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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 advamtage of
using memory, audiofvideo 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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o A¥sle] Bl Helmt]e] MulAg AFsla
o), denAa oo 5o ukg B4l Rols
A" Alagoze] o] Ao Foix) A}
glolcil. o)2i3k AHelA CD $F9 38 2r
2 Aula, wE, iR 5 oekgE Y1 el
Aplae B2, 74 "E SEolde 2 o Sl
= A9 3pde] AR fale] sbEst A
Ay erje uiEql DAB (Digital Audio Broad-
casting)7} %-7hs) a9yl

DAB 4171+ g3 41719 Hi-Fi$, Portable
4 el stand-alone W3} PCY} PDA 5ol A3
¥ 4 = POPDAbased WA 02 78 3 & gJch
©]% PC-based el PCO wlme|e}l Srjemr]e
dazr] & ekt glaad ol4d 4 e S
7R3 g,

A= Cypress AF9] EZ-USB 7l 7]E29} FPGA
£ o]83lod USB dlE|fe]x HERE MHASIHL
o, MAlNE TAelx] AR USB Eiso|~s
Atmel A}9] DRK-026 7N 7)Ee) HE3le] DAB 4
A7E FEsisick N Aol gt Alage] &
2z} o] E ZAslglon, DRK-026 /E7EE E3)
o] 415l 2r]e dlo]e]E USB Qe He|~E 53
o] PCofl A% ¥ o)L t)3d 75g FYI=
Zo R gl 3jsitt.

I. PC-based DAB $47|2 USB
OIE{H|O|A HEIX] MA

2.1 BEureka-147

2 =Fex] 733 DAB A|AH-S Eureka-147 ¥+
Alo2 ITURS Hugt 7124 Digital System AZ
55l 3lth Bureka-1472 oF 2MHzS] W9FS
A3, CD 59 ZEA e Au|lzvl A
3lEE MPEG Audio Layerllol] 7|uigt 2rje. gk
71&s Mg Bueka-147 Al~He] Adno=
AR ok 115 2k

) fejvetelde] A4 DAB Ala"d A
21 4lS 94 DAB Al2ElE AERC HA
og AAslgon, B m=Fo4 733 DAB A AH
& A$r=T1 WAY] A9 DAB AladE 2dg
Akt Bureka-147 EET8) A T 725 1
Y 13} 2t}

2.2 DAB 71 2%
DAB <4171+ Independent Portable Receiver 24

E 1. Eureka-147 A$ 2=
Table 1. Eureka-147 Transmission Mode

Transmission Mode
I il il v
&3E70|(Ts) | 1.246ms | 312us | 156us | 624us
BE7o|(Tg) | 246us 62us 31us 124us
AlBZ10)(Tu) 1ms 250us | 125us | 500us
Null A&70] | 1.297ms | 324us | 168us | 848us

ZHJHoYTF)| 96ms 24ms | 24ms 48ms
=z

Parameters

AL 76 76 153 76
A8t
Hlgzs 1536 384 192 768
sl b Add) | 1 KHz | 4 KHz | 8 KHz | 2 KHz
e p/4 -DQPSK
A Convolutional 1/4 Coding Rate, K=7,
=T Variable Puncturing
AEl=E Timing/Frequency Interleaving
HYZ(B) 1.536MHz
#HrhF95  |<375MHZ<1.5GHZ <3GHz | <1.5GHz
L Transmission Frame (96 ms)
Chomned F;:mm plg Main Servioe Channel (MSC)
3 Symbols 72 Symbols
1297 ms Synltbnl Syn;buiSyr;bol \ Syn:bol Syn;bol | Syr:bol Syz::ol

Reference

Symbol 246 us Lms

Guard Symbol L
Interval Data

1 OFDM Symbel dutation
3% 1. Eureka-147 =19 A4 =Z#g] 72
Pig 1. Frame structure of Transmission Mode [ Eureka-
147

Stand-alone WAlF T} 71719ke] EE ¥ PO
PDA-based HA& o] 8344 72E 5 Qlvt

2.2.1 Stand-alone #4{2| DAB 47|

Stand-alone ¥]¢] DAB 4*i17]% A RF Tuner,
Baseband DAB Chip, D/A Converter2 Y& 4= Sith
Stand-alone HMAl9] A HE= ofe] ¥ 29
Zhe,

DAB son MPEG
Tuner ¥ Channel Audio
Gain Decoder Decoder

12C Bus

Micro
Controller
2| 2. Stand-alone #2]9] DAB §417]
Fig 2. Stand-alone DAB Receiver
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1) RF Tuner

Tuner®] 2748 A1#l¥] DAB A15E [F(ntermediate
Frequency)® Down-Converting 3] #dE A=sh=
o lch AFRe T Fa A9 71& TV A
da} AHx7] wiel] 94 A A Hste]
Aol 231 IFS 38912MHz 2 AREHA =it

Fimag = 17442 X fp= 250 MHz (1)

Gain Control& ADC £#o4] 2 Al AHeu|&
e AHSE

2) Baseband DAB Chipset

DAB Chip2 =7] Channel Decoder, Source Decoder
9} 71%% 58814 ¥}t Channel Decoders A55
o]7] FIC$} MSCE o]F<{zl DAB 4135 OFDM
Demodulation, Viterbi Decoding 3H=®] E4o] gl
Source Decoder+= Audio Decoder®} Data Decoder
Ao EA7} dle]elE Bske 75E 8tk
Audio Decoderi= ISO MPEG-17} MPEG-2& =|d5}m],
Data Decoders F7He] 57%<Q  Packet Mode
Decoder & | 43}A =t

3) DAC(Digital Analog Converter)

DAC*= Source Decoderol|4] +}.2+= Digital Signal$-
Analog Signal® W33}e] 2ujA 2 2HE 3, o]
= Stand-alone WA12] DAB FAl7]olM= AMgo] €
=g

2.2.2 PC-based WAle| DAB $=417] AMA|

PCol| 7He- & DAB ~417]+= PCI9} USB <lE]s|
olaE o8 & § ludl AMERIY] WS e
sle] 23 33} o] USB glE|Ho]~E o83t
PCbased DAB 41715 F&3lsich

DAB sop | MPEG
Tuner IF Channel Audio
Gain Decoder Decoder

USB 12C Bus
Il USB Interface |

38 3. PC-based WA9] DAB 4]
Fig 3. PC-based DAB Receiver.

PC-based DAB -Al7|+= Stand-alone A%} W)=t

92

& o pCe) wima]e} erjemir]e tlzn] § ookt
Blang olg & 4 de el . & Stand
alone ¥4]2] DAB 17| u]s}e] Hx} s},
233} & 4 9lok. w3, 5419 Digital Al3E PC
9] A% CPUE %3t dlole] Aeje} o4 sl=
izl Wl Audio FUS HA 4 gleH
Aedizt QAdse] FH3aE dole] AMulxe o]
Vs, &, 71&el] PCI H22E o] 434 BRAE
Fsl ot ¥ =EolAE USB BRiAE o]4314,
T8 USB Be|R|& AH]2E DMB AR|&ddi = &
B3} do)el A EL 71| 1 §led, o] = PCAlVt &
A QA7 & 5 glE S 7R ek web e
2 xu)~2 DMB t-4-3 A 1 ek A2 & 4 Qlck

2.3 USB QIE{#o|A E3IX| AA|

PC-based DAB $-417]%& PCS} DAB S417] Aol
EA1S $J3 USB QJElsljelxr) Hasln, USB IE]
golaE AlFAE A 2&e R dHeleE AF
3= kA WhAleg EEe] Atk $Aede W
2wt e FHYA AAS-S & 4 9l BULK WH,
AR F7lo] dAeke] HlolelE HF o AMHE
Isochronous H}A), F71402 4gke| dHlolelE A2
& of AR23HE Interrupt WM, 2E]3 trje]last A
A ARE FrEd AHESHe Control Aol ok
[5t611

o] oA DAB AI7|E F3led 4419 AAZ
Hlo]e}E pCol A53l] $18iA USB 2lEjsio] A
% W] ZollA] Isochronous HMAl-E- A=slsict. o}
a8 4% AAZ USB alEHelx HEZlE vehd
o]k

DAB $AI7|2 24" AmelAke] DRK-026 W
7| Ex Stand-alone ¥} A|9) 3}7] wlEell Channel

:r Data Data RAM
DAB SFCO i' Szeﬂt;g::) Converter
Receiver i (F1
1
i l Main Controller J
i Y Y
! DATA ADDR | Control
! [15:0] 18:0] [5:0]
i Y y
UsB | USB Evaluation
PC | Kit

33 4. AAR USB QlEjsle]x BElA] 72
Fig. 4. Structure of Designed USB Interface Bridge.
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Decoder®] Output QlEjFo]~%  SFCO(Simple Full
Capacity Outpu) & ©]8-3}%] DAB 417||A] Channel
Decoding® H|e|E1E A%tk

SFCOE 3.072MHzS] Burst 2= Feje] QlEj#o]
22 olgl 18 5% SFCOoM 3= 5hitZ TA]
o] | dlelel Fexolti”. o] ©Hlo|Eli= FPGA EE
£ Esle] ACS MSCE vye] x4 EZUSB 7N
F1E2 E3}9] Isochronous W22 PCol A4S 3}
A A,

3= ck 1xclk m
SROO,win 32+ ok
2k Jj0w ok

sodk . _ ed _””m “UL ..... —
wom kB e —

6+ gk
SROD SubCrild [}
SFOD EnfFl

32 5. SFCO <lEl#|o]~9] elo]x
Pig. 5. SFCO Interface Timing Diagram

1% 6= EZUSB 7lit 71Eo|M ubiE]s ojllE
o AixE vEepd Zolch IDLE Aol FPGA
BB dlo|elr} 4415 Statelox] FPGA ZES
RAM Address H2E ¢}¢] E°)3, State2= FPGA %
E9 Data &4 S¥E AR Smte3 oxe=
FPGA RE2] dolElE PColl A3, Statedoll M=
dlole) A4 F the Alele] F2F of g AL

. PC-based DAB 4I7|2 USB
OIE{H|0|A HRIX| 78

3.1 USB 2lE{#Ho|A HalX| 72§

USB E]elx Belz] 73& EZUSB 7N 7]
ES} FPGA ZEZ T4 lvh DRK-026 71 7
E2] SR04 EHE &= HolElE Serial el d
oJelo]= 2, EZUSBel4 PCE Hlo|HE A$s}r)
2}3)) USB Packet 3E|9] djolE| & wigla)jo} 3t} o)
213 dlole] HE Agle 7d¥ FPGA ZES 3]

Launch

IDLE

12| 6. EZ-USB /it 7]E2) A
Fig 6. State Machine of EZ-USB.

D2l 7. FPGAZ 73 Bl e
Fig 7. FPGA Target Board.

o] o}Fejx| 3 HEF dlelel= EZUSB /e 7|=
2 Ags]eizlch

I3 78 FPGAE T73% eR ==X VHDLZ
o] 4-3le &3k (Top-Down) WMo AdASIAC) 3
A} % p&R(Plase and Rounting) ¥4-& Synplify 3+
Xilinx ISE & °1431%x 25342 Modelsim &
& o)leslgtl. FPGA EE-E EZUSB /Y 71E9}
GPIF(General Programmable Interface)#-2] 2.2 31bit2|
o #eg 3Aslsrh

18] 8 EZUSB 7Bt 7]=9} FPGA 252 GPIF
£ Yehllz gt} GPIF: EZUSBOIA A3+ ¢
2o ASIC, DSP, o2 7)e} 24& 2A Adste
Qlejslo)~ whdelth IFCIKE dlE#Holx F713t
Z2og 40MHz7} AHSo] E$lew, Data bus(FD
[15:0]), Address Line(GPIFADR[8:0]), Control Line(Port
/O, EN[1:0], GSTATE(1:0])S 27 A4sisdch Wi
9] HA2E AR Fmwares F3}9 FPGA =&
% GPF wAlez «12% EZUSB /WEIEE
Single-Read EZRAA Hpalo 2 Ao 3igick
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GPIFADR [8:0]
IFCLK
EZ-USB FD [15:0] FPGA
Master Module
PORT /O
Mode
EN[1:0]
GSTATE [1:0)

18l 8. EZ-USB 7I¥ 7|59} FPGA R2&9] <lEjso]x
Fig 8. EZ-USB Interfacce to FPGA Module.

7% 9% SingleRead EMAAL] ] $AE Y
el glet

1. GPIF Configuration #|X|~E{9} So|BE 7|&
2} 2713

2. Single-Read ERAAL A2ksl7] 93 GPIFS
GLDATLX #AA~Ele] wv] )7} 3

3. GPIF7} EgiAAo] issu7zlA| o], ERA
o] Zg=9, DONE H|E(GPIFIDL-ECS.7
or GPIFTRIG.7)< 18 AR, 4} SAs}=|g]
t}al, GPIFDONE QEIRE A4

4. Wjxo] ALEI g EdALe] dr|sta gl
b, XGP-IFSGLDATH, XGPIFSGLD-ATLX
78] XGPIFSGL-DATLNOX d#R|X~E]o=
e g2 doly &

12 9. Single-Read EAAA 54
Pig 9. State of Single-Read Transaction

I3 102 SingleRead EAY 273 P2
GPIF =Z#|¢J$)= 7|uke] 8051 Firmwareo]Th.

3.2 PC-based DAB $4I7| 38
PClA USB QlElsjo]lAE Edlo] == dlo]
B 6719 W 2ES F3le] A8

#define PERIPHCS 0x00AB
#define AOKAY 0x80

#define BURSTMODE 0x0000
#define TRISTATE OxFFFF
#define EVER ;;

J/IGPIF %713} &5~ 943 Ad
void GpifInit( void );

94

JIGPIFADR[8:01%] F43k& DAB Al7|el AA
void Peripheral_SetAddress(tWORD gaddr)
{
if( gaddr < 512 )
{ // GPIF &2 ¥ A4
GPIFADRH = gaddr >> 8;
SYNCDELAY;
GPIFADRL = (BYTE)gaddr; //GPIF 2=
} else
{ J/ 3% GPIFADR([8:0] A 47
PORTCCEG = 0x00; // %= ’1&3< 4

[7:0] AA
OEC = 0x00; JAEE A8 23
PORTECFG &= Ox7F;, [ EE 43299
8] A4
OEC &= 0x7F; J dHeg A
}//End of if

}/End of Peripheral_SetAddress

J/GPIFE 0]-431] DAB $+417|2 & T} wle]= ¢
71
void Peripheral_SingleByteRead( BYTE xdata *gdata )
{

static BYTE g_data = 0x00;

while( !( GPIFTRIG & 0x80 ) ) {}/ GPIFTRIG.7
Done H|E poll

IXDATA 37k} dx2ElE o]83le] tr] &=

g data = XGPIFSGLDATLX; J} GPIF &4
vlol= EdY =2

while( !( GPIFTRIG & 0x80 ) ) (} // GPIFTRIG.7
Done H]E poll

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

*gdata = XGPIFSGLDATLNOX;
}/fEnd of Peripheral_SingleByteRead

32| 10, Single-Read EHAA %713} I
Fig 10. Initial fuctions of Single-Read transactions.

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

Stream Timing Manager

a2 11, PC & EdY] P4
Fig 11. Block diagram of PC softwares.

a9 11& PC Az e PHES vehd ZH
S/W Receiver Drivers= EZ-USB 7% 7|EZNE] &
Ezln] dHolHE IS0 =g A%l Packet
Analysis Manageri= 5419 izl =45 AE T
23}7] 918 AAelc}. Stream Manageri ISO Stream
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Ade Fe F AT HEHH JleE AFs,
Stream Timing Manager= #ZHE A)Zto|jel| =3s
] o2 dlolelE #H7]8tl Codec Manager+ Packet
Analysis Managerolld| ¥4 2 siA% dlolelE =%
g Zdow Yzsp] Al AMEch Sound
Generatorys ~31% d]o|E12} Codec Manageroll ] #
FF Codecd °]43led AR A 2 45 AMEAE

Adeiso]2 715 AFsAl "ot

38l 12. 795 PC-based DAB 4]
Fig 12. Implemented PC-based DAB Receiver.

a8 128 F3% PChased DAB 541712 DRK-
026 Y 7|ER & siglon, 41719 EE
£ DRK-026 72 71EL] EAA 2C U Ho|~E
o]-835}ld pPCellA 2 Ao] gl

DAB $4171¢] USB QlE|#o]~E FPAG REY
USB 7I* 712 FAslgdch PColA& DAB <
A AEE vzd g FHslr] $isle] olge] 13
137} Zo} USB EjHlo)| A2 1SO 37 Stream
< ¢e=rk

V. &8 Zn

AR PChased DAB 41718 Exteis sale
DRK-026 7N 71Eol4 SFCOE F3to] A$s d
olEl7} FPGA ¥E9)A] Packet Bz W3] o]
EZUSB2] USB <lEjslo]~E E3lo] PCol| A4o]
gz, A$E delee ey tFd 7158 53
e AoE &l sick 799 FPGA 2EC) B3
e ok ¥ 14, 159 2k

while (IStopTest) f/2H= HA Eo2 BAG g7 W
EEh
{
Mo AR FAl
bResult = DeviceloControl (hDevice, IOCTL_
EZUSB_READ_ISO_BUFFER, &lIsoControl,
sizeof(ISO_TRANSFER_CONTROL),
buffer, bytesToRead, &nBytes, NULL);

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

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

JERR S Read
for (i=0;i<packetsRead;i++)
{
framesRead++;
if (count != *ptr) FREElS] o] S
zZHY Skip
{
framesMissed++;
SetDIgltemInt(hDlg,IDC_FRAMES_MISSED,
framesMissed, FALSE);
sprintf(tempbuff, “"Missed frame =
0x %x",count);
SendMessage
LB_ADDSTRING, 0, (LPARAM) tempbuff),

(hOutputBox,

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

}

count++;
if (isoDesc[i].Length != IsoControl PacketSize)
[#ZL Ze] Fat
{
framesMissed++;
SetDlgltemInt(hDlg,IDC_FRAMES_MISSED,
framesMissed, FALSE);

)
ptr += IsoControl.PacketSize;

}

CloseHandle (hDevice); J/==}e]H Close

sl wlEe] A

free(buffer),

22 13. ISO 3 Stream Zx-
Fig 13. Source of ISO packet stream.

9%
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38 14. FICS} MSC AlZE
Fig 14. Selection of FIC and MSC.

T2 15. dl°ole] Packetd} ! &3S
Fig 15. Output Signal of Packeted datas.

I3 144 T3elxdE DAB FA7)04 SFCOE
E3 FPGA EEe gl¥e] == dHolHE HCY
MSCE 783 1 e A ZU & + Utk 2
4 152] I EZUSBE A4 =ojad FICS}
MSC X137} 16bit EHlo1E)2 Packetd}t o glE A&
vehdct.

I3 162 PCoA TR A|avle] Ale] Zz o
22 ¢4 USB Ei#elxF F3tod PColl A5H
L AEE Swream FEIZ Y3 BH3 T A%
Sl AL F9 & 5 3o}k PColy Al
olEl= AA| A|AHEE ISO Test TE 1338 E3}o]
el 519l 733 DAB Player:= A4, 9%, 55
o) Al 717 Fato] F¥ElE A el s 150
HAE 22338 IS0 AR $54 AHE HaE
gtk =alo]HE E3) USB QlEsol A2 R E ISO
A7 2L Ju AR 74 o] o vy
ol PR PAlEES v)wsle] HlAE AFE T¥ 16
7} 7o) kel RUE S dETh

2 o ¢

V.28

2 F=Foll4E PChased DAB $°41714- USB 3lE]
Hlolx BRAE AAsln Fastch =3 7"
He)AE H-43 PChased DAB 47| & 78 314
31, DAB 71248 4419 dlelel§ USB &=
ol=% 3o PCol A, tad rlsel ==
Z& el slgirk 73% PCBased DAB F4171&
Stand-alone ¥12] DAB 417]¢} w]szald PCe] =
zejsl exiemtle tizr] § vkt Blang o
4 # 5 glom, dejdxu|ast dFE FHE

9%

dlo]e] Aula 2 Hr) AMu|ae] spe] rhedirie
Aol QlehaF A7 AR FA| TS| DAB Al
28l oAt Au|2r} 7p3lEl DMB (Digital Media
Broadcasting) Al 2=lo & AkgskE  oAelr] wlEel
PC-based DMB 5*417]-8- USB QlEjso]~g AA
T3 3k Aelct

a2l 16, F8d Az Eo] (ISO Test and DAB Player)
Fig 16. Implemented Software (ISO Test and DAB Player).
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