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Haptic Absolute Threshold for
Smooth Tangent-Plane Approximation of Cylindrical Surfaces

Juli Yamashita, Yukio Fukui, Osamu Morikawa, and Shigeru Sato

National Institute of Bioscience and Human-Technology
1-1, Higashi, Tsukuba 305-8566, Japan

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 object. The resolution requirement of such poligonization, defined by human sensory
thresholds, is unknown. We have conducted experiments to measure the human absolute threshold
values on smoothness of cylindrical surface approximated by tangent planes, which are interpolated in
different ways. The results have shown that, 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.
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Nominal position resolution: 0.03 mm
Workspace: 13cmx 18cm x 25 cm

Fig. 3.3 Equipment. PHANToM Haptic
Interface 1.0 Type A.

CoN2EBHBROB &, M < HH
SNRDSPEMABHTHDERULND
BREDOH ZHEBFITERL, il > THER
EH £, BB REHTHIZONT

MERITE S I NT, B<Mha &>
TLTTFEW SBORLAE. 2T, ERIZ
BRUEDEEREBODERTEIRAK
NIMENZEREL RNED, HEBREINE
NWHTHTEEBERHLANINTERS
NAHBRVBDND T & &, EREEBINA —
N—b—hLUTERMKITTERLI 2D/
OTHD. 2B, 1—V IEHE &R
FHBERENZ EDh> TS D LT
001, I —V IV E BN THEEICB L Tlds
WBOR Lo 2.

BERBRFMHITDODNTEBRIEICL 0, X
ZRIE L. BREFE, BRINHBIBR
Y, 7o MAEETH D) &k
C8a1d Ndwny &Ehi=F—2%, %
STHRVWEEE Nhni) EEhhEF—
EHT L, ROFIBBRNERINS. LR
FRITI, HETHRDENEMHBE TS S
EREUBNDERNS, K 0OHANEEER
ZMERERLU T E, HREN (72D 50
EFEE T AW S L 2R TEEE
190, TORROMMEAEEFHEES L
Z. FTBRIITIE, HENCEEATHD &
BUSNDHENAE o ORZ V)RR
N5, KON NEEBREERERLT
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Fig. 4.1 Results of experiment A. The
absolute threshold angle is defined by
surface curvature and stifiness.
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