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Abstract: In the analyses of the operation of workers in the manufacturing premise and the customer action in the retail store, the
inflection of provided range image data by TOF (Time of Flight) sensor is expected. Many techniques are suggested as a person
posture estimate using range image data, but, as for the use case in the point of view looking down, examination does not advance
enough. In this study, we developed the rule base technique of the sequential search model and a machine learning technique by
Random Forest as a person estimate technique from upward view range image and compared estimate precision and the transaction
speed of the person arm joint coordinate. We confirmed the correct prediction ratio of the machine learning technique in posture
estimate is 60% on general CPU and the one of the sequential search technique is 75% of correct prediction rates on SoC of the
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TOF sensor.
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Figure 1 TOF Skeleton Detection System Structure.
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Figure 2 Skeleton Detection Sequence.
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Figure 3  Skeleton Processing Range.
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Table 1  Skeleton Detection Ratio [%].

Shoulder Elbow Wrist Hand
Right | Left | Right | Left | Right | Left | Right | Left

Head

99 100 100 100 25 99 25 92 25
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Shoulder Elbow Wrist Hand
Right | Left | Right | Left | Right | Left | Right | Left

100 73 99 90 98 79 92 77 93

Table 2
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Table 3  Specification of PC and SoC used in this study.

Environment CPU RAM
PC Intel Core-i7 6700 3.4GHz[b] | 64GB
SoC ARM Cortex™-A9 800MHz[c] | 1GB
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Table4  Skeleton Prediction Speed.
Environment | Time[ms/frame] | Fps[frame/sec]
PC 6.5 153

SoC 47 21
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(a) Process flow of existing method (b) Process flow of new method
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Process flow of skeleton recognition: (a) existing

method, (b) new method.
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(A)

c d

B 9 FrEED) (A)MEESEE AL N, BHEES
WP ORZ B, (O
Figure 9 Example of new features (2D). (A) Prediction area

# of voxels

and segment, (B) Example of voxels in prediction area, (C)

Feature of prediction area shown in (B).

ZOEARANTZ ALY, HEEHEBENORZ /BN
F—CTho THEBEMROBENZRHKTLZENTED.
B|ETIE, BZA MY AXELT2, 3, 403
TRV, ENEILS, 10, 13 RITOEFH 28 IRITOFHHE T
A7 ENEEBEOERERL TWD.
2) RO EINBEOBRUNADERICE S HEEE

A7 BNVEREORRERT 28 Wotllhz, Enllso
HHERT T3 OB EEFMATS. 2o, FiK
WS DR, REFRMFICET 2B RE# VAT Z & 20
SR ETHD.

1 eSS L RO ERE
. METERRE E O KT IERE
3. #EEEE YD

RO 3 kL EMA, KT 31 RITOEHREH LFE
WL LTHWAS.

PEFD 900 IRILDOFFEE & b2 &, WITEAHK 30 57
O LIEREN TV D, F2, ERITEEBOEERIZON
THBEZHEL CQWED, HEOBERMER 7 BE T L
OI-HEEEE SO LD, MBEEZHST L
MTED. FHOHETHAT HRHEEE T~V ER 5T
FLHh.

x5 FEEL TV

Table 5  Summary of feature and label of existing and new
method.
Former method New method in this
study
Unit of feature Pixel Prediction area (a 6-
voxels cube space)
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Dimension of feature 900 31

Feature based on Difference of Voxel position in

pixel depth prediction area,
distance from head,
and distance from

camera
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T2 BRI GRS 5.
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X 10 BIEIZEOHEERR (B)

Figure 10  Examples of predicted joint positions.
4.5.2 HABROHEERE

B 11 CBEERER 2 & 0 7 SAHEERSE AR R T HE ST 7
@ TRUE (Strict) i3 7~V Eff & —E LizElE, R T77
@ TRUE (Correct joint)iZ T~/ [#2%] & V] DOE
WERS LIESGAEO—EHEThH L. %FIL, BEHICHT 2
T EFEXBTERND, ZONTNNTHLZ RO D
FIEEZERT D, BURLTWRWT L, 7 & MEifg T
IR S e o 7.
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o
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o

D
o
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B
o

® TRUE (Strict)

W TRUE
(Correct joint)

N
o

Ratio of correct prediction [%]

o

L& >3 O O £ £ & &
Q;b"e F ¥ ¥ Q°$ & o ¥ @ E P
0 & P P TR TE R NN
TS S &
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B 11 B D 7~V HEE RS B
Figure 11  Accuracy of label prediction for each label type.
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BAEICEI L CTiE, B LW EE R S o HEE N IER ITH LD
ThHDHZ EBPLND.

453 EHEZEDHETERE

HEE L7 7 b & B HEE IO PRI S W TAER L 72
BEMS OREE 2K 12 (28T, 2 2Tk, FEEDE T b
B{ERMS AT A~OBEMAEZHEL, BEHADSEE
200mm LA D FREEIZ & DBEICIEMEE LT 5. ERFER
o, AR LIZEMED S S, BUSCIL 8 BILL EoREE
TELEHEEZAEBRTETCWDZ NS,

T DA JORS FE (82.9%) 1% T ~UHE T REBE(72.8%) L 0 %
FL o TWAS. ZThix, F-UMfEEsL I—r v 7 b
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ELHEE SNIZEBENSANFICEZE S A5EEI101EI—
V7 MK o THORDRY BEE D EREEICEN S D
ZENHIRTED.
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100

Ratio of correct candidate
prediction [%]

B 12 et AR O HEE RS
Accuracy of candidate position for each joint type.
(Margin = 200mm).

Figure 12

4.5.4 BAEEZHERRORBE
A HEASE s & B #E BT8R L 7= B SRR DR 2 & (X 13
2R,

100 -
X I
5 w0
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T 60
s = Not detected
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S B Side inversion
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o & T O S = S 0 2 o =
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Figure 13 Accuracy of predicted joint position.
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HD. K14 OFITE, EAICRT X 9 ICETOBRM
PEBEGRARENIE L ER SR T D2, AHlofkk
B HEERE R IITE TR TRV, 2R RO
FMIO—REB 2B, EAHEE R, RN
0y 7 EWETLILERDD.
4. BEHAOBEMNEL

M 12 TRLEZE DI, BEOBEMAITEENES, K
R HEE SR T S BN ERE L LTI &N, R
MHENREL oo TS,

» “i
™ =

14 i@ (B) - [Z£]2 SOFEM, [HIEREh
7= BAEfL &
Figure 14  Example of candidate selection. [LEFT] Two
candidates of hand position, [RIGHT] selected joint positions.
£ 1B 0D FFAT 66 R C I AR B 72 BRI 8 D HE A 1 L
LIEEZRVD, REHTHLELABRRTLRY, £o72<
DRHEE LT~ TORIEI T 2 BIARN & H D 72072
@ﬁ%ﬁ#%@@ﬁﬂﬁ@&%k,%E@%ﬁfiﬁﬁb
TR RFE 0 FI (Gt 25 o BIE AL 17 o R IS
K0, KEmEOMRETHIICHDLEERD.
4.5.5 BETERHEESRDOBE

RREN RN > AT LTI, EARROREZRIN TE,
Fo, RBEEICEOBMERETLD S, RETELLXT L
o OREE (EfFR) DI PEETHD.

£ 61, L¥HMMORT LR AARHEERT.
W ORI b B 50-60%TH Y, BEORMND 5.

£ 6 ATV R URRHE%]
Table 6  Skeleton Detection Ratio [%].

Shoulder Elbow Hand
Right | Left | Right | Left | Right | Left

Head

100 58 55 62 58 50 50

70, BHTET7L—A
vk R A R T
MHCE 7 L— 28 & e L EM=RL, A2
70%E T HLIMNE 80%E TH Y, IEMER 90%LL Eizmis
TS ORDEREMPLETHD.

W2k 5 EE o R 7

F 7 A7 b IEMRER[%]

Table 7 Skeleton Prediction Correct Ratio for Detected
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Frames [%].
Shoulder Elbow Hand
Head - - ;
Right Left Right Left Right Left
100 87 84 86 77 89 86

456 oY AES S UVBREZEHOEL~NDE
Z 2 ECOFM &R Uik A, R YaRE
SAE O U T- iR 2 R G HEERE B 2 584 L 7=, Al
LT, £ bR E TOERET 3m, & AT
B FHT, WEERITE A &2 I IR B A2 {7
RARETImE< LW FETHRE L. K15 IR LI
BICTHOND LI, ZTNETEIZIAMORZEREL B

5. ZOWESFIEOEBITFAGOFEERNRIITEEE
LTV,

-~

k'

Ly

X 15 EFHRAOT A MES (F)
Figure 15  Example of test image (vertical view).
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= TRUE
0 - (Correct joint)

Ratio of correct prediction [%]

16 LR T ~HEERE R
Figure 16  Accuracy of label prediction for each label type

(vertical view).
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100
80 -
60 -
40 -
20 -

Ratio of correct candidate
prediction [%]

B 17 B0 B o AL E
Figure 17  candidate position for each joint type (vertical

view).
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WZERHBL WD EEZDND. £, EAEEOE
G, RRHCEARBLUN O Y BT 2 .0
+F10%FEEEHE X TV 2 A%, M 22 BNl Ze < AR RS B
FRICHEAFEETH L Z Enbnbd. FRCBEHEEDOZ W
FHEMSEF)IE, ATBRAHEO T ~LHEER BB L OMEf S
OREFENMENZ 0D, #RBIZRO L BRI LIRS O
BEMZ, ThoOBEEN LS5 & TR HEE
EROBELUETEDLEEZLNS.
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_g 80

s
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s Not detected
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§ M Side inversion
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3 (Margin = 20cm)
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Figure 18  Accuracy of predicted joint position (vertical

view).

K8IZ, RFHBEEHOX T R E IR,
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Table 8  Skeleton Detection Ratio [%].

Shoulder Elbow Hand
Right | Left | Right | Left | Right | Left

Head

100 65 63 63 72 45 52

HAVEERI S AT LOXIGB L7205, AERME &Y
NEE SN AEBRBRERE TIL, WSRO ER I #HICm
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MO THICRE SN, TORMEZRIATS 2 & TEABRR
LEBERANTE D720, M TE 7 L—AZkd

HIEMBRIIFRIODL IR D.

#* 9 ATV IEMRE[%]

Table 9  Skeleton Prediction Correct Ratio for Detected
Frames [%].
Shoulder Elbow Hand
Head - - -
Right Left Right Left Right Left
99 89 98 75 90 60 86
4.5.7 S EE B E D 5

LN OERE LT A NERICK U CHEELBE A FAT L
FEED, 1 7L —LAHT 0 ORI 25 L, ko
PHEER] & bl U7z, PEkFR L T 2 2 oic L B i
B UL A R RATEIE L7228, T2 DR Li-migic
KL THERBEROMERIELN TV S.

R E I I R RN AT T E 5 — k972 PC 2 A
Wz EREERE R 10 12T,

< 10 FRREHIE A PC Ak

Table 10 Specification of PC used in this study.
Environment CPU RAM
PC Intel Xeon CPU E3-1220v5 3GHz[b] | 16GB

200 F DG 5 5 M A 4 [BIRE D K
Lo fERER 19 1277,

AR OHEELIRREFI L 2R T Oms R L W O FER & 7
ST, PERLARD &, MEHET MO N 75 13
WIFIFEEHE LTV RIS H00b b3, 173 LUT IS ALHEERE
BT A5 LN TE 2. HE BT 110fps ETHAR— KT
X AU THY, BET L —LAL— D 30fps &AL
THZEWTMZ, 3 BORCYNEELN D WG %R
0fps D7 L— L L — N TRIT D2 ENFREL 72 5.

L&D HfE %

35

m Other

30
-: M Joint position
25 selection

M Prediction of position

1
S

Time to predict joint positions

candidates
=15 Prediction of body
part
10 M Feature value
processing
5 M Head position
prediction
0 B Voxel processing
Existing
B 19 AT b Al o045 AL P oD SRR R
Figure 19  Average time of each process in skeleton
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recognition.
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images Recognize hand
NG NG NG
posture
Recognize human
NG OK OK
body posture
For side Correct Ratio N.A. 75% 75%
view Recognize hand
. NG NG OK
1mages posture
Recognize face
NG NG OK
expression

52 HLEFER O

52.1 BREEEDLLE

=R — 2 PIEIZOWT, G LLER L 72 R R A /R .
#1212, METEET7L—AICKT 5, KDL —
NR— 2 FIEOBERE L, Kinect DA 7L N U4 HUFS
LD E R,

200mm LA D FEREERE 2 EfF & 703544 T, Kinect D IE
MRS AEBEO BRI 20% AW CTH Y, WA O BIENX
70%LL ETdH 5. ZiE, Kinect ASHEEARDA MRS 5
RS L7720, EMORBREHREALTHNE 7 L—AREho
e LRSI D.

FROEEI Tk 5 &, FEUEOEMETHD &
5. 2P, MEEBHEOMEEIL 100%Th -7

F 12 BRI
Table 12 Comparison (Correct Ratio for Detected Frames[%],

<200[mm)).
. " Shoulder Elbow Wrist Hand
# 11 Kinect t#H % Method
Table 11 Comparison to Kinect Overview. R LR | L|R| L} R|L
Objective of this Kinect 74 | 17 | 80 | 17 | 75 | 16 | 76 | 17
research This Study
Comparison items Kinect 73 99 | 90 | 98 | 79 | 92 | 77 | 93
Rule- Machine (Rule-based)
based Learning
Captured Created | Captured 522 WEKFD LR
Depth Data by TOF | byCG by ARBFGED N — L _—= A FEEORHULEART &, Kinect O
Sensor tool Kinect LR A el L7z,
- RPN E NI TR Y 2t IS AR T & 5 —fkBY72 PC &
Output of skeleton data (joint . -
- OK OK OK Wio, B ER 131TRT.
position data)
More More S i
up to 30 # 13 BERREA PC Ak
F han 1 han 1 . . . .
rame rate than 150 ) than 100 fps Table 13 Specification of PC used in this study.
fps fps Environment CPU RAM
For | Recognizehuman | OK NG PC Intel Core-i7 6700 3.4GHz | 64GB
vertical body posture
view i ) 0
Correct Ratio 75% 60% N.A. £ 14 [ABFZED TOF A 7L b AR VLB & Kinect
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D UBRE ] D LLif 2 7R

7574y VBB L ARy E NS 2D, T
J 74 v 7% OFF I LTCRRBCTEER T 5 &, ¥ CPU 5
ARTR 4D 1, ATVHRETH 67D 1 DY Y —2A
THELe.

# 14 JVERRRRE HCER

Table 14 Comparison (Performance).

Graphic Method CPU | RAM

Kinect 37% | 280MB

On
This Study (Rule-based) | 17% | 45MB

Kinect 20% | 260MB
Off

This Study (Rule-based) | 1.4% | 42MB

PbxEFELHDHE, Kinect & DOHEIZENTIE, A7 L
bR IEARRIIEZE DL E, AEAR T L IR, FEEA
WIZHELTWD EWVWRB.
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