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Apple Recognition Based on Fuzzy Neural Network and
Quantum Genetic Algorithm

Ma Xiaodan'? Liu Gang' Zhou Wei' Feng Juan'
(1. Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education,
China Agricultural University, Beijing 100083, China
2. College of Information Technology, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: The apple images were hard to be identified at a faster speed and a higher accuracy because of
fuzzy and uncertain factors existing in the color image boundary pixels, so in order to overcome the
disadvantages above, a model combined quantum genetic algorithm and fuzzy neural network was built up
which showed the capability of global search capability and adaptation. In the proposed model, quantum
genetic algorithm was used to optimize the initial value of adjustable parameter in fuzzy neural network,
which avoided redundant iteration and the incline to fall into the local minimum value of traditional BP
algorithm. The experimental results showed that the proposed model achieved accuracy of 100% for the
uneven color samples, 96. 86% for sunlight influenced samples, 94.29% for the adjacent samples, and
92.31% for the overlapping samples.
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Fig. 1 Acquisition of apple images

1.2 Be=EiEsE

TEMSE R G, AR IRE @7 B R 2 0 40 2%
JRE  TAL &8 A58 AT ik 256 9K, Ik = 1 IR Bk i)
RETT, Bz ml Pk Bl — 26 Y IR JC 3k R A s Ak . H
A A RGB HSI,LAB 2 Z i i {4 25 ], JL p HSI
P 25 18] 5 N IR JECRE 16 1) e B 5 AR AL, AF & A

AR SE R o PRI, A BIF 5 BT €0 A A 2 BB AN s 7
HST i ¢ 25 [8] H JEA T o

R A 1B 8 AL A IS 1A R R SRR A
RIS ROR S R R B AT IR 75 S R R A
Ko B SRAW RS R R BREE i T B R4
S HEA BB AR R I R AR AR, P A B 2 ) )
BPR A R 5 IR . T AL B, AE PR )
HIH 14 05 10 1R x 10 R R IETTE B R AE 8t
TIREAR SRS N 2 PR .

.
e

Fig.2 Sample images
(a) AREEE  (b) THEEE
e HSI Flas3 o) v, 4645 1 2 BERUREAS (KR 1Y
TR R A R SCER 13 ] 19 J7 ik SE BN RGB 2
0,23 (8] 2] HST (4 25 (6] ) S5 4 o 3R 1 P31 4%
£ RGB B %5 ] 55 HSI 16475 0] T MR KA, IF L
HST B4 73 A1 0 R 45 1A
x1 BEHIESH

Tab.1 Parameters of color

RGB Hi 4,45 [A] HST & {75 [] 5 J&
75 .
R G B H S 1 251
1 252 145 153 356 95 78 Ak
2 89 89 97 105 4 36 Toakfa
3 255 166 173 355 100 83 A
4 64 67 74 22 7 27 Kkt
5

113 53 65 348 36 33 At

1.3 FERRFZIAMNFTE

1B A AR ol 2 10 2% S SRR S TR B R R R
FHHE 7 3 A3 DG A AR o 22 I 258 A TR B 6 AR
MR B S B AR S A R S B SRR SR
B BOG,REE HARIAEET SRR I G R
B 3] HSL B 25 0] 4R 5, H 57 5 J2 IE WAL ALK
A 2R TS R R SN s R R T s e
U5 DR AR T 2 ) 25 R S B 4 JR 1 R R T LR
TRANALRE JT O 45 &, 32 v I 45 VR BE 5 B, 5 I 4%
SR H R BRI s B LB R R SR

2 R M AR R

2.1 IE D40 4503 o 22 P 2 AR B

PO R RE O R PEF 55 (R =
AIRET) B A REAS 1138 2 >, (H AN BE RS R A A
R B B AT HILAS A R, A R i 2 T 2%
P A AR R AT A B2 A PR RIAS T 1 PR 3R 0 S SRR
S AR I n] B A B A o B ROR . KR XX



12 9

IGE ST A TR TR AR 8 IR 2% 1 SRR SR 229

R T 1S T B I D00 AR Pt 25 0 248 44 33 7 1k, 21> IE )
O P 22 0 A WL, % 42, S 37 39 2R SR S TR ) SR
MR MRS EHih gt , Bl A2
BRI 2 IE AR 2 R 0] J22 0 S AR A i s 2

TE R 48 25 K v BRI A6 )2 1 SR 8 B sR B S 50,
25 B 2 R B RS A
AR x=[x x, x, 17,0 (k=1,2,3,
4,5)FRE kEWEN KB TRemT

B HAZ. EBmARNSSEx, 5HH
B )2 X T R T B AR R B W 2

0" =x, (i=1,2,-,n) (1)

552 2 BIOMIL)E . K A2 H A ) TR
KAk A 3 ) S5 T B bR B0 B e A ol T SR R T AR
WIS SRR B 50 1 RS @ A BOR R4 926 7 )
FIEEITEAKXH

0;” =exp ( -

2

””%)) (2)
x, BEHIRI4H 10 5 2% 3¢ 8 B B
s FE

932 EMLIR . 55 i L 2
JE I A4t 0 RS L7 m, %2 4 A 1
AR AR

) _
0, =

it':fj Cij \a-,']'

(2)
0

S o)
Krp om—5 i MR FRR 5 EH
G54 2 HNZ . P IE AR 5 T
A% 3 FL ) mT A FH A R R BUE 2Ok s
RIRZ...Rn:
0,0 ,--,0710 eR,,i=1,2,-,nl
Kb R, SRR ANREEES
£ G v ] B YR JOT R RN 1 4 B R T A
E A 2t PRGBS RS SR A

n

0/ = T] 0 (@)

555 JE OB AL R Z o AR AP 8 R
WA T30 R 4 i i, 58 m A9 e SR

K
0" =3 5,0" (5)
k=1

A K—— U= 5k
by, —5 k ABUMJZ Y 5 55 m A SO
At 2 R I A
it IR AR IRE, AL T — PR T IE W AR R
032 6 L2 BT I o ) BRI e 2 I 2% A DR 3 SRR
ST
2.2 FERPLIARIEM LR E N EFESHE
FEGE BP 28 W 4% A [, RO 22 I 45 1 3

(3)

R KPRy S IR Ao NN = DI Dl o
A Bt U2 10 T U AR SOR ) BP 1522 17
54 25 VR 8 T DU A AR o 22 0 45 ) 20

B PASKEAS M A a3, U SR 4R

1 P M )
E:T;m:] (D,-0,) (6)
X D, —WHE
0, D) 265 By B

W BB c, o A b, 1374 B

oE
Ac,(t) =n e +alc,;(t-1)

4

oE
Aog.(t) =
o (1) =7 bloa

+alo, (1-1) (7)

Y

Ab, (1) =7,;b—E ralb, (1-1)
A p—2F W a— M R %
3 RN 2% B Bt

3.1 EFEEEMBEME

R FH R 22 B 1] 4% #5169 BP 55 32 8] & A58 b 28 1Y
212 X S B IRAE TE R TR ISR 8 A
FERE T 25, W 2 B ARy B AR /N i, DR AR Ao 28 ) 4%
ZRE T W N4 SR B G i R 2 P R A i A
T35 3 (Quantum genetic algorithm, QGA) """
SR TR R R MR L B DL
TIPSR O B A , 51 A G g AT AL
e R 1 g B P B LU AR A JL 3R ROR i 4 4k
ERTILARIB Z A 250 2, [R) I G €0, 04 7 58 0 #5
VBRI 8 T8 2 11 45 8 A 52 B, T 50/ 1) TR e LA
PR S S 4 R B A AR L (H A A A SR TR R
REJI A HEL MR A A I R . f i Tl
BRI S8R 22 I ) A% 46 19 BP LA LSS &, 56
R4 JRy 48 ZR B8 ) A1 R TR A0 AL BE T A AR B E AN, 58
W0 25 Z: R R R, B AT LA 1 DA E bR BR RO 1R 22 1R
BOE W —DA/MME S R oA R0 2% i 4 04 A5k 1L b
ORI RETT 22, K M 4% 0 1 R R RAUE . B
R AR 3 s, H v 3 4% Bk G B A
TV R BRSO BT R AR AL T B AR RS Y 6
Bt
3.2 EFEEEERBEHN

1E R 25 1 S B Bk b & T s e BE A RE
T b T ) R S [ 1) 2 B, b 2 A — B R S5 A 1Y
R ARG, eI, BN E B R
& FHRRR LA T AR AL AR T R

l¢p > =al0> +6I11 > (8)



230 gk Bl ¥ 20134
cosAc —sinAc
ﬁﬁl R(Ac) =| | (13)
sinAc cosAc
X Ac s 1 5%

[ Fememttate it o
5 |
| msiispe, phsppa e || BT
TR
A

| LE BRI 2 bt
v I

BRIE R R Bk
CIR TS 2

| Pt v oot |

3 kTR S A N 4 2 B ) i AR
Fig.3 Training flowchart of QGA network

X o B—8 T AR A AR IR
For o #1812 R B A AF
lal? + 1817 =1 (9)
R SCHR [ 20 ] 73 A (9) (9 2 AL 2] 5
LR e @A R S T 5

cosc,, | cosc,, cosc,;
P = . . .
sinc,, | sinc,, sinc,;
(i=1’2"."m;j=1,2’.‘.’n) (10)
Hrp c; =2mr
AR r (0, 1) ] iy Bl AL %K

m—— R n— R

B AR 2 IR R R KOs 2 DA E i,
PRI I 7E A B A R RS e R4 & s ], PR 15
B A%
3.3 ENEREIEIT

I AL SRR B A A I 3 R S O
—ARFPHE AR o 35 I BE pR BB T 5 58 SR T ) 2% i
BRI ALGE B B ZS Ao FERBE PS4
AR AN R BCR] E Ly

p(i) =f(i)/Zf(i) (11)

Horp

M

SG) =1/E() =1/ 3. Y (D, -0,)" (12)

S () S I A
3.4 BFEEREDN
FRAE SRR 20 FISCHR[ 21 ], 0 i A S it T He 4%

FHAE I &% 11 S JE 0 Ay

Hop, 2R R =0, sgn (Ac) IE f 25 0] 5 75 )
sen(Ac) = —sgn(R) ; ¥ M 7E[0. 0057 ,0. 11 | 315 [ PN
JE o

SRR R R AR T R AL 2 DR
Wi S At , S G € (A S, T O TE IR 8 22 A 1
BERE G MR /2 — o, A IE 0 BES T w/2 -
2¢, X T AR AE [ e 5% 7 ik, T LLkE R R A

4 ERFIRRNKBENEA

4.1 HEMLZLEN

T 38 A AR i 48 I 2% 11 5 4 T AR Al LAk )
ATV, o S A Rk 2 B B AR
AR e T AT SR, B HST A AS H] 3 44
SR A RURRAIE 25 0] R 450, BV A2 R 3 A5 A
P AR 3 A, B AL )ZE 9 A
WA IE 2R R 9 A1 s TR R AR )2 R
27 A A 2O 4R, B 2o 1A
LM ZER 3 -9 -9 -27 —1 Y,

B 28 S50 S 505 |, (8 v A SCRE I R i
S8, L8N O & & TG BE Ml G4,
XF 14 BEFEEA T A S MR R LT 60 48U 7
BNGREA . QR e AR N TN B . ORI 2 SR
JEEERRECH 9 A, B WECE 2 S8, 2t 18 A4
S, N2 B R RUE D 27 A, B AR K
FE Ry 45, B Bk S 5 JF A0 AR 30, FhRE R A
20,78 AR 0. 05, JiE % f 91 MA 0. 057, A Ay X 2% W]
TSGR . OFE LI R 2.2 W
JIET W SR A oKl S G A, 1B 36 1 v 2 i A s
ER N SRAE A, 2 CH bR BE A 0.001, 2% 2] 3 JE
0.8, 18Pk Z 8 0.5, 5 A2 3 B 40 000,

4.2 ¥RRELIAFEBPEIE

X €0, A 351 57 T 4B e | R S SR S TR A0SR
THuE . B4 B AR5 ]S40 R 2 25055 1 28
ERLELEREMBE MR, RZHERKAY
(Bl 4a ~41) ;55 2 52 M T @3 2R G IS 2 2R 52 w1
T B &8 43 58 T, IR Z R RS 3 (B 4g ~ 41)
K5 43 51 A 78 B R K0 R 6 5 T R 4 1 2R S 28 2
(Il 5a ~5F) FURSLHSHA (K 5g~51)

FHAS SCHE 1 12 5t 15 B0 A 28 X 28 A Ry 3 21
RSB o 2 g, X R AR AT R L 5 . iR
Jad AR v, R )2 R KT 0.5 B R B
ZBERB SN KBRS E R TE, IR
R4y B anE 4b 4h F1lE 5b 5h FiR .

MR R R, P AL S R R S EHR 4 58



12 9

IGE ST A TR TR AR 8 IR 2% 1 SRR SR 231

E NGRS B LR N B N I I PN (PR G
R0 B 5 i 30 SR A7 i U B I AN 2 L A ) 3
RIS AT LR A B SR I0 i 1 5 AT
S DX T AR, 25 B /D DX R B ORI, O

“
*
i #
: g
B

(b)

()
%

() @

i
-
)

S
# H
%, o

SR FH A J6 1 HOCE AR R RO S R SRR R B o % T4
EEBRMEEE B 72— 2Rk SRk 22 ] 197
TR XA R RE BT BEAT 2 LG e 2GR ROR 7
B 4£ .41 FE SESTFTR .

(d (e)

1e
e

(O] (k)

B4 Bie AR5 RIS 4E

Fig.4 Recognition of apple images with uneven color
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Fig.5 Recognition of adjoining and overlapping apple images
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