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TRACK VEHICLE PROJECT

Abstract
      The Computer Vision department in Beckman Institute of University of Illinois at Urbana-Champaign intends to design an algorithm to detect the potential defects in the federal railroad via image analysis. The picture-collecting task is undertaken by a camera mounted on a railroad track vehicle system. Our role in this project is to build several new modules onto the already existing prototype track vehicle, which brings new functions and improves the system performance and ability as desired. Specifically, these modules feature voltage converter, obstacle detection, camera triggering, and remote speed display. We will introduce the details of these modules in the following text.
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[bookmark: _Toc318193395]1. Introduction

     To scrutinize and record of the condition of railroad has been a laborious and time-consuming task for a long time. The railway workers have to walk along the railroad and examine every single spike, anchor, and tie plate components. Such a manual method is inefficient and sometimes vulnerable to human mistakes, which may result in severe consequences regarding to transportation safety. 
    Regarding to this situation, the Computer Vision and Robotics Laboratory at the University of Illinois has prompted a new inspection method. Utilizing a track vehicle equipped with cameras and computer vision techniques, this new mechanism is able to to discover and analyze defects on railroad track via computers, which undoubtedly brings significant benefit for human resource and money.
    The role we play in this whole project is to design and add various modules to a prototype track vehicle system. Our work involves voltage converting, camera triggering, automatic obstacle sensing and remote speed display. These new components grant the track vehicle multiple new features, which greatly broadens its functionality and enhances its practicality. For example, the camera triggering program controls the behavior of the camera such that the images can be taken consecutively and data retrieved includes all the information we need for defect inspection and analysis by computer. 
    One thing to know is that a previous senior design group (Team29 Fall11) had worked in this project too. We combined our new modules and features with their previous work. By the end we accomplished our tasks in this project, the track vehicle is a basically complete system as proposed, which powers every part on itself through a portable battery, gathers required information (GPS locations and railroad images) automatically, and can be controlled remotely to move along the railroads. Also, the obstacle detection module allows the vehicle to stop if some objects (passengers/animals) are in the way of its route.
    In the following chapters we will explain more about our modules based on their design, test & demos, cost and other related issues. We are glad to conclude that every part from our design passed our real test and can be used in practical purpose.
[bookmark: _Toc318193397]
2 Design

    There are four major modules in our project, namely DC-DC Buck Converter, Camera Triggering, Obstacle Detection and Wireless Speed Display. Figure 2.1 shows the block diagram.

Figure 2.1 Block Diagram
[image: ]
    The previous group of this project has already built some modules. In the diagram above, our modules are marked as bold.
2.1 Design Procedure
2.1.1 Camera Trigger Module
    The core function of our project is to trigger the camera as the vehicle moves along the railroad. There are two approaches to this function: The first approach is to use the GPS as location tracker and trigger the camera according to the coordinates acquired by GPS. The second approach is to trigger the camera according to the signal of the rotary encoder, which generate 500 rectangle pulses for each rotation. We choose the second approach because it is more accurate and simple than the first one, which may subject to precision problem.



    The following table (table 2.1) shows the correlation between the rotation of the speed encoder, the pulses generated by speed encoder and the distance traveled by vehicle.
Table 2.1 Correlation of varies quantities
	Rotation of rotary encoder
	Number of pulses generated by rotary encoder
	Distance traveled by vehicle

	1
	500
	47.5 cm



    A microcontroller is used to count the number of pulses and generate the triggering signal. We use PIC16F877A because its operating speed is 20MHz, which is fast enough to catch every single pulse from the rotary encoder and thus can trigger the camera at a precise time.
2.1.2 12V-5V DC/DC Buck Converter
    The power supply of the vehicle is provided by a 12V marine battery. However, all of the modules we built require 5V as input voltage. The previous group used a 12V-110V DC/AC converter and an 110V/5V AC/DC converter to power up their modules, which can be very inefficient. As a result, we build a converter which can convert 12V DC to 5V DC directly, which is more efficient and compact.
2.1.3 Obstacle Detection Module
    The obstacle detection module serves as a safety device in our project. It will stop the vehicle whenever an obstacle is detected in front of the vehicle. There are several ways to build this module, including using a mechanical probe in front of the vehicle which will send out stop signal when it hits something, or using a sensor to monitor the condition of the railroad. We picked the sensor approach because it is more sensitive and reliable than the mechanical probe. Moreover, users can adjust the detection distance according to their requirement easily.
2.1.4 Wireless Speed Display Module
    This module will calculate the current speed of the vehicle and show it on a 7-segment display. We use the PIC16F877A microcontroller to calculate the vehicle speed and transmit it wirelessly by Linx transmitter. At the receiver end, another PIC microcontroller will decode the received signal from the Linx receiver and drive the 7-segment display to show the actual speed. 
    There is another approach which uses a mechanical speedometer. However, this approach requires the user to catch up with the vehicle in order to check the speed, which may be inconvenient sometimes. Meanwhile, a PIC approach is easy to upgrade in the future. So we finally choose the PIC instead of the speedometer.

[bookmark: _Toc318193398]2.2 Detailed Design
[bookmark: _Toc318193399]2.1.1 Camera Trigger Module
    This module takes the input from the rotary encoder and generates the camera triggering signal as output. The output will be fed to the camera through GPIO port.
Speed Encoder
PIC Microcontroller
Camera
Pulse signal
GPIO



    For the input, there are two signals from the rotary encoder, namely OUTPUT A and OUTPUT B. Both signals will generate 500 pulses for each rotation of the encoder. However, two output will have different phase delay with respect to each other depends on the direction of rotation. This feature is used in our design to determine the moving direction of the vehicle.
    When the vehicle is moving forward, the rotary encoder will rotate counter-clockwise. In this situation, OUTPUT A will precede OUTPUT B by 90 degrees. As shown in figure 2.2 (OUTPUT A is the one with bigger amplitude and the other one is OUTPUT B):
Figure 2.2 Waveform of rotary encoder, forward
[image: ]
    When the vehicle is moving backward, OUTPUT A will lag OUTPUT B by 90 degrees, as shown in figure 2.3:
Figure 2.3 Waveform of rotary encoder, backward
[image: ]
    By using this feature, we can decide whether the vehicle is moving forward or backward by checking the value of OUTPUT B immediately after a rising edge of OUTPUT A. If the value is 1, then the vehicle is moving forward; if the value is 0, then the vehicle is moving backward.
    Since we can decide the direction of the vehicle, we can program the PIC such that camera triggering signal will be generated every 30cm when the vehicle is moving forward and no triggering signal generated when moving backward. Furthermore, no triggering signal will be generated unless the vehicle has moved back to the position from which it moved backward. The reason for this is that no redundant pictures should be taken. Figure 2.4 is the flow chart for the program in the PIC microcontroller, which is equivalent to the description above:
Figure 2.4 Flow Chart for PIC-Camera Triggering
[image: ]



2.1.2 12V-5V DC/DC Buck Converter
    This unit is a step-down converter. The input voltage is 12V and the output voltage is 5V. This step-down converter will be used for powering up the Ultrasonic distance sensor, the Speed Monitoring and Emergency Alarm System and the Camera triggering module. Since the Ultrasonic sensor is sensitive to the input voltage, additional 5V Zener diodes may be added to the output in order to stabilize the output voltage, although they are not included in our preliminary simulation.


Figure 2.5 shows the preliminary simulation in Multisim. The output voltage is 5.096V.
Figure 2.5 DC/DC converter simulation 1
[image: ]
The Pulse signal driving the PMOS will be provided by a PWM controller, TL494. This component is powered by 12V and the switching frequency 200 kHz. TL494 also provide compensation function so that we can add it into our buck converter design to optimize it.
The diode 1N5820 has a maximum reverse biased voltage of 20V, which is much bigger than the 12V and thus should work fine.
The overall power efficiency is 1.298/1.892=68.6%; the data is derived from the following simulation (figure 2.6):
Figure 2.6 DC/DC converter simulation 2
[image: ]




The PWM controller TL494 we used in our design has a compensation feature, which means it can adjust the output pulse according to the output voltage of the buck converter. Figure 2.7 shows the compensation circuit of the buck converter:
Figure 2.7 Compensation Circuit
[image: ][1]
For the calculation of the values of resistors, capacitors and inductor, please see appendix A for detail.
2.1.3 Obstacle Detection Module
This system takes the analog input from an Ultrasonic distance sensor and converts it to the distance. Specifically, the Ultrasonic sensor will output an analog voltage signal ranging from 60mV to 2.48V, which corresponds to the obstacle distance from 15cm to 6.45m. [1] 
This analog signal will be fed into the PIC microcontroller and converted into a number. Then the PIC will compare this value to the Stop-distance: if the number is smaller than the Stop-distance, a braking signal will be generated. Unless the obstacle is moves far enough such that the number is bigger than the Restart-distance, the braking signal will be on forever. The purpose of using two threshold values is to prevent the potential pulsating behavior of the braking system and the motor, which may cause damage to the mechanical parts
In our design, the vehicle stop-distance and restart-distance are defined as follow:
· Stop-distance: The distance below which the obstacle is detected that will stop the vehicle.
· Restart-distance: When the vehicle is stopped due to an obstacle, the distance above which the obstacle must be away from the vehicle in order for the vehicle to move again.

Table 2.2 shows the values we used in our PIC microcontroller
Table 2.2 Threshold values for PIC microcontroller
	
	Distance
	Voltage
	Number in PIC

	Stop-distance
	112.5 cm
	436.5 mV
	90

	Restart-distance
	187.5 cm
	727.5 mV
	150



Figure 2.8 show the flow chart of the program in the PIC:
Figure 2.8 flow chart of obstacle detection
[image: ]
2.1.4 Wireless Speed Display Module

The purpose of the wireless speed display is for the convenience of the testers to monitor the speed of the cart. So, one can manually raise or lower the speed, or even brake the cart under special circumstance. A basic diagram of the design is look like below:
[image: ] 
Basically, the speed encoder will generate one pulse if the wheel makes a full cycle of turning. The pic microcontroller will grab the speed information from speed encoder as a form of frequencies. So the pic microcontroller will calculate the speed information and send the data to the transmitter side, and the receive side should receive the corresponding data immediately and displayed on the display pad. 

The major concern before the design is how to transmit the signal instantaneously. We need all the bits of signal being transferred instantaneously, and stored in a certain register so the data will be kept showing on the seven-segment-display. The following plot on the next page is from the original design review. 

Note that the transceiver we use has 8-bit data input/output and 10-bit address input/output. And the data received from the receive goes directly to the segment decoder and then seven segment display. 

This is a possible solution to transmit the data instantaneously. However, the chip (from Linx) is very expensive and the size of it is also considerably large. Besides, if the data information from the transmitter side is not continuously, the final display would be most likely blinking, and not display anything during the most of the time. 
[image: ]
Originally designed receiver
[image: ]Originally designed transmitter 
Note that the RS232 connector drawn in the above schematic is incorrect. 



So, we improve the design by using a transmitting form named RS232, all the data transferred to the transmitter will be in RS232 with only one input. Here is the modified schematic of transmitter side:
[image: ]
There’s a micro-controller driven by the oscillator, and it transfers the speed information into RS232 form and delivers it as the input of the transmitter. The major difference between the modified transmitter module and original transmitter module is the cost of the chip, which has been reduced around 50%. 

And the following is the modified receiver module, the receiver will arbitrarily receive the signal from transmitter module and the output data will be connected to another micro controller, the micro controller will basically perform two things: convert the RS232 signal to four-bit binary speed value and store the results as a register, keep outputting the numerical value of the speed until a new speed is transmitted. Such design will fulfill the original purpose of wireless speed display with a relatively low cost. 
pp[image: ]
[bookmark: _Toc318193400]3. Design Verification
Verifications are performed on each module to check their functionality. A whole system test was also conducted at the end. Please refer to the requirement and verification form in Appendix A for detail.
[bookmark: _Toc318193401]3.1 Camera Trigger Module
For this module, we conducted two tests. 
The first test takes the input (rectangular pulse) from a function generator and connects the output (cam triggering signal) to an LED. By varying the input frequency, the LED blinked with different speed. This means the pulses can be correctly recognized by the PIC microcontroller and the triggering signal can be correctly generated.
The second test is to connect the rotary encoder directly to this module and run the motor. The output is connected to a camera via GPIO port. In this case, the camera will take a new picture for each 30 cm traveled by the vehicle.
Our module passed those two tests and thus works fine.
3.2 12V-5V DC/DC Buck Converter
When doing the final demo, we used our DC/DC converter to power up our modules. Since all the modules works fine, the dc converter has to work fine as well.
3.3 Obstacle Detection Module
There are two tests conducted:
The first test takes the input (analog voltage signal) from a dc power supply and connects the output to and LED. By varying the input voltage, the LED will turn on when the input voltage is smaller than the lower threshold and turn off when input voltage is bigger than the upper threshold. This verifies that the input voltage can be correctly recognized by the PIC microcontroller.
The second test takes the input directly from the ultrasonic sensor and connects the output to the motor control unit built by previous. When the obstacle is within 1.2 m away from the sensor, the motor will be stopped. The motor will not restart unless the obstacle is moved away further than 1.78 m from the sensor and the user restart the remote control pad. This verifies the functionality of our obstacle detection module. 
3.4 Wireless Speed Display Module
There are two test conducted:
When the whole system is set up, by starting the vehicle, the corresponding speed will be displayed on the seven-segment display. When the speed of cart changes, the numeric value on the display pad should also changes within a second. Besides, a LED connected to the Received Signal Strength Indicator should also be solid green or red. Furthermore, the voltage across the LED should be roughly 1.9v within half meter, the voltage is purely depends on the distance. 
Another requirement of this project is reliability: we want the signal being transmitted in a distance roughly 10 meters as clear as possible. Since we don’t have a chance to test the communication abilities in the actual railroad, I simulated the analog signal in the lab in order to find its condition (Note that at the receiver side, it provides both digital and analog signal output). We use a serial signal generator to simulate the transmitting signal, the carrier frequency is 918.87MHz and the signal received is pretty noise. If we change the carrier frequency to be 921.37MHz and left all other settings unchanged, we will receive a clean sine wave. For the actual results, please refer to the appendix A.


3.5 Whole System Test
By connecting all of our modules together, we checked the functionality of the whole system. The results are as follows:
1) Pictures can be taken when the vehicle is moving forward. When vehicle was moving backward, no picture was taken. When the vehicle moved forward again, no redundant picture was taken unless the vehicle has gone back to where it moved backwards.
2) When an object was closer than 120 cm to the sensor, the motor stopped. When the object was removed and the user restart the remote pad, the motor started again.
3) When the motor was running, speed was displayed on the 7-segment display.
4) All modules powered by the DC Buck Converter functioned well.
Our system achieved all the functions we designed and thus works fine.
[bookmark: _Toc318193403]4. Costs
[bookmark: _Toc318193404]4.1 Parts

	Parts
	Model
	Quantity
	Price ($)

	Capacitor
	100 uF
	2
	0.2

	
	10 uF
	2
	0.2

	
	1 uF
	2
	0.2

	
	470 uF Electrolytic capacitors
	1
	0.5

	Inductor
	60 uH
	1
	1

	Resistor
	470 
	1
	0.1

	Resistor
	10k 
	2
	0.2

	Resistor
	750 
	2
	0.2

	PMOS
	SI9400DY
	1
	1.5

	PWM Controller
	TL494
	1
	0.5

	Diode
	1N5820
	1
	0.58

	Ultrasonic sensor
	LV-Maxsonar-EZ0
	1
	30

	Microcontroller
	PIC16F877A
	1
	5

	Oscillator
	ECS-100Ax
	1
	2.63

	Camera
	Dragonfly2 DR2-COL
	1
	sample

	Antenna
	Linx
	4
	28

	Female connector
	8-pin RS232
	1
	15

	LED
	NTE electronic
	1
	2

	Dual LED display
	Cathode DC56-11EWA
	1
	1

	7-segment decoders
	NXP HEF4543BP,652
	2
	2

	transmitter
	TXE-433-KH2
	1
	8

	receiver
	RXD-433-KH2
	1
	14

	transceiver
	TRM-433-LT
	2
	30

	Button switch
	Push button switch
	1
	3

	Relay circuit
	Four Seasons 35874
	1
	10

	Total
	
	
	155.81



[bookmark: _Toc318193405]4.2 Labor

	Name
	(Rate/Hour)*2.5*(Total Hours)
	Total Price

	Jilin Jiang
	(30$/Hour)*2.5*(120 Hours)
	$ 9000.0

	Kuangxiao Gu
	(30$/Hour)*2.5*(120 Hours)
	$ 9000.0

	Jialun Liu
	(30$/Hour)*2.5*(120 Hours)
	$ 9000.0

	Labor Total
	
	$ 27000.0



4.3 Grand Total
$155.81+$27000.0 = $27155.81
[bookmark: _Toc318193406]5. Conclusion
     As stated above, our designs and construction achieves most of what we proposed in the design review and is a working project.
[bookmark: _Toc318193407]5.1 Accomplishments
1. The track vehicle can now move on the railroad with a remote control pad, and stops automatically when object in its way is detected. Also, the system’s instant speed can be monitored via wireless transmission.
2. All the electronic components can be driven from a single marine battery onboard. No extra power source is needed from outside the system, which fulfills the system’s requirement as expected
3. Camera mounted can be triggered automatically to collect information desired and no manual operation is needed.
[bookmark: _Toc318193408]5.2 Uncertainties
1. Although we finally successfully finished our tests and demos, in the debugging process we found the system is sometimes not fully functional due to bad contacts of wiring. Specially, soldering points on our wireless transmission module sometimes are defective even if they seem to be reliable. For demo process we used a voltmeter to check every junction to locate the problem. To entirely settle this issue we suggest replacing the current vector board set-up with a more stable PCB structure.

[bookmark: _Toc318193409]5.3 Ethical considerations
1. According the federal law, a braking system is mandatory for all the system working on the railroads. In the current design of the track vehicle there’s no mechanical brake and the only way to stop the vehicle is to shut down the motor and let the system stop by friction. Since this prototype is only tested in a railroad museum and its maximum speed is around 1mile/h this wouldn’t be a significant problem for now. However, building a mechanical brake is imperative in the future when this vehicle is put in a real field test (where ramps, passengers, animals could exist) with enhanced speed.
2. The system utilizes a deep cycle lead battery and if discarded improperly, it can bring negative effect to the surrounding environment. To be more environment-friendly we suggest an alternative power source (a diesel motor or solar cells, for example) or proper handling of the abandoned battery.
[bookmark: _Toc318193410]5.4 Future work
1. To have a full inquisition of the condition of the railroads the location information is needed besides the images information. The previous group designs a GPS module which can keep track of the system’s location with time. Future work can be done to build an algorithm to enhance the data’s accuracy. Also, a correspondence might be made by matching the location information of the vehicle with the already-existing railroad location in a GPS database.
2. The camera is triggered automatically but an extra program needs to be set up to store the consecutive pictures shot by the camera in the computer.
3. A mechanical brake is desired for the safety issues, as mentioned previously
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[bookmark: _Toc318193412]Appendix A	Requirement and Verification Table
An appendix is a good place for the Requirement and Verification Table from your design review. Below is a starter table. Including these details here will help to avoid lengthy and tedious narrative descriptions in the main text, which may not be of immediate interest to your imagined audience of company managers and professionals. Any requirement that is not verified should be explained either in the main text or the appendix. Note that both the pagination and the numbering of figures, tables, and equations continues from main text to appendices.

	Table X   System Requirements and Verifications
	

	Requirement
	Verification
	Verification status 
(Y or N)

	1. DC Converter
a. Input 12V, output 5V
b. Ripple voltage < 0.5V
c. output voltage deviation should be within 1V
d. The maximum output current is around 250mA
	1. Verification
a. Connect the input to the 12V battery; the output is 5.01V according to the multimeter.
b. Connect all our modules to the buck converter, use oscilloscope to test the ripple voltage, should be smaller than 0.5V
c. Connect all our modules to the buck converter, the output voltage should be around 5V with deviation smaller than 1V
d. Connect several LEDs or resistors as load to the converter, check is the output current can reach 250mA with output voltage at 5V 
	All passed

	2. Camera Trigger Module
a. Should be able to recognize the signal from speed encoder and generate triggering signal
b. Triggering signal should be able to trigger the camera

	2. Verification
a. Connect the rotary encoder to the module and run the motor, check the trigger output
b. Connect the triggering signal to the camera and check if pictures are being taken

	All passed

	3. Obstacle Detection Module
a. Should be able to generate stop signal when object is closer than 1.2 m
b. When object is moved away further than 1.8 m, stop signal should disappear.
c. Should be able to detect human legs.
	3. Verification
a. Power up the module using buck converter and put a box with size 10*10*10 cm in front of the sensor. Move the box close to the sensor and  check the stop signal
b. When stop signal is generated, move the box away from the sensor and check if the signal disappear
c. Let a person to be the obstacle and repeat the above tests 
	All passed

	4. Wireless Speed Display Module
a. Should be able to display the speed of the vehicle on the 7-segment display
	4. Verification
a. Turn on the motor and connect the rotary encoder to the transmitter. Let the receiver be 10 meters away from the transmitter and check the 7-segment display
	All passed



[image: image11]
[image: image10]Frequency measurement of wireless module










Appendix B
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· Design specification:
Vin = 12 V
Vout = 5 V
Duty_cycle = 5/12
f = 200 kHz
Iripple = 0.25 A
Vripple,out = 0.1V
Iload,Max = 1 A
· 𝐿=(𝑉𝑖𝑛−𝑉𝑜𝑢𝑡)∗𝑑𝑢𝑡𝑦_𝑐𝑦𝑐𝑙𝑒𝑓∗𝐼𝑟𝑖𝑝𝑝𝑙𝑒 = (12−5)∗5/12200∗0.25∗1000 = 58.33 uH
· 𝐶=𝐼𝑟𝑖𝑝𝑝𝑙𝑒∗𝑑𝑢𝑡𝑦_𝑐𝑦𝑐𝑙𝑒𝑓(𝑉𝑟𝑖𝑝𝑝𝑙𝑒−𝐸𝑆𝑅∗𝐼𝑟𝑖𝑝𝑝𝑙𝑒) = 0.25∗5/12200∗1000(0.1−0.2∗0.25) = 10.42 uF
(Although the calculation results only requires a output capacitor of 10 uF, we found that a bigger capacitor can reduce the ripple voltage significantly. Two 100uF capacitors give a ripple voltage of 789uV while one 10uF capacitor gives a ripple voltage of 15mV. Considering that the voltage of the battery may vary according to the load of the motor and the Ultrasonic sensor is sensitive to supply voltage, we chose bigger capacitor for better voltage stability.)
[image: ]
Big output capacitor (2*100uF) have a much smaller ripple voltage than a single 10uF
Capacitor
[image: ]
· Vdiode,reverse ≥12𝑉, Idiode ≥ Iload,Max = 1 A
(1N5820 has a maximum reverse voltage of 20A and max current equals to 3A, which can be used in our design)
· |VPMOS,DS| ≥𝑉𝑖𝑛−𝑉𝑜𝑢𝑡=7𝑉, ID > RIload,Max
(SI9400DY has VPMOS,DS =-20V and ID = 2.5A, which can be used in our design. Another reason we choose SI9400DY is that this PMOS has a relatively small turn-on and turn-off delay, which are 10ns and 20ns respectively. A faster turning time means we can use higher frequency PWM controller and thus get higher efficiency and smaller peripheral components, such as inductors and capacitors)
· We also tried to add zener diodes to the output end of this buck converter. This modification is trying to deal with the voltage change of the battery. When using a single buck converter with no compensation, once the battery voltage changes, the output voltage will change, which is not desired. By adding zener diodes to the output end of the buck converter, the output voltage will be stabilized at 5V as long as the input voltage to the zener diode is bigger than 7 V. In the simulation below, the input voltage (battery voltage) has been increased to 14V, which is the voltage after the battery is fully charged. We can see that the output voltage is still around 5V, which is desired.
[image: ]
However, one big problem with zener diode is that the driving current is decreased dramatically because lots of current is bypassed by the zener diodes. The power dissipation on the zener diode is also big, which makes the whole converter inefficient. In the detailed design, we will try to find a balance point so that the stability of the output voltage can be increased while the efficiency is not decreased too much.
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