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Abstract

The goal of this thesis is investigation of Fixed-Point implementation of GMM
(Gaussian Mixture Modeling). It must be done-before hardware implementation or
porting to embedded system. We implement.it for several data types of GMM in PC
and Fixed-Point parameters of GMM then compare its speed of image processing,
memory size and recognition precision of foreground objects with the result after
Fixed-Point. We provide a data type of parameters that can keep high precision and
down size memory. After Fixed-Point implementation of GMM, it can save
developing time and a lot memory when implementing the hardware of GMM or

porting GMM to embedded system.
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// Model renewing

Wrxn = (L = M B)) Weerxm + Mix(8) Myxn, ¥
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// Update phase |
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~ A5
else e L P
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Parameters : T,(= 2.5),Vary(= 10%),w,(= 0.01),p = 0.025 A
Forn=0,..N—1do

My, =N

dt,x S 0.0

. (It,x_ﬂt—l,x,n)z

if - — < Vari_ixn > 5 - 2

if dex <We—inx
then dyy =W_1px and M., =1(t,x) =n

endif
endif )
Wexn = (1 — Nt x (ﬂ)) Wi_1,xn
if Mt,x * N \

Hexi(tx) = (1- P)Ht—Lx,l(t,x) +p- Iy

2
Vart,x,l(t,x) = (1 - p)Vart—l,x,l(t,x) + p- (It,x - :ut—l,x,l(t,x))

Wexl(tx) = Wexn T Nex (B)

>
~
T\4
Py
NS

Iy

else
K =argming=o N-1 Wt-1xn >
Kk = Tt x
Var, . = Vary

Wexk = Wo
endif
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Update Pixel Type
Update Gaussian

Update Background

Bl 3-1 w GM B i B endk A AR
319
«’*lr”f (A - BN % ¢h>R 2 &9 1% Erosion-

Eon@z Biwds

¥ Erosion % Dilation> ~#%~ #* @ ¥ chw & 4p #88L o Erosion %4 > 4r
B 32> LdBitho Bt BB hE s 1P, 2 T 2 Lk 5 1 Bt
BLhEA R BN E P T 245 - 87 5 1o BBz i 00 & Dilation
Lo e 330 FikEaiE s LpF s PI#-F T 24w BhenfEecs 1o @ Erosion
+ Dilation % ¥ 125§ ",ft— W pieenie gk o 4o 3-7 < Connected Component

Analysis R i€ * < x[20] Labeling GF 82 o 1% B i Labeling & #-4r 12 4 ¥
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Bl 3-2 w i 4pa8gL2. Erosion(s B &)

B 3-3 = B 4pA#%2L2. Dilation

B 3-4 Erosion + Dilation z_ 2z %

32GMM # £ 2 %#
- BN P ARET FHGMM L F A F ABRF N B RS G ER L
0 FATEZ BH GG RE R

13



(1) ggpe ip > LFmipsisg o
() 4B A LGRS D REFERLE LW,y 2T,) °
Q) Gt Bpd LATHRRBAT D AE(H £ PG AA 2 bt £ 5 b

i) -

A H- chif 2 FHRRTHRF R3S Ay - By BE T
Agr e DF T PR AT R U EARURZER RT
KEW»Ed PG FgRER I LAF R gafaFaed - FiH
FEICEDHARERBRIZE R R LS EF R - AP L o SRR

ik HE W =T, o 216 - EEFNFRengpd (FT5 66 > TRPFRBLI%R

Aphgr LH 2 NS BRERE AR 31T KL 2 GMM &£
;ﬁmﬁ&%’ﬁ%ﬁQQ’ﬁwm%ﬁ°ﬁi%ﬁ$—%%§%’iﬁﬁ%%
BEER3BHRAFREE LBERATAT A AN SR £ - 5 BRE
BEL E A R AR AT R R (W, =024) £ eni 5% 5% 1500 B3
o EAES RSNk - R FZ BIRAB S VA LATEES W 5
BAEA G o i 4 38 Weight[1] > Weight[0] > Weight[2] » 2% 1653 i
o @I ER. *%’ﬁﬁ—\@] m.‘:—g%—fzo%") AZ B AZED T I FED
Szt > AP BF R GMM ¥ B FTEARY Bdhamg L] 107 A £ F g

%ﬁﬁﬁﬁﬂﬁé%{fﬁ%’ﬁmﬁﬁmﬁﬁiij{jﬁmo
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Foreground- -
em'-*--

Test Criterion

1.Blue is foreground

2.Blue is not foreground

B 3-5 ¥ - kit GMM A2t 2 A~ %%

A4 3L EBEH - R EGMM 2 % %

3.Background is
updated to blue

Excel Simulation
Frame | R B Weight[0] Weight[1] Weight[2]
1| 255 0 0 1.0000000 (0.0000000 0.0000000
2| 255 0 0 1.0000000 (0.0000000 0.0000000
3 0 0] 255 0.9900974 0.0099026 0.0000000
4 0 0 255 0:.9899324 0.0100676 0.0000000
5 0 0 255 0.9897674 0.0102326 (0.0000000
1586 0 0 255 0.7604786 0.2395214 (0.0000000
1587 0 0 255 0.7603519 0.2396481 (0.0000000
1588 0 0 255 0.7602251 0.2397749 (0.0000000
1589 0 0 255 0.7600984 0.2399016 (0.0000000
1590 0 0 255 0.7599717 0.2400283 0.0000000
1591 0 0 255 0.7596564 0.2403436 0.0000000
1592 0 0 255 0.7591543 0.2408457 0.0000000
1650 0 0 255 0.5154448 0.4845552 0.0000000
1651 0 0 255 0.5094924 0.4905076 0.0000000
1652 0 0 255 0.5035402 0.4964598 0.0000000
1653 0 0] 255 0.4975904 0.5024096 0.0000000
1654 0 0 255 0.4916454 0.5083546 (0.0000000

15




A4t 32 Rt E -

% it GMM 2 % %

Program Output

Frame | R B Weight[0] Weight[1] Weight[2]
1| 255 0 0 1.0000000 0.0000000 0.0000000
2| 255 0 0 1.0000000 (0.0000000 0.0000000
3 0 0 255 0.9900974 0.0099026 0.0000000
4 0 0 255 0.9899324 0.0100676 0.0000000
5 0 0 255 0.9897674 0.0102326 0.0000000
1586 0 0 255 0.7604786 0.2395214 0.0000000
1587 0 0 255 0.7603519 0.2396481 0.0000000
1588 0 0 255 0.7602251 0.2397749 0.0000000
1589 0 0 255 0.7600984 0.2399016 0.0000000
1590 0 0 255 0.7599717 0.2400283 0.0000000
1591 0 0 255 0.7596564 0.2403436 0.0000000
1592 0 0 255 0.7591543 0.2408457 0.0000000
1650 0 0 255 0.5154448 0.4845552 0.0000000
1651 0 0 255 0.5094924 0.4905076 0.0000000
1652 0 0 255 0.5035402 0.4964598 0.0000000
1653 0 0 255 0.4975904 0.5024096 0.0000000
1654 0 0 255 0.4916454 0.5083546 0.0000000
EEE- BAFDREL BT RERY - KL DT O Rk TRE  4oFl

36> m HApst2 A B R 4@ 37 B4opFLipdl— B A ~35-F 4B 3-6(a)
FoHEMHFRP LR B2 g A BFY - BB 3-6(b)-(c) 0 E T
PP BBz HEERAEEFFTY > 4oB 3-7(b)-(C)e = 5% > g H AR

B - BT 4o 3-6(d)-(e) B F

3 ¢ 4om 3-7(D-(0) -

BWEH- BT > APT RS e~ B8

N Q)RR R

L(4)F - B

»ER -

F#L > kBFGCGMMAZNF (FEF DA o

16

By > l—flj’ir

Pl BB % 04 ¢ 4ol 3-7(d)(e) -
S L AHE Y T BA £ 4B 3-6(F)-(g) 0 B B4 S 4B R R
Qe AR

AR B R



B 3-6°% Lz GMM RS 2 < & B ik &

(b)

(©)
(f)

(€)

(@)

B 3-7 * 5% GMM 282 — 2 4 8 3 5
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Lk € PR R < ) 5 320x240 0 R R e Bl #{(160,120) fhad

Bk FRE AT R0 L N2 R o i 3B FRT 23 BH S

YJ‘%

FA R R kR qﬁi%%%ﬁésmé—%ﬁ BT Ok 26841014 BEH G o

o

A LAY R LT B W, 2024) % 365574 2 1094 B % 5 > %% Ben
¥R 7 - ki GMM %E;‘ﬁ%lﬂ'.ﬁm‘%% ek 340 A% 23 BE e 24 8
SHRERERE O NIRRT RS BRARE HREE Y E LY - K
ot 4 5 & GMM ﬁi;‘ﬁi%]:". AR R A F L Tk R HUE L
L E L dod e 350 H ML B X 0% 2iE 100 AT i A B

R VE(S 0 F MFERR (T GMM AN A Fr e o
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24 33FERGILECMM A 472 £ B &%

Excel Simulation

Frame| R G B Weight[0] Weight[1] Weight[2]
1 85 141|168 1 0 0
2 83| 141|168 1 0 0
21 82| 135 163 1 0 0
22 80|  135| 166 1 0 0
23 36 96| 145 0.990088106 0.00991189 0
24 31 g9 136 0.988988008 0.011011992 0
266 37 101 153 0.749041365 0.239073084 0.011885551
267 46| 101 151 0.748209096 0.239918559 0.011872345
268 44/ 100 147 0.747377753 0.24076309 0.011859154
269 41 103 147 0.746368793 0.241788063 0.011843144
270 41 103 147 0.745184679 0.242990967 0.011824355
360 39 99 148 0.498046780 0.491485684 0.010467536
361 39 99| 148 0.4937798527 0.495823223 0.010378250
362 41 101 152 0.489505180 0.500206800 0.010288016
363 41 101 152 0.485169348 (0.504633763 0.010196889
364 34 97 143 0.484630271 0.504073059 0.011296670
5701 107 149 192 0.492761459 0.477154042 0.030084498
571 103) 148, 190 0.498037292 0.472191121 0.029771587
572 107 147 188 0.503331530 0.467210885 0.029457584
573 101} 148 188 0.508641715 0.46221565 0.029142635
574 104, 147] 185 0.513965430 0.457207686 0.028826883
1012 760 121 195 0.749767094 0.010601076 0.239631830
1013 o4, 143|217 0.750209682 0.010017033 0.239773285
1014 gl 143] 212 0.749376116 0.010005903 0.240617980
1015 g1 138] 202 0.748364458 0.009992395 0.241643147
1016 74 122 200 0.747177178 0.009976542 0.242846280
1092 700 130 199 0.488747442 0.012730337 0.498522221
1093 65| 118 195 0.487521133 0.012698396 0.499780471
1094 66| 123|188 0.486188253 0.012663679 0.501148070
1095 61| 107|185 0.484750762 0.012626236 0.502623002
1252 790 125 202 0.322014451 0.014353538 0.663632011
1253]  100[ 150 221 0.323418870 0.010054786 0.666526345
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24 34 R BT OMM AR & 47 2 5 11 5 %

Program Output

Frame| R G B Weight[0] Weight[1] Weight[2]
1 85 141|168 1 0 0
2 83| 141|168 1 0 0
21 82| 135 163 1 0 0
22 80|  135| 166 1 0 0
23 36 96| 145 0.9900881 0.0099119 0
24 31 g9 136 0.9889880 0.0110120 0
266 37, 101] 153 0.7490414 0.2390731 0.0118856
267 46| 101 151 0.7482091 0.2399186 0.0118723
268 44/ 100 147 0.7473778 0.2407631 0.0118592
269 41 103 147 0.7463688 0.2417881 0.0118431
270 41 103 147 0.7451847 0.2429910 0.0118244
360 39 99 148 0.4980468 0.4914857 0.0104675
361 39 99| 148 0.49377985 0.4958232 0.0103782
362 41 101 152 0.4895052 0.5002068 0.0102880
363 41 101 152 0.4851693 0.5046338 0.0101969
364 34 971 143 0.4846303 0.5040731 0.0112967
5701 107 149 192 0.4927615 0.4771540 0.0300845
571 103) 148, 190 0.4980373 0.4721911 0.0297716
572 107 147 188 0.5033315 0.4672109 0.0294576
573 101} 148 188 0.5086417 0.4622156 0.0291426
574 104, 147] 185 0.5139654 0.4572077 0.0288269
1012 760 121 195 0.7497671 0.0106011 0.2396318
1013 o4, 143|217 0.7502097 0.0100170 0.2397733
1014 gl 143] 212 0.7493761 0.0100059 0.2406180
1015 gl 138 202 0.7483645 0.0099924 0.2416431
1016 74 1221 200 0.74717772 0.0099765 0.2428463
1092 700 130 199 0.4887474 0.0127303 0.4985222
1093 65| 118 195 0.4875211 0.0126984 0.4997805
1094 66| 123|188 0.4861883 0.0126637 0.5011481
1095 61| 107|185 0.4847508 0.0126262 0.5026230
1252 790 125 202 0.2783973 0.0143517 0.7072510
1253]  100[ 150 221 0.2796110 0.0100548 0.7103343
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1 35 FERGREL S B F %2 GMM 4250 ﬁe?l hgkdmiEi

Mean[0] R -1.578833E-08
Mean[0] G -6.007646E-09
Mean[0] B 1.572694E-08
Mean[1] R -2.887726E-09
Mean[1] G -1.395733E-08
Mean[1] B -1.099158E-08
Mean[2] R 3.392723E-10
Mean[2] G -3.559222E-09
Mean[2] B 7.010194E-09
Var[0] R -5.01746E-09
Var[0] G -1.77466E-08
Var[0] B -1.20599E-08
Var[1] R 9.80232E-09
Var[1] G -8.57381E-09
Var[l] B 1.O3828E-08
Var[2} R 2.64479E-10
Var[2] G 47258 1E-09
Var[2] B 9.15916E-12
Weight[0] 37221E-10
Weight[1] 1.05768E-09
Weight[2] 9.97634E-10
Average -2.18577E-09
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3.3GMM 2z 3 i#Bh#kc it
BSFRF T GMM i 82 anfe st 150 3 7 AR A A R & R B 55k
LY R F O AP EALEAEN Y R e T2 R o B R REEC AR o
SRR ER > (DB T AN A 0 QEF L FATE & D ahfppE e
BAE X o] o7 A4 GMMGF B 2 ¢ 4 & ch ik T ¥o#c(Mean)~ % 2 #i(Variance)
2 4o gt & (Weight) » %2 dE3 & = 7 b eofe 5% 1 (D)Full 32-bit > Ais B 50
A FER Y 32 B 0 @ RECE T By R 0 N PR R R
PG Tiogc 824 (N5 B B %P 16.160 4ot E 11310 @
B FARS o AN EERY 0 § 7R - BIRFD64 Ay iR
Bk v S Double a3V =4k » R A B g Bir g lix s o
(2)Partial 32-bit > iz B+ VP 4 LA MM E RO AR 0 T3 A2 0 AT
RHontE o N A BRNE82 R A o AL R B  A g i TR
B2 Men 32 s RGN Lo TR 188, $ R #1108 4ot £ 1115
BB TR AN EERY AP AFE - BIRF64 A e
WA a6 'F - 2 i EAR N B e B AT ¢ i )22 Double #50 - 4% o
(3)16-bit > 3 & § & * 16 A gk > ¥ @ S ER G T EE 0 R
Pl NS o Tio@c 88 S B #1888 et £ 11150 # BB F RN
BB MY > AP ETE- BIRFN32 mA IR P EERMS

= gz 7] ¥2 Double ’]‘)\.3'2\“ ﬁ,,e K} g - Q,E%%_\gga,%@;g # :E_‘_ﬁx") o

22



. GMM jf & 2 enfest Y > 2B ¥ ReanflicdoT
Iex : Pixel Intensity
* Uixn : Mean
 Vary,, - Variance
* Wixn : Gaussian weight
Nexn : Learning rate of weight
* p : Learning rate of u and Var
F 5l Follegn Fhe* EE - e 51003t A2 E B o B Wy n Npxn® p 9
BAEY A DR A - A Hon T APRE GCGMM g Y 2N Y g
AL 2 3 R BRI (8 e N 0 3 3.3.1~3.3.3 i im e o
3.3.1 Full 32-bit case
B Full 32-bit e 38 ¢ R AR TR N IR S B R Y E oLy folean

% 2555 @l A i o e e s 8(28 =256) « H4pen24 Bin

ik B
, - . (2 L 2L Y 2

?Kﬁ{?\' T E o e Bl 3-8 TS Varg e p ek B G (It,x - Mt—l,x,l(t,x)) = (255)% =

65025 » 65025 < 65535 (2'°) » #f i v 16 e~ £ 7 BHIRA > H 4 16 B =

R ETPIRE o AeB] 3-9 T Wen C MexnF PEEBRSES 1o T 1

Bz kAT A o T AR 3L B 2T R AT EIRA 0 e

3-10 #77 o

Data Size 32bits : 8.24

B 3-8 Full 32-bit #5.5% # 2., , ~ pty T HLH2 20
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Data Size 32bits : 16.16

Bl 3-9 Full 32-bit #3584 ¢ 2 Var,  , S F 424 5%

Data Size 32bits : 1.31

B 3-10 Full 32-bit #2355 # 2w,y ~ Npyn % pF L e 3

TEZFRRNE S BT ke b E = (Overflow) sk 42 - 515 & Full
32-bit T AL > AR R 2 32 v Y ’&_T'Fifi‘ﬁ% HRE B P %R
AMFE Aol @EH T 6M EANET R FEFE 2 (80 L REED

Bl w s I Rk 32 AR RV O IR A ek iR

3.3.2 Partial 32-bit case

% Partial 32-bit crft 58 ¢ > TR FARNIF > APNER I EB L E 0 AT
WA T 64 A ch e iRl FIL AN EEPE S E R Y T 64 A ehi e
B TR S AIEEER o d W, ol et B 5 2550 A e iR
EE et 2 e s 8(2° = 256)0 /) HeB @ * 8 B i o] 3-11 7R 5 F] A Var xp 0
Eho* E 5 65025 fe H 5 0 MR AF K A 32 AR AFERIP A o R
oA gk A B A 10 B (21021024 — 1= 1023)) F)pt EVar, i A
1023 » #-¢ A =& 1023 > B AR R € Tl TE L o [ BN A RIIRT 8 B
kT o AR 3-12 AT S Wean S NeanE PR B EE 1o g 1 i
ARk AT EERINA 0 HIRA R R 15 B A AT o 4o 3-13 5 o

24



Data Size 32bits : 8.8

Bl 3-11 Partial 32-bit 258 # 2. I, ~ fpen T #LFE3

Data Size 32bits : 10.8

Bl 3-12 Partial 32-bit $3% ¥ 2 Var , , S #L#e5¢

Data Size 32bits : 1.15

B 3-13 Partial 32-Dit 12 7 ¥ 2 gy ~Npxn % pF AL 5

THRFTHRNE BT R PR AF ORI A AP E R AR
EHT A LA RIS H - 08 dedfh 36 41T 0 FA f AT AT & 16
Bimap o pk s s 2 A2 32 2 o AT R YT U & 32 A

PP RAEL 7§ ECDERE e A K S BINA Aok R 3T w0 FlA AR

h

Beh 16 B il 18B A #EE R T34 BiA - 7
BiE R AN RAEE W L I(1—p)-Var_, % 0 B ¥ pen
JfF 5B BT REE R 32 AN A A (1 - p)en
BEH 2B RN S 113 et o dopt EE BT e S 14
AF P18 B A TE AR AN Y R AEE 5 H L E Ao 3-14
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AT e {8 E IR E L p- (It,x - .ut—l,x,n)2 =p-Varge,> £ 7 p=0.025 Varg,,

FAFeh¥ s @5 1023 0 Kips B S A R Y 115 2 10.8 0 v
P Var, b4 (8% 35(0.025 x 2") x (1024 x 2° ) = 214696936 < 2°2 » H & % /|
332 At B0 4 00p - (Ioy — feoqxn) 1B R R T A ATE 32 A nit

K B e B 15 0 T R %t Partial 32-bit et ¢ A ¢ 4 E e

RO 3E o
%4 3-6 GMM i & 2 # 4p b 8 & 3% o7 Partial 32-bit 4258 # ¢i& § 2 N 4B % 1
LIS Fh R
Bexn = L —=p) Ue—1xn + 0 Lex 88 x 88
Vargyn, = U —pw) x U —p) 88 x 88
Wexn = (1= Nex(B)) - We—1n 115 x 88

4 ¥ 3-7GMM % & ;2 7 Fp B & & ;%2 Partial 82-bit #250 ¢ i@ B RN R4 2

BN LN

2 1.15 x 10.8
Vart,x,n = (1 - p) ) Vart—l,x,n +p- (It,x - .ut—l,x,n)

(1 - ,0) ' Vart—l,x,n

? | oncom
N - . <

] 3-14 Partial 32-bit 2 4 # 2 Var, , & 2 #3542
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3.3.3 16-bit case
i 16-bit e P o R A TR AP A 16 A i P AR M
BidE 7R * 32 BamEirec@tl o d W, frle,B* 5 2555 97
LS iR i A g s 8(2°=256) 0 HARB A B > 4o 3-15 47
5% G 116 (R el U] A A Y ary g BB S LR A8 B
AZ1E 255 chiE #-§ ARAR 5 255 BB AR R § TN E I o o) Berdn A Rl T 8
Bk i g o 4B 316 ST 5 Wegp > Qean® pR I X B 5 10 #F g 1

Bk § R o BRA R 15 Bk o Aol 3-17 1o o

Data Size 16 bits : 8.8

B 3-15 16-bit #2358 @ 20, o~ pyy P HL 1 3

Data.Size 16 bits .+ 8.8

Bl 3-16 16-bit $3% ¥ 2 Var, ., s #fa 3¢

Data Size 16 bits : 1.15

Bl 3-17 16-Dit #234 ¥ 2 Wppn ~ Nean® pANF A 25
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AT RN > R A iR o

12 er g en

R S SRR ER N S A

[ERCRT RS DA SRR

rb

B4 R AT IR 3 R (B TR N 71 GMM i E
R B AR~ T GMM i B 2 enfe s ¢ B A T o T kb e

RS SRS SRR IR PR R R S L

ATl A R S TEA T R
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r ~ GMM /ﬁ-}: /é’?:%%‘

bARBIE S AT TR B R TR T2 GMM
W R enfest? o 4R B C3E 2 e Double FoRLFL N 5 AR S MR @lelﬁﬂﬁi;'] A1
%% 22 Float ~ Full 32-bit ~ Partial 32-bit ¥2 16-bit mﬁg,] A B T R o Ve i enenIg

P et RS £ CMM AR5 ¥ i A~ FHle iR * £ 02 gy g

Dl =4

PR ¢

41 GMM 4 ;:8picis 2 B A
1 Test Video 1~Test Video 4 1% 5 plzE ediin ik > B2 BT AL cofz st 2

i 11 % % > & Double # 3¢ s4% 5% 22 GMM ﬁ'ﬁﬁ/»}%‘rﬁ%}ﬂ:,&é%

SRS

GMM = § & 470

i

v WS SRR 1 412 1 4-4 0 & Float fe Full 32-bit 2 5% 2. \ﬂi;'l

B el it % 0 22 Double f38 42N i Iy B (Ek 4t 0 & § 22 Double # 5%
- 3o m Partial 32-bit $ ;%22 16-hit #23¢ ﬁi;“ﬂi?l Dz § gl % % - 22 Double
ﬁ‘«;‘ﬁi;‘ﬁe«] Mz iRt gHEe oy e L8 O SECNEE S g

MRl R mEExF - Reo
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4 & 4-1 Test Videol ﬁi.%l CIP PR AL S

Foreground difference
Data type Marked Source Detected Foreground
compares with Double Type
Double
Float

Full 32-bit
Partial 32-bit
16-bit

30




# & 4-2 Test Video2 ﬁi.%l CIP PR AL S

Foreground difference
Data type Marked Source Detected Foreground
compares with Double Type
Double
Float

Full 32-bit
Partial 32-bit
16-bit

31




# & 4-3 Test Video3 ﬁi.%l CIP PR AL S

Foreground difference

compares with Double Type

Detected Foreground

Marked Source

Data type

Double

Float

Full 32-bit

Partial 32-bit

16-bit

32



% ¥ 4-4 Test Video4 ﬁi.%l SIF-AATE S

Data type

Marked Source

Detected Foreground

Foreground difference

compares with Double Type

Double

Float

Full 32-bit

Partial 32-bit

16-bit

33




42 GMM 2 #Bhiicit 2 e dRig B A 15
13 R OTHAE & PCIAIE G 2 R RIZE R > A0 B2 E
B efe 3 > 3-8 2 Double ~ Float 2 2 j$:8hficit chz faH ;8 (P28 E 12 & o
EERY o 12 Double o358 % b 0 4] 4-1 T 0 3B SR Ar T G R 0 AR5 s d o
SRR S R GRS S e AR R = b

TT R A B R MRS T e e B A i AT K GUR] 3R - 4o

o

-2 HFT o

count = 5000;
for(i = O;i<count;i++)
{

for(j=0;j < count;j++)
{

a_double = b_double*c_double;

Bl 4-1 k2 3 5 ik o+ I B2 A
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Double:
a_double = b_double*c_double;

Float:

a_float = b_float*c_float;
Full 32-bit:

a_long =b_int32;

a_long = c_int32;

a_long =b_long*c_long;

b_int32 =a_long >> 16;
Partial32-bit

a_int32 = b_intl6*c_intl6;

b_intl6 =a_int32>>8;
16-bit

b_int32 =b_short

c_int32 = c_short

a_int32 = b _int32 * ¢_int32;

a_short =a_int32>>8;

Bl 4-2 LT A k288 A Apl R E Y A2

EWAAORZFEFPMEAPED T VAT RN RZER O
PERF > drd & 4-50 287512 Double aesV k2 @8 i TR 2 AR
LETRERARZEY AR FEEF 0 6] 0 BT F 0] Float 25822 £ 0%
Bhgc i 235 4p 37 Double $ 5% eh4p $ P fF o f H-pF B B~ i) g0 ¥ 3] 5 43 Double
k2 crdp i B o AP IR Full 32-bit 258 (0.352)cr:# B AR 0 F
B AT G D] 64 l‘"’bmi@rc'f’@%‘""‘%@%{ﬁ%?&} gl (T0h 5 8 % 64
i frs Bl L B IRiE B T % - Partial 32-bit $2 3¢ (0.998) % A ¥2 Double
FL0)esE RApIT FlE B AP B R LSBT EE R - B ad it 3 AT
b e ke N AR B 3% 6 00 Double s st - o A 16-bit 43¢ (0.694)
g R oo TG Bk P FlR3E AR B e RFRAES T 32 =
BibrefpMands (7 02 BE S B B S mf o F o
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- GMM AZ7% SR 30 AJE PR F R > b 42 4-6 57 0 21 3 A 92 cip) iR

BE POV ok 4T 1T o “,f K

16-bit 1 5% J % L EEd < b H Aot N

BARAKZORIREEEPT LB HFE A L6-bDit N GuF Y EEY o T

5 R 32 i AT i el 0 R T B e B S 0 > R gAY

FFEEREE L AT RS D] 32 (A e B el T F) &g

LA T A i e A PR o

e 45 MARFEFERRRLER L

e or & ouy =
Jf,—F;i?r-'FT“

Data Type Double Float Full 32-bit | Partial 32-bit 16-bit
Time (ms) 56.064 56.144 159.179 56.180 80.763
Normal 1.000 1.001 2.839 1.002 1441
Speed 1.000 0.999 0.352 0.998 0.694
# . 4-6 Test Video 2 GMM #2;V (5 § o7 2 AL i# B £
Data Type Double Float Full-32-bit | Partial 32-bit 16-bit
TestVideol 25.952 28.187 9.295 25.133 25421
TestVideo?2 25.757 28.185 8.835 24.179 24.980
TestVideo3 26.177 28.187 9.495 25.533 25.921
TestVideo4 25.585 28.807 9.095 23.956 24.676
¥ = fps
%t 4-7 Test Video 2 GMM #2.3¢ 1e5F § 4 472 & BV i d
Data Type Double Float Full 32-bit | Partial 32-bit 16-bit
TestVideol 1.000 1.086 0.358 0.968 0.980
TestVideo?2 1.000 1.094 0.343 0.939 0.970
TestVideo3 1.000 1.077 0.363 0.975 0.990
TestVideo4 1.000 1.126 0.355 0.936 0.964
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GO R EE R AL A AT b R TR
2. GMM jF & i 4750 ¢ m#ﬂ AR ARG e B 4-3~B) 4-6 ST Efs B-H
RE T AN A8 fdp AR EnE > T g i 3 g el
NA2dp 4 AR SRR o P R i 7 Double 2 3% ~ Float 2 5% 2 4250 45 ohdp £ AF A
B MAF G o TR B IIIG b o Y FERGE D ST R B § VR YRR
BAEE AR RS R E AR AP AR e S 55 GMM A5
ESP-T81 A w@_ﬁﬂﬁiﬁ:ﬂﬁé% ° # i 3 > & Partial 32-bit 5% 2 16-bit #3¢ » 2R H 4y

Ligser B 4 Double #3552 4 > e B F| G ki * F| 64 A inig e Rl > Ty

1 ¥ 4-8GMM & N 3g3e R 2 A~ 45 2

Data Type Double Float  |Full-32-bit| Partial 32-bit | 16-bit
Check matched Gaussian 83 83 155 137 146
Update foreground 14 14 14 14 14
Update Gaussian 70 70 124 106 113
Update background 21 21 24 24 24
Sum 188 188 317 281 297

¥ i~ : Statement
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Double, Float case :

1 temp _Loowte = (lox— Zr1xn)

2 temp _Lgouble = t€MP _Lgoupe X temMp_1 goubte
3. temp_2goute = Varey xn X To 2
4

If (temp _Loounle < t€MP_2double )

Sum =4

(@)

Full 32-bit case:
#define MEAN_SHIFT_BITS 24
#define MEAN_2_VAR_BITS 8
#define VAR_SHIFT_BITS 16

lix =lx << MEAN_SHIFT_BITS
If(lex > HKe1xn)
temp_Lemit =lix - Lrixn
else
temp_1 gapit = L1 xn- It x
temp _Lespir =temp _leaie X temp_1 gapit
temp _leswie =temp _lemie >> MEAN_2 VAR _BITS

temp_Zeaic = Vare; xn

© 0o N o g~ w Db

teMpegic = To

10, temp_2espic = temp_2esmic X t€MPeapit

11.  temp 2 = temp 2 >> VAR_SHIFT_BITS
12, If (temp _lgir < temp_2eanit)

Difference : (12 - 4)x (Gaussian number)x (Channels)=8 x 3 x 3=72

(b)

B] 4-3 Check matched Gaussian & 3% 4§ 32 & 4 +7(a)Double and Float cases. (b)Full 32-bit

case. (c)Partial 32-bit case. (d)16-bit case.
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Partial 32-bit case:
#define MEAN_SHIFT BITS 8
#define MEAN_2 VAR BITS 0
#define VAR_SHIFT_BITS8

1 lx =lx << MEAN_SHIFT_BITS

2. If(lox > Leixn)

3. temp_lsie =lix - Ltixn

4, else

5. temp_lamit = fe1xn-lix

6. temp _laonie  =temp _lspic x  temp_Lapic

7. temp_lamie = temp_lamie >> MEAN_2_VAR_BITS
8.  temp_2gmii=Varu xn X To 2

9. temp 2gn = temp 234 >> VAR_SHIFT_BITS
10.  If(temp _1ap < temp_2s)

Difference : (10 - 4)x (Gaussian number) x (Channels)=6 x 3 x 3=54

(©)

16-bit case:
#define MEAN_SHIFT_BITS 8
#define MEAN_2_VAR_BITS 0
#define VAR_SHIFT_BITS8

1. lx =l << MEAN_SHIFT_BITS
2. If(lex > HKe1xn)

3. temp_lamic =lix - Lerxn

4. else

5. temp_1 sopit = L1 xn- lex

6. temp _lgonie =temp _laopie X temp_1 ot

7. temp _lgpe =temp _lape >> MEAN_2 VAR _BITS
8. temp_2spit = Vares xn

9. temp_2zoi = temp_2api X To 2

10. temp 23, = temp 23, >> VAR_SHIFT _BITS

11, If (temp _lapi < temp_2ammit ).
Difference : (11 - 4)x (Gaussian number) x (Channels) =7 x 3 x 3=63

(d)

B 4-3 (%)
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Double, Float case :
1 temp _lgoune = (1 - Bb)
2. temp _Ldouvle = teMP _Lgounle X 7 t1x (B)
3. Nix=1temp _loowe * 7b B

Sum=2

(@)

Full 32-bit case:

#define WEIGHT_SHIFT_BITS 15
1 -4
7tx (B)

temp _lesnic =temp _lesnic X temp _2g4pic

temp _Legpit

temp _Legpit

A w o

temp _lespie =temp _lesvic+ 70 S o
5. Zix=temp _lgspie >>WEIGHT_SHIFT_BITS
Difference: (5 - 3)=2

(b)

Partial 32-bit case:

#define WEIGHT_SHIFT_BITS 15

1 temp _lane = (1 - Bv)

2. temp _lpopnie =temp _lapie X7 v1x (B8)

3. temp _lonie =temp _lswie+ 75 B v

4. N ix=temp_lpp >>WEIGHT_SHIFT_BITS
Difference: (4- 3)=1

()
16-bit case:
#define WEIGHT_SHIFT_BITS 15
1 temp _lame = (1 - 6b)
2. temp _lanie = 7t1x (8)
3. temp _lgonie =temp _laopic X temp _2sit
4. temp _Lapie =temp _lanie+ 7p &b

5. Zix=temp _lapy  >>WEIGHT_SHIFT_BITS
Difference: (5 - 3)=2

(d)
Bl 4-4 Get weight learning rate & 3% chdp £ 45 #2. & 4 47 (a)Double and Float cases. (b)Full 32-bit
case. (c)Partial 32-bit case. (d)16-bit case.
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Double, Float case :
1. temp _Lgome = (1- nex(B)) II'n ¢ x(B) statements =3
2. Wt,x, n =temp _lgouble X Wt—l,x, n

If Gaussian matched
temp _Laounte = (1- 0)
temp _Lgouple = tem
temp _liouble X Ktixn
temp _2gouple = 0 X lix
Lixn  =temp _Looue + t€MP _2gouple
temp _Laounte = (1- 0)
temp _Lgounie = t€MP _lgouble X Valtix n
temp _2gomie = 0 X Var,
Varyxn  =temp _Lgoule + t€MP _2aouble
Wix,n=Wix n*+ 7 1x(8)

© © N o g ~ WD PP wDhRE

else

[y
°

Kt xn =l

[N
=

Var;xn =Varg
Wt,x, n=Wq

[N
N

1. Weightym = XW  //Sum weight
1. Wi n = Wiy n/ Weightym  //Normal weight
Sum = 12+1+1 =14

(@)

Rl 4-5 Update Gaussian & 3% iy 4 4F #2 & 4 17 (a)Double and Float cases. (b)Full 32-bit case.
(c)Partial 32-bit case. (d)16-bit case.
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Full 32-bit case:

1.

w N

4,

temp _Lesnic = (1- 7¢x(B)) II'nx(B): statements =5
temp _2eapic = Weaxn
temp _lesnic = temp _leanie X teMP _2gapic

Wixn = temp_lepie >>WEIGHT_SHIFT_BITS

If Gaussian matched
temp _lesnic =(1- 0)
temp _Zesnit = Mtixn
temp gapic =temp _lesnic X t€MP _2g4pit
temp _lenic = 0
temp _2espic = It x
temp _2eapic = temp _lespic X temMp_2 gapit
temp _2e4pit = t€MP gapic  + t€MP_2 gapit
KLixn =temp_2guic  >>WEIGHT_SHIFT_BITS
temp _lesvic = (1- 0)
temp _2espit = Varpixn
temp gapic =temp _lesnic X t€MP _2g4pit
temp _lesnic = 0
temp _2g4pir = Var,
temp _2eapic = temp _lespic X temMpP_2 gapit
temp _2Ze4pit = teMp ganie +temMp_2 ¢4
Var, x n=temp _2git >>WEIGHT_SHIFT_BITS
Wiy n=Wexnt 71 x(8)

else
KLixn =l
Var;xn =Varg
Wt,x, n=Wq

Weightsym eanit = Z'W  //Sum weight

temp _lesnit = Wixn //Normal weight

temp _lespic =temp _lesnic << WEIGHT_SHIFT_BITS
temp espic  =temp _lespie / Weightsum e bit

Wix, n = t€MP 64 it

Difference : ((9-5)+(4-1)) x (Gaussian number)+ (22-11) x (Channels)=7 x 3 +

11 x 3=54

(b)
® 4-5 ()
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Partial 32-bit case:
1 temp Lz = (1- 74x(8)) II'n« «(B) statements = 4
2. temp _leppie = temp _lspie X Weixn

3. Wy =temp _lgppe >>WEIGHT_SHIFT_BITS

1 If Gaussian matched

2 temp _lsme = (1- o)

3 temp it = temp _lapnit X Ltixn

4 temp _lpne = 0

5. temp 23 =temp _lgpic X iy

6 temp _2gppi = temp gpit  + temp_2 gopit

7 Lixn =temp_2g,p  >>WEIGHT_SHIFT_BITS
8 temp _Lsmie = (1- 0)

9 temp _lapie =temp _lgpie >>2

10. temp s = temp _lapic X Vareixn

11. temp _lpie = 0

12. temp _lsppie =temp _lzppe >>2

13. temp 23 =temp _1s

14. temp _2gppi = temp gpit  + temMp_2 aopit

15. Var, x n=temp _2zc  >>VAR_WEIGHT_SHIFT_BITS
16. Wixn=Wixnt 7 x(8)

17.  else

18. Lexn =l

19. Var,xn = Varg

20. Wiy n= Wy

1 Weightsum 32bit  — 2w

1. Win=Win<< WEIGHT_SHIFT_BITS

2. Wt,x, n= Wt,x, n /WEightsum 132 bit
Difference : ((7-5)+(2-1))x (Gaussian number)+ (20-11) x (Channels)
=3 x3+9x3=36

(©)
Bl 4-5(4)
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16-bit case:
1.
2.

© o N o g &~ w Db PE

e N O =
o g A~ W DN P o

w np e

4.

temp _1s6ie = (1- 7¢x(B))
temp _lppie =

Wix,n =temp _Lappi

If Gaussian matched

II'n ¢ x(B) statements =5

temp _Ispit X Weixn
>>WEIGHT SHIFT BITS

temp _lpome =(1- 0)

temp g2pic = temp _leopit X Lreixn

temp _2ppic = 0 X lix

temp _23pie = teMp sopie  + t€MpP_2 3opit

Uexn =temp_ 234 >>WEIGHT_SHIFT_BITS
temp _lgbi = (1- 0)

temp apit = temp _lappit X Vareixn

temp 2, = o X Var,

temp _23pie = teMp sopie  +t€MpP_2 3opit

Vary x, n = temp _23; it
Wt,x, n= Wt,x, nt Ny x(/s)
else

= It,x

ﬂ t, X, n

Var;xn =Varg

Wt,x, n=Wq
Weightsum 32bit  — 2w

temp _laonie = Wixn
temp _lsopie =temp _laopit
temp sopie = temp _lsopit

Wix, n = temMp 32t

>>WEIGHT_SHIFT BITS

<< WEIGHT_SHIFT_BITS

I Weightsum 32 bit

Difference : ((8-5)+(4-1)) x (Gaussian number)+ (19-11) x (Channels)
=6 x 3+8 x 3=42

(d)
® 4-5 ()
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Double, Float case :
1. Bg_Data = M max weight

Sum=1

(@)

Full 32-bit case:

1 Bg_Data = 1 max weight

2. Bg_Data=Bg_Data>> MEAN_SHIFT_BITS
Difference: (2 - 1) x (Channels) =3

(b)

Partial 32-bit case:

1. Bg_Data = maxweight

2. Bg_Data = Bg_Data >> MEAN_SHIFT_BITS
Difference : (2 - 1) x (Channels) =3

(©)

16-bit case:

1. Bg_Data = maxweight

2.  Bg_Data=Bg_Data>>MEAN_SHIFT BITS
Difference : (2 - 1) x (Channels) =3

(d)

4-6 Update background & 3% éhdp £ 47 f¢ & 4 17 (a)Double and Float cases. (b)Full 32-bit case.
(c)Partial 32-hit case. (d)16-bit case.
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43 GMM 4 Bkt 2 =R~ 47

553 GMM 4258 ¢ aze i dl > 24 17 L - GMM 4258 ¢ #74 chgfics & 28
R TR B 4T B 480 F AR E AT @ ane Bl o LA
1 2B R BINA o dod 2 49 AR 410 HrF o A B Y o Bk el
R L REF A GO THo  FEEE ot E BT 2R
B 80% o #f L de Sk i § ook ip ik RBCOT R A ) 0 TE G ok M 2 R
Bz el 0 2 UL MTR RS 2B RS BT R ok 411
FroF ol R R F LT B R B GMM AR50 P ik et G2 ] o @ 2
$Hct GMM 4238 ¢ 97 ik 0t b B i AR 2o MRl ¢ 09%0 A 938 @ FE Tde % At '
Mo R R e LTRSS ) TT R GMM A2 s R F R

o & GMM 4250 ¢ & * R LR st o doié * 16-bit f 5N AT o e i

82 " <3 R &k Double ;% 811/4 -
#define GAUSS NUM 3
#define MAGE_HEIGHT 240
#define IMAGE_WIDTH 320
#define IMAGE_CHANNELS 3
#define MAX_OBJ_NUM 4800

double GaussPointWeightf GAUSS NUM][IMAGE_HEIGHT][IMAGE_WIDTH];

double GaussPointMean[GAUSS_NUM][IMAGE_HEIGHT][IMAGE_WIDTH][IMAGE_CHANNELS];
double GaussPointVar[GAUSS_NUM][IMAGE_HEIGHT][IMAGE_WIDTH][IMAGE_CHANNELS];
double GaussPointEata[[MAGE_HEIGHT][IMAGE_WIDTH];

unsigned char GaussPointWeightLearningMode[IMAGE_HEIGHT][IMAGE_WIDTH];

unsigned int Match_Index[IMAGE_HEIGHT][IMAGE_WIDTH];

double Match_Var[IMAGE_HEIGHT][IMAGE_WIDTH][IMAGE_CHANNELS];

CC_Obj CC_Obj_buffer[2][MAX_OBJ_NUM];

CC_Obj *CC_Obj_Pre_Double;

CC_Obj *CC_Obj_Curr_Double;

unsigned int MaxObj_Curr_Double;

unsigned int MaxObj_Pre_Double;

unsigned int Obj_Num_Double;

Bl 4-7GMM #2587 2. > 3 8k
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double GetWeightLearningRate(unsigned char mode,double eata_t 1)

double eata

void InitGMMGauss(unsigned char *data_ptr)
short x,y,ch,g;

unsigned int x,y,ch;

double d[GAUSS_NUM][IMAGE_CHANNELS];
double var[GAUSS_NUM][IMAGE_CHANNELS];
double mean[GAUSS_NUM][IMAGE_CHANNELS];
double input[IMAGE_CHANNELS];

double min_weight,max_weight,sum_weight;
double t_val_2;

double learning_rate;

double weight_learning_rate;

unsigned int color;

double w_min;

unsigned char *data_head;

unsigned char* fr_head;

unsigned char* mode_ptr

unsigned int g,max_weight_index,min_weight_index,g_match_index;

unsigned int UpdateBGModel(unsigned char *data_ptr, unsigned char *BG_ptr,unsigned char *FR_ptr)

B 4-8 GMM #4258 ¢ 2 F 38 % 8

# % 4-9CGMM Azt ¢ > s s 74

Data Type Double | Float | Full 32-bit Partial 32-bit | 16-bit

Weight 1800/ 900 900 900/ 450
Mean 5400, 2700 2700 2700/ 1350
Variance 5400/ 2700 2700 2700/ 1350
Eata 600/ 300 300 300 150
GaussPointWeightLearningMode 75 75 75 75 75
Match Index 75 75 75 75 75
Match Variance 1800| 900 900 900/ 450
H = : KByte
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£ 4-10GMM A2 ¥ >33 §ficzs Akl b2

PR 4

Data Type Double | Float |Full 32-bit|Partial 32-bit| 16-bit
Weight 11.88% 11.76% 11.76% 11.76% 11.54%
Mean 35.64%) 35.29%| 35.29% 35.29%| 34.62%
Variance 35.64%) 35.29%| 35.29% 35.29%| 34.62%
Eata 3.96% 3.92% 3.92% 3.92% 3.85%
GaussPointWeightLearningMode|  0.50% 0.98% 0.98% 0.98% 1.92%
Match Index 0.50% 0.98% 0.98% 0.98% 1.92%
Match Variance 11.88% 11.76% 11.76% 11.76%| 11.54%

H = : KByte
% # 4-11 GMM 425 ¢ e fil i * 2 247 4

Data Type Double | Float | Full 32-bit | Partial 32-bit | 16-bit
Global Variables 16350.0 8250.00, 8250.000 8250.000| 4200.00
Connected Componement | 159.375;159.375 159.375 159.375| 159.375
GetLearningRate 0.008 0.004 0.004 0.004 0.002
GetWeightLearningRate 0.008  0.004 0.004 0.004 0.002
INitGMMGauss 0.008f 0.008 0.008 0.008| 0.008
UpdateBGModel 0.360f ~ 0.192 0.185 0.192| 0.144
Sum 16509.9| 8409.58| 8409.575 8409.583| 4359.53

¥ i+ ! KByte

4.4 GMM 4 ¥ghdkcit 2 BrER A 7

GMM i & ;2 enfe;t &2 F B 8> Fl o & - AT HERE N SR 3
- o T e GMM HEA] ¢ e AT B FATA R o FIM R — B iRl WA R
PRI B RFRR L F - BT AR O CMM AR T3 F A dT Lg% 3
BRI A E R (E G 8 4o B 4-9 7m0 HOPIRR B R Aok 4-12 957 o
¥ 125 3L Partial 32-bit 4 3 (1998 # & & )27 16-bit 1 5% (1998 i & & ) ofe5¢ 2 4
g s L FTw F chid AP &t Double 5% (1590 P % & ) ~ Float £ 5% (1590
% %)% Full 32-bit #3:4(1590 B & & ) % % -9 @i B s § £ fpenghfick

R AR
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1 2 3 4 5 N-1 N
wos I IHBBE BB
Foreground - - I I I I | ] D
ioors I B DH I
Blue pixel is no longer foreground pixel
Bl 49GMM ;% & ;2 % § { 378422 7 3
4 ¥ 4-12GMM & & i { 57 R RlRE %
Data Type Double | Float | Full 32-bit | Partial 32-bit | 16-bit
T B AR P 1590 1590 1590 1998 1998

¥ i~ : Frame

B R gtk VR R R R T g )
object based %+ & #rx B »H 5 % 4B 4-10 #77 <L 35 1) Double # ;% 42 \ﬁ%]

Bl
s

%2 5 F ¢ 0 ehdg(object) s 2 H A A g R 5N R

i

R R S ik - R IT A B AR Ty
% 4 &£ (Matched) » & R 5 7 ## & (Unmatched) - @ 5 7 45 41 A4 e $258 42
;“ﬁﬁj &% 2 % F ¢ Double 3¢ %&.;‘@?J SR NS T A A PR e 2R
SLAEREEREE RS S R Rt R A R R R T 5SS
Double # 3 #2.5¢ 5 &1 g % 2 3 F @ 46 e @0V S 50 F £ 40t b)) Tr o
5 73§ & (Unmatched) © Bc78 » ARG G2 B & i B2 BArRES 4 Rk e

e b Test Video 1 5 RlZEAR > S g2 T s Tr o HPIREE % 40E
4-11 ~ B 4-12 #5571 o Ty 2 0.5~0.8 2. FF eow § = & & (Match Rate)# g 2> #112
AP T, =07 a Tr 30321 » = F 4 pe (False Alarm)# w2 +
v 0.3z fseh B A pFABT L ART > 4B T =03

v x4 w2t B0 Float ~ Full 32-bit ~ Partial 32-bit 2 16-bit 2 ;% #2.;% e
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R AP RS A xR 4 prF o B 2% 4B 4-13~8) 4-28 FoT o %&*#Mﬁl d
% Float 258 sz 2 o # /w\%fré'fﬂﬁg,] N % i & 5 % 2 Double - %A Full
32-bit BN B oA %frﬁig?l & m B R EFAI L 100% 0 % PR
»2 % 7 Float 23V 425 25 % #2117 5 @ Partial 32-bit #2354 27 16-bit 2 3% 42.5% cheram
7 /n\%frﬂiﬂ I BE O WP P EFARTAFALTO%N I o e o F & prF R F A

B 40% T oo d A E - RGN AR o B ATEAROPE R 3 - R TSP

B w B B B BT §ERP ST - KT o

2z “mf~

AT PEFTE A TABTART -

Double

Double 16-bit

=

Matched,  ( match,,,/ data,,,) = T, = Unmatched, ( match,,,/ data,,,) = T

£

Unmatched, ( match,,,/ data,,,) < T,

B 4-10 Object base ;% & /% 2 7 %, B
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e 16-bit == Partial 32-bit
100.00%
(]
E 95.00%
L
S
g 90.00% \
85.00% T T T T
0 0.2 0.4 0.6 0.8
Tm
Bl 4-11 1 Object based i¥# § Match Rate z_ 4 47 .% %
e 16-bit == Partial 32-bit
12.00%
e 10.00% I ————
= 8.00% ———
:t, 6.00%
2 4.00%
L
2.00%
0-00% T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6
Ty
B 4-12 2 Object based i+ § False Alarm 2_ 4 47 % %
Match Rate False Alarm
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% T T T 0% : : :
0 200 400 600 0 200 400 600

B 4-13 Test Video 1: Float # ;% #2 ;% 2_ % § Match Rate 2 False Alarm 4 47 %% %
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Match Rate False Alarm
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% . . . 0% : L1 0
0 200 400 600 200 400 600
B 4-14 Test Video 1: Full 32-bit ¥ ;% #2 ;4 2_ % § Match Rate 2 False Alarm 4 47 % %
Match Rate False Alarm
100% - 100%
aox |1 WO g0
60% 60%
40% 40% t
20% 20%
0% T T T 0%
0 200 400 600 200 400 600

Bl 4-15 Test Video 1: Partial 32-bit # 3% #23;% 2. % § Match'Rate % False Alarm 4 452 %

100%
80%
60%
40%
20%

0%

Match Rate

T Ty

0 200

400

600

100%
80%
60%
40%
20%

0%

False Alarm

200

400

600

B 4-16 Test Video 1: 16-bit % ;% #2.;% 2 % § Match Rate 2 False Alarm 4 457.% %
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Match Rate False Alarm
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% T T T 0% : : :
0 200 400 600 200 400 600
Bl 4-17 Test Video 2: Float #& 5% #2.;% 2 = § Match Rate 2 False Alarm 4 47 % %
Match Rate False Alarm
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% ; ; ; 0% : L :
0 200 400 600 200 400 600
B 4-18 Test Video 2: Full 32-bit #& 3% 72 :%2_ = ¥ Match' Rate 2 False Alarm 4 47 % %
Match Rate False Alarm
100% - 100%
60% 60%
40% 40%
20% 20%
0% T T T 0%

0 200 400 600

200 400 600
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B] 4-19 Test Video 2: Partial 32-bit #% ;% #2 ;% z_ % § Match Rate 2 False Alarm 4 47.% %




Match Rate False Alarm
100% 100%
80% 43 $ 80%
60% 60%
40% 40% 4
20% 20%
0% T T T 0%
0 200 400 600 200 400 600
Bl 4-20 Test Video 2: 16-bit #& ;% 42 ;% 2_ % § Match Rate 2 False Alarm 4 47 .% %
Match Rate False Alarm
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% T T T 0% : : :
0 200 400 600 200 400 600
B) 4-21 Test Video 3:'Float # ;% 4232 & Match Rate 2 False Alarm 4 45 .% %
Match Rate False Alarm
100% . 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% ; ; ; 0% , , —
0 200 400 600 200 400 600

Bl 4-22 Test Video 3: Full 32-bit #% ;% #2 ;% 2 % § Match Rate 2 False Alarm 4 47 % %
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Match Rate False Alarm
100% - 100%
80% ol it 80%
60% 60%
40% 40%
o o M
0% T . . 0% -
0 200 400 600 0 200 400 600

Bl 4-23 Test Video 3: Partial 32-bit #2 3¢ 42.5% 2_ % § Match Rate 2 False Alarm 4 47 % %

Match Rate False Alarm
100% T— vy 100%
80% 80%
60% 60%
40% 40%
20% 20% I !! !' l il
0% T T T 0% -
0 200 400 600 0 200 400 600
B 4-24 Test Video 3: 16-bit # ;¥ #2 7% 2= # Match Rate 3 False Alarm 4 17 % %
Match Rate False Alarm
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% T T T 0% : : :
0 200 400 600 0 200 400 600

Bl 4-25 Test Video 4: Float % ;% #2 ;% 2_ % § Match Rate 2 False Alarm 4 47 % %
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Match Rate False Alarm
100% T 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% . . . 0% - .
0 200 400 600 200 400 600

Bl 4-26 Test Video 4: Full 32-bit % ;% #2 ;X 2_ % § Match Rate 2 False Alarm 4 47 % %

Match Rate False Alarm
100% - 100%
80% ﬁ 80%
60% 60%
40% 40% |
20% 20%
0% T T T 0% : T
0 200 400 600 200 400 600
Bl 4-27 Test Video 4: Partial 32-bit & 3 #23% 2. = § Match'Rate # False Alarm 4 47.% %
Match Rate False Alarm
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