Implementation Example
- DSP based Adaptive

Array Antenna System -

Fire Tom Wada

Professor, Information
Engineering, Univ. of the Ryukyus

2009/2/2 System Arch 2008 (Fire Tom Wada) 1



|
-

DSP based Adaptive Array Antenna System

m  DSP based AAA Y /. .-
System for OFDM e e
receiver is shown as a
Implementation
example.

m  The System is
composed of three T A
parts. = s
1. OFDM demodulator '

2. Adaptive Array
Antenna

3. DSP
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"
OUTLINE

1. ISDB-T abstract

2. OFDM demodulator

3. Adaptive Array Antenna System
4. System Design
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" A
Terrestrial Diqital TV in Ja

_ BST—OFDI\/I

56MHz  segment  Modulation:
64QAM, 16QAM, QPSK
Number of sub-carrier
192(Mode2) / 384(Mode3)

Power ‘

................ 13

—

Frequency
m The feature of OFDM

4 Long symbol duration composed by
sub-carriers with a guard time

> Inter-symbol interference is eliminated
» Multi-path distortion to be reduced
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HDTV | Handheld

. QPSK
Modulation (13segment) | (1lsegment)

Data Rate ~15Mbps ~370Kbps

Avallability 2003 2005/E
Usage Home-use Mobile

Quality/Mobility High/Low | Low/High
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" S
Simplified OFDM Receiver Model

- Channel

I I Estimator

Synchronizer

m Accurate and Agile Synchronizer
m Broad Dynamic Range of FFT
m Sophisticated Channel Estimation
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" J
Guard Interval of OFDM signal

m |n order to prevent (n-1)

delay symbol from interfering To Effective OFDM

to n symbol, To

~_symbol=1/fo .

Gl is pre-appended as a copy
of the talil of the Effective
OFDM symbol.

m We call Head-GlIl and Tail-Gl.

Head-Gl and Tail-Gl will be =
used in the AAA signal '

02—

005

processing.
Data: 8K pOintS “0 <_ 2000 9000 4000 G000 6000 7OmO
+ GI: 512 points Head COPY
Gl
8704 points

Mode3:GI1(1/16)
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" B
Adaptive Array Antenna

m  Using multiple Antenna, signals are combined to reproduce a clean signal .
m  Complex multiply and complex addition is used.
m DSP to calculate those weights (w,).

combined

Interference
2009/2/2 N \_/\_/4 ________________ . 8




" S
AAA signal processing

-

~ / | | Coefficients are calculated

Using DSP,

v(t) Combined
Output

|chop2]

Antenna #1 % (1)
—~ (chop1 W,
I t Antenna #2 ] %o()

K-elements

Antennas { | @

chop1 W
\ Antenna #K 0
/ LR =
|| -|chop1 Wi

Sample Input
Signals
(Head GI period)
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Adaptive Processor

Data acquisition
Wieight calculation
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Sample Output
Signals

]

(Tail GI period)



" J
Adaptive Algorithms

m Asynchronous

I(\:/l g‘ I’);: rbrm II’rT]] gli%\téc;/n Wave A;Isgﬂxe Adﬁﬂﬂve
m Synchronous forming Steering
MaX|mum Ra‘“o 1. MRC_ASYN ANY O X
Combining_Syn [2. MRC_SYN OFDM O X
Sample Matrix 3. SMI OFDM O O
Inversion 4. Pl OFDM X o

Power Inversion

Adaptive Beam-forming

Adaptive Null Steering

e Emphasize the desired Signal e Suppress interference signal

Since the algorithm should be flexible, S/W approach is better!
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"
MRC(Maximum ratio combining)

m Coefficients are calculated by cross-correlation
of input signals and combined signal.

MRC_ASYN
X (t) -
=\ a o symbol

W=EXO- Tl
MRC_SYN W
Head Gl = Tail Gl
property is used.
W=E[XO)-Y Q)] S feme

Y (t) W
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1/ CTCamnla NMnAa 'I'r
|V \ |||JC|V| LI

7

Ilnviareinn
IHIVCTI OIV

Na?”

1\
IN

m SMI needs reference signal
Here Head G I= Tail Gl property is used.

R
1 m - ,\* - inveIsion
(M) =—2 XMOY'(0)
S
1 4 - H /- mm
Ro (M) ==> X([HX"({) = oo
ms—= =2 - r
Wopt — R):xl(m) r.xr (m) YA(I)
W
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Pl(Power Inversion)

m Pl algorithm can suppress maximum signal.
=( Power Inversion)

m Here, we try to suppress the Difference of Head Gl and Tail_GI.

D=X(t)-Y({t) X0 YO

Head Gl Tail Gl

R —_ [D . D H ] Ib\\\\l 5 e cor?eulgi:ion
dd —

......... . Rdd

dd ] in:;;);:;
S =[1,0,0,0] !
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" A
Evaluation Condition

Desired

Delay+

Interfe
renece

Base Angle of |Delay Power

signal Arrival [us] [dB]
Signal #1 |DTV28CH -30 0 0
DTV28CH 15 3/8 * Tg 0)
DTV28CH -75 6/8 * Tg 0)
DTV28CH 60 9/8 * Tg 0

Weight

data Hpogt — Beam Pattern

' :z; AAA-OFDM([" DSP DSP

SYSTEM i— interface —{ Board
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File Edit ¥iew Insert T 5 W/ : ' Yo
Help

DEEE \ Az Adaptive Beam-forming

Ilnsert Tools Window

array response (dB)

Angle of Arrival (degres) Angle of Arrival (degrees)

MRC_ASYN MRC_SYN
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I —— MRC_SYM

1 S PO e T .................. _

oy : :

=k : :

@ : :

g B B
= N

o . B

o : :

s B B

o : :

= : 5

_45_ ......... ......... ........ .......... ......... ......... .................. _ 45 ......... .........

0% I R S N TR S N R R % I S S T S S R R
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" S
MATLAB Simulation
[SMI,PI]

o

== Adaptive Beam-forming = tinde

IDEES& | } ATT T Adaptive Null Steering —

Beam Pattern

Beam Pattern

] o T

— aMI :
(1 SR R s LR TR PP PR PR _ OF----
B R I L ] SRR RPN S
B 1 R R R R I I I A R P TR DR -10F---+-
%—15— % 15+
o1 ©
2 -Z0F @ _p0fi
2 : 2 :
L -2t @ 25
5 : 5 :
E _SD— . E _30_

1 1 |. 1 : 1 - : 1 : 1 1 1 |. 1 : 1 -
..-ED -40 -20 0 -.HQI} 40 -..qu.- il B0 . -60 -40 -20 D-...aD 40 o
Angle of Arrival (degres) Angle of Arrival (degrees)

SMI Pl
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" S
SYSTEM DESIGN

OFDM
receiver

Complex
@ T data

Jaunj

DSP
Interface

Gl | W
Adaptive
processor
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" I
DSP based AAA System

Sample
Head&Tail
Gl signal

chop

1k x'l(t]&'f'l[t)
—3 7 / ()

225MHz

o,
XA(1) & v (1)
- p / Y
[ Shuin chop Tws
E X5(t) & y5(1) /
H . I
chop Wy
" C6713DSP U0 ?
Floating Point | DSP Controll Module
DSP 1| [Data Buffer|

» | Controll Signal Generator |

Weight

Complex data | [Wei
G35OM FI—OPS) Adaptive Processor

2009/

C6713DSP
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" S
TMS320C6713 DSP

[Texas Instruments Inc, Floating point DSP]

512points * 4branches

C6/713DSP Head GI  Tail Gl
=] [z
Z| | E = Bt D
= 225MHz IEIEIE iE'\’”FL
(L350MFLOPS) —{EHEHEHS v v
~—~{_Memory Exp
m Internal Memory McBSPs: 3
AlC23 LI MUY ‘ PTEE 432
Program Area:4KB Codec | R ERRERG
ata Area: Res ULl DSP AR ARAE
SRAM:192KB l'H'P_I"? -------------- =)
i 9 Embedded i | Peripheral Exp
Peripheral ITAG - Hewmr wes— :
. i sproCone | | LED || DIP
32bit EMIF £ ol Ex olololel gws | ———— _
A @ | LA <<.__L_GPIQ__|-=
GPIO Host '

EXT_HWI[1-3] DSP_RUN
PC DSP_VALID
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LS.

D

D
O

Q
ad

AI
=

0
LL

O

qv]
-
(-
D

e
-
©

—i

Complex
data

EQ | [TMCC|[ CR

IFFT

[
»

FFT

v

SYNC

RF error compensation

A

Y

CLK error compensation

ﬁ

BaseBand Conversion

1 A/D

AGCr

A

Tuner

]

D/A |
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IFFT}

| |
EQ | [TMcCl [ crR 1|l o & |
Q JIIMCCI[ CR || QA !
Ry R
FET S
' : |
IIIIIIIIIIIIII H i = O
l o o ;!
| Bl |
_ F I I
! . o
_ % !
ol !
“ R =41
PP St ik T & g : 1
! = =}
L_f-o—Ed- -1 - - _ [ |
»SYNC 1= & _
1S S _
| o m |
RF error compensation |« |l m |
1§ < _

)
1L |
» CLK error compensation |

BaseBand Conversion

A Al |Aal|Aa
I 2lg2

A

AGCr

Tuner >

>=D=D=D

D/A 1
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DSP Interface

From 4 Branch Signal To Weight
1

DSP interface

DSP Controll Logic
Write Data Logic

Buffer RAM 9 9aaE

e Parameter FF M

g Q nITlg,

vicos11] (E) 3 4w x 32b | | 4w x 32b L 5 D> g

vacjosii] | <€ X A A
» 0: E
Y3(Z[O:51L1]= m =

Signal| Transfer Logic

‘DSPBoard | | %'P_]C' """"""""""""""""
i CE2 CE1l \ A 4

| SDRAM 1| F| ASH

i (option) TI DSP

| C6713 [ [

| CLK—> LED| |DIP
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" A
H/W — S/W interface timing diagram
w/o DMA

ASYNC mode

Symbol | [ | |
symbol Head '] | il a2l
' Wirite x4 ' Write = ' W rite =
(577 07 o 24 B |
EXT HWI . | : h : h
' X ' 4 ' 4
' | cPuEmE | ' | CcPUEE | ' | CPUEE |
~'l| computation | ‘| computation | 1 computation
. Fead Farameter : Wi rite W :
Select Algorithm '
SYNC mode -
OF DM Symbol [GL \ [G1 ] [ar |
Syrmbol Head J_I \ :I_I :I_I
' Wi rite \ Widte A rite Wdrite W rite WMirte
i e (177, TS (877 o
EXT_Hwl | ]_I : I : I
1 '1 '.1
, }Uﬁ% | | CcPuEmiE |
¥ !
- , |  computation | : |  computation
CPU is used for | T T
: Read P t Write WY
Data transfer | Select Algorthm .




" J
Performance Optimization

m Let processor core to concentrate weight

calculation!

EDMA (Enhanced Direct Memory Access)
==)> CPU core is free for Data transfer

Double memory buffer in DSP
==) EDMA memory access does NOT
conflict with CPU core memory access.
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" A
Double Buffer

m 2 bank Ping-Pong buffer

m 2-port RAM is used for Real Implementation.
Each Port can operate at Different CLK frequency.

—_— e e e e e  — m — — — — — ==

2-port BRAM _ .
Writ . Writer access to
riter - ' Pong Buffer
(OFDM receiver) Ping lg ____________
Writer access to : Pong Reader
Pong Buffer (DSP)

______________________
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Ty ulayia
OF DM Symbol [2-G1] LG BRERE |

=ymbol Head J_| |_| |_|
7T Juialicy: alnlninieieieieieie WO We R~ T T "~ """~ QA WHER —~ """t WY T~
, :| 7 bk :| v b1 :| v bkO R \I
! ' E : w:r ' 1:r I
| Bksell ‘T . . |
: ' | 300us-500Us delay ' ' [
-,——-———- - I oh———— - - I oh—--— - [

I : 5 5
: BlkZelz : : :
|
I ] ,
Nextawn L L N A N /

S y =

DsP_WALID

DSP_RUM

TEoMA

computation with bk data

3
Fead Parameter
=elect Algorithm

1

te W

Wi

L

e e S

Data Transfer
during CPU

computation with bk1 data |
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. EMIF |
Head : : Head Gl ] Head GI !
Gl ) »| [*transferred | XO0Br1[0-511] |
|  Lusing CPU . [ XOBr2[0-511]| 7
i [ Tal Gl | XOBr3[0-511] ) .
Tail —H »| F->{transferred | X0Br4[0-511] | !
Gl i : using CPU e v
N i = = _‘/ e TMSSZO
Tail Gl % |e—] C6713DSP
. [x1Br1[0-511]] MRC|[MRC
| X1Br2[0-511]| ASYN|| SYN
. | X1Br3[0-511]| s || e
ISRAM g . [XiBra[o511]] !
\ \ 1
address \\11 R LT R R CPU
» Data
parameter > Parameter > Transfer
C Weight )
Weight : ngr% 3
- 1 I i
data ; WOBI3 ;
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"
After Optimization

. EMIF ._ . EDMA .

Head GI

i [ Head GlI s
Hg?d ; ] Received XOBr1[0-511] tD_,
| i L_Channel X0Br2[0-511] | | | R
5 ' Head Gl XOBr3[0-511] |
Tail »] P+ Received X0Br4[0-511] | | .
Gl i | L_Channel R Ping Buffer " > v
. SR e | -----PongBulter. - TMS320
" TailGl C6713DSP
X1Bri[0-511] m
X1Br2[0-511] | ! | MRC || MRC
X1Br3[0-511] | | : ASYN || SYN
1 X1Bra[0-511]| ! !
ISRAM > 2 S Ping Buffer :
address \\1 -7 T Pong Butfer SMI Pl
parameter J Pparameter >
:" Weight \\:
Weight | ngr% ’
data WOBr3
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" J
CPU Speed Comparison

ASYNC mode SYNC mode
MRC_ASYN MRC_SYN SMI Pl
Before 343.58us| 364.99us| 470.19us | 413.98us
After 147.54us| 173.64us| 268.15us| 223.95us
Improvement 57.06% 52.43% 42.97% | 45.90%
\ J N _
Y Y
1 EDMA per Symbol 2 EDMA per Symbol

MAX 57%0 Speed Enhancement
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"
Measured Results
IMRC _ASYN, MRC_SYN)]

Delayed Wave Desired Wave Delayed Wave Delayed Wave Delayed Wave Desired Wave Delayed Wave Delayed Wave
Tg)
(6/8* Tq) , (3587 Tg) (9/8 * Tq) . Tq) , (987 Tq)
: : | : l 1 I 1
1 1 1 1 1 1 I I
i : Beam Pattern : i : : Beam Pattern : :
- i | = . : | :
o [
5 -\\\.\ /4/—5 /f/ 5 // d \\\
" \\\ ¥ (/ \ !/ 10 /1/
I~ Py
E 18 \ / \ / \ / g 15 Vs .l/ w\
(3] (5]

-80 -75 -G0 -45 -30 -18 ] 15 a0 45 g0 74 40 -80 =75 -A0 -45 -30 -15 i 15 an 45 60 78
Theta (deg) Theta (deg)

MRC_ASYNA =% MRC SYNA =
BER: 1.30E-02 BER: 4.3E-03
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Delayed Wav? Desired Wave Delayed Wave Delayet(:lg;v;JaTv?
g

Measured Results

[SMI,PI]

(68 *

(3!8 *Ta)

1 1 1
1 1 I 1
' ' ; ;
i i Beam Pattern i i
1 1 1 1
0 1 1 1 1
T
£ /}, \\‘
/ \
E -15 ™ yd
(8]
-20
-25
-30
e -an -15 i 15 kNl 45 Aill 75 an
Theta (deg)
SMIA =
BER: 6.60E-03
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Delayed Wave Desired Wave Delayed Wave Delayed Wave
((ila *Tg) . , (38°Tg) , (8187 Tg)
] 1 1 1
! : : :
: : Beam Pattern : :
] 1 1 1
0 1 ] ] ]
/f-_‘!._\
-5 TN
/ \
-10
¥ \ AN g
B s \ i |/
o /
\f
-25 j
-30
-80 -4 B0 A5 -30 -15 0 15 a0 45 g0 75 a0

Theta (deg)

PI77Z0
BER: 2.40E-03
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SYSTEM PHOTOGRAPH

4 antenna
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m ALL SUBJECTS ARE FINISHED!

m THANK YOU!!
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