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with the Computational Time-varying Delay
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Abstract : This paper presents the effects of the computational time-varying delay on the stability of the haptic system
that includes a virtual wall and a first-order-hold method. The model of a haptic system includes a haptic device model
with a mass and a damper, a virtual wall model, a first-order-hold model and a computational time-varying delay model.
In this paper, the maximum of the computational time-varying delay is assumed to be as much as the sampling time.
Using the simulation, it is analyzed how the sample-hold methods and the computational time-varying delay affect the
maximum available stiffness. As the maximum of computational time-varying delay increases, the maximal available

stiffness of a virtual wall model is reduced.
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Fig. 1 Block diagram of haptic system with a computational
time-varying delay and a first-order-hold
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Fig. 2 Block diagram for the computational time-varying
delay model
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Table 1 Average and standard deviation of data according
to the seed number of a uniform random number generator

Seed number Average ;:/?:Z:i
1 4.40 2.58
2 5.27 3.04
3 4.20 2.44
4 5.73 2.78
5 5.60 2.92
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Fig. 3 Example: random number generation using uniform
random number generator and rounding function. (mark
x’: seed #3, ‘0’: seed #1)
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Table 2 Max. stiffness of a virtual wall (Kw) with FOH
according to sampling time when the computational
time-varying delay is min.lms ~ max. 10ms.

.~ |Seed #1 |Seed #2 |Seed #3 |Seed #4 |Seed #5| Avg.
Sampling

time (sec) Kw Kw Kw Kw Kw Kw

(N/m) | (N/m) | (N/m) | (N/m) | (N/m) || (N/m)
0.01 50 50 50 50 50 50
0.02 33 33 33 33 33 33
0.03 25 25 25 25 25 25
0.04 20 20 20 20 20 20
0.05 17 17 17 17 17 17
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Table 3 Max. stiffness of a virtual wall (Kw) with FOH
according to sampling time when the computational time
delay is sampling time. K

Table 5 Max. stiffness of a virtual wall (Kw) with ZOH
according to sampling time when the computational
time-varying delay is min.lms ~ max. 10ms.

tSi;rLllzlsl:g tiCﬂ(]):lg;taa;lz);acl) Max. Ky (N/m) S.ampling Se;iv#l Se;c‘lN#Z Se;(jV#S Se]e(c\lv#4 Se;iv#S ?{Vj

0.01 0.01 48 time (sec) (N/m) | (N/m) | (N/m) | (N/m) | (N/m) || (N/m)
0.02 0.02 23 0.01 48 48 48 48 48 48
0.03 0.03 15 0.02 32 32 32 32 32 32
0.04 0.04 11 0.03 24 24 24 24 24 24
0.05 0.05 9 0.04 20 20 20 20 20 20
0.05 16 16 16 16 16 16

Table 4 Max. stiffness of a virtual wall (Kw) with FOH
according to sampling time when the computational
time-varying delay is min.1ms ~ max. sampling time.

Table 6 Max. stiffness of a virtual wall (Kw) with ZOH
according to sampling time when the computational

Sampling Seed #1|Seed #2 |Seed #3 |Seed #4 |Seed #5| Avg. time-varying delay is min.lms ~ max. sampling time.
time (sec) Kw Kw Kw Kw Kw Kw Sampling Seed #1|Seed #2 |Seed #3 |Seed #4 |Seed #5|| Avg.
(N/m) | (N/m) | (N/m) | (N/m) | (N/m) || (N/m) imetsen | K | Kw | Kw | Kw | Kw | Ku
0.01 50 50 50 50 50 50 (N/m) | (N/m) | (N/m) | (N/m) | (N/m) | (N/m)
0.02 25 25 25 25 25 25 0.01 48 48 48 48 48 48
0.03 17 17 17 17 17 17 0.02 24 24 24 24 24 24
0.04 13 13 13 13 13 13 0.03 16 16 16 16 16 16
0.05 10 10 10 10 10 10 0.04 12 12 12 12 12 12
0.05 10 10 10 10 10 10
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Table 7 Max. stiffness of a virtual wall (Kw) according to
sample-hold methods without the computational time
delay.

Sampling time FOH ZOH K,@ FOH
(sec) Kw (N/m) Kw(N/m) K,QZOH
0.01 374 100 3.7
0.02 131 50 26
0.03 71 34 2.1
0.04 46 25 1.8
0.05 33 20 17

Table 8 Max. stiffness of a virtual wall (Kw) with FOH
according to max. computational time delay when
sampling time is 50ms.

Max. Seed | Seed | Seed | Seed | Seed Ave.
Computational | #1 #2 #3 #4 #5

time delay Kw | Kw | Kw | Kw | Kw | Kw
(ms) (N/m) | (N/m) | (N/m) | (N/m) | (N/m) || (N/m)
5 18 18 18 18 18 18

10 17 17 17 17 17 17

15 15 15 15 15 15 15

20 14 14 14 14 14 14

25 13 13 13 13 13 13

30 13 13 13 13 13 13

35 12 12 12 12 12 12

40 11 11 11 11 11 11

45 11 11 11 11 11 11
50 10 10 10 10 10 10

20
g 17
£ 16 152 ': -
3 P s 13 12
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5] 1 g
£ 8
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> R?=0.9518
< 4
2
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Computational time delay (ms)

Fig. 4 Relation between computational time delay and the
impedance of a virtual wall where Md=0.1 kg, Bd =0.5
Ns/m, data hold type=FOH, sampling time = 50ms.
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