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Abstract

The purpose of this project was to create an active dampen-
ing suspension for a small prototype that was able to detect
obstacles using infrared sensors. The suspension system
consisted of servomotors that controlled the angle of a leg
upon which a wheel was attached. The infrared distance
sensor measured the height of obstacles and the necessary
raising of the suspension was calculated on a microcom-
puter of type Arduino Uno. It was concluded that the con-
structed system of suspension and obstacle detection was
inadequate. Most subsystems worked but not as a whole.

Keywords

Mechatronics, Active Dampening, Infrared Sensors, Sus-
pension.



Referat

Aktiv Stotdampning

Syftet med detta projekt var att konstruera en aktiv stot-
ddmpning fér en mindre prototyp som skulle upptécka hin-
der med hjélp av infraréda sensorer. Upphéngningen bestod
av servomotorer som styrde vinkeln pa benen dér hjulen var
monterade. De infrardda sensorerna métte hojden pa hind-
ren och hur mycket upphéngningen skulle lyftas berdknades
sedan med en mikrodator av typen Arduino Uno. Slut-
satsen blev att det konstruerade system av upphéingning
och hinder-detektion var otillrdckligt. De flesta delsystemen
fungerade men inte helheten.

Nyckelord

Mekatronik, Aktiv Ddmpning, Infraréda Sensorer, Upphéngning.
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Chapter 1

Introduction

This thesis was part of the Bachelor’s examination in mechatronics at the Royal
Institute of Technology - School of Industrial Engineering and Management, during
the spring of 2019.

1.1 Background

One of the most important parts of a car is the suspension, it provides a softer
ride, increased handling and passenger safety. Nevertheless the suspension system
is dominated by a passive spring system to absorb shock due to its low cost. For a
comfortable ride a soft spring is recommended but for performance a sturdy spring
is preferred. Many sports cars have low comfort and other cars suffer from bad
handling due to this fact [1]. With a passive spring you unfortunately can not get
both, therefore this project set out to try and create a suspension mechanism that
registers upcoming bumps and holes in the road and reacts appropriately. The
future of suspension is not a passive spring that only reacts, but equipped with
active sensors and dampeners that create a smoother more balanced ride. Active
dampening can increase safety by both increasing traction and may even prevent
rollover accidents [2]. This is important not only for the comfort and safety of those
that may ride the vehicle but perhaps for important and sensitive equipment that
may be damaged by rough transportation.

1.2 Purpose

The purpose of this project was to create a small prototype with a simplified sus-
pension system that uses sensors to register the height of obstacles in front of the
vehicle. The idea being that one could theoretically spot any source of uneven
terrain and adapt to this by either preemptively pulling up or pressing down the
suspension. These are the research questions that this report will focus on:
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o How to use distance measuring sensors to accurately map out the terrain in
front of the prototype vehicle, and what sort of precision can be expected?

e How to adjust for both high and low points in the terrain without leaning by
lifting or extending the prototypes legs?

e How can satisfying precision dampening be achieved using servomotors?

The information obtained from answering these research questions could help in
adapting a similar dampening solution for a full scale motor vehicle in the future.

1.3 Scope

This thesis will focus on the functionality of the prototype vehicle and not so much
on further use and application on full scale vehicles. This is due to the fact that
the servomotors that will be used in this prototype is not something that could be
used practically in large vehicles. Also the only dampening that will be used will be
that of the servomotors, there will be no other source of dampeners. The intention
of this project is mainly to build a functioning prototype for testing.

1.4 Method

This was the planned procedure to answer the research questions:
e Research components and parts needed for the construction of the prototype.

o Design a Computer Aided Design (CAD) model in Solid Edge ST10 of the
prototype with all necessary parts.

e Construct a first iteration using 3D-printed parts and start testing the de-
signed prototype.

o Write smaller software code for only a few components at a time.
e Run tests and gather data.

e Combine all software into one program.
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Theory

2.1 Dampening

Conventionally a vehicles body is mounted on a set of static springs that provide
some isolation between surface contact in the wheels and the vehicle body. One of
the biggest advantages to this kind of construction is that it is low in complexity
and does not require energy input. However, it has disadvantages in that it can
react differently to higher loads and braking can cause the vehicle to lean forward.
An active dampening could utilise feedback in order to help the suspension deflect
against an incoming disturbance. This would come at the cost of a much higher
complexity and also the need for an external power supply [3], [4] and [5].

2.2 Active Dampening Control

2.2.1 Servo Motors

The prototype will use four brushed DC servo motors. The servo motor is controlled
by three wires, one for 4 to 6V power input, one for Ground (GND) and the input
signal that varies from 3.3 to 5V to control the motor. The servo motor can be
controlled by PWM with a delay of 20ms between for smooth rotation. If the duty
cycle is 1.5ms the motor will be calibrated to stay still, with a duty cycle of 1.3ms
the motor will turn full speed clockwise and with a duty cycle of 1.7ms the motor
will turn full speed counter clockwise [6].

2.2.2 Potentiometers

A potentiometer is a form of resistor with three connections. One input for power in-
put, another one for GND and the last one is an analog output. Potentiometers can
have either linear or logarithmic resistance. The potentiometer works by receiving a
known voltage and return a lower voltage based on what angle the potentiometer is
in. This is usually caused by a carbon track at the bottom of the potentiometer[7],
when the control on the potentiometer is turned it varies the length the current

3
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have to flow through the carbon track and therefore the voltage is changed. The
difference in voltage can be translated to an digital value via an Analog to Digital
Conversion (ADC).

2.3 Stepper Motors

A stepper motor is a different kind of motor compared to a DC motor or a servo
motor. Instead of using brushes like a brushed DC motor does to change the mag-
netic field a stepper motor uses a driver to actively control the magnetic fields in
different coils. As can be seen in Figure 2.1 when coil A is active the south pole
is pulled towards that coil. When coil A is later turned off and subsequently coil
B is active the motor takes one step clockwise. If a higher resolution of steps is
required there are ways to half-step in order to double the resolution. This can be
done by allowing coils A and B to be on at the same time moving the axle to a state
in between the two coils. Due to this difference in construction the stepper motor
is usually a bit bigger compared to a continuous DC motor with the same RPM
and torque. However a stepper motors speed can be controlled without positional
feedback because of the fixed steps it takes to rotate is controlled by the controller
[8].

Figure 2.1: Model of how a type of stepper motor works [9]. Coils A,B,A’,B’ and
the magnetic axle S, N seen in between.

2.4 Stepper Motor Driver

Due to the complexity in driving the coils in the stepper motor precisely, it is easiest
to use a driver that is compatible with the motor. A driver can provide the necessary
square waves as can be seen in Figure 2.1. They are also useful when half stepping
and other precision modes are needed. The driver is connected to a higher voltage
source (Viuor less than 35V) which is what powers the motor and can be varied as
needed depending on the stepper motors need. The logic on the card that controls
the motor needs a different voltage and is compatible with either 3.3V or 5V [8].
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2.5 Input and Validation
2.5.1 IR Sensors

Infrared (IR) sensors work by sending out light trough an emitter which is reflected
on a surface in front of the sensor and on the way back is detected by the detector.
By measuring the time between the emitted signal and when it is detected it is
possible to measure the distance. This is done inside of the sensor which sends a
high signal V,, approx 3.3V and a low signal V, approx 0V. The IR sensors have
three connections, V.., GND and V, for analog signal output [10]. Most Infrared
sensor come with a range of use as seen in Figure 2.2 that shows a threshold distance
beneath which no reliable measurements can be taken [11]. Also there is a decline in
accuracy over longer distances, it is therefore important that the IR sensors working
range is the most accurate where it is needed.

Q

I

I

|

\

Invalid values }
\

— \

/

Valid values

D

Figure 2.2: IR sensor minimum range of usability [10].

2.5.2 Low-Pass Filter

High frequency noise is expected in some sensors output. In order to combat this a
low-pass filter can be applied [12]. Such a filter can be constructed with a capacitor
(C) and a resistor (R) as seen in Figure 2.3. The filter is designed to eliminate
higher frequency noise and let lower frequencies pass unaltered. The signals which
are eliminated, are defined by the cutoff frequency f. and it can be calculated by

Equation 2.1.
1

27t RC

fe= (2.1)

2.6 Arduino Uno

The Arduino Uno is a microcontroller based on a microchip called ATmega328P.
The board has 14 digital ports that can be set as either an input or an output. Of
these 14 ports six of them can be used as a PWM output which means they can
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Analog output

S T =—

Figure 2.3: Low-pass filter, created with [13]

regulate the output power by changing the duty cycle. Other than that the board
has six analog inputs that can measure the input voltage with a resolution of 10-
bit (1024 steps). The microcontroller is controlled by programming with Arduinos
software Integrated Development Enviroment (IDE) and uploading the code to the
board with a USB cable. When the program is running it is possible to power it by
either the power input on the board or the USB cable with a voltage between the
recommended 7 to 12V [15] [16].

2.7 Calculations

The servomotors (M; and Ms) underneath the prototype pictured in Figure 2.4
have to generate a large enough torque in order to stand or raise/lower the legs.
The following equations assume that the one servo motor is fixed while the other is
working. Where m is the mass of the prototype, g is the gravitational constant and
R; and R are reaction forces. Where

Ly = Liggcos(a) and Lo = Ly, cos(f)
. The angle between the leg and the baseplate is indicated by « and £.
Tt Ri+Ry—mg=0 (2.2)

8%

Miw - mg(Ll+L+2)*R2(L1+L2+L3+L4):O (23)

Using equations 2.2 and 2.3 the resulting reaction force can be determined. My,
indicates the torque around the left wheel on the image, Figure 2.4.

N
M;: M;—RiLi —mgLo+ Ra(Lo+ Lz + Lg) =0 (2.4)

mn
Ms: My — RoLy —mgLs+ Ry(Li + Lo+ L3) =0 (2.5)

6
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The servo motors (blue rectangles in Figure 2.4) need to supply enough torque to
hold the legs in position. This is indicated by M; and My in the following equations.

Figure 2.4: Forces on the prototype while stationary. Drawing created with Mi-
crosoft PowerPoint.






Chapter 3

Demonstrator

In order to answer the research questions and to test the theory a prototype was
constructed see Figure 3.1.

Figure 3.1: The finished prototype, used during testing.
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3.1 Construction

A basic CAD construction was created in Solid Edge ST10 to get a visual image of
all components. To see how they all would fit together on the prototype. The CAD
models for the IR sensors, Arduino Uno and ball bearings where downloaded from
[17], [18] and [19]. The prototype’s base plate is made out of laser cut plywood and
holds all the electronics and components together. Underneath the base plate four
servo motors are attached with a 3D printed mount made of polylactic acid (PLA).
These hold the servo motors that can be seen in Figure 3.2 below. Two arms were
laser cut out of acrylic to hold the IR sensors. These are held a bit in front of the
vehicle but the same height as the base plate. The IR mounts are shown in Figure
3.2 below in transparent with the IR sensors attached a set distance in front. A list
of the prototypes main components can be seen in Table 3.1.

Figure 3.2: CAD model of the prototype. Created in Solid Edge ST10.

Table 3.1: Components shown in Figure 3.2

Nr  Component  Amount Reference ‘

1 Arduino 1 [15]
2 Servo motor 4 [6]
3 Potentiometer 4 [20]
4  Stepper motor 2 -

5 IR sensor 2 [11]

The legs that hold the wheels are also 3D printed and attached to the servomo-
tors. The front legs and the legs in the rear are slightly different because the wheels
on front have to hold the stepper motors. These stepper motors are what drives the
prototype forward[9]. Steppers where chosen because the prototype needs to know
the exact distance it has to move in order to react appropriately for a potential

10
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obstacle. Since the rotation speed is controllable and fast enough no gears were
needed and therefore the wheel was attached directly to the motor shaft. A small
3D printed part connects the motor shaft with the hub of the wheel. It is held in
place with a tightening screw.

Both of the rear legs are made out of three 3D printed parts, a ball bearing, a
steel shaft and the wheel can be seen in Figure 3.3. The “cross” at the upper part
is made to fit the attachment on the servomotor. In order to hold ball bearings a
hub and a cap are mounted on the leg and shaft to hold it in place. The last small
3D printed part is on the steel shaft between the wheel and ball bearing, it is made
to hold the wheel at the correct distance away from the leg by pushing off at the
inner ring of the bearing.

Figure 3.3: Exploded view of the CAD model of one of the rear legs. Created in
Solid Edge ST10.

At the top of each of the legs a small 3D printed part is fitted to hold the
shaft of the potentiometers. These potentiometers are necessary to provide position
feedback to the servo. Finally the arms that hold the base of the potentiometer is
screwed onto the base plate as seen in Figure 3.2. These were also 3D printed.

3.2 Electronics

In addition to the servomotors, potentiometers, IR sensors, Arduino UNO, stepper
motors and stepper motor driver four extra circuit boards was created to minimize
cable clutter. One circuit board to gather the wires for all the servomotors and
another to gather the wires from the potentiometers. The prototype will drive
both wheels at the same direction at all times, therefore both stepper motors can
be driven by a single driver. Due to the fact that the motors are in the opposite
direction of each other the polarity need to be switched on one motor so both drive

11
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the vehicle in the same direction. Since the stepper motor driver only has connection
for one motor at a time another circuit board were made with connections for each of
both motors. Connecting them together in parallel and then both to the driver. The
last circuit board is a power supply board, the prototype takes 18V connections for
the stepper motor driver, 6V connections for the potentiometers and servomotors.
The two IR sensors draw power from the 5V power supply on the Arduino board.
The Arduino itself is powered by 9V connection, which connects to half of the 18V
source.

3.3 Hardware

A flowchart of the hardware structure is show in Figure 3.4. To the left is the
suspension part where the servos are controlled and feedback is returned via the
potentiometers. The top shows the driving part of the prototype which has no need
for feedback, hence no returning blue arrow.

Figure 3.4: Flowchart of hardware structure [14].

12



3.4. SOFTWARE

3.4 Software

The next flowchart shows the algorithm implemented in the prototype, Figure 3.5.
The idea is that the left part is more of a startup and initialising process, whereas
the loop on the right is the main program. The complete program written for the
prototype can be found in Appendix A.

Figure 3.5: Simplified flowchart of intended function [14].

13






Chapter 4

Result

4.1 IR Sensor Results

This section will include all the results from calibration and signal filtering that was
needed in order to answer the first research question.

4.1.1 Calibrating IR Sensors

The IR sensors that are used to measure the height outputs a higher value for
short distances and a lower value as the distance increases. In order to translate
this signal into something more intuitive a simple calibration setup was created.
This was done by taking readings of the analog input value and converting into
voltage at distances from 3 ¢m to 20 ¢m with 1 em incrementations. This was then
traced with Microsoft Excel and approximated with a exponential function. The
relation between voltage output (V,) and the distance in mm, is shown in Figure
4.1. Another graph was created with the analog reading values and the function for
the traced lines as seen in Figure 4.2. These functions were the ones used to map
the IR sensors analog values into distance.

Figure 4.1: IR sensors voltage readout. Graph made with Microsoft Excel.
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Figure 4.2: Graph IR sensors calibration points traced by a Trendline (dotted).
Graph made with Microsoft Excel

4.1.2 Filtering IR Signal

The signal from the IR sensor when calibrated still shows some noise as can be
seen in Figure 4.3. The spikes clearly show that in order to get a reliable output
some sort of filtering is required. Therefore a low-pass filter was integrated with
the IR sensors and after some testing it was settled on a resistance of 1502 and a
capacitance of 10pF. With Equation 2.1 it is determined that the cutoff frequency
fe approx 100H z. Data for other low-pass filters tested can be seen in Appendix B.

Figure 4.3: Difference in signal comparing unfiltered signal in blue and a filtered
signal in red. Graph made with Microsoft Excel.

16



4.2. TEST RESULTS

4.1.3 IR Measurements

To test the readouts of the IR sensors the prototype was placed on a steady surface
with the IR sensor at a distance of 80mm. An obstacle with height 23mm was
moved under the sensors. The obstacle was moved from right of the prototype
slowly towards the left. As can be seen in Figure 4.4 not only are the baseline
outputs not the same for both sensors but the obstacle is not measured the same.
The left sensor is more accurately calibrated since it detects the size of the obstacle
as 25mm whereas the right sensor detects 35mm. In the main program the difference
in baseline is not present in the same way because the IR sensors are mapped relative
to the driving height and not in an absolute fashion.

Figure 4.4: Sensor result after calibration. Graph made with Microsoft Excel.

4.2 Test Results

Several tests was conducted to try to get the prototype to adjust for upcoming
obstacles without large success. All test were carried out with a power supply
box connected sending 6V to the servomotors and 18V to the stepper motors. The
battery setup worked well but was not used to conserve batteries since during testing
the power supply box was more convenient. The batteries were mounted during all
testing to ensure a homogeneous test environment.

4.2.1 Startup Procedure

When the vehicle is off it lays down on the ground. The first test was to make it raise
up and remain in the upright position. This was made using the potentiometers as
feedback to control the continuously rotational servomotors. To reduce oscillations
due to overshooting when going full speed up or down an interval close to the right
angle was programmed to move slower. This test was carried out without any large

17
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problems and was therefore included in all following test programs. Both IR sensors
and potentiometers were calibrated to have to same reference points.

4.2.2 Adjusting With Delay

The next test was an attempt to adjust the height of the vehicle by reading the IR
sensors distance to the ground. This value was put in a queue to create a delay
to when the vehicle should calculate the angle to properly adjust leg positioning to
avoid the obstacle. The legs moved with the right timing and angle but without any
success of avoiding any obstacles. But there was not enough traction for the front
wheels to drag the prototype over obstacles. This caused the program to mistake
the same obstacle for a new even higher obstacle because it was already leaning.
This led to a fast accumulation of errors.

4.2.3 Adjusting for knows obstacles

Since adjusting for unknown obstacles did not work out a new test was carried out
to adjust for a known obstacle profile. Instead of constantly trying to adjust for
all high differences a trigger distance was set to trigger whenever an obstacle came
under the IR sensors. The program was then supposed to follow a set function to
climb the obstacle. The trigger was set with a delay varying with the vehicles speed
to deploy at the right time. When the obstacles came to the front wheels they
raised up the right amount but caused the vehicle to fall forward at the same time.
This also led to a similar problem as the above test because the front wheels did
not provide enough traction on the testing surface.

18
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Discussion and Conclusion

The results of all IR sensor tests shows that there can be a big difference in expected
accuracy and actual output. But considering the fact that the measurements of the
left IR sensor was relatively accurate, it should be possible to achieve even better
measurements with better calibration. The major problem with the use of IR sensors
to map out the terrain is that they are fixed to the body of the vehicle. This means
that any error in measurement will lead to an faulty baseline for the next reading.
This also means that the vehicle will lean if not adjusting precisely, which will make
the IR sensors read a shorter or further distance and then the system will try to
adjust for it. This makes the system unstable and some sort of control from a
different sensor would be required to know the altitude and angle of the vehicle.

The suspension system of servo motors did allow for some adjusting of the height
of the prototype by setting the reference angle. All four legs where capable of having
different angles and therefore the potential of achieving active dampening for both
high and low obstacles seemed possible. When all the components where trying to
work together it was clear that this system was not complete enough to work to the
standard that was set in the research questions and the scope.

In the prototype as it was designed servo motors could not achieve satisfying
dampening. The reason why was because of that the gravitational acceleration
acts faster than the servomotors can compensate with the dampening system. The
moment the servomotors try to raise the legs to adjust for a bump the gravitation
will pull it down, since the servomotors can not raise faster then the gravitational
acceleration. In conclusion it was determined that the IR sensors were not accurate
enough to allow for precise obstacle detection without some other type of sensors
such as accelerometers to determine absolute direction. The servomotors that held
the legs and worked as the suspension did function for changing the active height
of each leg but as whole the system did not work.
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Chapter 6

Recommendations and Future Work

This chapter will discuss what potential improvements and changes that can be
taken in the future.

6.1 Accelerometer

To properly raise the legs on the vehicle without falling in that direction the opposite
leg have to be raised to control the center of mass. This would be possible to do
with the use of an accelerometer. Adding an accelerometer would require changing
to an Arduino Mega since an accelerometer requires two analog ports and all of the
analog ports are already used. The Arduino Mega which has twice the amount of
analog ports and even more digital ports. Since the accelerometer could detect the
gravitational direction this sensor could be applied to make a control system that
would detect when the prototype started leaning [22], [21].

6.2 Six Legs (instead of four)

The problem with having only four legs on this design is the complexity of staying
stable when one leg is in the air. Even if center of mass was exactly in the middle
this would change whenever one leg is at a different angle. This could however be
balanced by controlling the position of the center of mass by lifting the left rear
leg at the same time as the right front leg is lifted. Such a system would require a
feedback control system and still not function for obstacles that are in front of both
front wheels at the same time. Having a construction with six legs would provide
greater stability because more legs would be in contact with the ground.

6.3 Replace Potentiometers with Magnetic Decoders

One of the issues with the prototype comes from the added complexity of having
analog potentiometers mounted on the same axis as the servomotors. The issue
here lies in that the same engine that does all the dampening work also has to
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CHAPTER 6. RECOMMENDATIONS AND FUTURE WORK

provide the torque to turn the potentiometers. An alternative would be to attach
a two-pole magnet on the axis of rotation and a magnetic decoder in place of the
potentiometer [23]. These have very high precision and should theoretically make
for a good addition.

6.4 Parallel Servo Concept

Figure 6.1 shows an alternative solution where the servomotor (black) is on a sep-
arate axis than that of the leg (red). This design would use a linkage (blue) to
increase the torque from the servo necessary to raise and hold the legs in position.
Another advantage would be that the extent to which the legs could move would
be limited within only the working area. Whereas the prototype that was designed
had no such fixed limiter outside of the software. This concept could increase the
stability and strength but it was never tested in practise.

Figure 6.1: Concept CAD-model with servo and leg on different parallel axes, made
with Solid Edge ST10.

6.5 Additional Dampening

Another thing worth to consider would be to combine the dampening system of
sensors and servos with some passive dampening with small leaf springs that are
able to hold the leg upright. This would change the servomotors workload into not
working against the force of gravity and instead working against the springs only
when dampening is needed.
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6.6 All Wheel Drive Concept

The prototype has stepper motors only on the front legs because the center of mass
is more difficult to control when raising the legs. When the front legs are raised to
overcome an obstacle the center of mass gets shifted forward, this causes to vehicle
to fall. This can, as mentioned above, be counteracted by raising the opposite rear
leg. Because the weight difference the legs have to raise different amounts to remain
the right center of mass and sometimes even that would not be enough. Another
benefit of this design would be the increased traction due to all wheel drive which
would help with pushing the prototype forward.
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Appendix A

Arduino code

A.1 Testprogram to adjust with delay

*/

The Arduino code to adjuct for unknown obstacles
Authors: Sundberg, Alexander and Hojer, Vidar

Course: MF133X-Bachelors examination in mechatronics
University: KTH-Royal Institute of Technology

Last modified: 2019-05-02

Description:

This program control the vehicle to adjust the
legpositioning by turning the servomotors to attempt to
avoid an unknown obstacle while driving forward. The
program first uses the startup procedure to calibrate
and raise itself to a standing position with the
feedback from the potentiometers. Afterwards it starts
driving forward with the steppermotors and search for
obstacles with its IR sensors. All changes in altitude
is queued and attempted to adjust for with raising or
lowering the legs.

#include <Queuelist.h>
#include <Servo.h>

Servo servoRF, servolF, servoRR, servolR;

//Constants for digital outputs
const int potentiometerRF = 1, potentiometerLF = 0,

potentiometerRR = 3, potentiometerLR = 2;
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const int stepPin = 12, dirPin = 13;
const int GreenLED = 2, YellowLED = 3, RedLED = 8;

//Constants for analog inputs
const int IRsensorR = 4, IRsensorL = 5;

//Constants for different speeds of servo motors dependent
on placement

const int UpRFandLR = 1300, SlowUpRFandLR = 1430,
DownRFandLR = 1600, SlowDownRFandLR = 1500,
HoldStillRFandLR 1470;

const int UpLFandRR 1700, SlowUpLFandRR = 1570,
DownLFandRR = 1400, SlowDownLFandRR = 1500,
HoldStillLFandRR = 1530;

//Constants for calculations (Distances in cm)
const int LegLength = 100, SteppsUntillRaiseFront = 120,
SteppsUntillRaiseRear = 220;

//Constant for start calibration of potentiometers

int CalibratePotRF, CalibratePotLF, CalibratePotRR,
CalibratePotLR;

const int PotentiometerDegrees = 270;

//Variables to be measured and changed

int PotValueRF, PotValuelLF, PotValueRR, PotValuelLR, AngleRF,
AnglelF, AngleRR, AnglelR;

float mmR, mmL, RideHigthR, RideHigthL;

//Start variable and numbers to convert between rad->degrees
and degrees->rad easier.
bool starting = true;
const float DegreeToRad = 0.0174532925, RadToDegree =
57.295779, pi = 3.1415926535;
int SteppsBetweenReadings = 10, Stepps =
SteppsBetweenReadings-1;

//Sets up the queues for the IR sensors to create a delay
betwwen reading and acting upon red values.

Queuelist <unsigned long> TimeQueFrontR; QueuelList <float>
ValueQueFrontR; //Creates two queues for each leg to
keep track of both time and value.

Queuelist <unsigned long> TimeQueFrontL; QueuelList <float>
ValueQueFrontL;
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Queuelist <unsigned long> TimeQueRearR; Queuelist <float>

ValueQueRearR;

Queuelist <unsigned long> TimeQueRearl; Queuelist <float>
ValueQueRearL;

[ e Speed for the stepper motors

const int Speed = 6; //0 = Full speed, Higher Number =
Slower speed

const int ExtraTime = 3; //Extratime it takes for the
program to run one loop

[ e Angle when theres no obstacle while
driving——————

const int RequestedRideHight = 45; //Mapped between 0 to
90 so 45 is middle
//

//This functions reads the value of the IR sensors and queue
them untill its time to act upon them.

void ReadSensor () {
float sensorHightR = analogRead (IRsensorR);
float sensorHightL = analogRead (IRsensorl);
//Calibrated to calculate length for the right IR sensor.
mmR = 223391xpow (sensorHightR,-1.377) - RideHigthR;
//Calibrated to calculate length for the left IR sensor.
mmL = 53995«pow (sensorHightL,-1.154) - RideHigthlL;

unsigned long ReadTime = millis(); //Read current time

TimeQueFrontR.push (ReadTime); ValueQueFrontR.push (mmR); //
Saves current time and distance to ground
TimeQueFrontL.push (ReadTime); ValueQueFrontL.push (mmL) ;
TimeQueRearR.push (ReadTime); ValueQueRearR.push (mmR) ;
TimeQueRearL.push (ReadTime); ValueQueRearL.push (mmL) ;

//This function is to check if its time to act upon any of
the IR readings for front and calculate the angle requied
to avoid the obstacle.
int CheckTimeFront (bool Right, unsigned long ReadTime, int
PotValue) {
unsigned long CurrentTime = millis();
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int LegTime = LeglLengthxcos (PotValuexDegreeToRad) x (Speed+
ExtraTime) ; //Distance legs reaches forward converted
into time.
int DistTime = SteppsUntillRaiseFrontx (Speed+ExtraTime);
//Distance untill straigth under front servos
converted into time.

if (CurrentTime >= (ReadTime+DistTime-LegTime)){ //Time

to raise when time to travel the distance minus the
distance of the leg is forward.

if (Right == true) {
ReadTime = TimeQueFrontR.pop();
float IRValue = ValueQueFrontR.pop();
int Angle = RadToDegreex* (asin (IRValue/LegLength));
return Angle;

}

else{

ReadTime = TimeQueFrontL.pop();

float IRValue = ValueQueFrontL.pop () ;

int Angle = RadToDegreex* (asin (IRValue/LegLength));
return Angle;

}
else{
return RequestedRideHight;

//This function is to check if its time to act upon any of
the IR readings for rear and calculate the angle requied
to avoid the obstacle.

int CheckTimeRear (bool Right, unsigned long ReadTime, int
PotValue) {

unsigned long CurrentTime = millis();

int LegTime = LegLengthxcos (PotValuexDegreeToRad) » (Speed+
ExtraTime); //Distance legs reaches backwards
converted into time.
int DistTime = SteppsUntillRaiseRearx (Speed+ExtraTime);
//Distance untill straigth under rear servos
converted into time.

if (CurrentTime >= (ReadTime+DistTime+LegTime)){ //Time
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TESTPROGRAM TO ADJUST WITH DELAY

to raise when time to travel the distance plus the
distance of the leg is backwards.

if (Right true) {
ReadTime = TimeQueRearR.pop () ;
float IRValue = ValueQueRearR.pop();
int Angle = RadToDegreex* (asin (IRValue/LegLength));
return Angle;

}

else{

ReadTime = TimeQueRearL.pop();

float IRValue = ValueQueRearL.pop();

int Angle = RadToDegreex* (asin (IRValue/LegLength));
return Angle;

else{

return RequestedRideHight;

//This function turns the servo motors to reach the
requested angle of the legs.
void Turn (int Angle, int Value, Servo servo, int Up,int SlowUp

14

int Down, int SlowDown, int HoldStill) {
int FastIntervall = 20;
int SlowIntervall = 2;
if (Value < (Angle-FastIntervall)){ //If current angle
is smaller then what we want the, leg should go
upwards.
servo.writeMicroseconds (Up) ;
}
else if ((Value < (Angle-SlowlIntervall)) and (Value >= (
Angle-FastIntervall))){ //If current angle is close
but still to low go slow upwards.
servo.writeMicroseconds (SlowUp) ;
}
else if ((Value > (Angle+SlowIntervall)) and (Value <= (
Angle+FastIntervall))){ //If current angle is close
but still to high go slow downwards.
servo.writeMicroseconds (SlowDown) ;
}
else 1f (Value > (Angle+FastIntervall)){ //If current
angle is higher then what we want, the leg should go
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down.
servo.writeMicroseconds (Down) ;
}
else({
servo.writeMicroseconds (HoldStill); //If the leg is in
it right position the servomotors try to hold the
leg still.

//This functions is used at start to raise the legs to
requested ride hight and calibrates IR sensors and
potentiometers.

void Start () {

CalibratePotRF = analogRead (potentiometerRF); //Calibrates
to potentiometers to avoid any error due to different
angles they are put into the legs.

CalibratePotLF = analogRead (potentiometerLF) ;

CalibratePotRR = analogRead (potentiometerRR)-30; //-30 to
calibrate for the startangle of the rearlegs compared
to the front legs.

CalibratePotLR = analogRead (potentiometerLR)-30;

float sensorHightR = analogRead(IRsensorR); //Calibrates
the IR sensors to have their 0 value to when the
vehicle lays flat.

float sensorHightL = analogRead (IRsensorl);

RideHigthR = 223391xpow (sensorHightR,-1.377);

RideHigthL = 53995xpow (sensorHightL,-1.154);

digitalWrite (GreenLED,LOW); //Program start with both Red
and Yellow LEDs on to show startup procedure.

digitalWrite (YellowLED, HIGH) ;

digitalWrite (RedLED,HIGH) ;

for(int x = 0; x < 500; x++){

if (x == 250){ //After half startuptime red light is
switched off.
digitalWrite (RedLED, LOW);
}
//Reads the values of the potentiometers and remaps them
to fit an angle between 0-90 degrees for convinience
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PotValueRF = map (analogRead (potentiometerRF),
CalibratePotRF, ((1024/PotentiometerDegrees) x990+
CalibratePotRF), 0, 90);

PotValuelF = map (analogRead (potentiometerlF),
CalibratePotLF, ((1024/PotentiometerDegrees) x990+
CalibratePotLF), 0, 90);

PotValueRR = map (analogRead (potentiometerRR),
CalibratePotRR, ((1024/PotentiometerDegrees) x90+
CalibratePotRR), 0, 90);

PotValuelR = map (analogRead (potentiometerlR),
CalibratePotLR, ((1024/PotentiometerDegrees) x990+
CalibratePotLR), 0, 90);

//Calls for the function Turn to turn the servomotors to
accuire the right leg position of the angle
RequestedRideHight during startup.
Turn (RequestedRideHight, PotValueRF, servoRF, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;
Turn (RequestedRideHight, PotValuelF, servolF, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;
Turn (RequestedRideHight, PotValuelLR, servoLR, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;
Turn (RequestedRideHight, PotValueRR, servoRR, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;

delay(10); //10x500=5000ms to start up.

//This functions is used while driving. It drives with a
given speed and have the active suspension activated.
void Drive () {
digitalWrite (GreenLED, HIGH) ;
digitalWrite (YellowLED, LOW) ;
digitalWrite (RedLED, LOW) ;

//This part is to turn the stepper motors.
digitalWrite (dirPin,HIGH); //(Change to LOW to drive
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opposite direction)

digitalWrite (stepPin, HIGH); //One cycle of High and then
low to stepPin is equal to one step on the
steppermotors. (200 stepps per turn)

delayMicroseconds (500) ;

digitalWrite (stepPin, LOW) ;

//This part is to read the values of the potentiometers
and IR sensors.

PotValueRF = map (analogRead (potentiometerRF),
CalibratePotRF, ((1024/PotentiometerDegrees) «90+
CalibratePotRF), 0, 90);

PotValuelF = map (analogRead (potentiometerlF),
CalibratePotLF, ((1024/PotentiometerDegrees) «90+
CalibratePotLF), 0, 90);

PotValueRR = map (analogRead (potentiometerRR),
CalibratePotRR, ((1024/PotentiometerDegrees) 90+
CalibratePotRR), 0, 90);

PotValuelR = map (analogRead (potentiometerlR),
CalibratePotLR, ((1024/PotentiometerDegrees) *90+
CalibratePotLR), 0, 90);

Stepps ++; //To avoid overloading memory readings isnt
done every stepp.
if (Stepps >= SteppsBetweenReadings) {
Stepps = 0;
ReadSensor(); //Calls the functions ReadSensor to read the
IR sensors and put them in a queue and the time for
the reading in queues.

Serial.println (TimeQueRearR.count ()); Serial.println/(
TimeQueRearL.count ());

Serial.println(TimeQueFrontR.count ()); Serial.println (
TimeQueFrontL.count ());

Serial.println (ValueQueRearR.count ()); Serial.println (
ValueQueRearL.count ());

Serial.println (ValueQueFrontR.count ()); Serial.println/(
ValueQueFrontL.count ());

//Checks if the queues are not empty. If not send the
peeked time of the item first in the queue.
if (TimeQueFrontR.isEmpty () != true) {
AngleRF = CheckTimeFront (true, TimeQueFrontR.peek (),
PotValueRF) ;
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}
else(
AngleRF = RequestedRideHight;
}
if (TimeQueFrontL.isEmpty () != true) {
AngleLF = CheckTimeFront (false, TimeQueFrontL.peek(),
PotValuelF) ;
}
else(
AnglelF = RequestedRideHight;
}
if (TimeQueRearR.isEmpty () != true) {
AngleRR = CheckTimeRear (true, TimeQueRearR.peek (),
PotValueRR);
}
else{
AngleRR = RequestedRideHight;
}
if (TimeQueRearL.isEmpty () != true) {
AngleLR = CheckTimeRear (false, TimeQueRearL.peek (),
PotValuelR) ;
}
else{
AngleLR = RequestedRideHight;

//If statement to avoid legs from going past 0 or 90
degrees incase of errors.
if (AngleRF < 5 || AngleRF > 85 || AnglelLF < 5 || AnglelF
> 85 || AngleRR < 5 || AngleRR > 85 || AnglelLR < 5 ||
AngleLR > 85) {
digitalWrite (GreenLED, LOW) ;
digitalWrite (RedLED, HIGH) ;
delay (2000) ;
Start () ;

//This part is used to adjust the angles of the
servomotors to adjust for the uppcoming obstacles

Turn (AngleRF, PotValueRF, servoRF, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;

Turn (AnglelLF, PotValuelF, servolF, UpLFandRR,
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SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;

Turn (AnglelR, PotValuelR, servolR, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;

Turn (AngleRR, PotValueRR, servoRR, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;

//Delay each loop with "Speed", (the longer the time
between the steps on the stepper motor the slower the
vehicle will move.

delay (Speed) ;

void setup() {
Serial.begin (9600);
servoRF.attach (5) ; //Digital pin 5
servolLF.attach (6) ; //Digital pin 6
servoRR.attach (10); //Digital pin 10
servoLR.attach (11); //Digital pin 11

pinMode (stepPin, OUTPUT); //Digital pin 12
pinMode (dirPin, OUTPUT); //Digital pin 13
pinMode (GreenlLED, OUTPUT); //Digital pin 2
pinMode (YellowLED, OUTPUT); //Digital pin 3
pinMode (RedLED, OUTPUT); //Digital pin 8

void loop () {

//At start starting == true and the start procedure will
raise the vehicle and calibrate sensors.
if (starting == true) {
Start () ;

starting = false;
}
//After the start procedure is done the function Drive
will be continiously called.
else(
Drive () ;
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//Attached places (A=Analog pin, D=Digital pin:

//Potentiometers: RF=A0, LF=A1l, RR=A2, LR=A3

//IR sensors: R=A4, L=A5

//Servo motors: RF=D5, LF=D6, RR=D10, LR=D11

//Stepper motors: STEP=D12, DIR=D13

//LED: Green=D2, Yellow=D3, Red=D8

//Connect two ground from the power supple circiut board and

3,3V to the ardiuno and 5V from external source.

//Connect 12V and ground to external power supply to the

power supply circuit board.

A.2 Testprogram to adjust for known obstacle profile

* The Arduino code to adjuct for a knows obstacle

* Authors: Sundberg, Alexander & Hojer, Vidar

* Course: MF133X-Bachelors examination in mechatronics
* University: KTH-Royal Institute of Technology

x Last modified: 2019-05-02

* Description:

* This program control the vehicle to adjust the
legpositioning by turning the servomotrs to atempt to

* avoid a known obstacle while driving forward with the use

of its stepper motors. The program first use the

startup procedure

* to raise itself to a standing position (45 degrees angle
on legs). Afterwards it start to drive forwards and try
to adjuct when

* an obstacle appers infront of it.

*/
#include <Servo.h>
Servo servoRF, servolF, servoRR, servolLR;
//Constants for digital outputs
const int potentiometerRF = 1, potentiometerLF = 0,
potentiometerRR = 3, potentiometerLR = 2;
const int stepPin = 12, dirPin = 13;

const int GreenLED = 2, YellowLED = 3, RedLED = 8§;

//Constants for analog inputs
const int IRsensorR = 4, IRsensorlL = 5;
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//Constants for different speeds of servo motors dependent
on placement

const int UpRFandLR = 1300, SlowUpRFandLR = 1350,
DownRFandLR = 1600, SlowDownRFandLR = 1550,
HoldStillRFandLR = 1475;

const int UpLFandRR = 1700, SlowUpLFandRR = 1650,
DownLFandRR = 1400, SlowDownLFandRR = 1450,
HoldStillLFandRR = 1525;

//Values and constants to avoid obstacles, a array for the
profile of the obstacles.
const int SteppsUntillRaiseFront = 70, SteppsUntillRaiseRear
= 300;
bool ObstacleSeen = false, PassedFront = false, BumpR =
false, BumplL = false, HoleR = false, HolelL = false;
unsigned long int ObstacleTime

millis();

int AvoidRF = -1, AvoidLF = -1, AvoidRR = -1, AvoidLR = -1,
OncePerThreelLoops = 2;

[/ ——mm e —— Angle when theres no obstacle while
driving——————

const int RequestedRideHight = 45; //Mapped between 0 to
90 so 45 is middle
//

//The profile with the angles needed to avoid the known
obstacles. One angle per three stepps with the stepper

motor. (One angle per 0, 3cm)
int x = 0; //x 1s used to know where we are at in the
profiles.

const int SlopeBump = 2.357, TopBump = 16.5; //The required
angle change to adjust for the bump.

const int ProfileBump[51] = {RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight-SlopeBump*1l, RequestedRideHight-
SlopeBumpx*2, RequestedRideHight-SlopeBumpx*3

, RequestedRideHight-SlopeBump=*4, RequestedRideHight-
SlopeBumpx*5, RequestedRideHight-SlopeBumpx*6,
RequestedRideHight-SlopeBump*7, RequestedRideHight-
TopBump, RequestedRideHight-TopBump, RequestedRideHight-
TopBump
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, RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump

, RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopRump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump

, RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump, RequestedRideHight-TopBump,
RequestedRideHight-TopBump

, RequestedRideHight-SlopeBumpx*7, RequestedRideHight-
SlopeBumpx6, RequestedRideHight-SlopeBumpx5,
RequestedRideHight-SlopeBump*4, RequestedRideHight-
SlopeBumpx*3, RequestedRideHight-SlopeBumpx2,
RequestedRideHight-SlopeBump*l

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight};

const int SlopeBumpOpposite = 2.357, TopBumpOpposite = 16.5;

//The required angle change on the opposite leg to
adjust for the shift in center off mass.

const int ProfileBumpOpposite[51] = {RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight-SlopeBumpOppositexl,
RequestedRideHight-SlopeBumpOppositex2,
RequestedRideHight-SlopeBumpOppositex3

, RequestedRideHight-SlopeBumpOpposite*x4, RequestedRideHight
—-SlopeBumpOpposite*5, RequestedRideHight-
SlopeBumpOppositex6, RequestedRideHight-SlopeBumpOpposite
*7, RequestedRideHight-TopBumpOpposite,
RequestedRideHight -TopBumpOpposite, RequestedRideHight-
TopBumpOpposite

, RequestedRideHight-TopBumpOpposite, RequestedRideHight-
TopBumpOpposite, RequestedRideHight-TopBumpOpposite,
RequestedRideHight -TopBumpOpposite, RequestedRideHight-
TopBumpOpposite, RequestedRideHight-TopBumpOpposite,
RequestedRideHight -TopBumpOpposite, RequestedRideHight-
TopBumpOpposite

, RequestedRideHight-TopBumpOpposite, RequestedRideHight-
TopBumpOpposite, RequestedRideHight-TopBumpOpposite,
RequestedRideHight-TopBumpOpposite, RequestedRideHight-
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TopBumpOpposite, RequestedRideHight-TopBumpOpposite,
RequestedRideHight-TopBumpOpposite, RequestedRideHight-
TopBumpOpposite, RequestedRideHight-TopBumpOpposite

, RequestedRideHight-TopBump, RequestedRideHight-—
TopBumpOpposite, RequestedRideHight-TopBumpOpposite,
RequestedRideHight-TopBumpOpposite, RequestedRideHight-
TopBumpOpposite, RequestedRideHight-TopBumpOpposite,
RequestedRideHight -TopBumpOpposite

, RequestedRideHight-SlopeBumpOpposite*7, RequestedRideHight
—SlopeBumpOpposite*x6, RequestedRideHight-
SlopeBumpOpposite*x5, RequestedRideHight-SlopeBumpOpposite
x4, RequestedRideHight-SlopeBumpOppositex3,
RequestedRideHight-SlopeBumpOppositex2,
RequestedRideHight-SlopeBumpOppositexl

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight};

const int SlopeHole = -2.5, TopHole = -18; //The required
angle change to adjust for the hole.
const int ProfileHole[51] = {RequestedRideHight,

RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight-SlopeHolex1l, RequestedRideHight-
SlopeHolex2, RequestedRideHight-SlopeHolex3

;, RequestedRideHight-SlopeHolex4, RequestedRideHight-
SlopeHolex5, RequestedRideHight-SlopeHolex6,
RequestedRideHight-SlopeHolex7, RequestedRideHight-
TopHole, RequestedRideHight-TopHole, RequestedRideHight-
TopHole

, RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole

, RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole

, RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole, RequestedRideHight-TopHole,
RequestedRideHight-TopHole

, RequestedRideHight-SlopeHolex7, RequestedRideHight-
SlopeHolex6, RequestedRideHight-SlopeHolex5,
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RequestedRideHight-SlopeHolex4, RequestedRideHight-
SlopeHolex3, RequestedRideHight-SlopeHolex2,
RequestedRideHight-SlopeHolex1l

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight};

const int SlopeHoleOpposite = 2.5; //The required angle
change on the opposite leg to change the center off mass
backwards.

const int ProfileHoleOpposite[51] = {RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight,
RequestedRideHight

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight,
RequestedRideHight, RequestedRideHight

, RequestedRideHight-SlopeHoleOppositex*x7, RequestedRideHight
—-SlopeHoleOpposite*x6, RequestedRideHight-
SlopeHoleOppositex5, RequestedRideHight-SlopeHoleOpposite
x4

, RequestedRideHight-SlopeHoleOpposite*x3, RequestedRideHight
—-SlopeHoleOpposite*x2, RequestedRideHight-
SlopeHoleOppositexl

, RequestedRideHight, RequestedRideHight, RequestedRideHight
, RequestedRideHight, RequestedRideHight};

//Constant for start calibration of potentiometers

int CalibratePotRF, CalibratePotLF, CalibratePotRR,
CalibratePotLR;

const int PotentiometerDegrees = 270;
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//Variables to be measured and changed

int PotValueRF, PotValuelLF, PotValueRR, PotValuelR;
float AngleRF, AnglelF, AngleRR, AnglelR;

float mmR, mmL, RideHigthR, RideHigthL;

//Start variable and numbers to convert between rad->degrees
and degrees->rad easier.

bool starting = true;

A Speed for the stepper motors

const int Speed = 5; //0 = Full speed, Higher Number =
Slower speed

const int ExtraTime = 3; //Extratime it takes for the

program to run one loop

//This functions reads the value of the IR sensors and queue
them untill its time to act upon them.
void ReadSensor () {
float sensorHightR = analogRead (IRsensorR);
float sensorHightL = analogRead (IRsensorl);
mmR = 123391#pow (sensorHightR,-1.377) - RideHigthR; //
Calibrated to calculate length for the right IR sensor.
mmL = 53995«pow (sensorHightL,-1.154) - RideHigthL; //
Calibrated to calculate length for the left IR sensor.

int Obstacle = 15; //If an obstacle larger then 15mm is
detected the procedure is triggered.

if (((abs (mmR) > Obstacle) or (abs(mmL) > Obstacle)) and (
ObstacleSeen == false)){ //To avoid several triggers
ObstacleSeen have to be false.
ObstacleSeen = true;

ObstacleTime = millis();
if (mmR < 0){ //Negative value means something is closer
then reference hight.
BumpR = true;
}
else if (mmR > 0){ //Possitive value means the ground is
further away therefore a hole is spotted.
HoleR = true;
}
else if (mmL < 0){ //Negative value means something is
closer then reference hight.
BumpL = true;
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}
else if (mmL > 0){ //Possitive value means the ground is
further away therefore a hole is spotted.
HolelL = true;

//This function turns the servo motors to reach the
requested angle of the legs.
void Turn (int Angle, int Value, Servo servo, int Up,int SlowUp
, int Down, int SlowDown, int HoldStill) {
const int FastIntervall = 14; //Outside this interval
the legs move full speed to get to the right angle.
const int SlowIntervall = 1; //Between this interval
and the fast a slower speed is used to reduce
occilations.
if (Value < (Angle-FastIntervall)){ //If current angle
is smaller then what we want the, leg should go
upwards.
servo.writeMicroseconds (Up) ;
}
else if ((Value < (Angle-SlowIntervall)) and (Value >= (
Angle-FastIntervall))){ //If current angle is close
but still to low go slow upwards.
servo.writeMicroseconds (SlowUp) ;
}
else if ((Value > (Angle+SlowIntervall)) and (Value <= (
Angle+FastIntervall))){ //If current angle is close
but still to high go slow downwards.
servo.writeMicroseconds (SlowDown) ;
}
else 1f (Value > (Angle+FastIntervall)){ //If current
angle is higher then what we want, the leg should go
down.
servo.writeMicroseconds (Down) ;
}
else({
servo.writeMicroseconds (HoldStill); //If the leg is in
it right position the servomotors try to hold the
leg still.

//
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//This functions is used at start to raise the legs to
requested ride hight and calibrates IR sensors and
potentiometers.

void Start () {

CalibratePotRF = analogRead (potentiometerRF); //Calibrates
to potentiometers to avoid any error due to different
angles they are put into the legs.

CalibratePotLF = analogRead (potentiometerLF) ;

CalibratePotRR = analogRead (potentiometerRR)-30; //-30 to

calibrate for the startangle of the rearlegs compared

to the front legs.

CalibratePotlR = analogRead (potentiometerLR)-30;

digitalWrite (GreenLED,LOW); //Program start with both Red
and Yellow LEDs on to show startup procedure.

digitalWrite (YellowLED, HIGH) ;

digitalWrite (RedLED,HIGH) ;

for(int x = 0; x < 500; =x++){

if (x == 250){ //After half startuptime red light is
switched off.
digitalWrite (RedLED, LOW) ;
}
//Reads the values of the potentiometers and remaps them
to fit an angle between 0-90 degrees for convinience

PotValueRF = map (analogRead (potentiometerRF),
CalibratePotRF, ((1024/PotentiometerDegrees) x90+
CalibratePotRF), 0, 90);

PotValuelF = map (analogRead (potentiometerlF),
CalibratePotLF, ((1024/PotentiometerDegrees) x990+
CalibratePotLF), 0, 90);

PotValueRR = map (analogRead (potentiometerRR),
CalibratePotRR, ((1024/PotentiometerDegrees) x990+
CalibratePotRR), 0, 90);

PotValuelR = map (analogRead (potentiometerLR),
CalibratePotLR, ((1024/PotentiometerDegrees) 90+
CalibratePotLR), 0, 90);

//Calls for the function Turn to turn the servomotors to
accuire the right leg position of the angle
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RequestedRideHight during startup.
Turn (RequestedRideHight, PotValueRF, servoRF, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;
Turn (RequestedRideHight, PotValuelF, servolF, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;
Turn (RequestedRideHight, PotValuelR, servolLR, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;
Turn (RequestedRideHight, PotValueRR, servoRR, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;

delay (10); //10%500=5000ms to start up.
}
float sensorHightR = analogRead(IRsensorR); //Calibrates
the IR sensors to have their 0 value to when the
vehicle lays flat.
float sensorHightL = analogRead (IRsensorl);
RideHigthR = 123391xpow (sensorHightR,-1.377);
RideHigthL 53995+xpow (sensorHightL,-1.154);

//This functions is used while driving. It drives with a
given speed and have the active suspension activated.
void Drive () {
digitalWrite (GreenLED, HIGH) ;
digitalWrite (YellowLED, LOW) ;
digitalWrite (RedLED, LOW) ;

//This part is to turn the stepper motors.

digitalWrite (dirPin,HIGH); //(Change to LOW to drive
opposite direction)

digitalWrite (stepPin,HIGH); //One cycle of High and then
low to stepPin is equal to one step on the
steppermotors. (200 stepps per turn)

delayMicroseconds (500) ;

digitalWrite (stepPin, LOW) ;

//This part is to read the values of the potentiometers
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and IR sensors.

PotValueRF = map (analogRead (potentiometerRF),
CalibratePotRF, ((1024/PotentiometerDegrees) x990+
CalibratePotRF), 0, 90);

PotValuelF = map (analogRead (potentiometerlF),
CalibratePotLF, ((1024/PotentiometerDegrees) x990+
CalibratePotLF), 0, 90);

PotValueRR = map (analogRead (potentiometerRR),
CalibratePotRR, ((1024/PotentiometerDegrees) 90+
CalibratePotRR), 0, 90);

PotValuelLR = map (analogRead (potentiometerlR),
CalibratePotLR, ((1024/PotentiometerDegrees) x990+
CalibratePotLR), 0, 90);

ReadSensor(); //Calls for the function to read the IR
sensors and search for obstacles.

//This part is the avoid for the known obstacle by
changing angles acording to the prederermined profile.
OncePerThreelLoops++; //Only enters once per 3 loops the
reduce amount of profile stepps. (one loop is lmm
forward)
if (OncePerThreelLoops == 3) {
OncePerThreelLoops = 1;
if (ObstacleSeen == true){
unsigned long int CurrentTime = millis(); //Saves
current time to check towards ObstacleTime.
//If long time enougth have passed the angle should
change acording to the profiles.
if (CurrentTime > (ObstacleTime+ (

SteppsUntillRaiseFront* (Speed+ExtraTime))) and (
PassedFront == false)) {

X++;

if (BumpR == true) {
AngleRF = ProfileBump[x];

AnglelF RequestedRideHight;
AngleRR = RequestedRideHight;

AngleLR = ProfileBumpOpposite([x];
if (x > 50){
x = 03
PassedFront = true;
}
}
else if (BumpL == true) {
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AngleRF = RequestedRideHight;
AnglelF = ProfileBump[x];
AngleRR = ProfileBumpOpposite[x];
AngleLR = RequestedRideHight;
if (x > 50){
x = 0;
PassedFront = true;
}
}
else 1if (HoleR == true){
AngleRF = ProfileHole[x];
AngleLF = RequestedRideHight;
AngleRR = RequestedRideHight;

AngleLR = ProfileHoleOpposite[x];
if (x > 50){

x = 03
PassedFront = true;
}
}
else 1if (Holel == true) {

AngleRF = RequestedRideHight;

AnglelF = ProfileHole[x];
AngleRR = ProfileHoleOpposite[x];
AngleLR = RequestedRideHight;
if (x > 50){
x = 0;
PassedFront = true;

}

//Same as above but for when the bump passes the rear

wheels.
else if (CurrentTime > (ObstacleTime+ (
SteppsUntillRaiseRearx (SpeedtExtraTime))) and (
PassedFront == true)) {
xX++;
if (BumpR == true) {

AngleRF = RequestedRideHight;

AnglelF = ProfileBumpOppositel[x];
AngleRR = ProfileBump[x];
AngleLR = RequestedRideHight;
if (x > 50){
x = 0;
PassedFront = false;
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ObstacleSeen = false;
BumpR = false;
}
}
else if (Bumpl == true) {
AngleRF = ProfileBumpOppositel[x];
AnglelF = RequestedRideHight;
AngleRR = RequestedRideHight;
AnglelLR = ProfileBump[x];
if (x > 50){
x = 0;
PassedFront = false;
ObstacleSeen = false;
BumpL = false;
}
}
else 1f (HoleR == true){
AngleRF = RequestedRideHight;
AngleLF = ProfileHoleOppositel[x];
AngleRR = ProfileHole[x];
AngleLR = RequestedRideHight;
if (x > 50){
x = 0;
PassedFront = false;
ObstacleSeen = false;
HoleR = false;
}
}
else 1if (Holel == true) {
AngleRF = ProfileHoleOpposite[x];
AngleLF = RequestedRideHight;
AngleRR = RequestedRideHight;
AnglelLR = ProfileHole[x];
if (x > 50){
x = 0;
PassedFront = false;
ObstacleSeen = false;
HolelL = false;

}

else{ //If the obstacle havent arried to the wheel yet
or its between the wheels Requested angle is hold.
RequestedRideHight;

AngleRF
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AnglelF = RequestedRideHight;
AngleRR = RequestedRideHight;
AnglelLR = RequestedRideHight;

}
else{ //If no obstacle is spotted all angles will be the
requested angles.
AngleRF = RequestedRideHight;
AnglelLF = RequestedRideHight;
AngleRR = RequestedRideHight;
AngleLR = RequestedRideHight;

//This part is used to adjust the angles of the
servomotors to adjust for the uppcoming obstacles

Turn (AngleRF, PotValueRF, servoRF, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;

Turn (AnglelLF, PotValuelF, servolLF, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;

Turn (AnglelLR, PotValuelR, servolLR, UpRFandLR,
SlowUpRFandLR, DownRFandLR, SlowDownRFandLR,
HoldStillRFandLR) ;

Turn (AngleRR, PotValueRR, servoRR, UpLFandRR,
SlowUpLFandRR, DownLFandRR, SlowDownLFandRR,
HoldStillLFandRR) ;

//Delay each loop with "Speed", (the longer the time
between the steps on the stepper motor the slower the
vehicle will move.

delay (Speed) ;

//

void setup () {
Serial.begin (9600);
servoRF .attach (5); //Digital pin 5
servolLF.attach (6); //Digital pin 6
servoRR.attach (10); //Digital pin 10
servoLR.attach (11); //Digital pin 11
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pinMode (stepPin, OUTPUT); //Digital pin 12
pinMode (dirPin, OUTPUT); //Digital pin 13
pinMode (GreenLED, OUTPUT); //Digital pin 2
pinMode (YellowLED, OUTPUT); //Digital pin 3
pinMode (RedLED, OUTPUT); //Digital pin 8

void loop () {

//At start starting == true and the start procedure will
raise the vehicle and calibrate sensors.
if (starting == true) {
Start () ;
starting = false;

}

//After the start procedure is done the function Drive
will be continiously called.
else{
Drive () ;

//Attached places (A=Analog pin, D=Digital pin:

//Potentiometers: RF=A0, LF=Al, RR=A2, LR=A3

//IR sensors: R=A4, L=A5

//Servo motors: RF=D5, LF=D6, RR=D10, LR=D11

//Stepper motors: STEP=D12, DIR=D13

//LED: Green=D2, Yellow=D3, Red=DS8

//Connect to the Arduino UNO eighter with USB or from the 9V
battery.

//Connect two ground from the Arduino to the power supple
circiut board and 3,3V to the accelerometer.

//Connect 18V and ground from the 2x9V battery pack to the
power supply circuit board.

//Connect 6V and ground from the 4x1,5V battery pack to the
power supply curcuit board aswell.
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(b)

Figure B.1: (a). 16002 and 10puF (b). 1600082 and 10pxF made with Microsoft
Excel.
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