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1. Current State of Project (1 page) (15%) What is your current hardware configuration? What types 
of sensors have you used? How far has your software been developed? Which software modules 
are currently working? Which still need further debugging? Provide overall block diagrams for the 
HW and SW systems (ppt is fine for simple block diagrams). 
 
Mechanical 

Acrylic panel is used to mount the mbed on top of motors. Our driver board is designed to 
be a shield that allows direct insertion onto the mbed. Every component is surface mounted and 
the motors are cleanly connected with anderson connectors. For the linescan camera, we installed 
two hollow brass  rods and a 3d printed camera mount. The mount is designed to allow easy 
adjustment for the camera angle and height. Due to the width of the track for Freescale, we have a 
spare set of longer brass rods. This is used to mount the camera higher to detect the edges of the 
outside track (as opposed to the center-track line). To enhance the mechanical stability of the rods, 
we installed stacks of acrylic blocks with through-holes at the bottom of the rods that are mounted 
via the screw-holes that already exist on the Freescale car frame. 
 
 



 
Electrical 

We’ve used two types of sensors: a linescan camera and an optical encoder for speed 
control to provide inputs for steering control and speed control respectively. We are powering the 
servo with 6V to allow it to operate safely at 16 ms (62.5 Hz) - we plan to push it to 9 ms (~111 Hz) 
during competition settings. Currently, we have still only implemented one of the optical encoders 
for speed control - while we plan on installing two (for independent left/right speed-control) we 
have not settled on a solution to improve its accuracy as printed paper encoder-wheels do not 
seem to be the best solution. We are also using bluetooth to currently collect data, and improve 
our calibrations; eventually, we plan to also use bluetooth to send commands to the car. We have 
included the necessary circuitry for an additional camera as well (if necessary for any reason). 
 
Software 

We’re currently working on automatic gain control in order to get better data in order to 
tune our steering control. Automatic gain for the line scan camera can fix our oversaturated camera 
input under strong lighting condition.  After we’ve debugged the camera, we’ll look into speed 
control. 

We have the block diagram for software system on the refined proposal for software 
architecture section of this report. 

 
Figure: Hardware Schematic 

 
  



 
2. Hardware Documentation (n pages as needed) (40%) This is the most important part of the 
progress report. Without documentation, power MOSFETS, DC-DC converters, and CPU boards 
will be fried as connections get inadvertently reversed late at night. Provide complete parts layouts 
and schematics, (schematics should include pin numbers for all chips), of the following hardware 
modules:  

1.  motor drive circuitry (15 pts) 
2. sensor electronics, e.g. speed and line sensors (5 pts) 
3. power supplies (how are things actually connected) (10 pts) 
4. labelled Freedom board pinout (10 pts)  

Appropriate level of detail is Eagle schematic and parts layout.  
 
Motor Drive Circuitry 

We have implemented a motor drive circuitry that consists of a MC33883 MOSFET Driver 
along with protection-logic gates to prevent accidental shoot-through within the motor circuitry. 
We have implemented half-bridges on both motors to allow for forward operation and braking. 

 
Figure: Motor Drive Circuitry 

 



 
Figure: Motor Driver Shoot-Through Protection Logic 

 
Sensor Electronics 

We are powering our camera with the mbed’s regulated 3.3V so that the analog signal that 
comes out can be directly fed back into the mbed. We are powering our servo’s with a dedicated 
regulated 6V from the battery so that we can operate our servo at the highest spec-provided 
voltage/speed. Our optical encoders are being operated on a regulated 5V from the battery. 
 



 
Figure: Sensor Circuitry & Pinouts 

 
Figure: Hamamatsu Speed Encoder Circuitry 

 
Power Supplies 

Our main power circuitry is a DC-DC Boost Converter which boosts the incoming battery 
voltage to 12V. The boosted 12V (V_BOOST) powers our 5V regulator, 6V regulator, as well as one 
of the VCC’s for the MC33883 chip. 



 
Figure: DC-DC Boost Converter 

 



 
Figure: Boosted Voltage feeds into 5V & 6V Regulators and MC33883 Chip 

 
PCB Layout 

The PCB Layout ensures that all high current paths have a generous trace width. It is 
designed so that it can act as a shield and go directly on-top of our mbed. Sensors are placed 
towards the front so that the wires to the servo, and camera do not need to cross paths with any 
other circuitry. The kill-switch is located in the back so that we can install the physical switch behind 
the motor on-top of our mounted acrylic. Motor switches are on the back so they can easily 
connect to the motors with a very short wire. The MOSFET’s were mounted vertically to save 
space, and female headers are soldered on in-place of them (as well as for the DC Boost, and 
regulators) so that they can all be easily replaced if problems do arise; to avoid the heat-sink plates 
from touching, we’ve bent them at alternating ~45 degrees.  
 



 
Figure: PCB Layout  

 
  



 
3. Proposed Control Methods (15%) Describe in detail your working or planned control systems for:  

1. velocity control 
2. steering control  

How do you propose to stabilize your control system? 
 
Velocity 
[Current Control] 

Currently, we are  measuring transition time that encoder takes to detect changes . We 
collect over 12 sets of data and find average of value. Using the diameter of the wheel, we compute 
the current speed and used P control to adjust speed. 
 
[Proposed Control] 

Our motor is doing fairly well at maintaining velocity and the back emf is approximately 
constant, we’re using this model to accurately map our PWM to current for our PID control.  

 
Moreover, we are going to integrate with a PI controller.  This will ensure a constant PWM 

to run the car even on low battery. We are also looking into electronics stability control that detects 
and reduces skidding on curves. However, we’ll need to fix our camera’s saturation issue to get a 
more robust analysis on our maximum speed and how well our car runs on curves. Then we can 
refine on speeding up on straight aways and slowing down on specific curves. 
 
Steering 
[Current Control] 

Since steering depends largely on the line scan camera, we’ll go over the line detection 
algorithm. We read in the buffer of 128 frames in an array and pass it through a moving average 
filter to smooth out the signal. Then we proceed to run it through a high pass filter by convoluting 
with . The result gives us a large difference in the presence of white lines, enabling(n)  (n )δ + δ − 1  
us to do peak detection to figure out the midpoint of the track.  

We currently only have proportional control working. This results in a slight overshoot and a 
long settling time and an oscillating steady-state error.  Derivative and Integral control are 
implemented, however, the constants themselves are not tuned.  
 
[Proposed Control] 

Overall, we’re looking to use full PID control: proportional control to improve rise time, 
derivative control to get rid of oscillating overshoots, and integral control to smooth out the 
steady-state error. However, if PI control turns out to be sufficient, we’ll settle with that to keep the 
controller simple and easy to debug.  
 
 
 

 



 
4. Interim Budget (1 page) (10%) Give a detailed breakdown of the time (in person-hours) which has 
been invested in the various subsystems such as motor drive, DC-DC converter, CPU board 
understanding, magnetic field sensors, optical sensors, software, construction, etc. Which types of 
problems have taken unexpectedly large amounts of time? Summarize out-of-pocket monetary 
costs so far.  
 
Motor-Drive 

This required an unexpectedly large amount of time because of PCB issues. Initially, we 
were under the impression that the heat-sink on the MOSFET’s were simply grounded somehow. 
Because of this, we initially were not too worried of the heat-sinks touching each other. When they 
did however, we found out that our placement of MOSFET’s was causing shoot-through within the 
motor when they did touch. This caused a few of our MOSFET’s as well as the DC-DC Boost 
Converter to completely fry. Fortunately, replacing MOSFET’s was not difficult because we used 
female headers to secure them. Debugging these issues may have taken 3-6 hours. 
 
DC-DC converter 

Our DC-DC converter fried on two separate occasions unfortunately. The first time, was 
because our PCB was not properly printed! One of our traces (which exists within the submitted 
file) did not get properly printed, causing one of the crucial large-capacitors of the DC-DC Boost 
Converter to be disconnected. To fix this, we had to manually re-route the wire. The second time 
was because of shoot-through caused by MOSFET’s improperly touching. To fix this, we replaced 
the MOSFET’s and came up with the method of alternatingly bending the vertical MOSFET’s. A lot 
of time went into salvaging new DC-DC Converters from old team’s PCBs and perf boards, 
because we weren’t able to acquire them any other way (Richard would be out of the lab and a 
checkpoint would be coming up). To salvage the components, we would carefully cut them out 
(desoldering would never work) and then resolder male header pins so that it could properly fit into 
the female headers. Debugging these issues took around 12 hours (two all-nighter checkpoints). 
 
CPU Board 

We had to re-route our initial board because of timing issues within the pinouts. We found 
out that there were only three separate timers within the mbed, so to properly control the motor 
and servo, all of the pinouts had to be within the same grouping of timers. Fortunately, we only had 
to cut two traces and swap them. When we did our second PCB run, we fixed this issue as well.  
 
Optical Sensors 

We haven’t run into any large issues for the optical sensors yet, mainly because we haven’t 
really prioritized them thus far. During our speed-control check-off, we had to resolder one of the 
components because it wasn’t properly connected. The hardest part for optical sensors is actually 
integrating the speed-control properly into our code so that the timing doesn’t get thrown off. 
Currently, that is something that we are still trying to fix. 
 
Software 



Software is still ongoing. To meet the checkpoints each week, we usually spend an average 
of 8 hours per week. For 9 checkpoints, that is about 72 hours total. 
 
Mechanical Design & Construction 

This took a total of 18+ hours. Assembling the car took around 2 hours. 3D modeling the 
camera mount, printing it took around 6 hours. Setting up the camera and laser cutting the acrylics 
took around 2 hours. Re-cutting, re-printing, and remodeling pieces to fit screw-holes properly 
took an additional 3 hours. Mounting everything onto the car properly took an additional 2 hours. 
Purchasing, measuring, and cutting the metal rods for the proper camera height took about 3 hours 
(2 iterations). Mechanical construction is still going. Things to do include re-mounting the acrylic 
mount with the inclusion of a kill-switch. 
 
Electrical Layout, Design, Soldering, & Debugging  

In total, this took about 46.5 hours. Creating the first PCB Layout and Board Design took 
about 15 hours. Revising, and making some additional changes for the second PCB run took about 
an additional 3 hours. Soldering the first board took about 12 hours, 3 hours to solder the 
components, and an additional 9 hours to properly debug and solder all grounds (ground plane was 
missing); our first board also incorrectly routed 5V into the camera, so we had to cut the trace and 
re-route that physically. Soldering the second board took about 3 hours, testing the second board 
took about 1.5 hours. 
 
Out-of-Pocket Monetary Costs 

$15 for the two hollow brass tubes.  
 
  



 
5. Refined Proposal for Software Architecture (2 pages) (15%) What do you plan to have 
implemented and debugged for the preliminary and final contest rounds? Please describe your 
proposed software system, including block diagrams. What is your time estimate for development 
and debugging of the blocks you have not yet implemented?  
 

 
Figure: Software system block diagram 

 

 
Figure: PID control for steering and motor. In the process, we compute correct PWM 

 
First of all, we need to debug the oversaturated outputs from the camera. Currently, we 

have oversaturated data from line scan camera at outside track and it is hard to find the correct 
integration time. We are using wait_us() to generate the period which is about 2us. The integration 
time for scanning line is about 256 us.  
 



We are not planning to implement any additional hardware, however, we might install 
additional encoder for the left wheel if we have time. We would also like to figure out how to 
secure a pattern onto the wheel without using paper to potentially get more accurate readings. 
 

We currently using two threads for the software system: one for line detecting and another 
one for motor control. We are planning to integrate two threads into one because it seems like 
using two threads does not work well. The main challenge in this is to properly get timing right in 
the single thread. 
 

Also, when the cross line appears or the cross line overlaps, we are just ignoring the line 
scanned data we just collected; we don’t do any steering control. We are planning to have some 
control so that it compares with the old scanned data, computes deviation, and assume the current 
mid point. We will experiment with various different methods and compare the response, to see 
what is the best method for our upcoming competitions. 
 

We plan to modify our code to compete in the Freescale Cup, which is using track detection 
(two edges of the track) instead of a center-line detection. Some challenges include following the 
inside line for left/right turns, and to try and zoom as straight as possible through the chicanes (i.e. 
squiggly straight-aways). We also need to implement finish-line detection. 
 

Lastly we are planning to figure out how to properly use speed-control so that we can 
accelerate during straightaways without going completely off-track when encountering a turn 
afterwards. We may use memoization of the track turn-layout (e.g. left, followed by straight-away, 
followed by right, etc.) to do this, or we may integrate it into our feedback loop so that when we 
accelerate when we are closely following the line/track and decelerate when we begin to fall-off of 
the line/track. 
 

We will devote our time to implement dynamic integration time. Currently we check if our 
data is saturated or not by finding average value of the output of the linescan camera. We labeled 
this value as ‘saturated’.  We checked that indoor, we are getting average value about 0.1~0.3 of the 
average value but at outdoor, it goes about 0.9 ~ 1.0 which is the maximum value. 

 
I assume we will spend at least 10 hrs to fix the issue with the saturation. It will probably 

take longer in order to properly calibrate it. 
 
  



 
 
6. Additional resources required (0.5 page) (5%) What additional resources will you need to 
complete your vehicle? Are there additional resources the lab still needs? 
 

We have accounted for the pinout of an addition camera if we do decide to implement 
one, but we will need to add an additional mount. Currently, we only have one optical encoder on 
the right wheel because we’re not sure if an additional encoder will improve the loop time 
significantly due to our half-bridge setup. We might install small LED flashlights on the brass rods 
in the case of tunnels at competition, but it’s not a priority. Currently, our largest time-investments 
within the near future will be software to properly account for the Freescale Cup track since most 
of our software is currently for handling a center-line track and not the edges. We also need to 
properly integrate our kill-switch flag. 
 


