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Finger Posture Estimation by Attaching an Omnidirectional Camera
to the Center of the User’s Palm
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Abstract: This research describes the development of a system that estimates the natural finger postures
of a user’s fingers from the images captured by a fisheye camera attached to the center of the user’s palm.
We consider that the flexion of finger joints has a dependency because each finger joint is not easy to
bend individually. Our method can estimate finger postures easily by applying inverse kinematics with the
interdependencies. The finger postures can be estimated by detecting the fingertips on each image and re-
ferring to the following preset information: the positional relationship between the camera and the user’s
fingers/fingertips, the length between the finger joints, and interdependencies between the finger joints. Our
system only requires that a fisheye camera be attached to the center of the user’s palm to detect fingertips
for estimating finger postures. This implementation can help to develop immersive AR/VR system because
of the user’s freehand. We applied the interdependency proposed in the previous research to our method to
estimate the finger postures, and simultaneously measured the flexion angle of each finger joint using optical
motion capture to calculate the error.We experimented with a new dependency relation derived only for the
thumb and confirmed that a more consistent interdependency could be derived.
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Rt U TIEER & [11] OERIFBIROBE S D E W & b
L, BHEO A7 FZREGREEH T 2. KIFEGROEH
WKW FRERICTE—SYaryF vy 7F vy ZHWTEHIIL -
HiEtAZAMAT 5. THEFTIIHEEE 10 A& R
ArEtl L7z, 22 CREMMOFEEZFMT 2. #8E
10 A% 5 DDR7 (A-B, C-D, E-F, G-H, I-J) IZ7EIL,
4RT7E1IN—FITF O THEMAZ AW TRTREG
ZEHLED 1 7 U THERMEZTS. 2oz
5 DAITS.
WIFRAROEH G EE RS, RHED CM-MP, MP-IP
R Z 2D EEHICR LT 3 RAT 54 VHif, kO
BN_REZRIGHT 2. 2T 3RAT T4 HRICHER
4 REFET S, M, 4 HON 2 S EEIFH DR/ & i
KERAWS., KD 2 82 m#EL S 7YX LB T 5. 2
NoD 4 HERANTIRAT 4 UHiEFHT2. 22
T, BT BB HEERT S, FiEREMT 2BZN
ZhOEADIEINT 2 L ARE L, &Eih2EhnEmc
LI REMICHRETS. ZOXGETTINLD 4 HEH
WT3RRAT 74 xR 2 2 & CRI 2 EHT 5.
B OEHICHWS 4 RON 2 8%E2 7 X At 57
b, EROBBEEHTE 2. 2B LT
TIHRERIGHT . 3RAT T4 UHRTCEE LB
BRE DED ZFOBMDERN L 74 5 B KRR IR
ET 5. BN —0t UCEE U RFRBGREERQ TR
L72d0%2K 13177, K13(b) KBWTKRELERS
DO RIFERDKEDIRTRT X521 DfFET 5. &
DIRFBZROBEHNIIIWREE G-H ORT ZRW 7L —
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R 5 PHBEAER (RHEER, BHE)
IP MP CM
SEERRER | 18% 20% 20%

FEHMALTED, ZOXR7OFEMAI RS FEN MK
FRARICIEE LT\ 3 720 Z OIRFRGRO ERE Thiz b
Ezohsd. FEEHEICRLTIV— 72 L I8 LK
FRGHPEML TV Z e 2R TE 2720, FHLLLE
WRAFRAIR R RSS2 IR AE RIS IRE S 3. BH L7580
DIRIFRRE I L7z d D L RS BRER L IKIER R E
X 14 1R 3. EHU-BEEE SR, BASOKEFEREGRE
BIARIARCRIE U 7. IRIEBRO IR & FHa % il 5
2 BRI TP PSR B I L3 < CM BAEi i B Ji il
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3.3.3 FRRCEZ
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R 3.3.2 ICTHN/ZEYTH B EZLND.
ARIFZEICB VT THER, REBROM G ICBWT, V7
by = 7 2 BUEBREOHN O TFROREEH 50T
B 3IREEICHIR L CRHli 21T o 72 26D 3 IKRE, T7bD
5 Levell 2,3 IBIFZELZEZL T+ —< VAL ZDFF
B ciziuiz obREICBI 220 s, TR
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4. AR A< 3A[EL

AFEDOISHIZ AR AL AELEZBFE L. AR AL A
ELTE, ¥F2—VoFeitrzi3KEDOETVEH
—DFEERIZERT . 2—FDFOEFIICEL TIX
322 HTIHN/NEREFEH T 5. HICEBRLARI XS
ZRWTFERSHEE L WifT L THLED AR ~— 2 %2 /i
T3 TY—WEERTOERCFREO =R, ELEE
ZHEL, FOETNMEMT . MitofEE71 (X
TZV—E7N) 22— OFDERL, FOETLED
BHEEPYVTALRALICS Il —YaryTBIeTrL—
EFNEERESES. 2 —FOEERIC HMD ¥ — AR
AR HEE L= EHMHTEZ2TY7ARA LI
EBT27LV—FTVEMETE, AR AL AL K5
TZ% (K15). AR A< AL O3S X EREIO 7€
BREELUTATEN AR IGEATE 2 2 2B L.

5. FLHELSERDEE

AWFETIE, T—FOREICARH X 7 %255 LIk E R
H3 2 2 CHEBIEINCTFIRRE 2 HE T 5. ARSI X
7 &k AW THREE N e mt U, AR o mRER
FREFAT 2 2 & THEH LIS FERBEHE L. K
FERICE L TE, RS [11] ORITHIFRICTIRE X M-
WEFRIRICTREORIE, FHCRHEICBIT 2 CM BFiDE)
SFEMRE B INTWRVEE ZAILICB T 3 LS
VAT LAROE—Y a ¥y IF v BV TRERET
5 Z e TRENOMREEIT- 7. THIEBROERLS, 1
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TERD, RIEDEBICHEL TIBEEEMENERE 25
7z, ZOREREZY, BHEOAKFEGREEEL LA
DOIFEFRE A WT P HER L FARICEBREZTo7 2 2
2%, MP, CM BEffiicB\WTZhZENS, 13K > hids
RIET L7 2 E AR T & 2. KRS CTEH L - R1FR
FRIC & DRRERIEIIINIEIH 7 KA > MET LA, FF
2 CM Bffiic B 2 EIKIEICH E Lz, 2Dl
5 DAFRAGR & LEx, EH U 72 AFBFRICIE CM BIET )
TERMEDR R TE T W3 e EZ 5N 3B,

AW T BARTFR ORI TIIZBFH OF) = 1 CEN
THzeEZ, WEMGFEEZFHLTFERRELHE L
AFETELI—VOFHROZLBELHETE Sz, AR®
VR IIGH T AUSEER D e WAV A D il EH T X,
I—HFDANFEEIRTEZEZLNS. FHICTART
WEHSOF & BN RORAEIEDO I 2 HBRTE 3720
BREWNZANFERERETES. 22T, WEEiERT 2
BROFHLEBEEZ L. FOUKREIERT 2, 572
PikOARIC & > THEFIFOEEEIZLT 2 EZ S
na. BIZIEHEYER IR T 28, MkoRmCFHEE
WbEZEHBEANEZONS. ZOBETEYRLEBE
fe5o 1P BHi, fioF4e@ DIP, PIP BAHiDJEHifA A/ X
72 D AWFETHIA LT 217 RBR % B0 5 2 nTREMEDS
BV, ZDRDBERTOARS R T 4% AR % VR IZIGH
LA A 2 T % 3 2 27 A% BFE LT RAEAK
WeEZLND. RFEEFHLTAR AL AEILZH%E
L7223, FEBED AL AELTHTFHERBNER TR AW
FECHI L RERIRICIED R WGEDEZ bLb. £ 2
T, T 2R ORBUCH T 2 IKFRIR OIS E 2 6
N3, KRS 2O FREZICE L QMRS [5)
DIFFEDZET b 5. VERIERT 2RO FHELBE2EE
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# B
A1l REXRDLFER (FEERR, B816)

P MP CM

levell | 2% 14% 11%
A level2 | 10% 9% 13%
level3 | 4% 20% 7%
levell | 20% 6% 20%

B level2 2% 1% 20%
leveld | 14% 10% 16%
levell | 28% 4% 19%

C level2 | 8% 19% 28%
level3 | 1% 24% 24%
levell | 27% 49% 24%

D level2 | 11% 43% 19%
level3 | 5% 39% 22%
levell | 50% 31% 49%

E  level2 | 2% 31% 49%
level3 | 46% 34% 50%
levell | 4% 43% 37%

F o olevel2 | 14% 53% 3%
level3 | 0% 51% 33%
levell | 16% 13% 29%

G level2 | 18% 16% 30%
level3 | 20% 4% 26%
levell | 8% 44% 48%

H level2 2%  33%  43%
leveld | 12% 40% 4%
levell | 14% 41% 49%

I level2 | 22% 30% 46%
level3 | 22% 36% 47%
levell | 40% 40%  48%

J level2 | 30% 3% 4%
leveld | 30% 31% 44%
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AR Kz (EzxB)

1967 4. 1989 4RO AHNE T2
HIESR TR, 1994 FEFRIKEKR
M RIEERE T, L (T%).
[FI4E (FR) B2 AfE. (R BE PRI ST,

MEEHEL X —ba—<r A V&R

P MP CM

levell 8% 30% 13%
A level2 | 10%  30% 13%
leveld | 10% 36% 1%
levell | 18% 14% 1%

B level2 0% 17% 8%
level3 | 18% 24% ™%
levell | 28% 14% 3%

C level2 | 6% 3% 10%
level3 | 23% ™% 4%
levell | 27% 34% 8%

D level2 | 5% 39% 9%
level3 9% 29% 15%
levell | 38% 10% 34%

E  level2 | 30% 11% 36%
leveld | 30% 9% 34%
levell 0% 29% 18%

F o level2 | 20% 41% 28%
leveld | 12% 38% 2%
levell | 14% 3% 9%
G level2 | 12% 1% 8%
leveld | 20% 6% ™%
levell | 2% 29% 31%

H level2 8% 20% 33%
level3 | 30% 21% 44%
levell | 20% 21% 30%

1 level2 | 20% 20% 31%
leveld | 24% 23% 34%
levell | 36% 21% 29%

J level2 | 24% 19% 30%
leveld | 24% 11% 2%
#ul #8n
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