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SOLUTION PROCEDURE 

A. Mechanical Design 

I. Introduction 

In mechanical design section, mainly robot shape, moves, anchor points, camera placement, 

placement of circuitry will be described. Mechanical design was one of the most important areas 

since other design approaches highly depend on mechanical design. 

In moves subtopic, ability of robot to make a move is described and restrictions on placing anchor 

points are described. In robot shape subtopic, shape of the robot, length of the arms, grid size, 

weight of the robot, torque calculations and servo placement is described. In anchors subtopic, 

holding mechanism and shape of the anchors are described. In camera placement subtopic, 

stabilization and position of the camera is described. In placement of circuitry subtopic, where the 

circuitry of the robot can be placed is described. During design process CAD programs are used.  

II. 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. Thus, one can conclude that the design of 

the climbing process, namely the design of “moves” will be the base of the final design. In other 

words, the complete system design is highly dependent on this phenomenon. Since the beginning, 

our aspect to the wall climbing robot design has been such that, it should be capable of climbing the 

wall with as few as possible anchor points with restrictions given as free as possible so that we will 

reach a satisfactory final design. This obviously brings complexity to the moves as well as to the 

robot shape. 

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. Therefore, the robot is capable of moving one element while the other two 

are fixed, which guarantees the safety of the robot while climbing and this is done by using only two 

arms. This is actually the starting point of the “move design”. 
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As the project definition says, the anchor points will be placed on the cross – sections of the grids of 

wall. Here, we define the term “neighborhood” as the following. 

   

The anchor points which are in the neighborhood of the one 

centered in figure 1 are 2, 4, 5 and 7 although 1, 3, 6 and 8 

are not in its neighborhood.  

This concept is important since being in the neighborhood 

actually means that the main body can move to that point. 

 

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. This situation brings us to the fact that 

the anchor point placement is to be such that there must be at least one continuous path on the wall 

and this is our basic restriction for anchor point placement. 

As one can see, moving of the main body is the aim of the climbing process. On the other hand, 

moving of the arms will be tools for the robot motion. We have two arms each having two servos 

placed on shoulders and cranks. Our design aims at using these tools conveniently by considering: 

 Having a variety of moves by using fewer anchor points so that the design has the ability of 

climbing under hard conditions. 

 Reducing torque and power need on the servos as much as possible so that servo and battery 

costs can be reduced. 

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. 

Figure 1 Anchor point 
neighbourhood 

Figure 2 Body shape sketch 
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First of all, in order to reduce the torque demand on the servos, arm lengths must be reduced. 

However, this will limit the number of anchor points to be held. Therefore, 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. 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. 

As one can observe from the figure, there is a variety of 

moves for the arms and the restrictions for anchor point 

placement are adjusted accordingly. The main advantage 

of this kind of moving capability is being able to use the 

anchor points which are already placed for the 

“continuous climbing path” in many parts. By doing so, 

our robot will be capable of climbing the wall with   

fewer anchor points placed.  

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. 

Figure 3 Servo rotation directions and 
limits 

Figure 4 Reaching restrictions for 
the right arm 
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-Moving up 

For moving up, no extra anchor points are needed other 

than the ones on the path as shown in figure 5. At initial 

position, R1 and L3 are held. At the end of the motion, 

the main body will be holding one grid up so that R3 and 

L6 will be held. Then, for further up climbing, the hands 

will be moved to R1 and L3 again and the procedure 

repeats. Thus, there is no restriction for such a move. 

 

-Turning the corners and moving horizontally 

Suppose that the path is as in figure 6 

with black crosses. Initially, the body 

holds E2 and the hands hold D2 & C2. 

So, the arms are in L3 and R6 positions. 

The body can be moved one step up to 

D2 by holding C3 with right hand, thus 

there is no need for extra anchor points.  

However, for the body to move to C2, all 

these points will be below the level of the 

shoulders so that there are extra points (one 

for left and one for right arm) for such a 

move. 

In addition to that, those extra points are also needed for the robot to move to left since all the anchor 

points on the path will be below the shoulder level. At this point, the restrictions on anchor point 

placement determine those extra points. As mentioned earlier, we tried to specify the restrictions to 

make the anchor point placer as free as possible. Thus, our restrictions are as following: 

Figure 5 Holding to ascend on a line 

Figure 6 Body positioning while turning the 
corners 
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 For moving the body from D2 to C2 (moving up), at least one anchor point must be placed to 

one of the points enclosed by the red rectangle (A1,A2,B1,B2) and one anchor point must be 

placed to one of the points enclosed by the blue one (A2,A3,B2,B3).  

 For moving the body from C2 to C3 (moving right), at least one anchor point must be placed 

to one of the points enclosed by the red rectangle (A1,A2,B1,B2) and one anchor point must 

be placed to one of the points enclosed by the green one (A3,A4,B3,B4). 

 For further moving to the right, the same rule is valid with the rectangles shifted one step to 

the right. 

 For corners on which the robot moves right (or left) and then moves up, like moving through 

C5 => C6 => B6, there is no extra restriction. 

 These restrictions cover all the possible path configurations; i.e., these rules can be used for 

path having any number of right/left moves, or zigzags. 

 There is no moving down for our robot, so the continuous path should head always up or 

right/left. 
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III. Robot Shape 

In the Project description, it is required that the largest dimension of the robot will not exceed 30 cm. 

It is an important factor for the design of the robot. Among a group of robot shape options, two-

armed robot shape was chosen. The reasons affected this choice are 

 It is simple in shape. 

 Movements could be altered with small changes on size. 

 It would cost probably cheaper than other solutions, since less servo motors are 

used. 

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. A symbolic shape could be seen in the following 

figure 7: 

  

Figure 7 The overview of the robot shape 
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-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 and L2 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. For now L1 is considered to 

be 6 cm and L2 is to be 7.5 cm. 

 -Grid Size 

According to the project description there will be anchor points placed at the corners of a 10 x 10 

grid on a wall of size 80 cm x 80 cm. The grid size is determined by the robot shape and the robot 

movements. With a reasonable manipulation the distance between two successive grid corners is 

estimated as 6 cm in the design. Therefore, for 80 cm x 80 cm wall, there will be 14 x 14 grids. 

 -Torque Calculation 

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

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

distributed, estimated weights are as in the following figure8: 

 

 

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 

G0 G1R G2R G3R G1L G2L G3L 

Figure 8 Modelling the center of gravities for torque calculations 
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For maximum torque calculation, the position drawn in figure 9 is investigated: 

Figure 9 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. 

       
  

 
                

      
   

 
              

 

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=2625 g.cm 

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

 -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 rough 

estimation 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 

 

 

 -Servo Placement 

Servo motors are placed on the body and on the arms so that they do not prevent the desired moves. 

Servo motors in the body are put in the area allocated for them. Their placement is a bit easier than 

the servos on the arms. At the arm side, servo motors are placed in moving parts. Therefore, no 

collision or movement prevention is desired. 
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In the servo motor figures, it can be seen that the length F may pose a problem for moving arms. 

Therefore, they are embedded to the arms L1 and parallel to the arm, which mainly solves the 

problem. 

 -Servo Placement on Body 

To be able to ascend on a single line of grids, the robot has to make a move as in the following figure 10. 

 

Moreover, the robot has to ascend a bit in this position to be able to place the body hand in the 

anchor point. The way to accomplish this task is without rotating servo 3, rotating the servo 2 a bit in 

counter clock-wise direction so that the hand can move a bit in downwards direction so that the robot 

can ascend. While doing such a move there is a maximum rotation angle for servo 2 due to 

mechanical constraints. 

This angle and the corresponding ascent can be calculated with the following formulas depending on, 

2x: width of the arm 

Figure 10 The required posture for ascending on a line 
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2a: spacing between the servos on body 

b: length difference between forearm and the arm 

c: extra length of the arm that will be necessary when placing the holding hand 

                                                                          

         

 

                                                                     

             

 

       

              

     
 

 
                            

         
   

 
         

 

 

 

 

 

 

IV. Anchors 

-Shape 

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

between grids are 6cm. Figures 11, 12 and 13 show the shape of an anchor. 
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Figure 11 Front view(from outside) of the anchor point 

 

Figure 12 Rear view(from wall side) of the anchor point 
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Figure 13 Isometric view of the anchor point 

 

 

In the figures 11, 12, 13, robot side is the side where the robot will be, wall side is the side which is 

sticked to the wall. Anchor point is made of the two layers. One layer is u shaped, hand of the robot 

will fit inside. The other layer is v shaped and a circle in the bottom of v which will allow hand to 

turn inside the anchor. Figures 14 and 15 show the hand placed in the anchor. 
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Figure 14 Hand placed in the anchor point rear view 

 

Figure 15 Hand in the anchor front view 

The dimensions of anchor point are 2cm to 2cm. The dimension may be changed later. The color of 

the anchor point will be red and it will also red color on the wall side which is not seen in the 

figures. The color is determined to make image processing possible. 
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 -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. 

 

V. Placement of the Circuitry and Wiring 

It is an important issue for our design to place the batteries and the circuitry on the robot. Because we 

want our robot is in a compact form  and we do not want any locomation effect because of wiring of 

the robot. For this aim we will place the Li-Po and Li-Cad batteries to on top of the body of our 

robot. There are lots of space on the arm and elbows which is not limiting our movements when a 

circuit component is added to this surfaces. We are also planning the use space between the two 

servos that are placed in the body part for circuitry.While placing the wires we will be carefull not to 

limit movements and cause any locomation effects. 

The possible placement spots for the circuitry is marked in the CAD part of the report. 

 

VI. Camera Placement and Stabilization 

A camera will be used for path detection and feedback. For both of these processes, it is essential that 

camera is fixed in a predefined distance from the wall with a predefined angle. It should not move 

for good sight.  

While placing the camera, it is important that the camera is able to view the entire wall. Therefore, 

no camera movement is needed, which requires an excess motor. The reason is that when the camera 

detecting the anchor points on the wall it captures the entire wall once and the photograph will be 

processed by the computer for path-finding.  

The camera is planned to be fixed in its place with solid sticks which prevents any move. This also 

helps to stabilize the camera position when the slope of the wall is changed. Moreover, these sticks 
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could be attached to and detached from the wall for easily working on the wall when anchor point 

placing. 

There are going to be three sticks, two of which (S1 and S2) compose a triangular with the upper 

edge of the wall. The plane of this triangular is parallel to the ground. The third stick (S3), which 

starts from the corner formed by other sticks, is perpendicular to the ground with camera at the other 

end. The following figure 16 shows the structure of the camera placement on the wall: 

 

 

 

The projection of the camera on the wall is in the middle of the wall. According to the tests done for 

image capturing, the distance between the wall and the camera is about 85 cm which seems to be a 

good distance for now. It will be changed and improved with further tests.  

 

 

S1 

S2 

S3 

Camera 

Wall 

Figure 16 Camera placement 
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VII. Wall Design 

In the project definition, the wall is defined as; having 80cmx80cm dimensions on which the anchor 

points can be placed onto the cross – sections of grids which have 8 cm distances. As explained in 

the robot shape design part, we changed this grid size to 6cm. We also changed the horizontal 

dimension of the wall to 107cm. This is due to the image capturing considerations for anchor point 

determination. We are considering using 320x240 pixels for our image capture; thus, the wall 

dimensions must be as explained so that the camera will not capture anything other than the wall.  

Note that;  
   

   
  

   

  
 . 

Our finalized wall will be as in figure 17. 

 

 

 

 

 

 

The useful part of the wall will have grids starting from 1cm of each edge and repeating at every 

6cm. One corner of the wall is shown in figure 18. The dashed lines represent the grids and their 

cross – sections will be the possible anchor points. 

 

 

 

 

 

 

The 80cm x 80cm part which is shown with red color 

is the useful part of the wall on which the anchor 

points will be placed. The remaining parts will not be 

used. 

Figure 17 Overview of the wall 

Figure 18 Corner of the wall 
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VIII. Computer Aided Drawings 

Computer aided drawing software KeyCreator is used to plot each and every part of the robot by 

hand for a better visualizing of the robot and being able to create different designs without 

constructing a model of the robot.  

Please note that every part is drawn completely scaled with real components. 

Some sample pictures are below. Yellow “X” marks point out the possible placement locations for 

the circuitry. 

 

Figure 19 Various parts of the robot.  

TopLeft: Servo motor, TopRight: Arm, BottomLeft: ForeArm, BottomRight: Servo head 
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Figure 20 Robot bottom isometric view. With all the parts combined. 
Black: Servo System  Blue: Servo head  Green: Robot Body Connector  Red: Arm  

Orange: Forearm  Yellow: Hands Grey: Screws 

 

Figure 21 Overview of the robot. Parts with the same colors are strictly connected to each other 
and can not move independently. Yellow crosses points at the possible placement locations for 

the circuitry 
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B. Hardware Design 

 

I. Introduction 

In this section servo,camera, MCU, battery selection will be described. Servo driving circuit and 

internal circuit will be described. And also which communication way is used and what is going to 

be used for transmitter and receiver is described. 

II. Batteries 

The most common cheapest battery type is alkaline. It is also easiest to get. However, they have low 

power capacities. In addition, their weight is effecting the climbing mechanism  of robot  in a terrible 

way. They also have trouble supplying large amounts of current in short periods. For this reason the 

cost of replacement of these batteries can become expensive. The same conditions exist for Zinc-

carbon batteries. 

The other standard for portable power is Lithium (Li-ion) batteries. They can supply high energy as 

NiMHs and power output rates as NiCads (Nickel-Cadmium Cells figure 23).   

Figure 23 NiCad - Nickel-Cadmium Cells 

Figure 22 Overview of the hardware part on the robot 
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In addition, their weight is about 20% - 35% less than alkaline batteries. 

These lithium types are rechargeable which means they have zero memory effect. Main disadvantage 

of Lithium batteries is their cost. They are expensive (most expensive) then alkaline batteries. 

There are also Lithium Polymer(Lithium-Polymer Cell in Figure 24 ) batteries. This battery type has 

extremely high current output capabilities (30A+), but less power density than lithium ion batteries.  

 

 

When we consider all the properties of batteries that are mentioned above, it will be more suitable to 

use Lithium-Polymer batteries to power up the motor due to their high current densities and their 

being able to feed large amounts of current values for short periods. In addition, Lithium- Polymer 

batteries have zero “memory effect” which means that recharging the battery before it will be 

completely discharged will not cause a decrease in voltage value after charging and will not cause 

any harm on the battery and they also have the lowest self discharging  that is about 0.01% of its full 

charge per day.  Beside these,  it is also not contributing the increase of mass which is parallel to 

value of torque when it is compared with other types. Because Lithium is the lightest solid material 

with the highest energy density. 

According to our estimated tongue calculation, we will use a battery pack which has voltage level 7.4 

and current level 2700mAh (“2700mAh” means that the battery can give 2700mA for an hour 

straight )  instead of using a single cell batteries. While determining these levels we take into account 

that voltage value of the pack will be approximately between 7. 4*1.15 and 7.4*0.85 volts when fully 

Figure 24 Lithium-Polymerr Pack 
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charged and when dying respectively. Therefore we have to use a voltage regulators after the 

batteries in order to compensate unwanted effects of variation of voltage value 

 -Powering the robot 

Another issue is the powering up the robot is that, it will most probably be necessary to use two 

different battery packs for powering the circuits and powering the motor. The reason is that the 

instants when the motors require too much current, the battery voltage may drop for short periods of 

time which may result in inconsistencies in the operation of microcontrollers on the robot. For 

powering the circuitry Lithium Polymer batteries is a costly approach so Lithium-Ion batteries are 

most likely to be used for this purpose due to their low cost. 

  -Regulators 

We will use KA7806 type voltage regulator for powering up motors and this regulator is a 3 terminal 

1A positive regulator. According to our estimated power calculations it will be enough to correspond 

all requirements. If there will be momentarily lack of current for the high torque  values and 1A is 

not enough to correspond this value we will change the structure of the regulator will be changed.  . 

The schematic of regulation circuit is shown in the figure 25. 

 

 As it is explained in the former section we will use 18F2525 type microcontroller that is working in 

a voltage range between 4.2 and 5.5 V and we are knowing that microcontroller is require very small 

amounts of current that is in the micro level, therefore it will be enough to use a 5V battery with a 

linear voltage regulator. We will use KA7805 type of voltage regulator that has a current level 1A 

and voltage level 5V. This regulator will also feed the RF module which is also require small amount 

of power. 

  

Figure 26 Sample voltage regulator circuit Figure 25 Another more accurate voltage regulator 
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  -Power Ratings for the Motors and the Circuitry 

For power calculation voltage and current ratings of the components are considered. Therefore an 

appropriate could be selected.  

 

 Operating 

Voltage 

Max. current Avarage 

Current 

Max. Power Avarage 

Power 

ServoMotors 6 V 0.9 A 0.4 A 5.4 W 2.4 W 

Microcontroller 5 V 98 uA 50 uA 500 uW 250 uW 

RF module 5 V 20mA 10mA 100 mW  50 mW 

Led 2.2  V 40 mA 20 mA 88 mW 44 mW 

Resistor in 

series with led 

2.8 V 40 mA 20 mA 112 mW 56 mW 

Total - 1 A 0.5 A 5.7 W 2.85 W 

  

Our battery is able to supply power to the  robot for roughly calculated in this range of time. 

W= 7.4* 2700 mAh=19.98 Wh (energy stored in the battery) 

t=(19.98/2.85)=7hours(avarage time that our battery can supply power to the robot)y 

t=3.5 hours (the minumum time that our battery can supply power to the robot) 

It is seen that the battery is able to provide power to robot for sufficient time. 

III.  Servo Selection 

The specifications for the servo that is to be used in this project is roughly defined as below: 

 Full metal gear  : During the tests of the robot there is always a possibility of software 

and  hardware failures which can force the servos to rotate the servos to the positions where they 

are never supposed to turn to. Plastic gears will be subjected to major wear in such complications 

and the servo may get non-functional after all. Due to this, it is planned to use a full metal gear 

servo. 

 

 Rotation angle 180
0 

: To satisfy our climbing method, the servos must be able to rotate 

between -90 and +90 degrees. 

 

 Double output shafts : To stabilize the arms more and to prevent bending, the arms are 

designed to include two layers. To mount such arms it is necessary to have two shafts on the 

servo on both sides. 

 

 Torque > 6kg.cm : According to our torque estimations, to guarantee a proper operation the 

torque of the servo should be greater than 6kg.cm. 
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Satisfying the above specifications, the servo model of Spring RC, SR431 is found suitable for our 

purpose. Please note that the servo model is due to change without any notification regarding the 

availability and price issues. 

Detailed information on this servo can be found in the appendices. 

 

 

IV. Microcontroller Selection 

A microcontroller is a device that can be programmable and that can conduct several duties using the 

codes written on it. There are many brands like Texas Instruments, National Semiconductor and 

Microchip that are producing microcontrollers. 

As defined in the earlier parts of this report the use of microcontroller units is almost a must for 

implementation of such a project. There is a mass variety of microcontrollers available in the market 

from the simplest microprocessor chips to the higher level FPGA cards which can be used easily 

using a high level language such as HDL for various applications.  

The microcontroller series PIC by Microchip is found most suitable for this project due to their: 

 Low cost 

 High availability 

 Easily programmability 

 High operating frequencies 

 Broad application areas 

 Many on-board available modules (like A-to-D converter, Pulse Width Modulation, Series 

communications etc.) 

Moreover, since PIC microcontrollers are widely used among hobbyists and engineers, the resources 

on them, found on the internet and the bookstores, is enormous. Thus, the aid to fix a problem 

encounter during the project implementation is always pretty close.  

For the purpose of the project PIC18F2525 (or equivalent) is to be used due to its huge EEPROM 

and Flash memory. Another advantage of using 18F series microcontrollers is this series’ being 

shielded against electromagnetic waves which can disturb the operation of the microcontroller. 

Please note that even electromagnetic waves generated by motors can disturb the operation of the 

microcontroller. 

For more information on this microcontroller please refer to the appendices. 

V.  Camera Selection 

In this project, the camera is used for two purposes; obtaining the anchor point information and 

giving feedback to the robot for every motion. The method for both of them is actually color 
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detection. Thus, we do not need a camera with extra - ordinary features. We are using a simple 

webcam which is one of the cheapest ones in the market considering our cost limit. 

The features of the camera are: 

 640 x 480 image processor 

 640 x 480 image sensor 

 1280 x 960 capture size 

 USB Port Interface 

 1280 x 960 30 fps transmission rate 

 Manual Focus Function  

 

VI. Communications 

Before starting to give details about wireless communication it is important to note that we will not 

use wireless communication to give path information to our robot. Giving the path information will 

be achieved before starting the climbing by a wire connection between the computer and 

microcontroller. The path information given to the robot will be in the simplest form  after it proceed 

in our path finder compiler. In this way there will be and no hard wiring which means no locomotion 

resistance (the wiring pulling the robot back). 

In our project we will use wireless system to achieve exchange of information between the robot and 

the computer. We are planning to give feedback to robot in two alternatives. First alternative is 

taking the feedback from the camera. As it is mentioned in our image processing section we are 

determining our climbing path by looking for the red color on the anchor points and if it is red we are 

marking that locations as one in our algorithm. While our robot is climbing we will control these 

locations in a continuous way and in a sequence  starting from bottom of the wall till the top. For 

achieving the feedback we will put a different color on the robot hand. If our robot`s hand is fit 

successfully a location that is inside the continuous path than our camera will inform the system to 

make that location as zero. In that way we will give feedback to our robot and we can send the 

commands of  redo or continue to our robot. Second alternative is to use led inside the anchor points. 

When an arm fit an anchor point successfully the led that is inside the anchor will light and this will 

inform our microcontroller and then our microcontroller will send a signal to computer. After taking 

these information our algorithm will send redo or continue command. 

For wireless systems;  Bluetooth, RF and Wi-Fi systems compared. Moreover, the decision is given 

as RF. Wi-Fi and Bluetooth  are eliminated by comparing it with RF. Wi-Fi and Bluetooth offers 
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faster speeds and greater range than RF . While RF has a weaker radio signal, this provides more 

conservative use of battery power . Wi-Fi's and Bluetooth`s stronger signal provides more range, but 

uses 10 to 100 times more power than RF and it is an important issue in our project to be 

conservative as it is explained in battery selection section. In addition, Wi-Fi and Bluetooth are much 

more expensive than the RF . Because of these reasons we have chosen RF system. 

RF module (ATX-34, ARX-34) produced by a Turkish company UDEA are chosen by OET. ATX-

34, ARX-34 modules are properly working with any microcontrollers and do not need any external 

hardware. Also, UDEA supplies application examples and documents for software to use these 

modules. ATX-34S is the transmitter module and ARX-34 is the receiver module. They are working 

in one way (transmitting or receiving) which is sufficient. Hence, we will use one transmitter on the 

robot one receiver connected to computer. 

-ATX-34S Transmitter: 

 

 

Figure 27 UDEA ATX-34S Transmitter 

 Operating frequency : 433.920 MHz. UHF band ± 200 KHz 

 Data Rate : 0.3 Kbits/s to 2.4 Kbits/s 

 Output RF Power : 10 dBm 

 Supply voltage : 5V to 12V 

 Current consumption : 6.5 mA at 5V 

 Operating Temperature : -10 ºC to 55 ºC 
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There is no voltage regulator connected this module because it is designed to work with a battery. As 

it is pointed in data sheet it will need a voltage value between 5-12 which can be provided by our 

circuit`s supply . Therefore, we will power up this transmitter module from our voltage regulator 

designed for powering the circuits  . A digital data input exist in the module. The digital data to be 

sent is given to this input. After modulating the input data with a carrier signal, it is given to the 

antenna output.  

Standard data protocol is as follows:  

TX: preamble + synchronous + data1 + data2 + … + data X 

“Preamble” is used in all communication systems and shows the start of the message. It is a bit 

sequence that consists of consecutive 0’s and 1’s. It can be 5 bytes 0x55 or 0xAA. The duration 

times of 1’s and 0’s to be sent must be equal. Shortly, hardware synchronization is provided by 

preamble. “Synchronous” helps to the synchronization of the software. It may be 0x00 or 0xFF. 

Also, the user can decide on that. There shouldn’t be any gap when sending data. If there would be a gap, 

preamble and synchronous should be sent again since at receiver side, it is not interested in preamble it only 

looks for synchrony and then it will read the data. 

 

 

Figure 28 Sample data format 
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-ARX-34 Receiver: 

 Operating frequency: 433.920 MHz. 

 Bandwidth: 2 MHz. 

 Data Rate: 0.3 Kbits/s to 2.4 Kbits/s 

 Sensitivity: -108 dBm 

 Supply voltage: 4.9V to 5.1V 

 Current consumption: 5 mA 

 Operating Temperature: -10 ºC to 55 ºC 

 Pins: 1: Ant. 2: GND 3: VCC 4: AOUT 5: DOUT 

There is no voltage regulator connected this module. Therefore, it needs regulated voltage as its 

supply. We will feed this module like in transmitter side from the circuit supply. There is a DOUT 

pin on the module for digital data output. After demodulation, received signals are given to this pin. 

AOUT (Analog Output) pin is for test purposes. At this pin, there is demodulated signal mounted on 

1.5V.  

-Antennas for the Modules: 

Antenna is necessary for sending data to the wide distances. Rules for the antenna that must be used 

with these modules are as follows: 

 It must have 50 ohm impedance 

 Antenna length must be nearly 17.3 cm for 433 MHz to get best performance. 

 Antenna must be mounted on the module perpendicularly. 

 Antenna should not be put in a metal bin 

Figure 29 UDEA ARX-34 Receiver 
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Figure 31 Connection of ARX-34 (receiver) to PIC 

 

The button in the transmitter circuit is used for data sending. While button is pressed, data specified 

by the software is sent. 

Figure 30 Connection of ATX-34S (transmitter) to PIC16f877 (UDEA Documents) 
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C. Software Design 

 

I.  Introduction 

In this section, mainly image processing, pathfinding, communication and driving algorithm is 

described. 

Under image processing subtopic, path detection and feedback will be described. Under pathfinding 

subtopic, what are the inputs and outputs are told and finding algorithm is described. Under 

communications subtopic, sending the moves from computer to robot is described. Under driving 

algorithm subtopic, rotating servos, speed control and predefined moves are described. 

During the software design process and tests; HyperTerminal, MatLab, PicC Compiler, MS Visual 

Studio are the most commonly used computer softwares. 

 

II. Driving Servos Using a Microcontroller 

According to the driving algorithm constructed for this project, one pin (S in figure 32) of the 

microcontroller will be used to generate pulses while four other pins (A, B, C, D in figure 32) of the 

controller will be used to select the servo whose pulse is generated through the “S” pin.  

The select pins will be used to turn on/off the switching devices connected to them. The switching 

devices used until now on testing mechanisms are NPN bipolar junction transistors and they seem to 

be working just fine.  

Figure 32 Demonstration of the switching duty carried by the MCU 
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-Problems Foreseen 

There may be various errors regarding the switching devices used: 

 Voltage drop across the switching device: 

The output-high of the “S” pin will be 5 volts, which is the Vcc of the microcontroller. However, 

since this voltage is conducted through the BJT there will be a voltage drop on the servo side. If a 

problem occurs in the following phases of the project due to the voltage drop between collector and 

the emitter of the transistor, these devices can simply be replaced with P type metal-oxide-

semiconductor transistors, which can transmit logic level 1 (5 volts in our case) without any voltage 

drop. This time the logic level 0 will not be zero volts on the servo side. If that results in a problem 

too this time rather than using a single switching device to signal the servo, CMOS inverters can be 

used instead. 

 Parasitic capacitances: 

Another problem may occur due to the gate capacitances of the switching devices which will result 

in delays on the signals sent to servos. However their effect will not be significant since the delays in 

many MOS inverting devices are in the scale of nanoseconds and moreover the delays will occur in 

both low-to-high and high-to-low transitions which will compensate each other and will not result in 

a difference in the pulse width of the signals. 

 

-Servo Driving Methods 

Using servo systems as motion generators seemed the most suitable solution for implementing such 

project and carrying out such climbing method. The main reason for servos being such suitable 

components for us is the ability to control the angular position of the shaft of the system with very 

high accuracy.  

Another advantage of servos is their built-in gear box which can output high amounts of torque 

(~10kg/cm for our servo) but low rotational velocity, consequently. However, maintaining high 

rotational velocity at the output is not a necessity for this project and slowness can be tolerated. 
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To rotate a servo to a required position, square waves with certain pulse widths are used. This pulse 

width-position relationship is standard for all servos with negligibly small variations. Please refer to 

the following image for a better understanding of this relation: 

To rotate a standard servo to -90 degrees 500 microsecond pulses are given to the signal input of the 

servo with 10 to 20 milliseconds of periodicity. Using a linear relation between the desired angle and 

these pulse widths, the required pulse width for the corresponding angle can be calculated. For 

example if one wants to find the pulse width to rotate the servo to 0 degrees (center) the following 

calculation is valid: 

    
        

        
       

      

So it can be concluded that if it is needed to rotate the servo to 0 degrees (center position), feeding 

the servo with pulses of 1500 microseconds every 10-20 milliseconds is valid.  

This relation can be used to calculate any angle’s pulse width and its validity is tested and verified by 

the tests done on actual servos. 

 

 -Rotating servos 

For rotating the servos on the robot, various methods for square wave generation can be used. The 

first method that comes in the mind is by using the pulse width modulation module within the 

microprocessor. However there is a restriction for the minimum frequency that can be generated 

using this module which is strictly bound by the clock of the microprocessor. For example while 

using a 20 MHz external crystal for clocking of the microprocessor, the minimum frequency that 

Figure 33 Servo driving pulsewidths 



39 | P a g e  
 

PWM module can generate is around 1.2 kHz. But the servo requires 100Hz at maximum for proper 

operation (figure 33).  

Slowing down the system clock can be a solution but this time the program within the chip will 

operate slower. Another problem that PWM module brings is due to the determination of the duty 

cycle: Duty cycle of the PWM modules is defined by a 8 bit input as configuration commands. 255 

means a 100% percent of duty cycle while 127 means a 50% of duty cycle. The problem here is the 

resolution. 8 bits of resolution will not be enough to create precise enough pulses for our operation 

where every microsecond will matter. 

To overcome these problems, it is decided to generate the pulses using delay commands while 

controlling the output of the certain pins of the servo: 

Please note that it is verified by tests using actual servos, driving servos using such codes is no 

problem at all. 

-Synchronizing the arms 

Considering the existence of four servos within the robot, it will be necessary to use at least 4 pins 

that will control 4 servos separately. However there is a much bigger problem: while doing certain 

“pull” moves, which will carry the robot body around, each and every servo, must rotate at the same 

time synchronously.  

Let’s divide the problem into two: 

 Simultaneous movement and Synchronous Movement: 

 Simultaneous movement: 

Besides the handiness of the delay function, it brings a huge problem: this function actually “halts” 

the operation of the whole code; as to say, while the delay function is operating no other commands 

Figure 34 Generating pulses using delay commands 
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can be operated. But it is necessary to generate other pulses simultaneously too. Also until a servo 

rotates to the required position the pulses must be given to the servo continuously until the servo 

reaches to its position. Considering the 20 milliseconds of delay functions, it won’t be possible to 

drive all 4 servos at the same time. The solution for this problem came with “nestling” (if that’s the 

term) all 4 pulses together. Figure 35 shows 4 example pulses for 4 different angles that the servos 

are to rotate. 

 

The summation of the pulses in figure 35 summarizes the method for simultaneous rotation. This 

method aims to generate pulses for each servo through a single pin, nestled in each other, and these 

pulses will be routed to different servos using switching devices (transistors in our case).  The 

selection of the switching devices will be done in the short period of rest between pulses (Note the 

gap between PW1 and PW2 in figure 35). This way the servos will be able to rotate simultaneously. 

Please notice the part marked as “rest” in figure 35. This is a constant time period calculated using 2 

maxima of the overall pulse widths: 

                            

                             

                           

If the pulses rest 10 milliseconds after each 4 pulses, the overall period of the pulses will be between 

12 and 20 milliseconds which is a proper periodicity for operation of a servo as mentioned before. 

Figure 35 Simultaneous driving approach 
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As for the switching devices, least significant 4 bits of an output port of 8 bits is used for the 

switching; i.e., servo select. Please refer to the following code segment and the circuitry: 

While(…){ 

PORTA=0x01;       //A0 Pin HIGH Servo 1 is selected 

delay_us(10);      //State is loaded onto the select transistors               . 

         PORTB=0X20;      //PIN B5 HIGH pulse for Servo 1 is output 

         delay_us(1530);   //Pulse width is satisfied for Servo 1 

         PORTB=0X00;       //Output is pulled to low 

 

      rotate_left(&PORTA,1);   //Logic shift left of byte PORTA thus: A1 enabled, A0 disabled 

//Servo2 is selected 

      delay_us(10);     // State is loaded onto the select transistors                

         PORTB=0X20;     // PIN B5 HIGH pulse for Servo 2 is output 

         delay_us(1800);   // Pulse width is satisfied for Servo 2 

         PORTB=0X00;   //Output is pulled to low 

 

      rotate_left(&PORTA,1);    //Logic shift left of byte PORTA thus: A2 enabled, A1 disabled 

//Servo3 is selected 

      delay_us(10);    // State is loaded onto the select transistors                

         PORTB=0X20;      // PIN B5 HIGH pulse for Servo 3 is output 

         delay_us(1800);   // Pulse width is satisfied for Servo 3 

         PORTB=0X00;   //Output is pulled to low 

 

      rotate_left(&PORTA,1);    //Logic shift left of byte PORTA thus: A3 enabled, A2 disabled 

//Servo4 is selected 

      delay_us(10);    // State is loaded onto the select transistors                

         PORTB=0X20;      // PIN B5 HIGH pulse for Servo 4 is output 

         delay_us(1800);   // Pulse width is satisfied for Servo 4 

         PORTB=0X00;   //Output is pulled to low 

} 

 

Figure 36 Actual servo driving circuitry 
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 This method worked perfectly so far in our tests for simple pull-up and reach actions. Also it 

reduces the complexity of the driving algorithm for a better understanding and control of it. 

 

 Synchronized movement: 

Another problem occurs due to the different rotation angles for different arm angles. To be more 

specific, consider two servos on a single arm and one of them is supposed to turn from -90 degrees to 

0 degrees while the other one is to rotate from 45 to 60 degrees. Now the problem here is if the 

servos are directly fed with 1500 microseconds (for center position) and the other one with 2200 

microseconds (for 60 degrees), considering the RPMs of both servos are the same, the second servo 

will reach 60 degrees faster than the first servo’s reaching 0 degrees. This results in an awkward 

motion of the arm and not desired.  

For fixing such problem, the driving algorithms are built such that rather than feeding the servos 

directly with the corresponding pulse, the pulses are increased/decreased step by step. For example, 

consider the above case: 

1500-500=1000 : pulse width increment for the first servo 

2200-2000=200 : pulse width increment for the second servo 

1000/200=5 So the pulse width of the first servo should be increased 5 times faster than the second 

servo so at every pulse loop PW1=PW1+5 microseconds and PW2=PW2+1 microseconds. This 

method guarantees the synchronized motion for both servos in an arm. This method also allows us to 

be able to move the “hand” of the robot on a single line. 

Method is tested on actual servos where simple pull-up operation was demonstrated and so far it 

works just as planned. 

 

-Speed control method 

The synchronizing method as mentioned above also gives us the ability to control the rotation speed 

too. Feeding the servos directly with the corresponding pulses may result the robot to bounce off the 

anchor points, thus not desired. By arranging the increments/decrements of the pulses, the rotation 

speed of the arms can be adjusted. For example if the increments above were 50 and 10 

microseconds the arm would move 10 times faster; or incrementing the pulses by 5 and 1 
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microseconds after 100 cycles will slow down the motion of the arm 100 times. By manipulating 

these ratios the desired speed will be achieved. 

-Predefined Moves 

These calculation methods will be written on the PIC and it will be able to calculate its own moves 

on its own. Moreover, there will be some predefined moves that store the motion parameters for each 

servo for different moves, like “reach up”, “pull body up” and “reach right”. Using these predefined 

moves and the incoming movement data, which are stored on the EEPROM, the robot will act. 

Major problems foreseen: 

Delay in the output of the “delay” function: 

While using the “delay” function, it takes some time for the microcontroller to complete reading and 

operating this command. This time is decided by the system clock. For our case where we use a 

20MHz external crystal oscillator, there is a 2 microseconds of delay after every command. As to sat 

if one gives a 500 microseconds of pulse using delay function, that pulse is actually 502 

microseconds long. 

However, this does not have a significant effect on the operation of our robot. If a problem due to 

this is experienced, the pulses will be re-calculated but 2 microseconds shorter this time. 

Different arm lengths and resulting non-linearity: 

Even though the synchronizing method as mentioned above results in an almost perfect linear 

motion, due to the difference of length between the arms and the different starting angles, even when 

trying to move the hand on a line, it actually moves on a sinus wave shape with a very little 

magnitude. This line is almost impossible to see with bare eyes and this result is concluded from our 

calculations. If there happens to be a problem in the operation of the robot due to that error, we will 

try to take advantage of it and use that undesired motion in horizontal directions to place the body on 

the anchor points. 
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III. Storing the Moves 

As mentioned previously, the computer will generate all the consecutive moves that will lead the 

robot to top. These moves will be loaded onto the robot’s microcontroller device and it will act 

according to this data. 

Since depending on the locations of the anchors, climbing top may require 50 or maybe 1000 moves 

it is necessary to allocate a dynamic memory for storing the moves that will grow bigger with every 

incoming movement data somehow. However, this would be a risky action since the incoming data 

may require much more memory than the remaining flash memory of the PIC can contain or a 

memory leak may occur at the worst case scenario.  

The solution to this problem is to write the incoming movement data to the EEPROM of the PIC. It 

is possible to write the incoming data to different (ascending) locations of EEPROM using a “while 

loop” in a program segment, as long as a byte which tells the PIC that data transmission is finished 

exists. The PIC that is to be used in this project has 1024 bytes of EEPROM memory which will be 

more than enough if every move can be defined using 1 byte. 

unsigned int i=0; 

char incoming_data; 

 

while(incoming_data!=EOT*){ 

incoming_data=getc(); 

 

if(incoming_data!=EOT*){ 

write_eeprom(i,incoming_data); //writes the data read via serial 

i++; //communications receive pin onto the i
th  

} //EEPROM location. 

} 

*EOT=End of transmission: A byte that will end the data transmission between the PIC and the 

computer. To be decided after each and every move that the robot will do is clearly defined. 

Above is a sample program segment demonstration, which is tested and can be used to store 

incoming data on the EEPROM in consecutively until the computer sends the byte to tell the PIC that 

every move is sent. 
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Another issue here is to fit the data required for each move into 1 byte of memory. For this purpose 

the following byte structure is to be used: 

Least significant 3 bits in a transmitted byte will be used to tell the robot the next location of the right 

hand. In figure 37, 8 different locations that the right arm of the robot can reach is shown. From 000 

to 111, these locations will be numbered. Thus, only by reading 3 bits, the robot will know where to 

put its left hand to achieve the next move. The story is the same for the left arm. 

As for the body, “B” bits of byte A, there are 3 

possible next locations for the body: UP, Left and 

Right. Various combinations of B bytes will be used 

to define the next location that the body will go. 

Please note that 2 bits can define 4 different states. 

However there are three possible body locations so 

there will remain 1 extra state and that state can be 

used to construct an EOT byte. 

Below is a sample possible truth table for movement 

bytes: 

A2 A1 A0 Right hand next location 

0 0 0 To R6 

0 0 1 To R3 

0 1 0 To R1 

0 1 1 To R7 

1 0 0 To R4 

1 0 1 To R2 

1 1 0 To R8 

1 1 1 To R5 

    

Figure 37 Bitwise storage of the moves 

Figure 38 Points that are in the reach of 
the right hand 
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A5 A4 A3 Left hand next location 

0 0 0 To L6 

0 0 1 To L3 

0 1 0 To L1 

0 1 1 To L7 

1 0 0 To L4 

1 0 1 To L2 

1 1 0 To L8 

1 1 1 To L5 

 A7 A6 Body next location 

 0 0 Up 

 0 1 Left 

 1 0 Right 

 

Example EOT byte: 11XXXXXX 

IV. Image Processing 

-Anchor Point Detection With Image Processing 

We use a webcam in order to detect the present anchor points so that the path of the robot can be 

determined as well as the moves of the arms. This process will be done at the very beginning of robot 

climbing. The corresponding block diagram of this part is as in figure 39. 

 

Figure 39 Image processing flowchart 

First of all, the anchor points are designed as 2cmx2cm red colored rectangulars whose center will be 

placed on the grid cross - sections. As explained in the mechanical design, the camera is fixed in 

front of the wall as it can capture the whole wall. This video capture will be the input to the image 

processing software. We are using MATLAB as the software tool since its image processing toolbox 

has a good variety of functions; however, in case we encounter problems in this part, the software 

tool can be changed (Microsoft visual Studio could be an option) while the general philosophy of 

anchor point detection remains similar. 
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The following commands are used for video capturing: 

imaqhwinfo; 

imaqhwinfo('winvideo'); 

vid = videoinput('winvideo',1); 

start(vid); 

preview(vid); 

im1 = getsnapshot(vid); 

“vid” is a 1x1 variable corresponding to the video input. The following two commands are used to 

start and show the video input. Next, snapshot is taken from that video whose input is the “vid” 

variable and output is the “im1” variable which is the captured image of the wall. We are considering 

to capture the image with 320x240 pixels. 

This variable is composed of three arrays which are:  

 horizontal pixels (320 elements) 

 vertical pixels (240 elements) 

 RGB information (3 elements) 

Thus, the information consisting of the intensities of three main colors (red, green, blue) for each 

pixel is stored in that variable “im1”.  

Next step is the actual image processing where the anchor point information is obtained as a 14x14 

matrix which will be called as “the wall matrix”. The method of this part uses RGB property of the 

image pixels. If the camera placement calibration is done perfectly, one real vertical distance of 1cm 

will be represented by   
   

  
      pixels and one real horizontal distance of 1cm will be represented 

by  
   

   
      pixels. By doing so, the anchor points which are 2cm x 2cm will be represented by 

6x6 = 36 pixels. The algorithm of the processing is such that, the pixels corresponding to every 

possible anchor point locations will be checked if they are red or not.  

This is done by thresholding. Consider an element of the image variable which corresponds to one of 

the anchor point pixels; im1(x, y). The algorithm will use thresholding for all colors as:  

Red: im1(x, y, 1) > Rthreshold 

Green: im1(x, y, 2) < Gthreshold 

Blue: im1(x, y, 1) < Bthreshold 
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The threshold values will be determined after performing more tests with different environmental 

conditions. When the all 36 pixels are checked by this algorithm, we will not look for all of them 

being red enough because there may be calibration problems as well as different lighting and shadow 

conditions. We will probably look for half of them being red enough. If that condition is satisfied, the 

corresponding element of the wall matrix will be made 1 meaning that there is an anchor point there 

and the same procedure will be done for all grid cross - sections. Since the wall matrix is initially all 

zero, the final version of it will carry the anchor point information with 1s and 0s. 

The wall matrix, as seen from the block diagram in figure x, is the output of image processing and 

will be used by the path finding algorithm. 

 -Control Methods 

The design requirements of the wall climbing robot are already met as explained in this report such 

that; the anchor points are detected by the camera, the climbing path and corresponding hand moves 

for every motion on this path are determined and loaded to the MCU of the robot and this chip 

rotates the servos so that the motions determined are implemented physically and thus the robot 

climbs the wall. This is actually our general system schematic. However, there seems to be a 

problem on that system design which is being an open loop system. Open loop systems are 

dangerous because in case of an error occurring in one of those steps, which is highly probable, the 

expected outputs of any of those steps may change affecting the inputs of the next steps. Therefore, 

the whole system process is distorted which makes the design actually “not a proper design”. The 

solution of such a problem is making the system closed loop so that any error occurring between the 

steps can be detected and corrected without letting overall system be affected. Therefore, closed loop 

systems are more reliable. 

The control philosophy of our system design is as following: We will obtain the accuracy of every 

motion and feed this back to the robot so that if any mistake was done by robot, it can correct it by 

using this information. By doing so, the system is made closed loop and the climbing process is 

made more reliable and safer. 

For each motion of the robot, the information of  “finishing the motion” will be sent by lighting a 

LED placed on the robot which can be seen in figure 40.This LED will be detected by the camera 

which was also used for anchor point detection in the beginning of the climbing process. At that 

instant, the robot will stop moving until any information is given by the computer. The location of 
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each element  of the robot will be detected by the camera. For this purpose, the robot will have such 

a color pattern shown in figure 40. 

 

Figure 40 visual feedback colors 

 

The image processer will first detect the corresponding holding element position by using a similar 

algorithm with anchor point detection (the thresholding will be applied to blue color this time) and 

compare it with the anchor point position. If they match, it means that the motion is done correctly 

and the processer will send information as “do the next motion”. If not, the holding elements, cranks 

and shoulders will be detected and the algorithm on the image processer will calculate the angles of 

the motors. Since the program will know the angle combination for every motion, the error of the 

rotation can be determined easily. This error will be fed to the robot so that it can repeat the motion 

by correcting this error. 
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V. Path finding 

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

points are 0. 

 

Output : 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. 

 

-Brief Description of Path Finding Algorithm 

14*14 matrix is taken as input. Since the path which body moves is a continuous path, intersection 

points on the path is found. Individual paths connecting the intersection points are found, numbered 

and stored. If there are different ways connecting two intersection points, the shorter path is stored. 

Then path connecting intersection points, start and end points, is found through a recursive function. 

The function returns the intersection points which are going to be used while climbing. I.e There are 

10 intersection points, first intersection point is the starting point and the last intersection point is the 

ending point. The function returns 1,4,5,6,8,10 which means robot is going to pass through 

1,4,5,6,8,10 consecutively. If there is connection between intersection point 1 and 6, path length is 

calculated between 1 and 6, then the path length connecting 1,4,5,6 is calculated. If the path 

connecting between 1 and 6 is shorter, intersection points 4 and 5 are deleted ( treated as normal 

anchor point) and function is called again. This process is repeated until there is no connection 

between nonsuccesive intersection points. After determining the intersection points on the path 

which is going to be used. They are connected and stored on 14*14 array describing the position of 

the body in each step. The final array is used as input the program and the process is repeated. This is 

done to make path shorter. The output is an 14*14 matrix which decribes continous path which the 

body will follow, and the points are numbered consecutively. 

-Algorithm 

1. 14*14 matrix is taken as input and stored 14*14 arrays 2 times. 1 of the matrices holds the 

data permanently and the other one is changed during operation. The names of the arrays 

are arr1 and arr7. Arr1 is the changed array and arr7 the array which is holding the actual 

holding points. Sample input and contents of arr7: 
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1 2 3 4 5 6 7 8 9 1011121314 

 14 0 0 0 1 1 1 0 1 0 1 0 0 0 1 1 

 13 0 0 0 0 1 0 0 1 0 1 0 0 0 1 0 

 12 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 

 11 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 

 10 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 

 9 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 

 8  1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

 7 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

 6 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

 5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

 4 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

 2 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 

 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

     

2. Intersection points are stored in 14*14 array named arr2. In the array the intersection 

points are numbered consecutively and the other points are 0. The contents of arr2 if the 

input is given as described in part 1. 

 

1 2 3 4 5 6 7 8 9 1011121314 

 14 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 

 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 12 0 0 0 0 4 0 0 5 0 6 0 0 7 0 0 

 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 9 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 

 8  0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

   

  Starting point and final point is found by checking the combination as shown: 

  1 x 1 

  x 1 x 

  x are not important but 1’s must be on the matrix defined by the wall. The 

remaining points are found by adding the neighboring points(which are the points above,below,left 

and right) and checking if the number is greater than 2 . 
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3. Paths going out(up,left,right) from one intersection point are stored until it reaches 

another intersection point, in a temporary three dimensional array, 2 dimensions hold the 

coordinates of intersection point, remaining dimension holds the moves required. Moves 

are stored as 1 (right),-1 (left), 2(up), I.e if 1,2,-1,-1,2 are stored, it means go right, go up, 

go left, go left, go up. If a path does not reach an intersection point and does not go 

anywhere, the connection between intersection point is deleted in arr1 which holds the 

anchor points, and treated as there is no anchor point at that point. With the new arr1 the2 

nd and 3rd process is repeted. While moving there are some restrictions such as there 

must be 2 anchor points above the robot to hold. If that restriction is not satisfied, the 

connection is again cleared in arr1and the process 2 and 3 are repeated. If there are 2 

paths connecting 2 intersection points, the shorter one is kept and the connection of longer 

one is cleared in arr1 and the process 2 and 3 are repeated. Repetition is done to eliminate 

unnescessary intersection points and to find the shorter path between two intersection 

points. The path between two intersection point is stored again in three dimensional array 

named arr4. First dimension holds the number of the intersection point, second dimension 

hold the number of reached intersection point and the third dimension holds the 

movements between these two intersection points. I.e arr4[2][3][4]=2 means there is a 

path between intersection 3 and 4 (one less since arrays start from 0) and 5th move 

between these points is go up. This process is repeted for all intersection points and they 

are stored. In arr4 from which intersection point to which intersection point there is a path 

and how is the path, is stored. 

4. Information on the three dimensional arr4 is stored in 2 dimensional array named 6 which 

holds the data from which intersection point to which intersection point there is a path. I.e 

arr6[3][7]=1 if there is a path from intersection point 4 to intersection point 8, if there is 

no path it is zero. arr6 is also copied to an array named arr62.  

5. arr6 is used in a recursive function which finds continous connections between 

intersection points and returns one dimensional array. The function only finds a path from 

starting point to ending point, it does not check the length of the path. It finds randomly. 

I.e there are 7 intersection points, there is path from 1 to 2, 3 and 6, a path from 2 to 3, 3 

to 4 and 5, a path from 5 to 7, a path from 6 to seven. Arr6 is as shown below. 
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0 1 2 3 4 5 6 7 .... 

 0 - 1 1 0 0 1 0  

 1 0 - 1 0 0 0 0 

 2 0 0 - 1 1 0 0 

 3 0 0 0 - 0 0 0 

 4 0 0 0 0 - 0 1 

 5 0 0 0 0 0 - 1 

 6 0 0 0 0 0 0 – 

  

The function returns 1,2,3,5,7. It means go to 2 from 1, 3 to from 2, 5 to from 3, 7 to from 5.   

It starts with intersection point 1(starting point), and tries to reach the last intersection point(end). 

The function searches for an intersection point which has connection with the current point and 

which is not used before. If it finds it moves to that point, if it can not find it goes previous point and 

searches another point which may reach to end. It continues searching until it reaches end. The array 

which returns is stored at an array named path. 

 

6. Total length is calculated. Array “path” is checked if there is connection between 

nonsuccesive elements. I.e there is connection from 1 to 3 in previous example. It 

calculates the length of the path between 1 and 3, then it also calculates the length of path 

1 to 3 by passing 2. If direct path from 1 to 3 is shorter, arr6[0][1] is made 0 and function 

is recalled. The total path is calculated again, if it is shorter arr6 is kept same and arr62 is 

equated to arr6. If the total path before arr6 is changed is shorter, arr6 is restored through 

arr62. Checking array “path” if there is connection between nonsuccesive elements is 

continued. The process stops when there is no unnescesary point left. 

7. The intersection points which function returned are connected consecutively and stored in 

a 14*14 array named arr5. arr5 holds the information of a contiuous path from start to 

end. 

8. arr5 is put as input to program and the all the process is repeated several times to make 

path shorter. I.e program outputs as shown below. 
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- Sample Run of the Program: 

 

Figure 42 Output 

  9. Using arr5 and arr7, for every move positions of left arm, right arm 

and body will be found and will be sent to robot through serial communication. Each 

byte will have the information of positions of left arm(3bits), right arm(3bits) and 

body(2bits). 

 

Figure 41 Holding Points 


