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ABSTRACT 
This paper deals with the analysis of a robot which has its mobility in almost all terrain paths like uneven paths, staircase, it also 

has the capability to climb walls with rope usage also, the robot will be attached with an arm to perform pick and place objectives. 

The main objective of the robot is to have its destinations were humans cant and perform its tasks which cannot do like 

surveillance in nuclear radiation affected areas terrorist parameters,  surveillance perform hard tasks at such destinations. The 

Kinematic and dynamic analysis of such robot helps to make them more successful product. The reason that these robots aren’t 

been widely used in DRDO and other surveillance operations are its small drawbacks, this analysis helps to take these robots to 

next level. 

 

KEYWORDS:  All Terrain Robot, arm, wall climber, Design, Kinematic Analysis, Dynamic Analysis. 
 

INTRODUCTION 
 
Over the past twenty years, as robotics has become a scientific discipline, research and development have 

concentrated on stationary robotic manipulators, primarily because of their industrial application. A lesser 
amount of effort has been directed to mobile robots. Although legged and treaded locomotion has been studied, 
the devastatingbulk of the mobile robots which have been built and evaluated utilize wheels are for good 
locomotion. mobile robots (WMRs) with Wheeled are more energy efficient  on  comparison  with  walking or 
rope climbing robots  on hard,  smooth surfaces and  will potentially  be  the first mobile robots to  find 
multirole application in industry, because   of the 

Rough, smooth plantfloors in existing industrial environments. Wheeled vehicles in transportation, which 
Autonomously follow paths &fed byor buriedWire, have already found application WMRs 
Findwide application in nuclear and explosives handling, space and undersea exploration, warehousing, 

security, agriculturaldevice, military, education, flexibilityuse for the disabled and personal robots. 
Distinguished from common mobile robot in structured environment, all-terrain rovers (ATRs) are a class of 
mobile robots that have sufficient mobility to enable then traverse over uneven terrain also include vertical 
paths, they use both rope as well as wheels to have their vertical path objectives. These robots are being  used 
increasingly in such diverse applications as  Planetary explorations [1], rescue operations [2], Mine detection 
and demining [3], agriculture [4],  

Military missions [5]. In order to adapt unknown and hazardous terrain, ATRs always have sophisticated 
mobility systems and the complex Mechanisms increase the modeling and analysis  
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Difficulty of ATRs. 
II. Objectives And Scope: 

The main objectives of this paper are
vertical rope climbing capacity that covers the following views:

A. Mobility: It should have a capability to run on different 
B. Tele-operation: It should be controlled by remote via wireless communication 
C. Payloads: It should be able to lift a load of 2 kg. 
D. Analysis:  
 
It involves kinematic analysis and dynamic analysis of 
The development of such a robot require wrapper of a range of aspects like mechanical, electronics, 

challenging, computer programs, mode of communication
 
III. Literature Survey: 

In the literature survey, we review the history research and the literature sense that enclosed under this 
project. We premeditated the basics of the robotic system and the different All Terrain Robots accessible in the 
market. We compare these systems bas
parameters with their special futures.

All Terrain Robot is a kind of robot which means the robot which can travel on different types of ground 
surfaces. The advance in miniaturization t
platforms. Many mobile robots have been urbanized to decrease human activity in risky tasks such as explosive 
ordnance discarding, nuclear material management, military operation and urban sea
places which is out of human reach, 

Numerous robots from profitable companies, research 
tested, and they were largely classified
namely, wheeled, legged, tracked and re
on the objectives of the plan. Next, each type of robots was then compar
evaluation factor. A table was then created and used to select the most appropriate type of motion mechanism. 
In the following sections we will see various typ

 

 
The association between the four types of mobile robots is shown in the Table. Wheeled robots had been 

recognized as a better locomotion mechanism in terms of entire performance. The tracked robots were not 
chosen because of their multifarious design while the legged and re
their little payload size and complication of mechanism.

Existing All Terrain Surveillance 
are used for numerous operations such as pick and place, o
some dissimilar mechanism used to suit the application. So, we have made a comparison of many systems on 
the basis of the method used, speed, payload capacity, weight, etc. The drawback of the existing
vertical rope climbing uses wheel friction as a source , but our robot use the winding method where there is no 
way of slipping. 
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objectives of this paper are to carry out an exploratory development of an
vertical rope climbing capacity that covers the following views: 

capability to run on different terrain even on stair and wall and climb wall.
operation: It should be controlled by remote via wireless communication - R.F. Module. 

Payloads: It should be able to lift a load of 2 kg.  

It involves kinematic analysis and dynamic analysis of a robot capable of high targets.
The development of such a robot require wrapper of a range of aspects like mechanical, electronics, 

mode of communication, systems engineering, etc. 

In the literature survey, we review the history research and the literature sense that enclosed under this 
project. We premeditated the basics of the robotic system and the different All Terrain Robots accessible in the 
market. We compare these systems based on the type of drive mechanism used and the

eters with their special futures. 
All Terrain Robot is a kind of robot which means the robot which can travel on different types of ground 

surfaces. The advance in miniaturization technologies has given rise new growth in little mobile robotics 
platforms. Many mobile robots have been urbanized to decrease human activity in risky tasks such as explosive 
ordnance discarding, nuclear material management, military operation and urban search
places which is out of human reach, rescue   or   in   analytical objectives. 

robots from profitable companies, research institutes Universities and government agencies were 
classified based on their locomotion mechanism into four different types in 

tracked and re-configurable robots. Several assessment factors were recognized based 
on the objectives of the plan. Next, each type of robots was then compared with the other

. A table was then created and used to select the most appropriate type of motion mechanism. 
In the following sections we will see various types of robots & their comparison. 

 

the four types of mobile robots is shown in the Table. Wheeled robots had been 
recognized as a better locomotion mechanism in terms of entire performance. The tracked robots were not 
chosen because of their multifarious design while the legged and re-configurable robots were deserted due to 
their little payload size and complication of mechanism. 

Existing All Terrain Surveillance Robots: Till now we have calculated many wheeled robotic system, which 
are used for numerous operations such as pick and place, observation, military application etc. Every system has 
some dissimilar mechanism used to suit the application. So, we have made a comparison of many systems on 
the basis of the method used, speed, payload capacity, weight, etc. The drawback of the existing
vertical rope climbing uses wheel friction as a source , but our robot use the winding method where there is no 
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an all-terrain robot with 

and wall and climb wall. 
R.F. Module.  

a robot capable of high targets. 
The development of such a robot require wrapper of a range of aspects like mechanical, electronics, 

In the literature survey, we review the history research and the literature sense that enclosed under this 
project. We premeditated the basics of the robotic system and the different All Terrain Robots accessible in the 

and the condition of the robot 

All Terrain Robot is a kind of robot which means the robot which can travel on different types of ground 
echnologies has given rise new growth in little mobile robotics 

platforms. Many mobile robots have been urbanized to decrease human activity in risky tasks such as explosive 
rch which is located in 

and government agencies were 
nism into four different types in  robots 

configurable robots. Several assessment factors were recognized based 
the other type using this 

. A table was then created and used to select the most appropriate type of motion mechanism. 

the four types of mobile robots is shown in the Table. Wheeled robots had been 
recognized as a better locomotion mechanism in terms of entire performance. The tracked robots were not 

gurable robots were deserted due to 

now we have calculated many wheeled robotic system, which 
bservation, military application etc. Every system has 

some dissimilar mechanism used to suit the application. So, we have made a comparison of many systems on 
the basis of the method used, speed, payload capacity, weight, etc. The drawback of the existing robots is the 
vertical rope climbing uses wheel friction as a source , but our robot use the winding method where there is no 
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Fig. 1: schematic rope climbing 

 
IV. Details Of The Total Work: 

We want to manufacture anAll-Terrain Robot system which has a manipulator inbuilt to it for the purpose 
of the pick and place act. The requirement of the system is as follows: 

1. It should be able to revolve in 360 degrees clockwise and anticlockwise at one place. 
2. The robot should travel on dissimilar terrains  for the purpose of inspection 
3. It should be able to climb the stairs. 
4.Climbing rope using the winding method. 
5.     Robot arm gripper should clutch the object with proper force. 
6. Manipulator should lift the object to a scrupulous height and place it at essential position. 
 

 
Fig. 2: robot manipulator with 2 dc motors 
 
A.Wall Climbing Robot: 
a) Air Thrust: 

The major disadvantage of thrust used wall climbing robot is they can’t carry more weight; this major 
drawback puts down its applications where it can’t even have a pick and place arm or a gripper. These kinds of 
robots don’t have their mobility in smooth surface like glass. 
 
b) SuctionCups: 

Though these suction cups have tween the robot and wall or other surface their disadvantage comes under 
two ways speed of their mobility can be used only in smooth surface like glass or such materials. They cannot 
be used like normal walls. This makes its versatility too low. 
 
B.Rope climbing robot: 

The existing type of rope climbing method is only half successful, the type of material used and the weight 
of the robot binds their applications. If the type of material used as rope or the wheels for the friction used are 
slippery then they automatically drop down. In order to increase their application we need to add our 
equipment’s which adds weight, so it has drawbacks which puts down its applications. 
 
C.Wall Climbing: 

In order to overcome all these disadvantages of mobility speed, grip, versatile application the change of 
wheel axis play a good role. Change of wheel axis of a certain degree will change the contact between the wheel 
and wall is very high so that we can easily add all kind of equipment in order to have it applications in numerous 
fields. 
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.
Fig. 3: Wall Climbing 

 
This kind of mechanism also helps to make to have its path in curvy areas. As an added advantage it will 

have good speed and grip to the surface even in curvy paths.
 
D.Rope climbing: 

The existing technologies have some 
sloppiness. Out method overcomes all these disadvantages were we will be using all these rope winding method 
which doesn’t allow or give place for slipping. We can store a large amount of r
destinations at extreme heights. 

 

 
Fig. 4: Rope climbing 

 
E. Design: 

Fig. 5: Wall climbing 
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This kind of mechanism also helps to make to have its path in curvy areas. As an added advantage it will 
have good speed and grip to the surface even in curvy paths. 

have some disadvantages that won’t allow having it path with high weight and 
sloppiness. Out method overcomes all these disadvantages were we will be using all these rope winding method 
which doesn’t allow or give place for slipping. We can store a large amount of rope were we can have our 
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This kind of mechanism also helps to make to have its path in curvy areas. As an added advantage it will 

disadvantages that won’t allow having it path with high weight and 
sloppiness. Out method overcomes all these disadvantages were we will be using all these rope winding method 

ope were we can have our 
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Fig. 6: Design of Terrain mobility and rope climber

F. Working: 
 
A) TerrainMobility: 

Terrain mobility we will be using geared DC motor which is controlled using L293D module. L293D 
module (first motor will be right hand side where the second motor will be the left hand side) can control two dc 
motors independently. It receives the input signal fo
four outputs which is used as an input by L293D. If the transmitter gives an output as 1000 they are decoded by 
the RF receiver. This decoded signal intimates the module to switch on the first motor i
Where the robot takes a left turn while the first motor will be in working state where the second motor will be in 
rest state. These two motors are combined with another pair of motors which acts in parallel way. If the 
combination is 0010 then the second motor will rotate in clockwise motion which turns the robot in right 
direction. If the combinations are like 1010 then all the four motors will rotate in clockwise motion which 
moves the robot in forward direction.

 

Fig. 7: Terrain Mobility 
 
If the combinations are like 0101 then the robot will make a 360deg rotation. Each digit in the combinations 

means each motor which is connected to each wheel. If all these combinations gets reversed then the motors will 
rotate in anticlockwise direction. 
 
b) Ropeclimbing: 

Rope climbing we will be using geared DC motor which is controlled using L293D module. Since the 
module can control only one setup at a time the selection of process of rope climbing and wall climbing is done 
using a switch. L293D module can control two dc mot
receiver 434MHZ. Form RF receiver there comes four outputs which is used as an input by L293D. If the 
transmitter gives an output as 1000 they are decoded by the RF receiver. This decoded signal i
module to switch on the climbing motor in clock wise direction which makes the robot to move in the vertical 
direction (upward). If the combination is reversed then the climbing motor will rotate in anti
(downward). 
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If the combinations are like 0101 then the robot will make a 360deg rotation. Each digit in the combinations 
means each motor which is connected to each wheel. If all these combinations gets reversed then the motors will 
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module to switch on the climbing motor in clock wise direction which makes the robot to move in the vertical 
direction (upward). If the combination is reversed then the climbing motor will rotate in anti
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rm the RF receiver 434MHZ. Form RF receiver there comes 
four outputs which is used as an input by L293D. If the transmitter gives an output as 1000 they are decoded by 
the RF receiver. This decoded signal intimates the module to switch on the first motor in clock wise direction. 
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If the combinations are like 0101 then the robot will make a 360deg rotation. Each digit in the combinations 
means each motor which is connected to each wheel. If all these combinations gets reversed then the motors will 

climbing we will be using geared DC motor which is controlled using L293D module. Since the 
module can control only one setup at a time the selection of process of rope climbing and wall climbing is done 

ors independently. It receives the input signal form the RF 
receiver 434MHZ. Form RF receiver there comes four outputs which is used as an input by L293D. If the 
transmitter gives an output as 1000 they are decoded by the RF receiver. This decoded signal intimates the 
module to switch on the climbing motor in clock wise direction which makes the robot to move in the vertical 
direction (upward). If the combination is reversed then the climbing motor will rotate in anti-clockwise motion 
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Fig. 8: Rope climbing 
 
c)Wall climbing: 

In terrain mobility the axis will be in horizontal position whereas in wall climbing the axis will be in 
vertical type. These conversions of axis is done be DC servo motors. These are controlled by onboard method 
they are not controlled by remotes. Similar to terrain mobility wall climbing will be using geared DC motor 
which is controlled using L293D module. L293D module (first motor will be right hand side where the second 
motor will be the left hand side) can control two dc motors independently. It receives the input signal form the 
RF receiver 434MHZ. Form RF receiver there comes four outputs which is used as an input by L293D. If the 
combinations are like 1010 then all the four motors will rotate in clockwise motion which moves the robot on 
wall in forward direction. If the combinations are like 0101 then the robot will make rotation in anticlockwise 
motion which moves the robot on wall in downward direction. Each digit in the combinations means each motor 
which is connected to each wheel.  
 
V.Simulation Of A Robot Arm: 

For the reason of the simulation of the robot arm recreation we used a Simulink toolbox from MATLAB 
software. The reasons for using this toolbox are as follows. 

1. It gives data about speed at which arm rotates.  
2. It shows graphs showing the angle at which the arm rotates  
3. Against time. It is very significant because it shows position of the arm at an exacting time. 
4. This software helps many demos to recognize its working regarding to a robot scheme.  
5. It is user friendly.  
6. Using the dissimilar blocks of Simulink, we designed a model according to the necessities of the robot 

arm. It is shown in subsequent figure. 
 

 
Fig. 9: layout arm function 

 
When we sprint this model by giving command, it shows a graph of angle of joint against time as 

follows. 
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Fig. 10: graph for angle vs. time aloft
 

VI. Kinematic Analysis Of The Robot Arm
Given the two joint angles, we can work out the location of the tip of the robot arm using the subsequent 

equations. 
 
Introducing the states: 
  ( x1(t) )   ( q_m(t) - q_g(t) ) 
( x2(t) )   ( q_g(t) - q_a(t) ) 
  x(t) = ( x3(t) )  (   d/dtq_m(t)   )
 ( x4(t) )   (   d/dtq_g(t)   ) 
 ( x5(t) )   (   d/dtq_a(t)   ) 
 
 
We already know the values of the links,
L1 = 500 mm. 
L2 = 450 mm. 
Equations becomes, 

X
500cosƟ1+450cos 

(Ɵ+Ɵ12). 
Y 500sinƟ1+450cos (

 

Fig. 11: brute data  
 
By using the values shown in the table, we plot graphs of forward kinematic X, Y co

Microsoft Excel. The graphs are as follows.
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Microsoft Excel. The graphs are as follows. 
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Given the two joint angles, we can work out the location of the tip of the robot arm using the subsequent 

By using the values shown in the table, we plot graphs of forward kinematic X, Y co-ordinates by means of 



32                          Suresh Balaji. S et al., 201

 

 

Fig. 12: graph for brute data 
 

VII.Roboanalyzer: 
We use the software, RoboAnalyzer to test the forward kinematics of the robot arm. In this we studied 

different parameters such as x, y co-
RoboAnalyzer is a 3D Model base Robotics Learning S/W It has been urbanized to help the faculty to 

educate and students to learn the concepts of Robotics. It also serves as a supporting material for the filling on 
various robotics topics in text book 
worn to perform kinematic and dynamic analyses of serial chain robots/manipulators. The following are the 
major features of RoboAnalyzer: 

• Parameter Visualization.  
• Forward Kinematics.  
• Inverse Kinematics.  
• InverseDynamics.  
•    Forward Dynamics. 
 
To execute the forward kinematic operation, we have pass through the following steps:
1) First we will place the initial and final values of the joint angles. In our folder the initial and final values

of joint angles are as follows: 
 

Joint 

 
Joint 1 
 
Joint 2 
 

 
  2) We will have the time duration as 1s and number of steps equal to 100. 
  3) Then we will use the FK in button to complete analysis. 
  4) After analysis is done, the PLAY button will show us animation and to see the graphs we have to 

click on GRAPHS and according to preferred parameters, the graphs will be shown on screen. 
 

 
Fig. 13: MATLAB analysis 

 
Showing GUI of RoboAnalyzer displaying 2 DOF robot arm. Results for kinematic analysis are as follows
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90 180 
  
180 0 
  

We will have the time duration as 1s and number of steps equal to 100.  
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click on GRAPHS and according to preferred parameters, the graphs will be shown on screen. 

 

Showing GUI of RoboAnalyzer displaying 2 DOF robot arm. Results for kinematic analysis are as follows
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Fig. 14: MATLAB graphVelocity,Acceleration, Joint values for both links.

 

 
Fig. 15: X, Y co-ordinates for both links.

 
We can study its readings and after analyze these readings we have made following notes.
1. Joint velocity for link 1 is 0 at time 

at the 51st step and then again starts 
2. Joint hurrying for link 1, increases with time steps, and attains its maximum value of 

565.4867mm/Frame2 at 26th step and then starts declining. 
3. Joint velocity for link 2 is 0 at time frame/step 1. It bounces

the51ststep and then again starts declining and reaches 0 at 100
4. Joint acceleration for link 1, increases with time steps, and attains its maximum value of 

1130.97mm/Frame2 at 26th step and then begins decreasing. 
5. Endeffecter’s -ordinates at their respected 

position is at (0, 50) and last location is at (950, 0). 
 
VIII.Dynamics: 

Using the Lagrangian method, derive
as shown in fig. The center of mass for each link is at the center of the each link. The moment of inertias are I
and I2.To make the equations of mot
expressed below, 

L = K –P. 
Where, k is the kinetic energy and 
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ordinates for both links. 

can study its readings and after analyze these readings we have made following notes.
Joint velocity for link 1 is 0 at time   frame/step. It increases to the maximum value of the180mm/frame 

 declining and reaches 0 at 100th step.  
Joint hurrying for link 1, increases with time steps, and attains its maximum value of 

step and then starts declining.  
Joint velocity for link 2 is 0 at time frame/step 1. It bounces to the maximum value of the360mm/frame at 

declining and reaches 0 at 100th step.  
Joint acceleration for link 1, increases with time steps, and attains its maximum value of 

step and then begins decreasing.  
ordinates at their respected x, y positions coordinates are projected in the graph. The 

position is at (0, 50) and last location is at (950, 0).  

Using the Lagrangian method, derived the equations of the motion for the two degree of freedom robot arm 
as shown in fig. The center of mass for each link is at the center of the each link. The moment of inertias are I

To make the equations of motion- difference the kinetic and stored potential energy of

and P is the representation of potential energy of the system.
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Fig. 16: Force and torque for link 1 and link 2.
 
5. Parameter Tests: 

We conceded out different tests to find out some working parameter of the robot. That are as follows.
 
1) Work volume: 

The robot arm has 2 links, first link is 4
only 2 degrees of freedom. So it can move only 
object horizontally and vertically is 8

 
2) Payload: 

The robot arm can raise the weight of 2kg counting the weight of the motors on it.
 
3) Speed of joints: 

The speed of first and second joint is 
 
4) Battery capacity: 

The robot can run endlessly for half an
 

5) Step-up operation: 
With fully charged battery the robot

when power reduces, the mountaineering capacity also decreases.
 

6) R. F. Module Range: 
For this ATR, the exacting used R. F. 
Module has a range of around 2.5m.

 
7) Speed: 

The ATR can sprint with the speed of 
 
 
 
 
 
 
 
 
 

Fig. 17: image of exiting robot 
 
The fabricated All Terrain Robot is able to scale a stair and has a fixed robot arm which has two degrees of 

freedom it also has vertical climbing and wall climbing capacity
arm has been conceded out and the different presentation parameters of the ATR have been checked.
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Force and torque for link 1 and link 2. 

different tests to find out some working parameter of the robot. That are as follows.

arm has 2 links, first link is 400mm in length and second link is 350mm in length. The arm has 
only 2 degrees of freedom. So it can move only in XY plane. So it attains the maximum distance to grip the 

horizontally and vertically is 850mm. 

The robot arm can raise the weight of 2kg counting the weight of the motors on it. 

The speed of first and second joint is 50rpm.  

robot can run endlessly for half an hour, when started with the fully charged battery.

the robot can climb around 90mm and as charging of battery reduces, that means 
when power reduces, the mountaineering capacity also decreases. 

For this ATR, the exacting used R. F.  
Module has a range of around 2.5m. 

The ATR can sprint with the speed of 2.0 m/s on the surface without load. 

The fabricated All Terrain Robot is able to scale a stair and has a fixed robot arm which has two degrees of 
it also has vertical climbing and wall climbing capacity. Simulation and kinematic analysis of the robot 

arm has been conceded out and the different presentation parameters of the ATR have been checked.
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Conclusion: 
1. The A.T.R. system finished is able to run on unusual terrains such as smooth and hard surfaces with the 

speed of 2.0 m/s. and able to scale a stair of height of 90mm.  
2. The A.T.R also has the capability of vertical movement by source of rope or inclined wheels. 
3. Kinematic analysis and Dynamic analysis has specified a product which shows that velocity for joint 1 

and joint 2 increase up to a convinced point and then drop down to zero. It also shows the actions of acceleration 
at different points of time and step. For this objective we used a RoboAnalyzer software and has specific an 
outcome which shows that the torque value changes with respect to the rate of change of robot configure ended 
with the help of the RoboAnalyzer software. 

4. Simulation of a robot arm is accomplished with the help of Simulink toolbox from Mat Lab software 
which evidently indicates how robot configuration changes with respect to time in the appearance of the graphs.  

This ATR can be worn for many applications such as, 
I) Surveillance. 
ii) Military operations.  
iii) Rescue operations.  
iv) Material handling operations.  
5. At destinations that humans cant, like radiation affected areas, pipelines , unreachable height. 
6. This kind of technique is utilized in the area of ship building include welding. 
7. Due to wall climbing this can be employed in NDT in high dangerousarea. 
mo 

 
Future scope: 

Due to restriction of time, there are still many aspect of the project, which can be enhanced further. They 
are as follows. 

1)sensors(thermal): There is chance to attach a scanner to ate robot arm so that it can able to examine the 
objects and can be used as Bomb Detection And Disposal Squad also find human count 

2) Wireless Camera: We can use a wireless camera with image processor for object detection and obstacle 
avoidance. 

3) Stair climbing capacity: Now this is able to ascend a step height of 100mm. It can be developed added 
using high torque motors. 

4) Change the robot material: change of material will be done so that it can also travel in high temperatures 
areas were humans cant 

5) Night vision: We can fasten a night vision device ('NVD') to the ATR, which is avisualinstrument that 
allows images to be twisted in stages of darkness. They are most frequently utilized by the military and 
lawenforcement agencies, but are accessible to civilian operators. The word usually denotesthe a whole unit, 
including animate intensifier tube, a defensive and generally water-resistant housing, and some type of swelling 
system.  

6) Water disruptor: We can utilize a device called as water disruptor which is used to wipe out bombs using 
a water projectile formed charge.  

7) Upgrade of arm: change the arm type for smoothcare of substances or object, which helps do advance 
operations. 

8) Drilling in celling’s: it is possible to drill by changing hydraulic arm with attached drilling accessories.  
9) NDT testing inspaceship: we can utilize a device to find cracks in spaceship, shuttle. 
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