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21, B 22, ¥ 23, ¥ 24) ZENENOAE T, 10 BT OFEEIT . FHEMEEZHERT D
e, ENENOAEOT — T ICHHIEN Z G, —ERAEZTE LT Do THRREL
TINHIRDOFTLFRIIBITT 22 & T 5,

27



S 9 e

24 90°DT — T KB S by IRE
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HERE R

X 25 13K EBNCBT 50, DENETR LTS,

FHE ZRNCETIZONT, B RELRD T LEDDND,

43

41

Otk

332 BEBOEEDLRTE

t BEZ O THEEToONA RIS L%

D& LIEMEMRER TITRT,

t¥E50AEE

25 BXEIZRIT 50,

39
37
35
33
31
0° 30° 60° 90°

£ 1T EXHFOAERDOHST20,DE

FEZERIPA T 30 T — ¥ DIEWERZETH b,

D, AEKYE 5%KM CTHEED

Oo

30°

60°

90°

Our 35.6£0.6° *2

37

0£0.9° *9% 138.0+1.0°

%1)2)4)

40.1£1.5°

*1)2)3)

D0 LHLTHEEDD ., P30°

990° LR L CTHEEDY
*:p<0. 05

LH L THEZDY, °60° LU THEEDY .

TRCOMEM THEEENRAONZZ END0, 2 EEGHEICRIHTE AL EZLND,
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4 BEOLEBIME (R

ABETIE, BTV T Azure Kinect O/ H 4 L ARHIFA70H B L RGS1, S8A3PA
SR ki B FIEARET 5.

41 EHIZHBITDMAMERBADHETE (%)

HESTCIX 1.2.3 BHE 1.2.4 HTHR_HHMHERTE A Z W5, AWFETIX, SHERTE A
(Cervical Lordosis Angle) %#6,&%se7 2 (X 26),

O, DFHEIZIZK 26 DL HIT, & 1 M (C1) L5 7 FME (C7) BRETH D, Azure
Kinect {215 1 SHMEIZITV Y HEAD OB A& RUTAFAET 203, 85 7 SIMHEIZRZ Y T 5 B k& R DMAE
L7\, 207z, Ei L RO CREMICEK S E TR T D2LERD S,

97 SIMEIIMHE (Thl) CSME (55 7 SHE) OBERE TH L0, FFEFTER LA A
ERILTHDERIR LT, D, EH O L [FBEIZ, Azure Kinect O/ k% & HEAD &
SPINE_CHEST [l D#p3 % 2:3 IZWN T HA L EFR Lo, 8 1 SHMEIZIX 27 TR D & & T
BV, Azure Kinect OHHEAHEAD & EFK L7, mEILED EAAZE T:29 IZNDT DA E
L. ME I3 E 2D AD ISk L CHREISMIZ LA E Lz, BlEoksiE, AMRgHIX (K
17) =6 EZFEHEL 7=,

~ /S 1ZAH(C1)
7~ ‘
a .
T, ,fﬁffﬁﬁﬁ%ﬁi(ed)
3
.: |

fﬁf(

ETEHMH(CT)

26 SEMERTBAO,,
27 135 EZ FIEOW M % Azure Kinect ECHBLEEOA A —VKThH D,
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RE DEEST ERELIESEEA.,

O DEHFEFLUTORE 22,

0; = tan™?! < |ﬁ|>

|EE'|
EA
6, =tan™?! ( |_,| )
|EE'|
O = 65+6,

(10)

11
(12)

27 Azure Kinect EDO,
L L, ZZFTTIIAE OMENEE > TWRVWD T ZtHET D2 LT TERN,
FZ T, AE OBREHFEOFEMAERE CHRAT S,

31



42 MEDORTE (R)

AETIEK 27 DR E OWREFIEIZOWTHEGT 5, 2TIT/RE NIy . JRE X
FHELEOSTIERY, TOD, A D, EEIZRRYEE ZXEBNRTETIIRETE
20N, AWFFETIE, TR [9]ICHB 1T 20, DIEFE TH 530° < 6, < 35°-@%BBITT D,

0 PSOOFIITINE D £ 5 ME ZWET 5, FIIILLFOMEY Th 5. 728, [EE'| ()

TQOFFEH A RET S f:m:ﬂau\éﬂﬁﬁ@ﬁ_];"

46 L MIN E@OFBHIZIN 5 [EE| (50

O TS, MOXF@OFBHICINE 5 |EE| () © EIREE T

o QOEHNERSD LD I|EE| () & 1] MK TT D LA,

EE'| (D) ol
(MIN < [EE'| (B <MAX) &R5.

° |E,E,’| — MAX-ZFMINCE_TZDO

° ﬁ@%ﬂtﬁﬂ%%KﬁE’%&ﬁTéo

i - |75F| (fi) @ MIN 25 171, MAX 25 202 & 72 o - R E A5 & LT 5 .

171 < |EE’

() <202 &725iBh |ﬁ’| = 1202 _ 186.5[mm] LT %,

Lo T . ZOWBREDEE 1ZSENS ADIZ% LT 186. bmm FEEICHEN - A &L 70 b,

TOLSIT, B TEEH OO, E R RIS L 0 RDIR, 075 |EE | %%
HEHNCRDBFEL BB, BTICEOHEETLT,
MEERIZL D

tan(g; + 6,) = tanf; +tané,
AT T ) = T an 6, tan 6,

FRENBOT, RA0), (1), (12) 2R LERT 2 & [EE|icBiT 2 M F o -yt
BELND,

tan 0, [EE'|” — (|ED| + |EA|) |EE'| - |ED||E4] tan 6, = 0
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THEML 2T, BFO XS I|EE|Rean bR b,

(12D + [Al) + (55| + [FA])" + 4Z0]54] can? 0,
2tan @,

57 -
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421 EAAEIZDONT
Foex DFHEITHFRZHNTEREZERZLTVWDLZ NG, (OB AENELT S Z

m|ﬁ|c: NG D L EZ NS, T T, BIIREO 20 RATEEME 9 AD RS
ToO|EE|EMAE L, By LR, X8 O (1) ZREEOEEL TS,
28 &iﬁ%%&|ﬁ|®%%%%bf:“@%éo 98 M bMND LIS (2) O

c:c.tof|E_E"

PAAET %, 2 2T R (2) DR SICE S T EF |2 AT 5, LUF O (13)

75%?5%6:4:of%bé|ﬁ|%%ﬂﬂ“éiﬁf‘%éo

|EE7| y = 0.3272x —3.0457 (13)

X W) D x K (8) THIZES (Z) ODEIEZRATDH I LT, KEOMEAZEICERR L,
EES ODEIZRDDZ ENnHEKS,

205
200
195
190
185
180

175

ESEDREE (mm)

170
165

160
530 540 550 560 570 580 590 600 610 620

FE= (mm)

X 28 FEE & EE° OFE X D%

34



43 SBMERTE 6,0 HmER (R)

AHITIE 4. 1 8 TIRE LI SHERTE M 0,28 & 5 O BEFHMmICE L TV 2 0 2 it 5,
HEIZBW T, BBEEMREDI,, DEIZONTOFEME 4.3.1 HT, £ L5(0°30°
60°,90°) & i 2 Z E M BB ThH DT OV TOREMZ 4.3. 2 H TR S,

431 ZEBZAIHE--FHEBEOEL
29 DX IR 110em OALE (EBFEER) (2~ A% 77 —7"T0°30° 60°90°"
CICHIZ D T-BER FHE Lz, IRICK L CERERBREZ0 LT D,

7 frame

29 BEICRIT D ERRER

HE H 1

BB 1T 20 FRATH B M 3 4 7C0°,30°, 60°,90°00 T — S\ A AT ikEE (X 30,
31, 32, 33) AENENOMET, 10 BIFOFEEIT D, HEMELHERT D720,
FNENOMEDT — T IZHIEH Z G, —ERBETER LD > THEIZREL TR
DIRDFLERIZBAITT D2 L &5,
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33 90°DT — T IZEB AR RE
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IR RES
X 34 IZBEBINCE T 50, DELE R LTV D, dZEH7PHIL 30 77— % OIEHERETH 5,
B ZANCETICON T NES LR D 2 LBDND,

35
34
33
S 32
31
30
29
0 30° 60° 90°

BHaELDAE

X 34 BEERITEBIT B0,
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432 BREBOAEDIRTE

t MEZ AW TR BT NAEICEIL LT
DL LImERELE 8ITRT,

K 8 BMOAEELDH-T20,0FE(L

WD, AEAKYE 5% KM THEED

Oo

30°

60°

90°

Hcl

324+£1.0°

%2)3)4)

31

8+0.9° *LH M

31.4x1.0°

*1)2)4)

30.6+1.2°

%1)2)3)

D0 L THEEELD ., P)30°
990° LR L CHEEDY

%:p<0. 05

LH L THEZDY, °60° LIBLTHEEDY .

TRTCOMEM CTHBEENAONIZZ LMo B8FHEICRHATE L EEZ BN,
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5 IHESRTFLOEE  (NB)
ARETH, b AT 200 (5.2 ) EHRA— b~ ho2ZHWE AT LADFE—F
U0 EZFE (B3 ITHOWTEIT 5,

51 RZBOFHHEEAEIZONT )

ERBl B L9z WT, E¥H DO, & HEH DO, D EFHEIZZENZFI32.5° < 0,y <
38.6° (¥ 35 4L PHy), 30°<6,<35° (K 36 AL UF) LENTWD, Fx DFk
FHEPEIEIC L D FEE BRI L TIERWED, BETEOHEZZOEEHNDL Z &
TTERY, TOFEE LA TMAEBE LCTHWTLE) L IFEACORBNELES L
HESNTLEI DL ThD, 2T, FalT Py - 5 e b 25 BLUK 3412k
T, 0°ORRERAZF - REBOFMEEEE L LTHWD Z L &2,

BTN TIE, Fex DIIE L726,41335.6°+ 0.6°TH 72, =2 T, K 37 OFRME
35.0° < Oy < 36.2°D & X EHIZREEATH D LHIET D,

HEBOIZ DN TIE, Fox OWIE L7126,13324°+1.0°TH -7, £ 2T, X 38 DRk
314° < 0, < 33.4°D & X EYEHIZR BB TH D LHET D,
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BEDE

35 XHR[B1IZHIT 5 B35 DIEH 22 A B O
35
34
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S 32
31
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0° 30° 60° 90°
BEOE

36 SCHR[9]IC 31T 5 BEBDIEF 72 44 BE D&iiH
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4
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= 37

©36.2
35
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31

BEOEL

B 37 EAFITRIT D RESH O A
35
34
33.4
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8 32
31.4
31
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29

0° 30° 60° 90°
BEOE

B 38 BHERBICISIT D B ILE O fifh A P
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5.2 EHlS R T LOFN  (NE)

Azure Kinect Tl, BEDBEWOEFRHETEOFEREICLVIESOE INFIZLETSH, 2
DOREZRRT 572012, BAIFREBICBITEESEAEEMEE L TR 2 ERNE L
ZZ 7,

T T, BxIvAT AR L, EEHEET—F (5.2 1§ CiAT %) & E2FE—
K (5.2 28 CTHAT D) W) 2O00F— REEFRTHZ LI LT, K 39 17T L DIT,
FEEHIEE— RIC L D BRE DS ZRE L TH S, BEGERT— NICBIT L CEMii 21T

Y

o

| FHmREA |

ESAEE—F |
| R¥—2m7

| EBFEE—F |
|

I |
[Ptz (o) | EEea

i gt

X 39 FET 2T LADFHN
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521 ESAEEE—F
FEERIEE— RiZ, 3.2. 1THTES L L TERLZES Z DFE I % Azure Kinect TU T
NEARZHETDHE—RTHD, EEmiTa—F 1 LViEIRS,

#thead 7> % neck

HN = math. sqrt ((head_x — neck_x)**2 + (head_y — neck_y)*%2 + (head_z — neck_z)#*%2)

#ineck 7> 5 chest

NC = math. sqrt ((neck_x — chest_x)#**¥2 + (neck_y — chest_y)**2 + (neck_z — chest_z)*%2)
#ichest 7>5 naval

CN = math. sqrt ((chest_x — naval_x)#%2 + (chest_y — naval_y)#*¥2 + (chest_z — naval_z)*%*2)
#naval 7>5 pelvis

NP = math. sqrt ((naval_x — pelvis_x)**2 + (naval_y - pelvis_y)#**2 + (naval_z — pelvis_z)**2)
HIEE R 2

z = (HN + NC + CN + NP)

a—F 1 BEOHREZITI) I r s T A
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522 LEBHMEE—F

REGHHT— Rix, BH L7204 80,50 210, BEGIH 2T RTHE—FRTHD, Oy &
O lEa— R 2D EHCHHT D, o, BENA X L AEFRTHI0 T AMTa—FK 3
TH 5,

BINT A B A TFRRENDEBENK 40, 41, 42 TH %, 2— K3 T, 40
1% imggood. 41 1% imgl. 42 1% img2 L RSN TN 5,

B EHWT, 5.1 TIHRARZZFHMEIREED 2 >& 4 LT, BETA X A eRRTDHE
R 5,

REZ

X 40 REBEBRTEBTA XA

K 41 HEHICBWTREEE 2R TERBT A F R

K 42 ERFIZBWTRHEEREZ R TERBTA X VR

£t s

a_x = (3 * head_x + 2 * chest_x) / 5
a_y = (3 % head_y + 2 * chest_y) / 5
a_z = (3 % head_z + 2 * chest_z) / 5
b_x = (2 * naval_x + 1 * chest_x) / 3
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b_y = (2 * naval_y + 1 * chest_y) / 3
bz = (2 % naval z + 1 * chest z) / 3
cx = (37T *b x + 46 % a_x) / 83

c.y = (37 % b_y + 46 * a_y) / 83
(37 * bz + 46 * a_z) / 83

cz =

C_x = (CC/(math. sqrt((a_z — b_z)*x2 + (b_x — a_x)**2)))*(a_z — b_z) + c_x
Cy=cy

C_z = (CC/(math. sqrt ((a_z — b_z)**%2 + (b_x — a_x)**2)))*(b_.x — a_x) + c_z

bx = b_x - C_x
by =by - Cy
bz = b_z - C_z

ay = a_y - C_y

cos =
(ax*bx+ay*by+az*bz) / (math. sqrt (axkax+ay*ay+az*az)*math. sqrt (bx*bx+by*by+bz*bz)

)

ac = math. sqrt((a_x — c_x)*k2 + (a_y — c_y)*k2 + (a_z — c_z)**k2)
be = math. sqrt((b_.x — c_x)*%x2 + (b_y — c_y)*k2 + (b_z — c_z)**x2)
a = math. atan(ac/CC)

B = math. atan (be/CC)

thetalrad = o + f

thetal = math. degrees (thetalrad)
theta TK = 180 — thetal

HEAME

d x = head x
d_y = head_y
d z = head z
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a x = (3 % head x + 2 % chest x) / 5
a_y = (3 % head_y + 2 * chest_y) / 5
a7z = (3 % head z + 2 % chest z) / 5

ex=(7T%ax+29 *%xdx) / 36
eyv=(7=%*ay+29*%xdy) / 36
ez=(T%az+29*%xdz / 36

de = math. sqrt ((d_x — e_x)¥k2 + (d_y — e_y)**2 + (d_z — e_z)**2)
ae = math. sqrt((a_x — e.x)*k2 + (a_y — e_y)*k2 + (a_z — e_z)**k2)
a = math. atan(de/EE)

B = math. atan(ae/EE)

theta2rad = o + B

theta_CL = math. degrees(theta2rad)

a—FK 2 0,L0,28HT5 0T A

imgl = cv2. imread (' bl.png’)

img2 = cv2. imread( cl.png’)
imggood = cv2. imread ( good. png’)
height, width = imgl. shape[:2]

HEAME
if 31.4 < theta_CL < 33.4:
frame[0:height, 0:width] = imggood
else:
frame[0:height, 0:width] = imgl

HifaHE
if 35 < theta_TK < 36.2:

frame[200:height + 200, 0:width] = imggood
else:

frame[200:height + 200, 0:width] = img2

a— R 3 BETAF L RERRTDIIRTT A
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53 HEA— bt~ b (FSM) (2D T (INE)

AMFFETIZ, 5.2 BT~ L 91, BB L - TER (1) "Eb->TLESME
WD, FEm (L) ZEEME LTI D 72Ol EEllEE— N REGHIE— RD 2 2DE
—FZEEL. ZOE—FZUVFEZITWDS, £OE—FOUYEXIZ, ARA—F~ b~
(Finite State Machine, FSM) [13, 14]% 5,

FSM &3, RESEBR O AIRE TR ENDLA— F~ h 2 (automaton : HEIAR A E
WL, a0 Ea—FDORELEBZROKTET /MELTEBD) Thd, HHIRENDFE
DERIET, BIOREISEE T 5, k. 1 DOBBRMITH LT ORENFET D, HD
WREZPHIRE L MEDY, 22 b4 — h~ hUBBENT 2L 0O TH D, -, BEILOIRNEE
Z AR RE S D DT R EE & 5,

Bl2iE, M BIELLATACBOTHER —2H LEEROARA— < F 2 ThH D,
FFR 7 —Z2 M LIREBZ IR L L, ZEREZ L. H 2, ATo=>DREL ¥
%, BAMHTFOR(T—, Fax, N=)DANZE->TENENDORBIZERT 5,

> 5

&
ORO

A

X 43 BARA—Fr<= b DA A—T X [14]

AN F T 5 FSM OFHOFEM % 5. 3. 1 A CTRIHT 5,
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531 BRF—rvbrZHAV-E-FIVEZ
4413, AV AT LOREEBRZ R LD TH D, EEllEET— F & BEFhT—
RO 2 DR L OEB R ERL L TV D,

K AT AT EESRIEE— REHREE (2 — R 4 ¢l STATE_INITIALIZING) & L.
BB — FAERBZOREE (2— R 4 TIX STATE_MEASURING) &4 5%, ER&IL, F—K
— RORF—DHINT=XA I T LT 5D,

INBIZXY, AT NS Lctk, e () 2805 L, R F— M FRHITEEGHi T —

RIZBATT 2 2 L2 FEBT D, /B, ZOMNLDND LI, KV AT L TIHESFME
— R EEREE— R~OBEBIIEE L TH2R0,

F—HR— RROMTF

TR

£— R

PRI ; FERRET — R
LERAE | LEFAGE— |

X 44 KR T LDOREEBK
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EBHIT, 2O00F—FOUIY LI, 2—F 40X HICERT D, EEHlET— R L L8
ST — KA 7 1 2" 2 BTl STATE_INITIALIZING & STATE_MEASURING & EFE STV 5,
STATE_INITIALIZING = 0 # JEEBEEET— ROESR
STATE_MEASURING = 1 # fEFHHIE— ROERR

state=STATE_INITIALIZING # &R EE— R TT/ 07T L& A H— |
while (True) :
if state== STATE_INITIALIZING:
# EEOFE
elif state== STATE_MEASURING:
# AEOHE

#OEEREE T D25
if keyboard. is_pressed(r’):
state=STATE_MEASURING
a—F 4220F—F&EVEILT0T T LORLa—F
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6 LHBEFHS 2T LOFTHERE (IVE)

ARETIE, AEBGHE Y AT L OFFMFERIC OV TRHAT 5,

AREBRIT, BEFHM AT 22 AVWTEBLITHETE D20 E2RFET 2720479, Tl
3.2.1 HE 4.2.1 HIZB T HCC L EE' O RIANER FER O T — ZAERICS I LT= A (BUF,
FERIRERAE) LB L TROWA LT, EBRRRBRE) zhth 2 242 HE L. BBoLic
P, YR BT A K ARKREND AT,

6.1 EBHE (D)

ERRBRE 2 452 TNEH A, B & LERRREBRE 2422 h2h C, D LT 5, A%
OFFMT LB, IR 00 WD EEZ REE MR 300~60° W0 LHh 4 J3ALES,
FAEEDY 90° WRFDREAA LRI L L, LI T EZMGEET 5,

® A B C DORZEENIEBNT, WYIRESTA F L ANKRREND T L
® A, B, C, DOEZEH 5EEINIBWT, WURERNA X ANFRIND T L

6.2 R UNE)

B 45~ 56 1%, #BRE A, B, C,D D& 44 DEBRFICIBNT, BETA X2 ANFERS
NTWDHHEFTH D, K 456~ 56 D@y | #HRERR T, BT LZRE (0°) T
XX 40 DEBATT A 2 AN, KA RE SRMES LS (90°) TIEX 41, B 42 O%RE
HA K ANMFRINT, o, BEBEOBNED %2 £ >3 T LIREE & m g5 R
(30°~60°) SUWTK 41, 42 DEBRITA B U ANERRINTZZ &b, MIDREERDE
BIZHRISTRETH D Z LoD,

INHORERLY | REB L EERBOELITEOEY) R BT A X A KR L, KU A
T LERAWTEBZFTNT 5 Z &Ik Lz,
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X 45 A DBEH(0)ITRIF BERBHA KX ADHRR

- M e
Ta&E¥Ecy ! -

B 47 A DELEZ(90° NIBITDERBENA ¥ ADRT
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49 B OFHELEE(30°~60°) BT B EREH A XV ADERR

L=
TRETETT !

——

-

——

A
MW IZ > TLNES !

50 B DERE(90°) BT B EREHA XV ADERR
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53 C DERE(90°)ZRBT HEEHA XV ADER
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54 D D BREB(0)TRITDEEHA XV ADEKR

=
TRZzd+EFcd !

i ar
MW IZmoTLES |

e 3

56 D DEEE(90)IRIF DL A X v ADEKR
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7 fEwERE (B

71
AWFFETIE, LT D 3 DO5M2 -3 (B8N A7 ) OB Z= B LT,
L. ﬁf7%%wfk%®ﬁ@% B CcEHZ L
2. B R BT AITAD Z &
3. )7»&4A_m@%ﬂmb BN THNITYERE R R TELH T L

L DFEMIZONTIE, Azure Kinect ZEATHZ LICK VR ERIZLTEES 2D,

212OWTIE, BRIEZ W EBGH GiE 2 BB 5 2 L TEBIE 2R L, MokE
BEAOy & FMERTE A0 2RO LIZRY ., FMEEWZ LI EF R D,

3IZOWVWTIE, 2200 F—REFHTAHZLTY T A A LATOREZH L, O E
PR, BEAH A B AR RRTET-Z 2D, SMEM- LI E X5,

72 EeE

AWFFED LB > AT DT 2l FEERIZ I T HIE FIEIC I HCC L EE O
KWW%%@7—&WW_ﬂMLkzszMLTmﬁwzzw—ﬁ4% X LTI %
FHIAFIRE CTH D Z 3R SNz, LU, AP Z IS 5 7=, mlina <My
A3 5%, BEmEE ﬁ#éyé%@@ﬁ%zgfﬁéo_@&%%%&ﬁé LNTERN
12, BEETET 5 HEO D L TAROERNHI/HTE 5,
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(5%

BEGUHES AT LDT 0 T M

This is a python port of the simple—sample project from.
https://github. com/microsoft/Azure—Kinect—

Samples/blob/bf2f8cf95d969dcc7842c4c450052fe5a943¢756/body—tracking—

samples/simple_sample/main. c

a4

import traceback

import sys

import ctypes

import os

import cv2

import keras

import numpy as np

import math

import matplotlib. pyplot as plt
import sympy as sy

from scipy import optimize, exp
import decimal

import time

from time import sleep

import datetime

import keyboard

# Add .. to the import path
sys. path. insert (0, os. path. abspath (os. path. join(os. path. dirname (_ file ),

L))

import k4a

def VERIFY (result, error):
if result != k4a.K4A_RESULT_SUCCEEDED:

59



print (error)
traceback. print_stack ()
sys. exit (1)

def print_body_information (body) :
print ("Body ID: {}”. format (body. id))
for i in range (k4a. K4ABT_JOINT_COUNT) :
position = body. skeleton. joints[i]. position
orientation = body. skeleton. joints[i]. orientation
confidence_level = body. skeleton. joints[i]. confidence_level
print ("Joint[{}]: Position[mm] ( {}, {}, {} ); Orientation ( {}, {}, {},
{})5 Confidence Level ({})”.format(
i, position.v[0], position.v[1], position.v[2], orientation.v[0],

orientation. v[1], orientation.v[2], orientation.v[3], confidence_level

))

def print_body_index_map_middle_line (body_index_map) :
print ("print_body_index_map_middle_line not implemented”)

nnn

uint8_t* body_index_map_buffer = k4a_image_get_buffer (body_index_map) ;

// Given body_index_map pixel type should be uint8, the stride_byte should
be the same as width

// TODO: Since there is no API to query the byte—per—pixel information, we
have to compare the width and stride to

// know the information. We should replace this assert with proper byte—per—
pixel query once the API is provided by

// K4A SDK.

assert (kda_image_get_stride_bytes (body_index_map) ==

k4a_image_get width_pixels (body_index_map)) ;

int middle_line num = k4a_image get height pixels (body_index map) / 2;
body_index_map_buffer = body_index_map_buffer + middle_line num *
k4a_image_get_width_pixels (body_index_map) ;

printf ("BodyIndexMap at Line %d:¥n”, middle_line_num);
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for (int i = 0; i < k4a_image_get_width_pixels(body_index_map); i++)

{

”

printf ("%u, 7, *body_index_map_buffer);

body_index_map_buffer++;
}
printf ("¥n”);

nnn

. ” . ”.
if __name_ == "__main_ ":

if len(sys. argv)==1:
print ( Usage: python recognize_skeleton. py savedfile.h5’)
sys. exit ()

savedfile = sys. argvl[l]

model = keras.models. load_model (savedfile)

num_joints = 32

num_features = num_joints * 3 # 32 joints * 3 dimensions

data = np. empty ((hum_joints, 3), float)

device_config = k4a.K4A_DEVICE_CONFIG_INIT_DISABLE_ALL
device_config. depth_mode = k4a.K4A_DEPTH_MODE_NFOV_UNBINNED

device = kda. k4a_device t()

VERIFY (k4a. k4a_device_open(0, ctypes.byref(device)), “Open K4A Device
failed!”)

VERIFY (k4a. k4a_device_start_cameras(device, ctypes. byref(device_config)),
“Start K4A cameras failed!”)

sensor_calibration = k4a. kd4a_calibration_t ()
VERIFY (k4a. k4a_device_get_calibration(device, device_config. depth_mode,
k4a. K4A_COLOR_RESOLUTION_OFF, ctypes. byref (sensor_calibration)), Get depth

”

camera calibration failed!”)
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tracker = k4a. k4abt_tracker_t()
tracker_config = k4a.K4ABT_TRACKER_CONFIG_DEFAULT
try:
ctypes. cdll. LoadLibrary (“C:/Program Files/Azure Kinect Body Tracking
SDK/tools/directml. d11”)
except Exception as e:
tracker_config. processing_mode =
k4a. K4ABT_TRACKER_PROCESSING_MODE_GPU_CUDA
#tracker_config. processing mode = k4a.K4ABT TRACKER_PROCESSING_MODE_CPU
VERIFY (k4a. k4abt_tracker_create (ctypes. byref (sensor_calibration),

tracker_config, ctypes.byref (tracker)), “Body tracker initialization failed!”)

cap = cv2. VideoCapture (0)

while True:
sensor_capture = kda. kd4a_capture_t ()
get_capture_result = k4a. kda_device_get_capture (device,
ctypes. byref (sensor_capture), kda.K4A WAIT_INFINITE)

ret, frame = cap.read()

if get_capture_result == k4a.K4A_WAIT_RESULT_SUCCEEDED:

#frame_count += 1

#print ("Start processing frame {}”. format (frame_count))

queue_capture_result = kd4a.k4abt_tracker_enqueue_capture (tracker,

sensor_capture, k4a.K4A WAIT_INFINITE)

k4a. kda_capture_release (sensor_capture)

if queue_capture_result == k4a.K4A WAIT_RESULT_TIMEOUT:
# It should never hit timeout when K4A_WAIT_INFINITE is set.

print ("Error! Add capture to tracker process queue timeout!”)
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break
elif queue_capture_result == k4a.K4A_WAIT_RESULT_FAILED:

print ("Error! Add capture to tracker process queue failed!”)

break

body_frame = k4a. k4abt_frame_t ()
pop_frame_result = k4a. kdabt_tracker_ pop_result (tracker,
ctypes. byref (body_frame), k4a.K4A_WAIT_INFINITE)
if pop_frame_result == k4a.K4A_WAIT_RESULT_SUCCEEDED:
num_bodies = k4a. k4abt_frame_get_num_bodies (body_frame)
#tprint ("{} bodies are detected!”. format (num_bodies))
for i in range (num_bodies) :
body = k4a. k4abt_body_t ()
VERIFY (k4a. k4abt_frame_get_body_skeleton (body_frame, i,
ctypes. byref (body. skeleton)), “Get body from body frame failed!”)
body. id = k4a. k4abt_frame_get_body_id (body_frame, i)

#print_body_information (body)

imgl = cv2. imread ( bl.png’)

img3 = cv2. imread ( cl.png’)
imggood = cv2. imread ( good. png’)

height, width = imgl. shape[:2]

STATE_INITIALIZING = 0 # JE SR EET— FOEE
STATE_MEASURING = 1 # AEFHHIT— FOESE

state=STATE_INITIALIZING # FEERET— KT a7 % A X

#EERE KT DI DKM
if keyboard.is_pressed( 1’ ):
state=STATE_MEASURING

if i==0:
if state==STATE_INITIALIZING:
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head_x = body.
head_y = body.
head_z = body.

neck_x = body.
neck_y = body.
neck_z = body.

pelvis_x =
pelvis_y =
pelvis_z =
naval_x = body.
naval_y = body.
naval_z = body.
chest_x = body.
chest_y = body.
chest_z = body.

#thead 7> 5 neck

skeleton.
skeleton.

skeleton.

skeleton.
skeleton.

skeleton.

skeleton.
skeleton.

skeleton.

skeleton.
skeleton.

skeleton.

joints[26]. position. xyz. x

joints[26]. position. xyz.y

joints[26]. position. xyz. z

joints[3].position. xyz. x

joints[3].position. xyz.y

joints[3]. position. xyz. z

HN = math. sqrt((head_x -

neck_vy)**2 + (head_z — neck_z)*%2)

#neck 705 ches

t

NC = math. sqrt((neck_x -

chest_y)**%2 + (neck_z - chest_z)*%2)

#ichest 7>% naval
CN = math. sqrt ((chest_x - naval_x)**2

naval_y)#**%2 + (chest_z — naval_z)*%2)

#naval 75 pelvis

NP = math. sqrt((naval_x - pelvis_x)**2

pelvis_y)**2 + (naval_z — pelvis_z)*%2)

i

R
z = (HN + NC +

Z

CN + NP)

CC = 0.0726%z - 1.5365

64

joints[1].
joints[1].
joints[1].

joints[2].
joints[2].
joints[2].

neck_x) %2

chest_x) **2

body. skeleton. joints[0]. position. xyz. x
body. skeleton. joints[0]. position. xyz.y

body. skeleton. joints[0]. position. xyz. z

position. xyz. x
position. Xyz.y

position. xyz. z

position. xyz. X
position. Xxyz.y

position. xyz. z

+ (head_y

+  (neck_y

+ (chest_y

+ (naval_y



EE = 0. 3272%z — 3. 0457
print "B OE X="+str (round(z, 2)))

elif state==STATE_MEASURING:

head_x = body. skeleton

head_y = body. skeleton

head_z = body. skeleton

neck_x = body. skeleton

neck_y = body. skeleton

neck_z = body. skeleton

naval_x = body. skeleton. joints[1]. position.
naval_y = body. skeleton. joints[1]. position.
naval_z = body. skeleton. joints[1]. position.
chest_x = body. skeleton. joints[2]. position.
chest_y = body. skeleton. joints[2]. position.
chest_z = body. skeleton. joints[2]. position.
# EYs

a_x = (3 % head_x + 2 * chest_x) / 5

ay = (3% head y + 2 % chest_y) / 5

a_z = (3 % head_z + 2 * chest_z) / 5

b_x = (2 % naval_x + 1 * chest_x) / 3

by = (2 % naval y + 1 * chest_y) / 3

b_z = (2 % naval_z + 1 * chest_z) / 3

c.x = (37 * b_x + 46 * a_x) / 83

cy = (37T % b_y + 46 * a_y) / 83

c.z = (37 *b_z + 46 * a_z) / 83

C_x = (CC/(math.sqrt((a_z - b_z)#*k2

a_x)%*%2)))*%(a_z — b_z) + c_x

Cy=c.y
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. joints[26]. position. xyz. x

. joints[26]. position. xyz.y

. joints[26]. position. xyz. z

. joints[3]. position. xyz. x
. joints[3]. position. xyz.y

. joints[3]. position. xyz. z

XyZ. X

XyZ.

XyZ.

XyZ.
XyZ.

XyZ.

+

(b_x



Cz = (CC/(math.sqrt((a_z - b z)*x2 + (b.x -

a_x)*%2)))*(b_.x — ax) +c_z

bx = b x - Cx
by = b_y - C_y

bz =b_z - C_z

ax = ax — Cx
ay = a_y - C_y

az C_z

Il
oy
‘N

|

cos -
(ax*bx+ay*by+az*bz) / (math. sqrt (ax*ax+ay*ay+az*az)*math. sqrt (bx*bx+by*by+bzkbz)

)

cos180 = (-1)

ac = math. sqgrt((a_x — c.x)*k2 + (a_y — c_y)*k2 + (a_z -
c_z)%%2)

be = math. sqrt((b_x — ¢ x)*k2 + (b_y — c_y)*x2 + (b_z -
c_z)%%2)

a = math. atan(ac/CC)

8 = math. atan (bc/CC)

thetalrad = o + B

thetal = math. degrees(thetalrad)
theta2rad = math. acos (cos180)
theta2 = math. degrees (theta2rad)
theta_TK = thetaZ - thetal

HEFME

d_x = head_x
d_y = head_y
d_z = head_z
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e_7)%%2)

e_7)%%2)

de

ae

a =

B =

_ (3*
_ (3*
_ (3*

— (7 *
— (7 *
— (7 *

math.

math.

math.
math.

head_x + 2
head_y + 2
head_z + 2

a_x + 29 *

a_y + 29 *

a_z + 29 *

sqrt ((d_x -

sqrt ((a_x -

atan (de/EE)
atan (ae/EE)

theta’rad = o + B

* chest_x) / 5
% chest_y) / 5
* chest_z) / 5

dx) / 36

dy) / 36

dz) / 36

e x)%k2 + (dy — e_y)*%2 + (d_z -

e x)%k2 + (a_y — e_y)**%2 + (a_z —

theta_CL = math. degrees (theta7rad)

print C JgHE="+str (round (theta_TK, 2)))
print ("FAME="+str (round (theta_CL, 2)))

HEFME

if 31.4 < theta_CL < 33.4:

frame[0:height, 0:width]

elif 31.4 > theta_CL:

frame[0:height, 0:width]

i He

imggood

imgl

if 35 < theta_TK < 36.2:

frame[200:height + 200, O:width]

elif 36.2 < theta_TK:

frame[200:height + 200, O:width]
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body_index_map = k4a. k4abt_frame_get_body_index_map (body_frame)
if body_index_map:

#print_body_index_map_middle_line (body_index_map)

k4a. kda_image_release (body_index_map)
else:

print ("Error: Fail to generate bodyindex map!”)

k4a. kdabt_frame_release (body_frame)
elif pop_frame_result == k4a.K4A_WAIT_RESULT_TIMEOUT:
# It should never hit timeout when K4A_WAIT_INFINITE is set.
print ("Error! Pop body frame result timeout!”)
break
else:
print ("Pop body frame result failed!”)
break
elif get_capture_result == k4a.K4A_WAIT_RESULT_TIMEOUT:
# Tt should never hit timeout when K4A_WAIT_INFINITE is set
print ("Error! Get depth frame time out!”)
break
else:
print (“Get depth capture returned error:

{}”7. format (get_capture_result))

cv2. imshow C fram /. E* , frame)

key = cv2. waitKey (1)

if key & OxFF == ord(q’):

break

print ("Finished body tracking processing!”)

k4a. k4abt_tracker_shutdown (tracker)
k4a. kdabt_tracker_ destroy (tracker)
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k4a. kda_device_stop_cameras (device)

k4a. k4a_device_close (device)
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