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Accuracy Analysis of a

Stereo Vision-Based Pointing System

Student : Jen-Shing Huang Advisor : Dr. Jen-Hui Chuang

Institute of Computer Science and Engineering

National Chiao Tung University

ABSTRACT

In this thesis, we implement a real-time pointing system which, unlike ordinary
3D reconstruction approaches, uses homography and some known 3D reference
planes to reconstruct the target point without using=camera’s intrinsic parameters and
orientation. The basic concept is quite intuitive and easy to realize. Despite the
existence of reconstruction errors, like ordinary 3D reconstruction approaches, we
have developed an application to use the smoothed trajectory of target point as a
command to the computer. However, more applications can be considered if we could
develop a more accurate system. To that end, we also try to identify the sources of the

reconstruction errors and suggest possible ways to reduce them.
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Sy on B aT B (x,y,) 0 1Si<n o i B T2 I AR
J— EE A0 BRI nEET 2 fodo | o BRI RN G y=a+bx 0 &

ZERYCE M E BERT S {ov B 5

R’(a,b) =i[y,. —(a+bx)] (2.5)

i=1

R*(a,b) ¥ 5 % BL3| | BT = f25 50 @ R¥(a,b) | 1* » 2 7 4t R* (a,b) e B

$ica ~ b ITHMA » ffRho) A g s

2 n
d(R )=—22[Yi ~(a+bx,)=0 (2.6)
da i=1
2 n
a(a’;; ) 03y, (@b )y, =0 @)
i=l

§R26 R 2TV IS BRSNS - HRETT K@ a > bhiE > Rfiza

b s N e o

(2.8)

[a} 1 Zyizxiz_zxizxiyi

— i=1 i=1 i=1 i=1

’ IOV R WAIED I I
i=1 i=1 i=1 i=1 i=1
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16



=%

ts

FEA A2 @R N A A TR e R € ERGE T 83
G R RDT LG PE L o WOl T LA SR RG] R
mRhE §RPIAP A RAREAERER > T AP L E R

perpendicular offsets B ] it &7 & kg iF > & i&{'f - 5% 4 £ PCA -

2.3.2 Principal Components Analysis

PCA (Principal Components Analysis ) [7]2 (& f % 3 538 ~ 22 R ﬂﬁiﬁ AR 3
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e BT AL BRI T - AT ko BU AT AN o AT RO kP gk R
HEAHEEZEREFWF -5 U (FiF5-2134 ) A ~REE 6
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BB e A o SV R gt Bhend o iR
ixi Zn:yi

(x,y)=(E— =) 2.9)
n n

s BE R RS £ B - BRI KRBT epe (T

(x5, )=(x,—xy,—y) » 1<i<n (2.10)
FI 7 e e BB R o AP R I i B R R R R e
(Covariance Matrix ) » pt 4" ezt 5 3 4o

C=

mexvamxﬂj @11

cov(Y,X) cov(Y,Y)
F 21 P enX 2 Y A udor xRkt EE y hAtRE S 0 @ covariance

LY .
e
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X,Y)=- ,
cov( )= oD (n D (2.12)

i R4pFREEE NN A BT ApI $RE M GohE $E gL

IS

5oy e

e

i* L B4t C g fcw £ 4 2 (eigenvector decomposition) » ¥ FiF & i 3 fic

i@ (eigenvalue) % H 4t pcs £ (eigenvector) o d M3 Bodk & chfd e (@

PN
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A ApE FALER DY) B A o
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E)

J
iy
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FEMASDESF > 2 deN 29 ¢ RENTREDE L AR o FP G T AF
2D AUGE BRI T O I RS AR e T 5N
14 o Voi—
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v, v,

AT s g A L E R R M M e

AP ML gy g Tl AR FEAUHC 0P HT LA R
e B ek Mk NSRBI R B B g Gl & e gy & 4 e
LR fdn e o AP AT U W AR A > BT Motion ~ A5k g &
SR PR A R RIS SN T SRR T 8
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3.1 A=A k& T2

AREEY S APT Y E N ax+by+c=0%kEi 7T Feniz g - EE R
PREREF R da b il > Fhi e £ 57,58 (a,b,0) kE T
TG b 5 RE - AR I EE A S BEp=(x,,y,) - EEM
[=(a,b,c)" } > P)#2EE AR () &~ @5 ax, +by, +c=0iBF o
PR e BAERE BN SAPT R p A e - B 1 AT

B p=(x,,y,,D)" 357 > Bl ax, +by, +c=(x,,y,.)(ab,c) =x"1=0 > & ¢

m»&ﬂ#mmfﬁ{#ai%x%ﬁﬁzﬁ@ﬁﬁ%é% o

—_

B2 & i _ax, +by, +c =0Fvkax, + kby, +kc =0~ % ch i _fF - 5 E A >
Flt F ek £0RT o d w B350 47 di(a,b,e) v (ka,kb,ke)" 0 & AR T ch

~ HEE Mol A2 T ka(x,) +kb(y,) +ke =0 Fr alkx,)+b(ky,)+c(k) =0
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A - Ba-S i*u—fr'\;fu’ Box, 20 PERT 0 (x,x,,x) T OURET A PR E
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TRA A B AR A T A ek b 0 % 1 A Bk A o [T
BB e - BaE gt 3o A B2 EE PR oA R
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FEA KR RS

32 To P E L

145 [8] » T & 4 B ¥ #% (homography mapping) s & 5 | - F 3t - T
G Sy RNER PR RIS TR - FH Y - Th i REE S
x' 0 BB G - BRPEEEL Vi P ok BRI L XY Mg o
TI&{;&. SN EBEE 0 x, o x kg B R R A T 3 N plF T
- B 3x3auEL H > & 75 B3R Ee H el i & 1 4o

Hx, = Ax,’ G3.1)

Hoe H» A8 - B & F #icom HRlE-B3%3 (97 i3 (non-singular) 4B -

3.2.1 | ¥k B3
Wy kR PEgeEdH AP oy - BREE &3 7 5B x ox/
¥R 4 s RN H o RV B p & (Degree of Freedom)fr 241 fic
(Number of Constraint) 733+ % » 7 3| $ i, 2L8c P 7 *Tig (Lower Bound) - 7 £ >
Hi- 3x3 aue'd > &5 9 o i £ F LB p 4o b 7 — 455 fic(up to
scale)] € Z ROBFHc> FIFEY Hehpd R 580 -ﬂ—*‘ ' 2DT G b i B Ek
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3.2.2 Over-determined 53

BT R g LA DT 0 Aok HREGHEP < 24> € F Over-determined
SFA AL o BN A BERRRARGUABIAF R §F ERPE
ot F MR BB R A GABEIARE > RIEZEH I - B P G BERR
FEEHRI X PRPELH o RA e 2 A A g2 RE- BREELH
ApEREFT RS- By LA DOH > R ENPE & - B cost
function » % # T EE L D& > &m @D - BTG P EEEL

(homography matrix ) °

3.2.3 Homography Matrix e11.8 ;2
BE - B2DT G P B R £ e D RERT o AW R - B
EiELH R Hy=x" 8= 36 o defk L3FHy, 7 2 %%y’ > m £.85

I e B % G- B BRI < Hy = Ax) 0 AL- B

R lice M FF AN kR R H = A R AP E R S S

hl h2 h3
xHx, =0, with H=|h, h, h, (3.2)
h7 hS h9
fk‘ffa"‘zthﬁi%ﬁHﬁ”:ﬁji'J’41‘7' gv @ )
/’llTX»
Hx, =|h”"x, (3.3)
]’lST)C.
£ox'= v w0 Rl D 320 ek L

3r 2T
v,'"h" x, —w,"h™ x,
_ 1. 1T 17,37
X, XHx; =\ w,'h" x, —u,'h”" x, (3.4)
MithTxi _vilthxi
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