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Haptic Augmented Reality to Present Force Response
of Biological Tissue
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Abstract:

Haptic devices are one of promising interfaces as human-computer interaction tools that provides users
further information in virtual reality environment. The proposed haptic augmented reality (haptic AR)
can present the force response of a visco-elastic object by combining the force generated from a haptic
device against the force response generated from the base object, which has similar visco-elastic property
to that of the target object. In this paper, the concept of the haptic AR device is described. The
frequency characteristics are analyzed by the system identification and human experiments show the
proposed method has a better performance than a device-only method.
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Fig. 1: Concept of Haptic Augmented Reality
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Fig. 2: Overview of the experimental system
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Fig. 3: Reaction force profile of the objects
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Table 1: Parameter of the static force models

Object al . as as
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Fig. 4: Reaction force generated by the proposed
method
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Fig. 5: Reaction force response
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Fig. 6: Reaction displacement response

Soft +7734 X (Proposed soft), ##BN¥{& Hard +7/31
A (Proposed hard) DZNENDRINGE L MBDIGE R
Fig. 5 $5& U Fig. 6 IOR Y

RICFENIISER Fig. TISRENS ARX EF)VTY
25 LEET 3. ARX EFUEY AT LOMNES y(b),
ATMES u(t), ABEME w(t) KL>TYATLEZETIV
{E?égiﬁif“ﬁ D, CIERE n ZERT S ERAXTET
)V 5.

A(q)y(t) = B(Qu(t — ni) + w(t) ®3)

ChiCE->THRZELEV AT LG, A VIEE &M
ISER RS, KADOEBBRE S Fig. 8, NMEDOREEI
FrE# Fig. 9 ISR d. T3 ADRHEHOCIHE, 5—10
Hz| SEETIREIDREL TWADDREERT X 5. E7-#Eh

EENBATIREFETS, #BMiEL LT Soft Z{#
Sh Hard ZES D TEZFDRBFIEIRECEZ->TWAS. T
NIZTNA ZADHIEREDBVDFE L TWAEDEEL
53, Thbb, L& SIC Soft D — AT
FINA AW UIAR K O 263 % & 5 GflEzd %
—7%, Hard TEF/3A A UAHRD I ZIET B XS
TEELGTONS., COTEISRHTENT T4 0T
234 ZADHIEEF R & OFENH L UB O EERHEDE
WEREAMLIZEDEEZ OGNS, TOXL D REABRERSE
LK BEEDSE, SRV AT LERICBLTIE,
Soft DA E AW THEEET 27— AVRE HEY
EORFHICEWSE R RTEAMNho Iz,

u(t) B + 1 y(t)
(g) Y A(Q)

Fig. 7: Block diagram of the ARX model
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Fig. 8: Frequency response of reaction force
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Fig. 9: Frequency response of reaction displacement
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Fig. 10: Human experiment
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Fig. 11: Average evaluation value of each method.
(Target is Medium gel.)
a =0.05
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Fig. 12: Liver models for a medical simulator
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Table 2: Feeling and evaluation value
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