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Abstract

Rodents can recognize objects by using their whiskers. Not only rodents but also mammals use their whiskers to
recognize objects. However, rodents can discriminate surface roughness in micrometer resolution throughout their whisker
sensing. Rats can distinguish an target object’s shape, roughness and surface pattern by moving their whisker back and
forth freely. Mechanoreceptors surrounding the whisker in their follicle measure deflection and vibration of the whisker. In
this paper, we designed biomimetic whiskers modeling rodent whiskers and showed the characteristic properties to extract
the information of surface roughness.
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Fig. 1.
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Rodent whiskers {reprinted from [3]).
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SEX Mae = [3]
Scheme of Active sensing (reprinted from [3]).
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Table 1. The property of sandpapers.
% A average particle diameter(um)
AA60 269
AA100 162

Faourier Transform of Time function

Power(v)

frequency(Hz)

Fourier Transform of Time function

Pawer (v)

frequency(Hz)

ag 5.
Fig. 5.

Al HEZ] FFT a2f= (&) AABD (SHAA100
FFT graph for surface texture of sandpapers
{Top) AAGD (Bottom) AA100 FFT Graph.
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Table 2. Frequency domain of whisker and texiure.
4 o Fa 74 ¢ 3}
11.5cm 3912 Hz 75cm 924 Hz
95cm 57+3 Hz 55cm 7043 Hz

go] sEHoz AT LAY we} {7 FHLR
Hold AAE YP~ g FFo] ALEHA €rh . 4
Y& 103] NHESlY o]E4 HFFE Fast Fourier
Transform(FFT) M 2E E3 Fo4 d9oz FIANIA
o 7t23%E Fa5 d9s delln AE2FE Fos
ol i Az Avlel Rt ZH £ W
NZozH tofd Fag U9 Z#HE 4 7 U
g, rldME AR ZEe EAY n4d &R
g A3gg OF 3 ok

ey

£ o

A

v. 2 1

4845 13 5049 o] F 9 Zold wt F
s GYol tEA Jeldt. FH $99 dold uwet
FYolA SAsE LHFAEF7L BgE Ay, Fo
Xl o] ZZhe] Zolgl F FhAM Yehvde 152
Soe 289 0~10Hze 333te FRAXNE 499
Zolo) FAfe] THY Fur F9E& Holn Ut
ol & W9 AArd dPe 5AE Yedo
B F otk ALE AAG0T AAL00E W YA}
o] A7t 242k 26%um, 162umE 100um =}e]7} vhA] gk
Az A F£9 ANz FEEA gtk EEdEd
FAZ F F9& AR £HANE AFsAA T
%717} 15mm~2.0mme] ©]29 olg F 49 F7]

al



20101 78 MAZE =2X M 47 ASCH H 4 = 59

o] 7~10vhel sEET A A Fd9G AA A+
Fel F7] o] W} WS & Q= B4 ®¥H A
A7le| ApelE HolA Btk

H 7E AMZ EA 399 AAY) Aol pEEE
AP BALE Y8 293¢ it 5mm} 10mm 7t

L2 51 F FAANE de 489S e 2y
T 29 6% %] 5mme 74349 AAe} 10mm7tE <)
AR Fog FXt gEAE ¢ S AN e A £
FAME HBE 7] o] TOHzE2oA EAa}
= #H F£99 2/AEFE YAFA S 0~10HzA A
T Apolg HOth £HE 2HoE £5E FY
A FRE W 5mmztAe AxE A F93 42y
% HJ_ 7F 10mme] Z3le W8 Fomz Fugrt &

Al %i nmg % owouq
53] olF 2RI 22 42F 2R gAE A &
“?%'?-t* *ﬁﬁi %71 ol &lﬁ‘fffM

As 52
A 59 ZMH IF AFFe A v
Fye] A7) wet Fap5 Ggo] EA
< &7t A F9AME 299 A
3 249 54 =& ol 2R AL
ofyzl EAE TH#e AMZA BEEAE W3
At

it

agEdE

Mo

[1] GE. Carvell, D.J. Simons, Biometric analyses of
vibrissal tactile discrimination in the rat, The
Journal of Neuroscience 10 (8) (1990) 2638 -
-2648.

2] D. Kim, R. Moeller, “A biomimetic whisker for
texture discrimination and distance estimation,”

(263)

(31

4]

(5]

16l

From Animals to Animats 8 Proceedings of the
International Conference on the Simulation of
Adaptive Behavior, MIT Press, 2004, pp. 140149
D. Kim, R. Moeller, “Biomimetic whiskers for
shape recognition,” Robotics and Autonomous
System 55, 2007. pp 229-243

D. Kim and R. Moeller, “Passive Sensing and
Active Sensing of a biomimetic whisker,”
Proceedings of Int. Conf. on the Simulation and
Synthesis of Living Systems, pp. 282-288, MIT
Press, 2006.

M. Fend, Whisker-based texture discrimination on a
mobile robot, in: Proceedings of the European Conf.
on Artificial Life, Springer Verlag, 2005, pp. 302-311.
aﬂ—‘%‘ 71;}10 “A F9 A 1 2z = F
4 "er AlA a7 iis’—ﬂﬁ] =57 A4d 1%
(B911%) pp.34-42, 2009.



60 7 +¥g 24d=

se 4% 52 4

B B

Mol 4 BH AEY| FEo) #E A7

3
o>
Fok

s EEAIY

091 A A th &}z
AL 4.

B}

X‘f A A 70
Z o 2389)-2AA-=
7] A& & 3} 19899 M-gulgtn 7 FE F&34
gAL &4,
o] 2 HE A 1993 The University of

Michigan, Ann Arbor,
USA A}

2002'3 The University of Edinburgh, UK, ¥4}

2002'd Max Planck Institute for Human
Cognitive & Brain Sciences, Cognitive
Robotics, Research Scientist

20074 ~AA) AR BA ARG 2HS

<FBAAEH Hlo] R 2R E A AFXF, AFA

W, A, QAR >

(269)



