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ABSTRACT

In this research, we developed an efficient real-time human exercise pose estimation system using multiple Kinects.
The main objective of this system is to measure and recognize the user’s posture (such as knee curl or lunge) more
accurately by employing Kinects on the front and the sides. Especially it is designed as an extensible and modular
method which enables to support various additional postures in the future. This system is configured as multiple clients
and the Unity3D server. The client processes Kinect skeleton data and send to the server. The server performs the
multiple-Kinect calibration process and then applies the pose estimation algorithm based on the Kinect-based posture
recognition model using feature extractions and the weighted averaging of feature values for different Kinects. This
paper presents the design and implementation of the human exercise pose estimation system using multiple Kinects
and also describes how to build and execute an interactive Unity3D exergame.
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Fig. 1 The multiple kinect sensor-based pose estimation
system used in the Unity3D exercise game
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Fig. 2 Kinect-based Posture Recognition Model
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Table. 1 25 Features for Exercise Posture

Symbol Feature Description
ELA O o — s, 5L B1) Left elbow angle
ERA O zr— sp.ur—zr) | Rightelbow angle
SLA O(sr— sr.mr—sz) | Leftshoulder angle
SRA Osr—s.ar—sr) | Right shoulder angle
ULA O s — sz, up) Left arm up angle
URA O 1ir— sr, vp) Right arm up angle
DLA 01— sz pown) Left arm down angle
DRA 0 ur— sk, pown) Right arm down angle
FLA 51— mr, rrONT) Left arm front angle
FRA O(sr— ur. rrovr) | Rightarm front angle
KLA Oxz—-pr,ar—rxz) | Leftkneeangle
KRA O xr— pr.ar-xr) | Rightknee angle
KLA90 90— 0 z— pr, az— )| Left knee 90 angle
KRA90 90 = 0 (k- pr an-xr | Right knee 90 angle
LLA 04z L. pOWN) Left leg down angle
LRA O 45— rr.pown) | Rightleg down angle
LLA45 45— 0 (45— pr. ponny | Left leg 45 angle
LRA45 45— 0up- pr ponn | Right leg 45 angle
SSA Ocss- sp, up) Spine upright angle
THLAO90 90— 8 (xz— pz. powy | Left thigh 90 angle
THRA90 90 — 0 xr— rr pouny | Right thigh 90 angle
SHLA90 90— 04— xz. pown) | Leftshin 90 angle
SHRA90 90— 04z xr poww | Rightshin 90 angle
HD Apr—um) Both hand distance
AD Aur—ar) Both ankle distance

FZ: o7H(SL, SR), ¥Z WE(AL, AR), ¥F FE(KL,
KR), 9% oJgo|(PL, PR), 18] 1 #3(SS, SB) AKX
£ AMESIIT 2, AFSA] &5 52 AP Qlalef 3

Q BBl 14 7 A4 Q) 3% (X, Y, Z) =& (Skeleton)
AEREE &5 AA 5 #do|| ARg3iT o] lofE
= =54 T2 9 Aol IEE HoJE = oo 7
zoto] 5] A Y A E HHE 4= Qe 2ATE
=

& XY, Z7L)L 01501%35]@
of $1A AEZFE HEHE A5t LE% A xkst
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o AL 25 AA| o) A8 o2 5
ELA(Elbow Left Angle)2} ERA(ElIbow Right Angle)+=
9% o Bx BB 2t Fo] B JEE Hojz),
7 A4S $1ate] 4] (3)& AHgRITh
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33. 23 A A 53
T 28 vAE 2 AU skl 5 ATt
o3 e 2 TR M= tha 16 7]

=z 2149l BOTH_SIDE_DOWN (x}31), BOTH_
SIDE_UP (THAl]), BOTH_SIDE_OUT (& Ha]7)),
BOTH_SIDE_FRONT (<FZ 9F2 &), RIGHT_HAND_
UP (22% ¢|2), LEFT_HAND UP (2% ¢=),
RIGHT | KNEE UP (&2 L= 9|2) LEFT_KNEE_UP
(Y B2 2]12), RIGHT_KNEE_CURL (2.2 12 5g
Z+71), LEFT_KNEE_CURL (8] -2 52 7}7]), RIGHT_
LEG_AB (2.2 t}2] 9o & E7)), LEFT_LEG_AB (¢
g 9oz E7]), BOTH HAND _CLAP (8/%),
SQUAT (AFE), RIGHT _LUNGE (2.2 B2 gto =
Eix]) LEFT_LUNGE (& & oo 2 #Hx))7} 9ir}.

3 2= 16714 5 T& AAEE AME B 3
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Table. 2 Feature Specifications for 16 Exercise Posture Estimation

Exercise Posture Features Descriptions
ELA, ERA, Degree of both elbows stretched out
DLA, DRA, Degree of both arms toward down side
BOTH_SIDE_DOWN KLA, KRA, Degree of both knees stretched out
LLA, LRA Degree of both legs toward down side
ELA, ERA, Degree of both elbows stretched out
BOTH_SIDE_UP ULA, URA, Degree of both arms toward up side
KLA, KRA Degree of both knees stretched out
ELA, ERA, Degree of both elbows stretched out
BOTH_SIDE_OUT SLA, SRA, Degree of both shoulders stretched out
KLA, KRA Degree of both knees stretched out
ELA, ERA, Degree of both elbows stretched out
BOTH_SIDE_FRONT FLA, FRA, Degree of both arms toward front side
KLA, KRA Degree of both knees stretched out
ERA, Degree of both elbows stretched out
RIGHT_HAND_UP URA, DLA, Degree of right arm toward up & left arm toward down
KLA, KRA Degree of both knees stretched out
ELA, Degree of left elbow stretched out
LEFT_HAND_UP ULA, DRA, Degree of left arm toward up & right arm toward down
KLA, KRA Degree of both knees stretched out
DLA, DRA, Degree of both arms toward down side
RIGHT_KNEE_UP KLA, KRA90, Degree of left knee stretched out & right knee right-angled
LLA, THRA90 Degree of left leg toward down & right thigh right-angled
DLA, DRA, Degree of both arms toward down side
LEFT_KNEE_UP KLA90, KRA, Degree of right knee stretched out & left knee right-angled
THLA90, LRA Degree of right leg toward down & left thigh right-angled
DLA, DRA, Degree of both arms toward down side
RIGHT_KNEE_CURL KLA, KRA90, Degree of left knee stretched out & right knee right-angled
LLA, SHRA90 Degree of left leg toward down & right shin right-angled
DLA, DRA, Degree of both arms toward down side
LEFT_KNEE_CURL KLA90, KRA, Degree of right knee stretched out & left knee right-angled
SHLA90, LRA Degree of right leg toward down & left shin right-angled
KLA, KRA, Degree of both knees stretched out
RIGHT_LEG_AB LLA, LRA45 Degree of left leg toward down & right leg 45-angled
KLA, KRA, Degree of both knees stretched out
LEFT_LEG_AB LRA, LLA45 Degree of right leg toward down & left leg 45-angled
KLA, KRA, Degree of both knees stretched out
BOTH_HAND_CLOSE AD, HD Dis%ance of both hands & both ankles
SQUAT KLA90, KRA90, SSA, Degree of both kqees right—angled & spine upright
THLA90, THRA90 Degree of both thighs right-angled
KLA90, Degree of left knee right-angled
RIGHT_LUNGE THLA90, SHRA90 Degree of left thigh ri%ht-an%led & right shin right-angled
KRA90, Degree of right knee right-angled
LEFT_LUNGE THRA90, SHLA90 Degree of right thigh rigght-anggled & left shin right-angled
(5- P) 54 g AMgRLT, Sik 2% 52 A4 A3y Eo)
[V (100 ) ( 70 )R] @ B9 71E 54 glol 3 pi AA| AR &5 B2
= 100 ol thgk £ gholo] Rit= 715 B 2] ¢ gholch. 4
A &5 A4 54 grol 712 54 @tk vl wstel 54
919] el A 2t 25 S& AMulch A2 ke W9 ollA A5 FHR 70-100 Y A|£o] Al4tEct
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Fig. 3 Overall Architecture for the Multiple Kinect-based
Exercise Posture Estimation System
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