operate via the user 
interface on his iPad or any other 
mobile devices which could access 
the probe Intranet. 
 

Conclusion 
In our project, the infrared signal 
controlled endoscopic probe is 
designed to eliminate the electrical 
wires that could block the light 
traveling out of the probe. After 
determining the engineering 
specifications based on customer 
requirements, the optimal solution is 
selected by pairwise comparison and 
weighted decision matrix, which 
includes infrared communication, 
brushed micro-motor, and 
longitudinal packaging. Two 
preliminary prototypes are made to 
verify the design feasibility. The final 
prototype constructed has realized 
the infrared motor control on a 
wireless mobile device. 
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board, an infrared light receiver is 
placed, and on the other side of the 
circuit board, a micro-processor is 
secured.  
 
 
 
 
 
Fig. 2 Virtual circuit configuration 
 
 
 
 
 
Fig. 3 Final double-sided circuit board  
 
As shown in Figure 2 and Figure 3, the 
circuit board is made very simple and 
compact by making a PCB with 
surface-mounted components. Since 
the microprocessor itself is capable of 
driving the micro motor, we 
can directly control and drive the 
motor using I/O ports of the 
microprocessor and thereby eliminate 
the driving circuit. 
 
The packaging of the endoscopic 
probe is another essential aspect to 
make probe suitable to operate inside 
of human body. The micro motor is 
placed in the socket of the double-
sided circuit board to save space. The 
probe shell has a transparent part in 
the middle that allows infrared light 
to pass through. To connect these 
three segments, both ends of the 
middle part is made to have 
extending annulus structure with 
their external diameter equal to the 
internal diameter of the top and 
bottom parts.  However, this design 
requires injection molding, and its 
cost exceeds our budget. A modified 
transparent probe is used instead in 
our final product. 
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Problem Definition 
In this project, students are required 
to build an intelligence 
control/display panel which includes 
an intelligent display panel, a system 
to provide analyzed information, a 
subsystem to facilitate vehicles’ safety 
and some additional practical 
functions for the electric vehicle. 
 

Concept Generation 
Sensors or monitor systems collect 
the information. CAN -bus and 
CompactRIO transfer the data for 
future use. LabVIEW is used to 
analyze the data. Results will be 
shown on the LED panel. 
 

Design Description 
This design will use sensors to convert 
physical information into digital data. 
Some of the information will be 
directly collected from the monitor 
system of the vehicle. CAN-bus and 
CompactRIO are used to transfer and 
process the data. CompactRIO will 
distinguish what kind of signal it is, 
choose the useful data bits and 
transfer them into decimal format for 
further analysis. LabVIEW is used to 
write a basic dashboard to show basic 
information, a warning system to 
remind the driver when vehicle’s 
safety is in danger, a driving pattern 
analysis system to give a suggestion 
about the optimum speed to save 
energy. The prototype of the display 
panel is shown in Fig. 1. 
 
 
 
 
 
 
 

Fig. 1 Prototype of display panel 
 
 
 

 
 
 
 
 
 
 
 

Fig. 3 Simulation of the driving 
pattern analysis system in LabVIEW 

 
dangers happen simultaneously. The 
driving pattern analysis system 
manages to use methods of 
Probability and Mathematical Statics 
to analyze the correlation between 
speed variance, mean speed and 
efficiency. The graphic and 
suggestions about the optimum 
speed will be shown on the panel. To 
make the product more comfortable 
to use, the basic dashboard will be 
shown during driving and the driving 
pattern analysis results will only 
appear during parking. Fig. 3 shows 
the simulation of the driving pattern 
analysis system. 
 

Conclusion 
The final design can show the basic 
information on the panel, analyze the 
data and show the results. Customer 
requirements are met. To further 
improve the functionality, human 
friendly design is carried out. In 
addition, a system to analyze the 
power consumption efficiency is built 
and this will provide suggestions for 
driver to drive in a more energy 
saving way.  
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Fig. 2 System configuration 
 

Analysis 
An EV with an LED panel is provided 
by Prof. Ma and Prof. Li. Distance, 
temperature and alcohol sensors and 
micro-chip units (MCU) to control the 
behavior of sensors are bought on 
line. CAN-bus technology is achieved  
by cooperating with Team 16. 
CompactRIO is chosen because it is an 
industrial standard product. It can 
make our product more reliable. The  
CompactRIO is sponsored by National 
Instruments (NI). LabVIEW is a visual 
programming language developed by 
NI. It has high compatibility with 
CompactRIO. Fig. 2 shows the system 
configuration on the vehicle. 

 
Experimental Validation 

Simulation and test are carried out 
both on the vehicle and using 
LabVIEW. We  manage to read data 
from the sensors by writing protocol 
programs for the MCU and 
CompactRIO. The data collected can 
be shown on the panel. However, due 
to the limitation of the current 
vehicle, some complex systems need 
to be simulated using LabVIEW. The 
warning system can successfully 
identify the condition when the 
vehicle is in danger and then give out 
warning signals by showing warning 
icons and texts on the panel or 
making sounds. The warning icons 
can be shown circularly in case some  
  

EV Intelligence Control/Display Panel 
Instructors: Prof. Mian Li, Prof. Chengbin Ma 

Team Members  
Meng Jin, Zhou Wenhao, Yin Xing, Wang Zhaozhao, Chen Tianyue 

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

University of Michigan - Shanghai Jiao Tong University Joint Institute 



 
Problem Statement 

The  Purpose  of   this 
project   is  to  design  
an automatic parking 
system  for  in-wheel  
motor   electric   cars 
and demonstrate the  
system  on  a   model  
vehicle. 
 

Function Decomposition 
An automatic parking system should 
have the following sub functions; the 
system should be able to capture 
environment information, generate a 
proper parking route based on the 
information, and then give proper 
instructions to the model vehicle to 
achieve the route. 
 

Design Description 
After brainstorming for concepts and 
using weighted decision matrix to 
decide the best concept, a final 
design is decided as descried below. 
The system uses several ultrasonic 
sensors implemented on the vehicle 
to scan the environment. Then the 
information is sent to a micro 
processor, where a detailed route is 
generated based on the model shown 
below. Finally the processor outputs a 
series of controlling signals through 
I/O ports to the engines and servo to 
control the movements of the vehicle.  
 
 
 
 
 
 

 
Fig.1 Model of Parking Route 

Expansion 
After we finished the project, we 
found it possible to expand the 
function of the system by adding 
more options of operation, such as 
vertical parking and getting out from 
parking bays. So we modified our 
program so that the user can have 
multiple choices after he starts the 
system. And after we finished the 
expansion, the system can now have 
4 different modes. 

Conclusion 
Our system can execute automatic 
parking with reliability and accuracy. 
With the help of in-wheel motors and 
differential assisted steering, the 
turning radius of our vehicle can be 
reduced,  making the minimum 
parking length required smaller. We 
expanded the system to allow for 
multiple choices of operation. We 
have also made the system more 
automated by reducing the manual 
operation needed. In general, our 
system has a better performance than 
the systems in use today. 
Our team performed good teamwork 
in the design process, each member 
did his best to achieve his goal. 
Thanks to this course, we  acquired  
skills and knowledge in professional 
engineering design process. 
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Construction of the Project 
The four members of our team are all 
ECE students, so we decided to spend 
less time on building the model 
vehicle and focus our attention on 
constructing the system so that 
precision and reliability could be 
guaranteed. 
We purchased a model vehicle which 
is used for Freescale intelligent car 
competition. The vehicle has two 
engines controlling the rear wheels 
and a servo engine controlling the 
front wheels. The vehicle fits our 
design quite well. 
We used HC-SR04 Ultrasonic Sensor, 
STM32 Micro Control Unit and L298N 
Engine Driver to construct the system. 
The components are fixed on a plastic 
board, and the board is fixed above 
the model vehicle. 
The layout of the vehicle platform and 
the system are shown below. 
 
 
 
 
 
 

 
Fig.2 Layout of the Prototype 

 

Validation 
There are several requirements for our 
project. They are high reliability, 
quickness and preciseness. Our final 
design could be tested against these 
requirements. 
Reliability can be shown by changing the 
environment and test whether parking 
can be still executed correctly. Quickness 
can be tested by counting the total time 
needed for parking. Preciseness can be 
tested by measuring the position error 
of the vehicle. 
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Problem Statement 
In this project, students are required 
to design a wireless charging artificial 
heart .The system is composed of a dc 
power supply, signal generator, an 
inverter circuit, a pair of coils,  a 
rectifier circuit, a pump and a power 
storage device. The device should 
replicate a normal heart(water proof, 
light, compact and durable). 
 

Concept Generation 
Researches are done from 
trustworthy sources on the internet, 
magazines and directly consulting 
Professors and the Sponsor of the 
project to determine customer 
requirements. More information are 
then gathered from the internet and 
through a lot of considerations and 
judgments; the engineering 
specifications are determined. 
 
 
 
 
 

 
 
 
 
 
 
Fig. 1 Customer Requirements and 
Engineering Specifications 
 

Design Description 
After brainstorming and several 
considerations, the team decides to 
apply the mechanism as shown in the 
flow chart.  
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Flow Chart 

Modeling and Analysis 
The necessary materials to built the 
coil, the circuits are purchased. The 
circuits are built using laser cutter 
while the coil is handmade by the 
team. The pump, DC power supply, 
power storage device and necessary 
materials for design expo are bought 
online from Taobao. The prototype is 
built one week before the deadline. 

 
Validation 

Before the design expo, the team 
finished simulation and test 
separately. In order to successfully 
achieve the engineering specifications, 
the signal should be reliable. Signal 
generation and modeling is done 
using xilinx ise 9.2. The digilent adept 
is used to program from the PC into 
the FPGA to generate the signals.  
 
 
 
 
Fig. 7 Signal Simulation 
 
The outcome shows similarity with 
the simulation which is confirmed by 
using an oscilloscope.  

 
Conclusion 

The final design can successfully 
perform wireless charging to the 
pump. In addition, it also satisfies all 
the customer requirements and 
engineering specifications. Further, 
the team made the design portable 
and therefore the design exceeds 
expectation. 
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Magnetic resonance coupling is 
chosen as the method of wireless 
energy transfer.  
 
 
 
 
 
 
Fig. 3 Magnetic Resonance Coupling 
 
The voltage fed resonant inverter 
circuit is connected to DC power 
supply and driven by a frequency of 
20kHz to convert DC into AC which is 
then channeled to the transmitting 
coil. 
 
 
 
 
 
 
 
 
Fig. 4 Schematic of Inverter 
 
The transmitting coil then transfers 
the power to the receiving coil. 
 

 
 
 
 

Fig. 5 The Pair of Coils 
 
The receiver Coil directs the current 
to bridge diode rectifier which 
rectifies AC to DC before it is supplied 
to the power storage device and the 
pump. 
 
 
 
 
 
 
 

Fig. 6 Bridge Diode Rectifier 
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Problem Statement 
More and more electronic control 
units (ECU) are installed in a car. 
Students are required to design a 
field bus communication system to 
implement a high speed and well-
organized functions on electrical 
vehicles (EV). System should have 
high communication accuracy and 
good real-time performance. 
 

Concept Generation 
Controller Area Network (CAN) is the 
most suitable communication system 
for our project.  
 

Design Description 
To implement the distributed way, we 
add a central control unit. The whole 
field bus communication system is 
divided into small different sub-
functional blocks. Endpoints are 
designed for each module, including 
motor endpoints, battery endpoints, 
a front endpoint and a back endpoint.  
Each endpoint should be connected 
to CANH or CANL. 
 
 
 
 
 
 
 
 
Fig.1 Detailed schematic diagram of 
function structure 
 
 
 
 
 
 
 
Fig.2 Top view of the CAN bus 
 

Modeling and Analysis 
CompactRio is used as the central 
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control unit to charge supervision and 
data manipulation. 
 
 
 
 
 
 
 
 Fig.3 CompactRio 
 
Since DsPIC is a combination between 
DSP and MCU, which means that the 
advantages of both DSP and MCU can 
be integrated to a better performance. 
Therefore, DsPIC is chosen as the ECU 
of the endpoint controller. 
 
 
 
 
 
 
 
Fig.4  endpoint controller: DsPIC 
  
We built three kinds of endpoints to 
collect digital signals to CAN bus. 
 
 
 
 
 
 
 
 
Fig.5 battery endpoint 
 
 
 
 
 
 
 
 
Fig.6 motor and front endpoints 
 
After combining all the parts on the 
car, the final prototype appears. 
 
 
 

 
 
 
 
 
 

Fig.7 Final prototype of EV 
 

Validation 
We finish simulation and test based 
on error rate and system power 
consumption. Both error rate of 
transmission and control signal delay 
are both lowered by choosing good 
wire material and good wires 
arrangement. We using the nodes to 
send 100,000 data frame and using 
CompactRio to count the received 
frame. In power loss part, battery 
management system consumes most 
power. A well-designed measurement 
circuit with photo-coupled relays is 
added. The power loss is less than 5%. 
  

Conclusion 
Our final design can successfully 
transmit data and accomplish 
communication among ECUs. Besides, 
we design seven endpoints to collect 
signals including motor, battery, 
distance, temperature and so on. We 
use CompactRio effectively and 
remote control the car forward and 
back through Bluetooth for fun. 
 
 
 
 
 
 
 
Fig.8 remote controller 
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Problem Statement 
• Reality: Crowded traffic condition, 

heavy pollution for the 
environment. 

• Aim: To solve the traffic problem in 
modern cities like Shanghai.  

• Solution: A cellphone application is 
designed to help users find a route 
with low time, cost and CO2 
emission within the multimodal 
transportation system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Concept Generation 
• ANDROID operating system.  
• Algorithm combines modeling with 

three-factor Utility Function and 
customer behavior survey.  

• Database (mySQL) and algorithm 
conduct in the server with php. 

 
 
 

Design Description 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: UI of Prototype 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Validation 
• Test 15 combinations of traveling 

conditions that the customer may 
choose.  

• Test result is analyzed and 
compared to the survey. 

 

Conclusion 
The multimodal transportation 
system can provide intelligent choices 
to customers due to the real-time 
traffic information and customers’ 
specific requirements. The goal is to 
refine the traffic condition, reduce 
the energy wastes and have positive 
effects on the sustainable economy. 
 

Acknowledgement 
Thanks for Prof. Mian Li’s instruction, 
and our sponsors Prof. David Hung, 
Prof. Xinen Zhu. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Application Working Process 
 

Modeling and Analysis 
• Consider customer’s situations & 

demands as well as time and 
objective conditions.  

• Calculate the utility-satisfaction for 
each specific route with weight 
factors.  

• Weight factors are the degree of 
the customers’ attention to 
traveling time, cost and CO2 
emission varying with different 
traveling status. 

 
 
 
 
 
 
 

 
 
 
 

Figure 3: Weight Factors with Leisure 
Status in not Rush Hour 

 
 
 

 
 
 
 
 

 Figure 4: Weight Factors with 
Emergency Status in not Rush Hour 
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Problem Statement 
In this project, students are required 
to design and manufacture an electric 
vehicle  with close-wheel powertrain. 
In a close-wheel powertrain, one 
motor transmit its power to one 
wheel and there are two independent 
transmission systems at all. The 
objective of the project is to design a 
vehicle with enough transmission 
efficiency and good working 
environment of  motors. 
 

Prototype Description 
The prototype mainly consists of six 
parts, energy sources, braking system, 
powertrain, steering system, 
suspension and framework. 
 
From the CAD model (see Figure 1) 
and the prototype (see Figure 2), it is 
clear that the prototype  is a 
complete electrical vehicle not only 
with a close-wheel powertrain system, 
but also with a chassis combined with 
simplified front wheels, braking 
system and steering system. It is full-
dimension that can afford the weight 
of one adult. Especially, the rear part 
of the prototype can be divided into 
two main categories: chain 
transmission system and a simplified 
Macpherson suspension. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Prototype CAD Model 

 
 
 
 

Validation Plan 
In order to test whether the product, 
a car with close-wheel powertrain, 
meets the engineering specifications 
such as the powertrain efficiency and 
chassis vibration, detailed plan was 
set up. The list that includes tested 
parameters, methods and expected 
outcomes is shown in the following 
table. 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table.1 Validation Test Plan 
 
 

Conclusion 
In three months, the complete 
structure of the vehicles has been 
completed, including suspensions, 
powertrain, steering system, seats. 
However, there are several points to 
be improved. Idlers can be added into 
the chain transmission part.  Steel 
bars can take the place of angle steels 
to serve as the frame of the car. 
Magnetism synchronous motors can 
be the better choice for the actuators 
in assistant with control board. 
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Fig. 2 Prototype of Powertrain 
 

Design Detail 
Energy Source: Lead-acid battery 
 
 
 
 
 
 
 

     Fig. 3 Lead-acid battery 
Suspension:  Four bearing bars and 
one shock absorber 
 
 
 
 
 
 
 
 

Fig. 4 Suspension 
Powertrain: Chain transmission and 
DC brushed motor 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Powertrain 
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Problem Statement 
In this project, students are required 
to build up a wind tunnel and design 
a novel drag reduction structure. To 
simulate the real condition of 
aerodynamics, this wind tunnel needs 
to have a relative high Reynolds 
number and high Mach number. 
Meanwhile, for the future test 
requirement, students should set up 
the measurement systems in test 
section of wind tunnel.  
 

Concept Generation 
The seven engineering  requirements  
of wind tunnel design are Mach 
number, Reynolds number, overall 
length, decibel, flow rate, dynamic 
pressure and temperature range.  The 
drive system upstream tunnel is the 
final design type. 
 

Wind Tunnel Design 
Fig.1 and Fig.2 show the CAD design 
and final layout of our wind tunnel. 
The design can be divided into four 
parts.  Flow conditioners section 
slows down the velocity  and 
straightens the air flow with 
installation of honey comb and screen.  
contraction in the settling duct. 
Contraction part  increases the speed 
of air flow from 2.5m/sec to 30m/sec. 
Test section is a organic glass box with 
inner volume of L500mm  W300mm 

 H80mm. After test section part, 
diffuser slows down the air speed 
before exhausting , which has the 
opposite effect of contraction .   
 
 
 
 
 

 
Fig. 1 Prototype CAD Model 

 
 
 

Test Methods Design 
The objective of the experiment is to 
test and evaluate the performance of 
rollers. We designed two methods, 
pressure and force measurement.  For 
pressure measurement,  the  type of 
pressure sensor is HDIB001, whose 
range is between 0 to 2 bars.  This 
sensor will be installed both in the 
front of and behind the air foil. The 
performance of roller is based on the 
pressure gap. For force measurement, 
we detect the drag force directly. 
Fig.4 shows the force detection 
device. Using  lever principle and 
force sensor, we can obtain the drag 
force of roller directly.   
 
 
 
 
 
 
 
 
 

Fig. 4 Force Detection Device 
 

Conclusion 
The purpose of capstone project 
consists of two parts, one is to build 
up a subsonic wind tunnel and the 
other is to realize the concept design 
of  the novel reduction structure 
along with the determination of test 
methods.  So far, we have reached 
our target and realized all the set up 
of experiment. Next  step is to use our 
device to valuate the drag – reduction 
performance.  
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Fig. 2 Wind Tunnel Layout  
 

Test Section Interior Design 
The interior design of test section can 
be divided into three parts, the roller 
design, secondary contraction design 
and air foil. For roller, aluminum bar is 
our material considering  its high 
strength and low  weight. 
Corresponding  bearings are installed 
on the ends of bar to reduce the 
friction during rolling.  Fig.3 shows 
the design of secondary contraction 
and air foil. Secondary contraction in 
test section is used to further 
increase the air speed before air flow 
going through the roller.  The design 
principle of secondary contraction is 
the same as the that of contraction in 
the wind tunnel.  According to Prof. 
Zhang’s requirement, the air foil is 
designed to realize the replacement 
of different test rollers. The concave 
can be used to install different teat  
components.  
 
 
 
 
 
 
 
 
 
 

Fig. 3 Secondary Contraction  
and Air Foil   
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Problem Statement 
In this project, students are required 
to design a device to display floating 
video, also enable touch-interaction 
with users. Screen is composed by 
water mist, image processing method 
is applied to collect and manipulate 
input. The whole structure should 
provide good image quality and short 
reaction time. 
 

Concept Generation 
Water mist generated by ultrasonic 
vibrators, ejected out though a gap 
will form the screen; and a web 
camera will capture hand motion of 
users. 

 
Design Description 

The system is composed of two parts, 
the display part and the interaction 
part. The display part includes a 
water mist generator and a projector. 
Oscillators in water pool disperse 
water into molecules to recompose 
water mist. A screen forms after the 
mist is blown through a thin tunnel by 
fans. Then videos are projected onto 
the screen by projector. The 
interaction part has a web camera 
and a computer. If user's finger 
touches the screen, the camera can 
detect it and give signal to the 
computer which will give feedback as 
image change on screen. 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Device structure in UG 
 
 
 

interface program is reliable. Since 
the real mist screen is unstable due to 
airflow interference, programming of 
finger detection was improved by 
filtering small variations of 
consecutive images. 
 
 
 
 
 
 
 
 
 
Fig.3 Simulation in RealFlow 
 

Conclusion 
Our final prototype could display all 
kinds of videos and pictures with 
abundant details on the screen. It 
could also show large and simple font 
letters clearly. Besides, it fulfills the 
requirement of humanistic interaction. 
If a finger is detected, the finger 
position can be quickly defined and 
the cursor will be moved to the 
location accurately and make a click. 
The whole process is within one 
second. 
 
 
 
 
 
 
 
 
 
 

 
Fig.4 Actual rendering of final device 
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Fig. 2 Prototype of mist screen device 

 
Modeling and Analysis 

To increase the flatness of the mist 
screen, gap outlet is applied. Six 
identical fans are installed evenly 
between water pool and outlet to 
distribute mist flow averagely. Farther 
improvement includes adding 
perforated plate on fans, separating 
outlet into parallel square tubes, and 
elevating air inlet holes. To realize the 
goal of interaction with the screen, a 
web camera captures images 
periodically; MATLAB program 
converts each image into a data 
matrix. Difference in adjacent 
matrixes indicates changes of image; 
and cursor on screen will take actions 
such as moving and clicking under 
control of program. 
 

Validation 
Ahead of integrating the prototype, 
the mist screen is test individually. It 
shows quality performance on 
showing movies and colorful pictures. 
But its ability on displaying massive 
characters is just passable, so 
turbulent mist flow needs to be 
revised. Before the display device is 
built, paper, glass and cling film are 
used to simulate the mist screen in 
validation test of image signal 
processing, and it is sure that the 
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Product 
Different from traditional bins, the bin 
designed by BinGO is equipped with an 
electronic functional terminal. The core 
part of the terminal is a tablet 
computer that is connected with the 
integrated circuit. The elements of the 
circuit include optical sensor, speaker 
and power supply.  

 
 
 
 
 
 
 

 
Optical sensors 
Once rubbish is thrown into the bin 
and the optical sensors detect the light 
intensity change, the integrated circuit 
will process the signal response to the 
light intensity change.  
Speaker 
The location of the speakers is best for 
preventing water to destruct the 
 
 
 
 
 
 
 
 
 
 

Executive Summary 
BinGO is a combined waste management and advertisement system. The design of BinGO is a bin with LED screen to give 
coupons when a person threw rubbish inside, which provides a method to drive more customer traffic to local merchants.  
The bin with coupon delivery can encourage people to gain the habit of throwing rubbish into bins, which helps to create a 
cleaner city. The bin can also bring social benefits by displaying useful information like local map, calendar and weather to 
bring convenience to citizens at every corner of the city. 

 

Value Proposition 
Cleaner City!  Encourage citizens to 
throw rubbish into bins. 
Information at Hand!  
Provide convenient information such 
as calendar, weather forecast, and 
maps to every corner of the streets.  
Marketing Solution!  
Develop an effective and better 
advertising solution.  
Attract Consumers!  
Drive more customer traffic to local 
merchants by providing coupons. 

Value Chain 
 
 
 
 
 

*Channel: BinGO partnered with 
leading firms like Coca-Cola in industry 
to share distribution channels to 
promote the service. 
**Policy: BinGO provides government 
with public welfare and street 
sanitation. Government provide BinGO 
with financial and political support.  
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Cost (Based on 1000 bins scale) 
Cost per Bin per month: 713.28 RMB  

 Item Cost Item Cost 
Garbage can (120L) 130 RMB Insurance 60 RMB/month 

Core system  
(11 inch screen) 

220 RMB Human capital 
(Insurance & maintenance) 

60 RMB/month 

Solar Panel 60 RMB Cleaning service 50RMB/month 
Electrical elements 10RMB Electricity charge 123.28RMB/month 

Revenue 
BinGO will generate revenue by providing local merchants 
with an advertising opportunity to reach customers on the 
street near their place of business.  Based on the 
advertisement budget from case study, we intend to charge 
15000 RMB per bin for a month of advertising.  With costs 
set in the left, we expect 14000 RMB profit per BinGO 
product per month. 

 

Resources Operation Service  Impact 

Technology 
Channel* 
Policy** 

Technical Support 
Business Development 
Customer Relationship 

Coupon  
Advertisement 
Convenient Info

Social   
Environmental  

Business 

electronic speakers when it rains. It 
can play sounds like music, slogans of 
local merchants (e.g. McDonald: I’m 
Lovin it~) when the pass-by put trash 
into the bin. The sounds to play can be 
updated through 3G network 
connection 
3G Network 
The tablet is designed to be accessible 
to 3G Network in China. The service is 
provided by BinGO’s industry partner 
China Mobile.  
Power supply 
The main power source of the product 
is solar energy. The solar panel will 
generate electricity during daytime 
and the electricity can be stored in the 
cells of the tablets.  
Since the solar power is not quite 
stable, there is a backup power supply 
given by local electric cables. 
Anti-Theft  
Through 3G network, the status of the 
bins can be monitored all day. Once 
the bin is damaged or stolen, it will 
report to the data center automatically 
and give signals to local police stations 
to take action. 
  



Course Outline 
In this course, a series of inspiring 
lectures focused on entrepreneurship 
are exposed to students through 
interaction with company founders, 
business leaders, venture capitalists, 
investment bankers, as well as 
individuals involved in emerging 
business models, new venture 
creation and innovation technology 
commercialization. 

Speakers 
               
 
 
 
Dr. Vincent Chang   
· Faculty Director of Corporate 
Relations for UM - SJTU JI 
· Founder of Knowledge Master, Inc., 
Lead Instructor of UC Berkeley, and 
senior associate professor in electrical 
engineering 
Subject: Things that I’ve learned as 
an Entrepreneur 
Dr. Chang shares his experience of 
starting a company from scratch, and 
important things he has learned as an 
Entrepreneur.  
               
 
 
Fenggao Zhao 
· President & CEO Shanghai MeiHou 
Investment Management Corporation 
· CEO & Board Member for SAIC 
Motor 
· Creator of Rong Wei, one of the 
brands in SAIC Motors. 
Subject: My Story 
How to analyze and use 
entrepreneurial environments. 
Effective ways to start a new company. 
Entrepreneurial spirit.  
Biggest chance currently to start 
something new. 
 
 
 

 
 
 
 
Medes Ma  
· Managing Partner and Co-Founder 
of Stonewood Properties Investors 
and Stonewood Consulting 
Subject:  
From Briarwood to Stonewood 
What services do we provide at 
Stonewood? How do we build up our 
business from scratch? How to apply 
skills learned from classroom to real 
business settings? What are the 
challenges in entrepreneurship? 

 
 
 

Harry Man 
· Partner at Matrix Partners China 
Subject:  
Funding Story of Matrix Partners 
About Matrix Partners. Investment 
Strategy. How Can You Identify Great 
Investments? Key Questions VCs Will 
Ask. What are the Best Strategies to 
Build and Grow Companies? 

iTunes/Podcast 
Eager to watch our lectures on your 
iPhone, iPad or laptop? It’s easy! Just  
search “Entrepreneurship Hour” or 
“Vincent Chang” on iTunes.  
 

 
 
 
 
 
Subscribe it! Enjoy our inspiring 
lectures at any time at anywhere! 
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Dr. Chee Mun Choy 
· Deputy General Manager 
Dr. Choy has a total of 18 years of 
working experience as industrial 
engineer, R&D scientist, technical 
director and general manager. 
Subject:  
Professional vs Entrepreneurial 
Dr. Choy shares and addresses some 
preparation needed and challenges 
faced by entrepreneur and ,on the 
other hand, rewards and fulfillment 
by working professional. 
                 
 
 
Dr. Jack Lewis 
· Associate Dean of USC Marshall 
School of Business 
Subject: Effective Entrepreneurial 
Networking Skills and other Keys to 
Success 
Some thoughts about what Dr. Lewis 
has learned from running the IBEAR. 
Networking skills valuable to 
entrepreneurs. The MBA landscape 
these days and cost / benefits of 
following different pathways. 
 
 

 
 
 Jimmy Hsiao 
· Founder of Logic Solutions 
Mr. Hsiao has grown Logic one man 
shop to employees in five locations 
around the world - Ann Arbor, Irvine, 
Beijing, Shanghai and Nanjing. 
Subject: Steve Jobs’ Impact on My 
Business Philosophy 
Mr. Hsiao talks about himself, how he 
started his own business, the roller 
coaster rides that he has experienced, 
some of the business philosophy, and 
the current state of his company Logic. 
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Executive Summary 
Homtel offers an alternative to hotels, 
by allowing home and apartment 
owners to rent out extra space they 
may have, from a single room to a 
whole house. This service offers high 
quality housing and services with the 
comfort of staying at home rather 
than an impersonal hotel, all at a 
cheaper price. It also allows property 
owners to supplement their income. 
We will offer our customers rewards 
based on loyalty and reliability 
history. Our business will operate via 
a website with revenue streams 
coming from commissions on leasing 
and charging for secondary services.  
 

Key Partners 
Partner with insurance companies to 
offer compensation for damages or 
theft. Partner with car rental, tour 
guides, city information providers, 
and house cleaning to provide better 
services for our customers.  
 

Value Propositions 
We will deliver the comfort of living at 
home, while on vacation at a price 
that competes with hotels. Offer a 
wide range of living styles with 
different prices, to best suit any group 
from families to the individual 
vacationer. We can offer guarantees 
of quality and security. Offer 
convenient service that allows users 
to search for a type of housing they 
want on their vacation and rent it 
with one click.  
 

Customer Segments 
We are creating our service for two 
different groups of people. For people 
who love to travel, either alone or in 
small groups and for family or group 
vacationers. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Outline of revenue stream 
 

Cost Structure 
There will be a cost to offer a safe 
living environment for both renters 
and leasers. Fixed Costs: Office space, 
employees, domain hosting, and 
insurance against theft and damage.  
Variable Costs: Delivery of keys, 
cleaning service, and car rentals. 
 

Revenue Stream 
Revenue will be collected through 
lending/leasing fees as a percentage 
of total renting cost and through 
additional service usage fees. 
Supplementary revenue will come 
from subscription fees for customers 
to buy into our loyalty program as an 
alternative to gaining rewards 
through regular use. Our prices will 
be based on floor space, quality of 
home, location, and facilities 
available. The price will be customer 
dependent, with our company 
negotiating the prices based on 
suggested values. Prices will be driven 
down by competition of other lenders 
in similar areas.  
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Fig. 1 Homepage of Homtel website 
 

Customer Relationships 
We will have two different types of 
memberships, a renting and leasing 
membership. The renter’s 
membership will be free and quick to 
set up. You can only rent rooms from 
others. The leasing membership will 
have an initial cost to prevent fraud, 
that will be paid back to the seller 
after a certain number of days they 
successfully rent their home. 
Loyalty rewards will be offered for 
customers based on the number of 
days you stay in a home or the 
number of days you rent your home 
and feedback scores. We will also 
offer tiered customer levels, with 
each increasing level offering more 
services at better rates.  

 
Channels 

Our advertising will be done using the 
Internet and social networking 
websites. We will have an advertising 
campaign on websites people would 
use when thinking of traveling.  
Customers will be able to evaluate 
our services and the quality of the 
homes they stayed in through user 
feedback. Our products will be 
purchasable through our website 
through the use of credit cards or 
online banking.  
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