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Haptic "Smoothness" of Force-Shaded, Polygonized Cylindrical Surface
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Juli Yamashita*l, Yukio Fukui>I< I’*Z, Osamu Morikawa*], and Shigeru Sato>k1

Abstract: Haptic/force feedback device is an important three-dimensional haptic display whose
application fields include computer aided design (CAD). For CAD applications, smooth interpolation of
polygonized surfaces with "force shading" technique is very useful for maintaining high haptic-rendering
refresh rates by reducing the cost associated with computing the exact collision point of the cursor and the
object. The resolution requirement of such polygonization, defined by human sensory thresholds, is
unknown. We have conducted experiments to measure the human absolute threshold values on
smoothness of cylindrical surfaces approximated by tangent planes, which are interpolated in different
ways. Two kinds of PHANToMs of different positional resolution (0.03mm and 0.07mm) were used as
force feedback devices and cylindrical surfaces of radius 30 - 120 mm have been investigated. The results
have shown that, (1) when reaction force direction is force-shaded, the absolute threshold is mainly
defined by the maximum difference between the polygonal approximation and the true surface and
stiffness, and (2) positional resolution of the equipment does not affect the threshold values significantly.
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Fig.1 Sectional image of the stimulus shape.
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3.3 EREE

T EERERE & L T PHANToM Haptic Interface 1.0

Nominal position resolution: 0.03 mm
Workspace: 13 cm x 18 cm x 25 cm
Maximum exertable force: 8.5 N

Nominal position
resolution: 0.07 mm
Workspace: 12 cm
x 17 cmx 25 cm
Maximum exertable
force: 8.5N

2 EEREEE & Lk (£ PHANTOM A-type, T: T-type)
Fig. 2 Equipment (PHANToM 1.0) Top:A-type, Bottom:T-type
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Fig. 3 Linear force shading.
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Table 2. Result absolute threshold angles (unit: degree) for
30mm radius and 0.3N/mm stiffness. The effect of positional
resolution of force feedback device are tested by t-test.

Shading PHANToM

condition A-type T-type t-test

A. None - Mean 7.5 6.6 NS
-SD 2.9 23 (p<0.5)
-N 12 12

B. Linear - Mean 11.2 8.9 *
-SD 2.1 2.7
-N 12 13

C. Cylindrical - Mean 10.6 9.6 NS
-SD 1.5 2.7 (p<0.4)
-N 8 8

# 3 #1% 30 mm, stiffness 0.3 N/mm CTOFEH FHEIC L 5
HEAE)DEICET ARERHR

Table 3. Results of -tests comparing absolute thresholds for
force shading conditions.

t-test A-type T-type
A. None - B. Linear wE *
A. None - C. Cylindrical K *
B. Linear - C. Cylindrical NS (p<0.4) NS (p<0.5)

<JLBl> (&2 - 33k4)

<Legend> (Table2 & 3)

* : Statistically significantly different at 5% level
**  Sratistically significantly different at 1% level
NS : Not significantly different
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4 EERC DF5F (a) PHANTOM A-type, (b) T-type.
Fig. 4 Results of experiment C. (a) PHANToM A-type, (b)

T-type. Error bars show SD. Threshold angles are proportional
to the curvature.
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Fig. 5 Maximum difference between the polygonized

approximation and the original cylindrical surface.  (a)

PHANToM A-iype, (b) T-type. The value can be considered

almost constant depending on surface stiffness.

_7_

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

BERN—=F v U771 FRHE Vol. 6, No. 1, 2001

54 RNERFHEDFE

RIWRLEY, ZRBEENE L THNIEL,
s e HEEEICEEPR SN0, #E% L
DA EIIAEENRB SN, CO=BOXNE
RAETE, RAOBRMEERICEL TEwInd
COEHETIIBTH D, KAFEIZE L TOHERENE
SR ELD BSEHER). (o T, 22 TRENT
BEEIRNFROEREOET KL TW5 &ZE
XD, KOO ESEEE, SB[
HHETCT THoHI s, KN FTMOEREEH
Cl UL ThNIHBHECLLEEHED 20D
DEHRT AL ENTED.

55 WBEESREBDTRFEGEDSE
F2IRLEY, BEOCMREEICL 2 EEE
PR ENTCOEHERHEOATH 5. il LD
HEG BTHOBERTRAVAMB LUKE EHAR
WAL T B 7280, EBDZERMBRIGE DO FZEIL /N
EhotcbE2oNA. T2, FEHEICOWTIZE
WSI1ETHAEmEEUL AR EORKEETH S
BEJZEAL, 0l mm EBIZHESH L 2 & 2R
L7 SR LT, 88 d L 20 E L 98
HOEBRICEFoTw [SERNE] C#EBTAZ
EC EBOEMREEIC L AEEEYHPT L2
ENTES,

WRGEE TR A E FOKE S HE R HERE
SN0, —EDERRNZ 52 5FERIHHEDOK
RIERRHEHETHAH. M6 I2ER DB %R
FTHHPICRT LI ERNEO I RAYOKE S
dl 9%, (3 2)& D, F1E 30 mm, stiffness 0.3 N/mm
WBWT 2/RKJJ08,09, LON T A dil % 1
ODMEAEIZOVWTERD, ZNE2EEDLLHIBRERE
TEftLEbDrK 7 THs. =HTREINT
2 EER B (HIEHE) O RIL, IKBOHET/RIN
S iGN b d DECHEENICEEIZE TN
TWh. ZOZ b, HEHEMIIBNTLIEIZEJd(Z
DEEZ dYPHMEEZROLELERTH Y, BB
DZEMBFE I L 5 OEL dl O TILIZER

(mm)
02

(a) PHANTOM A-type

TH5LDTHAHEHUTLILENTES.

5.6 BRI & DBk
WELNDOOEREE S ) 71 LRI, DEIZS
WTLHEEBEBMNTHLIEFHONT WS [15]. &
DFs, HED 2052 ICEEERENTVIUL, /)
HEROEREEIHENSIIEZEINTL DL
b ENTFREINSL REBTEINERHOAE
ETRLEEHEEIERL TV RWED, ZO 50k
BE ORERIE D 5356 ORI REROE R
IWKELCRBEEZOND fEoT, 51 HITHES
NIIRIE d DEEIE BRIV AT ARETTL £
OFEMEE I T LTk,

5.7 S1EDRAE

L) — /%A 7% M 1243 % Force Shading D&)5H &
WA, SAERE DAL D2 A - 7o BT 2
DWTERETILELH L. 2L, ETRREE
AL LMD LD HIZHEORRAR L IR
b, mERANEZRTEBIROZRIIED TH
T CaH b 720, EIZHEN -V VOMITHIAIZD
WTORE—OMEZTEHE L TV A EEDLEE
TE%W. b LIOHREAELTNL, L) ik
MmO W T O AREBROBE RV ZDOE T HEHTET
H>.

6. &

SRR E R RER & F SR & T
O _}E¥H DForce Shading & T CHIB D 8 6 &
DEZ RO L N OHEHFEER L 20/ %
Ko D EBREAT -7 BFE Tl L2 %
MERLAZE IS ENEHF O BERETHo TR
FSmA Cl ERELL L Th A, EUORE (D &
DOETH O RS L) DML IR o B
WBIL, F2EO07 S b KET L2 Eabho
7.2, B & EoMEE L ORI (R
FHEICBWTIEERIC L s TERENZERDE D
AR DOKES N, HONSIB L THREL %

(mm) (b) PHANTOM T-type

0.2

0.15 : 0.15

0.1 0.1
Feedbapkéorce

0os| maonten || 0.05
i ——- 09N

—— 10N ;

T T T 1]

8 9 10 11 12 13 14 15 7 8 & 10 11 12 13 14 15

6 AR BT 5 E R EAIEK)
Fig. 6 Image of contour surface for a constant
feedback force in linear interpolation condition.

Angle o (deg.) Angle o (deg.)

7 EEOZEBRBEETEFLSNZERANEDNOI AYDKE S dI
Fig. 7 Linear interpolation: "dI" granulated by spacial resolution of equipment.
(Feedback force: dotted line: 0.8 N, dashed line: 0.9 N, solid line: 1.0 N)
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