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Reconstruction of 3D Hand Shape by Stereo
Vision of RGB Camera*

Takuro Amako

Abstract

Human hands are important exercise organs to live everyday life. One of the
functions is a grasping motion for manipulating objects. Unlike gesture-like mo-
tion, grasping motion requires hand and object interaction. Various researches
have been conducted on the grasping motion, but since it can not be said that
it is a natural motion in the measurement method that hinders the movement
of the hand like a sensor glove, consider a measurement method that does not
newly hold the hand.

In this research, we propose a stereo vision measurement system using RGB
camera to estimate human hand shape in a more natural form and aim to restore
the hand shape in three dimensional space from the camera image. Restoration
of hand shape is divided into acquisition of link structure of hand and estimation
in depth direction using triangulation method. Estimate the link structure of
the two-dimensional hand from the data recorded by the monocular RGB cam-
era and restore it to the 3-dimensional shape by triangulation method based on
corresponding points when viewed from the left and right cameras. In addition,
in this research, as a countermeasure against measurement error, Nelder-Mead
method which is one of nonlinear optimization method is implemented to re-
duce error of 2-dimensional link structure.

In the experiment, we evaluate the joint position of the hand restored in the

3-dimensional space, estimated by the constructed measurement system. Mea-

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-MT1651002, March 10, 2018.
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sure with the hand in a stationary state, and verify the cause of the error by
comparing the error with the true value. We measure the true value by motion

capture.
Keywords:

Hand Shape, 3D Reconstruction, RGB Camera, Stereo Vision, Nelder-Mead
Simplex Method
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Fig.2.1 Estimated hand feature points



Fig.2.2 Estimated pose feature points
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Table.3.1 Specification of RGB camera

Size Width 70 mm

Height 32 mm

Depth 69 mm
Weight lg
FOV 60 deg
Resolution 640 x 480
Frame rate 30 fps
Connection USB 2.0

Fig.3.2 Pedestal for fixing RGB cameras
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Fig.3.3 Stereo vision setup

(a) Left view (b) Right view

Fig.3.4 Calibrated stereo view

12



C’left -

Cm'ght -

dleft -

dright =

[Rt] =

Pleft -

Pm'ght -

[ 804.4

0.000
0.000

814.3
0.000
0.000

0.000
804.0
0.000

0.000
813.5
0.000

0.9999
0.005351
—0.001280

804.0
0.000
0.000

804.0
0.000
0.000

3.1.2 Z=AAIEDHE:?

0.000
804.0
0.000

0.000
804.0
0.000

340.4 |

241.5
1.000

316.9
258.5
1.000

[0.04146 —0.2344 —0.001637 0.001984 0.5015]

[—0.001311 1.029 0.0007673 0.0005446 —3.298]

—0.005324 0.001388  —98.90
0.9998 —0.02033 —0.9487
0.02034 0.9998  0.5498

333.8
249.7
1.000

333.8
249.7
1.000

0.000
0.000
0.000

—79510
0.000
0.000

KIZ, TORATVLAARTIZE>T3RIUMEOHENAIBETH 5 Z & 2 MEET
%. 2 2Tl Fig. 3.5 OB CHITE A L COR2#EE T 5. BRI,
RGB A X 725 1200 [mm] OEHEICAH X 7 L PATICELE I T % Fig. 3.5(a)
DHZRFKL, ZLHDA X 7D 6146 i OFLERE (HA7: pixel) Z OpenCV

D cv2.triangulatePoints BIEUIZRA T 5.

SR OB % Fig. 3.6 IS8, Bl S e o B I3 /EDY 272, 350], 4
P [206, 350] TH o 7. ZOfEE D L ICEMMEEFT &, 1204 [mm] & FEE
DMFHN, FAEICHTL T +0.33 % HETHITEZHEETE 2 2 LDMERTE .

13



: Iy O Ty !
780901234557 30001234587

(a) Circle (b) Distance to measure

(c) Distance from RGB cameras

Fig.3.5 Confirmation of triangulation
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(a) Left view (b) Right view

Fig.3.6 Detection of the circle from stereo vision
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Fig.3.7 Proposed measurement system
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Devices

Left camera Right camera

Ubuntu PC USB 2.0 USB 2.0

ROS

Time measurement

Capture video

Synchronizing OpenPose

Triangulation

Fig.3.8 System configuration for measurement system
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Motion capture camera

Fig.4.1 Measurement setup
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Devices . .
_I Left camera Right camera Motion capture camera

Yy 7 omsmp,

Windows PC USB2.0

Motive |

[ Marker position

Ubuntu PC | USB 2.0 USB 2.0 Ethernet

ROS
{ Time measurement
[ Capture video
v
[ Synchronizing ] [ OpenPose
[ Triangulation

Fig.4.2 Configuration of the experimental environment
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Table.4.1 Specification of V120:Duo

Size Width  279.4 mm
Height  40.6 mm
Depth  50.8 mm

Weight 1,300 g
FOV Horizontal 47 deg

Vertical 43 deg
Connection USB 2.0
Frame rate 120 fps

r

Fig.4.3 Appearance of the experimental environment
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EoRAMET 250 (2.3.1) IR ) v I R 1 22— ALiEEZBBICRA ) — L TEF
MWL 7. &Y v 7 DNiE% Fig. 4.5 12, gHIL 72V » 7 K% Table. 4.2 127,

Fig.4.4 Motion capture marker on the hand
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Fig.4.5 Arrangement each link

Table.4.2 Each link length

link length [mm] | link length [mm] | link length [mm]
lo 30.0 l7 27.0 l14 25.0

Iy 40.0 ls 85.5 l15 28.0

lo 37.5 lg 43.5 l16 79.0

l3 30.0 l1o 26.0 li7 34.0

ly 87.0 l11 28.0 l1s 17.5

l5 40.5 l12 85.0 l19 24.0

lg 23.0 l13 38.5
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4.3 EER{ER

ARIBRTH S N HEE KT 2 Fig. 4.6 Ik L TR, Fig. 4.6 (a), (b)
BATLAARATDZNZFNDOH M 66 117 OpenPose D H#EEAE T dH
%. Fig. 4.6 (c) & 3 Xifm R o L FREZ R L TED, FOOL L 5 iHTH
DI LT £, E=YarvyXxy 7F v Tl I~ — A DALE % R O P T
L7, 2OfHED 5, RGB Hf 2z W THEI NS FD 2 X0t v 7 iEns, AT
LARUC X > T3RILDY v 7 REEICEILINT VL L0 h 5.

1 7L—22%kIC, E=YarXx7F v Tilll L 2 &R#AD 3 Rthr
i pM (0 <i<20) ZEfHE L, ATV AN R T THE L 2SR D 3 Kotk
B pf Eoa—7Vy PO L3 |[pM - pFl| 22D 7 L —LIcEIT B
EMAL LA L. &7 L — 2 DRI T — % % Fig. 4.7 12, &7 L — LR
T B HEE A DY L2 % Table. 4.3 1SR T. FHEOFEE, 7 — 2 OFREDR
TS R E 2R3 D o 7223, HBPF—EDMEICPIR L T3 2 L3095,
RIZ, SECOHEREE 22— ) v Vil ||pM —pF|| CRMRE L. 22T, %
R CcoOlZ I T 27O, FORfio4AMzZED 5. AOF DML Fig. 4.8
ICRT XK TEL Z EPASNTED [19], AMfZEd 21Uz, Nz <,
TR DF % Fingertip & 3% . HIRICEB I 2T ICOWT Fig. 4.9 - 4.13
I, BAE 2 & DR RYIT & EEHERE % Table. 4.4 - 4.8 1238 7. EDIRICEWT
b, HAEOHEEHANKRE L2 HNEZMETE 2720, FIHIRD 3 RocHtics
W THRRD R OHEEDREETH % L 700 5.

Table.4.3 Estimation error in the experiment

Mean error [mm| Standard deviation

78.9 6.01
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(b) OpenPose estimation (right)

(c) Reconstructed hand and markers

Fig.4.6 OpenPose estimation from each view and reconstructed hand shape
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Fig.4.7 Mean value of error in each joint

Fig.4.8 Joints annotation of human hand
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Fig.4.9 Error in thumb

Table.4.4 Estimation error in thumb

Joint Mean error [mm] Standard deviation
CMC 26.8 10.2
MCP 81.4 1.92
P 106 2.70
Fingertip 113 4.48
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Fig.4.10 Error in index finger

Table.4.5 Estimation error in index finger

Joint Mean error [mm] Standard deviation

MCP 79.3 4.56

PIP 91.2 4.71

DIP 29.7 9.59
Fingertip 107 5.07
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Fig.4.11 Error in middle finger

Table.4.6 Estimation error in middle finger

Joint Mean error [mm] Standard deviation

MCP 93.1 2.85

PIP 62.3 1.54

DIP 100 5.48
Fingertip 104 8.29
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Fig.4.12 Error in ring finger

Table.4.7 Estimation error in ring finger

Joint Mean error [mm] Standard deviation

MCP 68.6 3.89

PIP 34.9 3.24

DIP 50.6 6.81
Fingertip 109 5.78
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Fig.4.13 Error in little finger

Table.4.8 Estimation error in little finger

Joint Mean error [mm] Standard deviation

MCP 81.5 6.75

PIP 132 8.24

DIP 50.3 8.31
Fingertip 63.1 9.36
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4.4 BE

FEROFERD 6, L LTT— % DHIE TV O ORURL TR E it E e
DFAEL, BOT—FICH DI ONTRENIC—EDMEICPERL TWw 2 2 & AN
L7, 72, FEERIELTEHIIT 2 L0 EREMETH L Z L0, PORT AMHIZ
EWBEATH DL EWADIEDRTES. LEDNST, KD 2 HITOVBTEZET S
ZC, FOMEIC X > THEERBRICED X ) RN 200 %2 KL, BT 5.

T — % OEIETRE s T8 A L 7 H A
o 3XILEMICE T 2EHFADKE S

4.4.1 HEREICHITIER

HEEAZICBIL T, Fig. 470 0MEPRRDEZD T L —L DT — ¥ Z AL
5. ZD7 L —ALThD OpenPose DHEERL L 3 XoufEm L = FEIK, BLUE—
Yavdy 7 v coiMl% Fig. 4.14 12787, Fig. 4.14, (a), (b) # A2 &, Kf
DT OpenPose DHEEVBRES BT ER005. ZOT—=FIZEL
T, GHADPIEFICHEEINTVE AT, EHRTETFO) Y I7ED I bFHE
DI EDFEERDOALED & K E i, AZELIE»SEEBICH I TEEETOY v 7
DM S LTV 2,

22T, fimE v E 2 9 Tk Wi DWW T OpenPose D i B
DOoRERHERT 2 L, HIHFORED 0.6~0.8 BETHZDITH L, #ETIE
0.03 % 0.01 £V o ZIEFIT/NI WIETH - 7o AWF%ETlE Nelder-Mead #1412 & D
OpenPose DHEEEZ WEL TV503, ZOFETRATITHDE I Ex3bhrolk.
L7e3> T, AHEDFHIS 27 LTI DO TIEIC X 2 HEEMEDOUGEEDRER I N 5.

4.4.2 TEEBREICHITZIER

5D MCP BffilcoWnwT, E=>arvF ¥ 7F ¥y TOGHMERT LA ARXTT
I L7 3RILMED 7 — L FEEERICB T 220 %258 T 5. 2R 2o EER
TDRETIZOWT Fig. 4.15 - 41712, Z OR;D VY L B2 % Table. 4.9 -
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(b) OpenPose estimation (right)

(c) Reconstructed hand and markers

Fig.4.14 Data in the frame with the largest estimation error
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411 1R T, Fifiio A X 1% Fig. 2.3 EFHETH 3.

ZDREDP S, ZOFHIY AT LATHEE L 72 F D 3 RouhiiEl, o,y #icBIL T
FEEAEfR 2 DS /N & K, B TH 2 E— a v F v 7F v OFHHlFE R IB/E T
TR I ED0h 5. 2 eIl TiE, SBEICOIRNIENIRE , BTEHADIE
MERFHISHREETH 2 2 2R LTS, L L, EBRTIIHEEEAEDRZ IR
LTWw3ZEDRS, FBIREL TRV RERBRZIT N30, 2FNaTo
PLEHEEZIT) S LD TH D EHFEZ LS.

4.4.3 FOMNBEZEEULIBESOFIREE

4.2 fiOFERTIE, BHRO T ICHBRE DRSS Y, FoEMICE > 7 IRET
FIAREHEE L TV 5. AT, HR EOFOMIEIC X > THEERIRIC E 0 X 9
BEODE SN DD EMD D 270, HHEL % 2 EHMOWIRHLICF 2L <
AR DR 2 1T > 72 F2BRIR O T DOALIE & HEE R RLIT DWW T Fig. 4.18 1T/, £ 72,
HETE A DEIMEIC DT 7 L — A DIERSIF — % % Fig. 4.19 I[TR 7.
FEROREED 5, 4.3 1 & L TR ESFEE b DD, FREOEFIED
FEL TS I EDTD 5. 155 NI e L EHER 12O W T Table. 4.12 1TR
T b, 3.1 MiCHR L S ANROKEEEET S, AROEBCEL N
HEE 1L, OpenPose DHEEMIC K E KT 5 2 L DHERTE /2.
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Fig.4.15 Difference in the x axis

Table.4.9 Difference MCP joint position in the x axis

Finger | Mean differencial [mm] Standard deviation
thumb -17.4 2.20
index 74.8 2.53
middle -0.04 4.10
ring -47.5 3.56
little 48.5 7.07
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Fig.4.16 Difference in the y axis

Table.4.10 Difference MCP joint position in the y axis

Finger | Mean differencial [mm] Standard deviation
thumb 76.4 1.35
index 0.444 1.85
middle 90.5 1.82
ring 47.2 1.85
little 52.6 2.70
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Fig.4.17 Difference in the z axis

Table.4.11 Difference MCP joint position in the z axis

Finger | Mean differencial [mm]| Standard deviation
thumb -18.0 12.5
index -24.1 11.6
middle -11.5 18.3
ring 1.89 15.0
little -32.5 24.2
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(a) OpenPose estimation (left)

(b) OpenPose estimation (right)

(c) Reconstructed hand and markers

Fig.4.18 OpenPose estimation from each view and reconstructed hand

shape in the case where the hand position is changed
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Fig.4.19 Mean value of error in each joint in the case where the hand
position is changed

Table.4.12 Estimation error in the case where the hand position is changed

Mean error [mm| Standard deviation

86.5 3.12

39



BEHE HDODLHIC

AWFETIE, RGBAXZICX 2 AT LABDGHIY AT A= HEL, FIHIRD 3
RIGHETC% 177 - 72. OpenPose %=\ THIIRD RGB &2 6 FD 2 Xog) v 7
Gzl L, AT VA ATOELADHRTRO Y v 7 i ORHER 2 =
MBS K > T 3 RonZEMNICEIL L 7o, FERTIE T2 A A J1md > CH E, #iik
SEREEZFTIL 2. Bl LTE—YavXy 7F v L DM R % KT %
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BROFDOMEIEIETE TS Z MRS N,

EFMAEICNT 25%TI1:, MCP BEffiio 22— v F2EBICE T 2 &0 Bl &
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WA KR E (, 3RICICEILL ZRDFO WO RIBIRICHEL Tw 3
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LRt E RIBREOEEBRANTEEL 2. MA T, KiHIlZ 25 4T OpenPose
ZHWTIC 3 RITAEHEE L 72 & EDOREEE L KT % 2 £ T, OpenPose DHfEESA
DEFRADHEKTH 5 Z LRI NS.

AWFFEClE, 7 RCGB A X 72\ CEHAIBE 2 L 7272 ®, Eifize h A
TRATLAAAZELTX YY) 7L = a VIEADTNA R LR D, i 7z
ZDFEA L 72 A L& L TiE OpenPose D#EEMZ SET 5 2 & TREDNH LT 2%
EHEZINDD, ZDLDITIEN—FI72T7EY 7 MY 27 DMGICRMDH 5 &
EZoND. = FIZBEL T, AFHIIY AT A CTIRIEFREZ 100 [mm] & ED 7223,
COWHHEA R T5 2 ETEADHAEZIN L, OpenPose DHEEMED 722 % SBE T
22EMEZONG AMICYH, TREAGQTHR -T2, 27X 70ERIOGNHEZKE
T2LwokIET, HEHICET 2 A NDHE L ZOMhofHRE 7T % 2 &b EE
rEEZons. ¥z, V7 MBEALTIE, FEE L CHFRROMEHEEZBRHT
% 7= ®IT Nelder-Mead %2 F23E L 7203, BRI T TH 7. 2D 0, H#HEEMH
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