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ABSTRACT

In this paper, we implement monitoring system for grain sorting using a high-speed FPGA and embedded LINUX.
The proposed system is designed by base on web server and web-based applications while existing system was
designed by base on stand-alone mode. The interface the Web server with high speed hardware of FPGA is designed on
the implemented monitoring system. The proposed system has the advantages of multi-tasking on Linux web server
and real-time high speed on FPGA also. The control logic of a high speed rate line-scan CCD camera, the method of
center of gravity, HSL decoding and the interface on the Web server are implemented in FPGA. The implemented
monitoring system has the advantage of being able to control the grain monitoring, system failure and recovery
remotely by web application. As a result, we can upgrade the performance of sorting quality compared by existing
system.

F|$E : FPGA, HSL tj5d, ¢ o Za]Ao] A, AT] = gl
Key word : FPGA, HSL Decoding, Web Application, Embedded Linux

Received 05 August 2016, Revised 29 August 2016, Accepted 12 September 2016
* Corresponding Author Hyun-Jae Kim(E-mail:guswo1209@gmail.com, Tel:+82-54-820-7945)
College of Engineering 1st, 106, Andong National University, Andong 36729, Korea

http://doi.org/10.6109/jkiice.2016.20.12.2341 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



HEHESLEE=EA

buhler, Satake, Toyo, ofo]t] ¢t /\]ia
u]-]/k Eo] olr;]_

5 719 5L AMskE A7 s A

FE L et T2 YA A F olE 2YH

& Sz 71& IR L T3-5].

71&of AlEsE HaL e A A7) o

o2 1EE o] 9lon] FPGAY © L} aLds A
ALl & PCE o] 83 RTOS 7]WF =Y H
o] 2AeHB,7.

2 =olAs FEAE e S flEl 71E
RGB A1 H}2]of 4] Hlo|L} HSL Decoding 4] 7

skl on, RUE Y 7]& WAl 7|52 RTOS R4
9 wjuk gl 7Jure] mjel A AE0 R el

719 A 28-S A7) 7F A E o Q= e A(&
37 FUE) wx A H(E)) Ao s AE
of =2, Aol & fagol=e) Ff exegles A
oA =o] Ad7]o] A HS: B8-S AsA]7|E 2
H 2AE AYaL Adek

& =2l 71E AlLEe] = 2A S84 ®
= HAAF Akl A Hlojur] s dHit= ] AH
2l 7k ofE Aol TS S 4 7IRke] 2y
B Al A|jFskarA} gl

gt Qu )= o] of3) TFEL 14 BhEgo] ol
Elg|o]AE L5l T8 AHE-E 9131 HSL Decoding
I F=9] A FHH AES FPGAR A st
gt
At A 2gle A AeE 7oA Aloj7} H=
= =2 A7 8 AHE o] AR 1l
WsHA HeiA mUE RSt okee] AT 1

_I

EL

AL
=
T

o

B H4E P 3 4 gl S A e

I, 5= M8 2L EZ A&

Server

Embedded System

Eject Board
Remote User Interface
(Tablet or Mobile PCs) Node)s Setvet
Gontrol Indicator Board
Board
Web GUI
TCP/IP Net Feeder Board
Server
Socket |0 Relay Board
Client
wireless
Freescale i MX 6
LCD Console i e ror
AFE

Camera Module
ccD
VIDEO SRAM

Fig. 1 Monitoring system for Grain sorting

B oA AR 5 A
%, FPGAR, QJHt]= Ale] 5
Al2"l 9 LCD 24538 14 Elt}

0918 28 AE 2UEHY AAEE AR U
bl Zlojch FE Ad HUEF AL AR
o2 913 YHoA HEaeh o5 S5 A Alx
=91 ARM Cortex-A92 nodejsE A3t ¢ AHE
TEFAT Y A 27 QlEjs o] Ak ALEA} UIS}
socket.io 2 EA1E 4= QI A =351k

TE A A28 7t hEgle] mEQl B3 A7
75 BE, QU= A28 o] set nE, v, Ly
o] HE 52 717 et = AJLHle] TCP/IP FAl&
AFgato] e ol ult)= ¢ AHiel nodejse]
net socket &= A43IcH8].

net socket &2 4% g|o]E]:= socket.io s E35}
o non-blocking B0 2 {1l 7|4l o] Z&|7Ao] 9] Ul
Z mAFLh e oz g 7)dHE o] Za]A o]
Ule] ofsf A% 3= Alof o] E+= socket.io &5}
net socket &= Ho|E]E %53} net socket &2
FPGA =901 2 A oj5}7] Bhe.

S e A slat A8 Qo] A 1ke] 5
Ao 17 29} e TREZ oA FAlo] o] Fo]
et Aloj 5429} o] ¥ 9] A= JSON(JavaScript
Object Notation) H-4]1-&- AF-g-3c)

2342



UHIC| = 254 7|Hko] Mt 2 o Z2(A0ME S 0|28t = MY 2LEZ AlAH

Message Object Tx Datas Object

o s W w0 o s Fom w0
2 o /
RO -
0 .

Data (O 030’

Address '
+ < : )= "0x000255"
Value ~
e | e
heck =
Check Sum | /.., g

Fig. 2 Protocol of the user Ul and the server

Data &
Langth
Address \'/

+  =:4"0x000255"

Value

/

Mod
+ Vale [H 030" P

3% 38 4zt Au)o} AMgA} TR O] 27|35} 3}
A ekl Zol.

Connect

Chrome WEbl >
G Regquest GET 192.0.0.2:3000, (Server IP:Port)
]
Chrome web’ — Response
= |~ e
L —
‘

!
!

f i i "

Init | Check Serial Port

ACK Serial Port

Read All Data

Send All Data

Status Check

Send Status Data

Q{ﬁ{j

Fig. 3 Initialization process of the server and the user
program

ARSAFUI ZEEZI} U E A AH 0 ZRES
< setinterval g5 ©]-8-3tof ARt 2| ¢lof w2 A
oll21E H&stH |71 9] vpx|ufolli= CRC Check 2 ]
FolE A= e

=

== M8 Ho7] 24

% 4= 27E A7) Alof7] st=dle] A4S U
Bl Aot A|o]7]= FPGA Altera Cyclone VS ARg-
SH AL 120MHz o] HQl S0 & 5 Frt

Light control
Feed control :I—,\ i

e
[o]
S
(o]
[o]
(o]
[o]

v

Fig. 4 The configuration of the grain sorting controller
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Fig. 5 The main screen of the user interface
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Fig. 6 A typical user interface screen
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Fig. 8 Flowchart for grain sorting
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Fig. 10 Grain sorting web control screen
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Table. 1 Table comparing the frequency-based processing
method and HSL Decoding method

The frequency-based processing method
Error Normal Error Non-normal Error
2728 1877 763
HSL Decoding method
Error Normal Error Non-normal Error
2728 2169 403
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