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Problem Statement 
The existing money boxed are not 
convenient enough. Which means: 
(1)they can't tell how many coins 
have been stored, (2)they can't 
identify different coins, (3)they can't 
spit out the coins intellengently. 

Concept Generation 
One photoregister, one LED screen, 
one keyboard and two servos will 
solve such problems. 

Design Description 
After seeking for solutions together, 
we decided to use two systems for 
storing coins and drawing them as the 
final design. The storing system has a 
photoregister to distinguish, while a 
servo to seperate. Another system 
contains a keyboard to input 
recommendations while a servo to 
knock the coins out. The LED screen is 
used both sides during the whole 
process.  

To improve our machine, we painted 
the bottom of the collecter with a 
pigment that is not so rough. After 
this, the rate of this error reduced to 
make the accuracy increased for 85% 
to 98%. 

Conclusion 
Our design can successfully identify 
the 1 yuan and 5 jiao. After that, it 
can seperate them and store them in 
different sides of this coin collector. 
And the screen will display the total 
value of the coins in the coin collector 
and the value of the amount of 1 
yuan coins and 5 jiao coins. And when 
user presses the bottom, the machine 
will be able to spit out the exact value 
of the coins the user have input.  
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Modeling and Analysis 
Since it have strict recommendation 
to the strength of the boards, we 
decided to use wooden boards 
instead of plastic ones for our 
prototype. We also managed to use a 
strong electric soutce to make the 
machine be able to move longer. The 
shortage of this machine is when it's 
power off, the Audruno board won't 
remember any data. So we created a 
"C" bottom which representes the 
cleanning program to make sure that 
whenever there are any dissoluable 
problems, users can draw all the coins 
by pressing this bottom.  

Validation 
Before the final oral presentation, we 
finished making-up and testing 
perfectly. The accuracy is approximate 
to 100%. But there are still some 
problems, such as the unstability of 
the screen. Another problem is that 
because of the friction power, there 
are some coins standing vertically 
sometimes, which may cause an error 
when spitting out the coins. So there 
are sometimes two coins coming out 
together at the same time.  
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Problem Statement 
In this project, we decided to make a  
special ashtray to help smokers who 
wanted to get rid of smoking but yield 
to the temptation of smoking, by 
restraining the amount of cigarettes 
they could smoke in a day. The 
ashtray is assembled with a flame 
sensor, a servo, an LED light and so on. 
The ashtray should be sensitive and 
perform accurately.  
 
 

Concept Generation 
The flame sensor can detect the light 
wave given out by lighted cigarettes, 
and send signal to CPU, then the 
servo rotates in one direction. In this 
way, you can ash the cigarettes. And if 
you press the button, the number on 
the screen will minus one,  showing 
how many cigarettes left for you to 
smoke this day. And the servo will 
also rotate in another direction and 
you can get one cigarette out from 
the container.  
 

 
Design Description 

Our prototype mainly consists of two 
parts: the main box and an ashtray. 
The box is divided into battery cell, 
ash cell and cigarette cell. Fig.1 shows 
our CAD drawing and Fig.2 is the real 
cutting of our prototype.  
 
 
 
 
 
 
 
 
 
Fig.1 AutoCAD design 
 
 
 

 
 
 
 
 
 
 
 
Fig. 3 The final prototype 
 
1 when we push the button. And the 
device will delay if the number of the 
screen is less than 0. Fortunately, it 
works very well. Finally, we combined 
it together and made a general 
testing. The purpose was to check 
whether the Arduino Uno board could 
deal with the change of the input 
signal accurately and precisely. After 
we changed the direction of the servo 
rotating, we finished our validation 
because the device was really stable 
and reliable. 
 

Conclusion 
In our finial design, our product 
manages to control the number of 
cigarettes taken by a person in one 
day. This is our basic destination and 
we completed it very well. Besides 
this, the material of our design is 
organic glasses, so the cost of it will 
be much lower than steel and alufer. 
The rigidity is also better than plastic 
and ceram. In this project, members 
of our team worked solidly and the 
whole atmosphere was very delighted. 
Meanwhile, this project also offers us 
an opportunity to apply theory to 
practice. 
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Fig. 2 Final cutting result 

Modeling and Analysis 
We first decided to make our product 
using a carton. As a prototype, the 
most obvious advantage of it was 
cheapness. But during making our 
prototype, we found that the carton 
had a number of disadvantages. 
Made by cartons, the prototype did 
not have the ability of fireproofing so 
it could not work with cigarette ends. 
Taking all the above into 
consideration, we finally decided to 
use organic glass to make our 
prototype. Clearly, the organic one is 
more beautiful, making consumers 
feel more comfortable to use our 
product. Although it makes fixing and 
designing become more difficult, we 
worked hard and finally completed it.  
(Fig.3) 
 

Validation 
In order to test the performance of 
our ashtray, first we tested the 
prototype by parts. At the first step, 
we use a lighter to test the flame 
sensor. We found that the flame 
sensor was very sensitive at the flame, 
the analog output was just below 100. 
But when we used the real cigarette 
to test it, we found that the value is 
over 700. So we changed the critical 
point in the program to 850. At the 
next step, we checked the counting 
device. As the program goes, the 
number on the screen will minus 
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Problem Statement 
 In this project, we are going to 
improve the lock used in our daily life 
and make it possess intellectualized 
functions by using RFID module, LCD 
player and other important 
components. 

 
 

Concept Generation 
RFID module can help achieve the 
goal to read student ID cards. And the 
sensor can detect whether the door is 
locked or not. Then certain action will 
be taken.  
 

 
Design Description 

We decide to make an intelligent 
locking assistant as our final design 
after a brainstorm and a group 
meeting. The servo is linked with the 
gearwheel, which is also linked with 
the rack. The safety pin is connected 
with the rack. When the correct 
student ID card is put on the RFID 
module, thanks to the excellent  
program, the servo will rotate the 
gearwheel, which drives the rack and 
the safety pin. Then the lock is 
opened.  
 
 
 
 
 
 
 
 
 
 
Fig. 1 Testing the RFID module 
 
 
 
 
 

 
 
 
 
 
 
Fig. 3 The IIC1602 LCD displayer 
 
 
Another difficulty we met with during 
our making the project is that the 
gearwheel is Lego blocks. So the servo 
can not match the gearwheel to make 
it rotate. So we use a small plexiglass 
board set between the servo and the 
gearwheel. And they can be linked 
well thanks to the plexiglass board 
and several screws and nuts. They can 
move as our plans. In the following 
prototype tests, they show good 
results. 
 

Conclusion 
Our final design can give certain 
people access to the door successfully. 
And our intelligent locking device can 
be installed on any kinds of doors. If 
people forget to lock the door, it will 
lock the door automatically. What’s 
more, the whitelist and the blacklist 
can be edited freely. Our five team 
members cooperate and face 
difficulties together. We share 
happiness and sorrow trying to make 
our project better and better.  
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Fig. 2 The prototype of Mechatronic 
system 
 
In addition, if the door has been 
closed  for 2 seconds, the sensor, 
which is located in the lower right 
corner, will find the situation and 
drive the servo. As a consequence, 
the safety pin will lock the door. 

 
Modeling and Analysis 

We take full advantage of our 
previous project one to reuse the 
sensor, the arduino, the servo and the 
battery holder. To make our design 
more economical, we buy the RFID 
module and the LCD displayer from 
Taobao. We make full use of these 
components and make them work 
efficiently and effectively. 

 
Validation 

In practical making process, we 
originally wanted to stick the safety 
pin with the rack. However, as a result, 
the effect of the motion of the safety 
pin failed to live up to our 
expectations.  So we punch a hole on 
the handle of the safety pin and use a 
screw and a nut to joint the rack with 
the safety pin. As a consequence, the 
rack and the safety pin can move 
synchronously and smoothly. 
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Problem Statement 
In this project, this automatic wine-
decanting machine is designed to 
decant a bottle of unopened wine by 
time-setting totally automatically. T 
he whole structure should have 
strong robustness and high reliability.  

Concept Generation 
This machine consists of four devices 
to achieve the task. Two servos are 
designed to rotate the tantalus to 
help pour out wine.   
 

Design Description 
After heated brainstorming and 
several group discussions, we decide 
to connect four separate devices to 
complete the final design.  This 
machine is controlled by a timing 
switch, which can control the 
operation of the wine corkage and 
wine tantalus. Two sensors are 
equipped to sense the time node of 
the end of the corkage process and 
instruct the beginning of the pouring 
process.  The draft of the design is on 
Fig.1 and Fig.2  shows the image of 
our prototype. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The draft of Automatic wine-
decanting machine 
 

always working smoothly. To improve 
our equipment, we did a lot of 
experiments to find a set of suitable 
data that can satisfy all the 
requirements. We put on the black 
and white tapes on the corkage so the 
light sensor can detect the reflected 
light sensitively. Afterwards, our test 
results became better than the 
previous ones. There are many more 
minor tests that we had run and 
adjustments were made to make our 
equipment better. Our ultimate goal 
is to let our equipment satisfy the 
project requirements so the 
prototype can accomplish our original 
design concept. Before the final 
competition, we finish simulation and 
test separately. In order to knock off 
the pole in sequence, programming of 
the electrical motor should be reliable. 
An animation is used to test this 
programming on Mathematica and 
the outcome shows good as long as 
linkages follow the electrical motors 
precisely. 
 

Conclusion 
Our final design can successfully 
knock off the destined poles on 
“Arena” in sequence, which is the 
main purpose. Besides, benefited 
from plastic materials, we reduce 
weight of the whole system. We 
choose a relatively easier structure so 
that the mechatronic system can 
finish task quickly. In this project, 
team members cooperate effectively 
and try to solve engineering problems 
in professional ways. This opportunity 
enable us apply the knowledge and 
skills studied from lectures. 
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Fig. 2 Prototype of  Automatic Wine-
decanting Machine 

 
Modeling and Analysis 

We mainly use the plexiglass in order 
to keep the entire aesthetic. Though 
using iron material might be more 
stable and reasonable for our 
machine, this kind of material is easy 
for us to drill the holes since the 
apparatus which is available for us to 
use is limit. And in any case, it’s 
already more stable than many other 
materials, such as plastic. We spent a 
lot of time choosing the main iron 
bracket. This part cannot be too 
heavy or too tall; otherwise, the 
pedestal cannot afford it or the whole 
device will sway violently since the 
center of the gravity is too high. Our 
group tried our best to limit the 
whole cost under the circumstance of 
ensuring the high quality.  
 

Validation 
In order to make sure that our 
equipment can operate successfully, 
we did several tests before the 
competition. During this process, we 
put all our attention on two 
important parts: corkage test and the 
support equipment test. It turns out 
that sometimes our sensors are not 
sensitive enough to detect the 
corkage; the distance between the 
two sensors is not suitable. The 
program which controls the rotation 
of the support equipment is not  

Automatic Wine-decanting Machine 
Instructors: Prof. Peisen Huang, Ms. Masako Iwamato   

Team Members  
Yifei Hao, Xinzhao Ma, Jishan Duan, Ruohan Luo, Yuchen Fan 

VG  • Introduction to Engineering 

University of Michigan - Shanghai Jiao Tong University Joint Institute 



Problem Statement 
In this project, our team wants to 
design a spinning LED screen which 
can be used as an advertisement 
board. The spinning LED screen is 
driven by one electric motor and it 
should be stable, attractive and clear.

 
Concept Generation 

A stick which is connected to a motor 
spins at a high speed. The LEDs on it 
light up as is programmed to show 
words or a picture. 
 

Design Description 
After brainstorm and several 
discussions, we decide how the 
spinning LED screen should work. The 
stick is connected to the motor. The 
motor is vertical to the table with 
another stick in between. The LEDs  
light up according to the program to 
show the words or pictures. The 
power of the spinning part and the 
staying part is provided separately to 
avoid spark or great resistance. Fig.1 
shows the CAD picture and Fig.2 
shows the photo of our prototype. 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 1 CAD plot 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig.3 Diagram of the prototype 
 
 
design can work under all conditions. 
We test it in three different 
environment. The result shows that 
our design can show a clear image in 
the dark environment, but the image 
is not clear enough under strong light. 
So we still need some improvement in 
this aspect. The spinning LED screen 
should have little noise as an 
advertisement board, so we also test 
its noise under different environment 
by a decibel testing devise. The result 
shows that the noise on the street or 
in the cafes cannot be heard. So our 
design is excellent in this aspect. 
 

Conclusion 
The principle of the spinning LED 
screen is the visual staying effect. Our 
final design has a 3D visual effect and 
it can show the words as programmed, 
such as "Welcome". Furthermore, it's 
a total DIY product. In this project, 
our team solve many problems 
together. We all gain knowledge and 
abilities from this process. 
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Fig. 2 prototype  
 

Modeling and Analysis 
To ensure the stability and reduce the 
noise and danger, we need the upper 
part to be light and the base to be 
steady. So carbon fiber which is light 
and tough is chosen as the material 
for the upper part. The base is chosen 
to be stable due to the great friction 
between it and the table. The 
controller board is chosen to have 
more pins to control more lights. We 
believe this could increase the quality 
of the picture to be shown. The 
motor is chosen to be one with 
considerable speed and less force. 
The wires and LEDs are ordinary, so  
the expense can be reduced. Fig.2 
shows our final product. 

 
Validation 

Before the demonstration, we test 
several properties of the spinning LED 
screen. The design should be stable 
enough at a high spinning speed. At 
first, we fail the testing for several 
times. Then we find out that the 
failure is due to the poor contact 
between the batteries. We solve this 
problem by ensuring the contact with 
the tape. We also test whether our   
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Problem Statement 
In this project, students are required 
to design an automatic bike finder. 
Our group designs a system installed 
on bicycle to help students find their 
bikes easily, and unlock their bikes  
automatically. 

 
 Concept Generation 

A Rf module, an integrated circuit 
experiment board, a button module 
and an Arduino Uno may achieve the 
goal, and a driving board would 
control the motor to unlock the bike. 

 
Design Description 

After brainstorm and several 
meetings, our group finish our design. 
We decide to keep key inserted in the 
keyhole and connect the key and 
motor. When motor begins to work, 
the spin of bearing can be converted 
into the spin of key, and then lock can 
be unlocked. All these parts are put in 
an iron box so that our system can be 
waterproof and the user will be free 
of worrying about the safety of 
bicycle. This box is connected to other 
plastic box with wires and these wires 
are fixed by tapes on the bicycle. 
Transparent plastic board will be used 
to seal the holes to make this part 
waterproof. We will connect MCB 
with driving board, battery box and 
bread board. Rf module is installed on 
driving board because driving board 
can provide proper  
 
 
 
 
 
 
 
Fig. 1 Diagram of the principle of our 
design 

 
 
 
 
 
 
Fig. 3 Photo of prototype II 
 
 
 
 
 
 
 
Fig. 4 Photo of remote controller 
Our system works efficiently. It can 
work 14 days without changing the 
batteries. Hence, users do not need to 
change batteries frequently. Finally, 
by analyzing the experimental data, 
we are sure that our product can 
satisfy the criteria required. 

 
Conclusion 

Finally, our device successfully help 
students find their bikes and unlock 
their bikes automatically , especially 
at night. It can provide bicycle owners 
with light and sound so as to find the 
bike easily. Also, this system is stable 
and waterproof. During this process, 
our group members worked and 
cooperated efficiently. We applied the 
knowledge we learned from lectures 
to our device, which turned out to be 
successful. 
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working voltage for it. LEDs and a 
buzzer are set in the box. 

 
Modeling and Analysis 

Our prototype contains an iron box 
and a plastic tube. We had planned to 
use two iron boxes but we found that 
iron box may shield the signal sent by 
user. Finally, we plan to carve the 
cover of iron box and install a plastic 
board instead. Since the LEDs are set 
in the box, this board must be 
transparent so that people could see 
the light. Also, we use a plastic cube 
to protect the motor and wires, so the 
outside system is waterproof. The box 
is fixed on the back seat of bike by 
glue.  
 
 
 
 
 
 
Fig. 2 Photo of prototype I  

Validation 
Before the final presentation, we 
finished the hardware part and 
software part of our product. Our 
system is really sensitive. At first, the 
delay of our system was very serious. 
We improved our system by 
debugging it for many times. Now, if 
users press the button, the buzzers 
and LEDs set in box will start to work 
instantly. Besides, the magnitude of 
lights and sound are enough for users 
to find their bikes easily. What s 
more, the system is reliable, for we 
design two plastic boards to protect 
our system. It is waterproof and 
stable. According to our investigation, 
about twenty percent students can 
afford our product. In a word, our 
product is sensitive, easy to 
recognized, reliable and affordable. 
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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. Our team 
decided to make an auto sushi maker 
which can roll and cut sushi 
automatically. This machine should 
roll sushi tightly and cut sushi easily. 
It should also be efficient, hygienic, 
and affordable. 

 
Concept Generation 

Our device should roll and cut the 
sushi. Two rotary drums with a belt 
between them should achieve the 
goal of rolling the sushi. A blade 
attached to the linear actuator can 
cut the sushi. The Arduino UNO 
controls the motors, servos and linear 
actuator. 
 

Design Description 
After brainstorm and several 
meetings, we decided to make an 
auto sushi maker. Our device contains 
four system: rolling system, 
transmission system, cutting system 
and controlling system. In the rolling 
system, two rotary drums are driven 
by a motor with a belt. They can roll 
the sushi with a piece of nori. In the 
transmission system, a board can 
push the sushi onto the platform 
which is fixed onto the guide rail. The 
platform is used to transmit the sushi 
to the cutting system. In the cutting 
system, the blade is attached to the 
linear actuator which can provide a 
force about 15 kg. It can cut the sushi 
into pieces. The controlling system 
contains a Arduino UNO, two motor 
drivers and two DC/DC modules 
which are used to lower the voltage. 
The power is provided by a battery 
box containing 8 AA size batteries. 
 
 
 
 

change of which can adjust the height 
of its attachments. Screws, sticky 
tapes and 502 glue were applied to 
joint the subassemblies according to 
their characteristics. During the 
assembling of our auto sushi maker, 
we analyzed carefully and chose the 
most suitable way of modeling. 
 

Validation 
Before the final completion, we 
tested our auto sushi maker for many 
times to confirm it provides real 
convenience for the customers and 
meet their needs. During the test, we 
found that sometimes the sushi 
couldn’t be cut off because the nori is 
pliable but strong. Also, when cutting 
the sushi, there existed some system 
error in time controlling. We then 
applied an sharper knife and changed 
the previous values in the program to 
the calculated average time for 
cutting. With these changes, more 
tests showed that our auto sushi 
maker performed well in rolling, but 
still had some difficulties in cutting. 
The problem remains to be settled. 

 
Conclusion 

Our final design can successfully make 
sushi automatically, which is the main 
purpose of our design. However, 
there still exist some problems in our 
cutting system since the nori is 
difficult to cut. In this project, our 
team members cooperated actively 
and effectively. We learned a lot of 
knowledge of engineering and 
improve our skills from this project. 
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  Fig. 1 the design of Auto Sushi 
Maker 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 the prototype of Auto Sushi 
Maker 
      
       Modeling and Analysis 
To make our auto sushi maker both 
reliable and flexible, we used 
different kinds of material when 
modeling. Perspex boards were made 
into different shapes by laser cutting 
machine. Subassemblies were 
attached to it, so that they can face to 
the designed directions and be 
located in the right place. A 60*40cm 
wood board acts as a solid base of the 
subassemblies. The linear actuator, 
Voltage Regulator Module, guide rail 
were bought from Taobao. The 
Arduino UNO, DC motor and servos 
were recycled from our previous 
project. To adjust the location of 
these subassemblies at any time 
conveniently, we use cooper cylinders 
at joints, the quantity 
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Problem Statement 
There is always a problem with all 
people with bicycles: it is too dark at 
night and hard to find ways. Based on 
this, our team made a system which 
can generate electricity by itself, able 
to supply distant control, and also can 
tell others the change of your 
direction. 

Brainstorm 
Use bike generation hub to generate 
electricity automatically, and then use 
Wi-Fi module to enable distant 
control.  
 

Prototype description 
After discussion in the team, we 
decide to make mainly three parts. 
The generation system, which can 
generate electricity by itself, mainly 
use generation hub and rechargeable 
batteries. The illumination system, 
which contains two LED lights and 
two buttons, enables users to turn 
the right light on when turn right, and 
similarly the left. The control system’s 
core is a Wi-Fi module. When users 
press the button on remote controller, 
the light will flash and in the dark 
night the users can easily find their 
bikes. The picture of our mainly 
project is below in Fig.1 and Fig.2. . 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 external picture of our project 
 
 
 

maybe we can use better materials. 
Also if we want to popularize this 
device, we must make sure the signal 
will not interfere if many are in use.  
We also take another problem into 
consideration. For this device, you 
must take care of the remote 
controller. It is not very convenient. If 
you forget to take or lose the 
controller, the device cannot work at 
all. So in the future, maybe we can 
wrote a software and make it possible 
for users to use their cell phone to 
control the device. 
 

Conclusion 
The final design can generate 
electricity from riding bicycles. So it 
can save energy and provide a simple 
illumination system for users. 
Through this deceive, the user can 
easily find his or her bicycle at night, 
also when the he wants to change 
directions, he can tell other riders by 
pressing the bottom, and the 
illumination equipment will show 
which direction he wants to turn. It 
will be very convenient in our daily 
life. In this project, not only did our 
team apply the knowledge what we 
had learned in the lectures to practice, 
but also we have learned how to 
cooperate with each other. This will 
be a meaningful experience for all of 
us. 
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Fig. 2 The controller board 
 

Modeling and Analysis 
We decided to build our prototype 
with a dynamo hub, two Arduino 
boards and two WIFI modules, which 
is more convenient and simpler than 
GSM system. The LED light was 
bought on Taobao and best fit our 
criteria. Since the MCB, rechargeable 
battery and the hub’s operating 
electric voltage is different, we added 
a DCDC block to adjust. One Arduino 
board was attached to the bicycle as a 
wireless receiver while the other was 
in the remote control with a wireless 
launch module. They are the receiver 
and launcher of signals. Program was 
written for distant control system to 
enable users find bicycle 30 meters 
around in an open area. Wires and 
buttons are attached to the circuit to 
let users alert others when they are 
turning. A waterproof casing was 
added so that our product could work 
well on rainy days. Fig.1 shows our 
final product. 
 

Future recommendation 
Our deceive still has room for 
improvement. Actually, because of 
the budget limitation, it is difficult for 
our team to find a complete water 
proof material, so we suggest the 
users do not exposed the device in a 
humid condition. And in the future, 
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Problem Statement 
In this project, our team is going to 
design a mechatronic system to 
improve rotary tables in sushi 
restaurant. The cooks in sushi 
restaurants may be confused about 
which dishes to prepare if there are 
too many kinds of dishes on the 
rotary table. And if the cooks do not 
prepare the dishes in lack in time, the 
customers may spend a long time 
waiting.  
 

Concept Generation 
Our Automatic Rotary Table is a 
system that can recognize which kinds 
of dishes are in lack, and present this 
information to cooks. When cooks 
finish making the dishes, the system 
can help the cooks place the dishes at 
corresponding places. In this way the 
dishes would always be at their 
expected position, and the system 
can always recognize which dishes are 
in lack. 
 

Design Description 
Our Automatic Rotary Table consists 
of three systems: mechanic system, 
electronic system, and controlling 
system. The mechanic system consists 
of three parts: rotary table, 
baseboard, and sliding rail. Rotary 
table can keep rotating and present 
the dishes for customers.  
 
 
 
 
 
 
 
 
 
 
Fig. 1 prototype of Rotary Table 
 
 
 

 
 
 
 
 
 
 

Fig. 3 prototype of dishes (bowls) 
 

Validation 
We test the Automatic Rotary Table 
many times, and the success rate of 
getting the correct signals nearly 
reached one hundred percent. The 
rate of putting the bowls at the right 
places is about eighty-five percent, 
and the rate of placing the bowls 
smoothly without turning  is about 
seventy percent. So our prototype do 
very well in recognizing the dishes, 
but is not stable enough. We will 
improve our prototype into a better 
status so that it can work in a more 
stable way. 
 

Conclusion 
Our Automatic Rotary Table is a 
mechatronic device that can be used 
in sushi restaurants. It can tell which 
kinds of dishes are in lack, and can 
put the dishes at their corresponding 
places. So it can help cooks prepare 
the dishes in lack in time, and help 
restaurants serve customers better. In 
a word, it is a very useful Automatic 
Rotary Table. 
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Baseboard is for fixing the materials. 
Sliding rail can transmit the dishes 
into expected places.  
 
 
 
 
 
 
 
 
 
 
Fig. 2 prototype of Slide Rail 
 
The electronic system provides power 
for our Automatic Rotary Table. The 
controlling system is the core of our 
design. We use an Arduino board to 
control the whole rotary table, with a 
group of sensors detecting signals 
from the bowls and the rotary table. 
We use light sensors to detect white 
and black lines on the edge of the 
bowls and the table. Base on these 
signals, the main control board will 
tell the servo when to put the bowls 
at corresponding places. In this way 
our device can tell which kind of 
dishes are in lack, and put the dishes 
at their corresponding places. 

 
Modeling and Analysis 

Since our Automatic Rotary Table will 
be used in sushi restaurant, it must 
work in a very stable way. As a result, 
we keep the rotary table rotating at a 
very slow constant speed, which is 
about five rounds per minute. We 
choose the edge of bowls to stick 
black and white tapes since it is easier 
for sensors to detect the signals. In 
our prototype we use bowls to 
represent dishes since it will be easier 
for recognition. We will work on how 
to recognize dishes in our future work. 
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Problem Statement 
In this project, students are required 
to design a smart socket which can 
identify different appliances and 
control the appliances separately . 
 

Concept Generation 
The color sensors should detect the 
color boards attached to the 
appliances, in order to tell which 
appliance is on which socket. And 
according to this, Arduino Uno will 
control the relay. 
 

Design Description 
After brainstorming and several 
meetings, we decide on our final 
design. When we insert the plugs 
attached with color stickers into the 
socket, the color sensors in the socket 
can identify the color, and thus know 
which appliance is in use. If a normal 
plug (without a color sticker) is 
inserted into the socket, the socket 
can also supply electricity, skipping 
the identification procedure. The 
buttons on the surface work as 
switches of the socket. The standby 
power of the socket is lower than that 
of the appliances. So our device is 
energy saving. Users may also control 
the appliances remotely via text 
messages in the future. 
 
 
 
 
 
 
 
 
 
 
Fig. 1 model of the controlling system 
 
 
 
 
 

we have to insure that the natural 
light in the environment doesn’t 
affect the detecting of color sensors. 
Thus, we try to solve as we did 
formerly. Finally we introduce a 
microchip which has a lower working 
voltage to enlarge the signal and 
finally get the problem solved. 
 
 
 
 
 
 
 
 

 
 

Fig.3 virtual demonstration of the 
smart socket 

 
Conclusion 

Our real-world final design can tell 
the different appliances inserted into 
the sockets and switch on or off the 
relay both manually and automatically. 
In this way, we can control the 
appliances. In our virtual prototype, it 
has more functions. For instance, it 
can classify different types of 
appliances such as appliances for 
illumination and for heating. It can 
also save energy by judging night 
mode, holiday mode and absence-off 
mode. In this project, every team 
member plays important parts in the 
team and we cooperate well with 
each other. Besides, our abilities are 
enhanced and we have more 
enthusiasm about the engineering 
projects. 
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Fig. 2 prototype of the smart socket 
 

Modeling and Analysis 
Since our prototype should be stable 
enough and able to hold all the parts, 
including the sockets, Arduino Uno, 
the IIC module, the relay, color 
sensors, LCDs wires and so on, we 
decide to use metal bars to build our 
prototype. Metal bars have some 
advantages. They have various sizes 
and figures so we can build the 
prototype shape as we prefer. Also, 
they are hard and stable enough as 
our prototype’s frame, so we believe 
they are reliable. Apart from the 
metal bars as the frame, we use PP 
board to be the shell of the prototype. 
PP board is soft and easy to be cut 
into the shape we need. To fix the 
parts and shell of the prototype 
better, we apply some glue on the 
surface of PP board. Figure 2 shows 
our final prototype. 

 
Validation 

At first, our sample program used to 
collect signals from only one color 
sensor. So we rearrange the way of 
connecting the pins of Arduino board 
and the color sensors, making the 
program available for two sensors. 
However, the signals from color 
sensors get less clear when the 
number of color sensors increases. 
And since the color sensors’ signals 
depend on the light intensity,  
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Problem Statement 
In this project,  we decided to design 
a photoelectric lock that can be 
opened by covering the code-
recorded holes. What’s more, hosts 
can send messages or take phone 
calls to this lock.

 
Concept Generation 

six sensors should identify whether 
the holes are covered, servo then 
turn an angle to drag the handle. 
 

Design Description 
After brainstorm and several 
meetings, we reach an agreement on 
the design of the lock driving system, 
in which a thread is connected with 
both a circle plate on the servo and 
the doorknob. We use six sensors to 
indentify the code, a LED light to send 
out light signals whether the code is 
imported accurately, and a GSM 
sheild used to communicate with the 
host it can send a warning message to 
the host and also let the host to make 
a phone call with the visitor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 prototype of the lock driving 
system 
 
 

That means that it was not stable 
enough. And when the code was 
wrong, the GSM shield should receive 
a call, but we only receive 6 calls out 
of 10.  

 
 
 
 
 
Fig.3 the gesture pattern 
 
So we needed to adjust the lock. We 
change the program for many times 
and test the lock every time we alter 
the program slightly. After that, the 
rate of success with 2codes increase 
to 95%. And it meets our minimum 
requirement  
 

Conclusion 
Our final design can successfully open 
the door  only use fingers to cover 
correct holes on the door, and lock up 
when the code is wrong. Also, it can 
send a message to warn the host 
when the code is imported wrong by 
someone for over five times. The 
photoelectrical lock is creative. The 
use of GSM shield makes it 
communication-supported; the 
special design makes it convenient, 
and as a lock to protect your house it 
is pretty safe. 
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Fig. 2 a design of the loop of the 
system 

Modeling and Analysis 
First, we cut two large pieces of wood 
into several small ones and two door 
sheets, which  could be assembled 
into a complete door with two spring 
hinges and a normal mechanic lock 
without a key hole.   Second, we 
drilled a row of holes on the door 
sheets so that the light of LED and 
light sensors can be seen outside the 
door.  Then, we fixed all electronic 
components, including an arduino 
board, a GSM shield, six light sensors, 
a buzzer, a LED shield, a power shield 
and a delay switch, on a bread board 
while two battery boxes on another.  
After that, we dug a big square hole 
on the inner side of the door and 
fixed the two bread board into it.  
Finally, we connected the pins 
that was needed by circuit and use a 
string to link the servo with the 
doorknob, which was fixed under the 
lock.  We finished our model after we 
installed a certain programme. 

Validation 
After we finished our model, we test 
our lock. Firstly, we used only 1 code 
and tested it for 20 times. The result 
was that the lock was opened 20 
times. And the rate was 100%.  
Secondly, we used 2 codes and tested 
for 20 times again, but the rate 
reduced to 70%.  
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Problem Statement 
In this project, students are required 
to design a mechatronic system which 
is innovative and feasible. Our design 
is meant to assist patients in need of 
long-term medication. 
 

Concept Generation 
No medical practices are prepared for 
long-term medication particularly. 
Modules, servos and microcontroller 
boards available allow the system to 
operate in a stable condition.  

Design Description 
After group discussions and 
consulting with instructors, we decide 
to choose the intelligent medicine 
system as the final design.  This 
mechatronic system is controlled by 
Arduino MEGA, which can calculate 
all statistics as well as receive and 
send off signals. The addition of keys 
makes it possible for users to change 
the variables in accordance with their 
demand.  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 CAD plot of intelligent medicine 
system 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig.3 Statistics of problems of the 
prototype 
 
In order to bring about more 
convenience for patients, we 
recommend several improvements. 
Smaller components can help to 
decrease the device’s volume. By 
multiplying the output ports, we will 
achieve the goal to sort out pills. The 
addition a laser sensor may allow the 
system to count pills automatically. 
Those modifications are aimed to a 
more user-friendly product.  
 

Conclusion 
This intelligent medicine system is a 
promised device which is meant to 
assist patients in need of long-term 
medication. With promotion, this 
system will play a vital role in medical 
practices. It meets the demand of 
thousands of patients who desire a 
healthier body, thus contributing to 
more efficiency and less manual labor. 
Working for an innovative design in a 
team inspires all team members.  
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Fig. 2 prototype of Intelligent 

Medicine System 
 

Modeling and Analysis 
As Professor Peisen Huang has 
mentioned criteria for successful 
constrains in class, we modify our 
preliminary design according to these 
criteria mainly consisting of reliability, 
efficiency, interfaces with users, 
maintainability, cost and aesthetics. 
We decide to mount control panel 
sensors for users to input their 
demands. Owing to time constrains, 
we will work on adding a function to 
sort out different drugs if it is possible 
to finish it before the deadline. 

 
Validation 

Once completed, we tested the 
system’s performance by conducting 
several experiments. The tight joints 
show that its structure is stable. The 
success rate of giving out pills at given 
time by required quantities is high 
enough to guarantee the accuracy. 
According to the test result, the 
humidity is fixed in a standardized 
range, which means the system stores 
medicine in a sanitary environment. 
We ask some patients with 
cardiovascular diseases to test our 
device as well. They consider this 
system as a helpful auxiliary tool.  
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Problem Statement 
In this project, our team decided to 
build an intelligent chess board for 
Othello Chess. Traditional Othello 
Chess needs to be played by flipping 
the pieces one by one, which is rather 
boring. Our product can altering the 
colors automatically. You don’t need 
to bother flipping the chess pieces 
and can concentrate on chess itself. 
 

Concept Generation 
Temperature variable ink and PTC 
heaters are used to altering the color 
of chess pieces. Reed switches and 
magnets are used to detect the 
position of the piece placed. 
 

Design Description 
After several discussions, we decided 
to build the chess board into 4 layers. 
First layer is used as the board seen 
by players. You can place chess pieces 
on it. Heaters are also stuck to this 
layer under each hole. The second 
layer is used to place reed switches. 
With magnets in each chess piece, it 
can find out which unit the chess 
piece is placed on. The third layer is 
for placing a fan which can accelerate 
the cooling progress, while the last 
layer is used to place Arduino board, 
batteries, relays and so on. For chess 
pieces, we paint the temperature 
variable ink under each piece and a 
strong magnet in each piece. Hence, 
it can altering colors by controlling 
the relays connected each heater. 
 
 
 
 
 
 
 
Fig. 1 CAD plot of Mechatronic system 
 
 
 

 
 
 
 
 
 
 
 
Fig.3 Figures comparing using pre-
heat and not using pre-heat and cool 
down naturally and cool down with 
fans. 
 
Finally, when all the components 
were available, we assembled all the 
chess board and chess pieces. We 
debugged the program. However, we 
found that our Arduino board cannot 
drive 16 relays and 16 reed switches. 
The current is not enough. We supply 
the relays and reed switches using 
separate batteries instead of Arduino 
board to solve the problem. 
 

Conclusion 
Finally, our chess board can 
automatically change the color of 
chess pieces. It can deduce which 
pieces should be changed and turn 
the corresponding heaters on. 
Furthermore, the chess board can 
inform the next player using a buzzer 
and two LEDs. It can also calculate 
who is the winner when the game is 
finished. However, the product can 
still be improved. The expense should 
be reduced and the wires should be 
arranged more orderly. 
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Fig. 2 Prototype of chess pieces. One 
is heated and white by the heater, the 
other is black at room temperature. 

 
Modeling and Analysis 

Since we need to drive at least 16 
reed switches, 16 PTC heaters, 16 
relays connected to the heaters and a 
fan, we need to connect about one 
hundred wires. Then, errors may 
occur. Therefore, we use perforated 
board and welded many pins on it. 
Furthermore, in order to decrease the 
time needed to change color, we use 
a fan to cool the pieces and use a 
thinner board to reduce the heat 
capacity of the pieces. We also 
develop a technic called “Preheat” to 
reduce the time. Using this skill, we 
can distribute some time needed to 
heat the chess to previous move. 
Hence, players don’t need to wait for 
a long time. 

 
Validation 

Before the oral presentation, we did 
many experiments on the product. At 
first, we tested the characters of the 
ink and heater. We also tested the 
maximum effective distance between 
a reed switch and a magnet. Then we 
can decided the distance between the 
first layer and the second layer. 
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Problem Statement 
In this project, students are required 
to design and build a simple 
mechatronic system that would 
improve the quality of our daily life. 
 

Concept Generation 
There exist problems for a traditional 
garbage can that it is inconvenient 
and unpleasant for users to take out 
the used garbage bags due to its 
closed type structure and the 
dirtiness of the bags. To improve the 
situation, we are to develop an 
effective mechanism to simplify the 
bag-removing and bag-refilling 
process. 
 

Design Description 
To simplify the bag-removing system, 
a mechanism is developed to tie the 
opening of the filled bags 
automatically, which is the core 
function of the mechatronic system. 
 

The system is composed of  the main 
body, sensing system, elevating 
system, tying device and a controller 
board. 
 

The main body is composed of inner 
and outer bin. They are made of 
plastic and wood respectively. The 
construction main body is fixed while 
the position of the inner and outer 
bin are mobilizable and fixed 
respectively.  
 
 
 
 
 
 
 
 
Fig. 1 The structure of the garbage 
can 
 
 
 

Validation 
To avoid unsteadiness during the 
translation of the inner bin, we adjust 
the motors so that they have the 
same speed by editing the program. 
 

Even so, the movement of the bin still 
fails to reach our expectation due to 
its stagger in the tests. Hence, we try 
installing 2 opposite L shaped plastic 
fixers and 3 wood blocks and find it 
effective in preventing the unwanted 
shaking. 
 
 
 
 

 
                                      
                                      
                                      Fig. 4 The fixers 

 
Conclusion 

The final prototype achieves our 
desired functions of tying garbage 
bags due to effective cooperation of 
the sensing system, the elevating 
system and the tying device. 
Moreover, due to the structure with 
one side open and the space created 
by the elevating system, the 
mechatronic system provides users 
with convenience and less dirtiness to 
take out the used bags and refill the 
new ones, and thus reach the goal of 
improving the living environment. 
In addition, the built mechatronic 
system has advantages of being easy 
to use and robust because of its 
structure design and material 
selection. 
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Sensors are installed onto the outer 
bin and are used to detect whether 
the bag is filled or not. When the bag 
is filled, a signal is sent to the 
microcontroller board and thus leads 
to the elevation of the inner bin of 
which bottom is open. After the tying 
device ties the opening of the bag, 
the used bag can  be taken out from 
the space provided by the elevation 
of the inner bin. 
 

Modeling and Analysis 
Based on the designed structure, we 
decide to use wood and plastic to 
build the outer and inner bin 
respectively. Wooden outer bin is 
stable and robust. Plastic inner bin is 
relatively light and rather cheap. The 
inner one acts as container of garbage 
by putting bags over it.  
 

We apply a optoelectronic switch in 
the machatronic system as sensor to 
detect the whether the bag is filled or 
not. Rotation of two wooden strips 
driven by servos can be used to 
realize the function of tying the 
opening of the bags. As an important 
design to simplify the bag-removing 
process, elevation of the inner bin 
causes the bags to detach the bin and 
thus make it possible for the tying 
device to perform its function. To 
realize the translation of the inner bin, 
we install  a pair of racks and DC 
motors to perform elevation and 
descent. 
                     Fig.3 The final prototype 
 
   

 
 
 
 

    Fig. 2 The tying device 
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Problem Statement 
In this project, our team design an 
Automatic Water Dispenser which is a 
device that can automatically turn on 
and turn off the tap when the 
container is full. Our device should be 
applicable with any sizes of containers. 
 

Concept Generation 
Our design contains  a pressure 
sensor, relay and electromagnetic 
valve which all work together to turn 
the tap on and off. The infrared 
correlation sensors detect the size of 
the container which determines when 
to stop the tap. 
 

Design Description 
After considering different ideas, our 
team decided to use pressure sensors 
and infrared correlation sensors to be 
our main sensors. Detecting the 
weight, the pressure sensors send 
signals to the relay. The relay controls 
the electromagnetic valve which acts 
as a switch to operate the whole 
design. When the electromagnetic 
valve turns on, the water flows out of 
the tap. The infrared correlation 
sensors detect the size of the 
container.  As the size is known, the 
water flows for a specific amount of 
time that we programmed . The tap is 
automatically turned off when the 
container is full. Figure 1 shows the 
picture of our prototype. 
 
 
 
 
 
 
 
 
 

Fig. 1 picture of our prototype 
 
 
 

Our model is valid for all of the 
criteria’s except  for it is not valid for 
containers made of different 
materials.. In order to complete this 
model we had to ensure that the 
programming for the auto switch off 
and on is reliable.  
 
However, in reality, we find that there 
may be slight leakages and the rate of 
flow of the water may be slow. To 
improve our mechatronic system, we 
place the liquid container into a 
higher level which would increase the 
potential energy and thus the speed 
of water flow. More tests of our 
corrected system would show a better 
result to satisfy the project 
requirements. However due to the 
breakdown of pressure sensors, we 
have not yet tested it and thus it still 
needs to be tested in future. 
 

Conclusion 
Our final design can successfully 
switch on and off when the container 
(of any size) is placed in the water 
dispenser, which is the main purpose 
of our design. We choose a relatively 
easier structure so that the 
mechatronic system can finish task 
quickly and is cost effective so that 
the normal public can purchase it. 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 back of our prototype 
 

Modeling and Analysis 
We had to choose a pressure sensor 
that was flat in order to put the 
container on. We used 5 pairs of 
infrared correlation sensors which 
were located on the sides of the 
model. For user’s convenience, we 
located all of the wires at the back of 
our model.  For testing process, we 
also constructed our own water 
supply.  We tested the prototype with 
different sizes of containers to ensure 
that our design worked regardless of 
the size of the container. The back of 
our prototype where wires, relay, and 
batteries are fixed on, is shown in 
Figure 2.  

 
 

Validation 
Before the final competition, we 
finish simulation and test separately. 
The model should be valid for 
different type of containers, different 
type of liquids and also for containers 
made of different materials.  
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Problem Statement 
In this project, we  designed a 
mechatronic system to help patients 
with reduced mobility. Since there is 
no automatic bedside cabinet in the 
market, patients have difficulty in 
taking what they want from the 
drawers, which may led to low 
efficiency and even danger. The 
automatic bedside cabinet we made 
can solve this problem. It is safe and 
patient-friendly. 
 

Concept Generation 
2 pairs of motors is used to actuate 
the drawer and the upper board. A 
panel is rotated by a servo. All the 
functions are controlled by a 
keyboard module except the IR 
pyroelectric motion sensor. 
 
 
 
 
 
 
 
 
Fig1. motors under the board 

Design Description 
After brainstorm and several 
meetings, we decide to develop 4 
functions. First, the upper board is 
able to roll out automatically by the 
friction force between it and two 
wheels. And then, it will turn into a 
table. Second, the higher layer of the 
cabinet is not a drawer but a panel 
made by plexi-glass. We want to 
divide it into four parts and fix it on a 
servo in order to rotate what the user 
want to his side. Third, at the lower 
layer of the cabinet, there is a drawer 
which can open automatically 
because we fix a pair of motor on 
both sides of it. Last but not least,  
 

 Validation 
At first, the drawer could not be 
closed completely because it didn’t 
move straight. We changed the speed 
of two wheels. After dozens of tests, 
the problem is solved.  And we also 
reduced the angular velocity of the 
servo to make sure that things could 
stay stably on the panel. 
Since we used all the output pins in 
the arduino uno board, the servo 
sometimes didn’t work during the 
test. After consulting TA, we 
connected the VCC of the servo 
directly to the battery. The stability is 
really enhanced.  
The sensibility of the IR pyroelectric 
motion sensor is really hard to adjust. 
But the data given by the program 
show that it is alright. 
 
 
 
 
 
 
 
 
 
Fig.4 PIR sensor & keyboard module 

Conclusion 
We are the first to come up with an 
idea about automatic bedside cabinet. 
Our final design can successfully 
function. It can help patients or 
disabled people to get things easily 
and thus enjoy the convenience 
without other’s help. We may change 
the height of it to fit in more 
environment and make the plexiglass 
panel be able to rise in the future. 
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if the patient is away or fall asleep 
and leave the drawer open, a IR 
pyroelectric motion sensor will sense 
the situation and control the motors 
to close the drawer. 

 
 
 
 
 
 
 

 
 
 
 
Fig. 2 Skechup 3D plot of the ABC  

 
Modeling and Analysis 

We bought wooden board in Sigou 
Market on Jianchuan road and used 
screws to combine cut board into a 
simple cabinet. We used a drawer 
slide to fix the upper board. Then we 
drilled holes to fix two pairs of motors, 
servo, different modules and MCU 
board. Because the wooden drawer is 
heavy to some degree, we substituted 
motors with high torque for the 
original motors given by TA. Two 
casters is also applied to support the 
front part of the drawer. Most edges 
are softened to ensure the safety. 
 
 
 
 
 
 
 
 
 
 
Fig.3 prototype 
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Problem Statement 
In many cases, card dealing is a tiring 
job for card players. In this project, 
we are going to design a mechatronic 
system to deal playing cards for 
players automatically.  
 

Concept Generation 
The system uses a 180 degree servo 
to change the direction, a roller to 
deal cards, and a card shoe to deal 
only one card at the same time. 
 

Design Description 
We decide to use a multilayer 
structure as the final design. The 
several layers at the bottom are the 
base layers which contain battery box, 
Arduino board and servo. The top 
layer contains a card shoe which can 
only let one card come out at the 
same time. A roller is installed at the 
exit of the card shoe to act as human 
fingers to take cards out. We put a 
light sensor in front of the roller to 
detect cards. When a card is detected 
to be completely dealt, the servo will 
turn to another direction and start 
another round, until there are no 
cards in the card shoe. Fig. 1 shows 
the prototype of our system, and  Fig. 
2 is a brief description. 
 
 
 
 
 
 
 
 
 
 
Fig. 1 prototype of the system 
 
 
 
 
 

Validation 
we tested the performance of the 
prototype by two programs, one 
focused on the accuracy and another 
focused on the speed. 
 
The program focused on the accuracy 
performed quite well  during the test. 
Although its speed was quite low, it 
could deal the cards with very little 
mistakes. The program focused on 
speed was a little bit faster, but the 
accuracy was poor. Finally, we chose 
the former program, but we have a 
better expect on the latter program if 
there is enough time. 
 

Conclusion 
Our final design can successfully deal 
a whole pack of cards with few 
mistakes. The speed can still be 
increased, and the product tends to 
give out one or two up-side-down 
cards in the whole process sometimes. 
But the system has a nice accuracy, 
and can deal cards, one card at a time, 
which is our main purpose. We may 
install extra boards around the servo 
board to solve the up-side-down 
problem, and a more efficient 
program needs to be designed. 
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Fig. 2 brief description of the 
structure 

 
Modeling and Analysis 

We decide to use organic glass as the 
main material of our prototype, 
because it is easy to be cut by the 
laser cutting machine. We choose 
rubber roller to ensure that the 
friction was strong enough. At first, 
we decided to use 360 degree servo 
to prevent the cards  from mixing 
together, but we discovered that it’s 
difficult for 360 degree servo to turn a 
certain degree. In this case, a 180 
degree servo will be much more 
efficient. We managed to control the 
speed of the roller and the delay of 
the program strictly, so the machine 
can exactly give out  one card before 
it turns to the next direction. Fig. 3 is 
a system diagram of our prototype. 
 
 
 
 
 
 
 
 
 
 
Fig. 3 system diagram of the 
prototype 
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Problem Statement 
In this project,  students are required 
to design a mechatronic system that 
can automatically distribute water 
and fertilizer to a plant container.  The 
system is driven by two magnetic 
valves as actuators and uses light, 
temperature and soil humidity 
sensors as feedback system. 

Concept Generation 
The light, temperature and humidity 
sensors  detect the value/intensity of 
the factors that the plant need in 
order to grow. The distribution of 
water and fertilizer by the magnetic 
valves will be based on this inputs. As 
well as for the user to find a location 
that allows the plant to grow. 

 
 
 
 
 
 

Design Description 
The design consists of 3 containers. 
They are water container, liquid 
fertilizer container and plant 
container. The light, humidity and 
temperature sensors are located in 
the inner part of the plant container. 
They input the values  of particular 
factors, such as soil moisture, light 
intensity and temperature to the 
arduino. Our team programs the 
arduino so that it commands the 
magnetic valve to open whenever the 
soil moisture is less than the range of 
ideal soil moisture for the plant. 
Analogously when the soil moisture is 
sufficient, the arduino will be 
commanded to close. The function of 
the light and temperature sensors are 
to input the values of light and 
temperature to the arduino, which 
 
 
 

hole. Another setback was that 
the two containers need to be 
lifted up the since the pressure is 
not big enough. But in the end we 
have managed to solve these two 
problems, and the prototype is 
working well. 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 

Conclusion 
Our final design can distribute water 
& fertilizer to the plant container 
whenever the soil moisture is low, 
which is the main purpose. Besides, 
from the testing & analysis we are 
successful to display the light & 
temperature value on the LED screen. 
We choose a relatively easier 
structure so that the mechatronic 
sustem can finish task quickly. In this 
project, team members cooperate 
effectively and try to solve engin 
eering problems in professional ways. 
This opportunity enable us apply the 
knowledge and skills studied from 
lectures.  
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will then be displayed on the LED 
screen. User can then put the plant to 
a location with enough light supply 
and suitable temperature 

Modeling & Analysis 
 

The containers are made of organic 
glass, so that the user can see 
through whether the water and 
fertilizer supply is sufficient. And in 
addition, using organic glass can be 
cut easily by using laser-cutting 
machine provided by the school’s 
facility. Our team first get the idea to 
make it a cylinder shape, but for 
practicality we have alter it into a 
cubic shape container. We then 
assemble them with a special glue 
used for assembling glasses and other 
construction materials together. The 
container can be operated using 3 IR 
sensors, which will tell the magnetic 
valve how much fertilizer will be given, 
and how much soil moisture is 
demanded. 

 
 
 
 
 
 
 
 

Validation 
In the validation part, we tested if eve
ry sensor can perform well. And we 
tested the water resistance of our 
pipes and valves, finding that there's 
a big problem. The pipe should be the 
one similar to that that is used to 
distribute water at home, whereas 
the ones we are using is the wrong 
type, resulting to leakage of water, 
between the pipe and the container 
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Fig.5 Modeling Graph for Ham 
 

Validation 
For ME part, four different tests are 
conducted, including weight testing, 
size and range of motion testing, 
manipulate force testing and 
positioning accuracy testing.  
 
For ECE part, experiments like 
processing images that are detected 
with regular-shaped object are done 
to ensure that calibration can work as 
well as the engineering specifications 
be met.  
 

Conclusion 
Our project aims at well-integrating  
the three main systems, scanning 
mechanism, ultrasound imaging 
system, and synchronization. The final 
prototype of our project is supposed 
to obtained and integrated necessary 
data for team 2 to accomplish the 
reconstructing work. In our project, 
probe of the ultrasound machine that 
fixed on the scanning mechanism will 
be moved passively and provide 
ultrasound images that can be 
processed later in MATLAB. Together 
with the positioning information from 
sensors on the scanning mechanism, 
synchronization will be accomplished 
in LabVIEW by combining contours 
with ultrasound images.  
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• Imaging System 
Imaging system includes two sub-
systems, image capture and image 
processing. For image capture, a 
digital ultrasonic diagnostic imaging 
system is selected to capture images. 
For image processing, edge detection 
is used and all the relevant process is 
accomplished under MATLAB as 
shown in Fig.3.   
 
 
 
 
 
 
 
 
 
 
Fig.3 An Image Processing Example 
for Golf Ball  
 
• Synchronization 
As shown in Fig.4, synchronization in 
this project acts as the bridge 
between two inputs: data from 
sensors and processed images from 
MATLAB. And this part will be finished 
in LabVIEW along with calibration.  
 
 
 
 
 
 
 
 
Fig.4 Sketch for synchronization 

 
Modeling and Analysis 

By using the data obtained in terms of 
images and their positions for ham 
sausage, a modeling graph was 
constructed as shown in Fig. 5. 
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Problem Statement 
In this project, students are required 
to design and implement a system 
that can integrate adequate data to 
reconstruct 3D models based on the 
ultrasound images detected. 
 

Concept Generation 
This project is decomposed into three 
major sub-functions, scanning 
mechanism, image processing and 
synchronization, as shown in Fig. 1. 
 
 
 
 
 
 
 
 
Fig. 1 Sub-system classification 
 

Design Description 
After the functional decomposition, a 
brainstorming was conducted to 
generate ideas to perform the 
integration of these sub-functions.  
 
• Scanning Mechanism 
As shown in Fig. 2, this part is based 
on a cubic frame together with three 
rails to control the movement of the 
slider and encoder to measure the 
position with the help of timing belt. 
 
 
 
 
 
 
 

 
Fig. 2 CAD model of scanning  
mechanism 
 
 

 



Problem Statement 
The purpose of this project is to 
design and construct a stereo device 
to display 3D particles and artifacts 
imaged by ultrasonography. Since 
ultrasound images have already been 
widely used, this project aims at 
making improvements on the display 
quality, namely adopting stereo 3D 
display technique.  
 

Concept Generation 
A software-based system on Windows 
OS is able to generate stereo 3D 
images with the input of point cloud 
data detected by ultrasonic devices. 
 

Design Description 
At the initial stage, user inputs the 
data source file (.mat) to the main 
program and the main program will 
forward to the surface reconstruction 
module, which will transform the 
point cloud into a 3D model. After 
that, the main program will change 
the format of output file from (.mat) 
to (.obj) and forward it to the stereo 
display module. In the stereo display 
module, the program will project the 
reconstructed model into stereo 
images on the screen. Users can also 
control the main program to change 
the viewing perspectives such as 
zooming and rotating. The following is 
the detailed flowchart. 
 
 
 
 
 
 
 
 

Fig. 1 Flowchart of the Design  

 
 
 
 
 

 
 
 
 
 
 
 
 

  
Fig.4 3D Rendering of the prototype by anaglyph 

technique 
 
Main program 
Environment: Visual Studio C++  
The main program firstly calls the 
MATLAB engine to process the input 
(.mat) file that contains the point 
cloud data and perform surface 
reconstruction. After that, the output 
result that describes the 3D model 
will be stored in a (.txt) file with fixed 
format and then transformed into 
(.obj) model file. Finally, the main 
program will forward the (.obj) file to 
the 3D rendering module, process it, 
and display it in front of users in a 
stereo display pattern.  
 

Conclusion 
The final design is a software-based 
system that successfully displays the 
reconstructed images in a stereo 3D 
pattern. We choose the basic library 
so that the program can operate on 
normal PC with Windows OS. By 
optimizing the code, we reduce the 
processing time to an acceptable 
range. In the project, team members 
cooperate effectively and try to solve 
engineering problems in professional 
ways. This opportunity enables us to 
apply the knowledge and skills 
studied from lectures to real practice.  
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Validation 
Object reconstruction program 
Environment: MATLAB 
Algorithm: Delaunay  & Crust 
In consideration of time complexity 
and degree of approximation, the 
final design of the surface 
reconstruction sub-function adopts 
the crust triangulation algorithm 
implemented with MATLAB. 
 
 
 
 
 
 
 
 
 

Fig.2 Surface reconstruction from point cloud 
data to a reconstructed 3D model 

 
3D Rendering program 
Environment: Visual Studio C++  
API: OpenGL  
Stereo method: Anaglyph (Red-Cyan) 
In consideration of budget, workload, 
image quality and stereo effect, the 
final design of the stereo display sub-
function is chosen to be a red-blue 
anaglyph display based on OpenGL 
and GLUT library. The illustration of 
the graphic projection mapping is as 
follows. 
 
 
 
 
 
 
 
 
 
 

Fig.3 Illustration of the graphic projection 
mapping 
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Problem Statement 
In this project, students are require to 
design a new reusable fiber to lower 
the cost of Endovenous Laser 
Treatment (EVLT) surgery and 
increase the power efficiency. Ex-vivo 
experiments are also required to 
verify the design in Phase II and the 
newly designed one in Phase III, 
compare and make sure the new 
design meets  certain efficacy and 
reliably criteria for EVLT treatment. 
 

Concept Generation 
A reusable fiber tip may achieve the 
goal of protecting fiber and increasing 
reusability. The protector of the fiber 
tip will be easy to clean and reusable, 
and the optical system inside the tip 
composed of a conical lens and a half-
drum lens will increase the efficiency 
of the fiber. A tulip-shaped centering 
device is also designed to keep the 
fiber in the middle of vessels during 
surgery to increase safety and cure 
rate.  

 
Design Description 

The design is made up of a fiber tip, a 
centering device and a fiber. The fiber 
tip is composed of three parts – a 
half-drum lens, a conical lens and a 
protector. First a half-drum lens is 
used to transform divergent light into 
parallel light, then a conical mirror is 
used to reflect light into a circular ring. 
The protector is separated into three 
parts: upper part and lower part are 
all steel to conduct the heat, the 
middle part is PE. The centering 
device is made of stainless steel. Then 
the fiber tip and the centering device 
is assembled with the fiber, as shown 
in the CAD plot in Fig. 1. Figure 2 
shows the image of our prototype 
under microscope. 

 “Temperature on vascular wall”, 
“Temperature of surrounding tissue” 
and “Energy transmission efficiency” 
can be validated. The experiment set 
up was shown in Fig.4.  
 
 
 
 
 
 
 
 

Fig.4 Setup of Ex-vivo Experiment 
 
Swine vessels and chicken meat are 
used to simulate human blood vessels 
in the experiments. A motor is used 
to pull the fiber out of the vein in a 
constant speed to increase the 
repeatability of the experiment. In 
order to measure the temperatures of 
tissue, a temperature gauging system 
consist 4 thermal couples is set up. 
Temperature distribution from the 
experiment could validate the 
engineering specification. 

Conclusion 
Our final design can successfully 
increase the reusability of fiber used 
in EVLT. Besides, benefited from  
optical system in the fiber tip, radial 
irradiation can be performed and 
increase the efficiency of the whole 
system. Other important customer 
requirements such as safety are also 
satisfied through designing a 
centering device and selecting 
biocompatible materials. Ex-vivo 
experiments are also done to validate 
the performance of our design. 
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Fig.1 CAD Drawing of the Design 
 
 
 
 
 
 
 
Fig. 2 Prototype of the Reusable Fiber 
 

Modeling and Analysis 
To simulate the heating process inside 
the vein during the EVLT surgery, a 
non-isothermal flow model is built via 
COMSOL Multiphysics 4.2a. The 
temperature distribution obtained 
from the simulation is shown as Fig. 3. 
We also validates the experiment 
results through the simulation. This 
model severs as a guide to the surgery. 
  
 
 
 

 
 
 
 

Fig. 3 Temperature distribution from 
COMSOL modeling 

 
Validation 

Ex-vivo experiment is done for bare 
fiber, fiber designed in Phase II and 
our newly-designed reusable fiber. 
Through comparison, the 
performance of newly designed fiber 
against engineering specifications  
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Figure 1. 3D drawing of final design  

Problem Statement 
This project aims at the mechanism 
design of an underactuated prosthetic 
hand, employing two actuators to 
control twenty joints. The goal of our 
project is to build a prosthetic hand 
that can accomplish the postures of 
playing health balls. 
 

Concept Generation 
Since two actuators can only control 
two degrees of freedom, the concept 
of synergy is employed in order to 
complete the recurrence of the 
motion of fingers. Although motion 
error is increased, high level of 
dexterity is achieved by this method. 
Based on real motion of human hand, 
the number of controlled joints is 
reduced from 20 to 13. 
 

Design Description 
Our design is composed of the driving 
gear system, the torque transmission 
system and the actuating mechanism. 
The driving gear system is used to 
transmit forces from two actuators to 
the torque transmission system, 
which consists of flexible shafts, 
worms and worm gears. Flexible 
shafts transmit torques to worms and 
drive worm gears. Through the gear 
chains in fingers and palm, different 
postures can be achieved according 
to input signals. The 3D drawing of 
the final design is shown in Fig. 1. 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 4. Planetary gear system 

Validation 
Through calculation and analysis of 
out designed system, different 
postures could be achieved when 
inputs of the two actuators are 
changed. Since the joint rotating 
angles are limited by geometry 
structures, a truth table is set up, 
each point of which corresponds to 
one posture of the hand. 
  
 
 
 
 
 

 
Figure 5. Truth table 

Red region: most of postures that can be realized 
Yellow points: six key postures of playing health balls 
Green lines: sketch of the path of playing health balls 
Blue triangles: examples of postures in everyday life 
 

Conclusion 
The mechanical design of the 
underactuated prosthetic hand is 
completed and a prototype is 
prepared to illustrate the idea. The 
whole system works well for now, and 
the performance is satisfying. 
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In order to achieve the goal to play 
the health ball, six key postures were 
set up according to the standard that 
there were observable actions of 
critical joints or key fingers. An 
experimental hand was manufactured 
for testing and illustration. 
 
 
 
 
 
 
 
 
 
 

Figure 2. Six key postures of the 
experimental hand 

Through calculations and analysis, the 
gears ratios and transmission 
relationship of the system were 
obtained as well as the initial angle of 
each joint. So the configuration of 
gear chains are determined. The main 
structure inside the finger is gear 
chain to drive the motion. Index 
finger is illustrated in Fig. 3 as an 
example. 
 
 
 
 
 
 
 
 
 

 
Figure 3. Structure of index finger 

The planetary gear systems are used 
to transmit torque and driving forces. 
According to the coupling relations 
and other facts, the driving gear 
system was designed to consist of 
seven planetary gear systems and 
three simpler gear systems. One of 
them is shown in Fig. 4. 
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Yielding ! 

Problem Statement 
Changes in today’s energy markets 
are presenting power producers 
worldwide with new challenges and 
opportunities. The efficiency of 
power generation and consumption is 
becoming an increasingly important 
factor for success.  
 
This project sponsored by Siemens is 
designed to give an innovative 
solution to improve the capacity of 
actuation system for gas turbine. A 
feasible mechanism is defined by two 
requirements: each vane can perform 
a sychro rotation and can rotate at 
least 50o. The power transmission 
chain is our main focus, but vane and 
casing is not in our design domain.  
 

Design Description 
 
 
 
 
 
 
 
 
 

Fig. 1 Overview of Final Design 
 

We extended the system into a 
feasible mechanism with two-stage 
actuator, which means the system can 
control each vane on two stages at 
the same time (see Fig. 1). It contains 
three parts: the first stage, the second 
stage and the power input module. 
The first stage is an elastic ring design 
with cylinder bearing support and the 
second stage is a rigid ring with three 
types of elastic support. A level 
system and hydraulic cylinder are 
designed as power input so that two 
stages can be adjustable to adapt to 
different modes. 
 
 
 

For further explanation, we extracted 
maximum stress on outside of the 
ring. Fig. 5 shows the principle stress 
distribution of 5mm and 3mm wide 
elastic ring. Compared to the yield 
stress 250Mpa for steel, the safety 
factor of 3mm is 1.58. 
 
 
 
 
 
 
 
 
 

 Fig.5 Principle Stress Distribution 
 

Validation 
A scale-down prototype with 400mm 
in diameter is constructed to verify 
the feasibility of whole system 
including movement of actuation ring 
and minimum rotation angle. 
Strength and yielding of material will 
be tested and simulated in computer 
model. 
 

Conclusion 
 An actuation system for a gas turbine 
engine is used to control the inlet 
mass flow by variable inlet guide 
vanes. Our design is a two-stage 
control system. Both stages can 
endure thermal expansion of casing 
under 150⁰C working temperature. A 
scale-down prototype is constructed 
for evaluation and accurate control is 
recommended in further study. 
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Fig. 2 Overview of System Under 
150⁰C Working Temperature 

 
In practical operation, the whole 
system is made of steel and 3 meters 
in height. As working temperature is 
over 150⁰C, the casing will be heated 
(see Fig.2) and expand by 3mm in 
radius. Our design is still feasible to 
endure thermal strain in both stages. 

 
Modeling and Analysis 

To complete such an actuation 
system, deformation of elastic ring is 
simulated . Fig. 3 shows the amplified 
change of cross section when turbine 
is heated.  
 
 
 
 
 

Fig. 3 Cross Section of Gas Turbine 
 
 
 
 
 
 
             (a)                              (b) 

Fig. 4 ¼ Arc With (a) t=5mm;  
(b) t=3mm 

 
Fig. 4 shows the deformation of 5 mm 
and 3mm elastic. 5 mm thickness still 
can’t avoid yielding, so we chose a 
3mm design where has no yielding 
part. 
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Problem Statement 
In this project, students are require to 
design a hardware/software mixed 
simulation system to visualize the 
laser drilling process in a computer 
based on the laser pulse information 
received from hardware sensors. 
 

Concept Generation 
The structure of the system is divided 
into several parts as a user interface, 
a microprocessor, sensors, optical 
paths, and a laser generator. 
 
 
 
 
 
 
 

Fig1. Monitoring Diagram 
 

Design Description 
A special design of optical paths is 
necessary so that we can detect pulse 
number during the drilling process. A 
circuit with sensors is used to detect 
laser signal. A microprocessor is used 
to do signal processing, count the 
pulse number and communicate with 
a computer. Software in the computer 
is used to control the laser , show the 
detected pulse number and  simulate 
the drilling process. 
 
 
 
 
 
 
 
 
 

Fig.2 CAD Plot of Prototype 
 
 
 
 

In the second round of experiments, 
we drill hole on selected material and 
compare the hole depth with 
software simulation result to verify 
the accurate of our system. 
 
 
 
 
 
 
 
 
 
 

Fig.4 Drilling Process 
 

Conclusion 
Our final design is a useful aid for 
laser drilling process. Our system can 
control the laser drilling process and 
detect the pulse number 
simultaneously.  Users  will get the 
approximate drilling depth on time. If 
the laser frequency is not very high, 
our system can also show  the power 
of the laser on the drilled sample. 
Comparing with the output power 
from the laser generator, users can 
monitor whether the whole laser 
drilling system works well. In 
conclusion, our system can solve a 
real problem in laser drilling process 
and  it is a good aid for laser drilling 
system. 
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Modeling and Analysis 
The laser generator has  maximum 
power of 10 W and maximum 
frequency of 600 KHz. The optical 
paths consist of three mirrors, two 
lenses and a beam sampler. The beam 
sampler can reflect 0.8% of the light. 
This part of light is used for pulse 
detection.  The sensor we use to 
detect pulse signal is photodiode 
PC10-6-TO5. Its response time is 
about 20 ns so that we can detect 
high frequency signals. The Microchip 
PIC32 microprocessor used is 32-bit 
and its clock frequency is 80 MHz. It 
has UART module to communicate 
with a computer. The software is 
developed with C++ and Mscomm 
Control is used to communicate with 
the microprocessor and laser 
generator. 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 Laser and Optical Paths 
 

Validation 
The validation test is based on laser 
drilling results. We set power and 
frequency of the laser generator. Drill 
holes on the selected material with 
different durations. Record pulse 
number detected and the hole depth. 
Find the relationship between pulse 
number and hole depth. Record the 
breaking through time.  
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Problem Statement 
Engineers are likely to meet similar 
topic with other engineers, like build 
a bridge in different situation. If they 
can learn from previous engineers, 
everything comes easier . 
The purpose of the project is to 
develop a  website for engineers to 
record, share, and search the 
background knowledge such as 
deliberating, reasoning, trade-off and 
decision-making in design process.  

Concept Generation 
The project is  built upon website. The 
executing language is PHP and the 
database server is MySQL.  The entry 
mode is a combination of  three entry 
modes together to match customer 
requirements. 

 
 
 
 
 
 

Fig.1 Concept selection  
 

Design Description 
 
 
 

 
 
 
 
 
 
 

Fig 2. Flow chart of project 
The web site is supposed to be 
interesting and convenient. User can 
easily operate and find whatever they 
want in seconds. The background and 
format need to be attractive since it’s  
 
 
 

you share, the more gifts you will get . 
The website also enables search 
function. When you enter the key 
word , everything related to it will 
come out in the terms of blogs, 
bookmarks, groups and etc. 
 
 
 
 
 
 
 
 

Fig. 5 Search window 
 

 Validation 
The project adds functions to the 
basic Elgg platform. A test checked 
whether each added function works 
well . Also a system test  was made 
sure all functions cooperate well 
together. Then, a updating test 
checked if the system still works  after 
daily updating. The final result 
showed the system remain stable and 
functional. 

 
Conclusion 

The project is to build a sharing 
system for engineers across the world.  
It encourages engineer to record 
design knowledge and ideas during 
daily work and share with colleagues. 
Also the system has strong capability 
to search the information. The most 
crucial concept is how to make 
engineers willing to share after busy 
work. With the help of this project, 
more engineers will enjoy sharing and 
benefit from it.  
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impossible for engineers to share 
design knowledge and ideas through 
a boring website after busy work. To 
set up such a social network , a web 
server solution is installed.  
 
 
 
 
 
 
 
 

Fig.3 XAMPP control panel 
XAMPP is a free and open source 
cross-platform web server solution 
stack package, consisting mainly of 
the Apache HTTP Server, MySQL 
database, and  interpreters for scripts 
written in the PHP and Perl 
programming languages. 
Elgg, which is an open source 
platform, is the optimal choice to 
build social websites. After installing 
Elgg and making some adjustment, 
the fundamental homepage is shown 
below. 
 
 

 
 
 
 
 

Fig. 4 Website view 
Next part is to realize the functions of 
the project  on this website. 

 
Modeling and Analysis 

The most concerned customer 
requirements  are interesting, 
convenient and searchable.  The 
system has some funny games so that 
engineers can relax themselves. 
Besides, it  creates a rewarding 
system. The more useful information 
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Problem Statement 
In Knowles Suzhou, all the devices are 
placed in a dust-free workshop. The 
error log data and recipe file are 
stored in the hard disk of the 
computer in the device. Since the 
space is limited, the log files need to 
be removed after a period of time 
and stored in external memory 
devices. What’s more, if the 
equipment goes wrong, the engineers 
have no idea what the problem they 
are going to fix is. In that case, 
engineers would have to go to the 
specific device to get the error 
information first, and then come back 
to copy the corresponding recipe in 
an USB disk. Finally, they would go to 
the equipment again to import the 
recipe. It is quite inefficient for 
engineers to make a round trip at 
least twice just to fix an error. 
 

Concept Generation 
Our solution is an integration system 
that can get the working status of all 
types of devices and control them as 
engineers want in which includes 
recipe control, user access control 
and equipment control. 
 

Design Description 
The main part of the system would be 
composed of database (using Oracle) 
and Graphic User Interface (using 
WPF). All the useful data such as error 
log and recipe should be stored safely 
in a remote server (a computer that 
stores the database) outside the 
workshop and the interface should be 
as simple as possible to make sure 
that even the mechanic can operate 
on the computer easily.  
 
With this system installed on every 
device, the company will have a real  
 
 
 

database and then operated in 
Microsoft Excel. For user priority, the 
user must login to get the authority, 
and then modify the user database. 
 

Validation 
 
 
 
 
 
 
 
 
 Fig. 3 Main window of the software 
 
We mainly perform three tests for our 
software: data transfer test, report 
generation test and GUI test. In the 
first test, we have to ensure the 
transmission accuracy is lower than 
0.1%. In the second test, we need to 
make the generation time as short as 
possible. In the last test, we ask  
several classmates to use our 
software freely and return any bugs 
to us. 
 

Conclusion 
In this project, we build an integration 
system that can support engineers in 
the workshop. First, it can connect all 
the machines so that the engineers 
can get the data of a specific machine 
directly from the server. Besides, it 
can help engineers to generate report 
automatically. The backup function 
also save labors. All the features are 
built to make engineers work in a 
much more efficiency way. 
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time monitoring of the whole 
workshop and the user access from 
remote server can promote the 
company’s productivity to a higher 
level. 

 
 
 
 
 
 
 

Fig. 1 Concept graph of the software 
 

Modeling and Analysis 
In the project design, we perform the 
morphological analysis.  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Morphological chart 

 
For the functions of data backup, and 
machine status notification, data 
transmission is required between the 
server terminal and the machine 
terminals. Then the data are stored in 
the database and the status 
information is presented on UI. To 
realize recipe synchronization, the 
system must download files from the 
database firstly, and then transmit the 
files to the machine terminals.  
  
If report generation function is called, 
the data will be downloaded from the 
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Problem Statement 
In this project, students are required 
to redesign the rail system of the 
surface mounting machines of DEK. 
Two aspects of the rail system are 
needed to be improved. One is 
improving the synchronism of the 
transportation of the two belts and 
the other is preventing belts from 
falling off rails when clamps rise to 
fasten the PC board.  
 

Concept Generation 
Two coupled links can connect the 
two driving pulleys of the belts in 
order to drive the two belts through 
one motor replacing the original two. 
The rising motion of the clamps can 
be utilized to drive a mechanism to 
cover the belts in order to prevent 
belts’ falling. 
 

Design Description 
After brainstorm and several 
meetings, we have determined the 
final design of our prototype. Figure 1 
shows the Pro\E sketch of the design.  
 
 
 
 
 
 
 
 

Fig.1 the final design of prototype 
 

To solve the synchronism problem, 
we decided to use only one motor to 
drive the two belts instead of two 
motors like the original design. Also 
because the distance between the 
two rails is changeable due to size 
difference of PC boards, two coupled 
links were designed to achieve that. 
Figure 2 shows the coupled links.  

 

The gear system was assembled 
through AB glues. We have adjusted 
the details such as the gear ratios to 
meet the requirement according to 
our experience.  
 

Validation 
We have assembled most of the parts. 
The gear system works well and when 
we pull up the clamps, the gears run 
fluently. The motor can drive the one 
belt with little resistance. The 
validation of the coupled links are 
about to be checked after we finish 
the manufacture and assembly of all 
parts. Figure 4 shows the assembled 
parts. 
 
 
 
 
 

Fig.4  assembled parts of the 
prototype 

 
Conclusion 

In our final design the gear system 
can prevent the belts from falling off 
the rails when the clamps rise. The 
two belts can be driven by one motor 
thus the synchronism of the belts’ 
transportation improves. Also 
through the assembling process we 
got familiar with the assembling 
methods and order that were proper 
for specific parts. During the process 
of designing, manufacturing, 
assembling and presenting, we four 
have tried hard to improve our 
professional abilities and social 
abilities.  
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Fig. 2 coupled links 
 
We decided to use a gear system to 
transfer the rising motion of the 
clamps. A cover can be rotated to 
cover the belt in order to prevent 
falling-off. Figure 3 shows the working 
principles. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig.3 gear systems 
 

Modeling and Analysis 
To simplify the assembling process, 
aluminum profile for industry was 
chosen as the frame of our prototype. 
The pulleys with bearings were 
chosen.  Electro erosion machining 
process was chosen to manufacture 
the coupled links, covers, clamps and 
the supports. The materials of the 
gears are all carbon steel in order to 
maintain high robustness. The frame 
was assembled through screws. The 
pulleys were fixed by closing rings.  
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Problem Statement 
Nowadays, different software 
companies are urged to provide more 
user-friendly Graphical User Interface 
(GUI). Before a releasing of new 
software, companies hire engineers 
to test whether the GUIs are perfect. 
The project focuses on promoting 
traditional manual GUI Test method 
to reduce the inefficiency of manual 
check. An Android-based smart 
phone with a camera is embedded to 
broaden the potential market of the 
GUI test automation software. The 
project is a phase II of project “GUI 
Test Automation” 
 

Concept Generation 
To meet the requirement of multi-
platform supporting, the task which 
was handled by one computer will be 
divided and delivered to three basic 
modules with functions: 
1. Capturing image on the screen 
2. Image recognition  
3. Performing automation of GUI test 
The modules can not only be written 
in terms of different programs, but 
also can be installed on different 
devices. 
 
 
 
 
 
 
 
Fig.1 Concept Generation Process 

Design Description 
According to concept generation 
process, the final design is divided 
into three independent modules. The 
image capture module takes the task 
of getting information from the tested 
computer. As all the necessary 
information is performed in the form 

The test automation part runs the 
XML parser and execute operations 
automatically. It gives information 
back to image recognition module. 
From user test case, a final result will 
be calculated and showed on screen.  

 
 
 
 
 

Fig.4 An Sample Output 
Validation 

Engineering specifications are 
important and we need to meet the 
standards proposed in previous 
design review. We wrote several test 
cases to measure the performance in 
different aspects, such as 
functionalities, robustness, 
compatibility and space usage.  
 

 
 
 

Fig.5 Validation Plan 
 

Conclusion 
The innovation point is that an 
android phone camera  equipped so 
that the product can be applied over 
different operating systems.  We 
further promote the image 
recognition algorithms to perform 
better in locating targets and 
comparing features. The test process 
has proved to be effective and 
accurate. 
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of photo, phone is considered as the 
specific device to achieve the goal. In 
the image recognition module, it is in 
charge of finding the target icon on 
the photo from image capture 
module and analyzing feedback 
information from automation module. 
The last automation module takes the 
function of executing operations 
automatically on the tested computer 
and giving out feedback information  
on Image Recognition Module. 
 

Modeling and Analysis 
 

 
 
 
 
 
 
 
 
 

Fig.2 The model of GUI test software 
The model contains three separate 
parts and they are linked together 
through xml parser. Firstly, the 
computer sends image capture 
requirement to phone and the phone 
sends picture back. The commander 
in image recognition module sends 
test cases to automaton module. In 
image recognition module, two 
algorithms are applied. Random Fern 
compares the general features and 
SIFT further detects the key points in 
certain areas and filter.  
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Problem Statement 
In this project, students are required 
to design software that can check GUI 
on mobile phone operating system. 
GUI test is a must process before any 
mobile phone comes to the market 
and it can check whether the mobile 
phone operating system performs the 
right way as engineers expect. 
Currently, the GUI testing process in 
mainly done by  inefficient manual 
work. After finishing the project, 
engineers can save a lot of time and 
budget that used in the GUI test 
manually. 
 

Concept Generation 
To generate the concepts, we need to 
first analyze the sub-problems of our 
GUI test program, so that we can 
come up with different concepts 
aiming at different sub-problems. Our 
GUI test program consists of 3 parts: 
input parser, Automation API, and 
remote control. After combining the 
three parts together, we can  get our 
project. 
 
 
 
 
 
 
 
 
Fig.1  The process to make a GUI test 
automation program application 
 

Design Description 
The final design is an software 
application for engineers in 
companies that produce mobile 
phones.  Engineers can only input 
some test cases to the computer and 
the computer can send commands 
wirelessly  to the mobile phone, and  

phone will send the result image back 
to the computer for comparison. If 
the result is the same to the expected 
result as input, the mobile phone 
operating system performs well in 
these test cases. 

 
Validation

The specifications are tested by 
different test cases to assure our 
project works well. These test cases 
include quality, efficiency and 
workload. Quality includes accuracy, 
flexibility and compatibility. Efficiency 
includes time and space. We should 
have all of these test cases and make 
some improvements according to the 
results of these test cases. 
 
 
 
 
 
 
 
Fig.4 Validation plan 

 
Conclusion 

Our final design can successfully test 
the GUI on mobile phone. Engineers 
can use it to check whether the 
mobile phone operating system 
performs well. It can do the GUI test 
work automatically for engineers. 
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then the mobile phone can do the 
actions that commands require. 
Engineers should first input target 
images, such as buttons, logo, and the 
actions that should be done on these 
images, such as click, drag.  And after 
the mobile phone take the actions, it 
will send a result image back to the 
computer, and the computer will tell 
users whether the result is right as 
expected. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 A simple graph of our project 
 

Modeling and Analysis 
Firstly, user should input the test 
cases, and the user can easily input 
the test cases by the user’s interface 
made by us. User should input target 
image, actions on the image, and the 
expected result after the action. Then 
the software will send the test cases 
to the mobile phone wirelessly and 
the mobile phone will do what the 
test cases tell. Finally the mobile 
 
 
 
 
 
 
 
 
 
 
Fig.3 User interface of test cases 
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Problem Statement 
This project is motivated by the 
following two facts.  
• The traditional method of testing 

video codecs is laborious and 
time-consuming.  

• The evaluation of image quality is 
based on the subject observation, 
which is not literally accurate.  

 
Therefore, this project aims at 
developing software to test the 
performance of video codecs in an 
automatic and user-friendly manner.  
 

Concept Generation 
There are four major functions in the 
project design: image capture, 
synchronization, characteristic value 
extraction and comparison. Multiple 
concepts are in three functions 
shown in Fig 1. Taking customer 
requirements as the major criteria, 
the final solutions are show in fig. 1. 
 
 
 
 
 
 
 
 
 
Fig. 1 Concept Selection Process 
 

Design Description 
First, we play the video with the 
standard video codec and capture 
images from the video. Then we 
extract the characteristic value from 
the image, recognize the 2D code in 
the image and store them. Next, we 
play the same video with the new 
video codec and do capturing and 
extracting again. At last, we compare 
the characteristic values we captured 
before from the standard video codec 
 
 
 

transmission. At last, we use GTK 2.0+ 
to build a friendly graphical user 
interface.  
 
 
 
 
 
 
 
 Fig. 4 Our Graphical User Interface 

 
Validation 

We did a great number of tests with 
different videos. As we expected, our 
software can recognize all the flaws. 
  
 
 
  
 Fig. 5 Blackout Error 
 
 
 
  
Fig. 6 Advertisement Error 
 
 
 
 
 Fig. 7 Mosaic Error 
 

Conclusion 
Our final design can successfully 
detect almost all kinds of errors in 
video codec such as blackout, mosaic,  
and advertisement. The test result 
will be shown as a matching curve 
and the error frame will be stored so 
that users can easily track them. In 
this capstone design, we not only 
improved our programming skills but 
also learned more about software 
industry standards. 
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and the new video codec. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Working process 

Modeling and Analysis 
Since our  software is under Linux, we 
use “pthread” to implement  multi-
thread  to improve the efficiency of 
our software and use “Mutex” to 
avoid read/write confliction.  For the 
storage data structure, we use “buffer 
queue” to ensure its high reliability 
and efficiency.  
 
 
 
 
 
 
 
 
Fig. 3 Diagram of buffer queue 
management overall view 
 
Due to the convenience of beanstalkd, 
we use it to implement the data  
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Problem Statement 
In this project, students are required 
to design, fabricate and test a 
selective laser melting system. 
Students should build a powder 
paving bed with automatic powder 
feeding mechanism 
 

Concept Generation 
There will be a chamber under the 
platform of paving bed which 
contains iron powder. Screws are 
used to lift the chamber and to drive 
the roller on the platform. One layer 
of powder which has been preheated 
by heaters will be paved uniformly to 
the working area.  
 

Design Description 
Our product is divided into four 
sections: the frame, the elevator, the 
roller and preheater. Aluminum alloy 
is used to build the frame except the 
platform which is made of steel. Two 
chambers are lifted by different 
elevator structures: a combination of 
screw and rail on the two sides is for 
supplying chamber and a single screw 
placed at the center of chamber is for 
working chamber. Another 
combination of screw and rail is used 
to drive the roller, while a device is 
added between roller and rail to 
make the roller rotate instead of 
sliding.  
 
 
 
 
 
 
 
 
 
 
Fig.1 Sketch of the prototype 
Fig. 1 CAD plot of Mechatronic system 
 

Table.1Test items and specifications 
 
 
 
 
 
 
 
 
One method that needed to be 
explained is the method using in the 
sealing test. Since it is quite difficult to 
calculate how much iron powder will 
leak from the cylinder in a period of 
time, we try to give a quite large 
pressure to the iron powder in the 
vertical direction of the platform. If no 
obvious leaking of the powder, the 
sealing test is completed. 
All these tests are done and the our 
prototype is able to meet the 
objective of these specifications which 
means the tests are successful 
 

Conclusion 
It was quite a hard journey doing such 
a project for all four of us. Fortunately, 
we succeeded in  finishing that 
prototype and the design. The 
prototype of the powder paving bed is 
considered to be successful after the 
testing of many aspects as powder 
lifting and paving. With the help of 
this product, laser can be better used 
in making other products needed. 
Both the efficiency and the quiality of 
production will be raised with the 
help of such a system. 
Throughout this capstone project, 
we’ve learned many skills in 
mechanical  manufacturing, material 
selection as well as the soft skills. All 
these can be very useful in our future 
life and career. 
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Fig. 2 prototype of Mechatronic 
system 

 
Modeling and Analysis 

This mechanical structure requires 
both high efficiency in fabricating 
products and low price. So for the 
elevation of the fabricating chamber , 
servo motor is used combined with 
screw lifting. For the outer sheld of 
the mechanism, shaped-aluminum is 
used due to its good performance 
under pressure.  For the remaining 
side chamber, it works as container 
for new powder,so the required 
accuracy is less than the fabricating 
chamber, which lead to screw-rail 
structure with step motor used. While 
for the powder paving system, high 
speed as well as  pure rotate of the 
roller are preferred, so extra bearings 
are added into both end of the roller 
in order to maintain a rotating 
condition. IR heaters are added to 
heat the powders stalled before it 
goes through the lasing-shaping. 

Validation 
Before the final expo, we finish 
prototype and the test as well. Before 
working, there are several different 
kind of tests need to be done to meet 
the customer requirement and the 
specifications as the paving speed, lift 
layer thickness. And the detail of the 
test we need to do can the result we 
want to got are listed in the following 
Table.1. 
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Problem Statement 
In this project, students design a
compact optical system that can be 
fixed on cellphone and a related 
image processing program.The system 
can be used to observe biological 
samples,such as blood and saliva for 
diagnosis.The whole system should be 
compact and easy to use. 
 

Concept Generation 
Our system consists of a compact 
microscope and a interface to 
connect the cellphone and the 
microscope. 
 

Design Description 
After brainstorm and several 
meetings, we decide to us reflecting 
microscope as the final design. This 
microscope consists of one objective 
and one eyepiece to be fixed at both 
ends of the tube and one splitting 
piece fixed between the objective and 
the eyepiece. One hole is dilled 
aligning to the splitting piece to let 
the light of one white LED in. There is 
45degree angle between the splitting 
piece and the inner wall of the tube. 
So the light from the LED will be 
reflected vertically to the sample. The 
reflected light will pass through the 
eyepiece and be captured by the 
cellphone camera. The prelimilary 
images can be further processed by 
our program. We use POCS 
(Projection onto Convex Sets) 
Algorithm to process our images to 
get a high resolutionn picture. The 
main idea of this algorithm is that 
every prelimilary image set a 
limitation for the HR picture. We can 
get a better image from the 
intersection of these limitations. 
 
 
 
 
 

 
 
 
 

 
 
 

Fig. 2 graphical interface of our        
program 

 
The number of the pixels of the HR 
image is quadruple that of the 
prelimilary image. The quality of the 
image is greatly improved by our 
program. The pictures we taken by 
iphone have very hight quality which 
need too much time to process. So 
after test, we modified our program 
to let it pick one part of the 
prelimilary pictures which still has 
enough number of cells to do 
diagnosis to process and reduced the 
processing time of our program. 
  

Conclusion 
Our final design can successfully get 
the image of blood cells with high 
quality. We redesign the lens of the 
objective and the eyepiece to change 
the bulky conventional microscope to 
our compact microscope. We well 
designed the interface, so most 
cellphones can fit in it. Our team 
members cooperated effectively and 
found a systematic and professional 
solution to our problem.  This project 
provided us an opportunity to apply 
the knowledge and skills we learned 
in JI to the reality. 
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Fig. 1 prototype of Mechatronic 
system 

 
Modeling and Analysis 

Considering both lightness and 
robustness,we use Aluminum and 
plexiglass. The lens tube is made of 
Aluminum and interface is made of 
plexiglass.  The components of the 
interface are finished by laser cutter 
in department’s machine shop.  The 
interface consists of two main parts 
which are connected by two 
springs.Most cellphones in the 
market can fit in the interface. The 
inner wall of the left part has grooves, 
so the tube can slide to align the 
eyepiece to the camera of the 
cellphone.  The focus is adjustable 
and the tube has regulating knob to 
adjust the position of the objective. 
The tube is manufactured in JI 
innovation lab. The knob and LED 
lights are bought from Taobao web 
shop. 

Validation 
After we finished the design of the 
whole system, we began simulate the 
optical system. We used OSLO, a 
professional optical simulation 
software to calculate the resolution 
and did a series of tests to find the 
propriate tube length. We set up the 
whole optical system in optical lab 
and we found the quality of the 
picture is enough to see the shape of 
the blood cells.  We realized the 
algorithm by matlab.  
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Problem Statement 
The goal of  this project is to design 
better thermal components for 
microelectronic devices to efficiently 
remove the heat. 
 

Concept Generation 
Project is mainly divided into three 
sub-functions. For the first one, Ag, 
Al2O3 and graphite were mixed in 
thermal grease. Secondly, four 
method were raised for fin array 
manufacture. In the third sub-
function, semiconductor and metal 
thermoelectric film were compared 
for residual heat power  generation. 
Figure 1 shows the final design. 
 
 
 
 
 
 
        Fig.1 Final Conceptual Design 

 
Design Description 

 
 
 
 
 
        Fig.2 Experimental setup for tests 
 
Figure 2 shows the setup designed for 
testing both grease-graphite mixture 
and effect of micro-structures on fin 
surfaces, which was installed in the 
wind tunnel. Test for thermoelectric 
films is shown as Figure 2. 
 
 
 
 
 
 
 

Fig.3 Setup for thermoelectric film  tests 
 

 
  

 
 
 
 
 
 
 
 
Fig.7 Thermal conductivity of mixture 
 
 
 
 
 
 
 
 
Fig.8 Temperature change for heat sinks with 
different surface structures 
 
shows the temperature change for 
heat sinks with different surface 
structures. For residual heat part, 
power generated by thermoelectric 
films is proved to be capable to store 
electricity in 1.5V battery when 
connecting temperature exceeds 50 . 
 

Conclusion 
The optimized mass ratio between 
graphite and thermal grease is 1:150, 
which elevates thermal conductivity 
from 0.65W/m-K to 1.25W/m-K. Also, 
fin with cross-dimpled structure 
works best, temperature reduction is 
about 3  compared with that 
without surface structures. For 
residual heat electricity part, When 
CPU temperature achieves 50 , 
power generated can be 2.5V, 15mA. 
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Fig.4 CFD temperature distribution of a heat sink 
 
 
 
 
 
 
Fig.5 CFD for a heat sink with horizontal slots 
 

Modeling and Analysis 
To see how micro-structures on fin 
surface affect the heat dissipation, 
analysis are applied. CAE Software 
FLUENT was used to compute heat 
transfer between heat sink and 
surroundings. Figure 4 shows the 
temperature distribution without any 
structures on surfaces, Figure 5 shows 
a heat sink with horizontal slots. 
Simulations and experiment for heat 
sinks with different structures on 
surfaces were also conducted. The 
most efficient structure is cross 
dimples on fin surfaces, reducing 
bottom temperature by 4 degrees.  
Fig. 6 shows other type of fin arrays. 
 
 
 
 
 
 
    Fig.6 Other type of Fin arrays 

 
Validation 

After testing thermal conductivities 
for different mixtures of thermal 
grease and graphite, the result shown 
in Figure 7 was obtained. Figure 8  
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