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{EAE AT S P O RO IS 22 TR ALY s B f5 GMM BERUE S ehi it 2, |
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[ AR AR EL 2 T i NYIRISCER, AR BT Hofth =P v A 2
3.4 B —R Sk
3.4.1 BASBEREER RE

FEI R — [ Es R b, AT DU AN R 2 IMBS. GMM. HAr i, I9E B,
FESRIUCHT 55, A SRSy 5 — L RN SRR, X2 i TR 3h H AR &R 23 IR
RASHERIOEOVEGEL, MELLEE L B EIEREUL, e 2 R R AT S
BE, FRNABRRRRELS, TERIMEATESAEHE S, DRSS
BN PTA R E

3.4.2 RS

FEIAS o Hrd, FrA B ORS00 i A B A A AR 3R S 4R34
—E IR BEAT W « B S SO AR TE R UL —— 2K 5 3 1k

B4, WK (Dilation) 245, %t &R E RN K G RAR R TN I h &
R £ 3R BB T, RER SRR NEMREREY 1, Bax
B R RAEN 1 TAER M Cerosion) #RAEHT, Hth R RME RN BEAH R
BN PG R I E/ME . £ 2B EF, MR MR S SRR
WAEATARZRAE Y 0, 8458 2 F) 4 AR AN 0

FEZRRANE P AT 2 i, BATEI kTR (AnREIE. T8 . 4o
FOEH AR B BN, P i 0-1 FEFRAE K, ST R IR AR E T
F& b i 2L HE AR VB, S Te s BUEDN 1 I R BE S5 T AR IR =
FEAT IR B PR E N2 B RS 5. W TRIGIGNITR, mdinR
7€ AR A — i L T ERIL S 2 b

NABAEEILFGR, TS FER N R E0EE A il B & Kig
AR B ERARE N EUE, EAER LT R8s BB 7 AOMIAT RIS
Ak RIS T 5 oo 3R ol R R A E SO 1, REE s v A, Tk T
JERNME R AR S BERAEE O 0, ROV

NGB REL T, AT B ER A H T AR .

Step 1JZAK: i H BRI A R R AEE SOV B SA RVFEORE, X T
IR, BB E N 1 TR EIR, unit® SR B/ MEHY 255,

Step 2. JE . i H BB IR S A E SONZEHE R fe vr i i/ ME, X T
CHERIEE, XEBEEREN 0 M T REEIE, unit8 SEALRMEHEDY 0.
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BZAK

0000000000
0000000000

v

0000000000
0000000000
0000000000 —
00 o EIEIEEN0 0 0 e

OO0OONMEMEEOO0O0
00ONMNEEO OO 111
0000000000 N0} 111 11 1[0N0)
0000000000 0000000000

0000000000 0000000000

A

B 330 FEAS IS I o R

3.43 EAELAEEGER

A TR BT S AR HEAT SE K S5 TR AN R, AR RS, T IR
KgA%, IS AT e BRI AT, BUR I =">80861, hall
5 office FJHI [ =4 H AP AL R A (0 BB SE A B TR AE AT R A, AHEL T AL
HRTRIRCR, NYIEEINSE % 6. 1M4E smoke MM, 1 i [A) A 2 DA K A7 L
FH /NI 5 22 58 B AR BUAE R St 1] = rh, AL, RS SR A H AT ROR TR R SR
TR AN H AR AR, R AR R AN S R 1 )

R 3-6: FHASMBRT R WIE S A AL B A,

i y - AT o
hall
office
smoke

4, EIRE—AREGET SR
4.1 R KA
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1 RAT TR SAIE T ARAT A SRR B A, il s
WIS 5 52 BB st h i 2 AR IR, Bl e 2esm it 1 5t

I:'ji H >
H R RIAEAL S T2 BT s H BRI AR S H AR A A T T . AR H AR B0

W B A S Fiasl, GlinkiREzh, KEsh, BURA, wH sl

SR S IR SRR EE X s R S R TR

S 1] ) A% O 0] L 3 g 2 (R S50 RO IZ 3l H B der il DA B 3o 3h 25 7 557 1Y
W, BATTE S M T ER — R DU R SEXS a5 AT TSR A, S T4 RAH
8, ST F T RAFEIRE, ARG SR T —Fh i TR E i
HRHIJE MIF, 7] U2 5271 8 2853 55 (1 A 7R [

LIPNE S

R HERE EEESN
HERES S (MIF)
<1 t—‘ll— ﬁ‘ﬁ gk
otsuit B (& HEERXE
BEIRTRIBE BG_D mask
[ |
Z5 8] {3
picb;d
v
HBR BT B
SE BN
v v
E7 RRRTR HRREELT
FG_3 =BG
v
g4 <
v
THHET=
FG

K 4-1: n) @ R T R E
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4.2 HRRIERST
4.2.1 HAIEAER ., GMM EE 5 MBS X

TN EN AT B AT R SR B R, BRI R IA G B A = KR, B
PAARAS RN A 5 BB AR S Mg 2l TR AR A ), TR A 5% 0 0 i = B = 2%
FERY . RO . GMM AT T IMBS FEEY

ZRAMBRIN RS AR, AEER.

4.2.2 SERBIEHE (MIF) HEFHEE REE

FEFENI MR SRR i, &S S TRl st IR BUEE R R T AT
AR S EE R ERT RE R, AT T MIF AT 3155
532

BB AL SEHE . AEF XS 5 BN D), KiK
&), WURARL, HWHE R, MR RHIE 2 3 ST SE I () 4E AR AL BN R
A, MRS (NP 280 AERR) EAREAS I, R IX ik, AT T T
BT Suy

(1) MIF Bt it 72

ST —AEH T W, EEHRE AN weh, BARER SERNKEZ MM, A
AT REFAARAEE, R FTA T MR R SR L, I = arn N
HIWR T ANEE SR : PAEBMIFR, « TZMIFG, . W MIFB, , i
FAMEE A=A E S — 4 RGB U4 [MIFR, , MIFG,, MIFB, ] ‘27~ 7 MIF
%, I

MIFR, =F "

jit

1 & —
MIFGij:ﬁ;(Fﬂt - Fijt)2

1 < - 2
MIFBiJ.:ﬁ;[(Fm—F”) /MIFG,?]

(2) MIF E& &m0t

R A UATER j IR R AR L TIN Z) LA A 3, R i iR R
SARE IR BEAR B, AT A By 1F 8 MIF EEh MIFR, 2L (s s, 206
T TE ) PG ek 2T 1) 358 20 S A 2R AR A ﬁﬁﬁ‘/ﬁ%{i(ﬁn -F)* /(T —1)} 2 g

o 2 STE S MR BN 0L, B T U U PR T 25 (0 TERT 5t
Zeit BRER FRBEEASML I A BRI 2 B (D, T LU 7 2 HE R i
AR, BUCKOT IR MIF 1% MIFG, SEmsbii. Rm, (51
BT, IR T A B A —
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FAHs RBG = t@IEHAT G R, TRMES T MIF EEEIG . XA
BBENE A BAT R 5 70 W sh A 19 57 XM Al X 5, th 07 (3 AN T (e 2 [ Hh g AT
LR R HRAE

M IFR MFG MIFB
K 4-2 BERAFIBIESE, B 2, =B e B RN RGB = thilliE

4-3 MIF 4% P15 31 550 pR 207 RGB B R E 14

(a) GRB Space (b) HSV Space
4-4 A[FEBE AR TS MIF AR B0 70 A
Hrp Bl (a)’y RGB 7 [A], 45 El(b) N HSV 7 [

FFAHM 5 MIF ISR FOR IR, Hrp R R IR AL SRt 25 5, 2
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PRt t, (HRRE RGOS, X&n, REa¥ER, BEh%R, H
RN AL T, BT SRR, WHBEAS, BEiRBAR, HE
A, WX B FCRE R OS5, JF H A sea i s .

(3) BT HGRAAIHA

BT UL, W TaiE T RER AU LA AT REd B R SRR EE
Pt ) 22 A F) i 2 RS T B, sl ST SRR S Bl k. RS 2 M
ARk, BIAEER A LRIV IR A, A a2 G R A, BTt
2o I R BELE, AR AT S ARAS AR, DR A AR AE IR 1)
I Ai T e A AN i LA 1 3R A I T80 i AR AR B = AN R, 193k
MX BB R ST E T 3T SR

BRRE(H WP
255 t 255 1

> A > A

0 T 0 T
HEHREERA ARIRAELME RS
K 4-5: ANFEMGRER RO AL

HITZhAT SURIEEIR, 72 MIFG, BUK, [R5 MIFB, 245 — g i 2
N, FATGE TE BIE oy ~ Toy » X T 722 MIFG KT Toy MBI ZLEXHE IMIFB, |7
T RE Ty, MEER FAEASIEE B ERA, b AT w oI B> LRI (0-1) AR
RPN aha T 5 Bl& MIF-mask.

BD={1 MIFG, >T,, && |MIFB,|<T,,
0 HoAh

MIF MIF-Mask

,,,,,,,,,,,,

4-6: MIF #HREH
FHE e 25 R R A FE SR B RE, AT R EP LRI AT /& RGB F[A [
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— ANV IX IR, 78 HUV 258 H ) —ANERZ X 35

YERBIF F HFEATEL NS H ST MMM Cairports campus) HEAT A
RS MIF Bist3EE. 7T LLE BI7E MIF AT, airport AATGE I A A7 HOpE Al
BB AT SRS A B B R AR E, T AE campus A, T SR B Z WK
Bl e

JHIE MIF BALR B SyaH, v LLE R airport A4 K HL AL 70 LA K.
campus PRI HH IR 023 B B B SO ERf, 20, @i S A R A B e
Al UK BN S il otk — D B, 5 TEEF RN T 5 EUE A LS A T S R4
T ANEY SRR G IR SN, WTLLERIS MIF A2 gifE, s n
M A R OGS, BT SN T T S S A B RS .

2 4-1: MIF BRI o iy 5t B —

1] T} e B S ERD A AT IR i
M RE (EMIFALFE) TR g% 2 (MIFREE)
airport
campus

4.3 B _RIES S
4.3.1 BB _RBRHEHER
T, FRAE SRS MIF B EE S, 4 B DU 4 A8 ZhAS 15 5 LA

R SSEEMEAT 1Y SR EL . &t MIF AR Ab T IS (0 B 5% DL R BT S HE RS 4 HE 45
Rnr:
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# 4-2:  campus SSPINET 5 S P EUEE R (MIF A4bFE)

1 % e
. I ] JEi 2] 5 i D b

MIF-FR o7 B Y

MIF-GMM 7

MIF-IMBSAE 7

% 4-3:  curtain ZISNET 5 2 PRI R (MIF 0D

@E Eg} Hbe = =4 =L =N
- 25 AN l/\ E—‘ [/\
. H 5 HI S A AT 5

MIF-HR o7 HipEE 7R

MIF-GMM #5574

MIF-IMBSAE 7
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% 4-4:  fountain BT AT StHEEEE B (MIF 4bED)

ﬁ AW VN
L i w5 A B 5

i

MIF-FR o7 B Y

MIF-GMM 7

MIF-IMBSAE 7

% 4-5:  watersurface BN MMNET 5t A5 st R (MIF 4b#D)

ﬁ VN A W
I 1 i 5 B B HE D it

o

MIF-H A B i

MIF-GMM #5574

MIF-IMBSHE

4.3.1 ME L REHE

T EHAEH ISR, BATG W ot
(1) f£ campus MHH, =T BT FEYBOVEMW, MATSRPUIAK
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F, MIF 5 A for B Ay 25 A 1) P2 U R B 4F

(2) 7E curtain 8, W SIBORE, B R, 7577505
b, EAMERR R LR D, HES R N RS R EOE M, R e RE AL
IMBS SRR -

(3)7E fountain AATH, B 5 FIFR BB A 4E1% , 5 80 P BAWAIAS [F] /1) 2 , IMBS
FIRT SRR B AL, AN WFCERTE T, 0 A A B A L & MGG 5 8 Fh 3 7 e g
G

(4) f£ watersurface YA, 37BN, t T i AL 55 R B -5 B0
sOES, PR =A T 5 AR, RS ARKE, IMBS 51
BOR R T A, AT SRR L T 1

IR, 2 MIF B LSS W 5, 45658 MBI EIE U S
AbFE, MIF-rP A7 805 DL K MIF-IMBS A58 28 AT DL EG 505 T o4 A s B2 B
SIEAEE, RN S s T SRR .

5. BIREZHRBE T SR
5.1 [REEHE Rt

) = 2 g R 1) P AR S R AR SR B B A% I, A i T s A R 1 4
IR . 5, BAVEIBEEHUR AL S BB S A [R5 T AR 2068 B (1%
HK R, BTK, BAIFIH Video Stabilization 5%k HAAS i b (¥ £ 21, £
s AT R ot 1 T A R e Pkt PR A B K OB o, e s 2 A AR SRR R, T
BB WiE 1 B RN B X ESh AU g R AT e 4 A A A AR R
A SRR RITT A3 2P A A B s 1 SR, DHERIAT A5 2L

X BRI 5, #5206 E i T, BRI e 1) A A AR A AT
HARIIR I, AELE oA 2Rtk Acn h Bk -

(D REHLE S, Rz, ZRE.

(2) EBHAFAENEE R, A EFHRIESE R,
5.2 RIS

FEMSERRUBTR, (ETER ARy, Srh— B R G, 128
PANATS R I, T 53 50 S0 0t T3 R  R SN aR(AS , MLt R
PLENIL S, AT LA — 2 107 R Rk S B A W (B0 . PR T4
FRLZAT, BB ARHGHUNL S BB 2 IR, SRR E A it
HEAT TR INIE ) BB DL BB RS

5.2.1 ANEIBH T MBS ok R
BREME—MRGENREEAE T L H . PRI ERIR. #&
(X,Y,Z)" SEREHLALbR &R N R — S, (X,Y,Z) 5 (XY, 20 4350 8 H—

SAEANRNIN Z () = 4EARRR, AR GO H_E A m AR RS (x, ) AT (xy ") >
REYEG Forh IR IIZ S NS . e AR, MIFAAEIN R R &R
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X' a, a, a;)X
Y'|= a &, ay Y
Z' a, a, a;)\Z

MHRAEHLE G R G =i 50 Wl — IR LG, X PP AR e N —> =

Y 2 () 21 A 73 R ) — N B
(X,Y,Z2) > (x,y)

Frp (XY, Z2) ERAEHUALER R T B — i, FIH BB E B IE RS #%
FOVERS = o A () i i 3 R A ], AT AT DR R ML AL bR R B R AL bR R 1
XK FR o

TE5E LT TG WIA R RS EUEALAR RFIR R G, B i BG & ) R aE sl
AR R GAIZIME R, & WA =2 —& PFRER, — & Similarity
RIS = R Affine AFHeAs A

(D fEPREAY, BEYLEs R TE R 4k ERA T x J7mAn
My IR, HABRERIRN:

)
p'=p+t= +
y) \ty

Horb p o AbhR, tx Al ty 0937 p MR T p A5 x il y Sl A2

(2) Similarity #7841, FARHLA G ER-T iz shsNE ] ek L iefeiss), B
U ZE A AT B R DR Bt T AN R BB B SR A RS, NS R e e, A 4
TR T s XX AR RIS St AT A, BRI BB A L e AR fRIsEn, Ak

F Similarity iaz#H AL,
cosd —sind tx
p'=s| . p+
sinf cosd ty
Horh ol L, s N T

(3) Affine A e BURE —Fhos 240 VS ORI, B0 LA SPAT 2o A0 e 77
2, IR T A R S — R o LD BT LR AN 77 [ 9 A R
S50 R A B A RO — S A5 R A e S B ) A 4, TR T
Wiz, WeiEsh K NGB AR,

(A& tx
oo alely)
Hrbal Ml ad 24505, a2 f a3 2 ek S 4.
MRS, ZEANEEZ, RGPS sh TR §tE o, N IFHEE
Wtk e . B~ F AR v R 2 FE IR, (EXIE LM RGeS HuH T &
IETHREBNE, MEZSHAEEREEKR, AFEEIER 7RG T

:5-1: MU s Ak b AR ton B

& B kA ﬁgﬁ b
A
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o)

(M)

Similarity

|

XV

yl

|

S cost) —sind
sin @

cosf@

)

tx
ty

|

|

Affine 25

I

5.2.2 Video Stabilization F3=

X T IRARHUBEL Bl J, e o R R SR BB B B 2 R R A AR R, R
B BB A R AT Do s BRI R B Bh B R . i AT T VS (Video
Stabilization) "SR —FTERCAEMERAR R MIEN T, AR FIh
I 5 EE, IEIER — et SR AU AR FAt A R A AW A% (R 00 T B I
FEAGH LI T

VS SR A DR 5, W E U 91 b T A QR I TS B R A e,
i AR SRR 2 (B BRI R OC R o 36—, FRAVME AR 4 7 v TS T, P-4
FITAT W RS 8 AL R R i B i F) 150

N, FATEAR B A S P, IR AR B, v E
PPz 185 R A BRI EAUKF T H PR, R Al DOt s VS
AP

Frame B

Frame A

5-1: car6 FLATAH AL 3 iod i i A
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P 5-2: car6 FLATURH AT P L& R 1A
(1) R EL

HI T BATTERY A g AR <08 A ot o 117 5 AR At e 48, R L 5 B S AR SR A BT
Z IRV — b — R RLFR 50 FR, TN NG A 7 B SR L 42 JRy A L T 7
SE BT 8] (A H R 2R

KT ARSI JAT 7 PO ] BELE FrAa l_E A a) 3R B A0 B s, R H AT
DA H VR IR S HVARRAE,  FRATTAEF FAST SR SREUA A, WMk an T -

5-3: car6 ML P 1 = R B

NI AT B 24 FAST 559, FAST 2 Edward Rosten I Tom Drummond 7E
2006 U0V FLEE i B TR 0 BUE TR B AR RIS, A FR 2 Features From
Accelerated Segment Test, H:H FAST £ &€ XONF FAG & A 5 HE FIE A 2
W5 Z PR R R T AR X, WHZE R AT RE A A, Bl e L g S5 A
6], 25 RE R MR, BRI 1% B K EEAE L L B Ak 9 2 8 2 115 3R K AR
KEGE /N, W SATRE VM . A s BG I ARG BB 2, HARE
T REAEAS R by B2 S B AR

FAST (BB BINTT .
Step 1. I F AEE—MER P, FHENTEHIBIE R EL— A T
AT S EAE N Ip.
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Step 2. BE — NG 1 BIH tto
Step 3. FELLZIE R oA O — A BRE T 3G R B EUL T Bresenham
[, XA LA B 16 MEEK.

K 5-4: FAST fAdirEKE

Step 4. WIRAEXAN KN 16 MEREME LA n MELIE R A, A
RAEEAAL Ip+t K, ZEAHSLE Ip—t /N, AN HA, W EEAtE
ZFra~. n BMERT CLRE N 12 Bl 9.

T EUGH B —AN i, FRATTEREE 2 am [y FLAR IR _EY 16 AR R, &%
K. NFEPUX — [, FAST vk A A — s Rl Chigh-speed test)
R TEHEER — K e A S 2, flande EEPAUEE 1. 9. 5. 13 UM E
MG Z, HAREAE 1A 9 MEE, AT AT#0 bl R B IS B3 b B AE = P o B
S5H113, # P R&— M, HIEV 2 =5 B Rz 2 Al &t EiRG R
R ED 3N RLIURT IpHt BN T Ip—te WIRAW L, A p AnTREE—
AN R AERHT ITE SV TRIE J5, (R A S B R e B S, AR SR
[ WS =

FIREEW ST, AR E n<12 BEASBEAE P i gk 1 vk e AE A
PR, [FIE, Al H A RN R a B, RO E I R Bk T Il @ ) HE P 5 A
R A, AT LB AL 52 5 £ m o R A ot

DG FASTPISLVE IR

Step 1. 12 F FAST A skl 5y sk B B 58 BT E A R

Step 2. X TR A, FRATHEE AR L 16 A miA7iE TR ERAFE—A
vector N, ACPRRTAE IR 2 HAR B MA A, R ENIFAELE P .

5-5: FASK HiE At r= K

Step 3. AT EM& LA p, HABSR A E X, x e {1,2,...,16} I 55 R RN
p— X, A AR EA K R =2k
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d o, <I,-t (darker)
Spx=9s [+t <l —t (similar)
b L +t<1 ., (brighter)

Step 4. W P AINZGEIGET A HRRANES, HIMERE 16 MIEFK—

MIE x, ATUIEES PP N=A B BAIR, HUE ANF:
R={peP:s,,, =b}
P={peP:S,,, =5}
R={peP:S,, =b}

BANEYL, W TAERGEMALE x, BT LIEITE B R =28,
KPR A TR x AR R AEBIE t FRETHOMERE, SRR AR T
P L E x AR RARE t TR T OB ER, B=RR B TIra A E x &
B RAERE t Tt hoER.

Step 5. E X —MEEK,, #HpR MEK AE, BN, 1 RFER
TR B IR VAR TRER K BRI 0, R g a i i) s s il T oA ]
Fr ¥ FAST fariil o

(2) HE 5 s AR LK 2R o

XA R FATBLZ s O R BREAL M AR OCHE = (FREAKD, 1ER5 5
Z IS, Kl A S5 B T R ILEC . BB YRR, R
KB B MU £URT PO A EE 2 s

B NORULAC Z 50 A0 Z At h FR B ARFAE,  H T FREAK I8 4 /& — 12t il 1,
PRI LH T o8 P00 B B R iy 7 i, T Pl i A e R A A 2, A e R £
ROELEIR ], B WU RO SR R, P IR]NS I FR) B 0 SR A 3% e ik
XFRIICER, XLEHIWR 22 IR, (HAFFE— W E.

5-6: car6 FLATAH AL Pl A A6t B ¢ £
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(3) MHFA M 50 N s A T e R &R

Step2 HHIRE 0T S AR 2 2 A IER T, (HIRATVIIA AT LA A MSAC 77743
AP EMG 2 & F R 5T, 12575 & RANSAC BiE— Nk, fighe—dA
ROXTRIR RIS, AR A RMAER R R N R RP R, {f15kE
FH A EREE ZHWANERRILE RS, 205 Affine AT,
KLU E:

al a3 0}

a2 a4 0
tx ty 1
b a)re(s)
=S p+
y' a; q, ty
Hrr, 240 a & URMBIA- e -8, S8t RFBSH, 1T EIRK
A, AERMTHIAE R A R AR B B E A B . DA RO E], K A s B i
RNk EapERuRAN A Y s E= ) I C X L WA EE

H=

57: car6 WUATOH AL PN £ M4 E

MERKAE, PIMAIRHR 7> WS ISR BONI &, LBl S 2+ 7
ERMES, HEsthaimXisied, AR Bt m iz uiat.
FHe b, ARG, P RS RS2 S, BT 5
WBAT KA, bR EAR BTG B 2 ARNLAYE S, AP Z B HLIE
2l e g /N BE MUK SR s, IR P B HOR T

(4) BRI AR T o
MR, t=0,1,2,..., FAVEH RS THA W R ST b
Fo. Z B EO DT AR 3 H 5 DRI ¢ A 20 AR T 58— it 1Y) 88 T 2R T AR 3 2 i T P A

ISR A fe F) e A -
chmulative,t = H::) Hi
FAME A iR AR ) A2 H, Oy 1 ORIERCE R ] Sk A AR e v, AR P
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Hrath G o SN B S TR B e P AR AR e, 5 EIRAR R FEAR B R A DDA S8

AR AR M 1) T 20

sxcosf Sx(—sinf) 0

sxsind  sxcosd 0
tx ty 1

(X'J (cos@ —sin&j (txj
=S| . p+
y' sinf cosd ty
BTV LR A R HEBE H 5 4 il -Tie i PR S RUE BE H o U0, AT s
S RE, RN B R SN, BRAOTH R E SR B i, R SR
A S, MEMGE KRR 2 AR, 5 R 2 22 53 0] LT RS AT
bR, BRATHGHAR W EUGIME, 7T UUE B 8 ahar s Eg e, A
se ¥ Video Stabilization B35 5 FIEMR, 7 LR RIEGE StBONRE .

H=

Raw input mean Corrected sequence mean

P 5-8: car6 MUAEIL A A R R E

(5) fEPTAARHISAT e )q, AR5 W i 24 5 B, Tk, 5
Ent ¥ I I PP s SR N EVID 6 3 S LTSRS 1 G T K7

5.3 HE=RES DI

N TEBRATDx P LA A AR 4 i (1 25 B s AT s AR AU, AR R AR
FAL, £ MIF ALEERT, WREBM AR, e zhaeEERm L s m Az
BOIE WAL TR G, 152U 7 BEER AT DU BB 1 S e 24 11 T AT S04

FL b, 1 people2 MLAIH, HETMUKI R ARG MRS, FERHR T
Wi E NS B, BT 5 R0, M AT S A ERR Y car6
MR, NARGF AR 1 94 B A S5 1 o
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R 5-2: BB SRBIN AR A S FRIEE R (MIF 43D

1 T e R HipseirE] e ] b [EiB=s
[ (Video Stabilization)  (JCMIFALFE) ) A PR T 5 (MIFARFE)
car6
people2

6. [EIREUIRBYE 3T 55K %

6.1 A ARH#hIR K o3 Hr

I3 ot 1 e M4 A BT S B A P W R A 2 B TSR U F8 A — A
W 2 AL AT R R H T S5 A 1 TR R I 3 R S AT R FEX A ) R
PATE e aL T AT SR T B R, IZARARAE (8] BT AN R 8.
TR S BLAT IR, AT 95 BEAE AN R I TR]_E 1) 23 ol R B 1 22 1 0
EHIHFAE, JF H I el o (i 2 IR0 A0 o« XA 2 MEE R A fli TR 1%
AT RITTVER TE R FEHR IS 2P 55 52 R 70 A1 R B 58 225 5 BE K BRI R 452
MUBIME, ik 8 MALBI R H R B35 A R Bt A % 5 TR AT

6.2 HERIET

AR A E ML T A =2 B, ERErR R H e, 5
BIFTSAERD . SRJE, MR AT SHERD U A A S T R . R e A = A
Wizt AT SR T W . Ba s K E AT SO AT SR RO AT R E IR B 4
Mo

AT S MR B A ) B AR S5 7 T

® YT TS B

® TR I B .

XA R, HES 1D TERTIN R TR E2 G T . fEAR R R,
BATRH 7 R 5 7kBC A MIF JE 715506 5 — W T S0 31T R B . (H /e
A, RS TR E R, A THENE IS5, s 7B A A AR
WHIBHAE 5. T SRS IR, N 1 A5 B 6% 58 0 MR € 1 S A 5E,
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6.2.2 %% it (Kernel Density Estimation)
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C(®) =/ A@)* +B(w)’
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function [mov, dpanel] = aviread(filename)
Read Audio/Video (AVI) file
% read the wvideo

o° o

vidObj = VideoReader (filename) ;

vidHeight = vidObj.Height;
vidWidth = vidObj.Width;

mov = struct('cdata',zeros(vidHeight, vidwidth, 1,
'uint8'), ...

'colormap', []):

vlength = 0;
while hasFrame (vidOb7j)

vlength = vlength+l;

mov (vlength) .cdata = readFrame (vidObij) ;
end

% convert uint data to grayscale and into double
= 1;
dpanel = zeros(vidHeight, vidwidth, wvlength);
for k = 1l:vlength
dpanel(:, :,k) = im2double (rgb2gray (mov (k) .cdata));

-

end

Extract time frame.m
function [frame data, vlength] =extract time frame (filename,

frame num)
% Author: Wentao Wu

vidObj = VideoReader (filename) ;

vidHeight = vidObj.Height;
vidWidth = vidObj.Width;

s = struct('cdata',zeros(vidHeight, vidwidth, 1,
'uint8'), ...

'colormap', [1);
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vlength = 0;
while hasFrame (vidObj)

vlength = vlength+1;

s (vlength) .cdata = readFrame (vidObj) ;
end

frame data = s(frame num).cdata;

wentaoGMM.m

clear;

close all;

This program used to detect moving objects in a video %
Author: Ravdeep Johar

[e)

Please input any avi file below %

o® o o°

[e)

% Video = input ('Enter the name of the video file:', 's');
Video = 'watersurface/input.avi';
if isempty(Video)

error ('myApp:argChk', 'You did not enter a video file!')
end

inputVideo = aviread (Video):;

¢}

% frame size variables

fr = inputVideo (1) .cdata; % read in lst frame as
background frame

fr bw = rgb2gray(fr); % convert background to
greyscale

fr size = size(fr); % get the size of the frame
width = fr size(2); % get the width of the frame
height = fr size(1); % get the height of the frame
foreground = zeros (height, width); % initialize

variable to store foreground

o)

background = zeros (height, width); % initialize
variable to store background

Q

o

(¢}

frame num= 30; % number of frame
K = 3; % number of

gaussian components (can be upto 3-5)
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M= 3; % number of
background components

D= 2.5; % positive
deviation threshold

alpha = 0.01; % learning rate
(between 0 and 1) (from paper 0.01)

foregroundThreshold = 0.20; % foreground
threshold (0.25 or 0.75 in paper)

sd initial = 6; $ initial
standard deviation (for new components) var = 36 in paper
th mul = 1.0; % threshold
multiplier

morph enable =1; % whether to peform
morphological operation

SE shape = 'disk'; % shape of

morphological elements:
% diamond, disk,

line,

% octagon,
rectangle,

% square, cube,
sphere
SE R = 2; % Radius of

Element Structure in Morphological filter

weight = zeros (height,width,K); % initialize
weights array

mean = zeros (height,width,K); % pixel means
standardDeviation = zeros (height,width,K); % pixel

standard deviations

diffFromMean = zeros (height,width,K) ; % difference
of each pixel from mean

learningRate = alpha/ (1/K); % initial p
variable (used to update mean and sd)

rankComponent = zeros (1,K); % rank of
components (w/sd)

Q

% initialize components for the means and weights

o)

pixel depth = 8; % 8-bit resolution

pixel range = 2”pixel depth -1; % pixel range (# of
possible values)
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for i=1l:height
for j=l:width
for k=1:K
mean (i,J,k) = rand*pixel range; % means
random (0-255), it initialzes the mean to some random value.
weight (i,3,k) = 1/K; % weights
uniformly dist
standardDeviation(i,Jj, k) = sd initial; %
initialize to sd init

end

end
end
% Applying the proposed algorithm to the video
fgMovie = struct('cdata', zeros (height, width, 1,
'uint8'), ...

'colormap', []):
bgMovie = struct('cdata', zeros (height, width, 1,
'uint8'), ...

'colormap', []):
closedMaskMovie = struct('cdata', zeros(height, width, 1,
'uint8"), ...
) ;

'colormap', []
= struct('cdata', zeros (height, width, 1,

fgcloseMovie

'uint8'), ...
'colormap', []):

for n = l:length(inputvideo)
% reading the frames.
fr = inputvVideo (n) .cdata;

% converting the frames to grayscale.
fr bw = rgb2gray(fr);

% calculating the difference of each pixel values from
mean.

for m=1:K

diffFromMean(:,:,m) = abs (double(fr bw) -

double (mean(:, :,m)));

end

% update gaussian components for each pixel values.
for i=1l:height

for j=l:width
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match = 0; % its changed to 1 if the component is
matched
for k=1:K
% pixel matches component
if (abs(diffFromMean (i, j,k)) <=
D*standardDeviation (i, j, k))
% variable to signal component match
match = 1;
% update weights, mean, standard deviation
and
% learning factor
weight (i,3,k) = (l-alpha)*weight(i,j,k) +
alpha;
learningRate = alpha/weight (i, j,k);
mean (i, j, k) = (1-learningRate) *mean (i, j, k)
+ learningRate*double (fr bw(i, Jj));
standardDeviation (i, j,k) =
sgrt ((l-learningRate) * (standardDeviation (i, j, k) "2) +
learningRate* ( (double (fr bw(i,j)) - mean(i,j,k)))"2);
else % 1f pixel
doesn't match component
weight (i,j,k) =

o)

(l-alpha) *weight (i, j, k) ; % weight slighly decreases

end
end

weight (i,3,:) =
weight (1,73, :)./sum(weight(i,3,:));

%Save the background using all the components of
gaussian.

background (i, j)=0;

for k=1:K

background (i, j) = background (i, j)+

mean (i, j, k) *weight (i, j, k) ;

end

% if no components match, create new component and
decrease the

% parameters values
if (match == 0)
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[min w, min w index] = min(weight(i,j,:));
mean (i, J,min w_index) = double(fr bw(i,J));
standardDeviation (i, j,min w_index) =
sd initial;
end

rankComponent =

o\°

weight (i,3j,:)./standardDeviation (i, J, :);
calculate component's rank
rankIndex = [1:1:K];
% sort rank values
for k=2:K
for m=1:(k-1)

1 (rankComponent (:, :, k) >

f
rankComponent (:, :,m))
% swap max values
rank temp = rankComponent (:,:,m);
rankComponent (:, :,m) =

rankComponent (:, :, k) ;

rankComponent (:, :, k) rank temp;

% swap max index values

rank ind temp = rankIndex (m);
rankIndex (m) = rankIndex (k) ;
rankIndex (k)

rank ind temp;

end
end
end

Q

% calculate foreground and save it.

match = 0;

k=1;

foreground (i, j) = 0;

while ((match == 0)&& (k<=M))

if (weight (i, j, rankIndex(k)) >=
foregroundThreshold)
if (abs(diffFromMean (i, j, rankIndex(k))) <=
D*standardDeviation (i, j, rankIndex (k)))
foreground (i, j) = 0;
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match = 1;

else
foreground(i,j) = fr bw(i,j);
end
end
k = k+1;
end
end
end
% Filter

foreground = medfilt2 (foreground, [3, 31);

sStructure element for performing morphological

operations
$SE=[0 0 0 0 O
% 01110
% 01110
% 01110
% 0 0O0O0O0];

SE = strel (SE shape, SE R);

%Performing closing on the foreground frames using SE
if (morph enable)

closedFrame=imclose (foreground, SE);
else

closedFrame=foreground;
end
% Plotting the foreground , background , original wvideo
and the morphed

% video on the screen.
figure (1),
subplot(4,1,1),imshow (fr), title('Original Video');
subplot(4,1,2),imshow (uint8 (background) ),
('Background Model') ;
subplot(4,1,3),imshow (uint8 (foreground)) ,

o°® o° o°

+
-
+
=
0]

o°

title ('Foreground( Moving Objects )');

o\°

subplot(4,1,4),imshow (uint8 (closedFrame)) ,
title ('After Morphological operation');

% put foreground frames into movie.
[X1, cml] = gray2ind(foreground, 256);
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fgMovie (n) .cdata = X1;

fgMovie (n) .colormap = cml;

% put background frames into movie.

[X2, cm2] = gray2ind (mapminmax (background,0,1), 256);
bgMovie (n) .cdata = X2;

bgMovie (n) .colormap = cm2;

o)

% put closed frames mask into movie.
closedMask th = graythresh(closedFrame);
closedMask = closedFrame > th mul*closedMask th;

[X3, cm3] = grayz2ind(closedMask, 256);
closedMaskMovie (n) .cdata = X3;
closedMaskMovie (n) .colormap = cm3;
% put the closed foreground movie
fgclosedFrame = fr bw;
fgclosedFrame (~closedMask) = 0;
[X4, cm4] = grayz2ind(fgclosedFrame, 256);
fgcloseMovie (n) .cdata = X4;
fgcloseMovie (n) .colormap = cm4;

end

disp(['show movie'])

figure ()

set (gcf, "position', [300 300 width height]);
set (gca, '"units', 'pixels'");

set (gca, 'position', [0 0 width height]);
movie (fgMovie, 1, 30);

figure ()

% 1image (s (5) .cdata)

set (gcf, "position', [600 300 width height]);
set (gca, 'units', 'pixels'");

set (gca, 'position', [0 0 width height]);
movie (closedMaskMovie, 1, 30);

figure ()

% image (s (5) .cdata)

set (gcf, "position', [900 300 width height]);
set (gca, 'units', 'pixels');

set (gca, 'position', [0 0 width height]);
movie (fgcloseMovie, 1, 30);

% output a specific frame
if morph enable
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frame res = uint8(zeros (height,4*width));

frame res(:,0*width+1:1*width) =
rgb2gray (inputVideo (frame num) .cdata);

frame res(:,1*width+1l:2*width) =
bgMovie (frame num) .cdata;

$frame res(:,2*width+l:3*width) =
fgMovie (frame num) .cdata;

frame res(:,2*width+1:3*width)
closedMaskMovie (frame num) .cdata;

frame res(:,3*width+l:4*width)
fgcloseMovie (frame num) .cdata;

else
frame res = uint8(zeros (height,4*width));
frame res(:,0*width+1l:1*width) =
rgb2gray (inputVideo (frame num) .cdata);
frame res(:,l*width+1l:2*width) =
bgMovie (frame num) .cdata;
frame res(:,2*width+1:3*width) =
fgMovie (frame num) .cdata;
frame res(:,3*width+l:4*width) =
fgcloseMovie (frame num) .cdata;
end
figure ()
imshow (frame res)

MIF fast.m
Author: Wentao Wu

execute simple median and MIF

o
°
o

°

o° oo

¢

%% parameter
window = 0; % windows=0 for use all frame to calculate
background

% windows>0 for use last window number of frames
to calculate
th mul = 1.0; % adjust the threshold for foreground

block size = 4;

%% read the video

vidObj = VideoReader ('yuebing.mp4'); SJAE ; EOEpIAYMD
vidHeight = vidObj.Height;

vidWidth = vidObj.Width;

s = struct('cdata',zeros(vidHeight, vidwidth, 1,
'uint8'), ...
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'colormap', []):

vlength = 0;
disp(['reading original video'])
while hasFrame (vidObj)
vlength = vlength+1;
s (vlength) .cdata = readFrame (vidObj) ;

disp(['vlengh = ',num2str (vlength)])
end
disp(['reading complete.'])
whos s

% convert uint data to grayscale and into double
= 1;
spanel = zeros (vidHeight, wvidWidth, vlength);
for k = 1l:vlength
spanel (:,:,k) = im2double (rgb2gray (s (k) .cdata)):

-

end
whos spanel

%% Background video through Simple Median method
disp(['calculating bg'l])
bgpanel = zeros(vidObj.Height, vidObj.Width, vlength);
if window > O
for 1 = 1l:vlength
bgpanel (:,:,1) =
median (spanel(:, :,max(l,i-window) :1i), 3);

end
else
%% WARNING: note the background source!!!
bgpanel = repmat (median (spanel(:,:,1l:end),
3),1,1,vlength);

end
disp(['calculating bg complete'])

%% Construct the backgound movie
bgMovie = struct ('cdata', zeros (vidObj.Height, vidObj.Width,
1, 'uint8'), ...
'colormap', []):
for i = 1l:vlength

[X1, cml] = gray2ind(bgpanel(:,:,1), 256);
bgMovie (i) .cdata = X1;
bgMovie (i) .colormap = cml;

end
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%% Get the foreground target
fgpanel = abs(spanel - bgpanel);

determine the thredhold

% figure

% hold on

% plot(squeeze (max (max (fgpanel, [], 1), [1, 2)))
% plot(squeeze (min (min (fgpanel, [], 1), [1, 2)))
% hold off

fgpanel th = zeros(vidObj.Height, vidObj.Width);
g fg th = graythresh (fgpanel);
for i = l:vlength

fg th = graythresh(fgpanel(:,:,1));

% TODO limit fg th to global

fg th limited = min(max(fg th, 0.9*g fg th),
1.1*g fg th);

fgpanel th (:,:,1)= fgpanel(:,:,1) > fg th limited;
end

%% Construct Mask
fgmask = struct('cdata',zeros (vidObj.Height, vidObj.Width,
1, 'uint8'"), ...
'colormap', []):
for i = 1l:vlength
[X1, cml] = gray2ind(fgpanel th(:,:,1), 256);
fgmask (i) .cdata = X1;
fgmask (i) .colormap = cml;
end

%% Construct the foregound movie
disp(['computing fg video'])
Movie = struct ('cdata', zeros (vidObj.Height, vidObj.Width, 1,
'uint8'), ...
'colormap', []):
for i = 1l:vlength

[X1, cml] = gray2ind(fgpanel th(:,:,1i).*spanel(:,:,1),
256) ;

Movie (i) .cdata = X1;

Movie (i) .colormap = cml;
end

disp ('compute complete')

64



SMIF method; Essentially median + morphological
disp('med filter and morph')
clear fgmask = struct('cdata',zeros(vidObj.Height,
vidObj.Width, 1, 'uint8'"), ...

'colormap', [])
for i = 1: vlength

% median fileter

fgpanel th filtered = medfilt2 (fgpanel th(:,:,1),
[block size, block size]);

se = strel('disk',3);

fgpanel th fil morph = imclose (fgpanel th filtered, se);

$fgpanel th fil morph = fgpanel th filtered;

[X1, cml] = gray2ind(fgpanel th fil morph, 256);
clear fgmask(i).cdata = XI1;
clear fgmask(i).colormap = cml;

end

disp('complete med filter and morph')

%% Display the movie
figure ()
% 1image (s (5) .cdata)
set (gcf, "position', [300 300 vidObj.Width vidObj.Height]):;
set (gca, '"units', 'pixels'");
set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;
movie (clear fgmask,1l,vidObj.FrameRate);
% calcuate the sum of the pixles
frame bright = zeros(vlength,1);
for i = 1l:vlength
frame bright (i) = sum(sum(clear fgmask (i) .cdata)):
end

th = 2.993e+04;
ssignal = frame bright > th;

figure () ;

hist (frame bright, 50)

figure ()
hold on
[f, xi] = ksdensity(frame bright, 'Kernel', 'normal',
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'"BandWidth', 15000, 'npoints',1000);
plot (xi, f)

plot ([th, th], [0, max(f)],'--")
plot(th, 0,'o")

xlabel ('Foreground pixles')

ylabel ('Probability'")

legend ('KDE', "threshold")

figure ()

hold on

plot (frame bright)

plot ([0, wvlength], [th, th], '--")

plot (ssignal*max (frame bright)*0.1+1.*max (frame bright),
'LineWidth', 2)

xlabel ('Frame number')

ylabel ('Foreground pixles')

legend('fg pixles', "threshold', 'selector signal')

MIF median.m
% execute simple median and MIF

$simple median method;
$MIF method;

%% result summary

figure ()

subplot ()

disp(['Height = ', num2str (vidHeight), ...
'; Width = ', num2str (vidWidth),
'; total frames = ', num2str(vlength)])

imshow (closed mif fig th)

figure ()

set (gcf, "position', [900 300 vidObj.Width vidObj.Height]):;
set (gca, 'units', 'pixels'");

set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;
movie (fgmask, 3, vidObj.FrameRate);

%% Dynamic bg filter && Statical bg filter
MIFMovie = struct ('cdata', zeros (vidObj.Height, vidObj.Width,
1, 'uint8'), ...
'colormap', [1);
fgmask dbg = zeros(vidHeight, vidWidth);
fgmask sbg = zeros(vidHeight, vidWidth);
for i = 1l:vlength
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fgmask frame = fgmask(1i) .cdata;

dbgmask frame = closed mif fig th;

% In dynamics background, perform mid-value filter to
renoise salt & pepper

o)

% noise.
% find out the dynamic region in fgmask
fgmask dbg(closed mif fig th) =

fgmask frame (closed mif fig th);
fgmask dbg denoised = medfilt2 (fgmask dbg, [6,6]);
fgmask frame (closed mif fig th) =

fgmask dbg denoised(closed mif fig th);
% find out the static region in fgmask
fgmask sbg(~closed mif fig th) =

fgmask frame(~closed mif fig th);
se = strel('disk',4);
fgmask sbg morph = imclose (fgmask sbg, se);
fgmask frame(~closed mif fig th) =

fgmask sbg morph(~closed mif fig th);

[X1, cml] = gray2ind(fgmask frame, 256);
MIFMovie (i) .cdata = X1;
MIFMovie (i) .colormap = cml;

end

%% Play the result movie

figure ()

set (gcf, "position', [1200 300 vidObj.Width vidObj.Height]) ;
set (gca, '"units', 'pixels'");

set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;
movie (MIFMovie, 3, vidObj.FrameRate);

%% show the result figure

frame num = 30;

frame res = uint8(zeros(vidObj.Height, 5*vidObj.Width));
reselect fg = rgbZ2gray (s (frame num).cdata);
reselect fg(MIFMovie (frame num) .cdata<1l28) = 0;
frame res(:,0*vidObj.Width+1:1*vidObj.Width) =
rgb2gray (s (frame num) .cdata) ;

frame res(:,1*vidObj.Width+1:2*vidObj.Width) =
fgmask (frame num) .cdata;

frame res(:,2*vidObj.Width+1:3*vidObj.Width) =
255*closed mif fig th;

frame res(:,3*vidObj.Width+1:4*vidObj.Width) =
MIFMovie (frame num) .cdata;
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frame res(:,4*vidObj.Width+1:5*vidObj.Width) =
reselect fg;

figure ()

imshow (frame res)

MIF_method.m
$% MIF method script

MIF method.m tests the global median method to background

o\

o°  o°

substraction with Moments Imaging Filter method.

% Parameters

o°  o°

mif fig th = (mif fig(:,:,2) > th var) & (mif fig(:,:,3)
< th skew);
th var = 0.2; % threshold for variance
th skew = 0.3; % threshold for skewness
se r = 2; % ridus of disk

%% read the wvideo
vidObj =
VideoReader ('airport/input.avi'); SIAE  EOEpI AP

vidHeight = vidObj.Height;
vidWidth = vidObj.Width;

s = struct('cdata',zeros(vidHeight, vidwidth, 1,
'uint8"'"), ...
'colormap', []):

vlength = 0;
while hasFrame (vidOb7j)
vlength = vlength+l;
s (vlength) .cdata = readFrame (vidObj) ;
end
whos s

% convert uint data to grayscale and into double
= 1;
spanel = zeros(vidHeight, wvidWidth, wvlength);
for k = l:vlength
spanel(:,:,k) = im2double (rgb2gray (s (k) .cdata));

-

end
whos spanel

%% calcuate background
figure ()
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imshow (spanel(:,:,1))

mif fig = zeros(vidHeight, vidWidth, 3);

mif fig(:,:,1) = mapminmax (median(spanel, 3),0,1);

mif fig(:,:,2) = mapminmax(std(spanel, 0, 3),0,1);

mif fig(:,:,3) = mapminmax (abs (skewness (spanel,1l, 3)),0,1)

figure ()
imshow (imZ2uint8 (mif fig))

%% each layer display
figure ()
subplot(3,1,1)
imshow (mif fig(:,:,1))
subplot (3,1,2)
imshow (mif fig(:,:,2))
subplot (3,1, 3)
imshow (mif fig(:,:,3))

%% segmentation of RGB figure
mif fig th = (mif fig(:,:,2) > th var) & (mif fig(:,:,3)
th skew);

SE = strel('disk', se r);
closed mif fig th = imclose(mif fig th, SE);

figure ()

subplot(2,2,1)
imshow (mif fig(:,:,2) > th var)
subplot (2,2,2)
imshow (mif fig(:,:,3) < th skew)
subplot (2,2, 3)
imshow (mif fig th)

subplot (2,2,4)

imshow (closed mif fig th)

%% Display the movie

figure ()

% image (s (5) .cdata)

set (gcf, "'position', [300 300 vidObj.Width vidObj.Height]);
set (gca, 'units', 'pixels');

set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;
movie(s,1l,vidObj.FrameRate) ;
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MIFFT method.m
%% MIFFT method script

% MIFFT method.m tests the global median method to background
% substraction with Moments Imaging with FFT component method.
%% read the wvideo

vidObj = VideoReader ('Campus.avi'); SIAE ; EOENIAYMp

vidHeight = vidObj.Height;
vidWidth = vidObj.Width;

s = struct('cdata',zeros(vidHeight, vidwidth, 1,
'uint8'), ...

'colormap', []):;

vlength = 0;
while hasFrame (vidOb7j)
vlength = vlength+1;
s (vlength) .cdata = readFrame (vidObj) ;
end
whos s

% convert uint data to grayscale and into double
= 1;
spanel = zeros (vidHeight, wvidWidth, vlength);
for k = l:vlength
spanel (:, :,k) = im2double (rgb2gray (s (k) .cdata));
end

p

whos spanel
%% calcuate background
figure ()

imshow (spanel(:,:,1))

trans fig = zeros(vidHeight, vidWidth, 3);

trans fig(:,:,1) = mapminmax (median (spanel, 3),0,1);
trans fig(:,:,2) = mapminmax (std(spanel, 0, 3),0,1);
trans fig(:,:,3) = abs(skewness(spanel,1l, 3));

if 0

for i = 1l:vidHeight
for j = 1l:vidwidth
ts = squeeze (spanel (i,3,:));
fftts = fft(ts-mean(ts));
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p = abs(fftts(l:floor(vlength/2.0)));
if (i == 20) && (j == 15)
figure ()
subplot(2,1,1)
plot (ts)
ylim([0,1])
subplot(2,1,2)
plot(p)
$1if max(ts)-min(ts) > 0.2
% disp ('foreground')
send
disp('foreground')

% close

end

[~, trans fig(i,J,3)] = max(p);

% disp(['1 = ',num2str(i), ';J = ',num2str(j)])

end

end
end
trans fig(:,:,3) = mapminmax(trans fig(:,:,3),0,1);
figure ()

imshow (im2uint8 (trans fiqg))

%% each layer display
figure ()

subplot (3,1,1)

imshow (trans fig(:,:,1))
subplot(3,1,2)

imshow (trans fig(:,:,2))
subplot (3,1, 3)

imshow (trans fig(:,:,3))

%% Display the movie

figure ()

% image (s (5) .cdata)

set (gcf, "position', [300 300 vidObj.Width vidObj.Height]):;
set (gca, 'units', 'pixels');

set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;

movie(s,1l,vidObj.FrameRate) ;
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morph_method.m

o)

% doing the morphological operation
$frame num = 10;

% originalBW = fgpanel th(:,:,frame num);
originalBW = fgMovie (frame num) .cdata;
figure;

imshow (originalBW) ;

se = strel('disk',0);

closeBW = imclose (originalBW, se);

figure;

imshow (closeBW)

% figure();
% [h, w] = size(originalBW);
% in _a row = zeros(h, 4*w);

in a row(:,0*vidObj.Width+1l:1*vidObj.Width) =

spanel (:, :, frame num) ;
% 1n a row(:,1l*vidObj.Width+1:2*vidObj.Width) = originalBW;
% in a row(:,2*vidObj.Width+1:3*vidObj.Width) = closeBW;
% in a row(:,3*vidObj.Width+1:4*vidObj.Width) =
closeBW. *spanel (:, :, frame num) ;

figure ()

figure();
[h, w] = size(originalBW) ;
in a row = zeros(h, 4*w);

original video =
im2double (rgb2gray (inputVideo (frame num) .cdata));
X1= im2double (closeBW) .*original video;

in a row(:,0*w+l:1*w) = original video;

in a row(:,l1*w+l:2*w) = im2double (originalBW);
in a row(:,2*w+l:3*w) = im2double (closeBW);

in a row(:,3*w+l:4*w) = X1;

figure ()
imshow (in_a row)

simple_median_method.m

% simple median method script

simple median method.m tests the global median method to
background

Q

% substraction

%% parameter
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o)

window = 0; % windows=0 for use all frame to calculate
background

% windows>0 for use last window number of frames
to calculate
frame num = 30; % display the specific frame in the video
bg frame = 10;

th mul = 1.2; % adjust the threshold for foreground

%% read the video

vidobj =

VideoReader ('waterSurface\input.avi'); STAE ; EOEpIAYMD
vidHeight = vidObj.Height;

vidWidth = vidObj.Width;

s = struct('cdata', zeros(vidHeight, vidwidth, 1,
'uint8'), ...

'colormap', []):

vlength = 0;
disp(['reading original wvideo'])
while hasFrame (vidOb7j)
vlength = vlength+l;
s (vlength) .cdata = readFrame (vidObij) ;

disp(['vlengh = ',num2str (vlength)])
end
disp(['reading complete.'])
whos s

% convert uint data to grayscale and into double
= 1;
spanel = zeros (vidHeight, wvidWidth, wvlength);
for k = l:vlength
spanel(:,:,k) = im2double (rgb2gray (s (k) .cdata)):;
end
whos spanel

-

%% Background video through Simple Median method
disp(['calculating bg'])
bgpanel = zeros (vidObj.Height, vidObj.Width, vlength);
if window > O

for i = l:vlength

bgpanel(:,:,1) =

median (spanel(:, :,max(l,i-window) :1), 3);

end
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else
bgpanel = repmat (median (spanel(:,:,l:bg frame),
3),1,1,vlength);
end
disp(['calculating bg complete'])

%% Construct the backgound movie
bgMovie = struct ('cdata', zeros (vidObj.Height, vidObj.Width,
1, 'uint8'"), ...
'colormap', []):;
for i = l:vlength

[X1, cml] = gray2ind(bgpanel(:,:,1), 256);
bgMovie (i) .cdata = X1;
bgMovie (i) .colormap = cml;

end

%% Get the foreground target
fgpanel = abs(spanel - bgpanel);

determine the thredhold

% figure

% hold on

% plot(squeeze (max (max (fgpanel, [], 1), [1, 2)))
% plot(squeeze (min (min (fgpanel, [], 1), [1, 2)))
% hold off

fgpanel th = zeros(vidObj.Height, vidObj.Width) ;
global th = graythresh (fgpanel);
for 1 = 1l:vlength

fg th = graythresh(fgpanel(:,:,1));

fg th adj = max(min(fg th, 1.1l*global th),
0.9*global th);

fgpanel th(:,:,1i)= fgpanel(:,:,1) > th mul*fg th adj;
fgpanel th(:,:,1i) = medfilt2 (fgpanel th(:,:,1i),[6,6]);
se = strel('disk',3);

fgpanel th(:,:,1) = imclose(fgpanel th(:,:,1), se);

end

for i=l:vlength
fgpanel th(:,:,1) = imbinarize (fgpanel(:,:,1));

o o° o°

0]
3
0.

%% Construct Mask
fgmask = struct ('cdata',zeros (vidObj.Height, vidObj.Width,
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1, 'uint8'), ...
'colormap', []);
for 1 = l:vlength
[X1, cml] = gray2ind(fgpanel th(:,:,1), 256);
fgmask (i) .cdata = X1;
fgmask (i) .colormap = cml;
end

%% Construct the foregound movie
disp(['computing fg video'])
Movie = struct('cdata', zeros (vidObj.Height, vidObj.width, 1,
'uint8'), ...
'colormap', []):
for i = l:vlength

[X1, cml] = gray2ind(fgpanel th(:,:,1i).*spanel(:,:,1),
256) ;

Movie (i) .cdata = X1;

Movie (i) .colormap = cml;

end
disp ('compute complete')

%% Display the movie

figure ()

set (gcf, "position', [300 300 vidObj.Width vidObj.Height]);
set (gca, '"units', 'pixels'");

set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;
movie (s, 1, vidObj.FrameRate)

figure ()

set (gcf, 'position', [600 300 vidObj.Width vidOb7j.Height]) ;
set (gca, 'units', 'pixels'");

set (gca, '"position', [0 0 vidObj.Width vidObj.Height]) ;
movie (bgMovie, 1, vidOb7j.FrameRate);

figure ()

set (gcf, "position', [900 300 vidObj.Width vidObj.Height]):;
set (gca, 'units', 'pixels');

set (gca, '"position', [0 0 vidObj.Width vidObj.Height]) ;
movie (fgmask, 3, vidObj.FrameRate);

figure ()

set (gcf, 'position', [1200 300 vidObj.Width vidObj.Height]) ;
set (gca, 'units', 'pixels');
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set (gca, 'position', [0 0 vidObj.Width vidObj.Height]) ;
movie (Movie, 3, vidObj.FrameRate);

%% output a specific frame

frame res = uint8(zeros(vidObj.Height, 4*vidObj.Width));
frame res(:,0*vidObj.Width+1:1*vidObj.Width) =
rgb2gray (s (frame num) .cdata);

frame res(:,1*vidObj.Width+1:2*vidObj.Width) =
bgMovie (frame num) .cdata;

frame res(:,2*vidObj.Width+1:3*vidObj.Width) =
fgmask (frame num) .cdata;

frame res(:,3*vidObj.Width+1l:4*vidObj.Width) =
Movie (frame num) .cdata;

figure ()

imshow (frame res)

video stab.m

[e)

% output to be of intensity only video.
% Input video file which needs to be stabilized.
filename = 'campus.avi';

hVideoSource = vision.VideoFileReader (filename,
'ImageColorSpace’,
'"Intensity', ...
'VideoOutputDataType',
'double') ;

translation between successive video frames.
hTM = vision.TemplateMatcher ('ROIInputPort', true,
'BestMatchNeighborhoodOutputPort',

% Create a System object to display the original video and
the stabilized

% video.

hVideoOut = vision.VideoPlayer ('Name', 'Video
Stabilization');

hvVideoOut.Position(l) = round(0.4*hVideoOut.Position(1l));
hvideoOut.Position(2) =

round (1.5* (hVideoOut.Position (2)));

hVvideoOut.Position(3:4) = [650 350];
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loop.

pos.template orig = [109 100]; % [x y] upper left corner
pos.template size = [22 18]; % [width height]

pos.search border = [15 10]; % max horizontal and vertical
displacement

pos.template center = floor((pos.template size-1)/2);
pos.template center pos = (pos.template orig +
pos.template center - 1);

fileInfo = info (hVideoSource);

W = fileInfo.VideoSize(l); % Width in pixels
H = fileInfo.VideoSize(2); %

BorderCols = [l:pos.search border (1)+4
W-pos.search border (1)+4:W];

BorderRows = [l:pos.search border (2)+4
H-pos.search border (2)+4:H];

sz = fileInfo.VideoSize;

s Height in pixels

TargetRowIndices =

pos.template orig(2)-l:pos.template orig(2)+pos.template
size(2)-2;
TargetColIndices =

pos.template orig(l)-l:pos.template orig(l)+pos.template
size(1l)-2;

SearchRegion = pos.template orig - pos.search border - 1;
Offset = [0 0];
Target = zeros(18,22);

firstTime = true;

%% Stream Processing Loop
% This is the main processing loop which uses the objects we
instantiated
% above to stabilize the input video.
while ~isDone (hVideoSource)
input = step(hVideoSource) ;
% Find location of Target in the input video frame
if firstTime
Idx = int32 (pos.template center pos);
MotionVector = [0 0];

firstTime = false;
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else
IdxPrev = Idx;

ROI = [SearchRegion,
pos.template size+2*pos.search border];

Idx = step(hTM, input, Target, ROI);

MotionVector = double (Idx-IdxPrev):;

end
[Offset, SearchRegion] = updatesearch(sz,
MotionVector,

SearchRegion, Offset, pos);

o)

% Translate video frame to offset the camera motion
Stabilized = imtranslate(input, Offset, 'linear');

Target = Stabilized (TargetRowIndices, TargetColIndices);

% Add black border for display

Stabilized(:, BorderCols) = 0;
Stabilized (BorderRows, :) = 0;
TargetRect = [pos.template orig-Offset,

pos.template size];
SearchRegionRect = [SearchRegion, pos.template size +
2*pos.search border];

% Draw rectangles on input to show target and search region

input = insertShape (input, 'Rectangle', [TargetRect;
SearchRegionRect], ...

'Color', 'white');

% Display the offset (displacement) values on the input
image

txt = sprintf (' (%+05.1f,%+05.1f) "', Offset);

input = insertText (input(:,:,1),[191
215],txt, "FontSize', 16,

'TextColor', 'white', 'BoxOpacity', 0);

% Display wvideo

step (hVideoOut, [input(:,:,1) Stabilized]);
end

% Release

0© oo

Here you call the release method on the objects to close
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any open files

% and devices.
release (hVideoSource) ;

imbs.hpp
#ifndef  IMBS HPP

#define _ IMBS HPP

//OPENCV

#include <opencv2/core/core.hpp>

#include <opencv2/highgui/highgui.hpp>
#include <opencv2/imgproc/imgproc.hpp>
#include <opencv2/imgproc/imgproc c.h>
#include <opencv2/features2d/features2d.hpp>

//CH++

#include <iostream>
#include <vector>
#include <fstream>
#include <thread>
#include <functional>

using namespace cv;
using namespace std;

class BackgroundSubtractorIMBS
{
public:
//! the default constructor
BackgroundSubtractorIMBS () ;
//!' the full constructor
BackgroundSubtractorIMBS (double fps,
unsigned int fgThreshold=20,
unsigned int associationThreshold=5,
double samplingPeriod=500.,
unsigned int minBinHeight=2,
unsigned int numSamples=20,
double alpha=0.65,
double beta=1.15,
double tau s=60.,
double tau h=40.,
double minArea=50.,
double persistencePeriod=10000.,
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bool morphologicalFiltering=false
) ;
//! the destructor
~BackgroundSubtractorIMBS () ;
//! the update operator
void apply(InputArray image, OutputArray fgmask, double
learningRate=-1.);

//! computes a background image which shows only the
highest bin for each pixel

void getBackgroundImage (OutputArray backgroundImage)
const;

//! re-initiaization method
void initialize(Size frameSize, int frameType);

bool loadBg (const char* filename);
void saveBg(string* filename) ;

private:
//method for creating the background model
void createBg(unsigned int bg sample number);
//method for creating the incremental background model
void createlIncrementalBg (unsigned int bg sample number) ;
//method for updating the background model
void updateBg() ;
//method for computing the foreground mask
void getFg();
//method for computing the incremental foreground mask
void getIncrementalFg();
//method for refining foreground mask
void filterFg();
//method for filtering out blobs smaller than a given area
void areaThresholding() ;
//method for getting the current time
double getTimestamp () ;
//method for converting from RGB to HSV
void convertImageRGBtoHSV (const Mat& imageRGB) ;
//Utils//
//abs function
int abs_ (int value);
//max between three numbers
int max (int a, int b, int c¢);

//min between two numbers
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int min (int a, int b);

//current input RGB frame

Mat frame;

vector<Mat> frameBGR;

//frame size

Size frameSize;

//frame type

int frameType;

//total number of pixels in frame

unsigned int numPixels;

//current background sample

Mat bgSample;

vector<Mat> bgSampleBGR;

//current background image which shows only the highest
bin for each pixel

// (just for displaying purposes)

Mat bglmage;

//current foreground mask

Mat fgmask;

Mat fglncrementalMask;

Mat fgMask ;

Mat fgfiltered;

string* bgFilename;
bool loadedBg;

//number of fps

double fps;

//time stamp in milliseconds (ms)

double timestamp;

//previous time stamp in milliseconds (ms)

double prev timestamp;

double initial tick count;

//initial message to be shown until the first bg model

is ready

Mat initialMsgGray;

Mat initialMsgRGB;

Mat imageHSV;

float FLOAT TO BYTE;
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float BYTE TO FLOAT;
float fhVl;
float fhvV2z;

//struct for modeling the background values for a single
pixel
typedef struct {
vector<Vec3b> binValues;
vector<uchar> binHeights;
vector<bool> isFg;
} Bins;

vector<Bins> bgBins;
vector<Bins> incrementalBgBins;
public:
//struct for modeling the background values for the entire
frame
typedef struct {
vector<Vec3b> values;
vector<bool> isValid;
vector<bool> isFg;
vector<uchar> counter;
} BgModel;

//bool isBackgroundCreated;
private:
vector<BgModel> bgModel;
vector<BgModel> incrementalBgModel;
//method for suppressing shadows and highlights
void hsvSuppression (const vector<BgModel> & bgModel) ;

//SHADOW SUPPRESSION PARAMETERS
float alpha;
float beta;
uchar tau_ s;
uchar tau h;

unsigned int minBinHeight;

unsigned int numSamples;

unsigned int incrementalNumSamples;

unsigned int samplingPeriod;

unsigned int incrementalSamplingPeriod;
unsigned int increamental reduction variable;
unsigned long prev _bg frame time;
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unsigned long prev_incremental bg frame time;
unsigned int bg frame counter;

unsigned int incremental bg frame counter;
unsigned int associationThreshold;

unsigned int maxBgBins;

unsigned int nframes;

double minArea;

bool bg reset;

unsigned int persistencePeriod;
bool prev area;

bool incremental bg;

unsigned int fgThreshold;

uchar SHADOW LABEL;

uchar PERSISTENCE LABEL;

uchar FOREGROUND LABEL;
//persistence map
vector<unsigned int> persistenceMap;
Mat persistencelmage;

vector<unsigned int> counters;
vector<unsigned int> incrementalCounters;
vector<unsigned int> counterCopy;

bool morphologicalFiltering;

public:
unsigned int getMaxBgBins () {
return maxBgBins;

}
unsigned int getFgThreshold() {
return fgThreshold;

}
void getBgModel (vector<BgModel> &bgModel copy) ;
i

#endif //_ IMBS HPP
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