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ABSTRACT

The purpose of this study was to estimate the displacement and size of objects in
the image. With the fast development of surveillance equipment in recent years, the
quality and cost of surveillance system have been greatly improved. The benefits of
analysis debris flow through image were increased. The assumptions that shape of
objects remains meanwhile all the boundary of an object moving at the same velocity of
the objects in the image were made. If the time difference between two frames is small,
the motion of the object will be approximated as a constant velocity motion.
Background removal and object movement extraction were accomplished by subtracting
of two frames. The subtracted image data was then rearranged into one-dimension array.
Fourier analysis and Cross-Correlation analysis were applied on the one-dimension
array to estimate the velocity and size of objects in the image. The estimated velocity
was which the most object boundaries moving with, while the estimated size was the
summation of boundaries moving with the same velocity.

The results were examined by three laboratory experiments. In single particle
experiment, the method was successfully estimated the size of styrofoam ball with error
about 3.07%. In the single and multiple particle experiments, the error of estimated
velocity was about 2.2% to 3.4%, while the error of estimated velocity in debris flow
experiments was about 11.1%. In the field image analysis, the difference between the

velocity estimated by the method and by human eyes was within 2 pixels.

Key words: Image, Debris flow, Velocity, Fourier analysis, Cross-Correlation

analysis
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i 0 i B 5P ROI
BHRAFET ~ A HARR - Lo S T2 F @2 Tl

BFR%E
> — ARSI EE IR
\ 4 \ 4
LIPNA MR E I R
\ 4 \ 4
EHROI G 18R
\ 4 \ 4
F B S HHREAE
\ 4 \ 4
W AR R STEEE
|
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2.1.1 EP» ROI

218

BB AR A RS £ F 7 R AR s ip

S ENRE §RESITE S BEERR G B B4R TE # (Region of Interest, ROI)
REAITL FRFELR A3 2¢ PERGY T AT 2 BT §HA

RS T IR E S ST C R A R R Y
GOFR ML 57T WA L HT oL kiR EPROIPFE EE > ajei ¢ > ROI
Ak A R B L ROLGEFFES L 85 P02k @
LB HOER D Fid &

212 i hrg

BRI ESE o A Y s Ad fpdEy TeonR iR e 2

Foneulipidg o a s BFRINFEF A LTS LI PE R ORGE

oo )j‘m fen % & (Intensity)

R CER ¥ AT 52F RE R G %Y (International Telecommunication

Union, ITU) #737 Z_engs ik FE v 258 5 438 (2.1)
I(x,y)=0299xR(x,y)+0.578xG(x,y)+0.144x B(x, ) (2.1)

Ho x gy s Blenmiko I A AR R GEnR R EoR-G B A W A F ik

AT N
w—

F_L

BREFRG FrHeEd s FERFFPERDS PR R E4pR T 1Y
MPELIEHEHTFI LI EZPE6Y Ml Ra T RIFEFI TR LD %

MXGFEFFAA M DRRRE > BETE- BPEE T AT i ijehik
FRAEATAANHZAII R F LR §aRBGGFORAELE 2 AF
PFHREET RS HRERAZGZ LR L F > B RGRAEERF RGeS
D(x,y,i) » 434 (2.2)&(2.3) -

D(x,y,i))=1(x,y,i)—1(x,y,i—1) (2.2)
N D(x,y,i) D(x V,i )>T
D(x,y,l)—{ 0 ,D(x,y,z)<T @3)
5
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Ho [(x,p,0) 5 & i i d 30 ad zmﬁa;f,:‘s v R TR > i

AFE L iRse? #F § RS (x, ) B2 - BRI, p,i-]) -

22 HIpRFHAH
LAY MR BRI Bk - e FHI R B EA
ToRGP e SRR REL 1 ZIFFDRAEEL 00 BREGP PR AR

2EL AT 4 EH

221 A AT

B3k % PR PF G — 1§ M pixelsx N pixels ez @1 B g (x,p,0) 0 Bl W
WH - ERAGKRAR . FAREROS S - B R OSSR REE G g
ok b ey e ab A RRABZL YL BiGE RPN DT
Ba Ll g Az REL 1 FHERREZ 00 4o 2.2.1 7 » d 304E

G- BAReEl P AR A RGARFOREAS P E o x Pl 2w 5

w

KTty LS e B R T GEER S B R (x0) T AT B

(2.4)
I 0 1 ,inside OS 2.4)
x’ b = . .
4 0 , otherwise
6
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X-axis

Y-axis

N pixel

-

M pixel
B 2.2.1 ¥ - %Ef}:ﬁ_i: Rk %21’5»\7?‘ ,'E]%]

222 - iz

I

BB 0 RER - i AR s N Ak R Y s aEEd &
PR afLiEE > el E R AR R R 2 e TR g
foo AT E @R AR e [ (x,p,0) Bk E - R f(x1)

HHhs N4 M MEE E AT - A REEBER S 0 BT
A Ge x Bh e arR I BN L y ghD wandeE Bl o SR T B ] R
I(x, 1) 2- B i B e % x g™ v & Z(row) B~ 11 {8 0 ik BB 0 AR 7|

2

WIS AR R - B L@ 3g- adaied f () 0 HEF N eT

fo(x.0) ={I(Ax,Ap,1),1(2Ax,Ap,t),-+, ] (MAX,Ap, 1),
1(Ax,2Ap,1),1(2A%,24p,t),+,1 (MAX,2Ay, 1),

I(Ax,NAy,t),1(2Ax, NAy,t),-+-,1 (MAX,NAy, 1)}
e TR AR px e e HE R - R T(AGAY) R F - A
Fo AL A ORRE A B A A EEHE A kTR LD 2 ek AR
222 G kT2 - WHEFEE T LB o Fitip y S e E B RIS

Pl
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[, (x.0) = {1 (Ax, Ap.1), I (Ax,2A, 1)+, (Ax.MAy.1),
I(2Ax,A,1),1(2Ax,2Ap,1),-++, 1 (2Ax,MAy, 1),

I(NAx,Ap,t),I(NAx,2Ap,t),-+, 1 (NAx,MAy, )}
ek T dE o - s o Gapr 2 B o A BT 58(2.5)8 55 (2.6) ki fy it
I(cAx,rAp,t) = f,(Ax(c+(r=1)xM),t) (2.5)
I(cAx,rap,t)= £, (Ay((c=1)x N +r),¢) (2.6)
Hod TR By A u R LS x ey dh o $HR AR T - S [ (cAx, rAY, 1)

BB B oo 7 E IR R § B et b R AR A M L A B

Ay & % R4S R T20p RS I 16:9 R s B 0 R E I R R

1 1
247 R 5 1280 pixels x 720 pixels P& > B Ax 22 Ay & %] & B o
f#+1 pixels pixels V% | 280" 720

fe(x,8)

Ha (1)

Bl 2.2.2 j5kT 3 %2 - a s T 3 B

HIEK s B R A s AR T (x,p,0) in ok T e A - g
fx(x,t) J fx(x,t) SHFELIBARER ~F P o eEA) 5 He(Rectangular Function)

gffe B &7 5 51(Q2.7)

fx(x,t)ziu(x—m(yn (t)+L2”D—u(x—Ax(,un(t)—%D @7

n=1

u, ()=, (t)+(,uny (t)—l)xM (2.8)
8
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He $fex 3o B B R BREGS SRiEx PR L AR AT

7~

*oehiox £ & 5 ou(x) 3 E = P S fi(Unit step function) 5 Ax 3 8 i ifk -k T

|l

B¢ RN % o BAED, S #ceh? o RER A R R BLeNEE

RN AURE
Boop, (1) 8, (1)~ 8] 5 BADRPM B on BB ST b P GAEY Y SR

W L SN % o0 BAEA S B TR

FERLI S 7o BLA R [ (x1) hdk T AR S

fx(x,t)ziu(x—Ay(yn(t)+];”jj—u(x—Ay(yn(t)—IzD (2.9)

(2.10)
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223 AFHEA 7
d Qe T NERRD - AR AR T Rl - RS jpiE M B
Wk o Fl R o LB g g () PFR A S (x) REAF O B ES M
M AT 2B EFREBRFL LRI LAITHLE o A A {TERY
i enik 2 L
Flk,t)= j‘: F(x,0)e ™ dx (2.11)
fx,t)= ji Fk,t)e”™ dk . (2.12)
BY Flex ck thul 2B ZEEF U R R

Bl QTR xR Q21) 0 S (xr) % B R liox g 2 F g

Flety =" f.(x.t)e > dx

- Iig”(x—m(un (1)+ Lz D—u (x - Ax(un (t)—%De_ﬂ”k"dx (2.13)

L, .
_ 2 o2k (0 sm(Ax7ank).
n=1 7Z-k

3N QI3)E I G LA f(xt) HE A T S Sk o AR AR
Lg% p, (1) & w3 et sin(AxrL k) 11 3 e 2708 o 50 peByge che o L
B g o (1) PF R L fkt) Fr 2k R FQINE SRR - S E 2 F
ke 3 f(xn0)

fx (x,2)= J‘i 2 jkr x fx (k,t)e ™ dk

L,
_ 2jjjoze—j2ﬂkMy” (1) sin(ﬂ_Aank)e—jZﬁIocdk (214)
n=1

B~

dk.

Xy poo j2rkAx(—x—p, (t)+£) —j27rkAx(x+,un(t)+i)
= j e 20 e 2

—00

]
—_

n

L
d &> Fafonpr s ¥ o ;‘(2.14)T§t+_x:Ax[—un+%j—%i’ XZAX[—,U"— "j’)’g
o - f(x,0) % 7T 5

10
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} S(—x— M@a

2

j) 5(x+Ax(,u (t)+%j) 2.15)

fixn)= zapr{%a

F5(x) = 5(—x) * &

f(x 1) = Zﬁ(x—i—Ax(

HP x5 RSBk R O(x) 5 Jd 45 PR iR Bi(delta impulse function) ;
Aop, (£) 33P0 BB 30 < B4R AR R BRPIERL S AxL, 3TA R B 0
BaEA, S H2 F R o

d (2157 A R AL A 7 2R RS i) 58 > Ra AT RS R L
Bl o (1) PF G AR RS RS (x) i B Bk ARERI B WA 4 i B -
B AL 3R ol A D g R BB TIRATOEE o B AR S B
Ferspp B 2 B E 3 BB AP B4 Tt 18 %35 18 5 49 B (Cross-Correlation) ¥4 4
ke S pliad s R A Ll

224 I ipR A7

Bk e 2 FEFERY GREREUEELDOFF I NEF DT FEFET B0
XA A B0 A G E BT AR A TR BT AR AR5 Rk
BREARFE L F BT EFIER A 2 Fehiz g g1 o

PR st B, s B s Bl (o) s I(nyt,) 2

gn»

I(x,,1,,) > #-PF AP AR e b B it » 55(2.2)18 @ 3] D(x,p,,) 2 D(x, p,t,,) > &
v
D(x,y,t,)=1(x,y,t,)=1(x,».,1_,) (2.16)
D(x,y,t)=1(x,p,t)=1(x,3.1,,) (2.17)
He p Gt-A L EETER S AEARRGEFIERL o
e D(x,y,1,) B 2 8(2.5)8 X (2.11) 0 #p ok T 2w - G A e S

Dx(x,tl.),u b4 Dx(x,ti)év'ﬂﬁ TE > EREME L D ( ) s Hov

11
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\clN
<
=
|
RS
—_
NN
N
+
o | I
N—
N—
|
<
7\
=
|
7\
RS
—_
NN
N—"
|
=
N T~ A
N

D, (xt)= (2.18)

~

pd

D, (x,t)= (2.19)
—0| x+Ax

i
RS
—_
ey
|
_
|
N |
N—
N—
+
o,
7 N\
=
+
N\
RS
—_
N
|
C_/

+
Syl
N
N—

R T x RAGRT S b - LA L SR AEE S ekt E R
u(x) % H 9% F# 5 #(Unit step function) ; Ax 5 8 =& KL » &R ; 4, ()5
- AP RN % on BB Scin? SRS AR R BREDEESE L AR ¥ on

B4 S TR -

Graylevel |p ( x,t.)

U Dr(xt) |Di(x.1)
g S

W

=

B 2.2.3 FER AR AR HAR R R D (x, .0 ) s = LIV D, (x,0,) #2306 2 E

:fx%lﬁx(x,ti)fr % B

FOOM R GE R LA P BT R A e chid R 6 0
MAER AR EPF T A DB BT 00 X B RS F58(2.19)7 d, (1) d TR
B R AR e i R BB BT 5 () 0 A BIERE RS B RE

11,10 = 1, 1) (1) A+ 57 v (219)500D), () 27 5

12
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5(“&(%(4)-L;j]-a(ﬁm(ﬂn(w%n
D, (x,t)=
" —5(x+Ax(,un(ti)—/t(ti)At—%)]+§(x+Ax[,un(ti)—,[z(tl.)At+%D
(2.20)
OO R ERNQ200%F 5

5(x+Bdown (ti,n))—5(x+Bup (tl.,n))

D (x.t)=Y (2.21)
=8 (x+B,,, (t,n)=AB())+5(x+B,, (t.n)- AB(t,))

o o
L
By (ti’n) = Ax(,un (ti ) - 2n j (2.22)
L
B, (t.n) = Ax( " (t,.)+7”j (2.23)
AB(t,) = fu(t,) AtAx (2.24)

B (t,n) 8 B, (1,0) 2 6] 5 % B (B3 nS n B Sl @ R e L4 R
izl D AB(L) SRS R AT LAAPN A2 e o d PR B, A HR
R B EAPR R sk T e - |2 A i 2 F D (v, ) Bldes
(2.25)

5(x+B,,, (t,n)=AB(t))-5(x+B,, (t.n)-AB(t,))

D (x.t,)=Y (2.25)
| =5 (x+B,,,, (t.n)=2AB(t,))+ 8 (x+B,, (t,,n) - 2AB(t,))

13
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Bpun (1115m) —

B, (t_,,n)—>

8, (t.1.n)

B, (1,,,n)—

Bl 2.2.4 & B AP R B - s ehd S = Edd T LW D, (x) 2 D, (x1,)

AU B ES AT

boB] 2.2.4 965 o e BEC GREY(2.21)8 58 (2.25)F 15 AR B b e e B
F AR B A B0 AB() 0 51 @ IIERE R ni At AB(r) > I A% e i
S(x) W te— BEEF T 2D (x,0,) % D, (x,0,,) 5 » 35(2.26) 4 e x 43

M £ e C, () o AT R T T AR D R e (2.260)57 7

C(x,t)=f(x,t)® g(x,t)= _[: f(s,t)g(s+x,t)ds (2.26)

(ti,l’l))—,f"b (X,tl 1) m“i #B Fﬁg -

L, L, | S(s+x+B,, (t,m)- (s+x+Bup (1,,m)—AB(t, )
:.[ Z5(S+Bdm(tl,n))>< ds
s m=1 =8 (s+x+B,,, (t,m)—2AB(t, )+5(S+x+B (t,,m)—2AB t,.))

[ Lzz 5(s+Boy, (1

m=1 n=1

( (4))= )
( ) (
L 5(s+x+Bdnwn t,,m ) 5(S+x+B t,,m)—AB(t[))
")) ds
5(S+x+Bdm(tl,m) (tl))+5(s+x+B (tl,m)—ZAB(t,.))

d I_ié‘(x—a)f(x)dx:f(a) P PR E AT

14
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25(x +B,,.. (t[,n)) ®DAX (x, t, )

Z { &(x= By, (1.,n)+ By, (t,,m)~AB(1,)) =8 (x = B,,,, (t,,n)+ B, (1,,m)~AB(1,)) }

5(x—B,,, (t,n)+B,,,, (t,m)-2AB(t,)) + 5(x—Bdm (t,n)+B,,(t,,m) —2AB(tI.))

X

L .
i, D (x,0,) % = 58 —Z5(x+B (tl.,n))_t"i’ D, (x,t_ )13 1p B 5
n=1

L,
—Zé‘(x +B, (tl.,n)) ® bx (x.1.)

n=l1

8(x=B,, (t,n)+ By, (t,m)~AB(1,))~5(x~B,, (1,,n)+ B, (t,,m) - AB(1,)) }

8(x=B,, (t,,n)+B,,, (t,m)-2AB(t,))+5(x~B,, (t,,n)+ B, (t,,m)-2AB(%,))

pon (1:1) + AB (1) + B, (1,,m) = AB(1,)) = & (x— B, (1,.n) + AB(1,) + B, (1,,m) - AB(t,)) }

5(x—Bup (tl.,n)+Bd0W" (tl.,m)) —5(x—Bup (tl.,n)+Bup (tl.,m)) }

= —5(x—Bup (ti,n)+Bdown (ti,m)—AB(ti ))+5(x—Bup (tl.,n)+Bup (tl.,m)—AB(ti))

¥
(5

& T EC (xt) 0 40N (2.27)

15
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5(x—Bdown (ti,n)+ B, (tl.,m) —AB(ti)) —5(x—Bdown (tl.,n)+BMp (t,.,m)—AB(tl.)) ]

-5 (t,.n)+ By, (t,m)—2AB(1,))+ 5(x ~ B, (t,.,n)+B,, (t,,m)-2AB(t, ))

dm wn \"i?

(x-
(x-B,, (t,.n)+B,,, (t,m)—AB(1,)) -5 (x~B,, (t,,n)+B,, (t,,m)- AB(1,)) J

. )
L1 ) ~5(x=B,, (t,,n)+B,,, (t,,m)-2AB(t,))+ 8(x~ B, (t,.n)+ B, (t,,m) - 2AB(1,))
:":“”Z; 8(x=B,,, (t,,n)+ By, (t,m))-&(x=B,,, (t,,n)+ B, (t,,m))
) ~5(x-B,,, (t.n) +Bdown(tl,m)AB(tl))+5(xBdm(t,.,n)+Bup(t,,m)AB(t,))]
8(x=B,,(t,,n)+B,,, (t,m))-&(x=B,,(t.n)+ B, (t,,m))
i =5(x=B,, (£,.n)+ By, (t.m)—AB(t,)) + 5 (x - Blp(tl,n)+Bup(tl,m)AB(tL))J

2.27)
Ho f m=n 43 BREFERER AT PREL? 2228 LB D (v)8

A

D (x,t,)edp M5 ® > & C(xg)F B BC, (x1)
45(x—AB(1,))—-26(x)—25(x—2AB(1,))
o, |-28(x=B,,, (.n)+B,, (t.,n)-AB(t,))+ 5(x—B,,, (t.n)+B,, (1.n) - 2AB(%,))

w1 |=28(x=B,, (t,,n)+B,,, (t,,n)—AB(t,))+ 8(x=B,, (t,.n)+ B, (t,.n)-2AB(1,))

+8(x =By, (t,n)+B,, (t,n))+8(x=B,, (t,,n)+ B, (t,.n))
(2.28)
(x,1,) ¢ % BBEHE LI D D (5,0,) 8 D, (s+x,0,,) 3k gk A B
THEB R s A o 4B 224 577 > F x=0> D, (s,0,) 2 D, (s,1,,) A %7
5(s=B,,, (t.n)) & =5(s—B,, (t_.n)) 112 =5(s =B, (t,,n)) % (s =B, (t.,.n))
£ 4 BrRiES s W As BBE S & AN (2287 S(x) MBS HEL 25§ x
1Rk B AB(L) P D, (s,6) 2 D, (s,6,) 575 BB+ %~ Briirddied u b
w B E gy F 5 (2.28) 7 S(x—AB(1)) i B HiE 5 4o d RS o (x) 1
- BEF XLEDEFT > G ERPERELEPEC (x)PERL 00 &C, (x1) 7
FRABREGHENN AR E R E L il DR AR D AR F

PERAA Y R R 2E LR A DN TN AOE T ARk I Bk
16
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PR AP g o
L,
4 58(228)F o3 ARM % B C,(x,,00) 5 D 46(x—AB(1)) 0 3 AR B % EH
n=l1

4 tx, (6)=AB(1) > 4 0(Q2.24)7 = AB(1,) = f(t

)AxA > 2 C (x

)mm ,—.\E

max > o

BenL, o0 TARM B B C (Xt T F IR By S o B d R L 458 (2.29)

TR
L _ G (o) (2.29)
4
sl Bk & p(1,) 3
, AB(t) x,. (%)
) — 1 — max 1 2‘30
ﬂ(t’) AxAt AxAt (2:30)
#-31(2.8) 1% » 3£(2.30)
X (8) .
T ) — (2 = M 2.31
AT f(t) = £, (2,) + 1, (1) % (2.31)
B M aakadens @i Btk T 2 ot o d f297 & 720p R4S 5 b

d RS T g k24T B 5 1280 pixel x 720 pixel » M pE M A B 1280 ik FE o
FEHNED S e P RGEF - LR ¢35 FDEH

L — Cy(ymax’ti)

\ J (2.32)

ymax (tz)

AAL A(e)= a ()N + 41, (1,) (2.33)

By mMEE 3 o joh- L7 I fph b~ B 2 =8 5 Ay & H i=ij
FehdE ER L SHEAKT S e h A ER o8 Q231X 2337 F- -

A EmE et KRS RET REERSRTER 4 (1) 8L ER

d P e E R L xbh A el R R f A PR Ay PR e
Gt R RERERESERE ISy v - B g A4 TR A x B e i
BRALRERER > WU ER LAY - LRSS eI 2 AL RS A
E#ER -

17
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2.3 R IRl WA o

SR AR (P BB I(ny,)? TRl BEL T E RN R
FE AN ARE WA E T o Aol 231 477 0 SRR T AR (x, p,0) P AR
BIanf b5 0S, 0 0S, 5 B (x,y,0) ¢ T i AR T S RE B OS, sl e o

4]

#eI(x,p,0) 2 8, % 7 5 4(2.34)2 £(2.35) »

0S(x,y,1) =08, +0S, +0S; +---= »_85,(x, 1) (2.34)
I N 1 ,inside 0S (2.35)
X, y,1) = . .
4 0 , otherwise
B(n,1.)=(B,(n.1,t),B,(n.1.1)
Bl 23.1 53k Bt Bifor A B 0S, ~ 05,8205, A uld o~ BB ERLT

5B (x, p,0) B 2 N (Q2.5)in kT 3 o (T - B S 0 B (x, p,0) -
Bz f(x,1) 4038 (2.36)
L,

fr(x,t):ziu(x—B(n,l,t)) (2.36)

I n=l

B(n,1,t)=B,(n.1,t)+ M x(B,(n.1t)~1) (2.37)

P LR AR ORI o AR ISR R B(nlr) 5% PERE  PRAERL L AR

18
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B3| K0S, b h% o0 BRL - S ? iR B (nl,0) &2 B (n1t) 5 ¥R
CREER L A ARELE R P B 0S, b % on BEEAR P Ak L, Gl At
Erwak R R o
HHIR P GT M AT ARE B o F A R R L AR
P BRK P - AR R R AR e chid R A 6 0 T MR B RE R R Ar i 01T
WA EERER o = B 1 Bt (X, p,) 0 AR AR A bR it
QAR R D(x, 1) 0 B P
D(x,y,ti)=1(x,y,ti)—1(x,y,ti71)
BD(x, 1) B » FQ5)ie kTS g F - B3 D, (vr,) M e

Wd 2 S e, (xt) 0 D, (x,6) 8 D, (x,t,) 4054 (2.38) 54(2.39) -

D, (x.2)=23 : “u(x=B(nlt))-u(x=[B(nlt)-2B(Lt)])  (238)

D (xt)=> L 5(x+B(nlt,))=8(x+[B(nlt)-AB(Lt)]) (239
zﬁx(x,t,.1):;:’:5(x+[3(n,1,t,.)—AB(I,t,.)])—5(x+[3(n,1,t,.)—2AB(1,¢,.)])

(2.40)

Lt)=[ e, (Lt)+ f, (Lt ) x M | AtAx (2.41)

Hod THEx AR S e R gk - S 5 AB(Lr) B AR AR T
G R S, WP Pl 2 B enieat s (L) 8 g (L) A 8 B3R ] ok T E
AEEER S A EEGILy,)FE N FZ kT2 B R At R A R TR B

A

#-D (x,6) 2 D (x,0,,) & » Q20 M ¥ x AT tMTY

19
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'5(x—B(n,l,t,.)+B(m,p,t,.)—AB(p,t,-))
~8(x—B(n,1,1,)+AB(1,1,)+ B(m, p,1,)~ AB(p.t,))
o — _§(x—B(n,l,tl.)+B(m,p,l,-)_2AB(p’ti))

+5(x—B(n,l,tl.)+AB(l,tl.)+B(m,p,tl.)—2AB(p,tl.))_

(2.42)

B [drp w8 & A PR AR AR R p & om B R A AR
R IR SRR
ER P WF - R Q47 5
| §(x—B(n1,t)+B(m,p,t,)-AB(p.t,))
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it 8§ (x = B(n, 1t )+ B(m, p,t,)—2AB(p.t,))
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