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Fingertip detecting-tracking-supervising algorithm based on depth information

Meng Hao, Yin Weikao, Li Hongjin, Guo Yongxin
(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract : To recognize and track fingertip quickly and accurately, one kind of fingertip detecting-tracking-supervising algorithm based on
Kinect depth information is proposed. The detection process mainly uses the depth data to realize the fingertip recognition. The fingertip
detection result is combined with Kalman filter to determine the steady state of the fingertip. The tracking process mainly takes the steady
state of the fingertip in detection process as the initial condition. Fast discriminatiwe scale space tracking algorithm is adopted as the
supervising process to realize the real-time tracking of the fingertip. During tracking the movement of the fingertips of each frame in real
time, the supervising process supervises the real-time tracking results of the fingertips in each frame. By matching the features of the
fingertips to correct the deviation of the tracking results, the accuracy of the tracking results can be improved. Hence, the robustness of
the whole system can be realized. In this paper, multiple sets of experiments have been implemented on fingertip detection, recognition
and tracking. Both of them can accurately detect fingertips and track the movement of fingertips in real time. Experimental results show
that the proposed method has strong robustness and accuracy.

Keywords : depth information; contour extraction; convex hull detection; Kalman filter; supervising part
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Fig.2 Unfiltered depth image
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Fig.3 Diagram of majority filtering
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Fig.4 Filtered depth image
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Fig.5 Segmentation image of palm area
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Fig.6 Diagram of contour extraction
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Fig.7 Palm contour
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Fig.9 Palm convex hull image
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Fig.10 Diagram of palm-shaped convex hull

4.2 $EREN
A LU Kinect % (7] (4 B BB TR R4S T 50
A E R I 1 R,

K11 FEORE

Fig.11 Palm diagram
AWENFHE R 5, B FERRANVIE . 0
K12 i o
% =i x 100% (6)
num

K12 FERKRADIRA
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Fig.14 Diagram of Kalman filter
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Fig.15 Fingertip tracking diagram in the deformed target area
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Table 1 Experimental results of fingertip detection accuracy
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Table 2 Experimental results of fingertip recognition
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Fig.17 Kalman filter in different movements of fingertips
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(b) Fingertip tracking in near-far motion
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(c) Fingertip tracking in tilt motion
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(d) Fingertip tracking in bending motion
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Fig.18 DTS algorithm in different movements of fingertips
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Fig.19 The air writing of the Chinese character “Yin”

7T %’

ARSCHR T — B T IR AR R0 4 A8 B R
(DTS Bk) Agkm G 7RI, MRS 5 s 3 Rk sr, il
PR IAG IS R 5 R IR S UE W 45 AR S & T RS 2]

BT IR S, Al T 1 R B 12 0 B RS AR E ) Je

T R I PR B PR R b e T R AR

KA A% I A L R, B2 1 R R i B O

AT T RS IR T AR R AE AL B

S AT R P

ARTCHR 5 TR EE A5 B DTS Sk BAR S T

P ST B f B (AR BRI 5 T AT SR AP AE

etk A [a], 332 T — 2B WESE 7 0] R K

S 3k

[1] WU ZH H, PAN G. Smart; models and methods for
pervasive computing[ M ]. Springer,2013;83-100.

[2] KEATON T, DOMINGUEZ S M, SAYED A H.
SNAP&TELL: A multi-modal wearable computer
interface for browsing the environment [ C ]. Sixth
International Symposium on Wearable Computers, 2002 .
75-82.

[ 3] MICHAEL JJ, JAMES M R. Statistical color models with
application to skin detection[ J]. International Journal of
Computer Vision, 2002,46( 1) :81-96.

[ 4] SHAHZAD M. Real-time hand tracking and finger
tracking for interaction[ R]. CSC2503F Project Report,
2003.1-21.

[5] SHIJ H, ZHANG M M, PAN ZH G. A real-time



5 6 3] i

A T IR AR B AR IR I - BRI - B Rk 179

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

bimanual 3D interaction method based on bare-hand
tracking [ C ]. 19th ACM International Conference on
Multimedia, 2011;1073-1076.

PANZH G, LI Y, ZAHNG M M, et al. A real-time
multi-cue hand tracking algorithm based on computer
vision[ C]. IEEE Virtual Reality, 2010:219-222.

SATO Y, KOBAYASHI Y, KOIKE H. Fast tracking of
hands and fingertips in infrared images for augmented
desk interface[ C]. Fourth IEEE International Conference
on Automatic Face and Gesture Recognition, 2000
462-467.
OKA K, SATO Y, KOIKE H. Real-time fingertip
tracking and gesture recognition [ J ]. IEEE Computer
Graphics and Applications, 2002,22(6) .64-71.

SONG P, WINKLER S, GILANI S O, et al. Vision-
based tabletop  interface  for

projected finger

interactions| C]. IEEE international conference on
Human-computer interaction, 2007 :49-58.

JSCUE, TAVIE A7 SCUE. 3 TR B R B HR N 20
FRIE R Bk [T ). 3B HL R, 2015, 35 (6):
1791-1794,1804.

FAN W J, WANG M Y, YANG W J. Feature detection
method of fingertip and palm based on depth image[ J].
Journal of Computer Applications, 2015, 35 (6):
1791-1794 , 1804.

HAEEE. BT Kinect (928 W FHRGE[D].) M 4EF
P T K2#£,2014; 5-38.

YE ZH CH. Writing in the air system base on Kinect
sensor [ D ]. Guangzhou: South China University of
Technology 2014 :5-38.

BOLME D S, BEVERIDGE J R, DRAPER B A, et al.
Visual object tracking using adaptive correlation
filters[ C]. IEEE Conference on Computer Vision and
Pattern Recognition,2010:2544-2550.

HENRIQUES J F, CASEIRO R, MARTINS P, et al.
High-speed tracking with kernelized correlation
filters[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2015,37(3) :583-596.
DANELLJAN M, HAGER G, KHAN F S, et al.

Accurate scale estimation for robust visual tracking[ C].

[15]

[16]

(17]

(18]

[19]

[20]

[21]

(22]

British Machine Vision Conference, 2014, 65:1-11.

DANELLJAN M, HAGER G, KHAN F S, et al
Discriminative scale space tracking [ J ]. IEEE
Transactions on  Pattern  Analysis and  Machine

Intelligence, 2017,39(8) :1561-1575.

SMARI K, BOUHLEL M S. Gesture recognition system
and finger tracking with Kinect; Steps [ C ]. 7th
International Conference on Science of Electronics,
Technologies of Information and Telecommunications.,
2016:544-548.

BAKAR M Z A, SAMAD R, PEBRIANTI D, et al.
Finger application using K-Curvature method and Kinect
sensor in real-time[ C]. IEEE International Symposium on
Technology Management and Emerging Technologies,
2015.218-222.

TAO H Y, YU Y L. Finger tracking and gesture
recognition with Kinect [ C]. TEEE 12th International
Conference on Computer and Information Technology,
2012.214-218.

=W A, R AT Kineot YRS EURAE EHY
NI gl A I [ )] A & AR 7 4, 2015, 36 (2)
386-393.

MENG M, YANG F B, SHE Q SH, et al. Human motion
detection based on the depth image of Kinect [ J].
Chinese Journal of Scientific Instrument, 2015,36(2) .
386-393.

SHI ZH, LI'Y H, YU K, et al. Research of hand gesture
using Kinect based on finger recognition[ J]. Computer
Modelling & New Technologies, 2014,18(10) ;158-162.
LT, RZE W, 5.3 TF Unity3D 5 Kinect Y
RNl s NS S R g [ )] AL LR 740,
2017,38(3) : 530-536.

QIN CH L, SONG A G, WU CH CH, et al. Scenario
interaction system of rehabilitation training robot based on
Unity3D and Kinect [ J]. Chinese Journal of Scientific
Instrument, 2017,38(3) : 530-536.

VINH T Q, TRI N T. Hand gesture recognition based on
depth image using Kinect sensor [ C ]. 2nd National
Foundation for Science and Technology Development

Conference on Information and Computer Science, 2015



180 S/ L R ¥

F40E

34-39.

[23] WANG CH, LAI ZH Y, WANG H Y. Hand gesture
recognition based on perceptual shape decomposition with
a Kinect camera[ C]. IEICE Transactions on Information
and Systems,2013.2147-2151.

[24] A%, Ewrs, B, 5 ST ShPLE N HAR
BRER DT [T ] AR 41, 2019,40( 1) :227-235.
YU D, WANG Y N, MAO J X, et al. Vision-based

object tracking method of mobile robot [ J ]. Chinese

Journal of Scientific Instrument,2019,40( 1) :227-235.
EE BN

Fit, 1989 4F T AR IE AN TR % B 3k
12z 2E 07, 1992 AR F G IR UEMTAR T RR 24 B
PAFBA-2A07, 2003 4 TG /R T AR R 2=4R
P2, BRI IR TR R 2 B2
AR, BT 0 AL N S AR
il HLEE R A

E-mail; menghao@ hrbeu.edu.cn

Meng Hao received his B. Sc. degree and M. Sc. degree both
from Harbin Shipbuilding Engineering Institute in 1989 and 1992
respectively, and received his Ph.D. degree from Harbin
Engineering University in 2003. He is currently a professor and
doctoral supervisor at Harbin Engineering University. His research
interests include robot and intelligent control, machine vision
detection technology.

FHE (CHEEEH) 2017 £ T REKR
SFARAR A, BRI R T AR A
WHFE AR, 25T ) AL B S H AR R
o
E-mail ; 598531842@ qq.com

Yin Weikao ( Corresponding author) received his B. Sc.
degree from Changchun University in 2017. He is currently a
M. Sc. student at Harbin Engineering University. His main

research interests include image processing and object tracking.



