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Fig.1 Flow chart of model construction
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G-REZ/NTE, H GRMEMFMEER /N, 3) Zant
] 2G-R-B (excessgreen, TLHEFAE) Wz KT, H
il H AR 2G-R-BHIZ /T F B KT, (HbrHE =K.

* 2 /& RGB BAARHELL J5 1) B S E S8V HE
[FAETT DA L B 1) 3 s54hie, I HBR B oKRERAES,
oAt H bR AR 22 HR /N, i EABRHEAG IS B 2 5K
AR T E G .

F 1 ETF RGBRERBMESEHETNEE
Tablel Mean vauesand standard error of color parameters based on RGB model

H b R G B G-B GR R-B 2G-R-B
+ = 128.1+42.4 105.7+43.0 98.1+40.4 7.6£11.3 -224+12.6 30.0£12.4 -14.9+20.5
TORIRAE 154.8+77.1 144.7+75.1 150.5+77.1 -5.8+8.3 -10.1+10.6 43+8.1 -15.9+17.2
e 188.7+27.4 166.5+28.0 137.5+30.6 28.9+23.2 -22.2+10.6 51.1+26.2 1.8+28.2
L0 P 127.9+25.9 147.2423.0 121.1+38.3 26.2+31.0 19.3+17.1 6.8+20.7 4554455
Fz2 WENEESENEIREE
Table2 Mean valuesand standard error of normalized color parameters based on RGB model

H Ay r g b gb gr r-b 2g-r-b
+  H 101.0+10.8 79.9+8.0 74.0+7.8 5.9+23.9 -21.1+11.4 27.0¢17.3 -15.3+17.0
TOKRFRAE 90.1+41.3 83.6+41.7 81.3+33.7 2.3+125.0 -6.5+63.5 8.9+75.8 -4.2+62.8
K 98.1+6.6 86.1+4.5 70.8+9.3 15.3+135 -11.9+13.1 27.3+6.4 2.4+155
L0 P 82.5+4.9 96.4+13.5 76.1+14.8 20.3+40.5 13.9+27.9 6.4+13.9 34.2+17.4

R 3NIT HSI BRI B O SR SEHE . TR
WY, RO R i G R T oAb H bR, RN SE EfE
HR LT -

25 ERTIR, BRI SO R AEAL 1 2R4F AL 2G-R-B
M G-RAEFME T W HIR LR, o B e (ORAR RIS 5%
RO M. WA RO RS T WRLES
BT KO, R B B -

%3 HSl M EREE
Table3 Mean values and standard error of Hue, Saturation, Intensity

Hbr2E i H S I

+ o 103.9+40.1 14.9+9.3 110.6+111.0
TR 101.4+124.0 16.4+31.2 150.0+£147.9
UE-LIUY 62.1+88.5 17.3+10.3 164.2+169.3
SR B 141.7+65.9 13.4+15.8 132.1+138.0




176 AN TR R

2009 4F
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PR T AL 6 MK 411 5KRIEIGAE 1 0%
WEFE, AR B OB AR A 73 FIRCR WK 4.
F4 SHREREMERE
Table4 Parameters and results of splitting images

TR
U

R>G H R>B R-GE€[-10,10], RBE[15,24] R-G=3,R-B=17.6  0.968

B LX) o SE el

r>g H r>b r-g€[-10,10], r-b€[9,18] r-g=2, r-b=10 0.976
2G-R-B [-10, 30] 14 0.928
2g-r-b [-5, 20] 13 0.930
G-R [-10, 10] -3 0.964
g-r [-10, 10] -2 0.966

IR 70X A N AR AE,  mT AT EIA
AR AR o AR/, REAR I IE A R Rk vy, R
8 SR R R R8O s BB, 8 S BN
R, BOR R RN N 1 SR O . WS B
I R AR B P P R R R S 11 0 A b R RS R A
B, s mREZE, BMEHE SN, RS MR
B, BEIE S IEOR, SR AT DA b AR R =

H R>G H R>B &i# r>g H r>b 78I L,
BIAR 273 ) ik 0.968 F1 0.976,  H. &G 1 4 .
2.1.3 BEL5EIHAASIE

ST AR HAT o #1R S, KL 2G-R-B. 2g-r-b.
GR. g-r. B4 O FHRERNE KA AT 6 MK

i o ENE G BCR AR ET,  IEARA R A 3] 92.5%L I,
TRk KB :

L RO FRZMEGRH 2G-R-B fl 2g-r-b 44
PO, HEEELIAE 70 A 14 Fil 13;
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Fger 3 BRI, HEAE S BAE 530 ok -3 Fl-2;

3) S EM G-R H 0 FIEE R, &4
R-B>17.56; /H 2g-r-b 1 g-r 2> #IEGE, NSt
r-b>10, W] LR LR 153 %0 AT B w25 H AR 2K D) RE Y
e Ay
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W, Zy IS8, RO, 78 LS s
NEHE— D BR RO, DAk B A R .

g B AW R BAR R s, B e SR B
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2.2 RBVEST
2.2.1 vtgFEAAT S ERA G L 554

FHI-2% 2240 75 12 SPAD {HAE N HAE#, R. G. B.
Gray (KE{4). H. S. I. G-B. G-R. R-B. 2G-RB. r.
g- by g-b. g-r. r-b. 2g-r-b % 18 I 8 41 (A4S HEE A
AR, BT R, R R R R AR
Ji R 62 W 5.

%5 SPAD {Ei&s
Table5 Modédsof SPAD values

A i bt F 1 P14 B Pl 5 R 62
R. G. Bfi Y =38.3878-0.6420R+0.2990G+0.3210B 30.7300 0.0001 ** 58.4371
H. S. I {i Y =63.2472-0.39325-0.2016l 2.2760 0.0865
IKIEAH Y =0.2745-0.0005X 2.3250 0.1300
r. g. b Y=133.8571-1.1472r 73.2100 0.0001 ** 64.9943
G-B. G-R. RB1ii Y =35.7659+0.3101(G-R)-0.3282(R-B) 46.6100 0.0001 o 57.7344
gb. gr. r-bf Y =35.8866+0.4195(g-r)-0.3412(r-b) 36.3500 0.0001 o 65.6497
2G-R-B {l Y=133.8571-1.1472(2G-R-B) 73.2100 0.0001 o 64.9943
2g-r-b {4 Y=31.2611+0.2411(2g-r-b) 18.3580 0.0001 o 101.9931
W XORKEEE, **: WA P<0.01.
M S WAL BR T AKBEEA HY Sy LA, HARR) 6 ghiam i A& R R B AE KA KA s ——
MBRHER TR B FEATE. RS2 H, RWHEES A (CIND LK.
5 GB. GR. RB ifFg &M HAE MR 223 2RETHEUEGEI LM

Y=35.7659+0.3101(G-R)-0.3282(R-B) i fli, RMSE {H 1}
A 1.7133, e mRE G G EBAT R{E, MEES
HEOK; RADBAT B, MagmdaElh. imERy
FHAR AR 1 (0 R AR AR T . AR J2 S S e
1T, JIF H RMSE(ERUDN,  HA B i1 1 .
2.2.2 TEMEESEEAGE S S5

SR FH U LU 22000 B b R T s PR R 2 e, K]
SRRSO R G AR, (R R AN
AT BEAE B — [ T b B A R AR G EA B2, 2

Pl
i

KAMEILEN T 2R S E, #reEd
RN 6 FTos A,

M 6 T, BRT KEEAESN, HABR 7 MR AE
BT RBENEAKT. 2A S5 2SS Gl g, by GR. g-r. 2G-R-B.
20-r-b f77E BE IEADE, 5 R HAAEEE TS, il
G B # g EHMK, 2AGEME: R H EB,
AR .

LAY 6218, RUTHAR S 2SS R, G, B{H/E
B A5 2 B A Y=1.3659-0.0133R+0.0214G # ik,
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H RMSE {H 1Y F7 0.1212,
2.2, 4 BRRGLAEA 0 5 5 bt

VE A ZArh R R LG 2 R B8 5 40 hs,
VED A A AR H W 1) T AR . AED AL T AN 2R

*k6 %

SR AT, F 3 AR, [ 6 4
ALK S, T AT VPRI A T LU R 1 A5
BRe BRI R 6 PR A B B R O e S
R, W1 7 HR.

G T

Table6 Models of full nitrogen

A f bt F {8 P {8 TE 2 RIS TTRI 62

R. G. B Y'=1.3659-0.0133R+0.0214G 25.4500 0.0001 ** 0.1493
H. S I{H Y =3.4293-0.0053H 14.9400 0.0002 ** 0.1895
KA Y =2.2088+0.0041X 1.0580 0.3057

r. g. b Y =-2.9673+0.0394g+0.0242b 19.3200 0.0001 b 0.1613
G-B. G-R. RB1ii Y=2.4012+0.0157(G-R) 43,6200 0.0001 b 0.1553
g-b. gr. r-bfi Y =2.4295+0.0176(g-r) 37.2200 0.0001 b 0.1618
2G-RB i Y =2.4223+0.0066(2G-R-B) 31.8290 0.0001 b 0.1677
2g-r-b Y =2.4888+0.0059(2g-r-b) 22.0950 0.0001 ** 0.1796

e XOKEEM, **: BEMEN P<0.01.
F7 HALLEEERE
Table7 Models of the C/N
A f it F {8 P {8 i RIS TTRI 62

R. G. B Y =0.1372+0.0004R-0.0008G 7.5500 0.0008 ** 0.00053
H. S I{H Y =0.0588+0.0002H 3.7900 0.0542

IR PEAH Y =0.1063-0.0002X 1.0500 0.3078

r. g. b Y =0.2540-0.0012g-0.0007b 5.4700 0.0054 o 0.00055
G-B. G-R. RB1ii Y =0.0889-0.0005(G-R) 11.6700 0.0009 o 0.00054
g-b. gr. r-bfi Y =0.0884-0.0006(g-r) 10.8200 0.0013 o 0.00055
2G-RB i Y =0.0883-0.0002(2G-R-B) 9.3020 0.0029 o 0.00056
2g-r-b Y =0.0865-0.0002(2g-r -b) 7.3400 0.0078 ** 0.00056

W XK, **: @A P<0.01.
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Nutrition infor mation extraction of rape canopy based on
computer-vision technology

Yuan Daojun?, Liu Anguo®*, Yuan Baozhong®, Hu Liyong?, Liu Zhixiong®, Zhang Fangfang'
(1. College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2. School of Environment Technology, Zhejiang Forestry University, Hangzhou 311300, China)

Abstract: In order to study the possibility of monitoring the rape canopy’ nutrition information based on
computer-vision technology in the outdoor ray, the computer-vision system was designed, and the images of the rape
canopy were got and segmented. Through the statistical analysis of stepwise regression, the perfect models of
chlorophyll content, total-N content, and C/N ratio were found and have a good predictive ability. The result showed that
it is possible to estimate the physiological indexes of rape canopy, including chlorophyll content, total-N content, and
C/N ratio, with digital camera under the conditions of field natural light.

Key words. computer vision, image processing, image segmentation, rape



