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ki, =2(c—r—acosBy;) —2(c —r —acosB;;)cos @, +2(s — f) sin @,
k, =2(s—f)(A—cos ;) —2(c —r —acos b;;) sin g,

ks = 2a(sin@;, —sin6;)

ky, = —2b(d + e)

ks = 2b(d + )

ke = 2a(c —r)(cos 6,5, — cos 64,)

k; =2(c—r—acosB;1) —2(c —r —acosB;3) cos o5 + 2(s — f) sin p3
kg =2(s —f)(1 —cos ;) —2(c —r —acos b;3) sinp;

ko = 2a (sin@,3 — sin6;,)

kio = —2b(d +e)

ki, = 2b(d + e)

ki, = 2a(c —r)(cos 0,5 — cos 01;)

__bcos ¢,
B sin [0
B —b
4™ sin [0
o _ (5= D= cospy)
15 sin ¢,
-k
kie = k_:
kikis + k,b
ki7; = k3
—ks
kig = Tr
_k1k14
kio =
19 ks
ky(s — f) —kikys — kg
koo =

ks

ko1 = kokqyz + kgb + kok4
ka2 = kokie + k1o

kyz = k7ki4 + kokig

kza = kokyg

\YY



kys = kykis — kg(s — f) + kokao + ky3

fas = (252 IsinC} — 93 + sin g} — sin g3

ka7 = ki kg + k35 sin® @; — ki, sin® @,

kog = kiy sin®(p; — @3) + k3, sin® @,

kao = k3, sin® @,

kso = k?, sin? @ + k25 sin? @),

k31 = k3, sin® @,

K3z = 2kz1ko; sin® @

ksz = 2 kf;sin(@; — @3) sin gz + 2ky1 ka3 sin® @

K3a = 2kp1kz4 sin® @

k3s = 2kpzkz3 sin® @

ksg = 2kpzkz4 sin® @

K37 = 2Kp3kz4 sin® @

ksg = 2kf ko sin(py — @3) + 2ka1kos sin’ ¢

k3o = 2kp2k5 sin’ @

kyo = 2kZ kyesin @ + 2ko3k,s sin? )

ka1 = 2kp4ko5 sin® @

kyp = ki + k2, — 2kyga sin 0y, + 2k,;5(c — v — acos 0;1) — 2a(c — 1) cos 64
+a?—b%2+(c—71)>—-(d+e)?

kuz = ki + b + ki,

kys = k%e
kys = kf, + k%o
ks = k%s

ka7 = 2kq6kq7

kag = 2kq3kq4 + 2k17kqg

kao = 2ky7k;g

kso = 2kq6k19

ks1 = 2kq6k1s

ksy = 2kqgkqg

kss = 2ki3kis + 2ki7kyo — 2a ky75in 011 + 2k3(c — 1 — acos 6;,)
ksy = 2ki6koo — 2akq6 sin 0,1 — 2b(d + e)
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Abstract

Haptic rendering is a formidable challenge in virtual reality space. It refers to the
process of generating forces from information provided by the computer, which are
executed by the haptic device to create a realized tactile object the user can feel.

Considering haptic rendering algorithms for simulating surgical soft tissue
interactions, when user move the surgery tool, he must feel force feedback of interaction
between virtual tool and virtual tissue and see the effect of tool on tissue. So, correctly
model of soft tissue, make interaction fidelity. In literature, authors suggest different
methods for deformable object modeling in this simulation.

A method with high speed and good accuracy in the object modeling is used. A
network of masses, springs and dampers is applied but tool modeled with a point or with
a line that reduce the simulation accuracy. This research tried to innovate a 3 DOF mass-
spring-damper model by using a fuzzy rule based expert system to simulate rigid tool and
deformable object interaction as two superquadrics. Moreover, system's stability is
improved, based on virtual wall and the virtual coupling, saturation and energy
compensating algorithms. The maximum user's hand's speed and virtual object's stiffness
is calculated while demonstrate stability in that direction.

Keywords: Virtual reality space; Haptic rendering; Deformable object; Mass-

spring-damper model.
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