
XIANG YUE et al: PERFORMANCE OPTIMIZATION OF A MOBILE INSPECTION ROBOT FOR POWER … 

DOI 10.5013/IJSSST.a.17.48.03                                             3.1                            ISSN: 1473-804x online, 1473-8031 print 

Performance Optimization of a Mobile Inspection Robot for Power Transmission 
Lines 

Xiang Yue*1,2, Hongguang Wang1, Yong Jiang1 
 

1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang, Liaoning 110016, China;  
2. University of Chinese Academy of Sciences, Beijing 100049, China. 

 

Abstract — To deal with the environmental characteristics of transmission lines and the demands for their maintenance, a novel 
inspection robot mechanism is presented. The mechanical model of driving wheel traction is analyzed and the quasi static 
mechanics model of two-wheel driven robot is set up. Through the optimization of driving wheel structure and the adjustment of 
the robot rolling posture, the robot's climbing ability is improved along with enhancing the adhesion for ascension. The different 
structures of wheel configuration and different postures before and after the optimization planning are simulated. The prototype is 
developed and the experiment of the robot climbing ability is tested in the lab. The simulation and experimental results show that 
the mobile robot ability is improved by optimizing its attitude and changing the wheel structure. 
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I. INTRODUCTION 

The safe operation of transmission lines is the guarantee 
of the national economic security operation. At present, the 
conventional inspection methods for patrol workers along the 
line inspection and helicopter patrol. The high risk of manual 
inspection is very limited, and the high cost of helicopter 
inspection is affected by the environment. With the rapid 
development of robot technology and improvement of smart 
grid technology, robot close inspection maintenance line as 
possible, power transmission line inspection robot has 
become a hot topic at home and abroad. 

A number of domestic and foreign research institutions 
on the transmission line inspection robot [1-3]. Canada Quebec 
Hydropower Research Institute has developed a transmission 
line inspection robot for deicing operations except 
LineROver[4], install the clamping device of the robot can 
climb 50 degree slope line, but the robot does not have the 
obstacle capability. The development of HiBot company and 
Tokyo Institutet of Technology in Japan developed a 
Expliner[5] power transmission line inspection robot, the 
robot adopts a mechanical arm type structure of the centroid 
adjustment obstacle, but the distance of fixed arms is not 
suitable for the large size change due to the obstacles, no 
clamping device is not suitable for large angle climbing. 
Wuhan University professor Wu Gongping developed a 
wheel gripper mechanism arms inspection robot [6], the 
robot uses the driving wheel runs, the maximum climbing 
angle is 15 degrees, the jaw crawling approach to large angle 
climbing, but the claw clamping process damage and slow 
speed on the line (200m/h). 

HV and EHV transmission lines for long-distance 
transport power, line span are large, and transmission lines 
are widely distributed in the mountains and hilly 
environment, big slope line. The robot must have the ability 
to crawl the large angle line in order to complete the 

inspection [7, 8]. At the same time the inspection robot 
equipped with different load to complete the task, in order to 
improve the quality of the robot are larger, the robot's 
climbing ability, the present method is improved by adding 
auxiliary wheel, pressure wheel to increase friction force, 
thereby improving the robot's climbing ability. This method 
increases the number of robots, increases the power loss, and 
further increases the quality of the robot, and reduces the 
load capacity and the efficiency of the inspection. 

According to the environment characteristics and 
transmission line inspection requirements, advantages of the 
existing mechanism, a new inspection robot mechanism was 
put forward, through the analysis of mobile robot, the quasi-
static model, by adjusting the robot walking wheel structure 
and moving posture, improve the slope climbing ability of 
the robot, and to verify the correctness of the walking wheel 
structure design and attitude adjustment method the new 
simulation and test. 

II. ENVIRONMENT DESCRIPTION 

According to transmission line inspection task 
requirements, the inspection robot should have the ability to 
roll on the conductor and navigate electric power fittings on 
the transmission lines. The robot can be equipped with 
visible light cameras and infrared imager to complete the 
inspection task. The common transmission line is shown in 
Fig. 1. Transmission lines are mainly composed of tension 
tower, linear tower, overhead ground wire, conductor, 
tension tower drainage line, wire clip, vibration damper and 
insulator. One of the main obstacles on the wire, including 
anti vibration hammer, hanging line clamp, tension line 
clamp, tension tower drainage line, and the line clip, etc.. 
Line corridor need pass through all kinds of complex 
geographical environment, such as through a large area of 
lakes and reservoirs, etc. all these to the high mountains and 
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lofty hills, patrol inspection robot has brought a lot of 
difficulties. 

  

Figure 1.  110kV transmission line environment 

Because the tension tower drainage line span, the robot 
cannot directly cross. Some technical indicators of robot: 

(1) Live inspection: walking on the live wire of 
transmission line; 

(2) Carries on the inspection with the infrared thermal 
imager and the video camera; 

(3) The average walking speed: more than 0.5m/s; 
(4) Rolling climbing ability is not less than 20 DEG c; 
Robot less strong obstacle climbing capability, also need 

to move the good performance to complete transmission line 
inspection tasks charged. 

III. MECHANISM CONFIGURATION 

A. Mechanism configuration 

Fig. 2 is the schematic diagram of the inspection robot. 
The robot consists of two wheel locomotion mechanisms, 
two arms, a centroid adjustment mechanism and an electrical 
box component. The wheeled locomotion mechanism is 
applied to ensure robot can move rapidly on the conductors. 
Each locomotion mechanism consists of a wheel and two 
grippers. Each arm includes a rotation joint and two 
translational joints.  
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Figure 2.  Sketch diagram of the inspection robot 

The sketch diagram of the inspection robot is shown in 
Fig.2. θ1 and θ2 are revolving joints. When the robot 
navigates the strain clamp, the fore-gripper or the rear-
gripper can rotate to grasp the jumper. θ3 and θ4 are 
translational joints which provide a linear sliding movement 
for the fore arm or the rear arm. Their functions are to go up 
or down for fore arm and rear arm. When the fore arm or the 
rear arm hangs on the conductor in obstacle navigation 
process, the rear arm or the fore arm is on or off the 
conductor. θ3 and θ4 are also revolving pairs. When the fore 
arm hangs on the conductor and the rear arm is off the 
conductor, the body of the inspection mechanism can rotate 
through the axes under the θ5 and θ6 driving and implement 
obstacle navigation. θ7 and θ8 are translational joints which 
drive the arm mechanism to move back and forth. θ9 is a 
prismatic joint for centroid adjustment. The center of gravity 
can be located under the fore arm or the rear arm by 
intentionally actuating the robot joints when the robot is 
navigating obstacles. The center of mass of the robot is 
always located at the bottom of the fore arm or rear arm by 
adjusting in obstacle-negotiation sequence. 

In a word, the robot can move on the conductor steadily 
and rapidly by using the wheeled locomotion mechanism. 
The wheel-arm and the centroid adjustment mechanism 
ensure the robot has obstacles crossing ability and climbing 
ability.  

B.  Kinematic Model 

The line inspection robot rolls on the conductor using 
two-wheel driven mode. Both rotating joints on two arms 
rotating joint is locked and both pitch joints is in a passive 
open state when the robot rolling on the conductor. In this 
condition, it is believed that the robot moves along a straight 
line in a plane. after moving the center O1 coordinate system 
is established as the origin of coordinates, Ox parallel to the 
transmission line and point to the robot moving direction, 
perpendicular to the transmission line to above Oy. 
According to the D-H description method of robot 
kinematics [9], the establishment of the initial attitude and 
coordinate system is shown in Fig. 3. The kinematics model 
of the robot rolling along the line is: 

 

 
Figure 3.  Kinematics model of inspection robot. 
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TABLE I.  PARAMETERS OF LINKS 

i αi-1 ai-1 di θi 
1 0 0 0 θ1 
2 0 -π/2 d2 -π/2 
3 0 -π/2 d3 π 
4 0 -π/2 d4 -π/2 
5 0 -π/2 0 θ5 

 
The link parameters is shown in Table. 2. Then the link 

transformations can be multiplied together to find the single 
transformation that relates frame {5} to frame {0}: 
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Where: cosi ic  ; sini is  ; cos( )ij i jc    ; 

sin( )ij i js    ; , 1,5i j  . 

Because the radius of curvature of catenary is far greater 
than the distance between the robot arms, the overhead 
ground line can be considered as a straight line. So the 
coordinate attitude of two walking mechanism should be the 
same, while the two walking mechanisms are displaced only 
in the x direction, so in the following constraints: 
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IV. ANALYSIS ON THE CLIMBING ABILITY 

There are many power transmission lines distributed in 
the mountain or crossed the big river, so the robot should 
have the ability to roll on the large angle lines. Adhesion 
force of the driving wheel can be improved by optimizing 
the structure of the wheel and the wheel load is reasonably 
distributed by planning the posture of the robot. 

A. Hypothesized wheel-conductor interface behaviour. 

The power transmission line is now generically moved 
by wheels which can increase the speed of inspection. The 
cross section of the contact of the wheel and line is mostly 
circular. Because the line is the aluminum conductor steel 
reinforced, the circular wheel can be tight fit to the lines. In 
order to adapt to different radius lines, the wheel section is 
adjusted to the middle groove.  

By inspecting more closely the circled area of contact in 
Fig. 4(b), a simplified static traction model is proposed. It 
assumes a linear patch of contact, of width 2α onto which is 
applied a linear pressure field Fn. The load of the wheel is 
W, thus: 
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If the wheel section is the middle groove, the relation of 
the load w and the friction   can be calculated as follows: 

 

'

'

2 cos

1

cos

n

f

F W

F Wf





 





 

A comparison of the results obtained by these two 
structures will yield additional insights.  
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Figure 4.  Hypothesized wheel-conductor interface behavior. 

Because the coefficient k is always greater than 1, so the 
friction of the groove wheel is always greater than the 
friction of the circular wheel. 

B. The quasi-static mode of the robot 

According to the requirement of the inspection task, the 
inspection robot can run on the power transmission lines 
autonomously, and inspect the transmission lines, towers, the 
passing way, the power grid crossings and other devices 
using visible or infrared thermal imaging cameras and other 
equipment. The robot's usual means of travel is to roll on two 
wheels supported by the conductor. When the robot needs to 
navigate obstacles, the robot can be driven by one wheels. 
Firstly, the one driving wheel mechanical model is 
established which is shown in Fig. 5, then the mechanical 
model of driving wheel of two wheels supported by the 
conductor is shown in Fig.6. Because the distance between 
of two arms is much less than the curvature radius of the 
transmission lines, the line between can be simplified into a 
straight line a straight line [10]. 
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Figure 5.  Mechanical model of driving wheel. 
 

0d f fM M F r   

cos 0fN mg W   

sin 0f mF mg ma F    

0f f fM N  

0f fF fN  
 
Where Mf and Mb are the rolling friction couple of the 

fore and rear wheel, Md is the drive torque of the fore wheel, 
m is the weight of the robot, Ff and Fb are the friction of the 
fore or rear wheel, Nf and Nb is the positive pressure fore or 
rear wheel, δb and δf are the coefficient of rolling friction of 
the fore or rear wheel, f is the coefficient of rolling friction of 
drive wheel. 

 

Figure 6.  Mechanical model of two-driving wheel. 
 

Because the inspection speed of the robot is slow, the 
damp can be omitted. Assuming the starting or stopping 
acceleration of the robot is a, the dynamic model is as 
follows： 

cos 0f bN N mg    

sin 0f bF F mg ma     
0d f fM M F r   

0d b bT M F r    
0b b bM N   
0f f fM N   

 
Where Mf and Mb are the rolling friction couple of the 

fore and rear wheel, Md is the drive torque of the fore wheel, 
m is the weight of the robot, Ff and Fb are the friction of the 
fore or rear wheel, Nf and Nb is the positive pressure fore or 
rear wheel, δb and δf are the coefficient of rolling friction of 
the fore or rear wheel, f is the coefficient of rolling friction of 
drive wheel 

Overall, the following relation must be maintained: 

( ) cosfM fr mg    

In order to assure the resistance to skidding, the friction 
of two wheels should match the following： 

(2 )( sin )f b bF F m m g a    

V. SIMULATION AND EXPERIMENT 

A. The posture planning 

According to the quasi-static mode of the robot, the 
maximum climbing angle can be calculated when the output 
torque and the load of the driving wheel are known. 
According to the inspection technical requirement, the robot 
rolling velocity v is 0.5m/s, the wheel radius r is 0.05m，so 
the wheel motor rotational speed n is 800°/s, the maximum 
output torque Tmax is 2.5N.m. Firstly, the posture of the robot 
is adjusted to horizontal though planning the arm joints, then 
the load of both wheel is adjusted to equal though planning 
the centroid adjustment joint. When the robot is driven by 
two wheels, the center distance (d) of two wheels cannot be 
adjusted, the relationship between the joint variables is as 
follows: 

3 1 2 1 4 1
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 This can be simplified to find the following relation:  
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Simplified motion control model, set 4 joints don't 
exercise, joints, joint 2 3 only, so the speed of each joint: 
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If the two walking wheels were equal to the load, the 
robot center of mass should be at the center of the two arms 
on the horizontal direction, because the two arms are equal in 
quality, through the centroid adjustment joint drive electric 
box to adjust the robot center of mass to the center of two 
arms, to guide the quality, for the quality of the electrical 
box, the centroid adjustment joint exist the following 
relations: 

When the center of the robot mass located in the center of 
two arms, the load of two wheels is equal. Because the two 
arms are same, the center of the robot mass can adjusted 
though the centroid adjustment joint. m3 is the mass of guide, 
m6 is the mass of box, so the relation of joints can be 
calculated as follows: 

3 6 6
3

3 6

2
m d m d

d
m m





 

So the velocity of centroid adjustment joint 6d  can be 
calculated: 

6 3
36

62

m m
d d

m

 
   

  

(a) The original posture 

 

(b) The adjusted posture 
Figure 7.  Posture of the robot. 

The robot rolling on different angle lines is simulated in 
ADAMS according to the joint planned joint curve. The 
simulation conditions are as follows: simulation time is 26 s, 
the number of simulation step is 3000, and the mass of robot 
is 35 kg, joint 1, joint 4 and joint 5 are in passive state. 

TABLE II.  CONTACT FORCE IMPACT PARAMETER 

Parameter Value 

stiffness(N/mm ) 2855 

damping(N-sec/mm ) 0.57 

Penetration depth(mm ) 1.1 

static friction vel.(mm/sec) 0.1 

static friction vel. (mm/sec) 0.1 

dynamic friction vel. 10 

Static friction coeff. 0.25 

Dynamic friction coeff. 0.2 

Coefficient of Restitution 0.8 

 
The material of the traveling wheel tire is rubber, the 

contact force impact parameters of rubber and aluminum is 
shown in Table II. 

  

(a) Output torque of un-optimization 

 

(b) Output torque of optimization 
Figure 8.  The curves of climbing ability and driving torque 

When the posture of the robot is not planning, the torque 
of two driving motors increases as the incline angle of the 
transmission lines increases; and when the incline angle is 
greater than 11°, the torque of the front wheel decrease as the 
incline angle increases. Though the front wheel supports the 
most load of the robot, the maximum robot climbing angle is 
14 °. Because of the various distribution of load, the robot 
cannot get the most out of the two wheels. Though planning 
the posture of the robot, the load of the robot can be 
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uniformly distributed to the two wheels. In Fig.8, the 
maximum climbing angle is 24° 

B. Simulation analysis of wheel structure optimization 

The climbing process of the walking wheel with the 
circular-shaped structure is simulated and analyzed in this 
section. The posture planning strategy and the robot 
parameters are consistent with the trapezoidal structure 
simulation. The envelope angle between the wheel and the 
transmission line is the same as the above analysis. 

 

Figure 9.  Driving wheel torque output curve 

The maximum climbing angle is 14.5 degrees when the 
walking wheel with circular-shaped structure. When the 
ladder structure of the wheel is adopted, the maximum 
climbing angle of the robot is raised to 24.5 degrees, and the 
climbing ability of the robot is greatly improved. 

 

C. Mechanism design verification 

In order to prove the correctness of the method proposed, 
we simulate the environment of the ultra-high voltage power 
transmission lines in the lab. There are two counterweights, 
single overhang anchor clamps, a jump and two strain 
clamps in the environment, and sees in Fig.10. 

With the help of the centroid adjustment mechanism, the 
body of the robot can keep horizontal, which improves the 
stability of navigating obstacles. 

  

(a) Environment 

 
(b) 15° angle. 

   

 
(c) Roll on the incline line. 

 
Figure 10.  Robot rolling experiments on power lines with large angle 
 
 
The maximum climbing angle is tested though the robot 

roll on the different angle lines. The robot can roll on the line 
which incline angle is 15°, then the incline angle of line is 
increased to 20°, the robot skidded and can't go on, then the 
posture of robot is adjusted according to the algorithms 
mentioned above. When the angle of line is 22°, the robot 
skidded again and can't roll. 

Because the transmission line conductor is the aluminum 
conductor steel reinforced, there are a lot of grooves on the 
surface, so the actual contact area is less than the simulation 
environment and the maximum climbing angle of robot is 
only 20°. The test results show that the maximum climbing 
angle can be improved by adjusting the robot posture. 

 

VI. CONCLUSIONS 

In this paper, a novel mechanism of power line 
inspection robot is presented. The quasi-static mechanical 
model and the contact mechanics model of the walking 
wheel are established. A novel walking wheel with a 
trapezoidal structure is designed, which can increase the 
adhesion of the robot and improve the climbing ability of the 
robot. A reasonable plan of the robot moving posture, two 
motors can output the maximum torque at the same time 
through the average distribution of the load of two wheels. 
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Simulation and experimental results show that the optimal 
design of the wheel structure and the method of the posture 
planning method are correct, and the climbing ability of the 
robot has been significantly improved. 
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