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Abstract inputs from receptors embedded in skin, muscles,
tendons and joints to perceive and manipulate concrete
worlds (real or simulated). A haptic interface is a

. , . ) system that senses forces applied by the human operator
those of many attending ICAT "99. First, in my 5 a remote environment; it may also display them to the
research program, | have chosen to focus on the humaBperator’s hand [3]. In the medical examplés\ve
operator per se, rather than on el_ther hardware Olihe goal of such systems is to provide general
softwa_r_e_ systems._ . ! am broadly interested in _the practitioners and surgeons with a sense of touch while
capabilities and limitations of the human user with working remotely on natural or virtual bodies.
resp_ect _to Sensing, - perceiving, thmkmg and Ultimately, the doctor should be able to feel as if he or
manipulation, and the reasons that underlie SUChshewere palpating the tissue directly.

performance constraints. Second, | have chosen to focus

on the sense of touch, as it is used both on its own anclin my talk, | will provide an overview of some of the
in conjunction with other sensory systems (e.g., V'S'On’important things | have learned about human haptic
audition). As a cognitive scientist, | have worked for processing. | will concentrate on three of the

many years now with engineers, computing SCientiSts'behavioural research programs that | have been

and medical personnel. In that capacity, | have Comeconducting for many years now with my long-term

across many user-controlled systems that appear to havgollaborator, Dr. Roberta Itzky (Carnegie Mellon
been el_egan_tly designe_d. Ultimately a numb_er of FhemUniversity, USA), our students and staff. In each case, |
have_falled, in part | believe, _b_e_cause th_e (_jes_lgns did no, ill briefly present selected aspects of this work. | will
take into account the capabilities and limitations of thethen derive a number of general principles pertaining to

human user. | will argue that to design an effective ;o aints on human-operator performance for use in

te!e_operator or virtual-envwonment system, 't_ IS as designing haptic interfaces for teleoperator- and virtual-
critical to understand the processing characteristics of

L environment systems.
the human user as it is the hardware and software.

In my talk | would like to offer a different perspective
on teleoperator and virtual-environment systems from

We began to investigate haptic processing
Why wou_ld you wgn_t to know_about the sense (.)f tol%Ch?systematically as a result of a simple but informative
One_o_bwous applat_|on domain that | wil _c_0n5|der IS study in which we demonstrated that, counter to the
med|C|_n_e. Touch is one of the_ most C”t.'cal sensory prevailing opinion of the time, human haptic processing
moda_I|t|e§ used by a physu_:lan during patient can be both fast and very accurate [4]. Our early
examlnatlon._ And many surr]glﬁal proqe_dures ahre research program subsequently concentrated on the
frequently gwded_ more by touch than by vision. In the pature and significance of unconstrained purposive
future, such_ tactile |r!forr_nat|on may prove critical for anual exploration for the haptic perception of real
remote me_dlcal_examlnatlon and_surgery (both open an bjects and their properties. Lederman & Klatzky [5]
mlnlmally-lnvasn_/e)._ , In performmg such _fun_c_tlons, showed that people systematically engage in a variety of
there may be significant beneﬂts_fr(_)m capitalising on stereotypical hand-movement patterns, which we have
the recent de_v_elopment of _haptlc interfaces’, one of called “exploratory procedures”; each of these manual
the mos_t _excmng and promising new technologies fc_)r patterns of exploration has been shown to be closely
the med!cme OT the futu_re (see €.g., [1][2]). The haptic associated with one or more class of object property
system is an information-processing system that US€Stexture, hardness, weight, shape, etc.). We offer two



general principles for designing haptic interfaces basedthis program suggest that there is potentially

on the results of many experiments that have addressedonsiderable value in presenting spatially distributed

the role of unconstrained, purposive manual explorationforce-feedback to the hand, and thus, a need to develop

in haptic perception and cognition, with and without complex array-force technologies.

vision. First, how one manually explores the concrete

world constrains not only the nature of, but also the In conclusion, our research findings argue strongly for a

level of precision, with which property information potentially significant role of haptic interfaces in

about that world may be haptically extracted. Second,exploring and manipulating remote environments.

in contrast to vision, the haptic system processesUltimately, | believe the greatest promise for unimodal

material properties more efficiently than it can sensory interfaces lies in their being integrated into

geometric properties (e.g., [6] [7]). multimodal systems, which can offer both redundant
and complementary feedback via several sensory

More recently, we have begun to investigate the modalities (e.g., vision, audition, haptics, olfaction).

consequences for tactile and haptic sensing of either

temporally or spatially constraining the nature of the Acknowledgements
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