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SAR Geometry

 Use one antenna in time-

multiplex

» Use Doppler shift to obtain

fine azimuth resolution

* Two dimensions

— Range (cross-track, fast time)
» Line-of-sight distance from

radar to target

— Azimuth (along-track, slow time)
= Parallel to radar motion track

synthetic length of SAR

http://www.radart
N R P

utorial.eu/20.airb
orne/ab07.en.htm
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SAR Algorithm

- SAR types ) =
Y A A SUPPCULL RS A
— Airborne or spaceborne L Y gy
— Strip SAR, spot SAR, etc. I = 9|
— Platforms: CPU, GPU, FPGA, etc —
Strip mapping Spot mapping

* Diverse algorithms
— Range-azimuth algorithm
— Chirp-scaling algorithm
— -k algorithm

» Range-azimuth algorithm
— Achieve block processing efficiency@
— Separability of processing in two directions @
— Limited for low squint case @
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Multicore DSP (TMS320C6678): Functional
Diagram

Multicore KeyStone architecture SoC

Fixed/Floating corePac 8 x CorePac Network
— 8 CorePac @ 1.25 GHz l' l' l' CoProcessors
— 40MBSharedl2 ||k s | S || N
_ Performance: 320GMAC, 160GFLOPs,
60GDFLOPs
— Power ~10W@1GHz
Navigator

— Queue Manager, Packet DMA

Multicore shared memory controller
— Low latency, high bandwidth memory
access
3-port GigE switch (Layer 2)
PCle gen-2, 2-lanes Pover Management
SRIO gen-2, 4-lanes
HyperLink J
— Support connection to other keystone TMS320C6678
devices providing resource scalability et
— Provide a 50Gbps chip-level Wlows
interconnect —
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C66x — Core Architecture

« VLIW architecture 2Ke L
. . . |
- Can ISSUG 8 InStrUCtlonS per Program Memory C;troller[PMChWith FTY
Memory Protect/Bandwidth Mgmt o=
CyCle . T . E%— L2 Cachel
C66x DSP Core ETE ) 551R2?qg
* 2 data paths 1632 ::Tmiﬂml'mg“ tch s 58
-bit Instruction Dispa =2
— 4 units per data path Control Registers Z
Boot In-Circuit Emulation ] o . 5"‘::;‘
— Controller *+* Instruction Decode g 15 1 s09exe
) E=
T I Data Path A Data Path B E‘ 2=
— Access cross data path oLic <ol psc lew A Register File B Register File E E?:_ 4 ooan
A31-A16 B31-B16 5 g E
1 : A15-A0 € B15-B0 = 5]
» 64 registers (32 bit) I \ : o
GPSC  +¥ 'R " P £ DMA Switch
— 32 per data path o i -l E2 ool el 23 |-
3] EE
— Can be arranged in dual (64 | =5
or quad (128 blt) registers Data Momory Controlior [DMC) With E’E .
Memory Protect/Bandwidth Mgmt do  |d—e CFEaﬁm:mh
 Single Instruction Multiple =
Data (SIMD)
— Dual or quad multiplies (64 or
128 bits)
i3 TExas
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Multicore Performance Single Core Simplicity
a2 )

Code Composer Studio MCSDK
Code Generation Tools

Develop - Compiler, Linker Openl\/IP

Programming Model
- MCSDK, OpenMP, OpenCL OpenC L

- . .
p Code ore Navigato Customer Applications
omposer
B = ornpos
‘ Studio N 8 x CorePac Network
o C66X C66X C CoProcessors
- DsP psP

OpenMP Programming Layer
Compiler OpenMP Environment
Directives | Library Variables

Application Binarv Interface

Memory Subsystem q

Multicore Shared Memory Controller 0
- |(MSMC) d

Shared Memory 4MB Peripherals & 10

OpenMP ABI
System Elements Parallel Thread Interface

Ovberatina Svstem

N S SYS/BIOS
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*4 c6678

*512 Gflops
*4GByte DDR3
*54W

*1 c6678

*160 Gflops
*1GByte DDR3
10W

*8 c6678

+>1 Teraflop

*16 GByte DDR3
110 W

ADVNTECH
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Range-azimuth Algorithm

* Main steps

Range

range

Transpose

RCM
Correction

Azimuth
Compression

Identified targets
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RCM Correction

° Cause Range time e—
- Instantaneous range change Hyperbolic \\
o : o) S /™
leads to variation in the range & AT
delay that could be larger E \\
than a range sample space < s
« Range-Doppler correction | ~
— Interpolation in range-Doppler Point target signal in memory
domain
Range time 3 Range time =3 Range time =3
< E E
! : ;
Range/azimuth Range/Doppler Range/Doppler domain after e

domain domain 10 correction INSTRUMENTS



Range-azimuth Algorithm Implementation

(time, time)

Ir Range FFT Range

I reference =9 reference

I (time, time) (freq., time)
I Raw data |FET] Raw data

I ) W

(freq., time)

Batch data
loading

11

Iy (R)
DAR —> —
_———
Range compiression |
Range Range | | | — Aj _th ___________ |
IHET Corner [F Imu
comp. comp. RCMC . .
(freq., (time, _P| turning —& . datfa —> (time, freq.) Azimuth compression I
time) time) | | | L(time, freq.) |
I Azimuth Azimuth Azimuth I
| reference —y| comp IFFT comp. _l Post-
K, (R) (time, freq.) (time, (time, proces
I freq.) time) I sing
Geometry L reference |
model : fime, time autofocus
1‘ e ———— Epatappingyhag L —
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Data Flow

Range
Compression

Transpose

ange

yInwizy

DDR3

twiddle] | ref | &
MSMC
v 7k
N == ir?: = T—> MUL
1 IFFT |<—
Azimuth
—
A
Q
L D
4
DDR3
i3 TExAs
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Data Flow

RCMC and Azimuth
Compression

twiddle | | e Sinc coeff.
table
MSMC
@ v
I | > FFT >
DDR3: in_8B
: ] L2
. v —
IFFT [€—[ muL [€
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Muiticore Mapping

 Allocate memory for each
core

0 1 2 3 4 5 6

* OpenMP for multiple
threads runnlng | DM:CH‘-‘DMA'CHHDM;\;M” DMICH‘ |DM:CH1" DM‘;CHHDM‘ACH ' DMACH |
simultaneously e )= =]

controller ‘ L1 ‘ ‘ L1 ‘ ‘ L1 ‘ ‘ L1 ‘ ‘ L1

:‘ L1 ‘ ‘ L1 L1 ‘

I omacH | DMACH ‘ ‘ DMACH | ‘ DMACH ‘ | DMACH ‘ DMACH ‘ DMACH ‘ ‘ DMACH
E S S N

Core0 | 1 l | Core 7
¥ ¥ ¥ v

« DMA read from DDR3

* Local processing i b

Processed data in DDR3

« DMA write to DDR3
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Implementation Profiling

« Setups
— TMDXEVM6678L
— Compiler: v7.4.0.A12012
— OpenMP: v1.0.0.34_eng
— DSPLIB:v 3.1.0.0, (FFT, complex transpose)
— L1D cache 32K, L1P cache 32K
— L2 cache: 128K
— Data size: 4096*4096, complex single precision
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Module Profiling

 Five modules

Range FFT Range Range compression
reference =P reference —I _______________
(time, time) (freq., time) Range Range I I T |
®"’ comp. |IFET| comp. Corner | mu RCMC . .
f — . turni ] data . Azimuth compression I
Raw data FF’T Raw data | | (freq., (time, urning | time. freq. (time, freq.) I
(time, time) (freq., time) time) time)
Azimuth Azimuth Azimuth I
reference > comp. E; comp. i Post-
Batch data (time, freq.) (time, (time, 'I proces
loadi AFFT freq.) time) sing
oading Azimuth |
reference |
(time, time)
Range | . ‘ RCM Azimuth
: Transpose ||=> Azimuth FFT => . ‘ :
Compression P Correction => Compression
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Module Profiling

17
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Total Time

Time: ms

94 ms

=37.6%

\ 250 ms

1600
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Time Breakdown

Time: ms
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compression

Transpose

Azimuth FFT
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Comparison

« GPU benchmark: Nvidia Tesla C1060 (Bisceglie’10)
— Core clock= 1.296GHz; Processor core #=240; memory= 4GB @

800MHz

— Testing algorithm: Range-azimuth algorithm, FFT size 4096
 FPGA: Xilinx VIRTEX-5 (Pfitzner'11)

« Comparison
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20
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Image Example

Azimuth, samples
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3500

7100

“868

7200

4500
7600

$400
1500

£368

76606
6000

7700
2500
6500
7800

7888
3866

8100

4868

900 BID 110000 120015001300 200@00 2500 168000 17003500 1800 4000
Range, samples

RADARSAT: 38km*23km
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Conclusions

e Contributions

— Implementation of range-azimuth algorithm for SAR on
TMS320C6678

— Parallel processing on multiple DSP cores
— Provide benchmark results for a typical 4k by 4k SAR image
— Achieve real-time performance with 4 frames/sec

* Next steps

— Extra modules
* Doppler parameter estimation, geometry information
« Auto focusing, computational intensive

— Larger size FFT (>4K)
— Evaluation with 4 DSPs connected to server with PCle
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Thanks &
Questions
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