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B HA R R E . AREHENZ IR, S H it 5y
£ HBEE, T D k.
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Lij (n) =exp(-, )Lij (n=-D+V, Z VV:‘]‘,MYM (n-1) @2
P

U, () = F, (n)(1+ BL, () (3
9,(n) = exp(~a, )8, (n 1) +V,Y, (n) (4)
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FHS A Z B br S H s ns, &5 R H G 1
SPCNN #5284 i & 7 7 B4
1.1 1EBILEH
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ARSCAH F AR 26 20 SR T X0 H BRI SRR IE, B
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JE MEEKEN TSEORE GG, gl X ERX SPCNN
PRI A N B 2B S R o0« BERESRIE By BhAS BRE TR
K7 ay LA A BUE TR R 5LV, WA SHGHAT dnty, &
—ANSHO N T RS X B — AN EE R, ML R TR
KFRE, w1 (6) NP, HAgEfE N 4, FANSHTR
T B 5%\ s 3 i

(6)




160 Ll THE2AH (http:/www.tcsae.org)

2022 4

ToF Ak
(g 1%

Ko

Hie FhgIX

TR e
| |

= R HR
| SPCNNEH PN
S N S"Cfgf,““,,fﬂ“
e bR
Bl speNNwis "
T A
AR T ) SPONES
NSCT e b
FRE > g
) % Hr
» SPCNN(ILAi i
wa ] SPOTHE
1% SPCNNi 4 gmjh
P
T Y

7E: NSP AU NSCT AR TR A HE 30 IE: 8840 NSDFB A4 NSCT A& e af T RAF 7 1R 2840 NSCT JydR N RFHFE IR I AL e
Note: NSP represents nonsubsampled pyramid filter bank in NSCT transform; NSDFB represents nonsubsampled directional filter bank in NSCT transform; NSCT
B 1 % RJENMEGFRBRRROHAE

Fig.1 Multi-scale decomposition of heterogeneous image fusion model

represents nonsubsampled contourlet transform.
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S TR VDURE BN B A B — 1 S BE AL R R
AR R B2 SIS RS I jE, O 1 ik N g
BESVRISOERE, ¥ ABC Sk T 5Rms 17 ot .

1) Jee {5 i SR

BEHLAE B NP N EIIRE B, — IRt ted,
T W B P OBE ML & B — A R T IK I I B R
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X1 g ) B DR I 17 S0 9 A1 4530 ) £ 5

X% = (0 e oo, ) FE d ARSI BB HLIE RS

i E
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Xij
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K& Bl o K FH A ¢ 228 (Correlation Coefficient,
CC) . & XH (Cross Entropy, CE)  J# (Entropy, E) -
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fro T EURRE G R E R E 4 NP e br L A &,
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FEh B BENBRIREL, B ANGE F LGN 2 G, KX
TR s B AR A SPCNN AR ik AR 2 b 44,
BT SPCNN AL 21K 5 E HI5H - SPCNN SO i &

(15




162 Ll THE2AH (http:/www.tcsae.org)

2022 4

WK 2 for. BRRIER: RHEEEGEEE 11
NSP. NSDFB £ R Atk 73t th e AR (R A
N ST-SPCNN !, MT-SPCNN 7 (¥ S 1551 A 35 F(n)
N, BT AMEZE S SPCNN i —MhETT
XENL. AR TCIE I B R Wy 5 A AR AT (kD )
bR Yin— DAR S, RS X R EE S 15

U oy BERZSEIE By BHAS BMEIEIRIA T o DL SIS BT
KAV WA ZHHEMEAE N TR SR RIWIRFTRE, 73
TR FH At ) N 0 e B35 B H AL AL 2 ORI A 2 H
RS EA SR S HOEAT B M T, R T
HARBREUEy SPCNN AR R AR5, TR K ok
PEIRRTH Yy(n)=1, Bt UK IS5 R, S R KL R

SPCNN4A~Z ¥
PE AT T
P )

v
[ brSPONNGABLY |

Y
% H hRSPCNNFih 73455784

)
JRE A 5 ST S

new,_— -
X=X (X, x,)

!
JRE P S SR

new__. _
x,=x r(x xkj)

LI U AEE ST R
X ) it

N
L

'\ 146L,(n)
-

TR sicnt, WER
0N TR0
¥
TURTE G,

I Sk~ o A
X =T, X))

W SCRC
RES

AR

U n)

e Fy(n)fR3& ToF BnT WG EHR 28 NSCT 73 i) s e R AR LA Ly(n)RBBE NI o AR BEHEE S0

&

LA A2
o 0 CCHo,CE+o fito,MI>0
ax{CC, CE, £,MI}>5

=)
A

Y (n)
gl'i l/*{.

BT BRI gy REBIEH

A T Vo REERETEKRREG Y- DRE LR DAEHIK L s Wi 2R 5 1 BAR R 2O RE R R4 (1+BLy) Fom B e Z B Fsh
NI Ly(m)&itrs Upn) AR EREE S5 Yy Mai e okl gt ; o AR SPCNN R Bk R4 1k 251

Note: Fj(n) represents the gray value of high-frequency or low-frequency components of ToF or visible image after NSCT decomposition; L;(#) represents the link input
field; o represents link channel feedback item; f represents link strength; ay represents dynamic threshold attenuation factor; Vp represents dynamic threshold
amplification factor; Yj(n—1) represents the pulse output at the last point (k,/); Wi represent the link coefficient with surrounding adjacent neurons; (1+/L;) indicates
the strength through the link # Combine the input domain L;(n); Uy(n) is the internal state signal of the model; Yj() is the pulse output of the current neuron; J represents
the iteration termination condition of SPCNN model.

B2 % RELMFREBRRSAERETAE
Fig.2 Multi-scale decomposition of heterogeneous image fusion model operation process
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1.3.2 BEMEAREIT0484F
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DWT AN 545 SPCNN A4 30 ST-SPCNN 5
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XL . PSR G i &K (Average Gradient, AG)
MR AL CC. X CE. i E. HA5E ML, 7S [z
(Spatial Frequency, SF) Z= 3P 8 FsPEAT 4« Fob CE
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1.4 1RBFHEIREL
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T Z2 M DX SR E 70 ke o S8 SRR A B R R
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£~ ToF s EE . REEE. BEEERGMIEAREGS
1 000 4.

MR 5837 5 PR R IR RGeS 6 R
ERNREAR, AHEHEYE 12:00. 13:00. F5% 15:00. 16:00
DL 5596 18:20+ 19:00 7S/ NAS[RIE [H] B 1) ToF 5% B |
BT BRI a] WG R 3L 18 Wi Tk . 2 ik
TR Koy BRI AN R R A 3 50 T 2 H 1) i A A R gk AT
PEREIIR .

2 GR55H

2.1 WS SPCNN S A S EIRIEE R 47
2.1.1 7kt SPONN & K 4% 4& & 5 H7

PL ToF Bf5 B S T WOGEG e, #5056 13:00
FO 15:00 A5 18:20 2544 N FMKAT 40 & ri K 49 B 25 1
W1 R,

#F 1 # SPCNN KD EIMR
Table 1 Ignition segmentation effect of improved Simplified Pulse Coupled Neural Network (SPCNN)
e TEIRRRE LR N . \
FHRSAE pam RKUHB T et Visual fruit VUML) TR SN
o . Ignition Recognition success rate  Missed recognition rate . .
Illumination condition Model . number number o o Segmentation runtime/s
times N N Rsuccess 1% Rutiss 1%
m [
_— SPCNN 50 3 5 60.00 40.00 122.01
)t 13:00
Strong sunlight 13:00 ST-SPCNN 5 4 5 80.00 20.00 91.91
MT-SPCNN 3 4 5 80.00 20.00 92.01
o SPCNN 50 4 7 57.14 42.86 121.28
Jt 15:00
Medium sunlight 15:00 ST-SPCNN 6 7 7 100.00 0 93.32
MT-SPCNN 5 6 7 85.71 14.29 96.01
P SPCNN 50 3 5 60.00 40.00 115.18
576 18:20
Weak sunlight 18:20 ST-SPCNN 7 4 5 80.00 20.00 94.12
MT-SPCNN 6 4 5 80.00 20.00 93.64

S5 IR, SPCNN BLAUARE | E4F 1HIER, K
BANTLBEE. KIESKRME, ERXRE - HEEE
50~500 K28, BAmRKREK SRR E . A
B EEMNMEREE . £ 1R, BEE S KRESEm,
SPCNN 5 B4 J& T[] A B 1 S s X 3R 40 8 Hh ke, A
KRG IR 50 IREF, S E o EH B, I
oy, RT3 s A . AR SCHE ) ST-SPCNN
S MT-SPCNN # B4 HLAF [ 38 B2 K AL, 7E R K 53]
IE AR EH & W0 KBS H A5 R BRI, 5 1EIEA,
JnR 7 SPCNN #8Y g K o | () . AR, 3R 145
B, SPCNN BLAY 5k I H i B 9 [l e I3 50 ik, 1
13:00 5856, 15:00 /LA 18:20 550 3 NI B4
E 48 A 3 AR FE FE H Bt 2 B B G, G 3R B ] e 2 56
FEY s KRB o 1) 25 SRAS ] ST-SPCNN #H ALAE 3 /N
B EE N KRB 3N 5. 64 7 IR, MT-SPCNN
A B 3G R KRB 34 5. 6 IR, 3 HIE M AT
KIRBIEAL, 1F 3~7 KA, (KT SPCNN LAY
W] e kAR T H, SOKE R RS BIE . LT
W Lo AR R R RS ST
SPCNN f A 25 ], 75 13:00 5896.15:00 156 LA K 18:20

5596 3 AN Bt ST-SPCNN #5884 fll MT-SPCNN 45 714 %} B
15 B IR R D 4135 %) 80.00%LA I, H 15:00 5%
B R T 100.00%. 43 FII 8] 52 fi KRB, $2
B RS 78 43 1] 1) ) ES I T SPCNN B A, £ IG5 51 91.91 s.
2.1.2 7k SPONN AEA! Ak o8] 25 R 547

SPCNN 1 4 NS N T F3) & &E1E 77 nl
a, =0.85,4=03,a,=08,V, =20 . B HIsHMEHAEL
BefRtert ) 4 MEMENRES . HAhat 13:00 &4 F
IR R 2 Frw.

SPCNN 8 4 NSHuEiEIE N TFHwE, RS
5. LUWBUERIBG. 2 2 4550878, ST-SPCNN f&7Y
ZH G, BTN 9191 s, {KF MT-SPCNN ##7H
4TI E] 92.01 so MT-SPCNN A 4 T 5 BA 243k
YR, 3R 2 AEIEEL Pareto FefRfREET 4 N AESCRCARIEN
iR, SHAE I AT FRER . SPCNN AALZE 1T
IB) 58 AT [ e BRI BN TR E . GRS A
AT NSCT 73ff . SHT PR 1] LS OSFHIL K % SPCNN
MR A I TR], HE BT EE OB, AUl E
SPCNN 2 g KIRBORIED, $m TR, TEmi kLR
FIEDL T AT DUABIPRIE B &R #], s 1Rl e
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F*2 BN TEUHE SPCNN SHIMER
Table 2 Parameter optimization results of improved SPCNN under condition of sunlight with strong

e X I S+a] LG n . X el ENCTIE,
stseonn e - STCRE IR wrseens e MG BT L
Intensity + visible image of ST-SPCNN & Intensity + visible image of MT-SPCNN &

ST-SPCNN MT-SPCNN
a, B ag Vo oy EINFE/s o B ap Vo rEIRIE/S a0 B ap Vo o syEInFE/s o B ap Vo S BIWIIA)/s
0.87 0.51 094 63.77 0.54 0.72 0.52 99.37
0.67 0.69 0.06 25.47 040 044 0.36 76.35
0.09 0.57 0.68 54.65 91.11 039 080 0.75 37.73 91.91 078 067 001 6021 91.19 019 013 069 938 92.01
042 046 0.77 3224 0.39 0.67 0.74 52.00

T o ARRBEEE S0 B AR IRE; ap (RRBESBETEHE T VRIS REBCR R %L MT-SPCNN B LL 4 AN SR
Note: o, represents link channel feedback item; f represents link strength; ay represents dynamic threshold attenuation factor; 7 represents dynamic threshold
amplification factor. Taking four non dominated solutions as examples for MT-SPCNN model.

2.2 EgmeREERom AR R R PN PR bR R, 5906 18:20 BB, BR

HI Bl A R L LR 3 s, B BOR AT &A% CC (RGB) KT SPCNN ## 0.95. H5E
HY)IAE] 80.00%LA b HARE 12:00 « H% 15:00 B MI (RGB) fikT- SPCNN #8573 DL4L, ST-SPCNN #%
Bom . B E S 0L A AR OR  EC) FR A F RISPYIRAIE AG HN 12.03 41K R 2 CC(ToF)E N 0.85+
100%, 50 18:20 B Ex5HFEKEI. 19:00 BB E (5 Kt HAzHE MI (ToF) {&~ 1.00, MT-SPCNN #A E 18K
A EMG AR B I R IE E] 100.00% 0 A8 SCHE H Rl A AR 7R i 7.30. FE[EFFE SF {HN 23.80, Eh&FRbrMERI N K,
i T SPCNN A2, 585K 12:00 BFERE R BEiE MT-SPCNN #2858 XA CE {0 0.38, {E /. LA EEE
& Rl IS 7] 70 51 A 92.68 F1193.69 s, AR k. % 4 /N Fh Tt B A SR H A2 PR R ol 2 v T A ASE 2

R3 6 MASRARMEHRILE
Table 3 Comparison of fusion effects of six fusion models
A R B H bR BRI AV 1) RS

SR &4 i} i o Total pumber of fused Visual fruit number  Recognition success rate  Missed recognition rate Fus?ffrﬂjtli?ne /s
llumination . Model images N Ny Rsuccess /%6 Ruiss/%
condition BRI TS BiE+  mE+ B+ SR+ B+ R+ B+ SR+ BfE+
s Dk o o o DR o o DR
NSCT 2 2 3 3 66.67 66.67 33.33 33.33 53.86 52.79
ImNSCT 2 2 3 3 66.67 66.67 3333 3333 54.30 53.81
12:00 DWT 2 2 3 3 66.67 66.67 33.33 33.33 1.21 1.01
SPCNN 1 1 3 3 3333 3333 66.67 66.67 121.61 116.20
ST-SPCNN 3 3 3 3 100.00 100.00 0.00 0.00 93.78 93.83
ijl?ght MT-SPCNN 3 3 3 3 100.00 100.00 0.00 0.00 92.68 93.69
with strong NSCT 3 3 5 5 60.00 60.00 40.00 40.00 52.86 52.73
ImNSCT 3 3 5 5 60.00 60.00 40.00 40.00 53.85 53.96
13:00 DWT 3 3 5 5 60.00 60.00 40.00 40.00 1.03 1.03
SPCNN 2 3 5 5 40.00 60.00 60.00 40.00 115.77 122.01
ST-SPCNN 4 4 5 5 80.00 80.00 20.00 20.00 94.00 91.91
MT-SPCNN 4 4 5 5 80.00 80.00 20.00 20.00 94.17 92.01
NSCT 4 4 7 7 57.14 57.14 42.86 42.86 52.84 52.79
ImNSCT 4 5 7 7 57.14 7143 42.86 28.57 54.08 53.78
15:00 DWT 4 4 7 7 57.14 57.14 42.86 42.86 1.02 1.02
SPCNN 4 4 7 7 57.14 57.14 42.86 42.86 122.77 121.28
EP?% ST-SPCNN 7 7 7 7 100.00 100.00 0.00 0.00 95.28 93.32
S““.liﬁht MT-SPCNN 6 7 7 7 85.71 100.00 14.29 0.00 95.45 96.01
modivm NSCT 4 4 6 6 66.67 66.67 3333 3333 52.73 52.95
N ImNSCT 4 4 6 6 66.67 66.67 3333 3333 53.80 53.72
16:00 DWT 4 4 6 6 66.67 66.67 33.33 33.33 1.04 1.03
SPCNN 3 3 6 6 50.00 50.00 50.00 50.00 122.34 121.78
ST-SPCNN 5 5 6 6 83.33 83.33 16.67 16.67 96.03 93.50
MT-SPCNN 5 5 6 6 83.33 83.33 16.67 16.67 95.94 95.83
NSCT 4 4 5 5 80.00 80.00 20.00 20.00 52.97 53.35
ImNSCT 4 3 5 5 80.00 60.00 20.00 40.00 53.76 53.82
18:20 DWT 4 4 5 5 80.00 80.00 20.00 20.00 1.02 1.02
SPCNN 3 3 5 5 60.00 60.00 40.00 40.00 121.02 115.18
ST-SPCNN 5 4 5 5 100.00 80.00 0.00 20.00 93.94 94.12
Sffl?ght MT-SPCNN 5 4 5 5 100.00 80.00 0.00 20.00 94.01 93.64
with weak NSCT 5 5 7 7 71.43 7143 28.57 28.57 52.77 52.68
ImNSCT 5 5 7 7 71.43 7143 28.57 28.57 53.63 53.66
19:00 DWT 5 5 7 7 71.43 7143 28.57 28.57 1.04 1.01
SPCNN 4 5 7 7 57.14 7143 42.86 28.57 116.84 122.94
ST-SPCNN 6 7 7 7 85.71 100.00 14.29 0.00 93.34 96.81
MT-SPCNN 6 7 7 7 85.71 100.00 14.29 0.00 96.74 95.14
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x4 o MRASEERMERETNIERLLE
Table 4 Comparison of fusion quality evaluation indicators of six fusion models
fok7 NSCT ImNSCT DWT SPCNN ST-SPCNN MT-SPCNN
Index ~ GREEHAIIL BAE+R SR BALAT SRR BAET SREEHAT L BEH R e BE T R B
e tEE e ORI e OtEE e OtEE JeEg ORI e eEB

AG 10.10 9.29 11.02 6.54 7.69 8.13 9.80 11.51 12.03 11.66 11.96 11.92
CC(ToF) 0.48 0.49 0.58 0.72 0.66 0.65 0.18 0.04 0.50 0.85 0.82 0.81
CC(RGB) 0.84 0.75 0.75 0.50 0.75 0.65 0.84 0.95 0.72 0.20 0.42 0.24

CE 1.92 2.61 0.68 3.06 0.79 1.99 0.90 2.34 0.49 2.83 0.38 2.66

E 6.72 6.50 6.87 6.22 6.83 6.75 6.76 7.10 7.10 7.02 7.30 7.06
MI(ToF) 0.37 0.34 0.47 0.60 0.59 0.56 0.91 0.66 0.40 1.00 0.93 0.91
MI(RGB) 1.34 0.99 0.95 0.49 1.29 1.44 3.66 5.73 1.14 0.36 0.57 0.33

SF 20.27 19.67 20.61 14.75 15.36 17.08 19.99 22.06 22.86 23.45 22.67 23.80

H: AG REMEEGTIEIBL; CC(ToF)R3E ToF BR St & FIRZ MR #4; CC(RGB)E RGB BIE 5 & BIR Z MAIHH X £ 4 CE UK ToF &
8. RGB EIG 5 & BB IS X Hl: E KRS BB MI(ToF){i# ToF EME Sm&EIE MM E(E S MIRGB)X# RGB EIE S5l & EIG 2 |
MEfEE; SFAKREEIBRZ MG, K CE /MRS BEEMLF, AN e AR R & BRI Ry .

Note: AG represents the average gradient of the fused image; CC(ToF) represents the correlation coefficient between ToF image and fused image; CC(RGB) represents
the correlation coefficient between RGB image and fused image; CE represents the total cross entropy between ToF image, RGB image and fused image; E represents
the entropy of the fused image; MI(TOF) represents the mutual information between the ToF image and the fused image, MI(RGB) represents the mutual information
between the RGB image and the fused image; SF represents the spatial frequency of the fused image. Among them, the smaller CE value means the better quality of the
fused image, and the larger the value of other evaluation indicators means the better quality of the fused image.

WM RE R ILE 5 Proc. ST-SPCNN K JRJEELILAKRE AL 355 2 th S50 T UA7 i 2217 O(NPxd) A
MT-SPCNN A5 2R B[R] 52 2% b L LA AR R 43 5] 22 1 O(NPxdxTarget+RepxdxTarget+TargetxnGrid). SEH41 73 H7
H¥7 S8 F0H) 18] O(maxCyclexNPxlimit+ maxCyclexNP) A&, ASCHERIE 8] & 4 & Lk NSCT # M £ — N E L,
% HFrZEFIUA] O(maxCyclex(NPxlimitxRepxRep+ Et SPCNN BAUIE— N E R, T AEIRE 5204
RepxTargetxnGrid+RepxRepxTarget+NPxTarget)). 2% [H] & A
x5 oMRSEBEERELLR

Table 5 Complexity comparison of six fusion models

il I [f) 52 2% I 1) 52 2% P 5491 Ellnp=F 5} 3 2 1] 52 2% P S 41
Model Time complexity Time complexity instance Spatial complexity Spatial complexity instance
NSCT O(M-N+nsc-29) 307 224 O(M-N+nsc-27) 307 224

ImNSCT O(M?+N*nsc-24-M-N) 94379 212 800 O(M-N+nsc-2%) 307 224

DWT O(M'N) 307 200 O(M'N) 307 200

SPCNN O(n-n+iteration- M-N) 15360 025 O(M-N) 307 200

O(maxCycle-NP-limit+maxCycle-NP+
n-ntiteration' M- N)
O(maxCycle-(NP-limit-Rep-Rep+ " n
MT-SPCNN Rep- Target-nGrid+Rep-Rep- Target-+ 1872 085 OMP fafagtgﬁgﬁfﬁj ]\T])arge”
NP-Target+n-n+iteration-M-N) 8
E: nsc {3 NSCT 7M#HEL g 83K NSCT 20 ET7 a4 M. NAERKN SR8 715 B LR B8 5 iteration AR STUKIREL: n RARHER RZE Wi 54
FEMABARZ T (kDA & e NP RERWIEGE S d RESMYEE: maxCycle f03E ABC B KBRS limit /R EYIIR 95 Wi KIREG Rep £
TNAESCHCAR AR nGrid s Rl S 4R, Target £~ HARRAEE . W38, nse=3, ¢=3, M =640, N=480, iteration=50(SPCNN), iteration=6(4<
SCHERY), n=5, NP=3, d=4, maxCycle=5, limit=3, Rep=20, nGrid=7, Target=4,
Note: nsc represents the number of NSCT decomposition levels; g represents the number of NSCT decomposition directions; M and N represents the length and width of
the input high and low frequency subband image; iteration represents the number of ignition; # represents the number of neurons between the link coefficient Wi and
the surrounding adjacent neurons (k/); NP stands for food source information; d represents the spatial dimension; maxCycle represents the maximum number of
iterations of ABC algorithm; limit represents the maximum number of stagnation of food sources; Rep represents the number of nondominated solutions; nGrid
represents the number of divided grids; Target represents the number of objective functions. In the experiment, nsc=3, ¢g=3, M =640, N=480, iteration=50(SPCNN) ,
iteration=6(proposed model in this paper), n=5, NP=3, d=4, maxCycle=5, limit=3, Rep=20, nGrid=7, Target=4.

3 4 B ik o R e e P AR R KRNI . RN, AR
B 1 1 kA 5 Ao 2 ) 2% AR [ S RIBARIR B, B
ASCHR A —Fh 2 R X TSR A RS & SRR RBUBIS, 76 3~7 IR AT, Sk IR0y E1i

A2 2% (14 KAT I 18] 5T DI SR el S R PR AR A R i, Joi. Jod s ®l

ST-SPCNN 1843 285 O(NP-d+M-N) 307 212

307 596

RS L XU 73 SR SRS, 0 A 2 ROBE 20 it o H A 2) 2 Rt AT IR 18] 5 AT WO 05 P 5 15 46
Lk M g A . S RIEDMZ BT SRR S A KA S5, HA AE
PR TR S A 22 P 4 R T AT R REIEARHEL, G5 E5CE Je 0 A Fk v R e £ ] 2% A R

D) 2 R B ARkt B S pss JORBOR KRR, #8872, 72U LIR IS I~ st
Al DA R 22 RUE 70 2 B ARTRALAK pP R e b2 i DA B PO FE R B, 320 Tk A28, Tt 15:00
il A AR BAT EIE N KL, AR KRR i BAUKIR B R ID I E] T 100.00%, s K o F i )ik 5]
ARG H BSOS, (5 1EIBAG, iR T e R 91.91 s,
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3) HHAMRA B, ASCHR H I Al A AR S
BOR B I R 153K 3] 80.00% LA _F . HArsR) 12:00. 156
15:00. 3% 18:20. 19:00 A Bl & B R 3 & Th R IA
100.00%; fili-& B (A T WAL kil A 2 I 48 A A8, IR
B AR 92.68 so $ AR AILE 55 18:20 B B-FIIBEE(E R
12.03. MR CRATHED fEoN 0.85. HAFE CKAT
A BN 1.004 B5{E N 7.30. ZFIAIBHRAE N 23.80, &b
HIRVME R K, B EER 038, fHik/bh. A
2 53 25 B 5 1T A0 Bk S 2 1 8 I 2 BB A A8 Ko

ASCHE R B AL AE 2 ROBE 43 A o B A T A0 ik ot
T & PR 2 W 2 A LR AR AL SR G . 2 R ff 2 B s
AT e ok RS o Aot 20 TN 6% 45 A 28 1140 Y B A A 4 T A
BT LR SRS R BRI, AR
W& A7 TE SR A R R BRI TR ERAE, T —
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Heterologous image fusion with multi-scale decomposition and dual
optimization SPCNN in an apple orchard

Liu Liqun!, Gu Renyuan?, Zhou Yubo!, Huo Jiuyuan?
(1. College of Information Science and Technology, Gansu Agricultural University, Lanzhou 730070, China;
2. School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: Heterologous image fusion has been widely used to integrate multiple images into one. The fused images also
present a higher definition, more significant edge intensity, and more information than the source image. There are different
characteristics of image data collected by the various types of sensors. Among them, the depth sensor imaging used the Time
of Flight (ToF) to realize the distance calculation using the ToF near-infrared light. The beneficial supplement has been
commonly used for the visible light camera. The broad application can also be expected in the agriculture, medical
treatment, quality inspection, and vision fields. However, the image acquisition of a single natural scene cannot fully meet
the requirements for rapid and accurate identification of the fruits and positioning targets. The image fusion can be extended
to the heterologous vision system using multi-objective optimization, particularly in the field of natural scenes. In this study,
a multi-scale decomposition and dual optimization strategy was proposed to simplify the ToF and visible-light image fusion in
an apple orchard using the Simplified Pulse Coupled Neural Network (SPCNN). A double strategy with parameter
optimization was introduced into the SPCNN model for the fusion of Nonsubsampled Contourlet Transform (NSCT). The
model included the registration module, coding area, multi-scale decomposition module, single target SPCNN fusion model,
multi-target SPCNN fusion model, and decoding area. The heterologous vision system was also used to accurately register the
ToF and visible light images. Four parameters of SPCNN model were encoded, including the link channel feedback term,
link strength, dynamic threshold attenuation factor, and dynamic threshold amplification factor. The NSCT was used to
decompose the image at multiple scales. The fusion rules in the SPCNN model were adopted with the improved artificial bee
colony algorithm and double optimization, including the single- and multi-objective parameter optimization. Each binary
vector was converted into the real parameters using the decoding area. The objective function of the double optimization was
used as the iteration termination of the SPCNN model. Finally, the heterogeneous image fusion was implemented after the
multi-scale inverse transformation. There was improved parameter optimization and iteration times of SPCNN model. The
adaptive ignition times of the model were relatively low (about 3-7 times), indicating low ignition times, adaptive
segmentation, and high efficiency. The success rate of ignition recognition reached 100.00%, and the minimum duration of
ignition division reached 91.91 s at 15:00. Specifically, the success rate of fusion image recognition also reached 100.00%
under different periods, including strong, medium, and weak light at 12:00, 15:00, 18:20, and 19:00, compared with the rest
fusion models. The fusion time was much lower than that of SPCNN model, with a minimum of 92.68 s. The four fusion
indexes were the largest in the weak light period of 18:20, including the average gradient, correlation coefficient, mutual
information, entropy, and spatial frequency. The proposed model presented an excellent performance in accuracy,
time-consuming, and model size. The finding can provide a supplement to the image hierarchical fusion.

Keywords: image recognition; models; Nonsubsampled Contourlet Transform; Simplified Pulse Coupled Neural Network;
heterologous image fusion model; single objective strategy; multi-objective strategy



