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Using the artificial bee colony optimization, crow, and genetic algorithm for
identifying and optimizing the dynamic parameters of a haptic device and
operator’s hand
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Article Information Abstract

Original Research Paper Haptic Devices (HDs) are used to simulate virtual objects for the user. The dynamics of the HD and the
Received: 9 March 2023 opertator’s hand have a great effect on the stability and performance of the HD. In this research, the dynamic
First Decision: 14 June 2023 identification of the user's hand and HD has been done using methods of Artificial Bee Colony Optimization

Accepted: 18 June 2023 (ABCO), Crow Search Algorithm (CSA), and Genetic Algorithm (GA), during experiments in two cases. In

the first case, only the dynamics of the HD has been identified, then in the second case, the mentioned

f:t}:&(;;?;cc colony optimization methods have been generalized for the simultaneous recognition of the dynamics of the user's hand and the
Crow search algorithm HD. For this purpose, first, in each case, the theoretical stability boundary is obtained as a function of the
Genetic Algorithm available dynamic parameters. Then, by performing experiments on the KUKA Light Weight 4 robot in two
Haptic device cases of presence and absence of the operator’s hand, the experimental stability boundary has been obtained.
Stability Afterwards, by using ABCO, CSA, and GA in each case the desired dynamic parameters are obtained in such

Dynamic parameter identification a way that the difference between the theoretical and experimental stability boundary is minimized. Studies

show that while all three methods have been able to identify the parameters well, the GA method produces
less error and has a better performance in this field.
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Fig. 1 The 5-parameters model of the operator’s hand [23]
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Fig. 2 Dynamic model of the haptic device and the operator’s hand [8]
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Fig. S First joint of the KUKA Light Weight IV robot is used as active
joint in the experiments [12]
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with time delays of 20, 30 and 50 ms
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Table 1 Experimental stability boundary in the absence of the operator-

time delay of 20 ms (SI Units)
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Table 2 Experimental stability boundary in the absence of the operator-

time delay of 30 ms (SI Units)
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Table 3 Experimental stability boundary in the absence of the operator-

time delay of 50 ms (SI Units)
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Table 4 Experimental stability boundary in the presence of the
operator’s hand (SI Units)
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Fig. 7 The operator’s hand put freely on a KUKA robot and the first
joint of the robot is chosen as active joint
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Table 6 Values of minimum, maximum, and variance of errors and the
average runtime for 50 iterations with each optimization method- in the
absence of the operator’s hand
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Table 5 The average values of haptic device dynamic parameters (bg,
my) determined from different optimization methods
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Fig. 8 Comparison between stability boundary of experimental data
(red stared line), stability boundary determined from the bee colony
method (blue dashed line), crow search algorithm (green dotted line),
and the genetic algorithm (cyan dash dot) in the absence of the operator
and different time delays
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Table 8 Values of minimum, maximum, and variance of errors and the
average runtime for 50 iterations with each optimization method- in the
presence of the operator’s hand
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Table 7 The average values of operator’s hand and haptic device

dynamic parameters determined from different optimization methods
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Fig. 10 Values of minimum, maximum, average, and variance of errors
for different identification methods
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Fig. 9 Comparison between stability boundary of experimental data
(red stared line), stability boundary determined from the bee colony
method (blue dashed line), crow search algorithm (green dotted line),
and the genetic algorithm (cyan dash dot) in the presence of the
operator
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