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Abstract
The CRT monitor display system for SONAR signal that are commonly used in ships or naval vessels uses
vector scanning method. Therefore the processing circuits of the system is complex. Also because production had
been shut down, the supply of parts is difficult as well as high-cost. FPGA-based embedded processor system is
flexible to adapting to various applications because it makes simple processing circuits and its core is easily
reconfigurable, and provides high speed performance in low-cost.
In this paper, we describe an implementation of SONAR signal LCD display system using the FPGA embedded
processor system to overcome some weakness of existing CRT system. By changing X-Y Deflection and CRT
control blocks of current system into FPGA embedded processor system, our system provides the simplicity,
flexibility and low-cost of system configuration, and also real-time acquisition and display of SONAR signal.
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Table 1. Function of system interconnect fabric
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Table 2. Signal types of avalon-MM slave

write 1 ] B in
address 1~32 in
readdata 8,16,32,64,128,256,512,1024 out
writedata 8,16,32,64,128,256,512,1024 in
byteenable 1,2,4,8,16,32,64,128 in
begintransfer 1 in
waitrequest 1 out
arbiterlock 1 in
readdatabalid 1 out
burstcount 1~11 in
readyfordata 1 in
dataavailable i out
resetrequest 1 out

SONAR 4% 85 IPE A7 94 dg=E bl
B A5 BAo] aqdr AATeRZ 5 # dolE:
x-y #¥ 221 74249 x-y ZFE A5 AF Ao
Agold. 18 4= LEHE dolg FodA Ao MiE
2% Holth Aol A3E sHEZA HAY HES}
Clear 415 olx, F13 FO= A& wdsiy MZ9 Z H/D
e 3 doHE wsn, Z MSB9 Z1% Z LSBE A
4 BWriEs B Ao A3E x-y #¥E doEBEn 2
F71 AdEeiN ¢gE€e] A wEN x-y FE diolHE
257) AdA 7l 23lo] e,

Clemr | 71 | w0 | mz |zwm|zmss] za |
A5 bit < - s

a9 4 Aol AF g4

Fig. 4. Control signal format

2% 5% SONAR A% 5 [pe EExoth #¥&d
(Inout logic)lAE F2d F718Ho x-y ZES} Ao
bio]E & wolEolq, x-y X E Ad=d(Delay logic)&
S84 FIFOol AZdd AFdE x-y FF ¢ Ao} 4%
¥ Avalon memory mapped slave port® %34 Nios I
T2 AR Agdr.

1% 5 SONAR 5 P9 EER
Fig. 5. Block diagram of SONAR signal acquisition IP

28 62 Quartus I A4 £2ZEgolz A% dHolH
g5 IPd W& RTL 3 zxelr),

a5t s — ]

s 2
m‘sﬁ_reae‘f Bl

ast st R ED

156 I g
5 dseed e B -
a8l el ol || LREINE
a0 ey ot Ry
i deciend A

2 6. HolH 5 IPY RTL 2%
Fig. 6. RTL circuit of data acqguisition

3.2 VGA Ao}7] 14

g5 x-y AF L Ao] A3 oj&ss BuUH o
2Zd 0] 37 YsME Nios T Z2AAE $18 VGA A
ol7l7b 7"k, Nios I fAEo] ¢HE F74 VGA A
o)717F A gRE A YE HAETF 640x4800] T, B
AT E 1024x7689) Y=t 87H .
g 7¢ B dFdA FEE VGA A7l EFEoth
Avalon slave port® E8)4 Nios I ZTE2AAZRE 2y
o 9] ol=g 29 VGA Aol7] FHF Had AL
B M4 & 2=t Avaon read masters ZHYBHE
BE 94 ABE VGA Ao712 2o]E¢l F FIFOA A



EEEN - A2 B RYE 12 4% 4 % 2011, 10/ 318

Z& 3 FIFOO A#E 94 AHEE VGA Sequencer
REAAM AT VGA Aolr|o eol® AZd EF7i3H
o] ¥4

VGA M
Sequencer iank 1

uxay 0 ot JREIEE TN ckey to et

wam

oy 7. VGA Aoj7iy BERE
Fig. 7. Block diagram of VGA controller
23 82 Quartus I A4 Az Eola FAs VGA A
o}7]1¢] RTL g2 xojr},

= =
J—— =
et i -
vt s | AN, -~ - N
W = =
PREWSVSCA ﬁ"; .
..... p— ﬁ ]
S| - e
sl e

% 8. VGA Aloj7]2) RTL 2%
Fig. 8 RTL circuit of VGA Controller

33 Nios I == Ax 2 FHFA 74

Nios I Z2AA AN&2g HA87] AdAdide 23 A
29L& Aestn, T4 AgsteE  SOPC
Builder 2 E 48 ARE3YE. 29 9% SOPC Builder 4
A AZEgolz AAz doH 5 2 dasdolsd 9
g Nios I A&#"g FA&Arh CPU, Timer, SDRAM,
SRAM, CFI Flash, EPCS Serial flash, dolg &=
IP(User IP}, VGA Ao171(User IP) 59 IP7} 23"},

AP

(3413740080067
<fi_iash o p_ 06800000 05 TETHE
§ irdetaté :
H tristate_bridge_esrsm
B parai s = OETHITIE

!
i

SEEEE
Hils

31

i

H

£PCS Bevwt Flask Cantroior
{eornlon ALTRL

Syriem D Pacghers

SEGT

¥ 1
A

gé

't
;%5

o TAODBODORD D01
5 OMDZO0BOBY GF F1HY
v GOTAGI000 (TS0

FEsEEEeERREEEREARI®E

{coion-% Speine Bntge
VG Comiroter

2g 9. SOPC builderg o] &3 Al 74
Fig. 9. Using SOPC builder system configuration

SOPC Builderg o}]-&38l9 AN2®& F483 Generate®
Aoz 3 Aagoe] 2F AAET, ol =
o] AHEE sopcinfo Yo}l AT Quartus o)A
Compilation® A dste] sof FdE A4FozR =
of dAE gsdrh

V. 2Z=gjo] MAH
AZEYS AAY Fo EFRE IA F VAR UE
F Aok shve a2HY s UIE AF3te Nios II
IDE®} Nios II Software Build Tools(SBT) for Eclipse?}
glt}. Nios II SBT for Eclipse™ Nios H IDEEY} Build
&7l w2 o] drh & 3vE Command Shellel
Al A8 7bE3 Nios II SBT Command-lineolth. Nios II
SBT Command-line?] A3 & Alg&xA A3YHE, Tel 23

YE, bash 2FHEE A48 4 il

4.1 Nios I Hardware Abstraction Layer(HAL)

Nios I HAL2 o] Z2]Ale] a5 device-level ZE o] Alo]
o WaslA FRE Fog2A F Fod AZEH Y AFelth
HALS ZAgolx, stzdlold Aoldte oFgdelades 9
Ao} 2B AFs tiupolx =dtolwolrt. HAL APIE
ANSI C & golEg] AE-sR, printf(), fopen(), fwrite()
s} 22 C FHoluyiy 45 AHETh 27 10& HAL 7|3
ANx"e) AZFEolr) Nios T Z2AH A29 =90} A
2% SOPC Builder?} #H&351, HAL Al&2 Nios II IDEoA
e, AR 22 AFE SR AR TETHIL

User Program

MNios H P or S

219 10. HAL 716k Al2=€ 9 AZ

Fig. 10. Lavers of a HAL-based System
HALo] AlF3le Aulas & 34 2t



FPGA SiWltjE Z2 QA X294 A3 AN SONAR A3 f2Fgo] Al2d9 78 / 319

% 3. HAL Al
Table 3. HAL services

» Intepration with the newlib ANSI C standard
library ;

» Device drivers . Provides access to each device
in the system

» HAL. APl

» Systeminitialization

¢ » Device initialization

42 22 3¥ AA

33 112 o EgAAE Ays7] A v AR
oFd Nios II Al2d€leo] R& Ao, AvlEY 3=¢
alt main g5E APFozHN st=do] 27|38 2 =g
Ho] A8 HRYE AN F man F57 T2 H
Z8EY FE=9) alt_main FFE AL AY FES oL
HE Aol ozl Alterarlol X AEstn, Nios I o Z¢]
Aol & Buildsty A3 o) zA5og 529Th

Enitinlize caches, BSS. stack pointer,
" global pointer

IEnitinlize interrupt system
" and setap call 1o matn

i v -Emitinlize HAY. devices

39 11. Nios IT Al&a®e] BE &4
Fig. 11. Boot-sequence of Nios II system

a9 12& AANTe2 £3Y5HE SONAR A35e g5 2
HaZdolg A T2 48 5EX0|t) main() &
7t AYHA dolHE 53517 9% W g2y o]
g A% =Yg AN, VGA A7lE 278
. HolE g5 IPE B3 x-yHE9} Alojy] A58 A4
o2 5% F Aoz HE Ao wet ztzie] AN

€ Y5 T el 3 B Ao Aze=
39 4914 B8 gl o3 AP x-yAE JAL 29
o] @ Zgde] 48 S

ol

[

Y 12. T2 3E8%
Fig. 12. Program flow-chart

V. IP €5 U A
51 43373
B =59 A¥8s A% Al2¥ FAL Altera Cyclone 1T
tjule] A7} #A&E Terasic DE2-70 EE[6]E AMgdlge
g, xx#AE 2 Ao NIZE A7 8 NiALg

PCI-6534B.=[10]& AH&3tATh.
¥4 43 873

Table 4. Experiment environment

»Sl=d o] A A : Quartus I 10.1
» £ZE9) 47 : Nios I IDE 101

» =90} : NI PCI-6534
» A~EZEQ 0] ¢ NI LabWindows CVI 85

%Y 132 NI PCI-6534 HE=9} DE2 70 HEE o] &%
Al2dle] FA4E Bt

a9 13 A2" 74 ZFA

Fig. 13. System configuration

52 IP A& A5

3274%9 4L Window XP OS 37004 Modelsim A&
#Hold EE ol8% RIL 3=24A% 221 Quartus 119
SignalTap IE %3 FPGA T8 44 F29] AF dAZ A3
"}l 18 14 SONAR 4% 5 [Pl did Modelsim A&
o)A Aol avs sl export_clkE SONARZRE &3 = &
Ho|n, avs_sl_export_controlS FEH|ES} M-S gshs Al
%ow, avs_sl_export_x cord ¥ avs_sl_export_y_corde X-Y
FFolt). SONARZHE E¥HE 43E avs_sl_export_clkol
E7159] avs_sl_export_control2l &9} avs_sl_export x_cord &
avs_sl_export_y_cord’} SONAR 43 8% P2 g4t 49
A3 F X-YHEE o] 2R AA Aojasse RmE
word packed A1&2  ZAgEHo] FIFO A" ARd
word_packed M3 read NES Fol 7] =] readdata Al
3. Nios I Z2AMZE AGES A& 5 QUrh



SN - Al 29 Be HYE 12 £ 4 3% 2011. 10 / 320

I3 14. SONAR 213 5 [P2] Modelsim Al &dlo|d Az}
Fig. 14. Modelsim simulation result of SONAR signal
acquisition IP
a9 155 734 328 FPGA 24t A st=go] 4
oA Al Bl Aot datain_clke SONARZHE &
5= 2435, x cord 2 y_cordE x-y&EHE Aoy,
ZLSB, zMSB, z1, zHD, MZ, Fl1], Fl0] A&& & dlolejs}
e WEske Ao} AZelth SONARZYEEH &¥5:=
x-yHE 2 Ao] 2EE data_in_clkel F715o] SONAR 4
3 35 P2 9489 #1F 4 Atk oVGAR, oVGA G,
oVGA_B% oVGA_CLOCK, oVGA_BLANK_N, oVGA_HS,
oVGA_VS, oVGA_SYNCE= VGA DACS RYEE #%3817]
1% RGB A4 R ¥7] 2otk oVGA_CLOCK® 5715

°] RGB 3] #€¥S g9 5 gih

a9 15 78 329 AgdoAa dx
Fig. 15. Simulation result of implementation circuit

53 43247

SONAR 413 3% PE %3 485+ ATE YCbCr
ol RGB W9 944 AR oYz x-yHE 2 Ao
Az7h dg9nh bEA 98 dioleE AAMEr 98
CMOS Z+ CCD 7hvlgt7t ofyE} NI PCI-6534 RE=Z
AHgStHTh 18 162 NI PCI-6534 R=d x-y3¥ 2
Aol ATE A7) Y3 LabWindows CVI T2 138
Adstol A Anelm, 7b&dl 19e] NI PCI-6534 K
o &8 TEEZ %3 FPGA RE=e SRFEZ 98y

£

Color List

Color © Vaie ! No, &

0oI0011: 13 ¢ an E
2 00010100 14 2 i
20t 15 | 25880 -
L oooooiio 1 i iz
S0t 17 M
6200011000, 18 28
oootioor 19 24

oootiond; 1A
0001105 1B | 4653
ooditio] icies
0000 1D 201%
S i€ ol

£
§

§:00110100; 34 34
900110100 35 © 207%%
@ corione; 3% 17384
To0non: 37 52

Number of Data | 0 Clear /F1/FO/MZ/ZHD/ZMSB/ 21 /2138 B % &

[ Color Deta Shik Stat End  LeftComor LeftComorY Zoowhaw D2 Mode
- E o i .37 - w

E bown G Up | 4 o om0 T s0 s g

|

a9 16, CVI Z21de] A8 Ay}
Fig. 16. Execution result of CVI program

a9y 17¢ AA FPGA BEE S8 AA7tez 5T
dolel & VGA Alei71E &3 EVHZE &3 1goln.
NI PCI-6534 B =9} LabWindows CVI Z2 1304 A
g dojeE &4 glo] Arez HS3to HUHY &

HAES P 5 gden, ¥ 5+ Fd" Py A5 Ut
Joltlh SONAR 23 5 IPE 83 E 22mse A
452 ATHEZ 29 532 29 452 AT 5 9
i, VGA Ae1719) A% 273 30319 A $£28 A3
B, dutAel zgdels 2T xdg FRI BHae

Folt,

oy 17 A3 A7 #4
Fig. 17. A screen of experimental result

x5 IPY A%

T o4k Apol=
SONAR 4% 5 IP | 4006 * 4096 22 ms
VGA Alol7) | 1024 % 768 | 30 frame/sec

vi.déE
FPGA ¢gvitjs Alale 72+E o8
47 s, 22 A" £EE AT

ole A5 @ AHelo] s,



FPGA dWt= =2 Q4 A2d& AH4-& A2k SONAR A3 g2Zdgo] Al=de] ¥4 / 321

E GYorME 71&9 SONAR AFE A48 CRT =Y
B taggoe] Alxde Wi Bad g3y, 7149
37 Akl HWHHY BE £F R R olyes IR
371 918 FPGA ¢¥id= A292 AHg3glth. Altera
Nios I ¥ltle A|2€g Al8goz4 AAZ SONAR
A% 85 9 gaggolrt stsdigen, Aade 3
TAE 793 & £ g Aoz 295+ SONAR
MEE 537 93 SONAR 43 85 P IS¢
SONAR 413 & RGB Z¥ 432 Wgsiy] 98 a9y
ZrelB2ie), RGB @ AEE t2Zde) 37 98 VGA
Ao71& FERHYG. AT E YPHE SONAR AF
o &4 glo] txEHel H& UYL 4 ggew,
SONAR 43 HE P9 3% 4096%4096 Atol=g dlo]E
Z 2ms X £EE HPon, VGA Ao7|: 1024+768
o d4E 2% 30249 289 = YA

FF A7 AAZE SYAANE xHE "HE g2
7bedtA tx, §53 &4 A3 E taEygo) de ¢n

F& d=dolz ¥ et Ao

288

(11 Chuanfei Qiu, Quanzhi Zhou, Changjun Wei, Fei Xu,
"The Implement of High Speed Data Acquisition
System Based-on SOPC Technology”, Proceedings of
the IEEE International, Automation and Logistics,
pp.1528-1531, Aug 2009

[2] Wang Wei, Zhong Guidong, "The Design and
Implementation of High-Speed Data Acquisition
System Based on NIOS 1", IEEE, Computer Society,
pp.334-336, 2010

[3] Altera Corp. Embedded Design Handbook, V2.8,
pp.1.1-11.15, Jan 2011

[4] Altera Corp. Simulating Nios H Embedded Processor
Designs, V1.2, pp.1-9, Nov 2008

[5] Altera Corp, Using SignalTap II Embedded Logic
Analyzers in SOPC Builder System, V.1.1, pp.1-21,
Nov 2007

[6] Terasic Corp, DE2-70 User manual, V1.07, pp.1-89,
2009

[7} Altera Corp, Avalon Interface Specifications, V1.3,
pp.1.1~7.2, Aug 2010

[8] Altera Corp, SOPC Builder User Guide, V1.0,
pp.1.1-12.10, Dec 2010

f9] Altera Corp, Nios II Software Developer's Handbook,
V1090, pp.1.1-15.119, Jul 2010

f10] National Instruments Corp, NI 653X User Manual
for Traditional NI-DAQ), pp.1.1-3.36, Feb 2005

[11] Altera Corp, SCFIFO and DCFIFO Megafunctions,
V6.2, pp.1-27, Sep 2010

2 % A (Dong-Jin Kim)

2007d 29 9o ARTNFHIIHD
20093 2€9 7o ARSNFSHTHD
010 29 Aol AREFAF ST HYAER)
#ERAEL [ FPGAAA, gulds Aad

2 d & (Dae-Woong Kim)

1997¢ 2¢ AW AFEHBHFHIEAD
2011°¢ 8¢ ) Aiisiel ArEiladat HA 4
2005 59 T @A (FIFIEd L glEolA}
REDTAEF | FPGAYA, 9¥iT= Al2dg

v g 4 (Young-Seak Park)

FEH

197944 : o) AAFe HA} £4.

19813 : o] HxlFea 44 &9

1985 © @] WA E T vl €4

1990~1991d : 48 £34 BAFTATFAA

vAFAE) 2y aeta

1990~1991'd : Y& 070l B4 AeaTd

2001'd ~2002'd : ©}= North Carolina FHWSHNCSU) 2@2F

20013~ A Ao} ARFAFE} wF

KEPABoF © Software Engineering, Web-based Software
Design & Development, Pattern Recognition, Image
Processing, Computer Network & Network Computing,

Embedded Processor System HW/SW




