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1. Introduction 

With the construction of 5 g intelligent mine [1-3], 

the automation degree of underground mining equipment is 

increasing, and the underground detection robot of coal 

mine is also developing. The detection robot can quickly 

and accurately obtain the on-site information after the mine 

collapse accident, so as to provide convenience for subse-

quent rescue tasks. For the design and research of parallel 

detection robot, workspace analysis is an indispensable part 

of robot research. It is an important factor to measure the 

working ability of parallel robot. The size, shape and conti-

nuity of workspace directly affect the operating perfor-

mance of the robot, which is very important for the later 

control research of robot [4-5]. 

In the research of parallel robot workspace, schol-

ars from various countries in the industry have also made 

many contributions. By establishing the constrained optimi-

zation equation, Monsarrat et al. Optimized the workspace 

of a new 6-DOF parallel robot [6]. Kang et al. Used the 

three-dimensional boundary search method to solve the 

workspace of 6-PTRT parallel robot, and used the polar co-

ordinate method to solve the workspace volume [7]. Hao et 

al. solved the Stewart workspace by using the parallel mech-

anism scale synthesis method of interval analysis, obtained 

the corresponding workspace point set, and optimized the 

Stewart workspace and position accuracy through design 

domain sampling [8]. Based on the 3-PSS parallel mecha-

nism, Jiang used the three-dimensional search method to 

study the workspace of the robot and obtained the work-

space distribution of the robot [9]. Jiao studied a 6-DOF 3-

branched chain parallel robot, analyzed two models of 3-

UPS and 3-URS, and obtained the workspace of the parallel 

robot through the limit boundary search method [10]. Zhou 

proposed a new type of symmetrical 3-crcr / RPU parallel 

mechanism. On this basis, the workspace under the con-

straints of each joint of the mechanism is given, and the pose 

space of an inclined hexahedron is obtained. The influence 

of the structural parameters of the parallel mechanism on the 

workspace is also analyzed [11]. Cao and others used ex-

haustive search method and curve fitting method to optimize 

6rss workspace, and obtained the corresponding optimiza-

tion results [12]. By discretizing the pose of the six degree 

of freedom parallel robot model, the universal numerical al-

gorithm in various spaces is obtained [13]. Kai uses the arc 

intersection method to calculate the fixed attitude work-

space and obtain its section shape. The volume of the work-

space of 8-spu parallel robot is calculated and optimized 

through trapezoidal integration [14]. Boudreau uses genetic 

algorithm to solve the optimal workspace volume problem 

of 3-DOF planar parallel mechanism and Stewart mecha-

nism [15-16]. Jiang conducted simulation research on the 

workspace of delta robot with few degrees of freedom 

through three simulation methods, and verified its effective-

ness [17]. 

On the premise of positioning posture, this paper 

studies the reachable space of the robot, and puts forward 

the combination of Monte Carlo method and multi Island 

genetic algorithm to find the robot parameters with the max-

imum motion space. The Monte Carlo method is used to 

solve the workspace of the robot, and on this basis, the multi 

Island genetic algorithm is used to optimize the structural 

parameters of the robot to obtain a larger workspace, and the 

influence of each structural parameter on the workspace vol-

ume is further analyzed.  

2. Monte Carlo method for solving robot space 

The basic principle of Monte Carlo method is 

solved by the constraints affecting the workspace [18]. A 
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search algorithm based on the inverse kinematics of the ro-

bot uses random sampling to obtain the required numerical 

results. Repeating a large number of random sampling can 

improve the number of qualified samples and make the sam-

ple space more accurate. 

2.1. Determination of constraints 

The main body of the six-legged parallel robot 

studied in this paper is a six degree of freedom parallel plat-

form mechanism, which is composed of six symmetrically 

distributed kinematic branches and two upper and lower 

platforms; The upper and lower platforms are respectively 

provided with three supporting legs, and six leg joints are 

symmetrically distributed in space; The parallel mechanism 

platform is divided into upper and lower platforms. The up-

per platform is a dynamic working platform and the lower 

platform is a static working platform; As shown in Fig 1. 

The connecting rod and the driving rod connect the upper 

and lower platforms through a spherical joint. With the ro-

tation of the motor, the driving rod rotates, and the corre-

sponding connecting rod generates linkage, so as to convert 

the attitude of the moving platform at different positions. 

For the parallel mechanism, its advantage is that the motion 

of the moving platform is determined by the joint rotation 

of six motion branches. With the rotation of the driving rod, 

the corresponding connecting rod is driven to rotate, and fi-

nally the action on the platform is realized, forming a regular 

rhythmic motion. This special structure increases the stiff-

ness of the system, improves the bearing capacity of the 

mechanism, and can realize more accurate positioning. In 

the Hexapod parallel robot, the structure of each branch kin-

ematic chain is composed of a rotating pair R and two ball 

pairs s in series. In the movement of robot joints, low pair, 

i.e. surface contact, is generally used to make the mecha-

nism more stable and reliable. In the six legged parallel ro-

bot, the size of the workspace will be limited by the con-

straints of each joint [19-21]. In order to meet the kinematic 

characteristics of the robot, the constraints of the joint are 

taken as the constraints for the solution of the robot work-

space. The mathematical description of each joint is as fol-

lows: 

1. Rotation angle range of driving input joint of 

parallel robot (0, )i  . 

2. Definition δ is the included angle between the 

drive rod and the connecting rod, as shown in Fig. 2 ai and 

bi is the length of the driving rod and the connecting rod. 

Considering the minimum included angle between the driv-

ing rod and the connecting rod in the structural design, the 

ball pair constraint condition of the parallel robot is

( / 3, )   . 

3. The common normal length between adjacent 

connecting rods is di. And the perpendicular foot vector be-

tween the common normal and the two connecting rods is 

𝐶𝑖and 𝐶𝑖+1, the diameter of the connecting rod is defined as 

D, and the constraint condition of no interference is di > D.  

 

Fig. 1 Six legged parallel robot model 

 

Fig. 2 Schematic diagram of spherical hinge 

 

2.2. Monte Carlo method 

 

The specific process of solving workspace based 

on Monte Carlo method is as follows: 

1. Firstly, a sampling space containing the robot 

workspace is sampled by uniform distribution to obtain 

enough spatial sampling point sets. 

2. After the sampling points are obtained, they are 

substituted into the inverse kinematics program of the par-

allel robot to judge whether the obtained structural parame-

ters meet the constraints. The sampling points that belong to 

the workspace and meet the constraints are assigned as 1, 

and the sampling points that do not belong to the workspace 

and do not meet the constraints are assigned as 0. 

3. Accumulate all sampling points with a value of 

1, and divide the sum of the obtained values by the total 

number of sampling points, that is, the proportion of the 

workspace of the parallel robot to the sampling space, so the 

volume of the workspace is equal to the proportion of the 

sampling space multiplied by the volume of the sampling 

space. Based on the six legged parallel robot, the volume of 

the workspace is solved, and its non-optimized parallel 

mechanism parameters are shown in Table 1, The corre-

sponding structure diagram of relevant parameters in the ta-

ble is shown in Fig. 3. 

Table 1 

Parameters of non-optimized parallel robot 

Mechanism parameters unit Numerical 

Drive rod length ai  mm 35 

Connecting rod length bi mm 140 

Center angle corresponding to long side ϕ deg 60 

Corresponding center angle of short side φ deg 30 

Circumscribed circle radius of moving platform r mm 100 

Radius of circumscribed circle of static platform R mm 120 
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Fig. 3 Schematic diagram of dynamic and static platform 

mechanism 

 

Fig. 4 Spatial distribution of random sampling points 

 

The spatial range of random sampling points is set 

as follows: 
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Fig. 5 Spatial distribution of workspace points 

The number of sampling points in the random sam-

pling space is 20000, and the volume of the sampling space 

is 2.4 × 107 mm3, the distribution of space sampling points 

obtained by Monte Carlo method is shown in Fig. 4, and the 

distribution of workspace points obtained by Monte Carlo 

method is shown in Fig. 5. At this time, the number of sam-

pling points in the workspace is 1785, the workspace pro-

portion of the Hexapod parallel robot is (1785 ⁄ 20000) * 

100 % = 8.925 %, and the workspace volume is 2.142 × 106 

mm3. 

3. Multi Island genetic algorithm mechanism parameter 

optimization 

In order to improve the effectiveness of workspace 

optimization of the parallel robot, the improved multi Island 

genetic algorithm [22-26] based on genetic algorithm is se-

lected. It is helpful for the parallel robot to obtain the opti-

mal set of spatial solutions, which provides conditions for 

the study of the control strategy of the robot. Reasonable and 

effective workspace optimization can make the robot move 

faster and move more stably and smoothly. 

3.1. Implementation of multi Island genetic algorithm 

 

The workspace optimization of parallel robot takes 

the maximum workspace volume as the optimization objec-

tive to find the global optimization problem. The mecha-

nism parameter affecting the workspace volume is ai, bi, ϕ, 

r, R so it is necessary to determine the value range of these 

six parameters and find the optimal solution satisfying the 

constraints. The values of various parameters are shown in 

Table 2. 

Taking the maximum workspace volume of the 

parallel robot under constant attitude as the optimization ob-

jective, the structural parameters of the parallel mechanism 

are optimized, and the optimization function satisfying the 

limiting conditions is obtained as follows:  
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 (2) 

 

where: F*is the function of calculating the maximum space 

volume; t is the six design variables of constraints; di is the 

common normal length between adjacent connecting rods; 

and D represents the section diameter of connecting rods.  

According to multi Island genetic algorithm, the 

optimization process of Hexapod parallel robot is designed. 

The basic operations are as follows: 

1. Design the calculation process of the volume ra-

tio of work space, and input the corresponding design pa-

rameters in the input link according to the calculation 

method of work space proportion, such as , , , , , ,
i i

a b r R  the 

output link will output the corresponding volume propor-

tion. 

2. The global optimization algorithm based on 

multi Island genetic algorithm is implemented. The optimi-
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zation objective converges to a fixed value after several it-

erative calculations, and the corresponding optimized work-

space volume proportion and structure size parameters are 

obtained. 

Based on the global optimization of multi- Island 

genetic algorithm, the corresponding parameters are set as 

shown in Table 3. 

Table 2 

Range of mechanism parameters of parallel robot 

Mechanism parameters unit minimum Maximum 

Drive rod length ai mm 20 70 

Connecting rod length bi mm 120 170 

Center angle corresponding to the long side ϕ deg 50 120 

Center angle corresponding to the short side φ deg 10 50 

Circumscribed circle radius of moving  platform r mm 80 120 

Radius of circumscribed circle of static platform R mm 100 140 

Table 3 

Design parameters of multi Island genetic algorithm 

Parameter Numerical 

Offspring population size 10 

Number of island 10 

Number of generations 10 

Crossing-over rate 1.0 

Aberration rate 0.01 

Migration rate 0.01 

3.2. Parameter optimization of robot mechanism 

 

The optimization system is designed as shown in 

Fig. 6. The optimized control program is programmed with 

MATLAB software, constraint conditions are set, and the 

system optimization simulation flow chart is built in the op-

timization software Isight. During the system simulation, 

the optimized control program in MTALAB is called by 

Monte Carlo method to optimize the workspace of the par-

allel robot. After several iterations of MIGA algorithm, the 

convergence value was obtained and analyzed as the opti-

mization result of the optimization space to determine the 

optimal value of the structure parameters of the parallel ro-

bot. At this time, the workspace volume of the parallel robot 

reached the maximum value. 

According to the established optimization system 

flow chart, the workspace is optimized. The results of the 

five optimizations during the optimization test are shown in 

Table 4. 

 

Fig. 6 Optimization system diagram of parallel robot 

As shown in Table 4, the optimized mechanism pa-

rameters have little difference and are within a reasonable 

range. Then, after multiple optimization with MIGA algo-

rithm, the final workspace optimization results are obtained, 

as shown in Table 5. 

Table 4 

Optimization results of five tests 

Structural parameters 
Number of tests 

1 2 3 4 5 

Drive rod length ai 58.85 57.62 59.54 58.25 57.78 

Connecting rod length bi  133.4 134.72 135.51 137.12 136.35 

Center angle corresponding to the long side ϕ 77.2 76.83 74.51 75.32 76.75 

Center angle corresponding to the short side φ 42.27 44.37 46.61 45.27 44.1 

Circumscribed circle radius of moving platform r 100.73 99.27 102.52 104.37 103.28 

Radius of circumscribed circle of static platform R 120.7 117.43 118.69 116.82 119.6 

Table 5 

Final optimization results 

Mechanism parameters Unit Optimal value 

Drive rod length ai mm 58 

Connecting rod length bi mm 135 

Center angle corresponding to the long side ϕ deg 75 

Center angle corresponding to the short side φ deg 45 

Circumscribed circle radius of moving platform r mm 105.84 

Radius of circumscribed circle of static platform R mm 118.35 
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Analyze and compare the parameter values before 

and after optimization, and draw the three- dimensional 

workspace scatter diagram according to the optimization re-

sults, as shown in Fig. 7. It is found that the workspace vol-

ume increases significantly after optimization. After analy-

sis, the proportion of workspace of the parallel robot 

changes from 8.925% before optimization to 34.375%, the 

overall workspace changes to 3.85 times of the original, and 

the workspace volume is 8.25 × 106 mm3, from which it can 

be concluded that the volume of the workspace is optimized 

reasonably. 

  

a) Workspace diagram before optimization b) Optimized workspace diagram 
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c) XOY isometric side view of workspace before op-

timization 

d) XOZ isometric side view of workspace before op-

timization 
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e) XOY isometric side view of optimized workspace f) XOZ isometric side view of optimized workspace 

Fig. 7 Volume distribution of workspace before and after optimization 
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The effects of six structural parameters of the par-

allel robot on the workspace volume are analyzed and com-

pared. Based on the experimental design method in the 

ISIGHT optimization design software, the relationship be-

tween the structural parameters and the robot workspace is 

studied and processed. The experimental parameters are rea-

sonably determined from three aspects: test planning, test 

implementation and result analysis. In the experimental de-

sign method, Latin hypercube design method (LHD) is se-

lected to fit the nonlinear response. The flow of experi-

mental design is shown in Fig. 8. 

It is defined that the length ratio of connecting rod 

and driving rod is P, the center angle corresponding to long 

side and short side is Q, and the radii of static platform and 

dynamic platform are R and R respectively. The proportion 

of the influence of various parameters on the workspace is 

obtained, as shown in Fig. 9. 

 

Fig. 8 Test flow chart 

As shown in Fig. 9, P has the highest impact on the 

workspace, and the optimization parameter P should be 

mainly considered. Fix other parameters, study the influence 

of parameter P on the proportion of workspace, and get the 

curve as shown in Fig. 10. The proportion curve of work-

space first increases and then decreases. When parameter P 

is about 1.25, the proportion of workspace reaches the max-

imum, and the volume of workspace reaches the maximum. 

 

Fig. 9 Influence of various parameters on workspace 

As shown in Fig. 11, the volume proportion of the 

workspace is inversely proportional to the radius of the cir-

cumscribed circle of the static platform, that is, it decreases 

with the increase of the radius of the circumscribed circle of 

the static platform, and is directly proportional to the radius 

of the circumscribed circle of the moving platform, that is, 

it increases with the increase of the radius of the circum-

scribed circle of the moving platform. 

 

Fig. 10 Effect of parameter P on the proportion of work-

space 

 

Fig. 11 Effect of parameters R and R on the proportion of 

workspace 

 

Fig. 12 Effect of parameter Q on workspace volume 
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As shown in Fig. 12, the proportion of workspace 

increases first and then decreases with the increase of pa-

rameter Q. when Q is 1.53, the proportion of workspace 

reaches the maximum, and the workspace volume of robot 

mechanism is the largest. 

3.3. Robot prototype test 

In order to verify the feasibility of robot space op-

timization design, the built robot is tested as shown in Fig. 

13. After gait test, several typical gait and corresponding 

data are obtained. The research and analysis of the robot 

moving along the y-axis direction, moving along the y-axis 

direction plus steering and the robot turning in place are 

mainly carried out. It is concluded that the motion of the ro-

bot is relatively stable. From the motion curve of the robot, 

it can be seen that the motion is fast and smooth. The proto-

type experiment shows that the motion performance of the 

parallel robot is good, which meets the requirements of ro-

bot structure design and gait simulation test. 

 

Fig. 13 Robot prototype 

 

Fig. 14 The displacement curve of the robot along the Y axis 

From Fig. 14, it can be seen that the displacement 

curve of the robot along the Y axis fluctuates with time, but 

it has a bending growth trend as a whole. In Fig. 15, it can 

be seen that the angular displacement curve of the robot in 

the Z direction gradually increases with the turning of the 

robot, and shows a linear increasing trend, with good line-

arity. In Fig.16, when the parallel robot moves forward and 

turns along the Y direction, the simulation curve has good 

linearity and smooth transition, which is in line with the sta-

bility of the robot action. 

 

Fig. 15 In-situ steering angle displacement curve in the Z di-

rection of the robot 

 

Fig. 16 Y direction forward plus steering displacement 

curve 

4. Conclusions 

1. The workspace of the robot is solved by Monte 

Carlo method, and the workspace volume is 2.142×106 mm3 

and optimized by multi Island genetic algorithm in global 

optimization algorithm. Before and after optimization, the 

workspace volume is increased by 3.85 times and increased 

to 8.25×106 mm3.  

2. The influence of various structural parameters of 

the parallel robot on the workspace volume is analyzed and 

studied. It is obtained that the rod length ratio p of the con-

necting rod and the driving rod has the greatest influence on 

the workspace volume, which is 47.8 %. The second is the 

ratio Q of the center angle of the long side to the center angle 

of the short side, and the smallest influence is the radius of 

the moving platform. 

3. The influence of single parameter on the space 

proportion is analyzed. It is obtained that when the single 

parameter P is 1.25, it has the greatest influence on the 
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workspace proportion, that is, the workspace volume 

reaches the maximum. When the single parameter Q is 1.53, 

the workspace volume of the parallel robot is the largest. 

4. Through the experimental verification of the ro-

bot prototype, the research and analysis of the robot moving 

along the y-axis direction, moving along the y-axis direction 

plus steering and the robot turning in place are mainly car-

ried out. It is concluded that the motion of the robot is rela-

tively stable. From the motion curve of the robot, it can be 

seen that the motion is fast and smooth, which verifies the 

feasibility of space optimization. 
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ROBOT WORKSPACE OPTIMIZATION BASED ON 

MONTE CARLO METHOD AND MULTI ISLAND GE-

NETIC ALGORITHM 

S u m m a r y 

Workspace analysis is an indispensable part of ro-

bot research. The workspace volume is an important factor 

to measure the working ability of parallel robot. In order to 

maximize the workspace of parallel robot, this paper solves 

the workspace of robot by using Monte Carlo method, and 

obtains that the workspace volume is 2.142×106 mm3, which 

is optimized by the multi Island genetic algorithm in the 

global optimization algorithm. After optimization, the 

workspace volume increases to 8.25×106 mm3, the volume 

of workspace before and after optimization is increased by 

3.85 times. The influence of various structural parameters 

of the parallel robot on the workspace volume is analyzed 

and studied. It is obtained that the rod length ratio of the 

connecting rod and the driving rod has the greatest influence 

on the workspace volume, followed by the ratio of the center 

angle of the long and short sides, and the radius of the mov-

ing platform has the least influence. Furthermore, the influ-

ence of single parameter on the workspace volume is ana-

lyzed. When other parameters remain unchanged, the max-

imum workspace volume can be achieved when the rod 

length ratio of connecting rod and driving rod is 1.25, or the 

ratio of center angle of long and short sides is 1.53. 

Keyword: Monte Carlo; multi island genetic algorithm: 

workspace; optimization. 
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