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Abstract: The loss of the trajectory of a vehicle when oversteer
or understeer are presented, represents a dangerous situation for
the driver and all the passengers in the vehicle. It is presented a
proposal of an understeer and oversteer detection system with
visual indicators and implemented in a Field Programmable
Gate Array (FPGA) for an RC 1:10 scale vehicle. The system
was implemented in an FPGA board using multiple VHDL
blocks and instead of using real-time calculations, it was
simplified using a VHDL ROM memory.
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1. INTRODUCTION
Understeer is the term used to describe the handling
characteristic when the front tires have less traction than the
rears, and regardless of your steering corrections, the car
continues “plowing” or “pushing” straight ahead to the
outside of the turn. Think of it as the car not steering as
much as you want, so it is “understeering.” Understeer, in
effect, increases the radius of a turn. Oversteer is the
handling characteristic in which the rear tires have less
traction than the fronts, the back end begins to slide, and
the nose of the car is pointed at the inside of the turn. The
car has turned more than you wanted it to, so it has
“oversteered.” This is also called “being loose,”
“fishtailing,” or “hanging the tail out.” Its effect is to
decrease the radius of a turn. Neutral steer is the term used
to describe when both the front and rear tires lose traction
at the same speed or cornering limit and all four tires are at
the same slip angle [1].
The electronic stability program (ESP) supports the
driver in nearly all critical driving situations. It detects
vehicle skidding movements, and actively counteracts
them. This considerably improves driving safety. Based on
the steering angle, the system recognizes the desired
direction of travel. Speed sensors on each wheel measure
wheel speed. At the same time, yaw-rate sensors measure
vehicle rotation around its vertical axis, as well as lateral
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acceleration. From this data, the control unit calculates the
actual movement of the vehicle, comparing it 25 times per
second with the desired direction of travel. [2]
In [3], the implementation of a vehicle ESP (Electronic
Stability Program) in an FPGA. The vehicle ESP control
system requires a lot of high-speed data processing and data
transmission. As one of the VLSI, FPGA has the
characteristics of high-speed and high density, the vehicle ESP
control system is implemented by the FPGA device [3].
In [4], a driver warning unit, including oversteer and
understeer detection was developed. Initially, the radius of
curvature obtained by the measured yaw rate and
longitudinal speed of the vehicle, and that obtained by the
vehicle model and measured steering angle, are compared.
The risk of oversteering or understeering will be
characterized by an indicator, depending on the difference
between the two curves [4].
In [5], the proposal of an ESP system for final
application for the LabView cRIO, with a visual
background to inform the crew about the vehicle conditions
and stabilization.

2. METHODOLOGY
2.1 Test vehicle and sensors
A Traxxas Slash 4x4 Ultimate 1:10 scale RC was used
[6]. For measuring vehicle speed, the vehicle has a factorymounted Hall effect sensor, known as an RPM sensor, and
a magnet located in the spur gear of the gearbox.
Considering the spur to wheel ratio of 2.81:1, and a wheel
diameter of 109.5 mm, the vehicle lineal speed (km/h) is
calculated based on angular speed w (RPM)
=

×.

×
.

(1)

Steering direction is analyzed and measured based on the
signal that controls the steering servo.
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For measuring the turning direction of the vehicle, it was
used the WT901 sensor [7]. The gyroscope configuration
resolution goes from 0 o/s to 2000 o/s.
2.2 Oversteer and Understeer Detection system
Figure 1 shows the block diagram of the oversteer and
understeer detection system implemented in a Xilinx
Spartan 3 FPGA and using a Digilent Nexys 2 board [8].
The test vehicle has three main sensors, a gyroscope, a
steering position, and an RPM sensor. The FPGA has
multiple blocks, all described using VHDL (Very HighSpeed Hardware Description Language), to determine that
the vehicle experiences over or understeer situations,
visualized to the driver using eight LEDs (Light Emitter
Diode). Each block will be described next.

a VHDL block. Three processes run in parallel, angular
speed, steering position, and gyroscope read. The angular
speed process uses a counter to measure the frequency and
calculate an angular speed then it is converted to a linear
speed of the vehicle in km/h. The steering position process
measures the steering servo signal of the vehicle and
converts it to a binary number that represents one of 21
possible steering positions. The gyroscope read process
receive the information sent by the sensor using serial
communication protocol and gets the real yaw rate of the
vehicle. The address generator process builds a binary
number to address a ROM memory that has estimated yaw
rate values, accordingly to the speed and steering of the
vehicle. A comparator analyzes real yaw rate vs estimated
yaw rate and uses a visual indicator if oversteer or
understeer are presented.

Figure 1 Oversteer and understeer detection system block
diagram

Figure 2 General flow diagram of the detection system

Figure 2 shows a general flow diagram of the detection
system. Each colored region if the flow diagram represents
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2.2.1 Gyroscope read
The WT901 is an IMU sensor device, that detects
acceleration, angular velocity, angle as well as a magnetic
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field. The robust housing and the small outline make it
perfectly suitable for industrial applications such as
condition monitoring and predictive maintenance.
Configuring the device enables the customer to address a
broad variety of applications by interpreting the sensor data
by smart algorithms and Kalman filtering [9]. The WT901
sensor was calibrated using the manufacturer software and
configured to 6-Axix algorithm, bandwidth of 30Hz, serial
communication of 9600 bps, and an output rate of 50Hz.
The sensor sends data using the angular velocity output
format:

Calculated formula:
=
=
=

Figure 4 Steering position block
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This block has two important VHDL processes. The first
one is a small FSM that counts and registers a binary
number that represents the time that the servo signal is
equal to 1. The second process is a comparator that
produces a 5-bit number representing a steering position.
The steering direction was defined using 21 possible
positions, numbers 0 to 9 represent ten regions when the
vehicle turns to the left, number 10 represent the neutral
position (no turning – straight ahead), and numbers 11 to 20
represent ten regions of right turning, Figure 5.

Temperature calculated formula:
=

The steering wheels in the Traxxas slash are controlled
using an RC servo. The control signal is a 10ms repeated
signal. A specific position is specified controlling the width
of the signal when its value is one. The block was described
using the VHDL language, Figure 4. It has two input
signals, one is measured from the servo, and the other is a
50MHz clock signal. The output is a 5-bit number that
represents the position of the steering wheels in the vehicle.
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(6)

Since oversteer and understeer depend on the change of
grade in a specific time, z-axis data is the only data
considered.
The gyroscope read block was described in VHDL
language, Figure 3. It has three inputs, the serial data from
the WT901 sensor, a clear signal, and a 50MHz clock
signal. Internally, the gyroscope read block has two main
processes. The first one is a Finite State Machine (FSM)
described, considering 9800 bps, in a format of 1 start bit,
8-bit data, and 1 stop bit.

Figure 3 Gyroscope read block

Figure 5 Steering positions

The FMS receives each bit and using a shift register
builds an 88-bit data vector (considering 11 bytes). The
second VHDL process, running at 12.5MHz, stores in
wzdata output a valid 16-bit data only when a full chain of
11 bytes is received.

Theoretically, for position 0, the width of the servo
signal in logic 1 is 1ms, for position 10 is 1.5ms, and for
position 20 2ms. All 21 positions were measured using a
digital oscilloscope and registered for data calculations. For
each position, it was used low and high limits, used in the
comparator of the block.

2.2.2 Steering position
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2.2.3 Angular speed
Angular speed block is based on previous projects [10].
It has three inputs, one is from the Hall-Effect sensor
mounted in the spur gear of the vehicle, the second is a
reset signal, and the other is a 50MHz clock. The output is
a 7-bit number that is relative to the speed of the vehicle,
Figure 6.
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108.11

107

110

The VHDL code includes a logical shift of the input by 2
(equal to multiplying by 4) and a process for comparing the
intervals of table 1 and assigning to the output the speed in
km/h.

Figure 7 Linear speed block
Figure 6 Angular speed block
The sensor signal was measured first using a digital
frequency meter, for a very low speed of the vehicle, it was
registered 2.886Hz (1.25km/h) and for the maximum speed,
it was measured 75Hz (32.622km/h). Internally, the
principle of the angular speed block is to count the number
of pulses in a specific time. For purpose of this project, and
based on the frequencies measured, the clock is divided
from 50MHz (FPGA board oscillator) to finally work with
2.98Hz. The specific time for measuring the number of
pulses was determined in 0.33557s.
2.2.4 Linear speed
The linear speed block has one input and one output,
Figure 7. In the input, it receives a 7-bit number which is
the number of pulses in 0.3347s, and the output is a 6-bit
number representing the speed of the vehicle in km/h.
Considering that the vehicle speed could be between 0km/h
to 35km/h, and using a spreadsheet, it was calculated the
angular speed for 0.3347s. Because of the integer binary
number representation, and the in some cases the
undetectable difference between two consecutive numbers,
all numbers were multiplied by 4, obtaining speeds and
intervals easily represented by integer binary numbers.
Table 1, shows just some examples of these numbers.
Table 1 Linear speed, angular speed, and limits
Speed
[km/h]

Speed
[rev/s]

Speed
[rev/0.33 s]

Speed *
4

Lower
limit

Upper
limit

0

0.0

0.00

0.00

0

2

1

2.3

0.77

3.09

2

5

2

4.6

1.54

6.18

5

8

7

16.1

5.41

21.62

20

23

8

18.4

6.18

24.71

23

26

9

20.7

6.95

27.80

26

29

10

23.0

7.72

30.89

29

32

19

43.7

14.67

58.69

57

60

20

46.0

15.44

61.78

60

63

21

48.3

16.22

64.87

63

66

22

50.6

16.99

67.95

66

69

34

78.2

26.26

105.02

103

107
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2.2.5 Address generator
The address generator block concatenates 6-bit vehicle
speed data with a 5-bit steering direction position to get an
11-bit number that represents the address of the ROM
memory.
2.2.6 Read Only Memory (ROM)
The ROM memory was implemented using Xilinx IP
Architecture Wizard. It is a clocked ROM memory with
2048 address locations of 16-bit data. The 16-bit data
corresponds to the theoretical value of yaw rate determined
by steering direction and vehicle speed, Figure 8.

Figure 8 ROM memory block
The path of the vehicle at each steering position was
measured using the real vehicle with a mounted pen marker
and traveling over a millimetric for very low speeds, Figure
9. The pen was placed in the same position of the vehicle
where the gyroscope was finally mounted for the detection
system. With the real trajectory (radio) for each steering
position, it was possible to calculate de theoretical value of
the yaw rate and consider slip angles due to centrifugal
forces at high speeds.

Figure 9 Vehicle with pen traveling over millimetric paper
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Considering the 11-bit address (6-bit speed and 5-bit
steering), the memory has 211 combinations (2048). Figure
10 shows the structure of the truth table with only three
cases of the 2048 combinations.

Figure 10 Structure of the ROM memory contents
A yaw rate is an 11-bit number with a sign bit, positive
numbers are in sign-magnitude representation, and negative
numbers are in two complements. The left turn yaw rate is
positive, and the right turn is negative.
The estimated value of the yaw rate was calculated
using a spreadsheet and data was formatted for a coefficient
file (COE extension file) for loading the data in the ROM
design. Figure 11 shows the estimated yaw rate at speeds
from 0km/h to 35km/h, only for right turn steering
positions.

Figure 12 LEDs indicators accordingly with Oversteer and
understeer regions
The comparator block analyzes the sign bit of the real
yaw rate, and accordingly, four constants (c1,c2,c3, and c4)
are added or subtracted from the estimated yaw rate to
define the neutral zone, understeer, and oversteer regions.
2.2.8 System implementation
The system was synthesized and implemented for a
Spartan-3 FPGA, using 351 slices, 191 Flip-Flops, 583 4input LUTs (look-up table), 13 Input-Outputs, 3 BRAMs,
and 3 global clocks inputs, Figure 13.

Figure 11 Yaw rate for steering position at speeds from
0km/h to 35 km/h.
2.2.7 Comparator and visual indicators LEDs
The last block compares the real and the estimated yaw
rate. For comparison, constants are defined and can be
modified to establish regions of magnitude for over and
understeer conditions. These conditions are displayed using
8 LEDs on the FPGA board, Figure 12.

Figure 13 Technology schematic of the detection system
The board with the FPGA was mounted over the test
vehicle and tested in different conditions for detecting
neutral, oversteer, and understeer, at different speeds and
road conditions, Figure 14.
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Figure 14 Test vehicle with FPGA board connected

3 RESULTS, CONCLUSIONS, AND FUTURE WORK
a)The implemented system works correctly in detecting
some over and understeer situations. These situations were
observed using visual indicators and in some real tests.
Nevertheless, it is important to do some more controlled
tests, with more sensors and equipment, road conditions,
etc, to measure the effectiveness of the detections system,
and further adjustments and calibration.
b)Modern vehicles have stability control systems, most
based on detecting dangerous situations like over and
understeer. These detection systems are fundamental to
implementing safer systems and having safer cars. It is
important to evaluate the effectiveness of detection systems
to measure dynamic vehicle conditions.
c)The use of an emulated ROM memory reduces the need
for real-time calculations. It used 21 possible steering
positions and 35 speeds (0 to 35 km/h), and it was
implemented in a 2048 x 16 memory. With more
combinations, the system could be scaled to a larger
memory, but it could be easily developed using any
spreadsheet or mathematical software and put this data
using the format of a Xilinx Coefficient File.
d)The constants c1, c2, c3, c4. C1 was defined considering
the steady-state variations of the Gyroscope and using the
power of two multiple, c2, c3, and c4 were defined. With
further tests and equipment, it is possible to analyze and
adjust these values to get more accurate oversteer and
understeer regions. In the case of higher speeds, as
centrifugal forces increase, the steering angle is not equal at
slow speeds, with acquisition systems and real tests, these
variations could be measured and used in estimating the
detection system.
e)In the future, the use of accelerometer values could be
used to analyze vehicle accelerations and their interaction
with oversteer and understeer effects and could be used to
calculate the traction circle (friction circle) for the test
vehicle
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