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SORM RS TAR e IR IR A, Bl E BOAR )
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PR ) T H A Tl v IR BE SR AZ L Kinect
J&, KRR AR BRMWRBHES) 13 E R K
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1E. T R4 Kinect Bk [ 5 R HATTNE ], 4
@i % & Kinect 4 R FE 5B 5+ 73 0 2
T BB RAR LI AR BLA R S AR LI AT ] 9
B, 3 fe (0 21 58 ks 4l B s, A ROR R A
PRZNVEFT NIRRT, B 1 2 G Kinect Tl H
Y, B2 26 Kinect TN H) TG A PR E
A AR DU E S ARAL I LE 3 R AT P05 [ 1 )
PE.

BEWE MU, ERSREVURM TGN, K
) — PR RE LN AR 8. TR A5 € mT
SrRNPR: KR BIRGHbRE; K2R
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B o€ A2 18 SR B S SR HL N S S B DL A AE L
Z AR R, W B2 Zhang £ H L bR
2% O F0 Tsai 42 O RAC W5 #8452 3 7. Hod,
Zhang 32 H LB AR e v, A Bh B AN b A A 2
RS B TS AE ARIC A, b E RS &, DR —
PhERBIITE. 2BV 2 Ribs e &% A
BAZNL Bl 48— B AR HE AL bR R R, RITSR
H AL IR X AR KR, AR S B LA bR 2R 22 [H]
MR & T A R R, A% 0 AR R R 4
BALIE) S [F) AT 2 7 3D A id R TR AL
AL B G &, an B A5 15 R R R 48 IR
(1 UG 5 5 A HE bR K T 5 B Zhang SR /2 — 1R
B 3ABLERbR & 'J—'Gﬁfrﬁﬁﬁ ). Thomas K H
Kinect T 11 55 2= Abric s, 5B ICP J5ikit
B DOV, B {545 R Zhang #0R F 12 2D “FHIHRR
B, T Thomas K [ 7& 3D ¥R EEFAZ AL, B LA 2
AT AN, EA2 bk vk () S [R) dih pli J  BEAT A 1
FREEbRLY), 3 ot EEECK.

1 —& Kinect /il E [
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2 P& Kinect {6

\\

N T RIEIRFE SR, 3 KIR L TR Bl

M H, DERE 2 GWRERBILRIRIUEE, &
ST H PREAL PR AR R IR 5E T3 %, RIVPREE SR A
£ Kinect Z [0 )~ [7 2 T M B FEFE R 1775
i Kinect il H AR 28 Az e 1 i 22

575 )8 Pk B A Bl 5 %0 (torso center) SR A4
NAREZRARR &, RIS, 23 30 F 55 P 65 SR HILAR
X N B AR F 01 ] B AR R B, R LA
N GBS 2R S H P 6 SR ML) AR X
FR-F 3% [ AN A AR K, AT, SEILRE I & SR AL

PRI (5 B G — B R — MR R G T H I O.
T 1 LRI 9 45 B L SR [11).

2 ZEBBRINWAEIHAERE
FEEAL

2.1 ZERBINVIEEREEM

% B S AR MU il 5 1) 5 A B R P AT 5%
AT 2 I H e e e BB SR AR R T, HF &
o RIS DB ek
B AbE R EVE . LA & Kinect SAEHLNH],
K 3R, 6 Kinect #A B B 18R &R, ELSCH
7 2 SAR BTN B dls HO Rl 7, 55— P AR Bk e I
T G BARHLI AR RS ROV HEAR RS R, K0 — B %
AT B P B PR B HE AR AR 2R e, A KR AR )
LSS/ ASIWS

[Py = Raes [Pl +tacs, (1)

Horp, [P]y Fon B ) — 5 P AE A MRS R 1)
B, [Pl £ — M PAEBAFR R T IAE, Racs
R BAKR R AT A ARAR R Ve AR RS, ta s &
N BARRR AR T A AR R TR A &, BN A
RIE MG SR A — R P, B AR R
RoR, Feti B A AR R oRFBoR. BILKE B Ak AR &
BRI 2 A bR &

3 PIG BB AL bR 2R
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2.2 FEHKBIEEEERSTIBEAET
HI73A

T RANT th—34 4 AR &, X BTN J7
FEst 4 A&, BT DIORIB eSS M R AP R 1 &= T
BB ARG 200, BIAE 22 8] g 2] 4 DA R E
(13D 5, R HARBRMEANTTRE (1), MUATRPEH R
AT, Frek, g7k m B B ik e a5t
FIARIC AL, 2R R 4 BLEARIE R 3D AR,
DA (1) AR A I R T, e )a 3470
1, SRARHRE I RN T, AR J7ER £ X2
PRI AR FRTIEFEAN R, 4B 5 5 72 2D AR T R A
(12 AN A s A LA 47, MR 1) 5 B H
2 (P ASEAR 12, Zhang R FH (12 75 b5 5 (F1 4
A 18] 2Ty kR 7 R E i TR Bl
THEERBCR, & Rt — D s

2.3 FREREIHNALAIRSEKE

SREC3D 2 [6) 45 B AR R O A, /2
Marr 252 H 13 T AR AT E LA A 014
SRFRE A (] ) = 445 B 001 224 T XU H ST AR R AR
MLARSGE. Jo RSk F — 4Esos a6, =4k
SeIi EE A 07 SRRE 3D S A5 B, H& s
TR EE AR ML EN R T A 7] T 2010 4 & A i Kinect
HERGIUS. B REEN m s, TeLE
Bk = MR 3D M5 B, JERCE T 9 KT R
T HA. Kinect A RUWTIZR B 1 Y0 Z 0.5 m 2
4.5 m, FAEGITEEZ 1.2 m $) 3.5 m, K FALEF 2
57°, i ELALET /& 43°, SLARMUARHGH /2 £27°.

2.4 ANEEBROUNZRAK

TR LS BALAE s pioil b f KA 3502 re %
SIZINF PR A A N AR B R O S 3D A EE R H
S N ZESE I ALt R EA, BT AL
Bk BT AL EM TR E. W Moeslund
Poppe filfid T &AM R R 19200 5k, AMAxk
AT RSB FEAT IR ) — S B EARRAE. (H 2
T Z R IFARE LT VAT R B R R UE 445 B,
M 22 Hi VR 22 A 70 0 02 BOE RE 3R BORS B 48X —
HUER NI, BV 2 5 T 2L I Bl R0 Bk
HABRARIERSLHME. HHTHE T Kinect 32 H
(S A B ZRER U 5 v R A B R —Fh 2T
BN mE R 7 P 5 — o PrimeSense 2

7 OpenNI FE H R H 773 2. Shotton PE4HHA
TR A R TTEE, ST ERZ O A L5 2
H ) B L R SRR AR TR A B 4R R 8RR (interme-
diate body parts representation) 732 H &> &
PRER Gy, ORGSR LT3 8O A5 B I 7 %, 1
BT BN B R %45 UL OpenNTHE H 71k
SR EA VE 2 AR 7, B R 7 BRI
JE BRI EERE EIRINAR B 2R, 107 VEB L L RESR
24 /06T i (HH AT IEA B X R A 154, 1F
g B 4 HARSETHT 4 RR WOCHR [22]. OpenNI H 22
PRI I 2 AT 7 NS Dy TR P AR AR SR AR IR
JEAG BT e F 7 AL e, F P AR B AR
FEHEATARAE L FAAGIN, Hkar ) 15 vhE 248 F4 I el 2R 4T
BEEPRE, Hhn0E 56 R ST B AR IR EE. 800K
FH B S PR g bR € J7 722 ) H Kinect A U A&
B AR E I E B A A RO (torso center)
3D A (AL B AR SRS

K4  OpenNIZRELUH AME ZER R

3 WAL REEAFATE T %

FE VAL LA (s 1 R0 R, — A 3 2 s
B2 A 9 0 AR OSSR Ae e SR R (R ) 5%
B B 5 S Br i i BB LA B A — 2 A
(5 R RE R o7 B, A0 15 o A A0 A Ak
FEARRIALA AT REAS— 2. PLAA — B DALY v 2k
Bt A B AR R 1 BRI BkAR. 830 3L A
TR N TR IRAGHUIR T L B 5 A fi, #8
BE R A ) 2R B AR 5 AL A T K I o T 245 R 4R
B R, 875 2, AR A 5% s A AR A A2
SE AR R T ) S P AR AR /R TK . [RII, 45
B AA TR AR AR SEIL PR AR 2 F AR LI AR E
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3.1 LUBHANSK O AEALR L A T K i iR
SN

R 5 55 A% ML Kinect 75 H 18] 44 OpenNT 1] #5 Bl
N, AT ROREUN ARG 15 4N 5% 55 5 3D Ak b K& 7
], L 4 48 ] Microsoft SDK U ] 3k B 20 4> %
i, S 5. R K R R RS R I, 7E
Bl 4B 5 B B0 B, AR B R
B BT AR B SRR IX 4 N5
s R, S R BLRME NTEZ BT, FR SR
A JE FR O AR S Bt R IR AR Y, LR AR
A% Kinect St H 1) 45 FABIGIE 71X — KB, 111 H
DAL JE 5545 A BT B e, B Hp R0 1) i
LA I A R T B BT A, 18 SR H DA
T2 I8 A7 TR FNGR L Sy FE At b S IR B Ak B R AL b
. BRI TR IR X #i7 A), DAAKC 2 AC
FR G SO Y Bl 1), S A T R E Z
BT, BARILE 6. W0 DA B S X =
SR AL HT I AR AR 2R, FFHE 558 B Kinect B & 1)
T R BB AL AR R I FERR O AR
B AR AR TC R A .

K5  Microsoft sRELI A SR =K

K6 AR sy 2Rl A d i A b 2

B (1) ARRESE T, B2 BB ALFR
FHNEERABIR R R R AKX

[Plea = Reacs [Pl + teacs, (2)
5 (1) KK, [P],, 74 P EERHRHLA AR R R
Rik, [P 3Rom mPAENRE BARR R R IR L,
Reacs R MR ZEAA bR 2 2 SR LI Y e e
TP, teaes R MNARE ZRARRR 2 BUERARHLIE] (1)
.
Z M (2) 3, HE— G RGBHLI A bR AR LU
EE R JARAR R, AR A A B fea s, TR
BN R HE R Reas, FLNERNVEB S, 35 MEACHL
T RE SR A B 45 ) 96 P 7RV (standard ma-
trix representation of linear transformation), - %
B AT R G X, Y, 7 0 6 ) e
Kinect SHEHLAAR R H RIE A&, BRI PR
RS Rears PRIZANBEEFR. TR i
AR RISRE, M52, X, Y A RIE AT LLE i
H1 Kinect BB {E O AR N Z il (0 S0 2L B2 0K
AAEAE, ERT B T ECR AR AR 2 A 1R AR, AR B
JREFE R O 1EAZ, BT A, AT R HIT S A 2 21 ) O
AL RAT.
I, K (2) AL PR AR, AT
[Plea — teacs = Reaws [Pl - 3)
BiE: P=[P], — teacs, W (3) NE XA
P = Rcacs [P]s ) (4)
Fobt Ry s AT
adg
behi,

cfi

Rca(—s =

LIPS
T
Pl=[100] .
Il
adgl| |1 a
Rca(—s[P]S: beh o = |[b] -
cfil |0 c

W R A7 8 BT AE B AR bR R B KRN
(t,0,0), Mjnyf5

adgl| |t a
P:Rcaes[P]s: beh 0|l =t|b y
cfil |0 c
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b| = P/t (5)

C
T
5, w1 [Pl = fo 10|

adgl |0 d
Reacs[Pls= |b e h| |1]| = |e
cfil |0 f
0 SRR A BT E BT AR AR AR AL B KR N (0, —s, 0),
]

)

_a dyg 0 d
P=Res[Pl,=|beh| |—-s| =(—5)|e],
cf1 0 f
i '
d_
e| =P/(—s). (6)
f

B4 52 M, FT43 Rene o (0155 3 91 IF 17255 1
BRI 2 5N T

g _b Xf—exc
hl=lexd—fxal-
) jaxe— dxb
BT, H AT Z A2 BB 2 B 255
ST N AR B BRAABR 2R e HE B R cay HHTE
R PR R AT A
Rs(—ca - (Rca<—s)T~ (7)
A3, 3X B R AR 1) 2 LT AL bR R SR Y
PRI E teca. H

[P]s = Rseca [P]ca + ts{—ca7 (8)
m‘?%‘ [P]S =Roca [P]ca - Rsecatcaesa Mﬁﬁ%ﬂfiu
ts(—ca - _Rsecatcaes- (9)

3.2 MIRFREIAVEEIR

WICHIBE T H 2 2 G BENLEE 2 & (IF
SEHEARDR) BT e R B 205 1 6 (ZRHEAAAR) .
FE b2 h SRR TR A ZRAL R 2R e e 2
RSP #% ) B, 3 — 20 B H IR SR A 5 2 6 FR
BURXS 56 1 5 SR MLI e AE PR AT PR [ . i
& LA ZEAR AR 2R M R A

BUEBUEA =N ER R SRARHL A HIARAR R
FEHLB HIAAAR R AN B ZEH bR R B AE ML
A BUNHIAEAR R AR TR

[Ply = Rsea [Pl +tsea- (10)
HEENL B BN AL bR REE RN N
Pl = Recp [Pl + s (11)

E3D
Ry a [P]p +tsea = R BPp + tse B,
FITEL, I 4
Ry a [P]y = RseBPB + tseB — tscna.
5, g
(Rsa) 'Reca [Py
:(Rs<—A>71(Rs<—B [P]B +isB — ts<—A)7
[Pla
:(RSHA)ARSHB[P]B
+ (RSHA)_I(tseB —lsea),
JIrEh
Rac B =(Rsen) 'Ryrp, (12)
tacB =(Reca) '(tsen —tsen).  (13)
A, KRB E Rac g Mta,p, PAICARREE

ARFR ZR ) R ECEEARON (1) 2K, BT RE AR R v AL AR
AR B SRR R G

4 ZREZRENANATE LR

N T IS IEIZ VA 2 AR US E LA 2k,
WICEERAT 7T EI: 2 ezbr e
SRS S 5 L R b R R
.

4.1 MiXiHHE

RN MARE VLA R, R T — K220
m? B =, %3 T W6 Kinect JRG ML, #i{RR
GALREAT I B BEA 25 (1], BEANIREE L ARAG ML 28U
B, DL T A1 S .

fidifh: P& Kinect for Windows. 94 /K Pen-
tium G620@2.60 GHz AbH 854 G W17, Bf:
fE R4 windows7.0; JF & FG: vs2008; B FE:
OpenCV2.3.1, OpenNI2.2, Kinect for windows S-
DK v1.7.
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| gL a FHEHL B

I

5
%

K7 ST (SHEHUIFHE)

4.2 REHSERMES S RN LS

T RIEEE R S S G L, SR T
—ANE SRR HE S, SRR R B HATA
& Kinect S HL A M B, IFikE A TRAGHLUTAE A4
Fr 2 N FEAEARTT 2R

F—2: PG Kinect [F B3R R — A AR 1)
BH, HFRRHK.

00 W6 Kinect 20 ) 3% I8 2 2 1) 7732
SRARE S BAZ WAL AR 2 AH X N AR B2 AL R 5 I e i
yialia Ry A, R g FIPPRERI Rt A, tseB.

i
[ B | mgna| ——
1
%
Bl
B
T
Br

8 WM 5T B (BB IS & 90°)

H =00 B Ry A, Reep FIPFFS R &
tse A, tsen RN (11) A (12) 3K, 3K HARXT R AE AR
br R IR HE R FI-FFE M & T

VY R AR AE AL AR R PTG (X B4R
() A2 B) it 0 380 (1 1 S8 e S 380 B R AL bR R (X BL4R
2 A) , JRER R, B 9. EiZEY, (a), (b)
P B R 2 R SR 2 SR 9 6 Kinect B H BRI
B, E9 (a) Y, B RIEL R E 9 (b) BE 2L
WL ] 9 () HH IR, ik W R R AL bR R
(7] — A N A4 B AS [F SR AZ ML 3R B B BRI 5 B2 7k e
IREWIIE R AR R AT H 3R

Ko  FENIEHE 2 S K

T SRR B B ST, ZEIR A, AR
H—IRRAT, BA RS H . HAr, SKRg
RAIT ByBS Al FE P EL 7 — 2 Kinect SRELAARE
BRI ), U RAIT fyRTE]. HoA Kinect
SRECN AR B BRI T2 2 P Wl UG 40 fa , T A = 2
BRI L S 2SR 08 55— R AR I [A]. 1
HRAT B[RRI 35, THEEEA R AT 1
IfIE]. JE I S IR AR S50 2 SREUE B2 0P34 It
]2 3.5 s, B % Kinect H A A 3ES, B [A]i4

ik — B WD, THE RANT I (A2 0.17 s, BT
LB — IR UH S5 BRI (8] K 2052 3.67 s, ZJa it
AR E017T s, R, N T BoRFh i
PEA i RANT (1, £ESEPR 4 Rbs i SR LM
i, AR B AR PR LB AT FT L, SR
SR A IR SN ).

N T BB R AR 5 R, AT T
GBI R, 2a02: WEeREIIHE WG
FGHLI AR 900, RARAR WK 7 8. L
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UM 7 i) A5 J 1 e 2 161 8 1A & s, R NAE
AN B G 3 [E) 400300 380) £ X dl ks 37— 23 BV AT 58 %,
FroE. TH, WEORE 10 Al F H, HE 24

BORIFBAT R A BAEHLAG JR A R TR 224,
L, B RAESRAE M) At B R A,
7.

] Camerl B eI

10 FRBHLIA 900 B BN 5 18

4.3 FREREE TN 5

T WA SR bR e RS B, W SCE TAEA
A & A T B be X size:, BB 2 GRAE R AN R AR AL G
w1 e AR ], ik H A — AN RIEHLIE 2 A B, 55—
MNRGHLGEY o7 A (S E 7 1) i F e A B AR,
SR G I N TIN5 P A G TR) 0 9 A AR B (R
scocl), IR, G203 SR i 5 48 H B 0 SR A o
BIPIAERAG AL (1 e g AEE BS (RY |t mgy ), W), b
XN CI & B 5 SR i I AE, AT A5 HH Bk
IR R, o, PR EN R, RHUT AR
KRIL, Bl

ZAAHH] = ([t gse| — [tml) /[t sl (14)

FEFEH BRI LLAR, SR LT A KRR IE, /)

VR = /([Sh2)? + ([Sh3)* + ([S]2s)%.  (15)
H, S = Ry (Rag) F 7 H B Ry, M5 B
Ry WIARTE. [S]12 %m S HIESE 14756 2 51 IFMA.

S — LM T 3R A TR DL, 20 0°,
30°, 45°. R 1FEIR 1SRRI R2 1) B RS
JE, 322 4R 1 SR I R e R RS R L

Rl REHUAFIAT [¢ IR R

WHAMAEE /(°) 0 30 45
[t gg:]/cm 110 153 153.5
[tegl/cm 111.12 149.02 149.25

7/ % 1.01 2.6 2.76

MR 1AE H, ZEIETE R & R iR
ZERN, BRI R B BR K 1 2.76%, (A AH
ZE LK. R 2 01 Y, 12 B3R BN 7 R R 1
K LI, T KR 251X 0.1246, RZHHR/NT0.1.
ME NSRRI, N BB AR B BOK, 15
ZEIETEAS 2 AT F3E B . R, 3 B B
R MBS N T ENE 2 88 2 A7 1E — &
ZW, AR EZERA T — 2 BN

*2 RENAFRIAT RWRER

RFE /(°) Rigs: R VR
100 0.9948 —0.0996 0.0191
0 010 0.1007 0.9923 0.0708 0.1246
001 —0.0119 —0.0724 0.9973
0.8660 0 0.5 | 0.8778 0.1732 0.4463-
30 0 1 0 —0.1384 0.9842 0.1098 0.0873
—0.5 0 0.8660

0.7071 0 0.7071
45 0 1 0
—0.7071 0 0.7071

—0.4584 —0.0346 0.8880

0.7121 0.1016 0.6946
—0.1071 0.9936 0.0355 0.0726
—0.6938 0.0491 0.7184
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SRR EBLA L N TR 22 51 e fY), RITE SE BRI
B, BT NTIE B R A R R G A R 2 Y
e, X HA Z fhthAF R e sl RN, AT
BB TR ZE. 2 HT Kinect 3REUA f&
BRI R SRR, BT H AT Kinect SRHUN A 2K
FEREEA 5t — B i 29, Brbd, WS i ag
JE WA —E . B4 Kinect TR AR HAR KA
Wikl HATI B 2R NRS B R A5 BB TE, T, 1%
FOEMRS R 2R RN . & BT, &
SCHE Y R S 58 4z RENE T L SRR IR 25K, ml T
TZAEH.

4.4 BB ROEENR

NTHEBEWKERHEZ S Kinect(IXH L2 &
Kinect J9151) 4 5 (1038 FE 32 B A ATl 8028,
SCEIE E X — S ERBALS P B R LR A 8k )
TLEREIE. B 12— & Kinect i i 243 H K
217 11.7 m3. B2 & & Kinect W1l (1) FEl K2
FE21 m3. A2 I B AT B A AR AR L AT Y
Bl KT K 74%. R R H £ & Kinect ¥ 5 1
TR R ITE R, I, = B I S2 i il 4T~
MR ST L i,

5 HRERRAR

FERSCH, R TR A REE AR B 2RO
NZ 2 fRMEAL AN TR N AR &R, FF A
PR H R e S R K AT 4% e SR A 53k, SeBl 1
3T 2 Kinect IR FEFARHLIN AL AR E. 183
10 2 TR B A A A) 1Bl R R 65 Kinect,
AT EERAME B, B R AR g S S AR X
HIe R R S5V & T, MM, SR BE (%
BRI AL .

FEARK, ST FAL ATy T &t — 25 (T 7%
— TR S B AR R A S 55 T R A B [ K i
“REABOEE A KA EIRR]. SR 2
5 IR L ARSI A I A IR AL, I P SEEL
Ee NSNS N SE T ESTIEA R PN 5 PN
EAE [ SN % 5 R0

S
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Abstract

Combining depth information and color image, D-RGB cameras provide a ready detection of human and associated
3D skeleton joints data, facilitating, if not revolutionizing, conventional image centric researches in, among others,
computer vision, surveillance, and human activity analysis. Applicability of a D-RBG camera, however, is restricted by
its limited range of frustum of depth in the range of 0.8 to 4 meters. Although a D-RGB camera network, constructed
by deployment of several D-RGB cameras at various locations, could extend the range of coverage, it requires precise
localization of the camera network: relative location and orientation of neighboring cameras. By introducing a skeleton-
based viewpoint invariant transformation (SVIT), which derives the relative location and orientation of a detected
human’s upper torso to a D-RGB camera, this paper presents a reliable automatic localization technique without the
need for additional instrument or human intervention. By respectively applying SVIT to two neighboring D-RGB cameras
on a commonly observed skeleton, the respective relative position and orientation of the detected human’s skeleton for
these two cameras can be obtained before being combined to yield the relative position and orientation of these two
cameras, thus solving the localization problem. Experiments have been conducted in which two Kinects are situated
with bearing differences of about 45 degrees and 90 degrees; the coverage can be extended by up to 70% with the
installment of an additional Kinect. The same localization technique can be applied repeatedly to a larger number of
D-RGB cameras, thus extending the applicability of D-RGB cameras to camera networks in making human behavior

analysis and context-aware service in a larger surveillance area.
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