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Application of Improved HS Algorithm in Trajectory Planning of Palletizing Robot

CUI Ying-chao, WANG Zhi-feng, XU Jie, RENG Ming

(Shanghai Polytechnic University, Shanghai 201209, China)

ABSTRACT: The work aims to solve the problems of maximum speed constraint, short running time, and poor operation
smoothness of palletizing robots when grasping target objects. With a Func200id six-axis industrial robot as the research object,
its DH parameters were calculated by the relationship of each joint size of the robot, and a simulation model was established.
The improved HS algorithm changed the search strategy of the algorithm by increasing the variation factor VF so that each indi-
vidual in the algorithm not only had the opportunity to participate in the iterative process but also had the chance to learn from
the optimal individual, which accelerated the convergence of the algorithm. Through a comparison experiment of the four algo-
rithms running 30 times under six different test functions, the improved HS algorithm had stronger search capability and faster
convergence than the remaining three algorithms. It can significantly shorten the working hours of the palletizing robot and run
continuously and smoothly, which has certain application value in other industrial scenarios as well.
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Tab.1 D-H parameters of Func200id robot

FA d;/mm O;/rad a;/mm a;/rad
1 di=170 6:=0 a;=50 01=1.57
2 d,=170 6,=1.57 a,=300 0,=0
3 d;=170 6;=0 a;=50 03=1.57
4 ds=335 6,=0 as=50 o4=—1.57
5 ds=0 65=0 as=50 as=1.57
6 ds-92 0s=1.57 as=50 o6=0

F2 BETHR
Tab.2 Each joint constraint
Xy Opmin/rad Omax/rad Vimax/(rad-s ")
1 ~3.142 3.142 7.85
2 —1.745 2.531 6.63
3 -1.222 3.578 9.08
4 -3.316 3.316 9.6
5 -2.182 2.182 9.51
6 —6.283 6.283 17.45

x3 BXTEBTHRERES

Tab.3 Interpolation points for each joint running path

ESil 09 /rad ;) /rad 0, /rad 63 /rad
1(G=1) 0 0.192 0.384 0.576
2(/=2) 0 0.524 1.047 1.571

3(G=3) 0 0.262 0.526 0.785
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Tab.4 Average solution results of different VF values

VF 1 /s bols ty/s TP B1THT /s
0.1 0.35779 0.948 81 0.673 09 0.008 93
0.2 0.15764 0.55945 0.3387 0.005 94
0.3 0.163 15 0.44098 0.409 29 0.005 59
0.4 0.138 74 0.23392 0.124 88 0.006 29
0.5 0.13464 0.23136 0.123 69 0.007 32
0.6 0.126 61 0.21889 0.118 69 0.008 08
0.7 0.126 95 0.213 61 0.11544 0.008 39
0.8 0.12584 0.21735 0.11514 0.011 19
0.9 0.123 85 0.21347 0.114 11 0.011 19
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Tab.5 Five classic test functions
75 PRI 44 R PRI R IA R i3k S AR AE
D
F1 Sphere f)=Yx [-20, 20] 3 0
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D
F2 Rosenbrock £ =Y [100(x;,; - x7)? + (x; — D] [-10, 10] 3 0
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D
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i=1
D D
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2 2
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Tab.6 Parameter setting of four algorithms

Bk RS
ek HS HMS=5, HMCR=0.95, PAR=0.7, BW=2,
CF=0.7
FrifE HS HMS=5, HMCR=0.95, PAR=0.7, BW=2
HMS=5, HMCR=0.95, PAR_min=0.5,
IHS PAR_max=0.8
BW_min=3, BW_max=1
it GA Dim=30, Num=10, Pm=0.1, Pc=0.6
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Fig.2 Equation (8)-(9) function optimization curve
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Tab.7 Results of 4 algorithms running for 30 times

BT [A] /s

PrifE HS

HIS

it GA

-
s g HS

X (8) —(9) 4.59xx10'+8.04x10°
Fl 2.07x10%+2.46x10°
F2 3.21x10%£2.78x102
F3 9.90x10%+8.09%10*
F4 6.41x10%£3.52x102
F5 -1.00x10%+2.76x10*

1.72x10%+2.89x10'
1.64x10'+1.39x10'
7.04x10'+1.15%10°
4.13x10°+3.33%10°
5.04x10'+2.47x10"

—-9.98x10'+2.49x10°

1.71x10%3.40x10'
3.43x10'+6.91x10'
3.17%10%+4.91x10°
6.45%10°+3.72x10°
6.66x10'+4.47x10'
-9.96x10'+3.02x10°

7.45%10'+7.20%10'
6.85%10°+6.21x10°
1.27x10%+9.22x10'
3.75%10%+3.60% 10>
3.86x10'+1.27x10°
~1.00x10%1.22x10’
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Fig.8 Speed profile of each joint for
unoptimized 3-5-3 polynomial interpolation
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Fig.9 Position curves of each joint after
optimization of the improved HS algorithm
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Fig.10 Speed curves of each joint after
optimization of the improved HS algorithm
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optimization of the improved HS algorithm
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