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Performance Analysis of Vehicle-mounted Multi-spectral

Imaging System at Different Vehicle Speeds

Wen Yao Li Minzan Zhao Yi Zhang Meng Sun Hong Song Yuanyuan
(Key Laboratory of Modern Precision Agriculture System Integration Research, Minisiry of Education,
China Agricultural University, Beijing 100083, China)

Abstract; In order to rapidly detect the chlorophyll content of winter wheat canopy leaves in the field, a
vehicle-mounted multi-spectral imaging system with 2-CCD camera was developed, and the working
performance of the system was analyzed at different vehicle speeds. The FOTON — 4040 tractor was used
as the vehicle platform equipped multi-spectral image intelligent sensing system. Four speeds were set up
in field experiments, which were S1 (0.54 m/s), S2 (0.83 m/s), S3 (1.04 m/s) and S4 (1.72 m/s).
Visible and near infrared canopy images of winter wheat were collected. Meanwhile, the GPS position
information was obtained and the SPAD values which indicated the chlorophyll content of winter wheat
leaves were measured. Multi-spectral images were processed by adaptive smoothing filtering and canopy
segmentation. There were 10 parameters in the image detection. The average gray values of four bands
(R, G, B and NIR) were extracted, and four vegetation indices (NDVI, NDGI, RVI and DVI) , mean

value of H in HSI model and canopy cover degree C were calculated. The correlation between each
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parameter of the image and the SPAD value of the chlorophyll index was analyzed. The results showed

that the correlations between the parameters of each image and the chlorophyll index at speed of SI1, S2
and S3 were higher than that at speed of S4. The correlation coefficients between NDVI, RVI, NDGI and
the SPAD value reached over 0.50 at speed of S1, S2 and S3. MLR models for the diagnosis of the

chlorophyll content were established at different speeds of S1, S2 and S3, respectively. The model

precision met the requirements of crop growing space distribution map. In order to further improve the

diagnostic efficiency of the crops growth parameters in the field, the MLR model of the chlorophyll

content in winter wheat leaves was built by NDVI, NDGI and RVI. The results showed that the model

was universal. The research can provide support for the rapid diagnosis of field crop growth.

Chlorophyll index

Multi-spectral imaging

Key words: Winter wheat
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Fig. 1 Structure diagram of 2-CCD multi-spectral

image acquisition system



) SCHRE A TR R AR 3R 2 06 AR R Gk RE S A 217

768 {53, TIF A% 30 261l EIMGOR AR 42 1l & Ge 1
AT G AT B 2 B v B R SRR A L 3 A ik
R ERAFAEFN G0 A o [, P MR SOH 2% o S BB 4 e
ND —100s GPS it HL I T+ 55 I 4 R P& 45 41 5k o7
550 2615 MG 25 0 R S 2 1l 45 24 % 1 4 it
45 19 20y g B et AT AR

WF 5% 16 P A% 1 RK % 4040 B8 3 Hir HLAE A e WL 26
BV, BT 1 R i e R AL AT R AR AL S
AR ARPIEECF &, 1 T8 8 2O H AR &
A TP BB e i o 4 3P B R SR B R L o
FERSRHHLBRE G I ) | AR S0 1 45 LA S K- A
SGESROAT IR ARG LIRS B A B
1.2 HERE

5T 2014 £ 4 A 27 H 10:00—14:00 7Bk
VG5 1 e XA BRORR B BE R A7, 1 IR L% +
SR A T /N TR L R Ry NME 22 5, W i 1)
NEATIE W o EAE 110 m x 10 m Y4 /N2 FiAg X
bR AT o IR AL R A kT T T SC4E |
Lt T 55 B R 160 em, B3k FEFE Y 12 mm, #1135 £ 24
H26.2°, B E AL E B R AL I a] [R] PR 1 s

A2 3 00 B 4 o B A T () &) AT 3, 20
B2k S1(0.54 m/s) .S2(0.83 m/s) .S3(1.04 m/s)
S4(1.72 m/s) . HHr,S1.S2 I S3 3 i 25 47 i 3k 15
& /NFE 26k ER 100 41, S4 H T ARG 2ok E
545 4o HHIALS)E AT IE S FErh GPS A B 52 I
Ik T EMGCR AR A B A MLz s Bk, AT LA T
i DG E 2% 200 0 i 45 2R DA R s 8 1) B o3 A AL 3L

W £ 2% 2 S S T, Sy R B BB IR M SR A S
DN 3 B 1Y N A3 72 Ak A & R 25, fdE ] SPAD -
502Plus B #5020 KA € o 155, B REFEIX
X539 A/, B REDCRAE 6 A, B R A
S 3 WIBCFBE AR & /N )2 e R 4
b SPAD fi, 331 54 D EHE . ARG, A SR 4R FR
(8 G BRGH AT A L DR TC , X TG 1k 58 42 %) 1 9 s, 2R 1]
{i {1571 5% (0 B SPAD fH .
L3 BERLERTE

TR i & /N2 ek 2 22 565 TR A R BSCH A B A
AR E N 2 fis , 2 AHE 2-CCD 2615 K
BB TAL P A /N Az Sl J2 TR 43 1) SR S BRI
53 M SE T RE % B3 T Matlab GUI - 5 (Matlab
2009a ) i FE 55 9 .

KA B0 A48 B 55 2 DR 3R 1 2 36 A [ 7
AR AR I P S il PR AR M P T B HG o ) B AL A
Jr BN S L, BRI [3,3 ] 6 B X AR AT T
IEPCFUTAL I . RGO T ZNEEZ T S
TR SR E L RN EEZE T S R S

[ i ARGBAINIREI |

TP TRAE B

| nsgemusuan |

|%mﬁ@ﬁw&wm[

v

Hﬁﬁﬁ%ﬁ%%ﬁ|

B2 20k AR R HoE Ak B
Fig.2 Multi-spectral image and data processing
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Tab.2 Image quality parameters at four vehicle speeds
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Tab.3 Correlation analysis of image parameters and

SPAD values at four vehicle speeds
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Tab.4 Modeling results of image parameters and SPAD values at four vehicle speeds
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