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Abstract 

  

 

The very first project of Ozon Elektronik-Tasarım has been achieved within a design and an 

implementation process lasting six months. In this report, the details of this project can be 

found. 

 

The goal of this project is to design and implementation of an automated system of low 

budget which can climb up vertical faces using pre-defined moves with no hard-wiring. 

 

Climbing takes place using the holds placed on a grid of 14x14. The anchors could be 

attached to grid corners and various path configurations can be obtained. The holds are 

perceived by an inexpensive webcam through image processing and the moves are calculated 

on a PC.  

 

Moves are transmitted to the robot which has four servo motors and it climbs by holding the 

anchor points using its three holding elements. 
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Company Profile 

 

Ozon Elektronik-Tasarim is an engineering company that builds solutions for the problems of 

the customers founded in 2011 by five senior year electrical and electronics engineering 

student at Middle East Technical University. The company‟s main objective is to find 

solutions with innovative and creative ideas to the problems presented by the customers and 

to design and produce high technology products to solve these problems. 

Mission 

Mission of Ozon Elektronik-Tasarım is to develop intelligent systems which may be 

beneficial to national industry and it intends to provide innovative and economic solutions to 

industrial progress. 

 

Vision  

Vision of Ozon Eelektronik-Tasarım is to take an important role in contemporary technology 

advances and it aims at being one of the leader companies on its area. 

 

Organizational Structure 
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Technical Specifications 

This project is about constructing a robot which will climb a wall of the size about 1m X 1m 

and is to be designed by the team. It has places on the corners of the 14X14 grid on which 

anchor points can be attached.  

Grid spacing is 6 cm and this 14X14 grid is adjusted to the middle of the wall. The size of the 

anchor points are designed accordingly for enabling robot movement between them and the 

shape of the anchor points are designed in a special manner for the holds of the robot.   

The slope of the wall is adjustable between 60 and 90 degrees and even less than 60 degrees if 

it is desired. This property is useful for tests and could be used as a safety measure when the 

center of gravity is considered. The steeper the wall, the more danger of falling of the robot is. 

Maximum dimension of the robot is stated as 30 cm at all times. This is about one third of the 

wall size which prevents a climbing process with a few movements. While the robot is 

moving, the distance between the two ends of the robot should not exceed this value and this 

requires a higher number of movements with higher which requires a well-designed path 

determination algorithm. 

No hard-wiring is allowed during climbing. Data and energy transfer should be done without 

using hard - wire with the robot. Considering this rule, the energy transfer is done on the robot 

using a Li-Po battery. Determined path and movement sequence are transferred with wire just 

before the climbing, so the robot climbs the wall with no hard-wiring. 

 

Constraints of the Project 

Some constraints are already described in previous section. All restrictions are stated below: 

 Steepness of the wall must be between 60 and 90 degrees. 

 No hard - wiring during climbing is allowed. 

 Length of the robot must not exceed 30cm. 

 Sticking itself to the wall is not allowed. 

 Total cost must not exceed 250TL. 
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Executive Summary  

The PathFinderUpClimber robot is a product of Ozon Elektronik-Tasarim developed for the 

term project of 2012. Main objectives of this project are designing and constructing a robot 

that can climb an upright wall, “holding on” to -so called- “anchor points”, placed on the wall.  

Main working principle of the system is as follows: the initial configuration of the anchors is 

sensed by the overhead camera and this image is transferred to solver algorithm through the 

image processing algorithm to be processed. This is basically path detection. The optimal 

solution steps are determined on the computer by solver algorithm and the necessary 

movement commands are loaded to the robot via RS232 cable and these commands are 

recorded on an EEPROM in our PIC. The cable is disconnected before robot starts to climb 

for not to cause any locomotion effect. While climbing, robot uses its EEPROM to read the 

data which shows the position of its arm and shoulders and climbs according to ordered 

commands.  

Our system is composed of three main parts such as wall, robot and software algorithms. 

Robot is a cubic structure with sizes 13cm*7cm*5cm and it moves with four servos which are 

proposed to work as an arm and a shoulder. The chassis of the robot contains the electronic 

components on a PCB, a Li-Po battery which has a capability of supplying 1200mAh and a 

voltage regulator that fixes the voltage value at 6 volts. The wall is a 1m
2 

MDF plate having 

6x6cm rectangular grid and it has a mechanism that can be used for changing the wall`s 

incline. The wall is designed to have two small mechanical hollow in every grid point in order 

to insert anchor points. Anchor points are sensed by using colored and rectangular-shaped 

markers placed on bottom of their surfaces. A camera is mounted on a wood profile and it is 

placed across the wall in order to capture the configuration of the anchor points.  

Software algorithms include image processing and solver algorithm in order to manage 

different aspects of the project and to decide on the movements of the robot. Image processing 

algorithms are based on MATLAB image processing toolbox. Servo drive control algorithm is 

implemented on PIC C Compiler. The solver algorithm is also a custom design implemented 

on DevC++ Compiler.  

The rest of the report includes detailed technical explanations of the final design blocks with 

final performance tests, related figures and diagrams, a list of deliverables with a well 
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prepared user manual and a detailed cost analysis involving actual expenditures and 

engineering cost. 

 

Design Description 

The method of wall climbing for our project is shortly as following. The user of the robot 

places the anchor points on the wall by following the restrictions given. Before climbing, a 

webcam placed in front of the wall is used along with image processing software to detect the 

anchor point places. By using this information, the path of the robot is determined by another 

software program and the motion sequence of the robot is determined. By serial 

communication, this motion sequence is loaded to the MCU and the robot is ready to climb.  

The robot has two arms controlled by four servos and three holding elements two of which are 

on the arms and one on the body. There is a servo drive code embedded on the MCU by 

which the servos are rotated simultaneously to implement the motions determined by the 

motion generation program. When the robot is placed to its initial position, without using any 

information from the outside world, it does the motions sequentially and reaches to the top by 

following the path determined on PC. 

The overall system of PathFinderUpClimber can be categorized within three main parts: 

I. The robot including chassis, battery, hardware, MCU with embedded software and 

holding elements on it. 

II. The wall including adjustable slope system, safety and stabilization systems, anchor 

points and the webcam stabilization. 

III. The software on computer including image processing, path finding program, motion 

generation program and serial communication with the robot MCU. 

Our robot is a humanoid – like having two arms and a very good mobility. 

 In figure 1 the picture of the final prototype can be seen. 
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The chassis is made of FR4 copper plates. The most important feature of the chassis is that the 

electronic circuits are implemented on the chassis itself. A Li – Po battery is used to energize 

the servos as well as the MCU with two distinct regulators. The regulator circuit is on the left 

arm and the control circuit including the MCU and the switching transistors is implemented 

on the right arm. PIC is chosen as the MCU since it is small, easy to program, has huge flash 

memory and enough output pins. The holding elements are like the heads of pushpins placed 

at the end of two arms and some distance below the body. All possible move combinations for 

all three holding elements are determined and included in the program on the MCU as well as 

the servo drive code. When a motion is to be done by one holding element, first, the program 

determines which servos will be rotated and calls the function of that motion. In this function, 

pulse - width inputs of the corresponding servos are determined. Then, the servo drive 

function is called with those inputs and the servos are rotated incrementally in order to be able 

to rotate more than one servo simultaneously. 

The wall to be climbed is 100x110cm on which there are 14x14 grids. The anchor points are 

to be placed on the grid cross – sections. There is an adjustable slope system since we are 

asked to make the robot climb with different slopes of the wall. The wall is stabilized by ropes 

and hinges. The camera is placed and stabilized by using two sticks coming from the bottom 

of the wall and two ropes coming from the top of the wall. Anchor points are like “U” shaped 

Figure 1 The overview of the final prototype 
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to which the hands can hold by moving into it and stay there safely. There is a ramp under 

each anchor point in order to make it easy for the body hand to hold when pulling itself up.  

The software on PC consists of two distinct programs which are MATLAB and an executable 

program compiled by DevC++. On MATLAB, from the video input of the webcam, a 

snapshot is taken and used for image processing. For the sake of image processing, the wall is 

chosen white colored and black rectangular points are placed at each edge of the wall (also 

called ruler points) for image calibration. Moreover, the ramps used on anchor points are 

black colored. The program first finds the ruler points and determines the grid cross – section 

points as pixels using them. After that, it checks those points whether there is an anchor point 

or not. Finally, it gives a 14x14 matrix output called wall matrix as a text file which carries 

the anchor point information. The other program takes this input and finds the shortest path 

for climbing. It uses an algorithm such that, starting from the bottom, it finds the continuous 

path to the top. If the found path is shorter than the previous, it becomes the new path. On the 

same program, the motion sequences for the three holding elements are determined. Finally, 

those moves, each of which is 2 bytes, are written to the EEPROM of the PIC by using serial 

to RS232 method of communication. The communication between this program and 

MATLAB is achieved by text files. There is also a user interface on MATLAB which shows 

the detected anchor points and the path to the user. 

In the next part, technical details of the project will be explained one by one.  

 

Technical Details 

In this part, the technical design specifications of the prototype mentioned previously will be 

explained in a detailed manner. The technical design details are categorized within three main 

parts which are; mechanical design, hardware design and the software design. 

 

 

I. Mechanical Design 

The mechanical design is explained under five main titles. First, the motion capability of the 

robot and restrictions for anchor point placement are explained. Secondly, the technical 

details of the chassis are introduced. Then, the anchor point structure and holding 
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phenomenon are explained. After that, power and torque calculations are introduced. Finally, 

technical details of wall design is explained. 

 

a. Moves & Restrictions 

The project definition indicates that, the robot must be able to climb the wall by using the 

anchor points determined arbitrarily before the climbing process. On the other hand, the 

designers will have the right to specify restrictions on anchor point placement. Among several 

options, our finalized robot shape is such that, it has three holding elements two of which are 

placed at the end of two arms (they can also be considered as hands) and the other one is 

placed on the main body.  

 

In our design, “path” is defined as the anchor point sequence (being in neighborhood) through 

which the holding element on the main body will reach to the top.  

 

As one can see, moving of the main body is the aim of the 

climbing process. On the other hand, moving the arms is the 

tool for the robot motions. We have two arms each having 

two servos placed on shoulders and cranks.  

 

Under these considerations, a rough version of the body 

shape is shown in figure 2. 

 

The red, yellow and blue circles represent holding elements, 

cranks and shoulders respectively. Placing the shoulders 

above gains us the advantage of moving the 

arms more freely. By doing so, we specified the 

anchor points which can be hold at one time. To 

do this, the dimensions are determined at first. 

 

We changed the original grid size from 8cm to 

6cm. Moreover, the shoulder side of the arm is 

6cm whereas the hand side of the arm is 7.5 cm. 

Figure 2 Robot shape 

Figure 3 Servo rotations 
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Finally, the distance between the shoulder and the grid cross – section on the center axis of 

the robot is 1.5cm. All these lengths and distanced are determined and explained in the robot 

shape part. 

The servos are chosen to rotate from -90
0
 to +90

0
. Thus, the possible servo rotations for one 

side are as in figure 3. 

 

The zero angle for the servo on the shoulder 

(blues colored circle) is the +x axis so that it can 

rotate from –y to +y. The zero angle for the servo 

on the crank (yellow colored circle) is the +y axis 

so that it can rotate from +x to –x. 

 

At one position of the robot, the possible points 

that can be hold under these specifications (for 

the right arm) are shown in figure 4. 

 

All possible holding points for right arm are named as R1, R2…..R8 and their left arm 

counterparts (symmetrically) will be L1, L2…..L8 for the fixed position of the main body. 

 

 

 

The following page includes the restriction paper that summarizes the hold placement issue. 

Note that this paper is to be supplied to the user before any attempts of creating a path for the 

robot to climb. 

 

 

  

Figure 4 Holding possibilities 
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Ozon Elektronik Tasarım 

Restrictions For Anchor Point Placement 

There must be at least one continuous path on the wall such that; 

 

I. The path must proceed with anchor points placed vertically or 

horizontally, not diagonally.  

Example:  

II. If there is a corner turning while moving up, two extra anchor points must 

be placed above the points where the path turns right/left. 

III. If there is horizontal motion on the path, one extra anchor point must be 

placed two points above the starting body position and one extra anchor 

point must be placed two points above the final body position. 

Wrong  

Example:  

Example:  
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b. Chassis 

The project definition indicates that, the robot must be able to climb the wall by using the 

anchor points determined arbitrarily before the climbing process. On the other hand, the 

designers will have the right to specify restrictions on anchor point placement. This means 

that the design of the climbing process, namely the design of “moves” is the base of the final 

design.  

 

Our robot shape is such that, it has three holding elements two of which are placed at the end 

of two arms (they can also be considered as hands) and the other one is placed on the main 

body.  

 

In our design, “path” is defined as the anchor point sequence (being in neighborhood) through 

which the holding element on the main body will reach to the top. Aim of the climbing 

process is to move the body to the top. On the other hand, movements of the arms are tools for 

the robot motion. We have two arms each having two servos placed on shoulders and cranks.  

 

We‟ve changed the original grid size from 8cm to 6cm. Moreover, the shoulder side of the 

arm is 6cm whereas the hand side of the arm is 7.5 cm. Finally, the distance between the 

shoulder and the grid cross-section on the center axis of the robot is 1.5cm.  

 

The servos are chosen to rotate from -90 0 to +90 0 degrees.  

 

In the Project description, it is required that the largest dimension of the robot will not exceed  

30 cm. This shape selection consists of a body in the middle and two arms in the middle of 

which there is a bend. With this design, four servo motors are used. Under these 

considerations body is designed as can be seen in figure 5. 
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Figure 5 The chassis 

 

-Arm lengths 

Arm lengths are essential calculations for describing movements. Determination of the arm 

lengths are based on some variables such as servo motor size, robot‟s body size and grid size 

and shape. Arm lengths L1 (shoulder side) and L2 (hand side) are different due to these 

variables. Long arms increase the torque that servo motors carry; therefore, it is not desired. 

In planned movements it is observed that arm L2 should be a bit longer than L1 for reaching 

the anchor point while bending over. Therefore L1 is decided to be 6 cm and L2 is to be 7.5 

cm. 

 

c. Anchors and Holding 

Shape 

Anchor points are going to be placed on the wall which is divided to 14*14 grids. The 

distance between the grids is 6cm. Our anchor point is composed only one layer and its front 

view will be like in the following figure. It is mounted to the wall by two screws from the 

Distance between the shoulder 

and the grid cross, 1.5 cm 

Hand side of the 

arm, 7.5 cm 

Shoulder side of the 

arm, 6 cm 
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mechanical hollows seen on figure and there will be two turn-screws which will be used in 

order to secure a margin between wall and anchor point. We also added an incline between 

the anchor point and wall in order to fit easier body`s hand while climbing upward. As it can 

be seen our anchor`s is elliptical u-shaped which will allow hand to turn inside the anchor. 

 

Figure 6 Anchor shape 

 

The dimensions of anchor point are 2.5 cm to 1.9cm. The color of the anchor point will be 

white and inclines will be colored as black which will be used in order to detect the image 

processing. 

 

Also there are ramps introduced below the anchor points so that body hand can slide up and 

into the hold. 

 

Holding 

Holding is done by gravity only, i.e. there is nothing preventing hand to move upwards. In 

moves section, it is described that while moving an arm or body, other two hands are on the 

anchor points. Since there is nothing preventing hand to move upwards, the center of gravity 

must be between two hands which are holding the wall. Otherwise one hand goes out of 

anchor point and robot losses its control. 



16 |P a g e  

 

d. Torque and Power Calculations 

In this power calculation only the power of robot will be considered. But, there are also PC 

and camera part. Their power consumption will be directly taken from city electricity. In the 

robot part, the current sinking parts are microcontroller, regulator loss, motor controller logic 

loss, motors and other primitive components.  

Expected drawn currents which are verified by experiments for each component are as 

follows:  

 

 PIC18F2525, a few mA which is negligible. 

 

 Regulator loss cannot be estimated exactly but will be added in the error margin part.  

 Motors draw 50mAh per each motor at standstill and draws 200mA for blocked, full 

load, case.  

 For error margin, and for some components like LEDs, switches, and pull-up resistors 

50mA will be added to previous estimations 

 

 

We are supplying power to the system from one Li-Po battery with a fixed voltage value as 6 

volts by the help of voltage regulator. Total estimated current consumption comes out to be 50 

mA for electronic circuitry and average of approximately 200mA for motors. Besides these 

there is loss which cannot be exactly calculated on the regulator therefore we will add a 50 

mA to the current consumption of electronic circuitry. 

 

Total estimated theoretical current consumption becomes:  

50+(200*4)+50=900 mA 

The robot is finished and the results illustrated that electronic circuitry draw 120mA at 

maximum when all of the pieces are connected on the circuitry and combined current of 

electronic circuitry and motors are approximately drawing 200 mA on a regular operation. So, 

we can claim that power consumption of the robot part is:  

120 + (4*200) = 920mA 

Total power: V.I=0.92*6=5.52W 
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-Torque Calculation 

Torque is a significant factor that is essential for servo motor choice. Torque calculation is 

done for the selection of the components such as servo motors. When the weights are 

uniformly distributed, modeled weights are as in the following figure a: 

 

 

 

G0  : Body including two servo motors – 420 g 

G1R, G1L :  Weight of arm L1 in the middle (right and left) – 25 g 

G2R, G2L :  Servo motors between L1 and L2 (right and left) – 67.1 g 

G3R, G3L : Weight of arm L2 in the middle (right and left) – 30 g 

 

For maximum torque calculation, the position drawn in figure b is investigated: 

 

Figure b Maximum torque position 

The servo motor at G2R is at the most difficult position for carrying the weight and it should 

be capable of carrying the half of the weight of the body. Therefore, the servo motor choice 

depends on this calculation. 

G0 G1R G2R G3R G1L G2L G3L 

Figure a Modelling the center of gravities for torque calculations 



18 |P a g e  

 

 𝑇 = 7.5 ×
𝐺0

2
+ 3.75 × 𝐺3𝑅 + 3 × 𝐺1𝑅 

𝑇 = 7.5 ×
420

2
+ 3.75 × 30 + 3 × 25 

 

T = 1575+112.5+75 

T=1762.5 g.cm 

T=1.76 kg.cm 

For the worst case it could be thought that the total mass of the robot is 700 g and all of the 

mass is in the centre. In this case the calculation is reduced to 

𝑇 = 7.5 ×
700

2
 

T=2625 g.cm 

T=2.625 kg.cm 

Considering the worst case, a servo motor capable of handling 2.625 kg.cm torques is 

selected. The selected servo motor is SR403P which has a capability of supplying up to 13.6 

kg.cm torque, which satisfies the requirements easily. 

 

 

 

 

 

 

 

 -Weight 

The weight of the robot is an important factor when both climbing and holding. Therefore, it 

is desired that the robot is light hence the torque and so the power required is less and less. A 

model of the components‟ contribution to the weight of the robot is in the following table: 

Name of the 

Component 

Weight per Item Number of Used Total Weight 

Contribution 

Servo Motors 62.1 g 4 248.4 g 

Battery Cells ~200 g 1 200 g 

Case 50 g 1 50 g 

Arm L1 20 g 2 40 g 

Arm L2 25 g 2 50 g 

RF Receiver 15 g 1 15 g 

PIC 10 g 1 10 g 

Other Little Parts 50 g - 50 g 

   Grand Total=663.4 g 
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e. The Wall 

The figure 7 shows the image of the wall. The wall is in the shape of 100cm to 110cm. It can 

rotate from 90 degree to 0 degree. For 90, 75, 60 degrees there is additional support which 

stabilizes the wall. The wall is stretched from top with chains which also maintains more 

stabilization.  

 

 
Figure 7 The wall - Backside 

 

II. Hardware Design 

One of the most problematic issues about the hardware that is to be placed on the robot is to 

fit the components onto two square shapes of 21x50 mm size, which are actually robot‟s arms. 

This limitation led the design towards a point where only a minimum number of fundamental 

items are used. However, in order to prevent the logic components from failing due to voltage 

drops during operation, capacitor couples were used freely where needed. 

Also, due to critical voltage restrictions of lithium-polymer batteries, a low battery voltage 

indicator circuit which turns on an LED when the cell voltage of the battery cells drops below 

3.2 volts. 
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There are two main circuit blocks on both arms: the supplying circuit which contains the 

regulators and the battery voltage indicator; the driving circuit which mainly includes the PIC 

and the header connectors for servo connections. 

All the circuitry is produced using simple techniques at home by project members. 

a. Circuit schematics 

 
The supplier circuit 

 

 

 

Figure 8 The supply circuit that is placed on the left arm 
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Vin  : Input voltage. This connector is directly connected to a 2 cell (7.4 nominal voltage) 

lithium-polymer battery. 

VDD : Output connector of the 5V regulator that is used to drive the PIC. 

VMM : Output connector of the 6V regulator that is used to drive the servos. 

LED : LED indicator that turns on once the voltage of the battery drops below 6.4 volts. 

U1 : LM7805. 5 volts regulator, which can output up to one ampere. 

U2 : LM7806. 6 volts regulator, which can output 1 amperes maximum. 

U3 : UA741. Operational amplifier that is used as a comparator. 

RV1 : Trim-POT. Used to trim the point where the indicator LED is turned on. 

SW1 : ON/OFF switch for the PIC. 

SW2 : ON/OFF switch of the servos. 

 

 

 Regulator Block 

The output of the 7805 is used to feed the PIC. The output capability of the regulator is more 

than enough to drive CMOS circuitry so there were no output current considerations made. 

Standard application circuitry was used in this circuit. 

However, the current requirement of the servos might have been too much while driving four 

of them. At this point using four distinct regulators for each servo was considered. But once 

the current measurement was done during operation, it was observed that the current drawn 

would never exceed 1 ampere. Reason for this was the simultaneous operation of the 4 servos:  

The total torque needed is distributed on all of the servos so that with considerably low 

currents it was possible to carry the whole robot. This aspect of our design saved us a great 

deal of circuit area to work on. 

Outputs of these two regulators are transferred to the driving circuit using VDD and VMM 

connectors. 

 

 Low Battery Voltage Indicator: 

This block is designed by our team for specifically this project. The SPICE simulation result 

of this block is shown below in figure 9. 
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The Layout: 
 

 

 The Driver Circuit 

As seen below, in figure 11, the driving circuit is pretty simple and straight forward. 

However, it contains the fundamental components and with the ICSP connector it became 

more than handy. 

 

Figure 10 PCB layout of the supply circuit 

Figure 9 SPICE simulation results of the low-voltage indicator 
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Figure 11 The driver circuit 

J1 , J2 , J3 , J4   : Connectors for the servos. 

VMM    : Connector for the input voltage of the servos that are generated by the 

regulators. 

VDD    : Connector for the input voltage of the PIC. 

Q1 , Q2 , Q3 , Q4  : Switching transistors that are used to direct pulses to the servos from 

the PIC. 

ICSP   : In circuit serial programming connector. 

Reset   : Reset push-button for the PIC. 

232   : RS232 connector for serial communication. 

U1    : PIC18F2550. 

FBL, FBR, FBB : Extra pin-outs for future needs. 

LED   : LED indicator for communication with outside world using flashes. 
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The Layout: 

Note that in figure 12, green and yellow lines are hand-drawn on the top layer of the board. 

b. Component Selection 

PIC : A microcontroller with a high flash and EEPROM memory was required for 

the operation. Also it had to be slim enough to fit on the arm of the robot. For 

those reasons a PIC18F2550 with 32K flash program memory and 256 bytes of 

EEPROM was used. 

Transistors : The transistors used for such a purpose had to have low propagation times 

and low voltage drop across them. Also they had to be of N-type 

semiconductors since the pulses were generated as active high. For that 

purpose, the best choice was to use high speed switching bipolar junction 

transistors. Finally 2N2222 transistors were chosen due to their low price, high 

reliability. 

Regulators : As mentioned previously, the regulators did not have to be very specific nor 

very strong. So standard LM78XX series were used. 

Rest of the components were chosen such that they occupied minimum area on the board.   

Figure 12 The layout of the driving circuit 
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III. Software Design 

Software tools are applied in MCU programming, anchor point detection, path finding and 

communicating with the MCU. In this part, the image processing method for anchor point 

detection is explained first. Then, path finding, motion generation and serial communication 

between the robot and PC will be explained. Finally, the servo drive software which is 

embedded on the microcontroller is introduced.  

 

a. Anchor Point Detection 

The block diagram of the image processing procedure can be seen in figure 13. 

 
Figure 13 Anchor Point Detection Block Diagram 

As one can see from the above figure, image processing for obtaining the wall matrix has two 

parts which are; wall calibration and anchor point detection from the calibrated image. 

Wall calibration is the process of determining the corresponding (approximate) pixel values of 

grid cross – sections. It is needed because when the wall image is captured by the camera, 

predefined grid positions does not seem to be a good choice since the physical camera angle 

and position is always flexible even if it is very well calibrated physically. It is also observed 

as this way by tests. Moreover, by doing the calibration on the software, the physical camera 

placement will not be a hard work while implementing and using the product. 

The calibration system is such that, there are black rectangular placed on the borders of the 

grids on the wall working as rulers as in figure 14. 
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The program detects the centers of those rectangular so that beginnings and endings of every 

grid line are determined by using the following algorithm: First, the wall image which is RGB 

is converted to a binary image where the pixels with a color average of red, green and blue 

higher than a threshold is made black and the reverse is made white.  

At this point, in order to detect those ruler points, a filter is applied to this binary image such 

that, an area of 5x5 pixels is 0 and its 2x5 pixels neighborhood at 4 sides are 1. Meanwhile, a 

matrix with all zero values 320x240 is created. In this matrix, the points remained after 

filtering are made 1. Finally, those points with 1 are put in an order so that the grid line 

beginnings and endings are 

assigned to some variables 

like horizontal_upper, 

horizontal_bottom, 

vertical_left, vertical_right. 

After detecting those points, 

grid cross – sections are found 

as pixels by another module. 

The module uses geometry 

calculations to find the 

corresponding points which 

can be seen from the figures 

15 and 16. For approximation, 

middle points of the grid lines 

are used in the beginning of 

the calculation. 

 

Figure 14 Wall Image With Rulers 

Figure 15 Vertical Pixel Value Calculation of the Grid Cross – Section 
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The calculation in figure 21 is to find the approximate vertical pixel value of the 

corresponding grid cross – section by triangle eqality: 

 

𝒂 − 𝒃

𝒂
=  

𝒄

𝒅
 

  

 y4 – c ≈ vertical pixel value 

 

Figure 16 Horizontal Pixel Value Calculation of the Grid Cross – Section 

 

Similarly, the calculation in figure 16 is to find the approximate horizontal pixel value of the 

corresponding grid cross – section with same method: 

 

𝒃

𝒂
=  

𝒄

𝒅
 

 

 x1 – c ≈ horizontal pixel value 
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Right after wall calibration, anchor point detection module is run by using the grid cross – 

sections as input. Using the black colored ramps of the anchor points, a simple algorithm is 

used such that, the neighborhood of each grid cross – section is checked for black color and if 

it is true, the corresponding elements of 14x14 wall matrix is made 1 and if it is false, the 

corresponding element remains 0. By doing so, the matrix carrying anchor point information 

is sent to the path finding program as input. 

Another feature of this program is that, it determines the right threshold for RGB to binary 

image conversion so that, it requires no input from outside. The program can detect the anchor 

points under different lighting and shadow conditions by the help of this feature. 

 Communication with the other program 

The programs are executed simultaneously. The text file “inp1” is filled with the wall matrix 

after MATLAB does its work. There is a text file called “inp2” the variable on which is made 

1 when the anchor detection is done, The other program starts to find the path when this is 

done. If a path is found, the variable on another text file called “inp3” is made 0 and 

MATLAB understands that everything is proper. If not, this text file is made 1 and MATLAB 

understands that something went wrong and informs the user that it should be tried again. 

 The Graphical User Interface  

A GUI is used to make 

the usage of the programs 

user friendly. It is shown 

in figure 17. 

This GUI calls the proper 

functions when the 

pushbuttons are pressed. 

Figure 17 Graphical User Interface on PC 
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The button “Get Ready” clears the table wall matrix, the threshold value display and makes 

the text file variables of “inp1” and “inp2” all 0. When this is done, the path finding program 

waits for an input. When the “Camera” button is pressed, the camera starts to capture the wall 

and a preview of it is displayed. When the button “Start” is pressed, the anchor point 

detection function is called and it determines the anchor point places as explained above. 

After that, the found threshold value and the wall matrix are shown on the GUI as shown in 

the figure 18. 

At this point, the file inp2 is made 1 so that the path finding program can run. When the path 

is found, another text file called “inp4” is filled with the path information. When the “Path” 

button is pressed on the GUI, by using this text file, the path information is shown on the table 

instead of all the anchor points. 

 

Figure 18 The matrix 
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b. Path Finding 

Input : 

inp.txt:14*14 matrix which is obtained by image processing. Anchor points are 1 and, 

remaining points are 0. It is stored in text document. 

 inp2.txt: The file contains only 1 number.The file is used to determine whether inp.txt 

is ready to use. I.e If image processing is done an matrix in the inp.txt is formed  the number 

in the inp2.txt is made 1. 

The figure 19 shows the inp.txt and inp2.txt. 

 
Figure 19   

Output : 

Inp4.txt:14*14 matrix which defines the successive moves of the body. The places 

which body moves are numbered consecutively and all other places are 0. This matrix is used 

to generate moves of the arms and body. This text file is used to show user the formed path. 

The figure 20 shows inp4.txt and  executable. The matrix shown in the executable is used for 

motion generation. Inpt4.txt is nearly same with the matrix in executable except it contains 

only 1 and 0. 

 
Figure 20 

 

inp3.txt: The file contains only 1 number stored in it. This file is used as a feedback to 

the image processing. The number in the file is made 1 if path could not be found. Then 

image processing is redone. The figure 21 shows the inp3.txt. 
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Figure 21 

 

Algorithm 

The program waits for inp2.txt to be 1 which means that image processing thus inp.txt is 

ready. Input matrix is stored in text document. It is read and stored to a matrix in main 

fuction. The program contains 5 functions with the main program. 3 functions are only to 

check if robot can move up, right and left directions. 1 function checks if a node is used 

before or not. Recursive function findPath finds the path. Description of the recursive 

function: 

findPath(int a[14][14],int x, inty,intcur,int xl[210],intyl[210], int& s, intxr[210],int yr[210]) 

a is input array to function which contains 1 if there is a holding point. x,y are the current 

location of the robot on the path. cur is the current path length x1 and y1 are the visited arrays. 

Combination of x[i] and y[i] shows the ith position of the robot in the current path. s is the 

length of shortest path 

xr and yr contains the shortest path. The x coordinate of the first position in the path is xr[0] 

and the y coordinate of the first position in the path is yr[0]. The last position in the path is the 

combination of xr[s] and yr[s]. 

  

If y coordinate of the current position is 12, then it means the robot reached the destination 

and if the currently generated path is shorter than the shortest path generated previously, the 

currently generated path is assigned as the shortest path. 

  

If y coordinate of the current position is less than 12, up, left and right of the current position 

is checked whether robot can go in that direction and the next position is not in the visited list, 

robot tries to go in that direction. 

 

All possible paths are found and the shortest one is stored. 

 

c. Motion Generation From the Path Information  

Input: The Wall Matrix which is stored in inp.txt and path matrix obtained by path finding 

algorithm. 

Output: char array which will be send to EEPROM of the microprocessor on the robot. The 

figure 22 shows the output array. i shows the number in of the component in the array. out is 

the value of the char which is shown in decimal, three numbers are the values of the body and 

arms. Ie 3 1 2 in the first component means that binary value of the -54 is 11001010. 
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Figure 22 The output 

After path is found, using all anchor points and path, movements are determined. For a fixed 

position there are 8 positions arms can take, and 3 positions body can go. In one byte next 

body location and positions of the arms to move body to next position are stored. All moves 

are stored in a char array which is ready to be transferred to PIC serially. 

Visualization of the Motion Generation Algorithm: 

The figure 23 shows the position of the body(shown as character „b‟) when 3rd move is done 

and the positions of left and right arm with respect to body to make 4th move. 

 
Figure 23 Moves 
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d. Serial communication with microprocessor 

 

Char array found by motion generation is transferred to the microprocessor. First, the number 

of the move is sent to microprocessor, then microprocessor sends back the number. Value of 

the ith component of the char array is sent to microprocessor, then microprocessor sends back 

the information. If both the number and the value are same, the program sends the next move. 

All the moves are transferred one by one. When all the values are transferred EOT char is sent 

to the microprocessor to indicate transfer is completed. 

 

 

e. Driving Servos 

The methods that are explained in detail in the conceptual design report are used directly as 

they were mentioned. The pulses for the servos are generated from a single pin and using four 

other pins, the transistors are controlled so that the pulses generated at the output pin are 

cropped and directed to the servos. 

In addition to this cropping and directing action, rather than directly feeding the servos with 

the target position‟s pulses, the pulses are incremented towards the target from the current 

position gradually so that a more controlled and rigid motion is obtained.  

Also in order to make the servos start rotating at the same time, the low-to-high edges of each 

servo‟s pulse are aligned together. 

The codes that are used to drive the servos are included in the appendices with comments. 
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Deliverables 
 

 A wall climbing robot with embedded software 

 A 100x110 cm adjustable slope wall 

 80 pieces of anchor points with attachment materials 

 A webcam with attachment materials 

 A Li-Po battery 

 ICSP Connector 

 A CD including the software on PC 

 Instruction manual  

 A restriction paper for anchor point placement 

 Plug in cable and adapter to charge rechargeable batteries 

 
User Manual 
 

1. Insert the CD and copy the folder called “PathFinder UpClimber” to a specific 

location. Open the following files simultaneously: 

 PathFinderUpClimber.fig 

 PathFinderUpClimber.exe 

2. Adjuct the slope of the wall as you desire. 

3. Create a path and place necessary anchor points on the wall by following the 

instructions written on the “Restriction Paper”. 

4. Connect the webcam to the computer and press “camera” button on the figure. 

5. Stabilize the camera. 

6. Connect the USB to RS232 system to the PC and the robot. 

7. Press first the “get ready” button and then the “start” button. If the display on the 

figure says “DONE”, then wait a while for the data to be loaded to the robot. If it says 

“ERROR”, repeat the procedure starting from item 5. 

8. Disconnect the robot and place it on the initial position on the wall. 
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9. Turn on the switches on the left arm of the robot and wait for a short while. 

10. The robot will now start climbing. 

 

Budget 

Total Cost of the Prototype Construction 

 
Servo     x   5 (4 used and 1 spare)          =>    450 TL 

Battery   x   2 (1 used and 1 spare)        =>       50 TL 

Wall Construction                              =>       50 TL 

Chassis Parts (with spares) and the Anchors   =>      20 TL 

MCU (1 used and 1 spare)                         =>       35 TL 

Hardware Components (with spares)              =>     30 TL 

Workshop Tools (Drill etc.)                             =>       50 TL 

Mechanical Connecting Components (Screw etc.)   =>       40 TL 

Soldering & PCB Making Equipments         =>        50 TL 

Wires and Connectors                                   =>        30 TL  

Reports and Other Stationary Costs    => 100 TL 

Total        => T05 TL 

 

The cost analysis of the prototype is done by considering the average realistic prices of the 

components we use. When the prototype is to be mass-produced, those components can be 

obtained with prices low enough to fit in the project restrictions. 

5 servos and 1 battery are supplied by our sponsor, OK Model A.Ş., for no fee. In return, we 

are to include their logo in our poster and wear t-shirts on the fair having their logo on the 

backside. 

Cost of the Mass Producted Robot 

 Servo         x   4         => 160 TL 

 Battery       =>    25 TL 

 MCU       =>      18 TL 

 Camera      =>      15 TL 

 Chassis      =>      5 TL 

 Wall       =>     15 TL 

 Switching Transistor   x   4   =>      1 TL   

 Regulator   x   2     =>     1.5 TL 

 LED   x   2                           =>     0.5 TL 

 Wires       =>       5 TL 
 
TOTAL      =>     246 TL 


