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Investigation on Grain Image Visulalization and Color Sorting Technique

Choon-Young Lee, Lei Yan, Sang-Ryong Lee and Cheol-Woo Par

Abstract. The color sorting technique utilizing the image processing method is very applicable tool to
analyze motion of a free-falling object in many agricultural and industrial research fields. In the present
study, we have developed an image processing system and algorithm to sort good quality rice grains effec-
tively from the bad ones. The system employs a high speed rate line-scan CCD camera with 2K-pixels
and worked with a high speed DSP and FPGA in-line. It can accumulate acquired line-scan image data
and visualize each grain image clearly. As a result, we can easily calculate the number of pixels occupied
by grain(=grain size), gray level and its correct position by visualizing grain images rapidly.

Key Words: Color Sorting (x]4), Image Processing (¥’4*12]), Grain Image (F&°|u|X)), Line-
Scan CCD Camera (E}I2ZACCD7HHEH, DSP (HA 4154 2)
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22 o]&4

FPGA DSP
EMIF
FIFO »  EXTHNT
FAG [->f
< TBARE
ROK [
TBCES
10 Logic
bit
e T
9.0 < TBACE
QR €]
GPIO conral pine

w 0 8...

Fig. 2. Schematic diagram of interface between DSP and
FPGA

EDMA (enhanced direct memory access) Z1EE# 7}
Wa=o] 2lo] CPUS] A5-& ABIAFIA ¢l w2z
o] glelHE AT 4 o] & F M2 & 7hsst
Al s

H 2] 4 Mbit Z2HA] W52 E &3l DSP =
233 9] HYol & At Alxd RYA e 4
V=L 3L, oA Ho|E & AE3}7] Y3 2h9
64 Mbit SDRAMZ ©|-&-3l5itt. o|v]A|2] AXzE
A& o2 711 gEu)ge] A-S 93] FPGA Ul
o] RAME A A5 ).

FPGAE 9% FH JE#4] =8 3= QEF o)A
A&} 2l 70 CCD Mg e tixgsld
A ANEE A$sl7] 93 24 FIFO (first-in-first-out)
v 22 S 13513t FPGASH DSPE Fig. 2944
EMIF(external memory interfaceys AF&-3te] to]E]
Ass A viRe] A2 o2 XAt

e AT Alade FAo}7] 9 g 2l
BPHA 3o 3l2=E  CAN  (controller area
network) B4 W02 ALE TR 517] Y3 Alo]&
DSP BE& F7IE AR-SIH Y. 974 A2 234E v
BOE B B B3l 7] At olo] o)AY &
t o= 25 FEE Agsket ARSI A A
&l A zdle) zb A3 gokeld o3 7o

* FPGA : 29l 270 CCD 7ivlEt 94 85 2 A%

* DSP6416 : 9412

+ DSP2810 : AlojR# & B2l

Fig. 32 4719 ¥k oz B A7l 7 Azt
FAAE BEd B Ve Qi)

- qlo] - o3 - WA

Fig. 3. Layout of developed image processing board

. ZE O[OIX] 7[A |8t R Sax

3.1 J& o|o|X] 7St

Fig. 4 & 479 IE A9 onA& SH3l=
29l CCD A7} =g Fdglelth 53] o] 7,
Az AE7IoA Glshe FE /A ZE A o)
RS FAIEN o], AA] Rl slelEe] &4do] A
3 glo] 2 ske 7o) a7ET B A& &
H el 2048 HAE 3 79 ERleE S5k
FElE B3 $5 5 40 MHzo|t} o) Hu) &0 &
%7} 20 KHz A=E 99 3ict. DSPe] A=E58w 4
4 A2 93 At Fe 2, 29 10,0009
(10 KHz)?] 2R Hlo|HE JE3}=s 783

TEo F4E TSR M E olF HH
(double buffer) F+2E AME3I omX|E WA
FAl A2 el vlolE & Adshe Fis 228t
o Aoz F dlolele] &5 WA &
Q1 270 7kl 2048 A P42 AFE (analog
front end)ol|A] 12 BIEZ A/DH 0] o|Fox UX]d
3t5]51 o] FPGAS] FIFO H|&a]o] #AHt)

A4 oln|A] HlolElE DSPOlA EDMAE )83}
o] DSP AAkA e} HEg ALHT) o|F vy T2
oA W Ao DA BRG] ofn)X] HlolE & ¥
A A3 olol vigk @ M & FA gt o|w, A

< 94 dlolelE ¥y Boll AAET ¥¥ Aol A
A olm|z|9] FgHE)rt B F thA] Wb Boll A
JEl oju|x]o] th3le] FAFH )7} o] FoJA| AL o]ufof
128 97 tielEl7E ¥is A A=A €t o]
HAUEE A3 oln)R] dlo]Ee] &4o]
o] ZQl Hle|ElE A& 4 A €t Fig. 5
olg} 7 W o ® FEF FEY JHA o)A 9
HFT ok &, 1A 1402 A{4e} 8t
EA 9 oA E FHvlE B4 oA R Y5

oX

> (i

o
%

r 2 o
m

2 [
K
o

i
i

ki d
X0
e



Fig. 4. Picture of line-scan CCD camera system
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Table 1. Evaluated grain information from image processing

system
B Ho I e =
No FEI EERT fﬂ%l Z47
(pixel) (pixel) 2 zfgif
1 6 0 394 (715,1)
2 i3 0 351 (281,1)
3 23 0 345 (446,1)
4 15 0 362 (771,1)
5 19 0 306 (985,1)
6 16 0 425 (851,2)
7 33 0 404 (932,2)
8 50 4 251 (1203,2)
9 68 0 346 (737,2)
10 53 0 353 (1093,2)
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Table 2. Geometric calculation of rice grains

H}-3k x =

A U
1 0.2037 10.2 6.39
2 0.1711 14.31 9.45
3 0.1086 15.17 9.69
4 0.1127 8.86 7.06
5 -0.1973 12.73 9.09
6 -0.496 10.23 7.23

Table 3. Color sorting success rate at severe grain
combination condition
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a : length of major axis [mm]
b : length of major axis [mm]
d, :
I; : moment of inertia [mm®]
L : free fall distance [mm]
N : Number of pixel

average minor diameter of grain [mm]
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Re :
V; : free fall velocity of grain [m/s]
@ : object inclination angle [rad]

Reynolds number

£ 7l

F42719 71840 A4 (2007) 2 73
N UAAIY

e
At R A8 YE
Ralez lfoU.

Ierodiaconou S. P., Dahnoun N. and Xu L. Q., 2006,
“Implementation and Optimization of a Video
Object Segmentation Algorithm on an Embedded
DSP Platform,” Proc. Crime and Security 2006 The
Inst. of Eng. and Tech. Conf., pp. 432~437.

Lim B., Jung K., Khil T. and Yoon Y., 2004, “Drop-
let Size Measurement Using Image Processing
Method”, J. KSV, Vol. 2(1), pp. 25~31.

Vivas C., Ortega J. G. and Vargas M., 1999, “Par-
allel DSP Based Implementation of an Automated
Visual Quality Inspection System,” Proc. IEEE Int.
Conf. Emerging Tech. and Factory Autom., Vol. 1,
pp. 743~749.

Murphy P., Bharadwaj V., Welsh E. and Frantz J. P,
2002, “A DSP-Based Platform for Wireless Video
Compression,” Global Telecommun. Conf., Vol. 2,
pp. 1754~1758.

Birla M. K., 2006, “FPGA Based Reconfigurable

25

Platform for Complex Image Processing,” Proc
IEEE Int. Conf. Electro/Info. Tech., pp. 204~209.
Gorgon M. and Przybylo J., 2001, “FPGA Based
Controller for Heterogenous Image Processing Sys-
tem,” Proc. Digital Systems Design, Euromicro
Symp., Warsaw, Poland, pp. 453~457.

Vega-Rodriguez M. A., Sanchez-Perez J. M. and
Gomez-Pulido J. A., 2001,

cessing with Reconfigurable Hardware,” Proc. IEEE

“Real Time Image Pro-

Int. Conf. Electronics, Circuits and Systems, Vol. 1,
pp. 213~216.

Baumgarthner D., Rossler P. and Kubingger W.,
2007, “Performance Benchmark of DSP and FPGA
Implementations of Low-Level Vision Algorithms,"
Proc. CVPR °07. IEEE Conf., pp. 1~8.



pil

YANE7) $E olu)x] hA5 B Aol B A 27

9) Zhang L. W., Dehghani A, Su Z. W, King T., Shimanouchi S., 2002, “A Proposal of Grading Sys-
Greenwood B. and Levesley M., 2005, “Develop- tem for Fallen Rice Using Neural Network,” Proc.
ment of a Mechatronic Sorting System for Remov- IJCNN '02 Int. Joint Conf., pp. 709~714.
ing Contaminants from Wool,” IEEE/ASME Trans. 11) White F. M., 1986, Fluid Mechanics, McGraw-Hill
Mechatronics, pp. 297~304. Inc., New York, pp. 245~286.

10) Takeda F., Uchida H., Tsuzuki T., Kadota H. and



