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Impact Analysis of Communication Time Delay and Properties of a
Haptic Device on Stability Boundary for a Haptic System with a
First-Order Hold
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Department of Energy System Engineering, Korea National University of Transportation
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Abstract Haptic systems help users feel a realistic sensation when they manipulate virtual objects in the remote
virtual environment. However, there are communication time delays that may make the haptic system unstable. This
paper shows the relationship between communication time delay, properties of a haptic device, and the stability of
the haptic system with the first-order hold method in a simulation. The maximum available stiffness of a virtual spring
with the first-order hold method is larger than in the zero-order hold method when there is no time delay. However,
when the communication time delay is much larger than the sampling time, the maximum available stiffness to
guarantee the stability becomes the same, irrespective of the sample-hold methods. Besides, the maximum available
stiffness increases in inverse proportion to the communication time delay and in proportional to the damping
coefficient of the haptic device.
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AE-TE WA GAEEe] dhEeks Wy Table 1. Stable maximum stiffness, K, according to

(s)¥ xE=9) gZeks WE (G, (s)e communication time delay. (Mass A/£,=0.5 kg,

=

2421 A(1) ~ ()8 2eke]. o714 7= AlEe) o]t Damper 5,=1.0 Ns/m, Sampling time 7=1 ms)

Comm. Comm. time
7 time delay delay K,(Nm) | K, (N/m) E(I;f;r
= 1—e *° @Eq.(3) @ZOH 0
PRHEE: Gyls) = ——— (116] (L, 59 | (1, 9
s 0.001 0.001 400 400 00
Ay 0.002 0.002 py)) 222 0.0
RO l—e "\ Ts+1
AAEE: G, (s) = Q)[6] 0.003 0.003 154 154 0.0
s T 0.004 0.004 118 17 00
0.005 0.005 95 95 00
0.006 0.006 80 80 00
0.007 0.007 69 69 00
3. SAANZEX| A0 mE e AlAH Q| oo | ook | e 0 |
0.009 0.009 54 54 00
o =
tHE 24 0.010 0.010 49 49 0.0

]
s Table 2. Comparison of FOH and ZOH effect on the
) stable maximum stiffness, /. (Mass 14,=0.5 kg,

go] S s
Hdigk HAE MBS Bl =St 2 #AE Damper B,=1.0 Ns/m, Sampling time 7=1 ms)
EAE Al ol dellA] Y ARl QP o= Comm. K oy | K ovmy | Fa@ROH
el AFx] 9 x|A K] A7k 3l =dojR g guta) time delay w w
u—vﬂ o»] ‘A ] 3] ]—"]]’ l; ] EH ] TUO%‘I; ] ]E]: (T+ T, sec) @ZOH @FOH K, @ZOH
A}z e 2 73k slEl A AEo)A] JPAF ATl
[¢} }'e = -1 v o\ ] \:!oﬂ 1 }'o oo 0.002 400 500 1.25
o A d9E S U] 7, YA o H 0.004 222 250 113
= 0.006 154 166 1.08
b, ARAA ¢, el BAE AG3)F ZTh[10] 0,008 e 3 0
0.010 95 100 1.05
b 0.012 80 83 1.04
K, <— (3)10] 0.014 9 71 1.03
7+td 0.016 60 62 1.03
0.018 54 55 1.02
0.020 49 50 1.02
FAANAA (T)9 FAAAA ()9 A7& 0.022 44 45 1.02
- . N 0.024 41 41 1.00
2o, AEY 715 L ms, U8 FA) AF= 05 kg, 0.026 38 38 1.00
dHE 1.0 No/m=Z 748t AZ-Ze wals o313 0.028 35 36 1.03
= 0.030 33 33 1.00

xR el B 49 (K,)° H@ Table 13
2tk eln A 3)g ol8stel AN ey geimp ST TS = wols P gl v
NEdo)ld Axe nmatr). o714 AB3)e Az A7} vk Zpol 7k U, S A17EA 9] JFe] 10 ms
A (1) FANNAA (T)sh FAAIAD (Tye] g OV T AFIT7IRG 100 olge] = Fee A7}
5%meto] wm, 1 gholl= Apolzk A€ itk Fig. 2+
i EX A 7FA] ] 5 el Al AElo] oA oled WS
4 949 grol 7o) 2uk. webd Agdleln Asphepg oo ) BT AE A2 A 9% ok
: 3 g Zeln, AN 248 S8 I A8 da
g2 o 4 o o e
A 2] (49 2tk 2 @)oA K, = TP ~Eeage
Table 19] A E2lold 3747} TUF A AE- :4(4102 arh ﬁL(4) I D P 23e) iﬂ
[e; o] H - o] &
sz Hol-q?_}-_% %]‘}.;%,E (FOH)P_E ?_1.76]3]'3’— 7}/}3]_ AT QH84d O"l"] v‘]‘:ﬂ 5 TDelay‘— o’d’\]ﬂ'ﬂﬂJ *céo]l:]—
gYAFg=o] ok Al o] o] Huz Ve A EFolHL B -
E] o‘l“-/] s o*r/] J’]EHWK u,) ]E ] ] S ](u :0.9808]1&[&;,()03 (R2:0.9999) (4)
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£ 200 \A e AL stk
: N AE-EE P Aol AT A% Aol AEYF]
9 1 b~ = =
2 Bbebpn nn As (D% W=E W BAFS Table 2614 & 5 AT
wn
0 T T T T T T T = 5 b
0.000 0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 whebA] AEY F719k HISE 719 AR ]
Communication time delay (T +T,) (ms) 6‘—:1-5] 7]_/8_ i\__z_z_%]/g-_/r_gl cd_ é}\éogo_ﬂ'([(u)oﬂ 1—%?} o‘___]']_?;_‘_
Fig. 2. Relation between communication time delay and T (FOH) W23 AAE=(ZOH) W29l AsS nals)
stable maximum stiffness (A, ) where mass A4, 931, 71 A7} Table 40|t}

=0.5 kg, damper 53,=1.0 Ns/m and FOH are used.

Fig. 2°] 4141 2

Table 3. Stable maximum stiffness, A

w

according to
the ratio between sending communication
time delay and receiving communication time
delay. (Mass A,=0.5 kg, Damper B3,=1.0
Ns/m, Sampling time 7=1 ms)

Comm. Comm. time | Comm. time

time delay delay delay K,Nm) | K, N/m)

(1., sec) (T, sec)y [(1+17), sec) @ZOH @FOH
0.002 0.008 0.01 95 100
0.004 0.006 0.01 95 100
0.006 0.004 0.01 95 100
0.008 0.002 0.01 95 100
0.002 0.018 0.02 49 50
0.004 0.016 0.02 49 50
0.006 0.014 0.02 49 50
0.008 0.012 0.02 49 50
Table 39 A¥E AWEH, FFA FAAA A9

ol sk 7 2xeae) bA ol BUR

Table 4. Comparison of FOH and ZOH effect on the
stable maximum stiffness, &, . (Mass A£,=0.5
kg, Damper 5,=1.0 Ns/m)

Sampling | Comm. time K @FOH
ime diclay K, (Nm)| K, Nm) | £,
(T see) |(T+T, secy| @ZOH @FOH | K, @ZOH
0.0 2000 38370 19.19
0.001 0.001 667 998 1.50
0.002 400 500 1.25
0.0 1000 13521 13.05
0.002 0.002 333 498 1.50
0.004 200 250 1.25
0.0 500 4759 9.52
0.004 0.004 167 248 1.50
0.008 100 125 1.25
Table 4°] A5 BR, A= Ao A& F7]
vl BANAA( T+ T)el e Aol JAE
=gl mls 150%, A& 719 2uekE FAARE
A o] 9 Aol GAEE WAl vls) 125% A
of GAANE & 5 9t
QATE WAL AE-FE PN A A
AR JAEE ARG o wol wANFEE
smR el A 99 SR & St webd
WEY 7719} W27 2719 FAARAD el =
QAEE P4 A B dete] FAEE
WA} kg Aeel Sk Hxm, BAAAAe]
WEY 270tk g AR 9ol AEFE A
g ARHAART} SAIAZIA 0] AT FY Aol
2 98e 7 gor AATE WA JATE B
el el FAIAE AE welt
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