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A study of multi-axial tactile sensors
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This werk presenta a new et tiral deglgn for sonil-axlal
tartils emenrs to eenes planar e, Kot cnly the reeslhindcn
ran be Ineressed by rediehg the comditln snmber of cal-
lbration matrhe, o, alkn the aroiracy can be enhancsd by
a precles and dlmple calhratln methed . Axd scperimental
reqilts demnnetrate the propresd deslen.

2 HEXBRBEH

Tartlle ganerrs can prowlde the oentant Infermatlon, eg.
fome magnitakle, foree angle and contact, pelnt, fr rohotles
to perform desterone manipulatlon and haptls perceptiem.
Erbotles meearch hag categnriesd for fngertlp esmenors ag A-
ther tartile array " extrineds! emelng, or "oiclnek:" contact
ganalng[1]-[2]. Intrtsls or foree, torie tantlle emants, which
am haged rm pme fnree ftomiie meaquramants and gaom atrin
calmlatinng, are our coneern ' thie work fi-[4].

Ballshury hiflally prepresd the feashilty of appleine
Intrlnal: rreotact emeing az hard Amger sl for Amger-
ohject, Intarartinne where forpee are transmitted thremgh
ooly a contactd]. Taflonrs and Yabita reconsddersd Jal-
Ishiry's appreach and develnpad an appleoatlon In ohject,
detacticn(8]. Anctler research samined Intrnek contacth
semslng for enft, Sngrre 8z to whether the Snger or object
has & compllant, airface or hoth]. The cther work hes
tdlememetratesd the practiesl applcations of hitlngk: contact
genalng In fngerrip senanre(d] 6]-[8].

Three appreaches can he adoptad to i proee the acoraey
fint foren ftomue tartlle emmanre. The finet appreach attam pa
tor redduen the errer o the callbratien match [B]-[10]. hlany
arrers related te nirhele emeng methed can be traned to
the massurats callbration §]. The escrmd approach attampta
to radhee the comdllon nimber of callbratlon matrlx. The
word, rondlthn iimber, denctes an Important, ledex for 8
lnear gyetem o ressh external nterferemees. The seonmed

apprnach attempts to recdice the comdition smmber of cal
lhratlen matrhe. The word, coocllilon ommber, denotes an
Important, lwdey fnr & lmwar gyetem o meslkt, extarnal lnter-
feremeeg. The prevlons work ness an T-shape 8z the emenr's
straetire ) vwawer, 1t oiffers & large conefitynnimber nfeal
ihration matrhc wp to 20.06[. The third appreach alme o
reeliee the errer In the electrleal cutput wecter of the straln
trandeers. Highly pracies and sxpenciee dlentronle devloee
for mesmirhng the franadicers' dartrieal cutpute, e.g. wol-
age or resletance, are neceecaTy partlmlarly when the com-
dtlon mber of callhratln matrlx & langs.

3 HEFERBEX

The pmpeed stroeture az depletz In Flg. 1 enosdsta of &
rrlnehieal Angertlp, twn beams with the wertkal coe stand-
Ing at the rentar of the horleental coe, and & detire. Slnee
the eenanr whh the propeesd etrechire operatas In a plams,
the stretame can spdwalently be represontad az shewn In
Fi. 2 with the rontact pelot of the applled foree hefleatad
by the crotact angle 2. The appllad forne ralees meore lenlfl-
rant gtralns oo the twe heams than elee where; 1n partleular,
the gfralne no the Axed exle and jolnte of the twn heams 1
langer than the rest of the heams. Theraforee, the polota L,
R, 7 17, K axl 5, whirh are all lecated an the Sved exds
or jeldnts of the heame, are empleyed Az the candldats loes-
tlnme for etvaln tranedicers. Al we analyre the machanial
preperties at thess pelots to forouilata the hard Anger mesdel
of the propeesd stretars.

Flrst, pf all, the streses at polots L K, T, 7, K, axd 5,
are analysel. The amalysls can be referred for 2-imenelenal
rectangle heams[T]. The x-directional compenent of the ap-
pled foree k& Intlally conslderd. Figme Sa) plemes the
arjulwalent, structure whh the fngertlp and the Sxtrs gm-
plfled while croskering cnly the k-firectlomal fhree act-
Ing om the flogertip. On the other hand, Fig 4(a) ds-
plage the efpivalent, stroetire while comdderinge cnly the
y-ilirectiemal rempenent. of the applled foee actlme oo the
Angertip. Mersower, the y-iectinnal comprment, of the ap-
pled foree Py sierta the same efect, oo beth e armmd the
gymmetrical avls of the straetire, and the hdiced tooge
M, haa opealte eiferta oo both ddes around the stouctie's
gymmeirical axk.



Thereafter the steess at polnts L K, T, I7, K and 5
ran be il by taldng the snperpeettion of the ndlvldieal
girees memprnent, which haz been obfslwed. As ghown n
tahle 1, the efressee af thes prlnts can he expresssd In a
lnear eombination of P - aig P sia(@ — 4], and P ooad.

In crder to aecld the cemplesdty while fully eptimiing
the strurtire, we propees & et hemlatk: way to deslgn the
fmcure with the enogtderatliome rn the Implementatin of the
sonenr Al the raducting of the cooditlon mmiber,

T lrave enrigh space for treatine etraln transdicers oo
both heams, we et the half length of the horkootal beam
eimal 1o the lmgth of 1he werficsl beam and adjusn them
together 1o B the spare raqilrement. Morecwsr, the diam -
etar of the Angertlp e gat to the length of the orleemtal
beam auch that, the with of the Amgertip 1z coneletant, frem
top to hettem. Thug estilng & = £ = + heonmes a deslgn
rematraln.

Eahwhg the strees varlation oo both beame ls helpful
to derrease the conditlon mmiber. This ran be approache:d
by equalzing the maxdmim efresses oo the heams, Thahble 2
Enmmarkes the maxinnm streszes at pelnte L, B, T, 7, K
amxl § with ¢ = 4 = + Ag areqilt, the maimim gresees on
both heame a1e aual axd lecated at peinte K axd 5 when
ha= 1633 k..

Whha=d=r and iy = 1.643 K | the minimal comdition
mmber can be found by eearching for sach confguratlhn of
whirh the straln transhicers are placed co pelots L, K, T,
7, K aml 5. Figure § deplcts the cnly three cazes whih
have the three mindimal cenefition onmbers. Table 3 summa-
rires the reanlta of thenretlcal derlwatlone agalnat, the reanlis
of Anlte-dlrment, mdatine by ANTYS. FAnwee the comdl-
tlnn mmbers for the three cages are clees, we evaluata tham
further by experimenta together. For the other cages, thelr
romdition mibers are geveral flmes larger than the thres
ragss. Hers thay are oot ncluded for evalnatlon.

As depleta In Fig. (a), we applled a foree oo the aemant
by hangng & hangahle welght, as shown W Fig. Gb), down
a groove oo the Amgertip's anrface. Ohvlmkly, the fhoce
magnitikle can he coofrelled by the welght, aml the fhoee
angls depexds cm the odentation of the emenr. In fact, the
artial contact, polnt ke ghifted by the length of the groees
froonn the desired oontact, polnt oo the fngertip's erfare.
Thie phememeamen can oot arlze any ermer when the grooee 1s
odentad 1n the greety directlen. A= & result, the anmmany
of the preprecd methed depexde oo e to EBhrinate and
ndent the groewe preclesly. For gmplldty, we recommand
nslng eoly ¥-directlenel grooees for k-diresethnal froos and
yltractiomal groewes for y-lirectinmal foreee Thiz & encugh
for callbratlom.

4 EpEie

The ermefitlen nomber of the propeesd stowetime 1z -
durel thenretieally and experlmentally to 254 and 312,
reapertively ). The propossd callbration methed has hem
prowsd for 1ta elmpliclty amd anouracy withowt any aszls-
tance of precks pesltlonl e eipdpmente and fnres loade. Fic-

perimental reqults shew that, almest, 1% anciracy can he
achleveel. This perfrrmance & quitte arceptahle In practical
applleatlomne. Howewer, the grooves for applylng forees ame
damage for the Aneertip enrfane. Thiz ehenld b romddersd
for practical applicatiome.

Flnally, the propessd atructure can be further Improeed
oo fawe regpects. Flret, low-cest, fabratlon of the emenr
tleeerwes regrarching. The fabdeatln tachnlypes appllad In
LERS chal be premldng for this tangst. Seromd, the fully
eptlmiehe the prepresd atmeture foem the eeerall tlffves
In akiition relative pammetaE, such 8z oondltlen mmber
of callbratlon matrlk, dynamls range, resclitlen ls stll re-
rlred for adwenced deslgn work.
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.4 T Summary of the etremag a1, peinte L JT I7 K and
F of the propresd stinefie Wtha=d=1+.
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N 1: The propossd Sngermlp ermeor 1o lestoopk vlew.

K 2: Flogertlp ement croes eectlnn wlew.



K & The eqpdwalent, sructures for analyels when conalder-
Ing the x-dirartional foree (@) &cting oo the Sugertip ooly
[b) for horlerntal heam emly, () for wertical heam cnly.

K 4: The erpidwalent, structures for analyels when conslder-

K & (&) Dugratlon for applying & force and (b)) the
hangahls welght.

Ing the y<llrecticnal force (a) acting oo the Angertlp [(b) for
horieental beam eoly, (5] #ertial heam coly.
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¢ The three casms for plasdng straln tranehicers (a) case
] eage I, () case IOL

T
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I 7 The arror plet. of the mesaured foren, finr the casn T (a)
arrer of the foren magnitiele, [b) arror of the fores angle, ()
errer of the crmtact amgle.



