2015412 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi #4065 B 12

doi:10.6041/j. issn. 1000-1298.2015. 12. 001

RIEWILTHERNE R G 5HR

ikE oK TAR BRK R=ZHE

(g AURL R =2 T2 B, B st 210031)

WE: LML AT R T ARAEY U R AL & i Sk & B T 38 B U R g M 5 U (R E o BMF 3R T
Matlab [ 5 b A 22 AR ) TS AL 00 1 SR Y, 32 0 1 8l 25 50 L 5030 68 R AL 42 I 07 32 g i 1 €8 7 o 2
{Effive sk, S T BAREY 5T AR E . OF5E 1T AR A YRR S B2 AU 56 &R 48 T I i X 26 4R
Wy VR TR A R AIE ik OB BB 5 17 T SRR R SE PR S WY BE AN IV 5K AR kA Tl AR R P R E S IO 5
AR R ACRAE Y LR AL & i) SE PR E . BRPFB 8 T AHLAE B A 2R 26000 i B A, BT 80 19 3¢ B 3 T 1
PRt REARR AR RCAY PCOHLAZ O i A B may 107 A oMb Al 557 | B 5l 0 8 Ol A AL R AT 45 B AL S48 R
AR, 25 EE (29.8 em x19.9 em x 6 cm) (FRAE R TP SR 0 A I o R G 28R 2 AR
S IR, B 58 8 2 B ) B JL AR AR AE £ 0 i, — AR B R 22 4% ~ 8% , A Bl Ab BRI [A]SF- 2 1. 63 s (A B R AR
JEIRE ) e AT B A B B A — s B SE RN

KB RAEYILATRE R U ERE  HRAME RS AV G ORI o 5 22 (B0 1 75
hE4sES: SI126 XHERFRIRAG: A X E4HS: 1000-1298(2015)12-0001-10

Design and Experiment for Crops Geometrical Feature Measuring System

Sun Chengda Qiu Wei Ding Weimin Gu Jiabing Zhao Sangin
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; In order to measure the crop geometrical feature real-timely in the complex background,
interactive software system and hardware system were designed. Based on the Matlab image process
technology, crops geometrical feature calculation models and the idea of human-computer interaction and
classification calculation, the software system were designed. The whole measuring process was divided
into four steps, which were image acquisition, RGB color feature acquisition, crops region separation
from the background and crops geometrical feature calculation. A human-computer interactive software
interface was designed, which consisted of menu bar, operation button, image display window and
measurement value display window, and it could control each measuring step. RGB color eigenvalues of
different crops were obtained by using discrete sample point interactive selection method and region
interactive selection method, then the crops region was separated from background efficiently by using
screening method based on RGB color eigenvalue difference of each pixel. The software system built
classified color database for some kinds of crops according to the environmental condition and crops
feature, so pertinence and efficiency for extracting crops region were improved, and real-time
measurement was realized. Image was rectified to enhance measurement precision. Corresponding
relationships between the actual sizes represented by unit pixel and different object distances were
determined previously in order to calculate the actual crops geometrical feature values in real time, so it

was not needed to set reference object to calculate the actual size represented by unit pixel when the
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system was used. The software system built calculation models for several crops geometrical features,
including volume, area, and length calculation models of revolving and non-revolving body. The crops
volume and projective area regressive model was explored, which provided a new idea for calculating the
volume of the crops with non-revolving feature. The objectives of classification design were to expand the
measuring types of crops, make the calculation process convenient and enhance the calculation speed of
the system. The hardware system consisted of high-performance PC core component, industrial touch
screen with a rapid responding speed, industrial camera which had the function of automatic focusing in a
fixed focal length and adjustable support. High-capacity lithium battery supplied power for the hardware
system. The whole system was 29.8 ¢cm x 19.9 cm x 6 c¢m in size, and it was easy to manipulate the
system, thus the system could be used as a portable device. For the purpose of installing the device on
machine, the adjustable camera support was designed, which was made up of electric dividing plate,
stepper motor and S7 —200 PLC, and industrial camera shooting direction could be controlled by PLC.
The measuring accuracy and real-time feature of system were verified, and the result showed that the
measuring error was 4% ~ 8% ,and the average processing time was 1. 63 s (without the time to construct
the color feature database). The system could accomplish the measurement of crops geometrical feature

with relatively high speed and calculating accuracy in real time. The system could be used in the field of
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crops geometrical feature measurement.
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Fig.1 Technical frame for crops feature measurement system
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Fig.4 Color feature extraction based on interactive sample points and region method
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Fig.5 Separation of three kinds of crops target regions from complex background
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Fig.6 Longitudinal schematic diagrams of image rectification

(a) Bk MR B TS (b) Bisk FoR S faser A B

(M = M,) cost
M =M 2
0 +fcost9+k(N—NO)sin0 (2)

X Ny M— BB O G 7 A
f o—1
k—%fﬂ%%ﬁ?ﬁﬂﬁkﬁ(T e RS
fiE S KTHE) ,mm

AR IE T S b B R BB — A a0 /955 PR
I, DT DA P AR 1 552 I 9 DE RO RT RE . H TR Y
I 2 S AR BILJEG 132 381 7K 1 188 Sk ok R, ik T
I W 22 5 AE B A% UE

Bl 7b ZA A (1), (2) i@ 5 Matlab % 2 Xt
B 7a PEGRE I AT A2 4, A5 B 035 I A 18R 4 1
NG . I B IR IR, HEAS BE K B 5L PR BT U



5 12 3]

NS A RAEYILATRE I i R S BT 518 7

RGHE o AN PR — 2D X SR AR B 7 A W AT R A
] 2 B RAC 5 7 9

o ®)
K7 EG IE TG B L

Fig.7 Comparison of images before and after rectification
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Fig.9 Relationship between volume and projective area for irregular crops
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Fig. 10  Extraction of crops target region and skeleton trunk
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Tab.2 Comparison between system and manual measuring methods for length of rice, luffas and eggplants

TR i 22 KK i K
ErRs . . AT . . . . AT
AL/ em ARG H/ cm AL/ em  RGMH/ em AL HE/em RGN E/cm
%25/ % R22/ % R/ %

1 20.8 20.1 3.37 58.5 60. 4 3.25 35.0 36.5 4.37

2 18.1 19.7 8. 84 42.1 45.1 7.13 41.0 40. 4 1. 46
3 17.2 16.2 5.81 38.3 35.2 8.09 39.2 37.1 5.31
4 15. 4 16.7 8. 44 40.6 37.9 6. 65 39.5 42.6 7.82
5 14.6 15.4 5.48 53.4 55.8 4.49 11.3 12. 4 9.73
6 19.3 17.9 7.25 47.8 51.9 8.58 12.5 11.9 4. 80
7 21.7 19.5 10. 14 55.2 52.7 4.53 18.0 19. 1 6.11
8 16.9 18.1 7.10 43.3 40.2 7.16 12. 1 13.3 9.92
4 {E 7.05 6.23 6.19
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Fig. 11  Separation of crops target region from background for rotary body

R3 EX AR BFHGERALSEZUEEROLE

Tab.3 Comparison between system and manual measuring methods for volumes of corns, gourd melons and tomatoes

Tk AR PURRFR % AR R
5 A X AR X ) A X
AT/ em®  RGEMAE/ em? AT 4 /em®  RGEIHE/ cm® AT /em® RS/ em®
%%/ % PR 22/ % W2/ %

1 290.0 300. 5 3.61 2018.5 2055. 1 1.81 208.0 217.8 4.72
2 240.0 255.7 6.55 1266.0 1324.8 4.65 157.0 163.3 4.01
3 180.0 184.7 2. 60 598.5 629.9 5.25 127.0 131.2 3.31
4 110.0 115. 4 4.88 358.6 341.8 4.68 104.0 111.9 7.57
5 128.0 121.3 5.27 476. 8 506. 9 6.31 117.9 121.3 2.88
6 285.0 271. 1 4.87 419.7 399.9 4.72 167.8 161.8 3.58
7 275.0 263. 6 4.16 287.3 272.5 5.15 171. 4 181.9 6.13
8 300. 0 284.6 5.14 462.8 479.7 3.65 147.6 153.2 3.79
A 4. 64 4.53 4.50

B 12 AHUAEY) B AR DS 5 2 2 i OR8]

Fig. 12 Separation of irregular crops target region from background
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Tab.4 Comparison between system and manual measuring methods for volumes of potatoes, gingers and crowns

SR A AR LPERLS A
9t HEXF AHXF AHXF
AL/ em®  ZGEMHR/ em’ AL/ em® R/ em’ ANLIR/m® R0 1/m® R 2/m’

R/ % R/ % R/ %

1 69 73. 68 6.79 59 53. 41 9.47 6.01 5.97 6.48 3.58
2 80 83.21 4.02 55 53.69 2.37 6.53 5.70 5.52 14. 09

3 85 95.57 12.43 71 80. 87 13.90 3.21 2.78 3.34 4. 67

4 77 82. 48 7.11 91 82. 63 9.20 5.67 6.02 5.77 3.97
5 86 95.23 10.73 88 103. 46 17.57 4.79 4.53 4.03 10. 65
6 94 103. 43 10.03 95 98.79 3.99 3.97 4.35 4.83 15. 62

7 93 101.39 9.02 100 99. 04 0.96 5.64 4.93 5.37 8. 69

8 115 120. 54 4.81 73 76.12 4,27 3.32 3.34 3.01 4,37

S 8. 12 7.72 8.20
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