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A Novel Fast Calculation Algorithm of Geometric Moments for Gray Images
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Abstract Moment is an important operator to describe image features. The efficiency of the
moment calculation is directly related to the method of image representation. The Non-symmetry
and Anti-packing pattern representation Model (NAM) is an effective pattern representation
model. Binary-bit Plane Decomposition (BPD) is a good method to reduce the complexity of gray
or color images. Given the defect of the block scanning method for the conventional image block
representation (IBR), we propose a new NAM block scanning method, which is a “no bias” block
scanning method. Based on the new NAM block scanning method, we propose a novel NAM
representation for binary images, which uses a greedy guideline: each time a current maximum

rectangular subpattern is found during scanning and searching. Compared with the IBR of binary
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images, our proposed new NAM representation of binary images can further reduce the total
number of the rectangular subpatterns while retaining the same time complexity. An important
theorem of the moment calculation using NAM representation and the BPD method is put forward
by adjusting the parameter of the bit planes that participate in the moment calculation. And then,
we propose a novel fast calculation algorithm of geometric moments for gray images, and give a
formal description and analysis of the complexity of the proposed algorithm. Our proposed new
algorithm can not only calculate the accurate moments, but also can achieve the moments of
approximation. By taking some idiomatic standard gray images, such as ‘Lena’, ‘F16’, and
‘Peppers’, some texture images from standard texture image library of the University of Southern
California Chttp://sipi. usc. edu/database/database. php ?volume = textures), and some medical
images as the test objects, and by comparing our proposed calculation algorithm of geometric
moments for gray images with the traditional calculation algorithm and some popular calculation
algorithms, the theoretical and experimental results presented in this paper show that under the
circumstance of discarding five lower bit-planes, the average execution time of the traditional
moment calculation algorithm is 35.5182 and 53. 9527 times of Spiliotis’ algorithm and our
proposed algorithm in this paper, respectively. In other words, our proposed algorithm is even
28. 87% faster than the current fastest Spiliotis’ algorithm, and therefore, it is a fast algorithm
for moment calculation of gray images.

Keywords moment calculation; geometric moments; binary-bit plane decomposition; non-

symmetry and anti-packing pattern representation model; gray images; image block representation

i

1 5]

Hu B Y8 S A8 56 DLk 3 9 1 H 5510 0F 9%
CA 50 RAER P T AR TR Z 0 T R R AL
B TSI E 3 B A A L
LA R S T 4 O A A R e A AR R Y
HHHOR B R R R SR A — i 2 A
BB FE TR I RCR S BB R R B A . A AL
MR RS I E RA AT e : (1) ERE®
P i R R R IR s (2) B REME 4R i IR R R AR 1Y
Wb B FET L g — RN MOXM IR iR
S sy 18 (g By JLAR] S 1R I 0L L2 4%
5N

"M M
M/”’:J J x’yif(x,y)dxdy (1)
0 0
M—1 M—1
7n/)q:2 pry"f(f,y) (2)

I K 5 3 LA 1 5% 2 I 5%
MK AT oy e % BB Y
2R .

‘ M/)q T My

1998 4, Spiliotis 28 A ke 7 B &
B4 B 12 B 2% 78 (Image Block Representation, IBR)
Tk IR T — Rl R T IBR AP EAR TEOE J kL
FORA R Z 4508 — i K/ MXM ) — A6 &
1% B2 % EMR H IBR RoR G AR I8N N T
BB Y b B B AT My A bR 5k
(ips yue) Tl (g s o)« FLIZER G FHE BREL f (2030

{f(x,y)—l, (xsy) € (s x0) X (Y1p > yor)
fra =0, Hftr ’
iz —AE BRI Cp s B LR HELRE LN
M—1 M—1
mu, =20 Dty f ()
y=0

x=0
1

3

/?“\ g(fl,' s Lo; ,/))Z Z.Tp ’ S(ylr s Voi 9(1) — qu ’

L= Y=

TR R



11 4 Kz 4 - — Rl A% 5 JE TR AR B4 R T Bk 2621

ECrysans p)=[(ay+ D" =2l — (ay — 2+ 1) —
ey van s D — Ty vy 1 2) — o —
CIDE Gy a p— D]/ (p+ D 4)

HhvpeZ", GHr=il/G1G—) D WL &y,

yoe = Sy AT OCL) I ] g5 2 e

Y=

XFEA N ARZESR P IBR £ 7R85 2k 3. m,, 1911
BEIRE R ON).

2000 4E . Flusser ™ 45 1 T E AT & — 4B
He o iyas ot 5 205D IF Bz 2 U0/ ok 808 ]
DL T 98 s s Jr v6 AT SR AT T 5. B 5 SE BRIk
B X b 5 125 5K A5 1 YRS B S A bE A% B8 07 vk
B o 7 HLE e S SRR B RE 8 3 R
T,

, 29, F0.5  pyy+0.5
Mpq:J j xfyif (x,y)dady

2,—0.5 J 3, 0.5

_ (224+0.5)"" —(a, —0.5)" ! «
p+1
(2 0.5 — (3, —0. 5)""
g+1

[d] 4, Chung % A" %) S-# 1 Gouraud B 8
EIEAT TWORSE S 1 KB R ) S- B 2 i (S-Tree
Coding,STC) 3 /8 J7 . 2005 4F, Chung % APV R
T —FP T STC B KB BRI AR s A
ZRIER OCK) . K 2B STC R 5 /Y Al 28 e i
B A MR 2EZ B R S8 e AR e B
R [ 2 P b R T B3 gl B PR, 2 KR 22
B, [ Z IR K. SR T RIS 2 ey 0, X F 5575 15 3
MIFEAE ISR S M. B T STC IR Jy ik A& — X
PRAE B 23 B0 715 5 23 B0 07 12 52 BN AR R o R M AS 22
IR B R W B 3678 7 5. &2 Packing ]S & . A
TR PEGARE Y d5e I =0 AL B A8 Y AR X B 23 1 07
2 AR X FR A5 Jmy B A A R s 88 (Non-symmetry
and Anti-packing pattern representation Model,
NAM) Jy BF 58 %5 G0 A PR A $2 T — R 5 iy A&
F NAM (1 FEUG e 7 A AR 7 it Sk (18]
HFIHETE NAM % i3 (Rectangular NAM Coding,
RNAMOC) 375 75 1% B2 K BE EHR 1) — Bl A 3R
Ji k. 2011 4 BT RNAMC R ik EH R T
—FEE T RNAMC B 0 2 B AR 0 bR o 2 01 33
Wl i X6 “Lena”  “F16” fil“Peppers” 25 JK B

€))

PREAT A 92 90 25 R R W« 7R DR A [R5 5 o 1Y T4
TN e=20), 4T RNAMC Ko 5158 5%
LI AT I EEF STC Fon AR 11 B P 26. 63 %.
[ RE L BIE 2 e Dy 0, 3% 305 3 5y R (E W 45 4K 22 i
fLLEL

TEMRBE PR RS i 45505 187 . 2007 45 . Hosny ™
3 o e B =X A B AR (5 B AR e 2 D
BBR TSR T b i B I LR 22 4R T —
R B A LA RE T 30505 L B i R R I
BRI A bR R B X R — 1, T3 TR 4
IBR 53150 M8 BB — B A 208 Jr i {H IBR
TAVE I — A 035 W B Al B AN S B N B R
PR AT o PR SA B T A AH 4B =2 ) (45 3 — i
JE B A AHTF . 2008 4F, Papakostas % AW i 1o X
TR Ge iy IBR J7 i 47 ol i OF # A8 3] K BE ER v L 42
T —F T K Y B 3278 (Intensity Slice Repre-
sentation, ISR Y JK & ¥ 8 7R Jy i [ ) 45 T
— ol iR A0 RS 0 1 36 F ISR JUAA] 40 355 O
7T A B R I — R — W K R R R A
K2 2 K FE EIAR Gm Ry R BE R W 2 )
T i IR 5 TR B AR [R) K BB BTl 2 R K E
B ) K BE B 24 5N A (R L 88 05 7 A — A8 BT &
() IBR J5 i 7 B R A, 2011 4., Spiliotis 48 AW il
b f K B TR AR R g ] A - T 23 f# (Binary-bit
Plane Decomposition, BPD) & —{H E 411 IBR £/~
JiiE B T — R S E R SE R AR T L O
Hh o ZEASE S A AR g F Sk B L R 25 /N F 3 0
HOE AT AR 0. S5 GOU DL R R R RS
TR IR AR HME R B 3 8 7 T A% 0 AR Y
RO T IBR 3278 J5 2 ARS8 5138 0 XL SR IE
W IBR @4 3 B & L IBR R I A & Z(E E
By — B AR R T W] R B — S R
IBR 375 J5 25 0] RE 5 22 48 2% 0 2 1 1 S sk 1] A A
(1 IBR 275 [ 5 A J& 40 2 AT RE D i He g o
Pr b B A B IBR LR ] & — > Packing [A] .
P AL g E 5 e e 7R (IBRO W B 31 6 5 16 1 B g
ASCHEH T — AP NAM e 407 6, B & —F
“ T A 1) (Y B A 4 5 5. 5% Packing [a) R 570 55
YR K TR A8 EGAE  d5c O B8 0 et
(9 3E X FK 43 81 5 vk T 90 5K W BT 1)
NAM Hef i orids . A g 7 A6 R 89— Fhogn



2622 it "

Bl

Eire 2017 4F

L
&

1 NAM £7R J7 k. 516581 IBR KRR Jr A1 1L,
TEAN UL I (8] 52 2% B2 1) 1 00 T 5 iR 7 ik e —
AP AR R SBCE. h TRE A R B
HURe — 3 4 1 B RS 58 B8 B PR IE TR R NAM 5%
IR T R R BPD Jy ik 2 B AR K B R 0 (K145
AP0 — A RO . I 2 T8 NAM RoR
1 BPD Jy ik, il i A R 2 5 R TR AL TR 2
B AR SO T — OB 09 K BE IR B PR A
2 AN RE 52 B RS 0 1T 0AD L L RE S LR 1Y
PRI SRR EE R A R 5 AMRAL AL T 1
DU A% 58 5 T 50 O ¥ ] 43 03] 2 Spiliotis™
SN AR SCH 0k S 2k ] #9 35. 5182 I 53. 9527
5. AR AR SO e 2 i e PR 1 Spiliotis™ Y B L I
B 28. 87 Y0, BT & MK B G — b s 0 1
878

A T DTN -

(Dt T —Fpogr i B4 75 vk B NAM B
772 EAIE T IBR B4l J7 125 02 — B o i 1) 7
R PR A 4 07 k.

(2) FE T NAM Bef i 7 ik 48 17 —Fon
1 A EE 1 NAM IR J7 k. 5 IBR IR 7 ik A
Lo o FEAS RS I R] 52 2% B R 00T L 3R T I R
— IR IE 7 R B

(3) T 19 NAM o 1 BPD J5 3k, i 1 4
BSOS Sl T A —
AT SE I BT — OB Y K R G P A
A W gy T R I Sk i iR N AR R
JE BT RS AR S B RS B TR B RB S B
RS LT 5. 5 % 58 5% . Chung™ | Zheng™™ |
Honsy ! | Papakostat®™ | Spiliotis™* 454y 41 bt , J
VB 7 AT R0 S5 25 SRR ] 1A SO A B

(D F5H T Chung”" il Zheng "™ 8 1 34 i 1t 4%
il S8 e=0 0, KA HARERSN. AEEGS
Rl 5 R PE BB R AT LUK

AT 2 1 A A S AH B NAM
FR I EFUK BE ER 9 BPD J5 ik 55 3 548 W] IBR
A4 77 125 19 R B O 2 1 — Ao B9 NAM B fi
T 55 4 0 45 AR SCOE VR B BOR R Al L SR B
AR SN [8] 52 2% BE 0 75 26 5 Wl 5L SR
. Chung®’ .| Zheng"" . Honsy®’ | Papakosta |

Spiliotis™" 4 F g 75 Pk i F BEAT Lo %, AN SE 50 1) £
JEBUE 1A SCR L A R s 26 6 TR AN IE.

2 E%H NAM RRf0 BPD 77 ik #id

2.1 NAM %R

Packing [n] 81 7E B} 2 BIF 5% F1AE 7= 52 B R 3 &
SL.NAM & Packing [a] 8 —A &[] 8, 47 & NAM
) A AR A G 4 34 7T 225 SCk[26 . AR /N1y H A
B AR NAM R 7 1.

Xt F o EEGMmE. A A agEMEY
1 BAAGFEE N 0. | T KR 7 kW B0
FHE R I DR ZE B P AG R g
RN 1 RIEATHA R, ZHEGE NAM %
TN IR A R X T A A S ER
A — AT 7 U AS R TB R 0 0 F XL R
FH B0 3076 N A AR B 2 4 B i X 2 -
XX R E G R RR G E R ]
o AR SCTD B I HE R IR SR AT A
ok e KB HETE T 158 20, AR 4 070 50 3 1 JE B L B 1Y
TAE BRI NAM R 5 8 3R A3 10 e & T AU
64 T RE AR B A A AT AT R R S A R 1 — R
LF AL
2.2 [Ef&# BPD 7k

BPD JE 484 — MR A1 R m bie 19K BE R 53 i
B om i 1 bit 19 A B, 2K 3 BRI B VT
mF 2R

ap1 2" ' Fa, 2" e ta, 2 4a, 2°

Horpa B 0 5% 1. Bl AR 6 X A FROR L 8 —1E K
JE R o3 i B m W G KR A D7 ikl 248 Bk 2
T m A RET 53] m A 1 bic (7

BPD J7 75 f& — Tl i 4o 50 1l ik 2 15 1 A °F
T A Bl /B R TR TU A% 19 BB R S B A% A 4% b [ IR
TR BE SR 0 EMR S R JBE A G R BE R 1) BPD Jr i
(8 LA R T 2 2% SCHRL26 ] 3 LA T R 3R

DI TR m =8, K /NJy 512X 512 W Ik J B 1%
Baboon A (40 1&l 1(a) frzn) . 8l 1(b) ~ (D &5 i T
XA TERRER. K 1(a) % BPD FiEEE8 T
55 HAEXE R 8 e —AH R AR BPo BP, .-,
BP, 3R,



(a) Original Baboon

e

R

(d) BP,

Kl 1 Baboon £t BPD J5 ik 73 fift Ji 1 8 M £~ 1 — {H ¥ 14

3 #E) NAM SR 75 R

AN E RN T IBR {0 E Lk BAE,
SRIG /AT T IBR Bed 4 ik s G e e $ i 17—
FioBr i) NAM S 4 7 e, 0 #4200 20 T — (A
%) NAM &R 7.

3.1 Z“{EEGH IBR A A&

fBoE X T A BRI E L A AR R AR
1, B E R 0. IBR Bt 0B H— &
FISATF X AT Y Sl RO 6 U R AT 40 43 )
—HIE NI AR R 1 X RS B0 — AN B AR

H— AR A 4 AR R e o X
AERRET Y ARAR B AT R M X ARBR N Y AR, Bl O, =
(X s Xoi s Yigis You, ) s L ZAHIEMG f(2.y) =
{b;:i=0,1,2,3, -+, N—1} (Hrp N J& [ 2 B iy
0. IBR $2 | i i B AR 2 2% Hop R AR e 2
A (A BUMEL T 58 T AR AR 3R (A 2
IBR B34 0y vk i AP RN F -
(DX Y ITBREMN - HBRE. LY,
(2) TE5 Y. 47« S N2 18 A7 $R B A AT B 56 X (7]
ks s bR X0 Xo CBRAETE U /K SF 5 1l 4 ).
(D FXF—FT (Y, + D B X [N (X, X))
AR AR N AR RAE R A 2 AT A R B i) 25 1 (R



2624 it "

Bl

e 2017 4

L
&

N IARE - WA KL N

(D MBI BR ) I ZERATF A W P i

(5) G220 3R (3) M 45 R AF A I 2 e, W Y,
Y.+ 1. 3055 3R (2).
3.2 IBR B ERI R

R RS AR, & B IBR J5 ik A — A
A BE o BIVZE 3 TR 2 He i iR T 2R LT AT
Ay 7 3 RPJe i R — 47 i v 09 . SR 5 PR )
Y 77 140 R L X Bl 7 5 TR ) KOF O 1) 25 5 7 A
B2 A IR TR 28 e, 18 T R 28 e i BT L TR T
W T e FoR Bt & 2 45T SCEk[ 21
FEE“d” 1 IBR FoR 45,

B 2 FREd7R IBR KR 853

3.3 NAM BRE\#FH %

AT R R S 5 BE NAM B
Hiim ik e A F A E S0 IBR P # 7%,
S O ) B T DL R B AP RR

(DX X F Y AT BRI — R E. LY. =
Y, X, =X,.

(D) MR P (X, ,Y,) . P, (X,,Y,) (Hrh P,
SEARTEZE LM AR bR, Py AR TR AT A AR 2 ) 28
ool X, =X,+1,Y, =Y, + 1 CRI4E JE Us % £A 28 07
LEY DN

(3) WAL IR () W40 R 45 RAT A 2R, AL
HER(2).

() WA IR (2O W40 J 45 RAFF A [ 2 e, X
177 1) 1 Jre 45

(5) X HEIE AT K- 7 4 g L B X, = X, +-1.

(6) WA IR () 4R R 45 AT A 28
LG,

() QAR B RO 3 R 45 AT A R J e, oK
V07 Il 4 g 2

(8) 2l A BB (5) ~ (7)), Xf I If 18 46 TF 15 30 47
— Y 7 1] 4 R

DL NAM Hed3 i 5 1 v LR IIE LA 570 o 0] 4%
P TAHEB PR KHEIE FERAES, —ERE

REAS T RIS E B0 AR TE T H SRR &%, 2 IBR

B3 7 TR 0 — Rl R

3.4 IBRIRAMNAMBRRREHAHBHEHN— X6
PL 16X 16 K/NI ZAH B4 Lena 5] Clin 14 3

JiR) s B4 5 T & 1 IBR B NAM HekoR &

HAM BN — R E R A%k — Bt BE E 4

O LT RN FER RO GG E.

W

K3 16X 16 K/ANAY =B & 5

7E IBR He il NAM e %R J5 i . AT 75 X
a4 E T RR. B 4G 2 T 3 B i %k
FEMGHEFE B A 45 T A IBR S 6 7 ik 1 4
45 ACo) 25 1T NAM B4 7 e b
SEHL N 4(b) FIE 4() AHYEF 1, Lena 14 H
IBR Ht Fl NAM He 2 7R B 55 19 7] 28 S 55053 51 o
36 ANF 32 AN, AR AR R P H J7 T NAM ek
AHIBR Bk R TRET 11.11% . T 554 ) T4
B A A S ) B e P AR B AR 1 Ak B e

FHIBR B4 05 e 1 NAM He F14 07 1% %R
PG 34 HU 0 A R AR 3R fiorer A Tcfr i 0%
S RS S M RGOk 1, R O iE
Ze B AR L 30 OMD.

4 ETIHH NAM R<50 BPD By7% &
BRI EITEE X

BT SCHRRE30 48 /Y 2 A> B 285 B 5l i fif
I NAM B4 77 36 M AE R BT 9 NAM KR J7
LR T — R TR R NAM #I BPD /9 K B
BB R A% RS m THITR N -1 ER
E PR
4.1 EHEmEILEM
5 Packing [A] 8 F 57 .0 F L B8 & 8 TR =
L PR Y 5 DA AL e DIC 0% A1 X Bk 23 B0 7 9
ARATEW T A HEMR M NAM 2R 1 — 4 000 1
DUl B B30T 4R — A AE 2 AT R SR IR 1
LA THEB R NAM KR HA5 — i 14 B AT
SEIL BT IE T NAM R J5 35 1 @ sk, 53 4h,
AR D00 B0 B IR, BT Y NAM 3R U7 i2: 3015 19
e T B 5 AT BE 2 re (0 - o A T RE R it
(/W R RS AR B (7 W AT T Vs s N D) Py
SR RE e sE P

EX 1. EKREREG EREEGPIABER



KR8 -4 . — TR A R P 5 DR SR T AR i 2625

11 4

110, "1:0:0:0 0.0 0 1.1,
11 0 101 10 01111
110 : : : SRR

0.1 1, 1
001 i
001 11
0:0:0: 11

0. 0.0 i
000 01
000 P10
0:0:0 RERS
0:0:0 1
Lot NS
1oL Ry
1:1:0 1i1
[BEEEE 0000111l

(a) B3NS 7 A G 4
1i1fo: toJi1i1]oio
110 11100 0
o1 Lot
0o T o
ool TloioiofT 1ol
000 ool o]t
0o of1: 1iti1:i1)of1
oioiof1i1 11 1 1JoJi]of1
vioioiof1 'SwomlTl of1 1 1]of|1
o101 1111 1101
Tlolilo]1] 11 1.1 1:1]0 0]
T 1lof1]o: EEEEEEEREREE NN EN
1T 1:1:1JoiooioiofJi ittt 1 1]of1
(b) IBRERFIREE R

1:110:0:01110:0:0:0:0:0Q1:1}0:0
torfo o of it T]o o)1 1fo o
1i1foioiol1io o 00111 :1)o]T]
o 8 0 R o R X
oioft ofoioioioioltrfrinfo]n
o olailo oo o[ 1]o oioltia]of1
0100 0:0:0:0 TIT|0 o1 a]o]
ool loiotlor t t1it]of|r
o o ofrfifo of ifrfr v ifoTrjo]r
0:0:0: 1Jof1]oioioiol1i1]oio]1
oioio ol oo ool i1t
oo o oftfrfo ot i iufo]r
(][ ]of oo ofru)rfr t]r]ofn
afofifolifo o ofafi]u]r 1]ilo o]
08 0 0 3 R CRRCE RN 6 BN BN RNES BN KN BN
il ilooo ool

(Q) NAME@%%H@%*%
& 4 IBR Fl NAM ek R SAT 16 07 2 19 — A 56 5]
244 1 & 5.
ENX 2. BEEZ. B2 ZEER AR
AN AH ARG 2R H K B A R EAS AR 7] ) B4R

EX 3. FREREG. EREHEMESETEK
JE PR AR — 2 A TR g 25 [ 15,

SIE 1. ERTh T AR RS N 0.5 MK
PRI FEAEL S T 42 K BE IR AR 1 — .

SIE8 200, ML R A A O L 45 T 4 R

BB ) —F.
L HE WAL m RN MXM

JREE G B2 37 0 AL T B ) mass, Hop 0=
miss<m— 1. JK B K14 %4 BPD it 5 = 55115
T A —AH AR B NAM R 5 1 4 1 45 51
Q={(Ry:k=1,2,+ N}, R, Nk AL FHE
e T A (el 7 o e W gl |l N R RS LR
SR Cenge s yi) T (o s voe ). TUE T 380 19 NAM R
1 BPD K B G B A B N

— p+1

(o 0.5 — (3, —0.5)"!
g+1

} , miss=0

N—1
2o +0.5)" T —(x, —0.5)" !
'M/,(IQZ[(TM+ J) (TM J) %
k=1

p+1

(yo+0. 5" —(y, —0.5)"!
qg+1 }Jr

ptqgt2 miss—1
(p—ﬁ/[l)w Z 2! ’ O<7ni.§.§g7)z—1
=0

EW. BE g y) BIZKEEUG AL —

MEE LN g 1 R R R A
g= (b, 10, _3by),.

i BPD 23 AR A SCHRL26 ] it s 3 1
HIFS]
g(x,y)=2""0b, (x,y)+2" b, ,(x,y)+ -+

2°by (x5 y)

m—1

:22’/Ji(x,y).

i=0

A filx,y)=b;(x,y) . N

"M M
M,,[,:J J xtyig (x,y)dady
0 0

M M m—1

= N it (r .
J() JO;( y (§2b,(1,y))d1dy
m—1 "M M

:22i<J J x”y”b,»(x,y)dxdy)
i=0 0Jo
m—1 M M

:22’<J J x”y”f’,(a‘,y)dxdy).
rary 0Jo

FhT T 5L T 5 AT ) 3~ T X AT 452 1 4 AR Wi A
K AT g M R AR S BT R B 2, AT LA
IR AL T T AR B RO e A T DL A



2626 it (=2 . 2 i 2017 4F
THAA B fa], He v 2 i A 1 T AT — e R R i —AE R BP, (miss=<i<<m— 1), I} JIL1X 46 (R R 1 L 77 4 5

MR EL S — PO EEG ¢ (x,y), H 0<
1 <<miss—1.

(1) Y4 miss =0 B, M,, %6 11 5 09 K 56 1E.
1

N—1
(2o +0.5)" —(ay,—0.5)""!
Mpq:2|: o p_|_1ru

(ka +0. 5)‘1+1 —(ylk—O. 5)q+1 }
g+1 '
(2) Y4 0<<miss<<m—1 B}, M, Jy 4155 093
(XY AN
M

m—1 M
M~ 2 (] ],

miss—1

M
EZ Z(J‘_[ 2y, (s y)dady)

i=0

X

I”yqf;(l',y)dl'dy)+

NZ [(1#2& +0.5) " —(x, —0.5)" !

p+1 <
}+

(youF0.5)"" —(y, —0.5)"!
g+1

miss—1 MM
§ : 2: —1 < J J‘ x
i—0 0Jo

NEjFIM+Q5V”—4xm—a5V”

p+1
|+

”y"d:c'dy)

X

(o +0.5)"" —(y,, —0.5)"""
q+1

miss—1

M/+1+7 71
(p+1)(q+1) Z z

g5 LTk . Al i ?%E’J%Efr;’% NEAvp

EIFT%+05)MI—<ﬁr—05>”Ix
p+1
(y2: +0. 5)”*1—(3/1&—0. 5)(171} )
) , miss=0
q
2[(1%“#0 5)/+1—(1 —0. 5)/+1><
= p+1
<yﬁ+a5v“—%yw—05wl}+
q+1
MPtatE B
mzz 0<<miss<m—1
IFEE.
4.2 ETFHE NAM R BPD § 7k & B R 4 46

HHEEE
HA :— WG OISR m KN MXM R B EMS G
FE T T B S miss, Forp 0<Zmiss<<m—1
i IR BE AR Cp s ) By LTS A A M,
LB T8 F R BE & N IRE R 0.
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5
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o 204 i A5 B (9 3 BUE . A Spiliotis™ FIAR 3L
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AR B0 58 12, R S AT 4 A PR ORS00
RAEHT 5 ] SR AT T O #R, A Papakosta ! il
Spiliotis™. F52 | B FH N R X B LR R AT
(4, R Chung™ i 80353 5 3 i 0 STC %
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(d) F16
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(h) Texture_5 (1) Lena

N

(j) Peppers (k) Texture_6 (1) Baboon
&5 12 fF it K A

BB /D Tz ER R R G Hitk.e=0 mF FEIFRERIATE e=0 MW 25/, LA Lena &N
Chung"™ (TSRS 1. W3, Zheng 7 ) B3R 2 44t T S BT HE 4 PR THIE S TR 10 45
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LA 55 2 02t TS SE  E I AE H 3 B4
H T % =0 B Chung ™ 5% Zheng™" 19 5 ¥ 1145 19
BEAH L5 4 H 5 H T Y miss=0 I Spiliotis™*! 8 4
CE BB Diff £ XHE 4 555 20K
DI M. AR 2 5 A, 2 e =0 if Chung* 5

Zheng" MBEEIT R B S E BRI R A
{HJE 58 45 — BORY, 39 O 3 RUE . 100 25 miss = 0 I
Spiliotis™*" BUA SCR BT A AR (B 5 5 ek 1o
A FEAE AN 58 42— B0 Diff R W] T 3X 4 2 [4)
) 22 {H.

R2 AMSPAUENETEEENEMELLR

G R Chungl 218 8} Zhengl 271853k (e=0)  Spiliotis®01 5 1 5 A% 38 1 (miss=0) Diff
Mmoo 32515895 32515895 32515895 0
mor 8046033703 8046033703 8046033703 0
moz 2696681596975 2696681596975 2696 684 306633 2709658
mo3 1024584212097619 1024584212097619 1024586223606045 2011508426
mio 8666505198 8666505198 8666505198 0
mi 2187641677334 2187641677334 2187641677334 0
s 737440762562148 737440762562148 737441484770914 722208766
s 280300318782589 760 280300318782589760 280300865 693009090 546910419330
mao 3011323643248 3011323643248 3011326352906 2709658
may 770998793926 280 770998793926 280 770999464 429090 670502810
ma2 260649286039701180 260649286039701180 260649761707029630 475667328450

98912970676114 342000
1162070434661574
300338805868721410
101539635378827460000
38405913149808 361000000

maz
ms3o
msi
msz

mss

98912970676114342000
1162070434661574
300338805868721410
101539635378827460000
38405913149808361000000

98913248807998226000
1162072601287874
300339352779140740
101539916578401 680000
38406 058309726209 000000

278131883884 000
2166626300
546910419330
281199574220000
145159917848 000000

XF T MOXM R /ISR R BE 18K 3 Hosny 5 2ot
i ISR AR e B b 4t ) JELRRL, i e 0 — b SR Y R
BRI AH IR RO SR T A R R RN B E
FIX AL — 1 VAT AN 2l s 0. M—1 .
P AR A S A T 3R Ry R 6
SR A i AR T 2 AT B 1] L #KR. D) Lena [
Bl .2 3 T Hosny™ i B 4 H 1
B, 2HEE 2 FH“DEM” #E 7R “Direct Exact Method”,
6 I S0 R R I B R R R O 5 3 M ZOAT R
78 “Zeros-Order Approximation”, i B J] 3¢ H f) &
WA 3L 5 2 B 5 4 A i g R — R Y
H G0 M55 3 51 25 H Y ) 2 0 BL L 565 5 97

£ 3 Hosny* it BEEEZNERELER

DEM ZOA Honsy! 28] Diff
Moo 496. 1532 496. 1532 496. 1532 0
mo1 21.3798 21.3798 21.3798 0
moz 164. 2359 164. 2353 164. 2359 0. 0006
mo3 8.0125 8.0124 8.0125 0. 0001
mio —15.6032 —15.6032 —15.6032 0
miy 9. 3676 9. 3676 9. 3676 0
miz —1.6962 —1.6962 —1.6962 0
mis 4.7823 4.7823 4.7823 0
mazo 164. 7991 164. 7985 164. 7991 0. 0006
ma1 4.0596 4.0596 4.0596 0
maz 52.4469 52. 4465 52. 4469 0. 0004
mas —0. 9475 —0.9476 —0. 9475 0.0001
mso —8.2009 —8.2009 —8.2009 0
ms1 4.3899 4. 3899 4.3899 0
msz —2.0913 —2.0913 —2.0913 0
m33 1. 9503 1. 9503 1. 9503 0

M) Diff ¢t TR0 5 30 DL =2 0] i) 25 {H.

4 R S T &R AE IR B Y R S
PR B B B[R] be A G rp s (] % B4 ms,
Average 27 12 Wi KA 1 7] 28 B B0l 11 550 1)
APME . Cp Rm IR BEE BRI B 2 . N 4 7]
L IX 12 0 BB S A BE A AN AR T 815 Ca) Y 5 2%
JE 0. 8301, J& X 26 &4 rp 52 A% B AR IR 185, B 5
(DIYEZRIE N 0.9999, JLF 4230 1, J ik 46 [ % o
A2 7% JBE o v 1 R . X6 12 W K B R T L AR S
B8 & BBl 262 144, T Papakostat™ 2 9 |
Spiliotis®* " Bk (miss=0) A LB (miss=0) i T
SR TR BE ) v # ok A BPD U5 vk, K T
B R 28 B By 7 2908 43 9y 214 107,326 143,
309945, ] Chung"*" F 3k (e = 0) I Zheng"" 57 2
(e=0) [ [F] B V-2 fEL 73 31 64 837 Fil 64 368,
¥ /NTF Papakosta™ 8 3 | Spiliotis™" & 3k (miss =
0) A SCHE: Gniss = 0) L% 48 583k 1) W] 28 BB, iX
2N Chung™ & 3 (e=0) il Zheng!® & 3k (e =
0) 2 BLH X K B #E 47 STC FR Fl RNAMC #%
7N s RLTTT B A A G 2D — 26 i [R] 28 He g, (A |y T ax 2k
Py 52 2 Ve 16 BE J5 i 26 3 5 50k B A AR K
MR . NFE 5 AT, 24 e=0 B Chung"*" Al
Zheng" "V EIE TR M E R LR RIEG B %
)5 52, sk L T TR IEMRCE.
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R4 EMEFTEEZHRERYILE

) 2474 3 277 4 3 T <[3074 Y o
Image Cp e ChnEl R Zhens ™ R oy PSR A
Texture_1 0. 8301 262144 62064 60982 172075 266358 262978
Flower 0. 8860 262144 62546 57718 143051 165887 157860
Lung 0.9237 262144 63992 62770 149807 285462 273300
F16 0. 9864 262144 65441 66314 204944 257466 249163
Texture_2 0.9962 262144 65522 65401 240122 405362 383718
Texture_3 0.9965 262144 65530 65317 240938 408418 387863
Texture_4 0.9967 262144 65531 65509 229665 316950 278254
Texture_5 0.9969 262144 65535 65597 249920 413502 388270
Lena 0. 9970 262144 65273 65694 220545 293573 277611
Peppers 0.9988 262144 65535 65813 228552 306427 295023
Texture_6 0.9994 262144 65534 65578 242218 411621 390670
Baboon 0.9999 262144 65536 65696 247444 382692 374628
Average 0.9673 262144 64837 64368 214107 326143 309945
x5 BEMETHEZNHEELER
& 4% &5 5 vk Chung *"/533%  Zheng " 5% Papakostal?9] 8y Spiliot'is[‘w]%iiﬁ Z’Riﬁ&‘ Hosny 2815 3
(e=0) (e=0) (miss=0) (miss=0)
Texture_1 193 2534 2490 60 36 33 32
Flower 493 2591 2391 56 23 19 32
Lung 493 2613 2563 57 39 35 32
F16 493 2735 2770 62 36 34 32
Texture_2 493 2768 2763 74 53 48 32
Texture_3 493 2772 2763 74 53 48 32
Texture_4 493 2779 2778 71 40 33 32
Texture_5 493 2786 2788 74 53 48 32
Lena 493 2708 2798 68 41 38 32
Peppers 493 2781 2793 71 43 40 32
Texture_6 493 2791 2792 74 53 49 32
Baboon 493 2796 2802 74 48 46 32
Average 493 2721 2708 68 43 39 32

SURS B AE TH 5 0 5 AR 4 AT AN, Papakos-
ta?" B 1 SF 1) B B A /D Spiliotis™ " 8 3% 1 - 1
YOS % A SOV 1 e S 7 T 4 2 160, 0 1 B
%ﬂ(?’\](L—l,L—l) Jf(ﬁfﬂ}#%ﬁﬂ 779D1U Papakosta[”]
BRI E O 2159 3 255 MR EY AL =it A
SRIER OGLA+0. 5L +2n—2) .1 Spiliotis ™ 4
B RIS SO I 1 IR 528 0 9 590 OCRLY) Sk ik
2 FIEEREIO IR R A 5 507 Papakosta ™ 51

. Spiliotis™ " 8 g Gniss = 0) A B Gniss=0) .
Hosny" " S35 i RT3 7 B 5048 1) ) Papakosta™
H 2 Spiliotis™ 5% . fe 1) & Hosny™ 53k,
A CHE A F Spiliotis™ 5%k 5 Hosny™ 51k 2
(i) AEL D T 49 5347 520 s 2 mass =5 AR SUBRL U2
P Hosny" ™ J3% . 2 A A3 A0 158 5500 vh et iy
FEAE o0 B A0 TR ) R 4 R B L R 25 /N F 306
WA LI R 6 MR T NAN T EFE

®6 EFAEHMEHNMFER Spiliotis™ E X LR BH

Image miss=0 miss=1 miss=2 miss=3 miss=4 miss=>5 miss=6 miss=17
Texture_1 266358 223186 180610 138577 98568 62816 32013 10577
Flower 165887 117028 75930 45160 24552 11833 5158 1596
Lung 285462 221232 173866 152722 142731 78501 31135 9991
F16 257466 197889 140525 90341 52549 27487 13503 3614
Texture_2 405362 348329 289831 231210 172738 117991 66466 23792
Texture_3 408418 350532 292881 234445 175696 118459 65260 22605
Texture_4 316950 257240 197590 138551 85271 47544 21963 4182
Texture_5 413502 353717 293898 234239 175036 117750 66535 29287
Lena 293573 234368 174996 117411 69568 36177 16994 5697
Peppers 306427 246432 186316 127168 74532 38298 16589 4496
Texture_6 411621 353187 295133 236433 177298 119767 66319 23209
Baboon 382692 322568 262545 202436 143256 89521 46562 18001
Average 326143 268809 213677 162391 115983 72179 37375 13087
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x7 EFTEAHENUTFEARAIEENRRLEE

Image miss=0 miss=1 miss=2 miss=3 miss=4 miss=>5 miss=06 miss="7
Texture_1 262978 220142 177794 136062 96 804 61809 31633 10780
Flower 157860 111002 71510 42106 22722 10936 4746 1485
Lung 273300 210930 166318 146748 136650 74280 29668 10098
F16 249163 191657 136433 88071 51310 26773 13094 3453
Texture_2 383718 328650 272299 216088 160571 109045 60453 21002
Texture_3 387863 331862 276461 220168 163697 108990 58840 19979
Texture_4 278254 220650 162825 106615 60092 31173 14324 2347
Texture_5 388270 330619 272846 215331 158523 104141 56030 24016
Lena 277611 220433 163101 107748 62861 32318 15186 5157
Peppers 295023 236912 178823 121686 71032 36344 15675 4130
Texture_6 390670 334586 278796 222269 165396 110280 59872 20545
Baboon 374628 316481 258237 200129 142926 90614 48240 18882
Average 309945 254494 201287 151918 107715 66392 33980 11823

N TR Bl 1 - THT B Spiliotis™ FIA U S 5 4
R BRI EECN. X 2 ALl LA .0
X R i PR OR U5 25 2k - T2, 2 5 IR
£ [+) 28 e B0k e D>

8 A T EFFA MBI TH B Spiliotis™
S MAR TR M B A (p s @) B 1930 U AR X T
R WA I KR 22 maxError, o 0= p=3,0=
q=3. M T ZFO0F 1 B A B b B R 2 0 IR
B4, i DAAS SCF Spiliotis®™ 1 maxError 42—
. AR, Y miss=0 B} ymaxError=0. 24 miss L
0 25 WA B N 8 FTLLE H L Tt /2 Spiliotis™ 5
TEIRRA SR B T 2R E R R R Texture _1
Momiss=5 BB T 3%, A 11 R EM& W maxError

YR /NTF 3%, 124 miss=6 B}, Texture_1.Flower.,
F16 #11 Lena %) maxError ZE1t 3% , H XY miss=7
it B T Texture_3 fl Texture_6 ) maxError {J58k
KT 3% . 48y maxError ¥ 3%.

AN N 8 AXE A I, — MG LT s &R AL
VT 2, R AR B maxError — i % 7 84 OR
BEARA 3 iEERAER L LR E EA 65,
i Lung, X4 miss B 4.5.6 B}, maxError 43 5 K
1.8108% .1.0741%.1. 0696 % , 1 B , H maxError
AL A BE miss 28738 K ST & B /) 5 38 A
Texture_5( Texture_6),>4 miss=3 B} ,maxError=
0.0721% (0. 0834 %), 1fii 24 miss = 4, maxError =
0.0559% (0. 0509 %0).

®8 EFTFEHEM T E Spiliotis™" #1745 32 & %X 9 maxError

Image miss=0 miss:l/% Inis.s‘ZZ/% miss=3/% miss:4/% 7nis.\'::_>/% mi.\'.s':6,/% miss=T1/%
Texture_1 0 0.1135 0. 3474 0. 8303 1. 7975 3. 6867 7.1347 13. 0311
Flower 0 0. 0099 0.0157 0. 1285 0.2677 0. 4647 5.7028 9.9754
Lung 0 0.0474 0. 1582 0. 3656 1. 8108 1. 0741 1. 0696 7.6608
F16 0 0.0019 0.0132 0.0768 0.5160 2.0528 4.1708 8. 9258
Texture_2 0 0. 0609 0. 1594 0. 3483 0. 3972 1. 4323 2.7497 6. 4424
Texture_3 0 0.0082 0.0442 0.0831 0.1076 0.3750 0.7268 2.2726
Texture_4 0 0.0079 0.0234 0. 0509 0.0714 0.9475 2.2905 3.7156
Texture_5 0 0.0130 0. 0352 0.0721 0. 0559 0.1799 1. 9136 3. 3684
Lena 0 0.0014 0.0023 0. 0056 0.0726 0. 8800 3.0323 7.3765
Peppers 0 0.0029 0.0043 0.0393 0.1843 0. 8281 2.1257 15. 4667
Texture_6 0 0.0203 0.0284 0. 0834 0. 0509 0.1108 0. 2569 0. 8969
Baboon 0 0.0027 0.0098 0.0196 0.0239 0. 3934 2.0699 5. 6086
Average 0 0.0242 0.0701 0.1753 0.4463 1. 0354 2.7703 7.0617

PLES 5 DAL B (miss=5) , Bl A 1% BP,
F) BP0 P K AR e AT AR R 9 5 il
T Spiliotis™" R 3CH T LB BE L A
Horp P 3RO K BE G B AR R G N AL N, 43 51 3R
7 Spiliotis ™ S E FA SCR B BB T T M T
3 59 Fe R A% e % L Spiliotis™ B FIAR SCHE

AR, 85 ms; Ry =T,/T, R, =T,/T;.
LA Lena BG4 10 4510 T miss=5 BT A (pag)
B R 1) 3 AR R G T RS B R A IR 22 A L e, s TR
0<p<<3,0<q<<3, I B} maxError=0.8800% , &%
AL 320 N PUNFI N, AR 7E [R) 2 B T i
TR PG AR 3R B3 ) 2 Spiliotis™™ B3k AR 3L
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BRI 2 B B 3. 6319 3. 9784 . T HLA
SCELE G Spiliotis™ 572 1 R 28 BGA /b 8. 714,
ST A B I S L N Ty T T A 15 G2 6 T
S5 | Spiliotis™™ 3 % FAS SO IR R THI 1R B

BF [a] 43 512 493 ms, 23. 31 ms, 16. 58 ms., 1ff H. M R,
R, 5y 0 AL GRS P-4 6 [R] 43 3] 2 Spiliotis™
S AR SCREE - H4 0 6] Y 35. 5182 Fl1 53. 9527 %,
B — 25 AR SCBRLE L Spiliotis ™ LIS B 28. 87 4.
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Background

The problem researched in this paper is the moment
calculation which belongs to the fields of computer vision,
image processing, and pattern recognition. Moment is an
important operator to describe image features. The efficiency
of the moment calculation is closely related to the method
of image representation. This work is supported by the
National Natural Science Foundation of China under Grant
No. 61300134, the Research Fund for the Doctoral Program of
Higher Education of China under Grant No. 20120172120036,
the Natural Science Foundation of Guangdong Province of
China under Grant No. S2011040005815, No. S2013010012515,
No. 2015A030313206, and No. 2017A030313349, the Funda-
mental Research Funds for the Central Universities of China
under Grant No. 2015ZM133, and the Chinese National
Scholarship Fund under Grant No. 201406155015, The major
objective of the project is to design some efficient image
segmentation algorithms and some efficient moment calculation
algorithms. In fact, an efficient moment calculation algorithm
has a good theoretical reference significance and practical
value in image processing, pattern recognition, computer
vision, scene analysis and so on. Up to date, more than 50
relevant papers based on NAM for image representation and
image manipulation have been published in referred conferences
and journals, such as Journal of Visual Communication and
Image Representation, Frontiers of Computer Science,
Chinese Journal of Computers, Journal of Software, and so
on. An efficient image representation method can not only
improve the efficiency of image representation, but also can
increase the processing speed of the image operations. An
important theorem of the moment calculation using NAM
representation and the BPD method is put forward by

adjusting the parameter of the bit planes that participate in

CHANG Yi-Bin, born in 1989, M. S. candidate. His

major research interest is image processing.

the moment calculation. And then, we propose a novel fast
calculation algorithm of geometric moments for gray images,
and give a formal description and analysis of the complexity
of the algorithm. Our proposed new algorithm can not only
calculate accurate moment, but also can achieve moments of
approximation. By taking some idiomatic standard gray
images, such as ‘Lena’, ‘F16’, and ‘Peppers’, some texture
images from standard texture image library of the University
of Southern California Chttp://sipi. usc. edu/database/data-
base. php?volume = textures) , and some medical images, in
the field of image processing as some typical test objects, and
by comparing our proposed calculation algorithm of geometric
moments for gray images with the traditional calculation
algorithm and Chung’s algorithm (An efficient algorithm for
computing moments on a block representation of a grey-scale
image. Pattern Recognition, 2005, 38 (12).: 2578-2586),
Zheng’s algorithm (A fast algorithm for computing moments
of gray images based on NAM and extended shading approach.
Frontiers of Computer Science in China, 2011, 5(1); 57-65),
Honsy’ s algorithm (Exact and fast computation of geometric
moments for gray level images. Applied Mathematics and
Computation, 2007, 189 (2). 1214-1222), Papakosta’s
algorithm (Efficient and accurate computation of geometric
moments on gray-scale images. Pattern Recognition, 2008,
41(6): 1895-1904), and Spiliotis” s algorithm (Parameterized
real-time moment computation on gray images using block
techniques. Journal of Real-Time Image Processing, 2011,
6(2): 81-91), the theoretical and experimental results
presented in this paper show that the former obviously
outperform the latter, and therefore the former is a more
effective fast calculation algorithm of geometric moments for

gray images.





