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Finger-pad tactile sensing using excitation from fingernail

AL D
Hiroyuki KAJIMOTO

Py
il

1) EXES

BEE - 5 MV 2 BB DR EL O 7201,

KT RFEGIEMFTHE (T 182-8585 HRUHNFHAR 1347 & I 1-5-1, kajimoto@kaji-lab.jp)

— YOI U THRIE DMk 2 53 % Hedfr

IFEETHD, —H TV REBIEEEZE S LAROME R ERbND & WO BERH L,
2Rt L OMERMOE, FERIROER &2 519 2 FIESEREIN TV DA, Mx bz o FmE
MW E > T D, RIFFE TN ISR OARIRE) 7 & I E - A oY 2, IRIC L 250
BOB|NZHWT 2 Z & CHRIEOBEAMI BE2HET 2 HIELRET D,

F—J—F . F7HT4TRUIUY, MR, BRE. ME

1. [FL&HIC

AT TIT O AR BB S S LT\ b
BNE, Bl ZIEF 2 X, HWEFRNY 72 LISSHhEDT S
Featnn 2 ERHRDB, FTAF v 7 BOEF Y v T
WEOTRITZ EETI ZETHLY, 2oL FHhkxid, 57
DODEZTHFL TS, EFOLH)RME THEL TV
D, EVIHEREMBEIC L > THERRLEREL TS & E
ZHID,

29 Lt EIC b 2 il 2 7odk L, =R sk

TEhE, RO ZEZRUDOANDOREAN LTS LT,

fiit 2R LI IEEN I REIC R 2 & B2 b D,
HAGBRECEDb MR AT D2 AR, ) L
BEZAiel T2 Ry FORRBICERRMAE 725
FTELEZLND,

BAER O NOMTE A FEET 5121, — XA ZEE T o fih
e PPRELE 25, ThETEL OEEROMTE
PREFEINTEY, 20LLIF /e —T7 OFEEEZID
[112]13]e L22LZ 95 Lz u—7Roiw g, %
NARPAROMEEZHELCLES EWIHIREND D,

—HTCINET, BEEZEDRVWO T I 7 iR E
FHNOMREINTWD, FHOMBELEZFHITH
D[4][5][6]. MOEFRZFHT 2 b D[7]. EAlEOER %
T2 b ORINEOREFTH DL, LrLINDHDE Y
Fik, FBlTmb s %, HRbES CEHUIAEEZR b DTl
& D03, FRIE OB B SCEALE IR OV T O+ 22 E
RO O TN,

M 1cy =7 7 7 VBRI o OBSRERI A T,
XF A BBIRE LTHEZLNTWD & &, ()it
BOBRNP 312 b DTHY | AR 3 Zhic

H1eD, ONIIOFMEREINZPDHEOTHY, A
EHALZE P nIchH b, —FH T, (o)iTHEfitE
LRIMND D, (ISNET Y VRGN DHEDTH DN,
kD=7 I 7 NBOMME - I Ok Ao
H O, BHCES B0 X 912, $hE TG %
D& R TIE, 29 LBEMrESCT v Do & O
WBRELEZ BND,

Ll

B1: 97570 MEL YOBESE, @ ENSH
Band, D) ADARE, KESHIHS, (o) EMED
Bahd, (AR Y SKEHS

P EoBEICESE AT HRIEZE S Z & 72 <
M E SN E =y PEHETE D T =T F 710
fibit e Y RET 2 AR OREFIEEM 2177,
RO OIRB)1- & 6 HHEE ¥ (I LUV E
Erot) ZHEET 5. BB Lo TOMRL, BB AT
o6 AMEE Y TRGT 5, 20L& ZERFRMICH:
fihd % & HEAMIE S JOTRIZ L - T, & D80T 2
HFohsd, ZhEFHE L i, Bk EHEET 5,
EEHRUES T2 A5 Z & b E X 0NN, WO OIES)
FIZE > THREDRHNIRR I Z & T, HlfrE,
TEROHEEN L VB DTX W EE 2T,

2021 -2E3-6-



2E3-6

Rotational Vibration

6DoF sensor
Vibration Motor
(ERM)

B 2: BEFE. NEHFE 6 BEER Y ZHEH.
EEBFIEYUmMRL., EMICKDIELERZSD

2. BEHRE

RIS & FHI O A R L 0 ST E 2 R4
5 FiEE. %< ® HCI(Human-Computer Interaction)#ff ¢ ¢
BEINTVWD, GripSense[9ITA~— bk 7 4 L IZHE S
NERHFEAEEE L VOMBAEDPETA~Y— M7
VOIEFEREE A HEE LT D, VibPress[ 101 ZIREI OJEEC
FOVETHE ME»SH L CWAIDENEEHEE L T
Do

Hiliid & - F ROt v v 7 ela-fle LT,
Mujibiya S[IZKED /S K6 BERIER 4 H /), 213
L. BoBMAIE % HEE L5, Funato S[12]13HEIC15
DAHWEOFHANC L 0 #)&HEE L T2, FingerPing[13]
TIHHBICA =0, FEHIEBEDO~A 7 2 DIF TV = AT
Y AEIT o> TV B,

FEEDFEIREAED -2 L ZICB R TE 5.
Touch Active[l4]IZ =Y A —H L ¥V <~ A 7 &,
fREBEMNET 2 TA U E T 7 a v EREFEL T
W5, VersaTouch[15]iFHL_EOEEDIEE T b ORE) &
U T KD BENLE & REE L TV b, VibroScale[16] T
HA~— b 74 U EIREESHSED 2 L CTEEHE LTHA
LTV Al BH[17IZFA~— h 7+ OREVE W=7 2
T4 TRV T T, ZOFILHDILDEYTEHRLEST
> TW5, Dementyev H[18]1%, IEEID & T v ZIZfER
O ERNT IR TOHREERWS Z & TR
DT IT 4 TRV TRHFRDLZ EETR LTS,

PLED X2, HCl 3BT 2IRENC LT 7T 47
U 7R, BITHERRECH KR Lo E, HLE
DKL DA BT gk TEIZHNLEAT
BO, BICEET I RV, BICES LTy T I
b L7=fBl& LT, VibEye[19] TIXIBICIREN T & I &
Y EERE L, BRFOBREOEE DR Y TR KO
BEFEELTWAN, FEOEMESELHTE T 5 H O T
pinoTz,

ORT 47 AGHETIEH,. v Ry b7 o ELTORIM
ZRBEIC IRENC KA M E DT VT 4 TR T
T2 T HEHBIR N DEIET D, Backus H[20)1E= A > b
T4 H OBERMLE & HEE T D T DI A IR S
Phase-Lock-Loop HilffIlC K 0 LIRE A& E, & DS
B HEEMLE ZHEET 2 FIEZREL TV D, Mitra b

[21]134REYA T & HARFE B DO FHNT K - THfALIE 2 Fr
ETDHFEERELTND,

3. YRATL

X 3ICRIEL7ET A AR L OMhES (XYZ ##) 2R
T, IRET- & U CIIMEEAIRE T (FM64G, R/ X—>Y L
%) AV, B LOIMNBEROAEED 6 B HEE
4 (MPU-6050, InvenSense) & IV T %, BV LIE
B IX T — 7 O S AL, IRE) &AM 034
J1iii 7 — 7 (Kalolary) CTHEGE STV 5, il K& OFHANE
~A 7 v 7'ak P (ESP32 DevkitC, Espressf Systems)iZ &
S>TIThbNd, vt~ 7 u7ut vy PO RC #
fE&4, # 1.7kHz T XYZ o InEEE, XYZ #hEl Y O
HENBUF S5,

6DoF sensor

3. BTN RE L UHESR

A EIOHE OB TIE, BB 12N % 5 EEIL PWM il
MENTZ—EDOfEE L 100Hz BEDIE# 4 U S8,
PCli~A 27 u7ut ¥ &V T7ILiEE L, Python BRiE
20 F— X EAE, HiER X OSHERTOR S,

4. FlErtREt

6 HREOEVHEFEZEMHAL, TDHH 2 2DFEFIC
LTI Y —YaREEHi< Z & CPHOMRE 21T 7,
VY= 2 MEIEFR CEB O 2 SDE M ONAEZE%Z 1
BRICBIET 27200y — e LTHW: (AEBOZEIC
L TheAR MRHERGLND), B HEOMAE
PR LT, X-Y BimEEE, Y-Z S Z-X dlinis
BELOX-Y Sl EAE . Y-Z A Z-X M o 6 R
LB, T TRV O DOREHRBFUZDOW TR T 5,

X 412, X-Y SAHECLD Y-V BOEE
T, (@b M L TWARWSEAEEICITE WA
Y #iE 0 OfEEOIE S 2N X #hE Y OfAHE L) K& <
7%, ZHUTEASRDIEED LG &2k b L Bbnb, (b)
BIECE O 0%) ZEMS W54 MR X i
FHIANZHETe, (FERIBIZIRZ B S T35 A, FEIILY
T, D FE D Z O OEIC Lo T, ORI
FHEDOEZIZHE L TWDINEHETE 5RREMER® 5, (d)
BTl LT ESA, VI —YaRBEakeE LTh
EL 7B, ZHITEENL VBN EShD 0 EEZ LR,
PR fe 7o (XA BT A R b BUSFTRE CTH D 2
LR EIND,

2021 -2E3-6-



2E3-6

Gyro X-Y Lissajous

Gyro [degrs]
°

-100

]
Gyro X (degrs]

Gyro X-Y Lissajous

Gyro X-Y Lissajous

Gyro X-Y Lissajous

4: X-YHREEEIZKD) H—T a1 EH

X 512, Z-X WEEIZ L 5 V) — Y 2 KB O E (L &R
T (@ bES L TO WS ARIGE W E /i X |
X HOMBEEDIEH N ZEOMEE LY K& 2D, Zh
VR D RRE) - O AR OIREN S XY Yl L THDH 2 &b
M LB oD, (b))FEE ORI % Bl & 7=
A BERLE O LA IS U THER OB E AL L TN D,
SF D ZOFHOBILIC L - T ROEA O L 2
LCWEDEHETE D AEENRS D,

Accel Z-X Lissajous

AccelX (O]
°
s

o -05 00
Accel-Z [G)

Accel Z-X Lissajous

Accel Z-X Lissajous

5: Z-XEAINEEIZK D) H—T 1 EH

5. BHYIC

ABFTEI, fRIEEE ) 2 LML HHMEOCAE T P
FHRECEX S, T I LOMEE YRR S D
ZHEL Ui, R IR ORERE) 1 & R - 4
S EHEE, MRICL2EOELI BN EZFHAT L2 L T
NE DBfbNT B EE T T 2 HIEEIRE LT,
BEFEOTHBBEFICHENT 2 W7 —#Icd+ 25 Y
P— Y 2 A L= L 25, SN E B Z OO 3
SEMEAHETH D 2 EAVRIBR SN, AR ITBEAMAIE .,
Btk S 2 BT 573U X A0BE, ARV R
DARE) - O EEVRURE) 1 & O b, F5 I OVERS O EE
W —F 70 B AR & AT L7272 8 O il 5 1545
EREIL TV,

SEE AHFSEIT ISPS BHEFE JP20H05957 DBhRL & 52177~
HOTT,

2021 -2E3-6-



2E3-6

[10]

[11]

2021

SE Xk
Wang, Z., Holledampf, J., Buss, M., “Design and
Performance of a Haptic Data Acquisition Glove,”
Proceedings of Int. Workshop on Presence, 349-357, 2007.
W, Kif, B, EE, RBW, “REOLERITE
T o@mmEMEt Yy rn—7" AReRy FE
S OCEE, 30(7), 711-717, 2012.
Yem, V., Kajimoto, H., Sato, K., Yoshihara, H., “A System
of Tactile Transmission on the Fingertips with Electrical-
Thermal and Vibration Stimulation,” Int. Conf. Human-
Computer Interaction, pp.101-113, 2019.
https://doi.org/10.1007/978-3-030-22649-7_9
S. A., Asada, H.,
fingernail sensors for measuring finger forces without
haptic obstruction,” IEEE Trans.
Automation, 17(5):698-708, 2001.
Abu-Khalaf J. M., Mascaro, S. A., “Optimization of

stretchable fingernail sensor fabrication based on finite

Mascaro, “Photoplethysmograph

on Robotics and

element modeling,” IEEE Sensors Applications Sympo.,
pp-1-6, 2018. https://doi.org/10.1109/SAS.2018.8336754
Ando, H., Miki T., Inami, M., Maeda T., “SmartFinger:
Nail-Mounted Tactile ACM SIGGRAPH
conference abstracts & applications, 2002.
https://doi.org/10.1145/1242073.1242113

Sakuma, K., Abrami, A., Blumrosen, G., Lukashov, S.,
Narayanan, R., Ligman, J. W., Caggiano, V., Heisig, S. J.,

Display,”

“Wearable Nail Deformation Sensing for Behavioral and
Biomechanical =~ Monitoring
Interaction,” Sci Rep 8, 18031, 2018.
https://doi.org/10.1038/s41598-018-36834-x

Nakatani, M., Kawasoe, T., Shiojima, K., Koketsu, K.,

Kinoshita S., Wada, J., “Wearable Contact Force Sensor

and Human-Computer

System Based on Fingerpad Deformation,” IEEE World
Haptics Conf., pp. 323-328, 2011.
https://doi.org/10.1109/WHC.2011.5945506

Goel, M., Wobbrock, J. Patel., S., “GripSense: Using Built-
in Sensors to Detect Hand Posture and Pressure on
Commodity Mobile Phones,” 25th Annual ACM Sympo.

User Interface Software and Technology, pp.545-554,2012.

https://doi.org/10.1145/2380116.238018
Hwang, S., Bianchi, A., Wohn, K., “VibPress: Estimating

Pressure Input Using Vibration Absorption on Mobile
Devices,” 15th Int. Conf. Human-Computer Interaction
with Mobile Devices and Services, pp. 31-34, 2013.
https://doi.org/10.1145/2493190.2493193

Mujibiya, A., Caol, X., Tan, D. S., Morris, D., Patel S. N.,
Rekimoto, J. “The Sound of Touch: On-body Touch and

Gesture Sensing Based on Transdermal Ultrasound

Propagation,” ACM Int. Conf. Interactive Tabletops and
Surfaces, pp.189-198, 2013.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

-2E3-6-

https://doi.org/10.1145/2512349.2512821
Funato, N., Takemura. K., “Grip Force Estimation by
Emitting Vibration,” 30th Annual ACM Sympo. User

Interface Software and Technology, pp.141-142, 2017.
https://doi.org/10.1145/3131785.3131829

Zhang, C., Xue, Q., Waghmare, A., Meng, R., Jain, S., Han,
Y., Li, X., Cunefare, K., Ploetz, T., Starner, T., Inan, O,
Abowd, G. D., “FingerPing: Recognizing Fine-grained

Hand Poses Using Active Acoustic On-body Sensing,”
Conf. Human Factors in Computing Systems, No.: 437,
10pages, 2018. https://doi.org/10.1145/3173574.3174011
Ono, M., Shizuki, B., Tanaka, J., “Touch Activate: Adding
Interactivity to Existing Objects Using Active Acoustic
Sensing,” 26th Annual ACM Sympo. User Interface
Software and Technology, pp.31-40, 2013.
https://doi.org/10.1145/2501988.2501989

Shi, Y., Zhang, H., Cao, J., Nanayakkara, S., “VersaTouch:
A Versatile Plug-and-Play System that Enables Touch

Interactions on Everyday Passive Surfaces,” Augmented
Humans Int. Conf. No. 26, 12pages, 2020.
https://doi.org/10.1145/3384657.3384778
Zhang, S., Xu, Q., Sen, S., Alshurafa, N., “VibroScale:

turning your smartphone into a weighing scale,” ACM Int.

Joint Conf. Pervasive and Ubiquitous Computing and Int.
Sympo. Wearable Computers, pp.176—179, 2020.
https://doi.org/10.1145/3410530.3414397

Ali. K., Liu, A. X., “Fine-grained Vibration Based Sensing

Using a Smartphone,” IEEE Trans. Mobile Computing,
online, 2021.

https://doi.org/2021. 10.1109/TMC.2021.3067679
Dementyev, A., Olwal, A., Lyon R. F., “Haptics with Input:

Back-EMF in Linear Resonant Actuators to Enable Touch,

Pressure and Environmental Awareness,” 33rd Annual
ACM Sympo. User Interface Software and Technology, pp.
420-429, 2020. https://doi.org/10.1145/3379337.3415823
Oh, S., Yun, G., Park, C., Kim, J. Choi, S., “VibEye:
Vibration-Mediated Object Recognition for Tangible

Interactive Applications,” Conf. Human Factors in
Computing Systems, No. 676, 12pages, 2019.
https://doi.org/10.1145/3290605.3300906

Backus S. B., Dollar, A. M. “Robust Resonant Frequency-

Based Contact Detection with Applications in Robotic
Reaching and Grasping,” IEEE/ASME Trans. on
Mechatronics, 19(5):1552-1561, 2014.
https://doi.org/10.1109/TMECH.2013.2287761

Mitra, R., Boyd, K., Subedi, D., Chitrakar, D., Aldrich, E.,

Swamy, A., Huang, K., “Contact Sensing via Active

Oscillatory Actuation,” 3rd Int. Conf. Mechatronics,
Robotics and Automation, pp. 99-104, 2020.
https://doi.org/10.1109/ICMRAS51221.2020.939836






