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Acquiring Nitrogen Quantity in Digital Image of Cotton Leaf by Artificial Neutral
Network Model
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Abstract: Anificial Neutral Network {( ANN) has some important features, such as self-study, acceptance-error, building
math model rapidly. ANN has been widely used in many fields, some people have made a lot of findings in agriculture by
ANN. The technology of digital image processing is also very important for agriculture, and people have found there are
some relation between color information and the nitrogen quantity for maize, tomato. But nobedy use ANN to found the
relation. The objective of this research is to process the digital image of cotton leaf, and use ANN to select the best math
model and input vectors for establishing the relation between the color information and nitrogen quantity of cotton leaf. So
we can use the advantages of ANN and the technology of digital image processing, and select the most suitable result for this
research automatically. We select three ANN models (line on network, BP network, and radical basis function ( RBF)
network) and six pieces of input vectors for this research, and train each model with color information from 180 pieces of
digital images, and use the better to forecast nitrogen quantity of 30 pieces of images. The results showed that linear
network was not fit this research and the relation between color information and nitrogen quantity was not fit the linear
models, and RBF network was better for this research than BP network. RBF network had a lot of advantages in calculating
the quantity of nitrogen using vector (B, H, G-R, G/R). The precision of training result was very marked, with r =
0.9022" * , and the precision of forecast was high, with r = 0.8674" * by this ANN forecast using the 30 pieces of cotton
digital image. Because of local smallest, simple framework, and rapid training, RBF network can get the nitrogen quantity
in plant by digital image information, and enhance the application of ANN in agriculture.
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S2HAENFH. AREESEEAESATEHES
B, MERERAKWENEIBS . BRIFHASNE
S e A e g A RR,
ERYEFHBBEBRA. Yialours & I F
WEMELHHAORR, FHTRZEH; Landy
00 ) 0 42 I 4 8 R 48 i T B9 AF B FF 5 Ghosh
WA R SRS ERESL TEH SR PR EF R
BHERRLG;ETEREY G FH F BP WML XH
HEREBEEN M EmBRAT IR LR
2= L ) BP R4 S T /3% BB AR AR A AE R 51 5
g REREMERET TOEREESRSE
¥ RE,FUATIERT=HEBRNS.

HAREYBREENBREZ —, EHREHS
DA £ B SR A8 Bk B 25 ROR UL, v B B B 4R 1
REENEGZ—. FOHAHNELELREREY
R SERENEL MEARHFRNEELR
By HERUBESERSEZREHUNXE,E
A EgEREMESEE T HEKEAEERR
B, BTABFSE R B, 6 RGB 25 6] HSI 25 6 &
BB BEHREAS . Ahmad™ BB LN,
5 RGB fEAH . , HSI {5 A8 5 1% bif b R AE F R R P
B AL TRMEM A AR EHERRR
WA AR, R AR ESE,
BEEH A EIRE RESFTERE M H RIE
FHAEFHSTEEGESENELRR, FHE
SEY N EDAEREB R ANREB AN, B
ERESBARECB SHMAHADRERARE
FREMER MR EATEEHRL2ETE.
R BREWE 2R OERYA R AMERX
£R,

BAEERNESERHRAAREN RN
BITRES LB T R R, HX BRI
MANBRIHRE. FHAEMNATREM L, FA
HERMEERAMEFERLE L, By FEE
FEEANERIRZAIMBFEE, A HAMEMER
THEEBAENES H¥Eh, RERBARA
MR B A RE S O B, B N R R P B A
IR BT R, R A2 M EHEARRK
BREMARFESRENRARSRA TR, R
MEMsERYEEFREA, AEYE-RELN
PR B R B,

1 BBEHFE

1.1 R#git
HERREFBEANTFRERERBWHT,

B AFRE BAEE 15, HMEEEMT
% hm™ 2,8 30 cm + 60 cm RO AT T MM A E 5
R, BH6MAELR, UKRARFHEHHH,
B4 F B2 A A & 4 B0k 0, 155.25, 310.50,
388.125(3% % ). 465.75.621.00 kg hm™* (Jig B i A
60% , BRI AR A BB 20% ).
1.2 BRER

WAITHRERE 4 M EXHE 2 B, 4T
TUSEE 1 AR 2 FH A, BEEENLE
BEHARFER. HOEEEREP ELTER
FHH 100 om AL, R EETRATREL",

—BERREY—FnF, BRI EHHF
TEHMT, UESRE R RSB T
#5, %A 2 560 x 1 920 R R E MR, KA JPEG HAAHF -
1.3 EXRSEPTER

WHBE RN T e 48 s
ERANMEFFHARE. HPBARASEN
3.8 mgg !, B/ANEERN0.849 mg gt HITFWHE
HRESBEXMBENRTHGH.
1.4 ¥FEKEERRAENEARYEHEE

HRERME G, FMEATFENTE
PEFERUABRERBHARFELLEE. HEEK
REERS(CIE)HER RGB REFH RGB AL
HTRE HSI B

2 MEMBEERS T

2.1 BABRNBE

BEAERERRBLRAESEENESER
MEMBHBARNR, ARREAARRERKMNE.
AR S # AR 180 MEE, HRFERTE
B B R.G.B{EF H.I.S {8 A R4 & 5% B
KRB AR NERXES, SREY B.HES
HEBRBEEEME, X R.G.BHESHERS,
£B b.GR.GRUEAETRBZBEFMR,G/BEHR
FREBEMR(ERL.

HMEMBENBARNRTUR-ERXEFEZEN
B REFFERERNRCKENE, ZEEMERA
ERBETUTILRHFER,

(1) #(r, g, D)FERNBA, HFP r=RI(R+G+
B),g=G/(R+G+B),b=B/(R+G+B);

(2) ¥ (R.G.B)EE|HA— LRI GANE;

3) W(H,S, DEBA—EEIBANE;

(4) %(R,G,B,H,S, DERWIF—LFEIRA
o) % ;
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Correlation analysis between color information and
quantity of nitrogen

Table 1

B & Color HXBRE r
-0.0210
-0.1132

0.2952" *

0.3061" *
-0.0398

0.1317
—0.0080

—-w;mw X

r=R/{R+G+B)

£=G/(R+G+B) —-0.0018

5=B/{R+G+B) 0.2269" *
G-R 0.2381" *
G/R 0.2322" "
G/B ~0.1759"
W1 0.1145

ﬁn-ze 0.05 KFBEHX, " REE 0.0l KFEFHL.

: significance of correlation at P < 0.05 and P < 0.01,
Tespectively .

(5) #(r,g.b,H,S,DH—LFENHARE,
HHP r=R/(R+G+B),g=G/(R+G+B),b=5
(R+G+B);

(6) ¥ERREFBMHXANERHN (B, H,GR,
GRIBEBP—EEIBARNE,

2.2 WEM%EN%E

36 35 B B A o H AR B R I 4R 4 B 4% . BP Y
% BREME(RBF)AMRANR, GHERBTIER
MR,

22,1 AMRALGEA REMEHIIERREE
ERERE GEREERE. RAREEWHE, RS
LW BERNEEAANEER, MEIISREB
2 200 000,

222 BPRASHMERIARL BP # 2 M 4%
( Back-Propagation Network) BB % [6] f5 #§ & N 4% , 1R
WEBPHERMES R BHAR BEEMSEE.
BP M@ R AR AL ASEINRRE(IE
FRZEANEENERBES S H VR0
), RBEHENMEAAARS, BTHETZHE
® BERNHTHBESEWN,BP HERAMRENE
HIRR AR, ETF BP MEMNIER R
BORERRFAEL FRETITH, BHZ 3R, ik
HEER, BRTRBBEANRES; R, MEHEWN
REMEHEE, SHBARHTHELEFESRN
m}gﬁ[ls]u

BARNZTEENENTTRPPARENE
B oMMERERET AN EESE E—10~1
R RSB EMETHEN 1.

BPREMUA 1 TREZNBER, BEEW
ZABENEETR,

(I+1)H+(H+1)] < Kl (1)
HFP, IZBRBABRHESTHAEE, ] BRHHEN
BUEE, K BRVIGHEELRE, HRERBEE
METHE, EERE D, KR —-BAREEER
BEsERMARE,

% F iy BP FU45 B WIS BB ¥ S B B A0 (R
[-1,+1],TIREERO~1 KM MM, FUBRER
BEREEASHER BETEMBEERERK
14 R B, A I 48 11 S i s B L ABEAR

R 411 45 Uk Bk B A7 200 000 ¥R, 76 I 5 9 45 1 4

FUISERBRHFMEHGEEEREBNRENS
THE.
2.2.3 2aimgdRitit RBRAERBOKN
R DA R BB B0 S E R M 9 — 250 R R 4%,
AASHWAESNAT HHEWAETENHRR
¥k, RBFWME SR LEERAELYERIFAE
W, R EE Ya, DB BT R KB MRTME
EHR, CRRAE—REEEAMNMKRA, T RBF
T4 4% B JR LR T R T TT  RRR  R4 O BHE
BRI,

(1) R ®EF

R RBE AR, ERN SREE. R
MR R AENEHR PR RAERR.

R(z) = exp(- Mz =cl?2), I =1,2,,m
(2)
Hi,xBn AN K;c, BB MEBERDPL,
5« AAHASEN AR, ZE i MERANEE,
LERERESZPLANEE; n RBRAET (B
EEHRTHNE.

(2) RAEMEFEIHEN®RE

RASHES R BN R ENRPEE
REE ABERCHERETHE, AshEEM%
B,

(3) BERMERRWY REE SPREAD

SPREAD Bk, B M & MR T, AKX
i) SPREAD 5 B35 % £ AP0 2 T0 K 38 B B 3 A9 B ik
AE4k , ZEE L R4 B of 72 of P K R £ B P BB SR
EREMHE.

2.3 HEMEKIIGERGELEE

BE ERS, RIS T 3 FRS, H 180 4
AR 6 M AR B E 3 F G HTIIS. & 27
HH2aMENSERSRENBEZHBESF
BED  AHESREHEME, Y ARENEE, -
HHERE,
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Table 2

Comparison of training results in the ANN

bk =1o 2 Lk BRAHNBRTR RVIGESRFENREXR TR AR
ANN model Input vectors Line relation equation of training result and test result r
KW &% 1 Scheme 1 Y = 0.0048x + 3.62 0.0314
Linear on network Jr# 2 Scheme 2 Y = 0.0473x + 3.4652 0.0607
# % 3 Scheme 3 Y = 0.0689x + 3.386 0.0689
77 % 4 Scheme 4 Y = 0.0733x + 3.3697 0.0767
T & 5 Scheme § Y = 0.0725x + 3.3746 0.0745
7% 6 Scheme 6 Y = 0.0707x + 3.3791 0.0730
BP Bl 773 1 Scheme 1 Y = 0.3252% + 2.4555 0.3263" "
BP network 2% 2 Scheme 2 Y = 0.4297% + 2.0741 0.4323""
7% 3 Scheme 3 Y = 0.1883x + 2.9531 0.1877" "
7% 4 Scheme 4 Y = 0.4464x + 2.0165 0.4395"*
7% 5 Scheme § Y = 0.42025 + 2.135 0.4178" "
7% 6 Scheme 6 Y = 0.5022x + 2.135 0.5122° "
[=1:E ok 77 % 1 Scheme 1 Y = 0.4755z + 1.9121 0.6390" "
RBF network 773 2 Scheme 2 Y = 0.8072x + 0.3728 0.8061" "
F & 3 Scheme 3 Y = 0.9031x + 0.2391 0.9026" "
75 % 4 Scheme 4 Y = 0.6271x + 1.3675 0.7262"
FR 5 Scheme 5 Y = 0.7864x + 0.7775 0.8569" "
77 & 6 Scheme 6 Y = 0.9876x + 1.2325 0.9022" "

"t ERRLE0.01 KFBEME, " denotes significance of correlation at P<0.01.

BB TR P4 B B R B S R F R B
WA HH, FBER y=x. NH2AWUFH, &
HEFISEF BP M4 Y42 RS KR BBFERK
WER AXRBUARE, MREEREMNRATR
2.3.5 M 6 fE A M BADMYIGERN HES
AWE,

2.4 WMERETIE R LB

WBVIGER , BBRAEMBHTR2.3.56

A ERSRPR B E R RN EW, A%EF
B P43 53 41 30 PR AATENM , HH R HIRE
RELXREZRMAERRYE ro ARITUFHT
ROMFRIGRLWBEMNERRR T EHRE
HELAXREEZAREEKT RAZRMER
B HROMEIMANBEFRAR TR EHR
BiF.

%3 ENEMNFODHINARARRNERERSHBEARLE

Table3  Comparison of results based on four input vectors in the RBF

FEHMESRENBEXR IR TR TR RE

ﬁﬂiﬁf Linear equation of ﬂ?&rﬁﬁ Average absclute Avernge relative
forecast result and test result error error( %)

J5 % 2 Scheme 2 Y = 0.69045 + 0.9253 0.7905" * 0.7628 20.24
Jr % 3 Scheme 3 Y = 0.8021z + 0.6767 0.8061" " 0.6842 18.25
7% 5 Scheme 5 Y = 0.7446x + 0.7662 0.8026" " 0.5793 14.45
J5 & 6 Scheme 6 Y = 0.9135x + 0.3562 0.8674" 0.5233 7.32

FRPE x AWEFSRBN, Y RENRE, r HHEREHK,
z is output of ANN, and Y is test result in agriculture in the equation,

3 g

RGB )1 HSI I E 4 B Fm T B 8 A R 4%
¥, RCBEIB R BT S F 6 (L. 5. 8) s
SHE,REFRLA,CEREZAB.BERES,
Munseu $2 4 B35 HSTBE5Y, M S B T B 60 A0 6518
(Hue) JH 1 BE ( Saturation ) F1 5 B ( Intensity) f5 B, R
R aRFERRRRRE BN TFER XM ES.
Woebbecke 20 B W B M R.C.B R JIFRE
MIAER (AR LE FYREYMETNE)K

* R 0.01 KFEBFHR,
** denotes significance of correlation at P 0.01.

BARE, MRAFEEAREST R r.g.b EW TR
N R AR KA, I\ & RCB HiGAIRR
Bl r-g.g-b(g-b)/(r-g)2g - r—b B HSI &
BAFREFBEEMN H(A ) EXRFTHY SEM
YERHXSRIEEFAERN, KPR 2g-r-bX—
BIFEAREBRNER, X3 0.05 BEKFE,
Ahmad S BT I, HST {8 88 %0 L b 5 e o ok
HBEEAKSRGE K ERAEMIIRYECEN, K
hIEEEERBRANRINAEIRFR KD
(i B )T 3 FF A AR F (P BB T
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B, ErRmE " s RRY RCB B
R B/R. A EAHT b b/ir HSI RERY S W54
FEREFRERBFHEX, MEEL MR H A
G IGME JH & 9835 (R € B R SR i i B ()
HIZEAL . Tarbell %1 FERFST ERAE K ERIT R I, R
FH RGB B8 R4 o it €2 BE AL A VT 7R 37 b S B bt T
TR

MRER, A EAFNBRNERSRZARME
ERER . 4MANERREG TREWHATER
FERSTRER, it BB STHAR, &
HTHERERRN AR TX BN, BaFAR
FRMZER, RRERIER. BHHARAT
HEMBEARRERYEFERFEISNERRFREZ
EHBEEE REERARHE REHETHENK
FRFRBAN, GFHERE, R B RBANE
B Rt B - ER EHRAERE, £ R RAHE
BBRAETHEREELTLE, AT AELL
EmRBRMBRBIR/AD. 455 A 10 8R
FPRTH E—-EREERATHARRENTHR,
B 7 ETE P2 R R B M 1) B o R R R K, D
T EWHEF A—EBELRETHENERE
BHERE,

FHAEN A RFRER S BRI E LR
TUSRR, LA HAREHTRUELE. T
HRMERETBET FRHRFER, EKHREURT
EARKEANARSBEBREH FIESE, FH A
BARETH AR HBEE—H o, B R
RETPIRGRFENEE , Bx BN SR SR
WREHEERFHE—SBR.

4 #Hig

R A% E RN ELLBHEN FHEEERE R
A B R S MR AR e A A R AR, U
REHBHTINENERMRFLWEZANEGE
BEdER W, UL RBF P45 o4k M 4% 1 BP W45 TE3E
& FAEWHE, MAHR,G,B).(H,8,1).(r,g,b,H,S,I)
#(B,H,G-R,G/R)4 FiB A M B KNG RERT,
HSEESEMXREEMN(B,H,6-R,G/R)ER
RBF R4 B8 A [ &, 3K BCK B L FE R 4| %k RBF
F% SRR AR ENRFEARF MM AE
BEOSEER, MEIGE S RETHEEXRE -
=0.902, MEFUWESREFLMEHELREHK
r=0.8674, ¥k 3R BE KL, EBSAPRMMEA.
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