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Abstract

This study aims to develop the intelligent interactive multi-functional robot to provide companion
and entertainment. Because the robot needs to obtain the environmental information, this study uses
Kinect depth image as the visual system platform and calculates results through the computer image
processing operations. Then, the analyzed the image processing results is applied to the robot behavior
planning, and with the integration of omnidirectional wheels, high power motors, FPGA development
board and control panel as a mobile system, a lower body for the wheel platform, the upper body of the
intelligent interactive robot is designed. In this study, we use the depth image information of Kinect to
draw the 3D real-time image map, integrate the robot mobile positioning system, and build the instant
indoor environment map to achieve the obstacle avoidance. The robot through Kinect skeleton detection
and human facial expression recognition to interact with people and accomplish the task of the intelligent

interactive robot.

116



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

Keywords: Intelligent interactive robot, Kinect, robot positioning, indoor environment map, obstacle

avoidance.
1. FEI&PaEF]RE

éxgjgﬁgjiiiﬁ)\r—gﬁg;l.ﬁ_g,_ﬁ%tj")—}itv*ﬁﬁi&ﬁ?ﬁ?‘gﬁ A RSt R B e B o
TF AL RE ARE SR EIHAN G FRL CEEFFI LA R Y
EAFREZRLHES GRAS S0 APHI P E R
EE A RARE RIP PRE GRFERREY DY LRI TR AR 2 el L dek
B RSB A h » R PR E R RA A4 ¢ o

R AR R N AR oL o B > ek

TERPEALNTEN S AFET LB RT - SBEA @ 5 298k FPGA 4l
BEAAMEAF L LI TLEELIBATE > P X P L A EA I B AL o L5 d Kinect
ﬁ%&%%ﬁ?ﬁﬁﬁ&ﬁ%i%%ﬁ& EP p B RIS AR FAERRE p gD
ERFEF A FRSEPFASAGE AP R FR L 50 A EBE ) @A A
RO WEBEAFR D FHETAR DRGNP Y SRR L RES 0 R T g oo SEA T
ATEER PO A PFREZ LS B H A G Rs s Hpap B L REsy > FR A PET
IRETRUEUH Eol A L R =F L ¢@ﬁ%%&i&’ﬂwﬁﬁﬁﬁﬁhbﬁﬁ—@@%iﬁﬁ
& d P AR (F Union-Find j§ 5 2 k2 8plimd o § APy ZRIFER P G = LB PFg
m’4ﬁﬁﬂ@ﬂmﬁ&#ﬁm@f&ﬁ’wu%§%$4&;ﬁﬁ%’ﬁﬁkvvﬁA#WX

MR ELEEAFTR > R EEH KPR RRPHBES R EZPE B o FlL 5
SLAM(Simultaneous Localization And Mapping)i & i2 » # A § + # 8 7 b iz &3 Rl -
hfpd By BAA S DHRBLCEFFELZ > GEPE L AR R RBIRET L
WEALREY Ry 4 aR -

EWEALEAGFIF G o AP PEAD-HSEE e @R RIFTEIEL P
FEFE A EZ AR AT IR SRS LA AT DI A I AR RFTIE
PBEEGE LR RELEIRFLAETA g 0 (T4 o

2 e AR
21, BEALEAR

AR RPN R RIP B E AR R AL AR B A LSS T LS AR AL
RE 2Ry e F T dod AT feiz[1] & kB2 7 & 7 feiz [2-4] 67t [5-6]% *
z%*&ﬁﬂ¢1ww3%@w B E A R o A TR R B [T 4 7 LS E
g A I 5 c‘ 15 iF ¥l Bg‘fr']"" li; el ;Jl’r—n[g] R B TVARE: B Ak p5 Sl AR (A e A Al L Chlang
S[OME N EE F R f s R A FRALE P RIS E A AR R e A

FiHEr B EhmEFrRlRove s 25 Al APRBP BB ERDEUE CEA
S fmEA 52 #F & SLAM G E (10,114 2 R 5 AR E -

2.2. % FastSLAM % & ; thp Bl &

117



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

Murphy [14]% % 3% ! FastSLAM 5% ¥ & 1% B 4 B /2% (S 15 3 (path posterior)fri &% {5 1%
% (landmark posterior) . =& » # B 4 2 /¢ F {5 4% & d 4§ F Jmk B(Particle Filter) 2 3+ » @ #1515 5%
d P E &+ f & Jpit B(Extended Kalman Fllterlng » EKF)fz3t > # ¢ % - B EKF § - B
Tl BRI T A BT hE BT ETF 5B EKF - Montemerlo [11]% ¥ #% 4+ >
#2501 -

t,
S = (51 ) 0

AN ()¢ o m]Ek TR R SIGERL F mB RS Sm]S 27 AEFtay m B

L

gt o sHIMA R S m B G T o el w s A n B istMT S 0 B
PR E 21T 35 o £ % R #c(covariance) o FF ik B A RPE o BE B Ao ARG EL
PARAENATSR S EE R 1 foR 2 AHEEOEPE R[] 2 SR I ATHAER DL
WrF o B 27 > SRk TEWIFBICRIITNEE LT oo

IFRAFRT L6 W 2RFIpAFTERELT AT
3. FiEEHE
AFTANY AP FABETLRS AR ER OB e RTINS E s 2o
Maxon & £47 4] * ~ Kinect V2 122 MyRio # » A B3 % ¥ 1L RTS8 % o
Kinevt V2 5 8% A fpb » B & f et < B (4 MX28 “rie &) § (Ff B A £ 5 i 0 paes
AKEFRE L ot BE T A 2 R = 4 R (A0mm*40mm) fL s L o T B-L R
£ Kinect V2 HZ_» *#F 7 2 H%‘"”Ffﬁ_ﬁ-&rﬁ3 Bl 48557 -

118



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

T H
Kinect V2

— HHEASTH

[ gwmns

 EHAER

Rt
O —— 5 AL T 6

W3 pHBELRF W4 BF L ARFEF WS BF R
3.0, R G

te s Kinect B B T > AW iFA B fuhE - B ok B & Kinect SDK ¢ Camera Space3D i
TiP HEOY & Y4 2 4p ¥ Kinect #7feT & ehd-3 jEHEE) > * 5B Yy @2 Kinect #7
BB RE Yo B ERL - BFLER PIEEDREBRRG L6
(2)-® 6 5 RGB #if> Bl 7 Bl 5 3% % 1% i Camera Space3D Ak 4 E T3 & T (&I 3NA)o

>R \ N
; ’ -;lt‘;} ;}\‘

If | Yij- Yk |< threshold, Yijis ground (2)

W7 12 Camera Space3D & #- % 3 g ke
¥aERiSFRE &

F6 &+ Fip H & RGBF |

32, %W

AF 3 41* Kinect for Windows SDK v2 #-7 B B if? anF i B S PP 5 B L4k i
(Camera Space)iik-3z:2 > 4o 8 #7757 > Camera Space #- 3D F AL He s ® g% X Y frZ B 4
o He 3D kR kR LG Kinect 2 ¥ 5 Z B G FAR E 0 Y fhE-® 3 Kinect *T &% & > H #icie
VoL Rt L Beng B 0 X S Y Y fhfe Z $heT AT 5 o SRR B g 7] Camera
Space3D L4 i s> PIF B ID LR AV EIFARG P P EOTARA CEATAR S AR
ARBATE TR e AT ARAREY PRSP BAFEH S ENS(TR AR L 1.6 D1 LT )

119



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

I - =S L Rpd g X e Z B4 B0 2328 & R B R fhfriidhi= g - KB 9 F AR
%% zﬁﬁﬁ@aﬁi% Yol 10 977 > S 4 R SR D ek G F0A 0 i d ek ndld
5 a5 A F\?‘W"F'ﬂ fh")}"’ ’ = J ;fp é\f["k" %’

P AR &

[Kinect| " Kinect¥ it % &

B9 2 W08 R g i & i W10 AR5 %

33. HEEMEW

ERERARBEL TR EE N REDLE ¢ 70 TRIRBET G 6 2 T [REd o
PR BFEGRESAL  AHER ’;JFEI’%T"J TEEBREYOREF TN ETEPEAL
g _»2 Kinect sht & §f & o A7 I * BF hf ﬁﬁ%%aﬁa RIREEHEA =L AL
fr Kinect 0 & §f v > T2 Mm@y T FHEN N SRE - PR AFERPGEE S ZPN 2
Bl e 4750 o

Bl 1l ZAFgairdichz p s Bam LR 4B BE A BELREY E

B E A BRI Nk - #ﬂ%"'ﬁ%ﬂ%’llfrlz& Bl E B X ol B A G P 0 g %) j e il
RECHBAEREL T T £ RO(F - 2P BA P T (73 yih) > X fo Z » %] 5 Camera Space
X EfrZE e BRe T ABAR 0 XfrZ> ZRNPFMEL B P} ER FEFES
PMERAHPEA TP X fhic Y #hin4 £( AD & ZhiEdt{c DE & ZhiEdt) o A7 7 * U
FenS it o AdeR] 11 Arom 2 SRk S R N(3) s (4) ~ ) E D 2 A2 (6)T0(T) -

120



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

E
/']
AN
-7 0 b
f a; Hle—a,—
<0 .7 C
Ve

B 12 % Po3o Bk B 11 2 K 383+ [

a, = X, 3)
' cosd
a, =(Z—-a,sinf)-sind 4)
b= (é—sin 0)X, (5)
a
Ax,,=a, +a, =X cos0+Zsin0 (6)
AY p=b=2Zcosf - X sinb (7)

A0 g DA, oAy, TEEAREN B E A 2R dx pifey PSR o bl B E
Cam bt BFRESBE 0 TT @IS AR N B kR o

WELEE PHAPHBEL R RBE Ry

(XR,J/R) (AxmapﬂAymap) (XR +Axmap’yR +Aymap)

121



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

34. WREHEHFARE

BB SRR R e A > A1 * 7 Kinect SDK # Body & A & #8%] - i 4~ 7R R
FIMARE A RY F 025 B B & BR(4o ] 13) 0 #RBT] B BB & 8k ¢ $ R T] Camera space & 4 %
- 2 XY ~Z E °

WI134 WF 28

WREAFFEAET AP LT BHFLDEEARLANEE (FF Y LB SBITER 7
IoWEAEEFHAE GRIDAH A L PSR AEFAMEERLET o PBELE -
ERFAL > ER R AMEEERFARGES P RS A RIFL N % 2R AP A
A L SBMERNZ B FARPBAGERHE > -5 204 o 27 T A BPEL S =
R AP ERPEASNEI DL 0K > {3 5270 B o AR B md 2 4254(8)
Zoa o B¢ s P Poani- BERNZ EfeX @ FPE N khi R OFF5-90~0 & > 2
7§ #-& B T A1 D] 270~359 °

o
W

6 =90—tan™ (P—X) 8)
PZ

3.5. SLAM ;¥ &

SLAM i & i eh 2 & 3 F o €= ¢4 f3 Fl(Simultaneous Localization and Mapping), v 7P
SERBEA LB P BT LEGR B A e bR S Bl AT 1T R
B EHRBELE R REFTPEA Y AR PBEA Da P &R > £ % Kinect /7R #&ij 5
B ERER A BB AP R A X, LB AR (R Z, AEA @RS BT
WU, X FIX e £ om S e Bl o 434500 S A0 B 14 40 Sk i R
KB SLAM i B 2 a4 RlauiAr B A g x I 0 AF SRR - KPR 2
GASEE RSP T U, ’.‘1‘*3%—""‘2']?’7'{1:'_)(:71;:_‘1,{[,"";_1.4, SRS E (R x ,’F#gg/\é_
. BB X, 8 WD) 6 Kinect & § SeFERFTIZ, 0 A Z HFERTRLF B m ¢ s
BB o F A PRBH RN AR Do T FI R s Bl me SLAM jw B 2
A AN E A RBEEL G e By PR BTNz, 0 BB EA AF BT
ifixt?‘?i‘ifglmﬁvﬁ&ﬁ:;};ﬁ R

P(xy.p,m|z . ,u,.p) )

122



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

W 14 SLAMGH B i %4 W

A&7 3 A u41% Kinect fr§ SHiPIRE R P48 0 % & SLAM i X2 2 2 0 B - B 15
SR TR PMES > B 16 5 41 Kinect W%ﬂ@fﬁé EE N B e Kinect # = IR
Pl AT BRI R R L AHER YL FHE > TR RIFATA Z 77 Pk eh
g oo AFE Y > APRKinect X XA EAN e m > By GG 90 24 HF R > d 3 Kinect
W& (FOV) 3 70 24 x 60 =4, Kinect = = ¢ mg%@m%%ﬁ’ﬁﬁﬁﬁﬁ&%%ii§
BEE HFBY RRFERERBEA FEOATES o A3 FlF > AP K Kinect 2 £iF* &

Pk BB SR A R ZEFER ALY b oo

Wi

AP LA G SREEREE D N F Bl B 1697 0 BlY A R R ATERE > 24N
ALRRBEmP o 0 F MALHEG o T EPIEERIRE LA (240 BRI B A A B E T Ty

B e SRR R ] RS SR R e E ST 70 6 Speh G AL
PR ETARLE G 023 59 P SLAM G E 2R L JIE 4 RS BT e R FLR
#0 e Kinect Hi ehp B 0 7 Sferp B i & 48 B A BT E] o Tt A0 L & T SPRER * 0

Wi Beid 2 hg st imdwm g oo

i

B 16 Kinectﬁ.ﬁé—‘ g p B/ 17 %%ff_}é—’éﬁ
¥ W ER ¥ W

W 153 stz WpFindsd o

3.6. e

AT APIELLIOHTLRBE R S e 18 AT (R Y T 2 B A T A R
dUER o B chflghy DAY WAL E TR E P IRFTE 2T LR R
BolgR L R RAEE LY BLRUcR Y T4 R FF) 2GR 2w i ’i"%?%‘;',
TREFPN RS o FGELH T - QA FERZINEGI A w23 EL DR i

123



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

Ak tafesid > F - BAT e (R )g?'}';/ﬂ\)ﬁa— B S¥c Sl E TR
it o B¢ e B & 45 Counter ~ Timestamp ~ CurrentPosition ~ State - Counter 7 £ ¥ &% + Huds

=% #c 5 Timestamp 3 B 4o 8 Jp[3C £ pF chpd F R2e § CurrentPosition 5 P # £ ¥ Ap 3t il & chix

B3z P &4 =4 State 3 P ALE Rk i 0 7 AZET S SR 2 KT SR
ARG o L R uE B L ARRACR] 19 TR C B Y o By - BARTeRE g A4 o ARt g L2

G FEr e L AL RID] > s BHEBERI TR T IR A LT AR AGE R

BB BN F O AR Riee b 2 i Timestamp S Hcrn L B F W TFF o F A%
R RER BT ARALEMERNY EEE AWM ESY & o B¢ Reset &5 & o #3
TR R RBRRTIA 4B 0 Counter § FF o FEEF MM E AT PP ST ND A
o SR F A E AP Sy o R AP R ) - i R R R (e
FHGE I Phen R A ARG - LA % 20 Counter ¥ K- B E
s Bofs 2]%7 Counter Mg £33 - LA M iE > A MM ERILL BRI Er > DPFHLL 2
H2 F o

Neutral
O
Right T Left

|
|
|
|
|
|
|
|
|
|

W18 &< 7 XL W

3

New frame received
Analyze the
position of hand
relative to elbow
Are hand and elbow
being tracked?
. Counter > Wave guesture
9
Dose the arm swing? Threshold ? detected
Yes . .
Reset() lerlleost tdult'l_ngr)
gesture detection? Countert+
[
No
Wl 19 §pl4LE X Heri B 2 A2 W
A EBASYHRE AT EAIr 5 RIS R IR A AN B SR A

FpERpgant B RIFE 2 T GRIRENLE o 30 IR YR §F5F B A G iE
VI A R B gh YF";% 24 Visual Gesture Builder(VGB) k£ 2 5 fF e L ysas
AR e AL TR AP g B gF T T B P A BB RS T k

124



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

B A o AR SR AR~ B VOB A i L RN RS B VGB § B i
TOPREARESY  FRRSNE IR Rk VGB RAFTRAFY BB §0
LREER NI REEF AL LR FER TR o A2 § A SRR RT R
FA R FORE S PTE R B RS EI - BT R E 0 RN & M BT e 2 X 2
Bt fs AR ETLRLE A o B 20 5 VOB HRRE S * £ L ST AR Rl
BlY coB v it 4 % 55 AP AfRe s £ 25 0 B9 MASRE S BT § Rl T)
L AL KR T L R P iR e Y BB - RO T L TR S dp

AL A o

F_‘-

2% s

-—\\

© ZoomToFir - @ X - F-E

Contral
Cip Analysis Results

D Build Amribute Value Confidence

Hide Generate Tags

F20 VGBit* < £ pHp TR L (R 54

37, F3 e

PURSAPEPEAG (ST b AL SEEE PR B D L R
R A AR s (b e ALY Windows & 55 AR 1E55 S SRR 21) 0 4 T
RCHE S 4 L X B R RS 0 A G g e i -

FhoOAPREEEFLAMEEE THEG D RSREF  LEAFRFHLIN G2
FEIRRE o B B ERFERT R FARERIIES 0 § AR A p g
FEEFHRENGRRTT R BB d Y - FFLIWRPEE T
(B Do Fwilidis > THbyus @i sE L f BRI P DY anE S
W R R R BRSO AR AP e MR
SFHAPN F B O (R ) T SRR SRR AR

Windows 3% § 728 ¥ idf >+ Microsoft Speech API» 21 & § ;¢ # F ¥ %5 i 4 RIFER %o
FREPRI T R F IR PERR 0 R I DA Y F o A A PRl ¢

BRI R ARAGZ FeId o RF LA B AR P RIS E A LA & BB o

125



Journal of Computer Science and Educational Technology

2018 VOL.8 No.1
BB Wity STy
LEETFEE S B P F PO
| AR SN ENE |
PLAREE B RAEE
EHYEERE A
HATE S
zERE PR
FEE IR
W21 35 P A2 R
FREMFEY K
EX R B v
a. wE T 2RSS NEF Ao NEEA R
e
b, % E_A S B ELFH
hy a. - ER3R7 BLP A Am- o2 ER
R
b, mF 18 4% kA% dF ch o
a. w%3 Al gg - K= 1248
i3
b. EHL PAEETELER o
a. w5 E AN R 43 65
iR
b, iR i3]
a. A& ABAB- KT ¢
E:
b. h&EX A X E o
a. REFRARFTE EHRAET L7 EER
il b. (R4FT E RS AT |
a. iRt P A EA - S
149
b, RIS ¢ kel L IECE
22 R TR
ER R e Bl % BE £k R vy
54 LN 5% 5 & EX g v, it A
R 4 L4 * A A 5% A
A KE

4. &

-%g

o

AEFT A FRS- S EAK 1 Kinect [FRFEFABIoF SHRIEER X F IR SLAM 7 52
YL RN R BE AR XL R ER Y FFI R R A

— 7 =

17 & Kinect /& B2t MRl A R & 8L APF Td - FEFEII NIRRT EE -

Wi

126



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

=y

RIS A e e B2 0 A JEes Visual Gesture Builder * 8 B8 ¥ e i ka2 2 S i S A

FRE -Bil > AAETHEBR- 236 R0 50 LU hE i ] SR N T TR AR
i EN RS EHF L R PFA SN AR RPFAHRY FRNGFHETLF
o EAFEIBAPEA 2P -

R o

[17 Shu-Yin Chiang, Xingzhi Guo and Hsien-Wen Hu, “Real Time Self-Localization of Omni-Vision
Robot by Pattern Match System,” The second annual International Conference on Advanced
Robotics and Intelligent Systems, pp. pp.46-50, June 2014.

[2] Liu, Jianshen, Yin, Baoyong, Liao, Xinxing, “Robot self-localization with Optimized Error
Minimizing for Soccer Contest. J. Comput. 6(7), 1485-1492, 2011.

[3] Liu, B., Fan, J., Zhou, J., Li, K., Xie, Y., “A Self-localization Method through Pose Point Matching
for Autonomous Soccer Robot based on Omni-vision,” The 9th International Conference on
Electronic Measurement and Instruments, pp. 246249, 2009.

[4] Lauer, M., Lange, S., Riedmiller, M., “Calculating the Perfect Match: an Efficient and Accurate
Approach for Robot Self-localization,” RoboCup 2005: Robot Soccer World Cup IX, vol.4020 of
the series Lecture Notes in Computer Science, pp. 142—153.

[5] Kim, H., Oh, T., Lee, D., Myung, H., “Image-based Localization Using Prior Map Database and
Monte Carlo Localization,” Thel1th International Conference on Ubiquitous Robots and Ambient
Intelligence, pp. 308-310, 2014.

[6] Heinemann, P., Haase, J., Zell, A., “A Combined Monte-Carlo localization and Tracking Algorithm
for RoboCup,” Proceedings of the 2006 IEEE/RSJ International Conference on Intelligent Robots
and Systems, pp. 1535-1540, 2006.

[7] Hsu, C.-C., Wong, C.-C., Teng, H.-C., Li, N.-J., Ho, C.-Y., “Localization of Mobile Robots via an
enhanced particle filter,” IEEE on Instrumentation and Measurement Technology Conference, pp.
323-327,2010.

[8] Shu-Yin Chiang, Chi-An Wei and Ching-Yi Chen, “Real-Time Self-Localization of a Mobile Robot
by Vision and Motion System,” International Journal of Fuzzy System, DOI 10.1007/s40815-016-
0220-y, 18(6):999-1007, Dec. 2016.

[9] Shu-Yin Chiang, Che-Wei Chang and Kuan-Jheng Liao, “Self-Localization of Robot by Laser
Sensor and Omni-Vision System,” International conference on Advanced Robotics and Intelligent
Systems, August 31-September 2, 2016.

[10] M. Montemerlo, S. Thrun, D. Koller, and B. Wegbreit, “FastSlam: A Factored Solution to the
Simultaneous Localization and Mapping Problem,” Proceeding 18" National Conference on

Artificial Intelligence, pp. 593-598, 2002.

127



Journal of Computer Science and Educational Technology
2018 VOL.8 No.1

[11] Michael Montemerlo, “FastSLAM: A Factored Solution to the Simultaneous Localization and
Mapping Problem with Unknown Data Association”, Carnegie Mellon University, Ph.D thesis,
2003.

[12] Patrick Lester, “A* Pathfinding for Beginners,”
http://www.policyalmanac.org/games/aStarTutorial.htm

[13] K. Murphy. Bayesian map learning in dynamic environments. In Advances in Neural Information

Processing Systems (NIPS). MIT Press, 1999.

[14] Zvi Galil, Giuseppe F. Italiano, “Data Structures and Algorithms for Disjoint Set Union Problems,”
Journal ACM Computing Surveys Archive, Vol. 23 Issue 3, Sept. pp. 319-344, 1991.

[15] Felix Endres, J'urgen Hess, J'urgen Sturm, Daniel Cremers, and Wolfram Burgard, “3-D Mapping
With an RGB-D Camera,” IEEE Transactions on Robotics, Vol. 30, No. 1, February 2014.

128


http://dl.acm.org/author_page.cfm?id=81100093667&coll=DL&dl=ACM&trk=0&cfid=727653799&cftoken=85937115
http://dl.acm.org/author_page.cfm?id=81100203365&coll=DL&dl=ACM&trk=0&cfid=727653799&cftoken=85937115



