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Abstract 

Electronic Stabilization algorithms have become a standard in cars today but normally 

only adjust throttle or braking per wheel. Braking wheels individually results in a system that 

steers differentially.The designed system works by calculating a target angular velocity based off 

of the user’s steering and speed. A MEMS gyroscope then measures the actual angular velocity. 

The difference between measured and calculated angular velocity is brought to zero by a 

Proportional Derivative (PD) loop by adjusting the final output steering wheel angleand engine 

throttle. The algorithms primarily focus on making corrections due to rear wheel slippage at 

moderate to high speeds. Since the Gyroscope is an inertial sensor it may be placed virtually 

anywhere in the vehicle. The only other sensor required is a wheel encoder, although speed may 

also be approximated with GPS or an optical flow camera.Final result is a vehicle that slides very 

predictably decreasing the skill and attention necessary to bring the car under control. The end 

goal is to increase driver safety and prevent the vehicle from rolling making corrections by 

utilizing Ackerman rather than differential steering. 

Introduction 

The motivation of our project is to help drivers avoid accidents by automatically 

compensating the steering when slippage, due to a slippery road, is detected. The goal of our 

design is to build a working prototype that could be later implemented on a full size car.  

The basic approach of this design differs from existing technology because it utilizes 

MEMs sensors and stabilizes a vehicle by calculating actual versus target angular velocities that 

the body of the car should be undergoing. If there is a difference in calculated versus measured, 

the front steering wheels are automatically compensated. 
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The specific contribution we make is to the car industry in helping to advance driver 

safety and drive by wire technology, which is currently becoming a standard in Nissan and 

Infinity Vehicles (Howard, 2012). The designed system boasts faster response times compared to 

drivers and enables the use of more sophisticated driver error correction methods. The impact of 

our engineering solutions in a global and societal context is a positive one. This senior design 

concept will help save lives, time, and infrastructure damage in the form of vehicle accidents.  

Since low cost MEMs gyroscopes are relatively new, that’s likely why they haven’t 

found their way into the automobile industry yet.   

Description of Design 

 
Figure1.The Component Diagram 

 
 

To make the mechatronics simpler, a standard Radio Controlled (RC) ‘drifting’ car was 

purchased. It uses a standard hobby servo for steering and a brushed dc motor for throttle. The 

brushed motor has an electronic speed controller (ESC) that’s controlled using the servo 

commands and it will do PWM and H-Bridge control. The wheels are made from vinyl, so 

they’re not great for traction and easily lose traction on any surface, which makes the 
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simulationeasier to use as a real car model undergoing loss of traction. The car originally used 

four wheel drive, but the front wheel drive was disabled, so it only has rear wheel drive.Rear 

wheel drive cars are more prone to loss of control and it was decided that would be the best 

model to use. An electronic system still needed to be selected to develop the algorithms on.   

As far as electronics, Arduinomicrocontroller was selected mainly due to the number of 

resources and tutorials that may be found for free online. Since the radio controller is a standard 

RC car receiver that was designed to talk directly to servos, it was very easy to read and adjust 

signals – the user’s inputs versus outputs. 

The servo commands are extremely simple to read -- a square wave whose high time is 

linear to the angle of the servo.The pulsein() function is used to measure this high time of the 

servo signal. An interrupt would have been better, but only has two and one needs to be 

dedicated to the wheel encoder. Unfortunately the pulseIn() function ties up the processor and 

limited the system refresh rate to about 70Hz. As far as writing the new adjusted signal, that was 

done using a servo library. The servo library uses internal pwm registers to output the servo 

signals, so they used virtually no processor time.  

An Xbeemodem programmed the Arduino wirelessly via TTL RS232 serial and also 

allowed real time data to be sent wirelessly to a modified open source serial graphing program. A 

second Xbee modem pulled the Arduino into a reset state allowing it to be wirelessly placed into 

the programming mode, and occasionally be used as a kill switch in case of a software 

glitch.Since the Arduino isn’t designed to allow wireless programming, a few adjustments 

needed to be made to the Xbee modem to continue broadcasting regardless of ambient noise. To 

deal with potential signal to noise issues, a high power Xbee modem was used for the 
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programmer (60mW). Digikey’s X-CTU provided a convenient graphical user interface for 

programming the Xbees.  

A gyroscope is used to measure the rate of rotation of the car's body. According to the 

datasheet, the MEMs gyroscope will output readings that are close to linear to the actual angular 

velocity. Determining the offset is very simple since it’s an average of the gyroscope’s outputs 

when it’s stationary. The datasheet mentioned that the offset will change over time, so the 

Arduino assumes it’s stationary when powered up and takes about thirty readings with a five 

millisecond delay in between readings, averages them, and that’s the offset value. To find the 

multiplication constant the gyroscope’s output was integrated and rotated a known angle (ninety 

degrees). The output was then scaled to fit in with the ninety degrees angle. The datasheet also 

mentioned that the multiplication constant will not change much at all over the gyro’s lifetime, so 

the multiplication constant was only found once. Since MEMs gyros are capable of being 

damaged, the integration of the angular velocity was often checked throughout the senior design 

to try and catch any severe MEMs damage. Alternatively a rotating platform could have been 

built to find the multiplication constant, but that would have been much more difficult compared 

to using a bit of integration approximations.  

The last sensor added wasa printed wheel encoder to one of the front wheels. When the 

wheel rotates, an optical reflectance sensor outputs a voltage that corresponds to the level of light 

reflected off the encoder. An interrupt was used to measure the time in between dark to light 

transitions. The Arduino’s interrupt was falsely triggering from the optical sensor’s analog 

output, so we added a comparator with some hysteresis. Now the Arduino can accurately 

measure the time between light to dark transitions, it’s easy to calculate speed. To save on 

measurement complexities the car was pushed a known distance and a proportional function 
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fitwas used to calculate the scaling factor for the distance traveled. A derivative approximation 

was used to calculate the speed, and the speed was integrated to ensure that the calculus 

approximations were accurate.The completed PCB of the RC car can be seen in Figure 2, and all 

wireless devices in Figure 3. The design for the PCB seen on the car is Figure 4 and 5, and the 

finished car with its cover on is in Figure 6.   

 
Figure 2.RC Car with cover off; PCB is shown 

 

 
Figure 3.RC car with wireless devices 

RC Controller 

Programming modem 

Reset modem 
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Figure 4.PCB schematic 

 

 
Figure 5.PCB designed in Eagle PCB Software, made with laser printer and etching acid 
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Figure 6.Finished RC Car 

 

Measurement Methods 

In order to find any error in the vehicle’s angular velocity, a calculated versus measured 

angular velocity is required. After some attempted derivations which led to searching and 

collaborating with the mechanical engineering department, an equation was found.  

푆
퐿 tan(α) = 휔 

In Figure 7, R is the instantaneous radius of curvature; it relates the curvature to the 

steering angle α. Since ө1 ≈ ө2 the angles may be closely approximated as α. Since the servo has 

internal feedback, we assume that it’s able to maintain the target angle of the steering wheels. 

Speed (S) is obtained from the wheel encoder and length (L) of the vehicle was found by 
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measuring distance between wheel bases (constant). With these known, we’re able to calculate 

our target 휔. 

 
Figure 7.Ackerman system and bicycle model approximation from, “A Vector Algebra Formulation of Kinematics 

of Wheeled Mobile Robots,” by Alonzo, Kelly, 2010, CMU-RI-TR-10-33, pg. 14 – 15 

 

 In order to ensure the best chance of success, a ton of checking was done to 

ensure that all of the data going into the angular velocity equation was correct and in the 

appropriate units – using feet, and radians. The gyroscope was calibrated appropriately, and the 

only thing left to do was to test everything out and graph the data. Since a PID library was used, 

it didn’t take much work to go ahead and throw it in early in the software. Figure 8 shows our 

first results which are clearly a success that the units work and everything is scaled appropriately. 

The angular velocities match when the car has traction and don’t when there’s sliding. 
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Figure 8.Green is the calculated angular velocity, which is a function of speed, wheel angle, and the dimension of 

the car. Blue is the PID corrections that adjust the steering angle and subtract from the throttle.  

 

 Later a universal moving average filter was coded allowing signals to easily be 

filtered out. This was not implemented in figure 8, which is seen by the noise in the calculated 

signal. The overall control system is seen in figure 9.  

 
Figure 9.Current control system. Scaling and linear function fits not included. 
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Measured and Simulated Results 

Since the system consisted almost entirely of digital components, there weren’t any 

simulations done other than testing to ensure that the comparator’s hysteresis worked. As far as 

ensuring that the I2C and serial was functioning appropriately, a Saleae logic analyzer was used 

seen in Figure 10.  

Figure 10.Logic analyzer shot of various waveforms 

 

Since the system utilized a PID loop to try and bring error to zero, appropriate PID 

constants needed to be found. The system is very dynamic and the setpoint (calculated angular 

velocity) also changes as the driver changes speed and steering wheel. Since long term steady 

state error isn’t going to be part of the PID requirements, the integral term was dropped making 

the algorithm a PD loop. Originally Ziegler-Nichols methods were used (Transient and 

oscillation method), but with the dropped integral term, a guess and check method was 

usedmainly due to the fact that the system needed dynamic PD tunings.  
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A specific PD tuning isn’t always going to be appropriate. At low speeds a more 

aggressive PD tuning is required. At high speeds a less aggressive PD tuning is required, 

otherwise oscillation and eventually instability will occur. The best way to solve these tuning 

issues would probably be to do ten or so PD tunings using Ziegler-Nichols method at 

incremented speeds ranging from slow to high speeds. Then each constant should be graphed and 

function fitted so that a correct set of constants are selected at any speed. We didn’t attempt to do 

this since our PD loop frequency was about 60Hz which is pretty low, 200-500Hz would have 

been ideal and could have been achieved with a microcontroller that had more interrupts. Our 

system had a low speed PD tuning and a second high speed PD tuning, but there was not an 

advanced properly done PD tuning function as described above. 

Since it’s difficult to maintain a speed, and as mentioned earlier the system refresh rate 

was about 70Hz which varied depending on the duty cycle of the servo commands since the 

processor must wait for pulsein() while reading servos. Since the PD requires a constant time 

refresh rate, the PD refresh rate was locked at 60Hz and the PD algorithm would not update until 

that 60Hz period time was met. A varying PD frequency will alter the effectiveness of the 

constants, which will in effect vary our tuning constants – bad.  

 
Figure 11.(Fadali, 2009) pg. 155. 
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Figure 11.(Fadali, 2009) pg. 156. 

 
 

 
Figure 12.Application of Tangent Method and Ziegler-Nichols Tuning Rules in Excel 
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Conclusion 

This senior design incorporates additional control systems to traditional steering systems 

in an Ackerman steering style car. This solution aims to make driving a safer mode of 

transportation, introducing control and predictability when the car starts to slide in a fashion that 

would normally be unpredictable. The overall success and performance of the final system 

proved that the concept does work. Although the final results are very promising, once the car 

started to spin out at a high speed, our system wasn’t able to get the car under control even after 

proper full steering compensation and reducing the throttle. A proactive solution would be more 

appropriate to try and estimate what maximum angular velocity is acceptable and limit the 

driver’s influence so that they don’t have the option to even get into a sliding situation. This 

would probably be easier done with an accelerometer to measure the actual versus expected 

acceleration which is proportional to the tire forces. The video will do more justice 

demonstrating our success.A special thanks to free software Eagle PCB, SerialChart.  

Video at:http://youtu.be/cJTsacj17UI 

Budget 

Description Cost 

RC Drifting Car $200 

Extra RC Car Battery $20 

PCB Board $10 

Miscellaneous Components $50 

Total Cost $280 

Note on Budget – Most components were already owned or loaned for the build requiring 

little to be purchased. 



 

16 | D u n s m o o r ,  M o s e r ,  G a n d h i  
 

 

Professional and Ethical Problems 

If our product did not work when it was supposed to, then a driver could get into an 

accident, especially if they were expecting the technology to work. This is one ethical problem 

with our product, so reliability would need to be very high. There could be issues if an 

experienced driver wanted to slide, but the system limited and tried to take control of the car. 

Like many vehicle stabilization or traction features there would need to be a way that the driver 

could deactivate our system with a push of a button. 
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