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Abstract

In recent years, hardware/software co-design has become
important. In particular, the development of a composite
device of high performance 1/O interface by using FPGA
become popular. We designed and implemented a hard-
ware system by focusing on two devices of Camera and
SD Card. Specifically, we designed a system that can col-
lectively be processed from the acquisition of the image to
be taken to store in the data. Moreover, we tried to speed
up the data transfer by the control of the SDRAM because
it can be controlled without a burden on the transfer rate
when there is a change in capacity of the image data. First
step is the design of the Camera Interface, LCD Controller,
SDRAM Controller, SD Card Controller, VGA Controller,
and CPU. Second step is the implementation of the whole
system which using the SOPC Builder and the Quartus I
development tool. More specifically, the real-time image
data is received through the Camera Interface from a cam-
era of tPad. It was controlled by the SD Card Controller
and was stored in the SD Card after passing through the
Avalon Bus. In addition, the stored in image files are out-
putted into VGA Display. This paper expresses the integra-
tion from the acquisition of the image to the data storage
and the speed of the data transfer.
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EBXOLHEDT 7 AFILMHEH &N D Avalon Memory Mapped
Interface® 2 FEFENR 5 5.

2.1 Cameraf 3 —27xz—X

BUEH STV A EEA A —2F B3 CCD & CMOS
M 5. CCDILEMEE T CMOSIHEEE Th 523, T4 MERE
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Lo TnWD, ZORTEEEMT 2 2~ > RIZOHHEOER
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CMDO A E YRR
CMD1 WL BR A
ACMD41 SDCHH, FIHI B4R
CMD8 H{EE LS (SDC V2 5 )
CMD9 CSDo@meAH L
CMD10 CID O i L
CMD12 U — REifEDLE L
CMD16 RW 7oy 7 EDER
CMD17 T Ay T DAL
CMD18 ~NFTr w7 Ot Litde
CMD24 VTN Ta T DEX AL
CMD25 ~NTFT a7 DEI AR
CMD55 | 77U r—a v offba~ s K
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DOSO7 7 A NV AT AIBIT DT 4 ATHNDT 7 A 1LD
NEFHRe E 2T 2208BTH 5. 2R U CHIEI
MS-DOSIZE A & 41TV 7= FAT (File Allocation Table Y& fiv»
577 ANV AT LAOLETE LTS FAT EFES X 2o 7z,
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5 512bytesNT— 4 71 v 7 % SD AE I —H— R~FEX A
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A
0xFEZ %13
512bytesDT —# % %5

1L HAH L7 e —F vy — b

AWFFETIL, SD AT Y —H— RIZEZIAALTTBEBT — X2 %
?ﬁﬁ) PJLJ%HZIJ Lfﬁﬁu IIZH;E%)J:O \—nﬁ%‘f; X 111X SD A&
V=B — RIRFESN TN DT —F T ey 7 EArHT T
YAL%Z70—F ¥ — FTRLTND.SDAEY —DI—FD
F— R BIIAL DT NI Y X NTHEMTH L. FTHEH—~Tr

IDOT—Z B L TiAHT 2~ K CMD17 % SD X &
V—Hh—RIZEETDE, VAT MMlIZAZ — b 2— K OXFE
%% L CCMD17 CREEENT-T—XDT KL AIZSELT
EOT—H AT OREREIND. T — &%*ﬁﬁbf%ﬁﬁb
721, BEIALZBE LR U K 512 512bytesdEifi L CF — & &t
9. F L ZERICHICAE L =T —2RHT 5412 16bit
DF xzv 7 a— K CRCEZESHDLFETT —X¥DEEMNEHE
MDD, EXIABRELES TREZEICT =y 7 a— KBHHDT
ZTOFFEETZELRKDYET L5,

3 VRTFLEHRE
3.1 N— Kz T7ERE

AHFZET1E, SOPC Builderd v 5 S FREHR A ALY — L
AL T =Ry =7 O %17 5. Z® SOPC BuildenZ[=]#%
AR — /L@ Quartus |l C Verilog HDL %] L C[al# %
AEHT D ERIC Altera b3 R T 2 R%EH IR Y — L TH Y, 5 FE
a R —3%2 MR IP 27, NiosZ % GUI LT L7 bk
B Z kS, Alterattod Nios =27 « 7ot v Yl
RTHROLILAMIZENRNTWAS 7ot v THY, FPGADER
THEbIL< %lﬂ%éﬂ'@\é/7 ry=7 - 7ukyYTh
5. A BMIHTHEERY TIEA LEHM, 7TV r—a
VRVEREE DRk & TR R B B [6].

ABFETIE, 2o Nios Il =27 -« Fut v ¥ TREFLZEK
% FPGADO—Fi T 5 DE2-115~EHE X5 F THAIAAL Y
AT LOBRE AR SL7-E %, Quartus 1I2Y FPGA D =2 734
ﬂ/’@ﬁﬂ%ﬁﬂﬁ Vialb—va ik B E A IV TRGE XY

vu— NEEZ R EREREONEI Eo TV A EH|IX LT, SOPC
Ea v AR—xr b« =5 ¢ XA T 59T Altera th:A3
T AEMTIA T T VEE(IP 2T ) 22— TEH L FPGAIZ
FAET DTN AR IR 2SS T 2 K 5. 7272 L, SOPC
Builder iZH R — I T2V a vy R—32 b EHDHN, £

DOY5E 1% Quartus 112 T Verilog HDL CREG Lf_Ef'tﬁ@774
NEaryR—3xr MEEEZETY— L R WZAE A
LENAREL D,

Device Famif..Cydone VE ¥ J Name

Use Connections Name Description Clock
@] E camera_ctrl cameraVGA
— avalon_slave_0 Avalon Memory Mapped Slave
72} B2 cpu Nios Il Processor [ck]
< instruction_master Avalon Memory Mapped Master  |altpll_c0
—< data_master Avalon Memory Mapped Master  |[clk]
= jtag_debug_module Avalon Memory Mapped Slave [clk]
@] B jtag_uart JTAG UART [ck]
M— avalon_jtag_slave Avalon Memory Mapped Slave altpll_c0
@] B sdram_ctrl sdram_ctrl2
B avalon_slave_0 Avalon Memory Mapped Slave altpll_c0
@] B2 altpll Avalon ALTPLL [inclk_inter
pll_slave Avalon Memory Mapped Slave clk_0
@] E onchip_memory2 On-Chip Memory (RAM or ROM)  [[clk1]
P s1 Avalon Memory Mapped Slave altpll_c0
[¥] B sd_cmd PIO (Parallel VO) [clk]
E s1 Avalon Memory Mapped Slave altpll_c0
@] B sd_clk PIO (Parallel VO) [cK]
B s1 Avalon Memory Mapped Slave altpll_c0
[¥] B sd_dat3 PIO (Parallel VO) [ck]
B s1 Avalon Memory Mapped Slave altpll_c0
] B sd_datd PIO (Parallel VO) [k
N s1 Avalon Memory Mapped Slave altpll_c0
@] B pix_stb PIO (Parallel O) [clk]
= s1 Avalon Memory Mapped Slave altpll_c0
72} B2 pix_rd PIO (Parallel VO) [clk
s1 Avalon Memory Mapped Slave altpll_c0
] B pix_wr PIO (Parallel VO) [clk]
s1 Avalon Memory Mapped Slave altpll_c0
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12 13K D > A7 % SOPC BuilderC/x— R =7
L7 THD. 7 vy 7 JEEE 50MHz 2 R84E ¢ 5 FE T,
FPGA L CTTF — ¥Rk a2 T HHDORENES. hATOA
B —7 x— AR OE Sy 2 KT cameractrl & AT TXx ¥ 7
Fx L7zl s VGA T4 A LA ICH &S5 EEEZ KT
maml%beNMMﬁ@@%% > @ sdramctrl {3 Verilog
HDL Ti&#tL, SD A€ Y —H — Rl OF /> %9 sddat,
sdcmd, sdclk 213y —/V ECTHESN TV DEEaRs XD
2V R—F 2 N THD PIO (Pararel /O Yo i AiATe 51k TR
H U7z, B ERE L, BER % >0 generatex 42 & Tl
& EOREOHEL HE) TR, BENRTNIEET 20,
32THHAT L SDAEY —H— ROFAEZEITILDY 7
Ny =T EEIRKICEE TS Z LR HKS.

32 YVI+DITEE

WIT, R TRE LIV AT LD Y 7 7 = T E4 O
Fkh CEEB ATz, Tul ootk Ialb— g 02
LTI, A—7 v Y —2RAHBRETH D EcIipseﬁiﬁéﬁﬁ%
ERDMBIAIY AT LD Y T N7 = T HIEERSY AR EE T &
% Nios Il Embedded Processér\»» ¥ 7 ko = 7 Ak —/L
ZER LT, AR TIL SD AE Y —H— F~DF — X DF A
EXHIEE CSRECREN L7z, BB FRilord.

1. unsigned char sdrite (long address) :
SD AEY —Hh— RIZHBRT — ¥ D7 a7 kb EZATLHM
&%%ﬁ‘::fii SPIBUC X 2B %17 O . B
EFE SNz long addressIE X ARSLO T v v 7 T
F‘Vx H#L,CMD24Z 5 2 2 HTEENHKBEIND.
2. unsigned char stead (long address) :
SD AE Y — N — RIS NIcBERT —% 7y 7 %
GBI AR T, 22 CH SPIBEE EICHERT S
M, DOV AR AL D if SCEZIUEH S ETo for
SCHEEN O THRERRFETHIC 22 5. CMDL7 IZHEUH LA
DT RV AEE225Z L TRENMBEND
3. cardcson () :
SDAE Y —H— R~T—F 71y 7 OFEZIALHHH
LZEITHOMOBEME LT, AL—7% 12 + (SS)% Low
(0) DIRBEBIZSHTEL. AL—TkL Y b LT EDET
WXL TY—=FRIA REITIMEVIBEHEERLTND,
4. spitx (int cmd number) :
SPLEEICBITHa~y K a— REXRT. BEN® cmd
numberi3HEE SN EFFEZERLTHY, CMD ITT
NLAZH 2 DB SIS, 7 R LA 24bit % 8bit
FTOUT7 MERELZNLHEZTVL,
5. spigetresponce (num of response, command number) :
EXIARIE EFRAH LIEDT KL ATH D num of response
L [FRIFFIZHEE L 72 5T % command numbe?> CMD
FEEL, TNUCHTH VAR R ERTEKTHD.
6. cardcsoff () :
SDAEY —H— R~TF—F T 0y s OEX AL
Lo T2 BEfEC, AL —7k L7 I (SS)% High (1)
OREIZEHTEL.
7. void LinewriteSD (int frame, int line) :
T—=HTay D174 5% SDAEY —h— RicE
TIAT B AR LT, BN ER SN int framel X #E &
AT T — & DMK B A, intline 137 —4% 7' v w7 3
ZA4 LV ENERT. 740Ny 77 2R T THLHA
EBEXETON, 7y - U— K74 ME512bytel H i
HEX K2 VEENS LT A O LAy, Bk
THEAA D ES T TEERADLERD L0OT, SEIOR
A1 sdwrite Bi%k % 4 8] for SCT/L— 7 X Tl 1k
DEZRBTT ERD.
8. void LinereadSD (int frame, int line) :
T—=ET Yy I DLIA 5k SDAEY —A— Rnb
Fr B AT, sdwrite LRIL L HI21 T4 v DE

EHEYSy, BALE TALAA B &2 CoAH T HER S
5O T, AEIOEAT sdreadB% % 4 18] for 3L TL—7
SHE, TA Ny 77 EFR T CHAMNLET &2 5.

4 REBREBER

FFIIN— RV = 7RFIZRBW T, Cameraf v ¥ —7 =—
ZEE, LCD 2 ba—F , SDAEY —h— K, VGA 57 1 A
FLADLEODNO A 2 —T =— ATk HEIK L SDRAM
ay ber—J70EEE N— RU =75k 555 Verilog HDL T,
Nios Il 7ut& vz kb BEAERK T CPUARE L. £ L C,
HEIRIA BT, AR LAY — /L o> SOPC Builderz i L, &€
/:L~/1/I—Jté"/+:‘é“"bﬁ’(%ﬁké‘li‘é%ﬁ)ﬂj%t *L7T,C
SRECL DY 7 Py =T EEFHIBWT, Eclipse~— A2 ® Nios
Il Embedded Processar. © SD A& U —X— R ~F — & &5
HEXIFDLa N —TOMENTET L. 2K AT LD
FPGA ¥ Tl FPGAIZ X 5 £ 7, CMOS SensoiZ & % #&
206 Cameraf v Z—7 = —ADNERT RGB DF ¥ & )Lz
LB T—H~EREINTHET2 Y 72 A LBHE O RGB
F— % % SDRAM ~—FfICHiffl L, £ O F — X OHfEin72
EEIHESTLCD T4 2T LA Y TILE A DO % FoR
IHLEN . K 131F FPGA~FERE L 7=ZF DD LCD
FAAT LA DREE R LTINS, FREN TS DL FPGA
SN AT NOIRE LTZV T A A LOBBETHY,
640 X 480 DHET — X |Z Lo TG H T EH TV 5.

13: =4k

SDRAM il X » TV 7L ¥ A4 LAOEE 2 FE L T SD

AEY —H— RRIESED40EEEENEE CHET D

DEHAT A2 HERAMTH =N, ¥ 2T L2k % FPGA ~%

X BECIE LS BE L o 7oy, FHl S B 2T Tkl

D ohieinots, BRIEAN— R = THREFOEHSITH Y, KT
Va— VAL BRI ORI H D EBEZ DD

25 3k
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