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Part 1. Hardware/Software Co-Design Workflow

Target SoC architectures like Xilinx UltraScale+ RFSoC devices using Model-Based
Design. Build Simulink models of hardware/software platforms to make design
decisions.

Part 2: System Specification and Design

System specifications for a range-Doppler radar are the driver for
hardware/software implementation decisions when targeting SoC architectures like
Xilinx RFSoC devices.

Part 3. Hardware/Software Partitioning
Perform simulation and analysis of the SoC architecture of the Xilinx RFSoC to
investigate hardware/software partitioning of the range-Doppler radar algorithm.

Part 4. Code Generation and Deployment

Use SoC Blockset to automate the process of C and HDL code generation from
Simulink models, and to automatically deploy the range-Doppler radar algorithm to
a Xilinx ZCU111 development kit.

Search Videos

www.mathworks.com/videos/series/developing-radio-applications-for-rfsoc-with-matlab-and-simulink.html
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FILE MANIGATE EDIT EREAKPOINTS RUN A
Lol s ﬁ Ei‘i ¥ C: ¢ Demo b Range_Doppler_Alg_Refinement ¥ -0
E Editor - run_Range_Doppler.m ¥ % Project - Range_Doppler_Alg_Refinement . Woarkspace 1O
|' run_Range Dopplerm i | th_Range Dopplermlx |T| Mame = Value
15 %% Simmlate radar targets and run Range Doppler processing . <[1] filterOutDT ‘double’ -
1& =. FPGACIkRate 125000000
17 % Create radar dacta cube 11 Fs 250000000
18 = radarDataCube = creatsRadarDataCube (cxSignalFullPeriod,Fs, Fe, ... % fupt_mode 0
1% targetPoa, targetVel, targetRCS, ... [ hammingDT ‘double’
20 RngMax, ExActiveTime, RngGate, ... @] hwav Ix] LinearFMWavefor
21 CPILength, NumCPI, CPILength*pulsePeriod); ] ii 33
2z £ || inputDT "double’
23 & Range Doppler procesaing :' 4091
24 — RangelopplerBesponse = phased.RangeDopplerBesponae| ... (] lambda £.0200
25 'OperatingFrequency', Fc, m 1 Iﬂgmul‘t I Dataset
26 'RangeMechod", "Macched filcer', ... ""‘“""'“‘?‘c“m J2ci complex double
27 'PropagacionSpeed', propSpeed; ... R [3346,1]
. : H =[] mdIRefOT ‘double’
4 ‘SampleRate’, Ta, ... - mdIRefTs 3.3384e-05
29 'DopplexFETLengthSource’, "Propertv’, ... ] MemChDD1BusObj 11 Bus
30 erFFTLength', VelDimlen, ... =] MemChDD2BusObj T Bus
=fr| plerWindow®, 'Hamming®, ... | MemCtriDD2BusOby Tx1 Bus
32 'DopplerOutpue”, "Speed'): n 0
i [i= RangeDopplerfut = complex(zeros(size (radarDataCube))): 1 nn 171613
34 = for ii=1:NumCPI { NumChan 1
[T resp = step|(RangeDopplerResponse, radarDataCube {:,:,ii) matchingCoeff) ; MumCP| 5
36 - RangeDopplexrOut (:,:,ii) = abs(resp); out Tl SimulationOutpus
37 - end [ outputDT ‘double’
35 @ pixelcontrol Ix1 Bus
3@ % 2D CFAR Detection : PRF 2595e+ 04
40 - detector = phased.CFARDetector2D(... T propSpeed 299792458
41 'TrainingBandSize',CEARTrainBegion, ... - PUISEBW_ 125000000
42 'GuardBandSize',CFARGuardRegion, ... pulsePen:nd rsaaas
43 'FrobabilictyFalseflarm' ; CFARProb) ; EE ity Vi
i - 1 pulseWidth 1.2800e=07
44 - B Detectioniap = boolean(Z=ros (size (radarDataCube))): =. pulserdthSampla 12
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Section Maximum Average Maximum Average Self Calls
Execution Execution Self Timein  Time in ns
Time inns  Time in ns ns
range doppler softwa_initialize 860 860 860 860 1 [z 4
[-]1range doppler software [0.1 0] 478714177 475864990 2550 2236 5 [z 4
Transpose 83062620 81849649 83062620 81849649 5 [ 4
DTC 23243053 21569826 23243053 21569826 5 [z 4
[+] EET 372470295 372443279 1550 1426 5 [z 4
4 range_doppler_software
(PIL)
single (c) L“‘ "024] T{E \_l_
frameln frameQOut v .
[512x1024] = FH H v
4096 x 512 frame
LN

int16 (c) [1024x51 2]’
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Setup
%5 Preparation Results
‘%% BaselineRun_2

¥ Model Hierarchy Q
=] #g Simulink Root
H Data Objects
B Range Doppler_fixpt
Detection
DopplerFFT
Enabled Subsystem
fe=| FFTBuffer
RangeDopplerHW
Rx_Data

Results
Name CompiledDT SpecifiedDT ProposedDT SimMin SimMax L+
13  MatchadFilter/Matched F:'th_ fixdt(1,29,21) fixdt(1,16,16) fixdt(1,16,16) -0.426424503... 0.4199137687... =
1& MatchedFilter/Matched Filts...  fixdt(1,29,21) Inherit: Inherit ... nfa -0.426424503...  0.4199137687...
i3 MatchedFilter/Delay boolean nia
g HammingWindow/valid_out Inherit: auto nia
g HammingWindow/valid_in boolean Inherit: auto nia
g HammingWindow/data_out Inherit: auto nia
g HammingWindow/data_in fixdt(1,16,16) fixdt(1,16,16)
13 HammingWindow/VelDimCo... boolean boolean nia
13 HammingWindow/VelDimCo. .. Inherit: auto nia
g HammingWindow/VelDimCo... boolean boolean nia
’% HammingWindow/VelDimCo... fixdt(0,6,0,'Dat... nfa
e HammingWindow/VelDimCo... boolean boolean nia -
Visualization of Simulation Data
Histograms of all results in the model =
D1Z | | L e o e e e iiceiieeoa.
of| o ). )EEmmmm . _______________________.____. . SEEEEEm______ S
W N N ™ s =
un}
L
S
Rl | s
N T
Tl e —  Overflows
- Representable
—— In-Range

v Result Details [}

Range Doppler_fixpt/RangeDopplerHW/MatchedF =
ilter/Matched Filter : Output

Proposed Data Type Summary

Property Proposed Data Type  Specifi¢
DataType fixdt(1,16,16) fixdt(1,16,1
Minimum -0.5 0.5
Maximum 0.4999847412109375  0.4999847.
Precision 1.52587890625e-05 1.52587891
4 3
Ranges used for proposal

Property Minimum Maximum
Shared Simu... -0.426424503... 0.4199137687_..
Simulation -0.426424503... 0.4199137687_..

Simulation Data Overview using fixdt(1,16,16)

Qe

D 2t

Values | Potential In-Range Potential
Overflows Underflows
Positive mo W 174882 1788
Megative %0 % 349618 1766
Zero 0 1074380 0

Proposal Details

+ There is a requirement for the data type of this
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A 2x Vector FIR

[J show enable port

External reset: None - _

; sfix28 En22 (c) q
ofix12 Enii (c) o1 I J sfix30 En22 (c) R
. avan_in : . sfix28 En21 {c) -1 sfiv28 Hn21 (o)

2x parallelism —

sfix12_En11 {g) [2x1] chi In rI V r ” | r m sfix30_En22 (c) [2x1]
D s terleave parallel streams| (D)
data in sfix28_En22 (c) . data_out

1 +
add_in ' sfixd_En22 ()
sfix12_Enil {c) g 5 slix28_En21 (c) / \ . >
chz
Match pipeline delays to align parallel paths
baal alalel
valid in valid out
FipelineDelay
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Developing Radio Applications for RFSoC with MATLAB &

Simulink

Part 1. Hardware/Software Co-Design Workflow

Target SoC architectures like Xilinx UltraScale+ RFSoC devices using Madel-Based
Design. Build Simulink models of hardware/software platforms to make design
decisions.

Part 2: System Specification and Design

System specifications for a range-Doppler radar are the driver for
hardware/software implementation decisions when targeting SoC architectures like
Xilinx RFSaoC devices.

Part 3. Hardware/Software Partitioning
Perform simulation and analysis of the SoC architecture of the Xilinx RFSoC to
investigate hardware/software partitioning of the range-Doppler radar algorithm.

Part 4. Code Generation and Deployment

Use SoC Blockset to automate the process of C and HDL code generation from
Simulink models, and to automatically deploy the range-Doppler radar algorithm to
a Xilinx ZCU111 development kit.

®]L[z1[eelnnlng | Prototype Platform for Imaging Applications

oli- | Accelerating Design, Data Visualization and
Analysis of Analog and Mixed-Signal Systems
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SDR Solutions with NI Hardware and

NI MathWorks Software

Products and Solutions

HDL Code Generation and Verification

MATLAB for FPGA, ASIC, and SoC Development
HDL Coder

HDL Verifier

Fixed-Point Designer

SoC Blockset
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