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Improved Meta-heuristic Optimization Algorithm and Its Application in Image Segmentation
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Abstract: Metaheuristic algorithms have been widely used since they were proposed in the 1960s as they can effectively reduce the
amount of computation and improve the efficiency of optimization. The algorithms are characterized by imitating various operating
mechanisms in nature, have the characteristics of self-regulation, and have solved the problems like low computational efficiency and
poor convergence of traditional optimization algorithms such as gradient descent, Newton’s method, and conjugate descent. The
algorithms have sound effects in combination optimization, production scheduling, and image processing. In this study, an improved
metaheuristic optimization algorithm—NBAS algorithm is proposed, which is obtained by mixing binary discrete beetle antennae search
algorithm (BBAS) and the original antennae search algorithm (BAS). NBAS balances the local and global search, and effectively solves
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the problem like the local optimum. It is concluded that the algorithm balances the local and global search, which effectively compensates
the shortcomings of the algorithm that is easy to fall into local optimum. In order to verify the effectiveness of the NBAS algorithm, this
study combines the NBAS algorithm with the two-dimensional Kaniadakis entropy algorithm, and proposes a fast and accurate NBAS-K
entropy image segmentation algorithm. The NBAS-K entropy solves the problems that the optimization algorithms used for image
threshold segmentation function are easy to fall into local optimum, and have the large number of optimization individuals and the high
design complexity, which results in large amount of computation and time-consuming. Finally, the NBAS algorithm is combined with the
two-dimensional K entropy algorithm to generate a fast and accurate NBAS-K entropy image segmentation algorithm. The experimental
results of the NBAS-K entropy algorithm, BAS-K entropy algorithm, BBAS-K entropy algorithm, Genetic-K entropy algorithm (GA-K
entropy), particle swarm optimization-K entropy algorithm (PSO-K entropy), and grasshopper optimization-K entropy algorithm (GOA-K
entropy) on Berkeley datasets, artificially noisy images, and remote sensing images show that the proposed method not only has better
anti-noise performance, but also has higher precision and robustness, and can realize complex image segmentation more effectively.

Key words: image segmentation; threshold; Kaniadakis entropy; beetle antennae search algorithm; particle swarm optimization

algorithm; genetic algorithm; grasshopper optimization algorithm
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4 KWERSHMH

A5 K Berkeley %35 4 7 (15 500 5K & F (BSDS500) A1 T i e B 4% 33847 52 56 A I SC R4 H (1) NBAS {I
I 2 KR I RE B ——2E T BAS 11 4 K R B {E 2> FI 5L 5L T BBAS 11 4k K05 B i 73 31 502
HET GA M4k K4y #I500k . JET PSO M — 4 K 570 FISFEFI 2L T GOA 1) 4k K 4 8IS0k AT B
I3 E S

h P AR 5 S A i, S 36 v J4) SR F e KB AR B 500 24 % BRIk AR 4k 2k A

SIS 5 b R PR R B (14 8 D0 A8 75 A 38 LI A4 SR

S AE Intel Core i5-2400@3.10GHZ. W 174 8GB. 64 ff#ff R 4: Fiz4T, gL A5k Matlab2017b.

FHIESHUCE LR 1.

Table 1 Parameter settings
*1 ZHKE

ik ZH ZHE
A h:step,eta 201
NBAS A4 cp step’ eta’ 2,1,0.95
Omin, Gmax 0.1,0.9
Vmin,Vmax —4,4
BAS step,eta 2,1
c1,step’ eta’ 2,1,0.95
BBAS @min, @max 0.1,0.9
Vimin,Vmax —4,4
GA T e £ 60
AT S AR S 0.6,0.1
P24 20
C1,C2 2,2
4 @min, @max 0.4,0.9
Vimin,Vmax —4,4
R 50
GOA B bR AR 0,255
Crin, Cmax 0.000 04,1

4.1 NBASEZAMES NI

76K NBAS 535 57 H 21 B% 43 B0, A5 25 0038 NBAS 537 o6 Bt A6 77 1 (1 M g BL M2 BBAS 573%:%) BAS
SRR TR AT R 2 AP R 3 f,f, A1 3 AN BRI fo~fslPH 2200 ST AR PEREREAT IR, W26 2,38
h,Dim R B HAEE Range K7 [ A 5 IR IUAEL VI T fonin €705 R EICFK) B0 B /N (L (R DAL ). 52 56 o i K 4 2
(Dim) ¥ & 2 55256 %F NBAS, BAS. BBAS. GA. PSO Fll GOA iX 6 Rl A5k it 47 T Ak, 45>k vk o
AR 20 YRR H 500 YaEAR, IRl R (Mean) . AxifE 22 (StD) A 3412 4T N (] (Time), 53 L 45 - WL3& 3.

Table 2 Benchmark functions

F 2 HHERE
PR L Dim Range frmin
f00=>" 1% 1+ x| 5 [-10,10] 0
f,(x) =" ix* + random[0, 1) 5 [-1.28,1.28] 0
f,00 =0, % sin(([x 1) 5 [-500,500] ~418.9829x5
f,() =" [} —10cos(2nx,) +10] 5 [-5.12,5.12] 0
Fu(0) = Floozin:l X2 ?Zlcos[%) s [-600,600] 0
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Table 3 Algorithms performance on the benchmark functions

=3 AT B LR

B S Mean StD Time (s)
NBAS 42148 3.7401 0.017 4

BAS 8.3327 6.2319 0.004 2

f BBAS 7.850 0 3.199 9 0.0133
GA 23.789 3 16.532 9 0.564 0

PSO 0.002 5 0.003 6 0.018 0

GOA 0.485 9 21727 5.948 3

NBAS 0.099 6 0.120 0 0.016 3

BAS 0.339 8 0.200 3 0.006 0

; BBAS 1.8127 1.3850 0.0124
2 GA 0.698 4 0.666 1 0.544 6
PSO 0.003 1 0.002 6 0.025 9

GOA 0.144 8 0.165 1 5.799 1

NBAS —1.6895e+03 184.035 2 0.024 8

BAS ~1.1914e+03 283.454 6 0.005 6

f BBAS —1.4338e+03 137.382 2 0.0219
GA —1.2763e+03 409.475 1 0.8839

PSO —1.2564e+03 205.450 0 0.0239

GOA -1.5911e+03 208.304 1 6.433 5

NBAS 3.6458 2.8831 0.0145

BAS 34.659 5 12.897 7 0.004 7

f\ BBAS 5.350 0 3.248 9 0.0130
GA 57.2876 0.2339 0.5417

PSO 3.686 4 2.564 2 0.018 0

GOA 17.0635 8.524 0 6.214 1

NBAS 0.2850 0.197 1 0.027 5

BAS 0.686 3 0.409 4 0.008 3

. BBAS 32.960 4 16.082 4 0.0229
GA 26.336 5 14.603 1 0.949 8

PSO 0.565 1 0.665 2 0.025 6

GOA 0.133 2 0.086 2 6.438 4

5G4 NBAS. BAS Fil BBAS iX 3 FiALyE#E T 047, th& 3 AT LLA -

o T TR RREL f N £, BAS 7E f, LR B ARRHEZE Y /N T BBAS X U] BAS 71 HLUE s 20 F 0N
FERURR e M 7 1A — LA AEAE fy RIS R 2 T BBAS, X 1l fig /& th T BAS RIS K
AN TG T2 3k — 21 45 39 SRS B (04 117 BBAS — TLAE BEMLIE IR, A7 W14 1% A 20 560 55 1) 1.

o X T ZUEREL T LLE B:BAS B T IR BR £ fs 45 BAL T BBAS 75 2 We ki 44 f3 Fl f, 1, BAS th TP A
T ANTR) B SR8 3 B O A G A BR BRCIA BRI bR U 22 7 1HI 38 25 1 BBAS; 1 BBAS 4 HE 2L 5 11 (47 B ALk 2K 2 15k
H R IR AR, 13 2 T AR TS AR X BB BBAS A SR I A R BRI RE A ML Bk H 24 1 R e A A

HEE ¥ BBAS 5 BAS 4i 51331 NBAS SLVEAE B E FlAx ik 22 07 T S 4k 3948 T BAS Fil BBAS

S X U] BBAS SLIAME A SIS0 BAS $-4E T RAT I A R ER I 8 7 4 BAS Sk 2 /IR RGE S I
SRS B DA b W SR s ME D7 i 445 31 7 HE T RIS BBAS 112 Ik [a] &4, 3 M i Fe e 14 BBAS 1F 5 NBAS £
LR B T B IEAS SRR KHERT

[A 3, BBAS HILTEMR PR 48 BAS S0k By F N SR Sk i il 8L 2 i)

I PRSI 45 50T LUG HH,PSO Fll GOA By 7E FL UG R £ L S 45 SRS FE R 51, NBAS X2 ,BAS

Il GA 22,3t NBAS % BAS 76452 A7 e Th, H NBAS Hh5E 2t BAS /N X Ui NBAS 78 SRS FE
RS T M 7 T4 T4 TH 6 T 22 W R 550 F3 K0 £, NBAS AH T LA SR VL 7 o 207 344 U7 T 39 B A7 (R %, B NBAS
TERREL fs LIRIMAGK T GOAMZEAK; B Ak FoRE w2 B e/, UL NBAS 832 BAT B AF Bk R
S P 19 f8 7 B it DA S 10 RS B e B e S50 g OO0 A AT D3 3 At 5 4 52 2% 1) 22 04 pR B AT S 3 R Il T
FAER L — NBAS fRiX 865 iR 40 ISR AN T PSO #ll GOA JEAHA KR H AR IE M LA S5 45
TR IC VT S /D SR B 1) — o T IR AN 5 e I A R85 THI (¥ Y .
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4.2 NBAS-KIGEXMRES D

S v 3 H B 3 0 2 B KA, 2 1 PR 40 0 DR A A SR — S I (UN) 2% BSDS500 %54 4 Hh
500 5K R BEAT KB 43 28— S0 I 5 2 BUG 7 E0VT AN (9 T5 B 48 bk, L A R AR A 281 DX 45 P 355 e 38 LA A AL
P (S0P, 3P A — S0PE W] DUE I AR X s P AR 22 1 A5 2 B

2 2
O, +O'2

UN =1-

z(x,y)sRi fxy)
A

(19)

o2 =Y

Ri G AN 4,1=1,2,C i Jd— AR 7= UN (8RR, 2 R 7 1 4 OB T X B FRAT DR — 0Pk VP A ek 2008 B A S
(R 3 30 S v B 4 K9 I AR 2 0 U B B P (B 3 ke {0.1,0.2, ..., 1.0 55 BB b AT 43 2% 1 78 AN ) IR 1) B
P25 K AH, IT 52 PN G ) 70 0280 . R A P50 K0 448 T B 30 F AN () 2 0 K, o B A Y. R )
T —ZOPE IR UN AR 5 g5 O ) — B0 0 B e R 7y kAR P 45247 43 25 a6 BSDS500 1 500 ik ]
FHAT SRR 5 0 T AR gk 45 4.

T AW T 6 FAS ) (098 e 20 A 1 3 4 M J0 R B0 4F T E BSDS500 £i4f 45 (3R B3 2 JlFoR
AN TG i e B FI A 500 K B R B T35 4T I R), 28 3 B3R 6 P AL FH AE 500 7K B A 1)1 35 18 48 e
B, 4 PRSI IR I F 84T 2 I R BUE 6 T 3945k 22 00 3R 4 v DUE Y ASCHR 1 5075 NBAS 78
B ) 5 11, B% T BAS 1 BBAS 41 W) f5 5, (H H s 239 E L BAS Fil BBAS iR %, Ui T NBAS 7EKfif — 4 K
905 53 S e A B (L 5 TR LA 0 35 O TED S Bk BBAS A il B S50 A5 R gt v T BAS IR BN JR) 8 e UL ) B 42 v
T AR 5 I NBAS Lt BAS Fl BBAS [P ¥ 4nHE 2 B AR, W] BAS 5 BBAS 454 /513 2 1) NBAS #iif5 5
B I AR I LE 3 NBAS 03201 GOA Sk n] 4i1: B4k NBAS B3 T B U ME 5 F sk 22 F1 GOA AR L (HE-1
i 0 B GOA BVARAR 22 3% U6 B A SCHE 1) NBAS SERR T A5 BEAAS e tE S GOA SvEM 2 K JLAN, SR %
L GOA SLVERIR £ 4 Lt NBAS SR GA 515, PSO SLET] &1, A S0 B9 NBAS S1VE7E 3 NS HUE
A1 3] b 40 41 M AT P AT RE R, U6 NBAS 43 T3 B e, S ] 1 58t £ o B0 ( 350 {8 7 T B e, 6 NBAS 147 5
T P4 JR AL SO AN 40 SRS B 70 - B b o 22 J7 T NBAS (17 B AR vl 22 551G, 3 0] NBAS A T HAb S 4
U (1

(f(xy)—u)? £omT5 2%, U = BRI, R R FE 5 T XA s X Ik

(x,y)eR;

Table 4 Algorithms performance in the BSDS500 dataset
% 4 Hy7E BSDS500 i 4k b R R

Hik I 18] (5) PR EOIME bRk 72
NBAS-K % 7.054 4 26 109 135 1.815 5
BAS-K 34391 24219 484 3709077
BBAS-K 4 2.5551 26 043 014 64 590.556 97
GA-K % 165.151 0 26 104 452 17 139.23
PSO-K 4 24.167 9 26 109 132 5.148 6
GOA-K % 68.754 7 26 109 136 1.214 1

3 WoR T BRI BRI R BT AR E T 4R B 3(a) (B 3(@) 1A N At T EIth e ia TR
B € HEE DAY FR) TSRS 205 ) AR B W A AN PR 15 7 2 P 3(b) AP 3(c) (B30 k {2 Bk 0.1 AT 0.9)7E 6 FlAS [ e Ak 5
VNI K79 B BR B BE IR AR R B 78 4R 1 BSDS500 % 4 H B A% 11 1 343 AR o 0 (0 F7 28 P 3() T LR
H,BAS [¥1°7- 35 o B0 W 12 B/ X U6 BAS BLVE AN T R 8, BBAS Sk L E Wi BEHLER R 1, Lk BAS
ST — a5 WO GA TS B N SR RIS S NBAS 5151 GOA STk 3535 B T S5 AR (bt 9\ A b 1 R FE 5 3
Pk B R 1) 28 R PEAN B 8 X m B 3() T A N ABOREIRIER 4 (1 s B E S ). o PR e R A 0%k
AU S 2k P AT LA Y AS SCHE A ) NBAS 53R PSO 57.92: DA K. GOA ST fEAE 50 LLA RIS AR B p ik 2
140 1L PR 2500 A, BV SICH 5 P BBAS Hv2 i BAS kB L5 X Ui ] NBAS HikiRm T BAS Hik 4R
A7), G T PR 4k B AU 7 IR, 48 T NBAS J5 B ] 5, R AT R AR B LG PSO BEVE T GOA BEVEFEIN B 44,

© TEBREEEEIEDT  htp/ www. jos. org. cn



3462

Journal of Software 2% 4& Vol.32, No.11, November 2021

X AR T PSO SHEF GOA HIEMAR A L2 PT 28 I 7 R B, BAS SIEFI GA Sk K B N\ JR iR Wi S Jo vk
T ) 4 R AT AR A e AR A R A SCHE HY Y NBAS Sk heda e . Bl i 8 B s D48, H. NBAS tb GA [k

PSR E MCSIROR 4
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Fig.3 Convergence curve

K3 s
e AR UL AR T A AR A S ) NBAS S FoAT S i 0 B0 . S g 4 e stk . S 2y

B R
43 BESBHE ST

Xt R G B2 R, 32 ML RE VP A A2 B VPO B 5 T T AP O E R a2k oe P RTIX
Sl S S5 5 TR P VP RO s K A S 3 R R R P RE bR T LR PE A > B RCR B AT

W WA

RS0 FH—BPE M B UN, F-measurel® Segmentation Covering 1 PRI 22 5% 43 %1 45 St 47 5 S AT

— P UN B9S2 3 Bk 2 30 (19) T s . F-measure & — Rl 48 114 & K5 1 28 (precision) M E R %
(recall) P ANAL R A3, 8 HF PEAR 2 BB 14 42K . F-measure SR 2 3K (20) 1157 75 1%

F:2><PR
P+R

Horr P RSB % R JEHER R F %o F-measure [RITHSLAELF AOAE IR, 26 75 20 51 45 Sl AT
SE X E] ST #4> ) S 1 Segmentation Covering(SC)Z $ik
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1
C(8'> 8) = Xresl RI'MAXO(R,R) (21)
Hrh N R BB E RSB ReS Rn bl S PR AR X IR € SRR 70 S AL —Fr2E X 8, H AT
N IROR
O(R,R)—|RUR,| (22)

HoA |RAR!IF 7% X 38, R Al R BLAT HH [F) U0 2 103, IRUR! |38 70 X I R R RY PP ANEL A5 (K JC & I B AN 5.SC A%t
K R 7R oy ) 4 R AT

PRI FRECE — P A2 AHALBE 2 52 ok 250, L8 VP [A) — DX e P 2 1 5 S b 2 15 20 38 T — 28 00 o
A R PRI RECR A X(Q23) it H i ik

PRI(S (G} ==Y [c;py + (- cy)A- py)] (23)
T i

Horpcip 2B 1M j BAAHIRIARE B3, pyj A2 HMERE, T AR 50 (1 B 80 PRI R BOBUR, 375 3 B 45 LB
5 IR T AR HELE BSDS 500 #dls 4t (1 4 A PP Fig b5 I B th R rh B vl LA 6 T S I
UN,BBAS [WIFM+abril 21T S fl 0.971 9. Bkl B Bk 58 T KW RRAE Ty 22 AR AT 55 IR 43 1 4 bRt
HEAT LA, PR 2 S AT — 8 IR R BRI I L 4R 3 Fdig im 1) 2 AR 1144 20 B G bR vEREAT LBV, B8 B & M. TR
M A S RIS F-measure. Segmentation Covering Al PRI X 3 & WL REAT $5 b5 5 20 8 BUG HEAT VR
Table 5 Mean performance in BSDS 500
&5 1£ BSDS 500 H 1R

ik NBAS BAS BBAS GA PSO GOA
UN 0.960 0 0.950 2 0.9719 0.959 6 0.960 0 0.960 1
F-measure 0.789 4 0.7212 0.791 2 0.787 2 0.7910 0.789 7
SC 0.888 2 0.830 8 0.876 3 0.880 8 0.884 7 0.883 6
PRI 0.7758 0.739 6 0.770 8 0.769 2 0.7715 0.770 3

Xt F-measure, 4 SCH 7 NBAS [f) F-measure fH % T BBAS. PSO fil GOA #.:, =T BAS HiLM GA
FE T SC 8%, A S NBAS (1) SCE #5: e, H AR B0 1K) SC Bt R AT 0.884 7.4k SC 8 HiE i &
H1,NBAS $35: 43 B 45 55 by 43 F1 g5 AR AL, R Z3 F0RS B 1 A S0 6 s iy PRIFRB0AT 1, A SO0k I 48 B
e MR YR PRI F5B0P 4 55 01, NBAS S35 19 43 FURS FE i T S A S92,

25 b I N HME AT B A SO 43 B TR SR b T I ARSI 4 18 TR I NBAS 503k [ I 2 AT 43 1) 8
JEE PR 53 HORG E v PR A 35,

ACIEEL BSDS 500 HHfE R 4 WEAE A BIG DA K 18 8% BR (G Bl iR 00 2 SR To A B L3 % 09 2V
$228 7 % 18 B JET) IR 23 5 R B o ) 5 SR 6 Jos, BHAR 7 45 H T 2% 40 S BVE G L 1) AL I [R] FIUAF B (1) 2
H k.

Table 6 Results of image segmentation

x6 KEIHILR
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Table 6 Results of image segmentation (Continued)
F6 G EILI()
; GEES
i Wi I
BAS-K .
R PY M
ey .'. < e
BBAS-K i =t & !_%‘l. e
WA
ra
P“ = -,
GAKN @ - -
R i
o TR
L
;_ . . - L' '
PSO-K i Sy Yo
Fre™ &y
sy 4 (7
T' Fal
F‘ -
GOA-K fii ._'* <aF o
. | ..q
N W4 L
Table 7 Performance of the sample image under different algorithms
F= T MEAREGAEANF LT BRI
K% Bk R i 1) (s) ZH k
NBAS (121 109) 45798 0.2
BAS (119 56) 2.106 1 0.2
“hL BBAS (55,62) 2.1336 0.2
GA (55 64) 111.969 6 0.2
PSO (56 81) 17.0377 0.2
GOA (121 109) 49.9416 0.2
NBAS (91 88) 5.661 2 0.7
BAS (174 204) 0.279 4 0.7
o BBAS (103,94) 2.1438 0.7
e GA (100 97) 130.260 8 0.7
PSO (132 106) 17.901 6 0.7
GOA (91 88) 53.813 3 0.7
NBAS (102 111) 7.304 3 0.7
BAS (222 44) 0.188 5 0.7
i BBAS (105,111) 2.4019 0.7
€ GA (108 108) 164.907 9 0.7
PSO (102 111) 24.404 4 0.7
GA (102 111) 68.454 1 0.7
NBAS (110 112) 7.902 3 0.4
BAS (249 38) 0.0815 0.4
1 BBAS (211,150) 26521 0.4
I GA (211 158) 161.5310 0.4
PSO (110 112) 25.296 0 0.4
GOA (110 112) 73.802 3 0.4
NBAS (98 98) 5.745 4 0.9
BAS (253 233) 2.760 2 0.9
. BBAS (96,91) 254172 0.9
R GA (93 95) 145.818 7 0.9
PSO (98 98) 21.602 9 0.9
GOA (98 98) 61.1612 0.9
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AT R
o T RHLEME, R T NBAS-K Al GOA-K i, He A28 CHLEE LBl T 1 2 BB S
o XTIFMEEMG BAS-K B E I T RIS, 55 HARRI S A HET, R M E T K AR T
NBAS-K J# 55T GOA-K 8§ 5592, PSO-K i kA K B 75 st X ki 4308 7 HAR X 88k, B T 45 2 4,
FHFIA LA,
o TR B o EIA BAS-K G H LA 7 I, H BRI 2 53 B AT i
o LEMGI S EIE LT BAS-K B 2> RIS A TE W . BBAS-K 73 #15HEFI GA-K K 7 #5372 th 31
BES AR LS.
o SFFRBIEENE, H 24 B H B P A A BRI T LUE L BAS-K VA B TR R R S 2L
o B85 FANERAR, TGV B H A B RS BBAS-K i 43 I A7 R GA-K Sl H v b BAS-K VL R
DU, 2 6 B Ay e B M 43 B Sk (AR R R B 4 IR G S B0 B A [ A N T 0 2 AR AR DG X T
AR H IR S U AN AS YR A ) R T B 4, LA B R R DX 43 S B AR M, e B 9 A, 4 IR S
TR T IS B B PSO-K K 57781 GOA-K A 50 /b Ui W T AN SC A3 LA 165 v 1) SE P R 58
ZE KA NBAS-K R Sy 3 o 1 S0 0 LA SR0v, BLAT SE 401 43 SO T i) AR SC 3 HH () NBAS 76 B
A3 I — LS4 5 RO AR AR T A L.
FF LU AT AT DA 45 18 AR SCHE H 9 NBAS SV 4 KO 1 {2 43 8 ) A B T EL A R T RO g
i P A o 43 1%
4.4 BEIERIRMEMERESD R
CL B M3 EL U NBAS HVELEM AL — 4E K 955 b (B 7 D) R B8 T B A A7 I T R AT B — 4k K gt
T30 0000 4 K AR T —4E K \EPi vk ae n e A w i 4@) s KGR InAIIE s
0.1, J7 7% 4 0.01 [¥) Gaussian W 75 j5 , H NBAS-K 4 513 F1—4E K92 B S00E BT 5256, 240 k X 0.1, 73 1 45
S 4c)FE 4d) s

(@) kel (b) M Gaussian M (c) —4k K45 (d) NBAS-K 44

Fig.4 Segmentation result of noise image
4 EE R IR B 4R

MNP RT DA o KA 20 1 0] 1 7 LA REUR, 5 B0 R h B ) L%, HLA A7 A KR 7R Vs LA
MIEZ R, 25T NBAS-K 70 F1 1 73 51 45 SRt LB BEAR, AMEA R0 B 1T 52 08 75 75 G i 5t H b, i HL o/ 17
W7 . DAL 0, AR SR Y 010 2 WA 23 i L AT e I R A e

5 % 8

AL R IS AT 2 0 A, o LA s 11 i ) 4 R R R BE 0SB KBS G BAS STA
(BBAS)LjJ5t BAS HVAZ 17 i 17 NBAS SLidk A7 g i 1 54 BAS (SO A a6 G 1 B N Jd i e D e i,
R T =4 KRR 23 1 B AL A S 36 45 R AR W] Sk RENS A7 RO Ay BB (1 2 BRI . RIS AT IRRS
&I By T R b DA DA ST 2 BN Je) S WAL S PR e . B e 22 S0 NBAS-KC 13 535 the B AT AR B ) 70 e R R
P IL B AP REOR TIRAT 10 BAS 53K GA ik, PSO Hik Al GOA Sk A K MW S0k 4 vh T itk ¥ 45 2
B DL I N B e A Y DA ) A, o A I
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