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SDR PLATFORM DEVICES ()

SDR Platform architecture.

Memory expansion (EMIFA) CLK = 98 304 MHz

16,384 r.uj

DSP processing board

FPGA processing board
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SDR PLATFORM DEVICES (l1)

Digital Signal Processor (DSP).

Wi» TEXAS INSTRUMENTS

Texas Instruments
TMS320C6416T-1000
Fixed Point DSP
Frequency 1 GHz

Peak MMACS 8000

2 External Memory Interface (EMIF)
e EMIF A @ 64 Bits
 EMIF B @ 16 Bits

HPI, McBSP Buses.

Enhanced DMA.

VCP (Viterbi Co-Processor)

TMS320C6416T-1000

CPU 1 Cedx
Peak MMACS 8000
Frequency(MHz) 1000
On-Chip L1/SRAM 32 KB
On-Chip L2/SRAM 1024 KB

EMIF

1 16-Bit,1 64-Bit

External Memory Type Supported

Aszync SRAM, SDRAM, SEBSRAM
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OMA G64-Ch EDMA
PiCI 1 32-Bit
HFI 1 32/16-Bit
UTCPIA 1

McBSP 3

Trace Enabled es

Timers 3 32-Bit GP
Hardware Accelerators WVCP, TCP
Care Supply (Volts) 1.2 W

10 Supply (\Valts) 3.3V
Operating Temperature Range (°C) [ 0 to 90
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SDR PLATFORM DEVICES (Il1)

FPGA.
* Xilinx FPGA Virtex-4 XC4VSX35-10

Xilinx Virtex-4 Family FPGAs

WVIRTEX

\ V1

Virtex-i LX (Logic)

CLE Array (Row x Column) 6dx24 % x28 128x36 128x52 16056 152 x 6 1%
6,144 10,752 18432 6624 35,840 45,152 &
ClBResources | S |
m 13,824 24,192 41,472 59,904 0,680 110,592 15
we  wm e me  om mm o v
womm o men ese e mem
= I
R es ! L) y
Total Block RAM (kbits) 964 1296 1,78 2,880 3600 4300 5
Clock Dightal Clod: Managers (DCM) 4 ] B B 12 12
Resources Phase-matched Clock Dividers (PMCD) o 4 4 4 ] 8
Max Salect o™ 320 448 =1 40 758 o0 ¢
Total VO Banks 3 11 13 13 15 17
Controlled dence
VO Resources Digitally Impe, Yes s s s s Yes
Max Differential V0 Pairs 160 24 30 20 1] 480 ‘
UEEUE Y L0725, LVDS-25, LVDSEXT-25, BIVDS-25, LIVDS-25, IWPECL-25, IVCMOS2S, IVCMOS13, IVCMOSTS, PCL
D5P Resources NtremeDSP ™ Slices EF) L] =3 7] & %

PowerPC™ Processor Blocks — = = =

1071001000 Ethermet MAC Blocks — _ — =

Rocketio™ serlal Transcetvers — — — — — —
speed Commerclal (slowest fo fastest) [T NI IS V000 HO TN (VA A NS e BN T AL - S [ O S [
Grades Industrial {slowest to fastest) 1,11 40,11 0,1 A0, -1 A0, -1 0,41 At
CUNETY P TE  aesses 7E19804 12258712 177763 23291008 30711680 403

T T D R
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WIRTE X

7

CLB Array (Row x Column) 64 x40
CLB Resources
o
CLB Flip Flops 20,480
Max. Distributed RAM Bits 163,840
Memory Block RAM/FIFO w/ECC (18 kbit: ch 128
Resources
Total Block RAM (kbits) 2,304
Clock Digital Clock Managers (DCM) 4
Resources Phase-matched Clock Dividers (PMCD) (i}
Max Select 1/0™ 320
Total I'O Banks ]
I/0 Resources Digitally Controlled Impedence Yes
Max Differential I/O Pairs 160
/0 Standards @-la[{ W<y
DSP Resources XtremeDSP™ Slices 128
Embedded PowerPC™ Processor Blocks —
Hard IP 10/100/1000 Ethernet MAC Blocks —
Resources
RocketlO™ Serial Transcelvers —
Speed Commerclal (slowest to Tastest) JS[VRE RS Fi
Grades Industrial (slowest to fastest) [EESTRRD
Configuration Memory Bits 9,147 648

EasyPath™ Cost Reduction Solutions

'
XC4VSX25 XCAVSX35

96 x 40
15,360
34,560
30,720
245,760
192
3,458

24
GTL+, HSTLI(1

192

10, -11,-12
-10,-11

13,700,288

Virtex-4 SX (Signal Processing)

XCAVSX55
128 x 48
24,576
55,296
49,152
393216
320
5,760
8
4

320
EVM1.8V), HSTL I (1

512

-10,-11,-12
10, -11

22,745,216

CEAVSX25  XCE4V5X35 XCEAVSX55
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SDR PLATFORM DEVICES (IV)

Digital to Analog Converter.
FUNCTIONAL BLOCK DIAGRAM

CLKVDD CLKGND LPF PLLGND PLLVDD  PHSTR SLEEP DVDD DGND

Texas Instruments DAC5687. T T T T

CLK1 i:l: 12v ¢ ExTiO
16 bits dual_channel DAC. CLK1C Internal Clock Generation 2%—8x fpara, Reference _(lb EXTLO

CLK2 2x—8x PLL gll:lk Multiplier {lj BIASJ
Sampling rate up to 500 MSPS. cuze tl); | N =
: L | Offset
Interpolating from 2x to 8x. B N R Fieo s i
Mixer with 32-bits NCO S N i o I O B O 0 g
: B RN ==
Quadrature Modulation Correction B |
| 5
(QMC) 2 DB[15:0] dr—b rm > :T\T» = T:T\T. TI: Si:(x) f; 131382{? :23:;
Gain adjusting. oL ¢ I — L__] — |
RESETB (?— cos sin B E j)) I0GND
Sinc(x)correction. e [ s [ ] - o
. . . ! 100-Pin HTQFP |
Differential Clock signal. '____L_l._l_l _____________________ o)
SDIO SDO SDENB SCLK AVDD AGND

Differential Output signal.
Serial Programming Interface (SPI)
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SDR PLATFORM DEVICES (V)

Analog to Digital Converter.

Texas Instruments ADS5500.
14-bits pipeline single-channel ADC.
Sampling Rate up to 125 MSPS.

Two different data formats (straight
binary and 2’s complement).

Two active edges (rising and falling).
Differential Clock signal.
Differential Input signal.

Serial Programming Interface (SPI).

AVpp

— - CLK-

Timing Circuitry

.

Y

Digital

S&H

Error
Correctionl

Internal

'| Reference

Control Logic

Serial Programming Register

Agnp

SDATA SCLK

CLKOUT

e>

OVR

DFS
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TRANSMITTER

Transmitter Diagram.

bits RipaRy

BEp

CloCloc

BassbRaAdYQ
MagdlARer

NGO
CIC sl
| Interpolator
CIC
. Interpolator
FRSeA
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BINARY PROCESSING (1)

* Suitable processes for Binary Processing.

e Source Coding
e Encryption

e [Scrambling

e Interleaving

e |[Channel Coding

& - Fe



BINARY PROCESSING (I1)

Binary Processing in the Transmitter.

Performed in the DSP

e Auto-synchronized Scrambler

Input

Output

1| 2|3 4|\‘z‘ 5|7‘ Blglml 11|12|I3‘14||6| 1F:|17| 1E|19|2(]|

B Xor(R1,R9)

5-bit counter

Xor(R3, R20)

.

Cc
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Performed in the VCP of the DSP

 Convolutional Encoder (2,1,7)
« 2 Output bits
« 1 Input bit

« 7 Number of Cells in the Shift
Register or Constraint Length

133: 1011011
+
% \91

Input Qutput
nput 1 2 3 4 5 g 7 \\E“=———Jl

—

171: 1111001



DIGITAL BASEBAND MODULATOR (I)

* 2-FSK Symbols in Time and Frequency domains.

g,(t) =W (t)- exp(j ' ((Wl SV %»

Fourier Transform of Baseband pulse g(t)

go(t) =W (t)- exp(j : ((Wo e %))

Fourier Transform of Baseband pulse go(t)

2l 2
1 1 A
P~ VN N 0 \MW\
-4 -3 -2 -1 0 1 2 3 4 -4 -2 -1 0 1 2 4
Real part of Baseband pulse go(t) Real part of Baseband pulse g;(t)
1 T 1 T
o : LI CLCL I L |1 - L1 :
-1 L -1 1 1
0 5 10 15 0 5 10 15
Imaginary part of Baseband pulse go(t) Imaginary part of Baseband pulse g;(t)
1 T 1 T
[T o L] - L] o [ 17
-1 L L - 1 1
0 5 10 15 0 5 10 15

Matlab Simulation
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DIGITAL BASEBAND MODULATOR (l1)

* Generation of 2-FSK Symbols.

Bits

Oolt) Keal Part

e |
T

gi(t) Real Part

Ll
U

A

Complex Baseband
FSK Signal

Bas

eband Signal Real Part

0.5

U]
C T

L

g
golt) Imaginary Part

04(t) Imaginary Fart

A
e

e

Basebhand FSK Modulator

Il

L Il Il Il Il Il

10 20 30 40 5 60 70 80 90 100 110
Baseband Signal Imaginary Part
A T T
0.5 -
1
-t 1 Il Il L 1 Il Il L 1 Il Il
10 20 30 4 50 60 70 8 90 100 110
1 0 1 0 0 1 i
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UP CONVERSION (I)

Interpolator CIC.

o Equations oL ‘ ‘ A\\a‘sgg”&na‘gmg l ‘ O\iq?Palssbandl Agis:;gsmmégihg :
T=7= i Rl : | fc\\\_ / \' \ | 2 Hl 2fc {‘/x'c \S‘\;:\:;z;\f—

H(Z) _( ) ok 7 k S PR N4 2fc 21c |
o) LA ST 1T T sl VTR
oy il a A~ 5l | ﬂ \,\\ ARRREEE)
= 1 = 80 b2 1 o1/ -80 | N ]
H(z)=H,(2)-H(2) = (1_271)N = (1_271)N '(1_2 e )N -100-rb : Wl f/ \{1 }f | / | 100 ‘ lll ||. /( h [[J/ \'L ij\ J]:’\\ J(\”
‘ ‘I\l‘ h ” ’\\‘,4 120‘ HJ‘ ““ ‘l.l L \H‘ hJ P'

: N : N -120 : : S %0 05 1 15 2 25 3 35
sm(ﬂMf)} {RM sm(ﬂMf)} 0 05 1 s 228 3 38 reuerey

|H(f)|:Lin(7zf/R)

3 x[n] + + + + + y[n]
e Architecture. ——— oo % Rl s
y A vy y A A ¥ TLCIC
z* z* Zi Zie z* 74 z* Z Z Zia
S > - J
Y Y
Diferenciators Pipeline Integrators Pipeline

Insert Lcic— 1 zeros
between each 2 samples




UP CONVERSION (I1)

Interpolator CIC.

* Hardware Diagram.

SCALE

COMB'’s EXPANSOR INTEGRATORS

16 7 64 s 64 64 LY 64 16
L e B R =k

@-z7)

- |

EN  CLKIN CLK_IN

CLK_IN—> —> CLK OUT
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UP CONVERSION (l11)

Interpolator CIC.

Precision & Datapath
e Differentiators

e Linear increasing

e Integrators

BOUT = |VB|N +N -|092(R)—|

Device Utilization Summary
Slices 2293 out of 15360 14%
Flip Flops 2070 out of 30720 6%
4 Input LUTs 3140 out of 30720 10%
10Bs 140 out of 448 31%
GCLKs 1 out of 32 3%

Bit-Field Width

Process

Hardware Resources in XC4VSX35-10 Xilinx FPGA Device

Output Data

Timing Summary
Minimum period 6.435 ns
Maximum frequency 155.412 MHz
Minimum input arrival time before clock 7.350 ns
Maximum output required time after clock 7.358 ns
Maximum combinational path delay 7.906 ns

Page 15
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UP CONVERSION (IV)

Interpolator CIC.

* Graphical comparison between real and theoretical results.

CIC interpolator output
7201
4801
2400+

o
----- | . . h ‘ . . § . H § . H : : : : H : :
7201
4801
2400+

o
nnnnn
-----
77777

a az0 64.0 6.0 128 160 192 224 256 288 320 352 64 416 448 480 511
Time Lin_[Auto Scale:

Matlab Simulation Code Composer Studio graph of a
real-time execution
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UP CONVERSION (V)

Mixer.

Direct Digital Synthesizer

Complex Multiplier E\
® AI‘ChlteCture > 7(7 Paramelersl £ core oveniew]| % Gomtact] 5 web Links “J Parameters | 4] Core Overview | % Contact| % web Links
. 4 Direct Digital Synthesizer
ey Complex Multiplier C‘R‘E
RESET WC\‘LRﬁ s P lﬂg‘ \'
MIXER ‘ Component Mame | complex_mult
COMPLEX Data Width Pipelining Options Gompenent Name| nco_down
MULTIPLIER Operand A| 15 ‘alid Range 4 B3 Input _ Function
I_IN I_OouT Operand B| 17 Yalid Range 4 B3 Multipliers
Product [15 Valid Range 4.34 ouput " gine " Cosine * Sine and Cosine
Q_IN Q_ouT v Negative Sine I~ Megative Cosine
Rounding Mode Optimize
Channels
O Round Results @ Epeed
Real | . @® Truncate Results O #tremeDSP Slice Count — DDE Performance Options
eal maginary
Optional Pins DDS Clock Rate 1024 hiHz
DATA [IscLR Spurious Free Dynamic Range 100 Walid Range: 18.0..115.0 dB
DDs
\EE Information Freguency Resolution 001 Walid Range: From 3.0E-4 Hz
¥iremeDSP Slices 4
Latency 4
= Back -Nexi = Fage 1 ofB
CLK [ cenerate | [ Dismiss | [ Datasheet. | [ versioninfo.
Generate I I Dismiss ] [ Data Sheet... ] I Wersion Info.. I
* Hardware Resources.
Device Utilization Summary
Slices 167 out of 15360 1% Timing Summary
Flip Flops 266 out of 30720 0% Minimum period 4.214 ns
4 Input LUTs 193 out of 30720 0% Maximum frequency 237.290 MHz
10Bs 95 out of 448 21% Minimum input arrival time before clock 5.541 ns
FIFO16 / RAMB16 8 out of 192 4% Maximum output required time after clock 5.280 ns
GCLKs 1 out of 32 3% Maximum combinational path delay No path found
DSP48s 4 out of 192 2%
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UP CONVERSION (VI)

Mixer.

* Comparison between real and theoretical results.

AR e nctnd sigd

radisampie

Matlab Simulation

Code Composer Studio graph of a
real-time execution




RECEIVER

Receiver Diagram.

Bit
syncronism

Clock

——@7 cic Sliding Goertzel lN
decimator

IF signal i
s ADC NCO Decissor Binary
Processing

éé, (?IC Sliding Goertzel lN
decimator

FPGA DSP

Pt M 'ﬁ’




DOWN CONVERSION

Mixer and Decimator CIC.

x[n]
—D—> H—> D—> H—> D—> {Llcic ' — o — o yin]
i Y A Y 4 Yy A vy 4 Y TARAAY. TARANY: TARARY. AR 'y
73 z* z* z* z* z* z? Zin Zin Zin
S N o) L S J
Diferenciators Pipeline

Integrators Pipeline
9 P Take one sample

each L¢ic samples

Graphical comparison between real and theoretical results.

Real Part

= @ o= om
T
p—

TTe—]
B |
L i —

I l TR P PR P T P P T N N T mlé; ﬂ"m ,;:;65(* FHE
Matlab Simulation Code Composer Studio graph of a

real-time execution
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DIGITAL BASEBAND DEMODULATOR (1)

Digital Baseband Demodulator.

* Goertzel Algorithm. (One filter for each frequency)

x[n] hk [n] :WN—kn . u[n] >§ X[K] S

n=N
_j2r
YNSRESIE RN
» Sliding Goertzel Algorithm.
2
j—K
A SiKI=e " -(S,[K]+XIN] - x(0])
X X zl
ol T vy Y X[n] S s o
: ’ I I ,,,,,,,,,,,,,,,,,,,,,, W ,,,,,,,,,, R oGy >
Q:1-2+-3 N-1 N
* w1[n] 4 > <
| | N -1
Sin] 4 Z z
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DIGITAL BASEBAND DEMODULATOR (I1)

Goertzel Algorithm.

* Comparison between real and theoretical results.

Output of Goertzel computation at f; and taken samples

1 = A

1.6et?

LU A =L AP AR LA

LA\ b A0

0 : 500 : 1000 1500

1Bt
1 BetT

Output of Goertzel computation at f; and taken samples |—‘
0.5 - -B.0e+E:
4 53*7‘ T T T T T T T T T T T T T T T T
i R - R SN 1/ R SN [ b v N - T I N 1 A -7 I
N H H H Time Lin Fived Sedle

) B 500 1 600, : 1500

Matlab Simulation Code Composer Studio graph of a
real -time execution
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BINARY PROCESSING (lI1)

Binary Processing in the Receiver.

Input
pu Output

* Performed in the DSP
* Binary Processing at the Down el el
Channel

e Auto-synchronized Descrambler

1D| 11| 12| 13| 14| 15| 1B| 17| 1B| IQ| 2{]|

B Xor( R, R9)

Xor(R3, R20) A

5-bit counter

e Viterbi Convolutional Decoder,

based on the Viterbi Coprocessor
of the DSP D
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CONCLUSIONS

Proposal of a design and implementation of a 2-FSK continuous
waveform.

~

Based on Software Defined Radio design.

Software Defined Radio Concept: “ Place data converters as close as
possible to the antenna”

Modular architecture
Other possibilities
e Tradeoff between complexity and hardware utilization

Comparison between theoretical results and the real time results we
achieved.

/4
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