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ABSTRACT

Generally, DAB systems are divided into two categories, a stand-alone type and a PC/PDA-based type. The
PC/PDA-based type has less mobility comparing to the stand-alone type, nevertheless, it has the advantage of
using memory, audio/video decoder, or other resources of PC/PDA. The DAB receiver implemented in this paper
is a PC-based receiver system employing USB interface. The USB interface bridge is designed using FPGA and
EZ-USB development kit and the implemented DAB receiver adopts the bridge and makes use of the stand-alone
typed DRK-026 receiver for experiments. The USB interface bridge transforms serial data into USB packets and
all of related signals are controlled by hardware logics. The operation of the implemented DAB receiver is

verified by sending audio data into the PC for decoding through USB interface bridge.
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I 1. Bureka-147 A% &
Table 1. Eureka-147 Transmission Mode

Parameters Transmission Mode
1 11 111 v
&F70|(Ts) | 1.246ms | 312us | 156us 624us
HE o Tg) | 246us | 62us 3lus 124us
A1 B-Zo|(Tu) 1ms 250us | 125us 500us
Null é. Z1o] | 1.297ms | 324us 168us 848us
ZY YL TF)| 96ms 24ms 24ms 48ms
Efkﬂ"d%
REC 76 76 153 76
BEs
P 1536 384 192 768
W0 7bAfd) | 1 KHz | 4 KHz | 8 KHz | 2 KHz
Wz k2 p/4 -DQPSK
Adrs Convolutionahl 1/4 Coding. Rate, K=7,
Variable Puncturing
HEER Timing/Frequency Interleaving
o 9 E(B) 1.536MHz
A F34  |<375MH7<1.5GH7] <3GHz [ <1.5GHz

Transmission Frame (96 ms)

Fast
Channel (FIC)

Channel Main Service Channel (MSC)

3 Symbols 72 Symbols

1297 ms o0 bol | symbol

1 2

Symbol
3

Symbol | Symbol
4 5

Symbol Symbol
L 7%

f———f
1.246 ms|

Reference

Symbol 246 us 1ms

Guard Symbol L
Interval Data

1 OFDM Symbol duration
J2! 1. Eureka-147 RE19] A =Y 7=
Pig 1. Frame structure of Transmission Mode [ Eureka-
147
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2,
DAB sop MPEG

Channel
Decoder

Tuner IF

Audio
Decoder

mll

Gain

12C Bus

Micro
Controller
2! 2. Stand-alone H21¢] DAB $417]
Fig 2. Stand-alone DAB Receiver
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1) RF Tuner
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o ok AERE] 9 Fuig gL 7S TV A
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2ol st [FZ 38912MHzE ZA M =Tk

fimag =174 + 2 X f]F: 250MHZ (1)
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2) Baseband DAB Chipset

DAB Chip2 = A Channel Decoder, Source Decoder
9] 71%& 43314l |t} Channel Decoder= 7%=
°]x FACS MSCE ©]F°]%] DAB 4l5E OFDM
Demodulation, Viterbi Decoding SH=t] &%°] 2loH
Source Decoder= Audio Decoder®} Data Decoder® -
AEo] 93 HolHE Edske 7IsS gt
Audio Decoderi= I1SO MPEG-17} MPEG25 A5},
Data Decodere= F71¢] =A<l Packet Mode
DecoderE A1 93HA Hrk

3) DAC(Digital Analog Converter)

DACE Source Decoderol 4] W2 += Digital SignalS-
Analog Signal2 W] 23AZ S sh o]
= Stand-alone 2]9] DAB $217]o) Mgk Algo] H

o}

222 PC-based EtAle| DAB FAI17| &HA|

PCol 7|¥HS ¥ DAB =417]E PCIS} USB QIE ¥
o|2E o]g T & Qe AMEAY] HAL 17
ste] 29 33 o] USB QEFHo]AE o] g3
PC-based DAB 421715 &3tk

DAB oD MPEG
Tuner IF Channel Audio
Gain Decoder Decoder

Ea

USB 12C Bus
'I usB Interface

PORT

T8l 3. PC-based '#2]¢] DAB 4171
Fig 3. PC-based DAB Receiver.
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Fig. 4. Structure of Designed USB Interface Bridge.
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Decoding® ©|°]E & A}t

SFCOE 3.072MHz®] Burst 2= FE|S] QE]H o]
28 o}y ¥ 5% SFCOA EHEE 5hitE T4
o] ® dlolE Fejzo|tl. o] Ho|ElEFPGA 5
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Ak

N

A
FIC fpheseecty
@ P
soomn | e oo
16 ci] 80 ch 2eck jj0sck [
soa | ... 1 A
R Dk DK DB
SFCO_SubChild
coom I
2vck | |10k MsC
SFOO_win | 32k
2k jj0+dl
o ] | 1
e - —
6+ck
SFCO_Subchild [}
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12! 5. SFCO RIEjFo]~e] Elo]H T
Pig. 5. SFCO Interface Timing Diagram

I3 6= EZUSB /I 71EdA BAEE ojWlE
o HJH=E Yepd Zolth IDLE “JHlelAl FPGA
250 dolE7}l 4451 Statel o] A FPGA EE2
RAM Address JRE ¢]o] E°]3] State2= FPGA =
E9 Daa EAl ARE HAKGITL State3 A=
FPGA EE9| Ho|HEPCol| 243t Statedoll A=
ol [A% & thy AHY 54 ARE 2g¢itt

M. PC-based DAB $£AI7|2 USB
OlE{H|0|A EEIX| 725

3.1 USB CIE{H|0|A EEIX| 75

USB UEHe]2 HEX F&L EZUSB 71E 7
E9} FPGA BE=Z 4% Ut DRK-026 7| 7
E o] SFCOIA 28 =E bl o|El & Serial FEQ] ©
o]Eo]EE EZUSBo|A PCZ Ho|EHE %37
£]3l USB Packet FE]2] dlo]EHZ WIS o} 3t} o]
gk tlojE] W AYL THEFPGA RES B3
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IDLE

J2! 6. EZ-USB 7/ 71ES] el
Fig 6. State Machine of EZ-USB.

%l 7. FPGAZ 7849 EPl HE
Fig 7. FPGA Target Board.

o] o]Fo|X 1 WFHE Ho|E=EZUSB /MY 7|E
2 AFEY

18 7S FPGAR T8¥ EMIEE=Z 4] VHDLS
o]-g-at 31k 2(Top-Down) 402 HASATE &
4] 9 P&R(Plase and Rounting) #}7-2 Synplify £}
Xilinx ISE &2 ©]83l91 #5942 Modelsim &
< o] &3tk FPGA R E-& EZUSB 7 7|E9}
GPIF(General Programmable Interface)™2 0.2 31bit2]
o ¥eog dAAsk

18 8& EZUSB 7} 7|ES} FPGA 59| GPIF
£ Yehz 9tk GPIFE EZ-USBOA AT EHe 2
59 ASIC, DSP, t& 7[e} 22& 23 dZdsh=
Al Fe]2 ot} [FCLKE <IE|Ho]= 5713}
8oz 40MHz7} AHE©] EAo™ Data bus(FD
[15:0]), Address Line(GPIFADR([8:0]), Control Line(Port
/O, EN[L:0], GSTATE(1:0))2 Ztzt a3k Wi
o] #AAH AT FirmwareS 53519 FPGA ZE
I} GPIF W2eg <AZ3 EZUSB /W7 |EES
Single-Read E A w202 Ao] 3ttt
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GPIFADR [8:0]

IFCLK
EZUSB FD[15] FPGA
Master Module

PORT I/O
Mode
P EN[1:0]
GSTATE [1:0]

T2l 8. EZ-USB 7| 7|E$} FPGA EE9] QEF o)~
Fig 8. EZ-USB Interfacce to FPGA Module.

1% 9= SingleRead EMAL A +£HE
ERfia glck

1. GPIF Configuration #A|2~E]¢} do|HE 7]|&
A 718}

2. Single-Read E M-S A|Z}s}7] 93l GPIFS
GLDATLX #|A|=E9] §wr] ¢17] 43

3. GPIF7} Edd o] g5 =2uj71x] tl7] EAHd
Ao] Z£g5W, DONE HE(GPIFIDL-ECS.7
or GPIFTRIG.7)S 12 A4, vk 243515
thd, GPIFDONE JEHE A4

4. 29 AEFT vy EYA0] ti7]slar 9
thd, XGP-IFSGLDATH, XGPIFSGLD-ATLX
I2]3 XGPIFSGL-DATLNOX #A|XE o0&
FE ¢ Holy =&

2! 9. Single-Read EHYA A
Pig 9. State of Single-Read Transaction

33 102 SingleRead EWNAA %713} g2
GPIF 2 J9 = 7]%+2] 8051 Firmware©]th:

3.2 PC-based DAB $AI7| 5
PColA] USB QEFHo]AE H3lo] YHFE dlo]
EE 679 W EES Bt QAT

#define PERIPHCS 0x00AB
#define AOKAY 0x80
#define BURSTMODE 0x0000
#define TRISTATE OxFFFF
#define EVER ;;

JIGPIF %713} 3+ 98 A
void Gpiflnit( void );
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/IGPIFADR[8:0]19] F47kS DAB F417]0] A4
void Peripheral_SetAddress(WORD gaddr)
{
if( gaddr < 512 )
{ /| GPIF 4 B2 A4
GPIFADRH = gaddr >> 8;
SYNCDELAY;
GPIFADRL = (BYTE)gaddr; //GPIF F2
} else
{ /| 37} GPIFADR[8:0] ¥ A%
PORTCCFG = 0x00; [/ ¥E ¥=g<& 93|
[7:0] A%
OEC = 0x00; /I FEs HsE A3
PORTECFG &= Ox7F; [ ¥E =894
[8] 474
OEC &= O0x7F; /| YJgo=z 8%
}/JEnd of if
}/End of Peripheral_SetAddress

/[GPIFE °]&3}] DAB 7|2 FE ¥ HlolE ¢
71
void Peripheral_SingleByteRead( BYTE xdata *gdata )
{

static BYTE g_data = 0x00;

while( !( GPIFTRIG & 0x80 ) ) {}// GPIFTRIG.7
Done HIE poll

/IXDATA F7te] #ALEE o]&sty v =

g_data = XGPIFSGLDATLX; /| GPIF &)
Ho|E EAA Eg]A

while( !( GPIFTRIG & 0x80 ) ) {} // GPIFTRIG.7
Done HIE poll

/| using register(s) in XDATA space, GPIF read
byte from PERIPHERAL here

*gdata = XGPIFSGLDATLNOX;
}//End of Peripheral_SingleByteRead

21 10. Single-Read E#WAA %713} <=
Fig 10. Initial fuctions of Single-Read transactions.

Packet Analysis Manager
W Codec Manager
Receiver Stream Manager
Driver’
Sound Generator

Stream Timing Manager

32 1. PC AZE O] TAHE
Fig 11. Block diagram of PC softwares.

a9 112 PC &AZEd o] FARE vepd ALY
S/W Receiver Driver= EZ-USB 7| 7|EZHE X
Eg" HolHE SO RE=Z AL Packet
Analysis Manager= A" 9710 IAF} F25 7
#317] 913k A o]t} Stream Manager+= ISO Stream
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d2s #E % A5¥ HHY UsS AFTshY
Stream Timing Manager= #|3+el A|ZFo|ujol] =38}
A &2 do]HE #7138t} Codec Manager= Packet
Analysis Manageroll Al 4] 9 |4 & doJEE A3
& zEog "asy] 93 AREET Sound
Generator= 5A1%E H©]E] 9} Codec Manageroll A &
¥ Codecs ©]-83t A= A & Z4F AR}
AEjF o]~ 75S AlFsHA At

J8l 12. 78¥ PC-based DAB 217
Fig 12. Implemented PC-based DAB Receiver.

a9 128 F¥F PCbased DAB 4172 DRK-
06 NE 7|IEZ F8& st9oH Fil7|e HEE
< DRK-026 7% 7]1E9] EA4 12C JHFHo|~E
o]-&3te] PCAl A AR Ao gk

DAB 217]9] USB <IE#|o]2=FPAG EEF
USB 7/ 7|E2 T34 PCAAE DAB §
A 25 E Yadg 9 1] {8t ofefe] 1™
133} Zo] USB SIE|H o] A2 RE|ISO 3|F] Stream

o

ol
= 1T

v. &

1%

21

79 PCbased DAB F41719] F& R 391e
DRK-026 7§ 7]Ec]A SFCOE F3l] A5H ©
°|E]7} FPGA EE91A Packet HE)Z WBto] o]
EZ-USBY USB ¢lE|H o] ~E Esle] pCol| H4o)
H1, 159 HolHEPColA tzd 7S 73
she Ao &1 et 7dE FPGA 2E59 5%
8L ol 18 14, 159 2Tk

while ('StopTest) J/EaSz A=
X

=

{

BA FH gstEmzbA] vy

/NSO sz 4
bResult = DeviceloControl  (hDevice,
EZUSB_READ_ISO_BUFFER, &IsoControl,
sizeof(ISO_TRANSFER_CONTROL),
buffer, bytesToRead, &nBytes, NULL);

IOCTL_

packetsRead = nBytes / (IsoControl.PacketSize +
sizeof(USBD_ISO_PACKET_DESCRIPTOR));
ptr = buffer;

/| 1SO Packet Descriptor &5
isoDesc = (PUSBD_ISO_PACKET_DESCRIPTOR),
(buffer + (packetsRead * IsoControl.PacketSize));

/157218 S Z R Read
for (i=0;i<packetsRead;i++)
{

framesRead++;

if (count != *ptr)  [j7REEY] o] EEW
=9 Skip
{

framesMissed++;

SetDlgltemInt(hD1g,IDC_FRAMES_MISSED,
framesMissed, FALSE);

sprintf(tempbuff,
0x%x" ,count);

SendMessage
LB_ADDSTRING, 0, (LPARAM) tempbuff);

"Missed frame =

(hOutputBox,

DumpBuffer(ptr,isoDesc[i].Length,hOutputBox);
count = *ptr;

}

count++;
if (isoDesc[i].Length != IsoControl.PacketSize)
o] 7}
{
framesMissed++;
SetDlgltemInt(hD1g,IDC_FRAMES_MISSED,
framesMissed, FALSE);

A

}
ptr += IsoControl.PacketSize;

}

CloseHandle (hDevice);
free(buffer);

JI=2}Fo]H Close
J s wEE A

12! 13. ISO FA Stream 42~
Fig 13. Source of ISO packet stream.

95

Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



2! 14, FICS MSC 455 #f/
Fig 14. Selection of FIC and MSC.

2! 15, H)o]¥ Packetd} ¥ S#HAIE
Fig 15. Output Signal of Packeted datas.

a3 149 93| XE DAB 417194 SFCOE
Bl FPGA EE9] dgo] He HolHE FCe
MSCZ T3 F1 Je AS A & & Joh 2
d 159 93X E EZUSBE % o] FCe}
MSC A1&7} 16bit Blo]E] & Packetd} o] &= AL
Uehdth

a9 16& PCAlA FE Al=He] Ao zzay
3 F¥ USB QIE#Ho|2E T3t PCo| HEE
£ A3 E Stream FE|E 93 BEAslY t)3Y 7%
S FYshs AL 1 T & Uk PColA F2ld
HolE= A AZSHISO Test TZI1WS T3}
9] 3193, F33 DAB Players A, BE, S
o Al 714 FFo] ST AL I AL IS0
H2E 22388150 7 54 AHES HiE
gty =glolWE B8 USB SIE #o] A& HE ISO
H7 2EFS Ha FAE 7 AR 5o Wy
o FHE FAFS Hlusle] HAE 23S 1316
7} o] e RUEH S st

£

V.Z2E
B =R A= PCbased DAB 441718 USB ¢1H
o]z HIRE AAsla TSI T3 FAH
HE]AE & 83 PChased DAB 41712 78 &%
1, DAB $217125¥ 414 dHo|EEUSB U&7
ol2=F F3lo PCol HF tEH 7ol FiEHE
AL < 39tk 738 PCBased DAB FAI7)E=
Stand-alone *41°] DAB 41719} H|aste] pCe] v
2ot ergute tin T O gasE o
£ & 5 glom, QAEUAMBIZ=9} AFEY TR

96

Copyright (C) 2005 NuriMedia Co., Ltd.

dlo]g AMulz 9 Rrh My o) o] rbEEite
Aol JrhdF AT FAZ FA ZHS DAB Al

~Hle 34 Mul~7} %3¥ DMB (Digital Media

Broadcasting) A| ~¥l 0.2 /83812 o go]7] wjiol
PC-based DMB 41718 USB SIE|#Ho] A5 AA] @

T4 sk Aotk

y

- o
; cr B

CPITIT [ T Frrgres

216, 7EE AZEYO] (ISO Test and DAB Player)
Fig 16. Implemented Software (ISO Test and DAB Player).
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