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An Implementation of a Real-time Human Computer
Interaction Application Under Stereo Vision-based

Environment
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National Chiao Tung University

ABSTRACT

The research of vision-based pointing Systems through reconstruction of 3-D
features using 2-D image information has been studied for decades. With the
improvements of computing powet; in.recent years, one can now implement a
real-time human computer interaction application under such a vision-based
environment. In this paper, we develop a pointing system which tracks the pointer in
two images and calculates its 3-D directional vector. With prior knowledge of some
3-D reference planes, the pointed point can be found without knowing camera’s
intrinsic parameters and orientations. We develop a control unit to accept and
recognize the user inputs in forms of trajectories of the pointed point based on finite
state machine and neural network. The goal of developing a human computer
interaction application is achieved by responding to the user inputs with proper
actions through the user interface. We also implement some useful application

prototypes to show the applicability of our system.
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HRATNELAZHFEELO0ORO A 2R EFLEEE LB D

A T AR A LR
(2) 2@ ie f2 (Non-linear Geometric Solution ) : pt & > ;2 & M i e g f 7

N g TR B R R P S B2 B AR B Tk R B R P

f% (Closed Form Solution ) » F]* &7 73 fRen{TA;7T » T 72 § & * 2+ A

P % xLerrd 1T o

(3) A= stz (Homogeneous Solution) @ #* = j# i * SVD ( Singular Value
Decomposition) Ffz » b= 2 A9 i+ 7 3 Gi ZEA T MR B AT
A4 ?E/Flj—; m,riq, s F] L oSN g o L ﬁ—" P j\]‘\ﬁ'; » T A L‘mﬁ””

P AR 2 -
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3.1.3 A= SR
G EARIRT SR A TH D AR EE Sy, ox 0 APY
i - BEEETH R (32) FAPLAfHS S A (32) BT

MHH B he T

hl hZ h3
x,'Hx,=0,with H=|h, hs h (3.3)
h, hy h

- HBHF jrldam 2 hT o PIAPET LR B (33) ¢ dGHgER TS

1T
h x.

o= (3.4)

h3Tx,

ek % 3,101 %'"‘Ter s 4\1]’3'—! ll‘f '*’?B kfl’@- ;‘-:—x %\T%\'X —(Ml D lan-')T
Vl_|h3Txi__Wivh2Txi

' = v I7 g 3T
x,}Hx, = w'h" x, —uh" x, (3.5)
or 1T
u,"h"x;=v,'h"x,

Ee draibi B s Bl F aP'h=blasdEr > Fp T x, =xh 0 j={1,2,3) 5 3

FOLE R (33) & (35) M T R G50

T T T 1
0 -w'x;  v'x; || h
T T T 2
w,'x; 0 —u,'x; |[h”|=0 (3.6)
T T T
-v,'x;  u,'x; 0 n

Bidod 3R (3.6) P @R NGz iE RN R G A EEAM g (%2
PES AN A 0E S AR A RE ) A (3.6) R R m A 0E S AN AT

RS AY o
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LRt =0 (3.7)

T
W X; 0 —U; X hs

I
[ 0" —w'xl  v'x/ ;

K328 7 o EPa BHBEEEE X, ~ x'¢ e B EEE 5 (37) 7

FUAA AR s 2a RfENH 0 oA i3 H aug B2l e T

(1) #%x ox'¢ 5 2@kt 7 G (37)F - B 2x9 Gl 4 -

(2)  FnE@pE RIVEIRB 2x9 e 4 > Mgt 4 583 B
2nx9 B 4 o

(3)  #A#SVDA 2> @3 A=UDV" > £ ¢ D i Athsingular value®H
¥t & 48'L (diagonal matrix) ~ V' & singular vector*f = e ¢ 4
(orthogonal matrix ) o @ 2 i #1& e H jf}fa{%\ /| ersingular value ¥+
J& fsingular vector » — LA 5 SVD A f# {5 e D ¢ #-singular valued =
Pl A ;IA{;LV LA SR i T f)&:& He~% o

(4)  Ves9E5 [ b kb he b ch kg b B (34)
UKV s 9FEI it o N e FRH AT ki@ g @
ApEg T A (32) RBEHT e PR R BRI FEIE e
ZR)Ey

32 M- AN PEE

BAmy P oA PO ERA Z BTG AP RN B Y k& T & ATy
AR T2 BT R A A e fripcndpe T 0 0 d BT v A
BEFER TG P engfhharda T g (B33) d3ta iid 537 SHE

B Flt BTG G A B 2 BT RSN PET KRRz S P E Y
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Camera Center

World Plane

Constructed Plane 7[\
B33 HuBEFdLhIa tdghsra, g
321 @Rz P 282G >4
Bk iR o dhebriAe R AE R R TG R BEBRRY oG
i ghs MRt d il st B ESEY
2 B"F:B —‘;évAZ A3 ’ El

| ¥ 12 4ol 3358 - <L G o oo
M ax+by+ez=d K5

:r,ﬁ

E#ﬂ?’#?’é%

ALY E- T g V¥
- P N = (abc)o'”]ths.Imp,;r_ré,_E_i,,
E’éf(?yj?iﬁ,iﬁra,iﬂz\ﬂﬁjﬂﬁﬁ

N =(a,b,¢) = a(A A, x A4;)
e g a- b BFLF ~ T 5
A= (xnynzi)

(3.8)
]I—i‘l‘!:.m}'j_% 'J'ql"'_"}\ 2d

2.

F] e o~
d=ax, +by +cz

RS LY = R R LR S

o g tipe i itigindge T e o N 'FB)I*“" YLk AT j\mﬁ}ﬁ?
RN

EERIE R o 18
322 Zapgfd =@ £ 8
Azt Y 2B Ta 2

PERM B T S
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(1) =2 BT dI34pT(F

(2) AT G THE>H=ZTHaEpaTgiid-iFiR

(3) =T q 2*- 58 M

() Z T3 A3 IN- FER> Mg FLMIfpT (7

(5) = T 5 23— g
%ﬁﬁ’ﬁiﬁﬁéﬂ’ﬂWM&%%$Eﬁ%%’#ﬁiiiﬁiﬁ—%ﬁk
f(F34) 22T Aulbidgedotdpindn e L6 m s BB A8 L e
e F e R G DT G o A BEEH R e PR £ G

hT G s o @ B BT L put g e

Intersection

B34 = T5ip- BoFa)

AT P o AR * Cramer’s Rule K f3= T 6 2 — BLenfia) it 9 3

208 R EEESHIL e ErF o
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Chapter 4  #@*y&s

Bhime P o APEYFE - BWRED VRO FU R R L AL
it o 3 BT fe  (Pattern Matching ) ~ 52352 /2 & 5 % (Statistic Classifier )
L E A e, (Neural Network ) & 3 2 % 2 LBk yEsanit 48 - 2 @ 554
SRR DIBEE A Y FFERS M PR A EE b G d D ens Vi
i el S lic > FIM AR LB B 304k 58 4 4F (Pattern Classification) * - #
W P IR R & R Tl AR P SRR A e

B 3 g e U 2 FER R ILE K3 o

4.1 %A SR

4.1.1 # &= (Neuron)

- <
. <
. N
Ry X1 ,'/\ /\\\
’ \
4>( Sum ——3p Activation N — y
X2 X2 /V\ ,

T\ -
~< _-
X3 e -

l“;‘,j’-ﬁ:#d ‘fﬁg‘_}f&ﬁ{i ,:"‘\ ,?jbﬂg‘!\" %ﬁ? J‘l %‘TB’\ ~ T‘é ”:’P_ ", W }@'}} A ff’ t”,%%*"‘f"“‘“ﬁj/‘ ;‘-b . }@:},,

f/\sq 53 l— ngﬁﬁd ‘(“:

~\
_[ﬁ
&
38
)
Ny
P
SN
=
>
m
-
fise
e
3
~&j
JANY
™
¢
~
Z
[¢]
o
=
o
=
~—
o
¥
~&j
JANY
™

~ BAEA SRR A A SeRl 41 A1 0 B OBAEA G Ad = BT
hmA 2 (Bias): @?J% & (Input> Bl 4.1 ¢ 2.x,)>» 1% %J“". & (Output > B 4.1
vay) e & T[ﬂ%ﬁ%/\#ﬁiﬁwi— B L (Weight> Bl 4.1 ¥ w;)> * 12 fﬁé%\'tbﬁij
> EEIT A S E R A i BB AT @‘]7‘ BRI TSR RLED
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de it (0 SR 4.1 ¢ erSumdi U AT T )0 F Bt A E S Y - PR
784 (Fired) > % R P %34 & (Quiet) o

4.1.2

"
sk 2d 4@ 4pe R A
%R A5 e R 2E ﬁ&
FHAH G AR TR g A E A R e
HUERR AT R LR ARG R AT ER SRR ¥ LT [
% ¥ 3§ (Back-propagation Network ) ~ 7 ¥ 3&f 4§ (Hopfield Network ) ~ £§
847 A & S0 Bic B, (Radial Basis Function Network ) & » A Z > ¥ » AN g H
B B o BL 0 AR 5K W 4R HE 0 @ E i (Back-propagation Network )
= P R SLE AR
Input Layer Hidden Layer Output Layer
X
X2

W42 5k 5 FEET IR
5k R dd = 3w K hsEa

L=

g x
5 Kk 2@ e # 0 4 %4 f ~ & (Input Layer » # A % » Sigmoid & 3¢
W St WH B g R

[

Do B 42471 - B R &G

I*&£ & k& ) "4 & (Hidden Layer) 12 %

@?J:'.ﬁi (Output Layer) #7ie = o d >t H & 2 k2 fF 2 et > ¥ & -
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B ul € - K D IVensA i et @ EiE R enF L o

413 "REY

bAGEYRE Y m*ﬁ%'f’i\ﬁ% SRS 31:?] TE 5 R R ’r:c—,’f—'ii%]

= fl%ﬁa?J NE 7oA BT R RO RE > EFE Y BN ﬁa] NFA gk T
BC MOBIBHRIT P RE o A R M RBRDERT > BB EFE 2
( Back-propagation Algorithm ) & & ¥ R a3 2 » 5@ Hox 5 % e 1 g ar
7 Delta 21| (Perceptron Delta Rule) & is # »% § F gt fZ 2L f2 cnif-a) »
BY A HERRF S BEFL 0T AT 40T
Awi = xi0 H¥ 0= (desiredoutput) — (actual output) (4.1)

HPow Z L] A x A AP agdis Ay DA foep > TR S H K

ARd R Sk e, AP RE vy B - K et T
B B FE e > f RSN s T EH A S s A
B € 8 o ~ Sigmoid 3138 (42) B EFME SN L - BREAP @ FE
v ek el 0 4o 4.3 H1oT o

0 =c(wx)= ! — (4.2)
I+e™*

M A BLBE Je g 0 AP RS N 503N w IR s o T L

SPAREL o P BLEET A AR A ks

(1)  meddgcsn » RAFAPHR e wpF o L FreS IR 4> 2R |
Bk b - fEAIELEE S # w0 RIT U FARR ] 0 -
#HFE R A

(2)  F@Bkg o F i o PIALFAPH S W L gt o
JoRIPEE R ek - R (RESS - B E ) P EEE

29



- HBBEA TR T AR e w LT R

1.2 T T T T T T
1/{1+exp(x)) —
1t J—
o
08| /
08 | // E
04t ' .
02 |
of——" .
o2 i X
8 4 2 0 2 4 B

B 4.3 Sigmoid & #c
£~ 7 Sigmoidi ez 2 0 AR et B RER T 2 RL o f A
g %A - B3I % B A A& (Training Samples ) » :Ié?—ﬁg?l I A mﬂ;%] g p et

o de Tt s HP g P ARE > ok «di-*];!ﬁ_i

E(Vv):l Diltr o) (4.3)
2 keoutput
FF AP BN A S AR R e T T
o= ok(I'=or)(t — or) (4.4)
B9 ORI b R eI T A P R A B e S
Oon=on(1—on) z WikhO k (4.5)
keoutputs

FO(45) wrig & RER anE L (0) *%ﬁ'%ma"—a (o) & SAnBE > ot
FREPELPFE BN P rEFRB T EARL FAAPLEALE DR
L 4o (46) TR HOpi ks d 133 AN RAE KRR - B
MR AN EY T o B Y IV AR pld e f g hE Y V0
bv P b g B G
77 3
Awi :—ZXipgp (46)
345
5 (4.6) LR R*AANBREY > AP (46) BitheT
AWpi = ﬂxPi5p (47}

ﬁh,;,,jk,?u:i-,&ﬁmj-;?j\n L g o T ] Fenig B o BRIk 2



oo F ML IEOEE BT AN SRR S ET U (43) 9ngi
- PiEE s gz ﬁmdﬁ,% :

Wpi(—Wpi+AWpi (48)

4.2 P FEas . Rt

R ? D APFZEFRE-ZEF VR AL RS LR AR
SRR S R Bt A SRR
%$’Qﬁﬁﬁ£—iﬁﬁﬁﬂﬁﬁWﬁﬁ’éﬁ?ﬁ#zﬁ%%ﬁﬁWﬁﬁ
P 44 e R N AT PO T A PR T # 5 5 K 3 4% 952 ( Parallel
Multi-layer Feed-forward Network ) 1% 5 2% ik Suehg g » st 7 457 - 5 - B &

5 TR Y ST e BRI - B B R OE
e % o d 2R L G WG RAN ARl AP T AT EATYIRE o
PR H AT R e TR S RRE - AN s AT T O Y 28
o 0k SR TR i Bhie gt oh o £ SEEEN G it F R B Bl g
EREA 23 O R SRS g N SR A SRS ST S

|~ P BT B D il -

421 & 7% K Lo =3

AeB 42 A7 0 BAL S e e - B2 mﬁﬁj s hk _:‘fb;qgli&‘vyj&
SRR E AR B F R (R )RR HH SRR
AL A BT SRR T AT R £ R e 2 2 e
W BE AT AP AR e - BRI EFEFER N L e S o e - A E AT
oA Lol I P A B K AenaE b L R .

ST HRRELY 0 F - BB R A RIS - B A

o B E - R RS REE B F RS- B F R F -
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PR P F AT - B SRR E A b P (T A R AT

2

BB 0 A 4 2 AT PREAT PR~ o~ § A BB F B R 5

|

TR G BRI A1 & AT R R SR~ R
it AR F @IE BRAE A SRR AP RERNE A 4

BB % K 5 AP AR % (2 B iEd Bl 44 ¢ Comparator i i 8 i &

X m

bias

Comparator

| Winner

Wl 4.4 8 75 KRR R
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422 At TR
AP g e s Y o Ut T 203 2 F 4o Bl 45 405 h V F Bl
BRlEsE22 (2 &) BT (VF REITR) § 3@ iﬁ‘ﬁﬂﬁ;dﬁﬁ s A
2R B A oo AAm B3R R & A A Tk waférm]» Mok guF A H
Zéﬁ@@ﬁ»%ﬁ%?ﬁﬁiﬁﬁﬁwﬁ%&o&ﬂ’ﬁ#§$&$ﬁ»%ﬁ
SRl SCRTEA VAR £ R ey s E SRR R Rk Rl S

BOE TG R L R ATH A B A R PR (R 4.6)0 0 20 A R T

P-4

Arrsg = REAY @ﬁ%;ﬁ,;”ﬁ ES e ﬁ;;])\mmﬁﬁ,lﬂtué o léﬁ“l—%ﬁ%] mﬁz”’m
A s TP R R ST (Normalize ) T B g #ufn b0 2% 1P U 1E
IR SER iﬁ% BREAY ST e R andE HcEE 1 R A SRR 5@4}5 Fek 3

B 11?”—*’%])xm$1ﬁ,ﬁo

2 Fo T oe®
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+F
+'¢t +
%
+
+
+
+
+
4
i Iy
£
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Forml Q@@ Forml

File File

+ +
¥ ""’*’fﬂ" + P +
Fh+ ot L &
+ F . L
++ # *
+ +
s+t
I +
4+
+
#*
+
s
£ + .
+ +I +
+ + + + +
+ + + + +
$—++++ R s T L . Lt
+ + +

LRI EIRS N E SE RS R E XA SEdERR LR R A S 3
48 B> R Z RPN S TOB(E S ) Bl A 19 B(F ®)

pumsait g e By A AR A Y B B2 BTG it R R F
LA REABALFER Y fi’!,i;';,b(xp_l,yp_I)}? (Xp, Yp)2 [ EPE R A230y = mxte

mz(yp V- )/ (xp— Xp= 1)
e=yp— Xpxm=|:

(4.9,4.10)

BERNSRED A0A w+NmeFpﬁ%#M%ﬁVWﬁw@%w%@

P« {xpf,ypi; where xpi € [xp,xp —‘1] ) Vpi = M X Xpi + e} (4.11)

ERGARL Bl "5«%7\ {80 973 i@‘i,%’é‘fa"‘ CEREFAPALELPEG 5] B BME
BB L ATI R EP? o P S R SES A 2L kg g

Pc(—{Xk,yk; where x«, ykePandISkﬁM} (4.12)

Bt S ke Bl 470 Bl 2 ASEH 0 B G AR 30 B Z A
IWF ARG NRR O FL ASER KL R T 153 32 ) ke
BB BRI T ke R T S SRR o

FE LIIEFL P 35 2 B M B T B B A T M OBRR ] M B

AT dan R EEE N - Mgt (B 4.8)¢
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Form1 E]E]

£ +# x P+
a(xiﬁw-ﬂch_x_'_ FREECab x*%«
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y it
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)
N
P~ 0 )
2
B149 PR Vip@Fegeal ok B4
N A KB G Tk B o 4o (4.13) 975
6’p—ma’zus( — V-1, Xp— Xp—l) (4.13)

ZR {8 B4t & R ehsine ¥2 cosine i NP H iﬂi%] B PSR W:f}?}%ﬁ*é.mﬁ;f] ~ B
x> B¢ MGt ﬁﬂ%}"ﬁﬂl%ﬂia :

X2m = SIn em
{ (4.14)
X2m+1=COS Om

424 FEREF
FAPAT AN CRRFELLE KT L AT E WL AT AT
e E R B FERSF PP fhe 5 0 WP A L Sl &P
FEE S A PR D - B B S T g ] PR RS
- B B AT S R R RS R i R S AR LT B AR R
A 82%

PEH PR B R dod 41 fhE KA Y T L F D Ly spakd

99%z2 B (% #ici90%)1 1+ ) o

AL RTE ISR P ERERERT S A Ry g
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D

94%
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C 99% 9% 1%
/\4 93% 9% 3%,
v 90% 1% 1%

l 5% 1% 2% 82% 7%
’j 98% 2%
Z 1% 4% 88%
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ARBAEEER R - BEFRBT R CRBP 2 S SR DT
R S AT o R F ks PG EPN GREST TR S2)

[ % FAR e PR FRPF R (R F R AR i E
P

JeELEE TR ) B A BEnT G R g AR X RS R N B E 0
R FF A LR OPEPE R g U TR e TR B AR

AT i RFiEY > AP F LS5 A EAMAY
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5.1 0T i AArie 2 AR A

BB S5 i
BXB 7720 % i# A& &8
P/T/Z : 360°/90°/16X a4 AREE AR
PTZ #7#4 ,
Electronic Shutter : 1/60~1/30k sec * —'ﬁ e
Minimum Illumination : 1 lux
ADLINK Angelo RTV 24 # 3+
Format : NTSC PR AR F L e B
¥ e+
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PC
CPU : Pentium4 3.2GHz
RAM : 2.0GB
OS : Windows XP SP2
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\ 4
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Pointer

Tracking
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Region of Pixels

Principle Principle
Component Component
Analysis Analysis
Vector ) Vector
Target Point
Reconstruction

Target Point

1
1
1
1
1
Command State Trajectory !
Modules Identification Recognition :
1
(3) ;
1
________________________________________________________ 1
(1) Send Compensated Points to
Projector Neural Network
Interactive| (2) Return Determined
[—s: e— P j
“}“%"Qi |5 g Computer Trajectory Type
%b—%:—ﬂ—i% : - (3) Send Trajectory to Selected

Command Layer Module

(4) Return Related Command

(5) Send Interactive Command
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Wait Until N Points Wait Until A Region

Accumulated Inside Is Selected
(1) Trajectory = “Select”

(2) Accumulate N Points Inside

Select

&at

»
»

Accumulate N Points Outside . .
Accumulate N Points Outside
A Region
(1) Compensate (1) Trajectory = “Idle” Is Selected
Tracked Points (2) Accumulate N Points Inside
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