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MATLAB golden reference

Create input stimulus Tx Signal (real)

o

function [ CorrFilter, RxSignal, RxFxPt ] = pulse_detector_stiq % Create matched filter coefficients

.

] CorrFilter = conj(flip(pulse))/Pulselen; 1

% Create pulse to detect i ]
rng( ‘default’); f # Correlate Rx signal against matched filter } ' B0 1000 3500 200 1:: 000 9500, 4000 4300 5000 1
Pulselen = 64; 4 Filterout = filter(CorrFilter,1,RxSignal); " {

- 2=z gna }:

theta = rand(Pulselen,l1); f f { RSignal fredt) 3
pulse = exp(1i*2*pi*theta); ] % Find peak magnitude & location ! 1
1 -
b [peak, location] = max{abs(FilterOut)); ; ¥

% Insert pulse to Tx signal
rog('shuffle");

TxLen = 5868;

Pulseloc = randi{TxLen-PulseLen*2);

P e eI S W

TxSignal = complex(zeros{TxLen,1));
TxSignal(Pulseloc:Pulseloc+Pulselen-1) = pulse;

T SN U A e N
honind o Ao AL

A

% Create Rx signal by adding noise
Moise = complex(randn(TxLen,1l),randn{TxLen,1));
RxSignal = TxSignal + Noise;

0

1000 S0 2000 2500 300 500 4000 450 S0oo

B A e A B0 e e P o A e ol O o™ PR VN Ny p—1

% Scale Rx signal to +/- one
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Peak found at Z_E!EEI with a value of 2.007e-01

Hardware friendly implementation of peak finder :
Instead of calculating the maximum value of the entire frame, we look for a local {
peak within a sliding window of the last 11 samples using the following criteria:

= The middle sample is the largest

= The middle sample is greater than a pre-defined threshold

]
1
- :
1] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 ]

WindowlLen = 11;
MidIdx = ceil(WindowlLen/2);
threshold = ©.83;

» Putse Delectonmag =g out

IFTRTTERY VORI, RS TV TV FFNPINY NPTV TP T W UVIOY T § WUV VP [T VPR PPN T PT § [ RVN 1) PRpoyTs
% Compute magnitude squared to avoid sqrt operation
MagSqOut = abs(FilterOut)."2;

Putse Deleciodides

o

% Sliding window operation
for n = 1:length({FilterOut)-WindowLen

]
i
)
1
!
]
i
|
{
d
{
?
i
L
{
E
!

% Compare each value in the window to the middle sample via
o DataBuff = MagSqOut({n:n+Windowlen-1);
L'Local Peak MidSample = DataBuff(MidIdx);
Stream iﬂpUt data using ’ CompareOut = DataBuff - MidSample; % this is a vector
"Signal From Worspace” block % if all wvalues in the result are negative and the middle sa
/ o b % greater than a threshold, it is a local max
o s Compme Power tweshon if all{CompareOut <= @) && (MidSample > threshold)
% Simulate model RxSignal - peak 2 - Midsample;
= [ 1 "L nt i = Wi - . 4

sim('pulse_detector v1') — - onsta . location_2 = n + (MidIdx-1); ]

Ignal From —’ t

Workspace Re l_ > X —pl+ D~ . e o . e )
% Correlation filter output i) f mag s out] |} 11 T 2

. num elays ataBu atected
FilterQutSL = squeeze(logsout.getE : el ’-\_ 1—-’ » 4
1 n - -—’Q
compareData(real (FilterOut),real(F nEes C
compareData(imag(FilterOut),imag(F :
Stores and outputs_ MATLAB Function /
previous 11 values
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ML vs SL correlator output (im) , max error = 9.714e-17
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Design Under Test ks Lk b, | Ack
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Peak location = 1485, magnitude = 2.@44e-01 using global max
Peak locetion = 1485, mag-squared = 4.1782-02 using local max
Peak mag- _,quar‘ed from Simulink = 4.,178e-902, error = 2.0882e-17
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FFT HDL Optimized

Compute the fast Fourier transform (FFT) of a complex or real input.

The FFT implementation is optimized for HDL code generation.

Main  Data Types  Control Ports

AF -
_ra Parameters
B ——————— o
itk daiaDuil i fx16_En15 (¢) Bfx23_En15 (¢) r
e (s defaf————  FFT length: 128 IE
PEE K2 X . FFT
Hf;ggfz*{fd Architecture: Streaming Radix 22 v
xolem valid vaiig 22 Complex Multiplication: |Use 3 multipliers and 5 adders -
[Pl + [J output in bit-reversed order
General [ 1nput in bit-reversed order
Implementation [ pivide butterfly outputs by two
Gareralion af & thnasheld sigral via averaging fiter
Architecture default
——calin thrashold Ot :. :l K Implementation Parameters )
L~ : o ? | oK Cancel Help Apply
Gain 3 ConstrainedOutputPipeline |0 -
Averaging_Filer M
bt e o e B B e e B e e e el e B e dn b s, A . e R e e e j InputPipeline |1 ]
OutputPipeline [1 |
OK Cancel Help Apply
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num(z)

sfix40 En37 (c)

Compute Power

Reduce multiplier input
word size to 18-bit

sfixi6_En14 (CL

S Ny a———

filter_out

Use full-precision for
DSP block mapping

/X

Reduce mag-squared output
word size before next stage

R
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HEES4: Fixed-Point Designer

Fixed-Point F P Y N E SR

HESHEIRERESEE Designer £ H 2l HOERAIS B 1TIE REHTHR

Kb 1 3K F = kL LE S 3t =
E’ﬂﬁ?&xﬁzj /E%@chgzj XTJ-H:ZIZI%
Simulafion Ranges | ™ & cfings = -_— L& e[ -
pulse_detector_v2/Pu... -
Derived Ranges ™ Collect MATLAB Functions Propose Apply Simulate with Compare
EB Fixed-Foint Advisor Ranges~ Data Types Data Types Embedded Types~  Results
FREFARE SYSTEM COLLECT RANGES CONVERT DATA TYPES VERIFY
MODEL HIERARCHY Fesults
=] ®g Simulink Root Name «  Run CompiledDT SpecifiedDT ProposedDT Accept SimMin SimMax ©)
£ Data Objects e Compute Power/Add : Accumulator Ranges(... double Inherit: Inh... nfa 0 00714272
= ulse detector w2
B T - Compute Power/Add : Output Ranges(... double Inherit: Inh... fixdi(0,16,19) o 0 0.071427:
[+] [Pa|Pulse Detector
L Signal From '-ﬂ-'orI-cSpQ Compute Power/Product Ranges(... double Inherit: Inh._. fixdt{0,16,19) v 0 0.071357¢
ﬂSIgﬂEl From ".u"l."Ofl‘(Spﬂ [T o PR | o T e | " f Araalala S P o oA AC 40 F n M n4CcC705 -
3
L Unit Delay Enabled !
Visualization of Simulation Data
Histograms of all results in the model (2]
RUN BROWSER
- 212 el oo ] = - - - - - - - - _—— - - - - - - - - - - _— - - - - - — . - - - - -
v'| Ranges{Double) [T
E e AU R L o o o oo m o o e e e e e e em e mmeemmem—o- e e e o T _ o N ____._
oo
s e | T T e B e
5 _[____ [ S S
%rls __________________ U RN B i 17T (o TS
Fepresentable
el bl EEEEReh ettt el ettt SR [ B 25T, T
Underflows
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Reduce multiplier input
word size to 18-bit
fix16_En14 fix40_En37 fix18_En15 fix18_En11
zl =" © p Dumiz) e (°)=- convert f——" © P{datain . dataout Sk
1 filter_out mag_sq_out
Compute Power
Reduce multiplier input
word size to 18-bit
fix16_En14 . ingl ingl fix18_En15 fix18_En11
ZIS‘—H(C‘ single [onge(©)y)  num(z) singe ! convert wadata i et =
1 filter_out mag_sq_out
Compute Power
Additional settings
General Ports  Codingstyle  Coding standards ~ Diagnostis  Floatng Polnt Target

Floating Point 1P Library:

Altera Megafunctions (ALTERA FP FUNCTIONS)

Lty e (T rEitg  sedicasc veeter (47 SORITD 311 —- ati.
[ Hance Deroimas | [Fixedpoint _|Floatingpoint |
Agorthm Choice | I LUTs 10k 25k
Mantissa Mutiply Strategy: | AU DSP slices 50 100
Development time  ~1 week ~1 day

& DEMCON

~2X MOre resources
~5x less development effort




HwModeRegister

[ Re HwModeRegister1
> _\—lm
HwModeRegister2

HuwlMndaRaanictar?

PipelineRegister

PipelineRegister1

Resource sum mary

CLB LUTs
CLB Registers 0
DSPs 2

BlockRAMTile 0 ¢ Stack

Requirement
Data Path Delay

Tlmlng summary 3
CLB Registers Requirement 5

DSPs Data Path Delay 2.049
Block RAMTile 0§ glack

b et B e Bl ABIAD i, T

CLB LUTs
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HDL Coder &2

UltraRAM

uint8 S A A SN
x1 (100s of megabits)

Block Parameters: HDL FIFO1

HOL_FAFO (mask) (link]}

uint8
a X2 Implemants a synchronous “First In, First Out* (FIFO) register.
uint8
o
Reguster size: 10

oy, Fm T a | e
4 x4 | PR VY et ETety

-4 uint8 ’[‘ D _,I,Ii : APush ’,‘2 ". : The raz PVFT . |
uiftl 4 y —»— 7 Yres P ¢ - . (Must be aithar a positive integer or 1N, whare N is a positive integer)
x5 I tch Push onto full register:  Waming =

Pop empty register:  Waming -

uint8 -
@_’ X6 ¢ Show empty register indicator port (Empty)

v Show full register indicator port (Full)

uint8 v Show number of register entnes port (Num)
w
uint8 | oK " Cancel Help Apply
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T — AL 1 o FPD: Fixed-Point Designer
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— iEC. IEC Certificotion Kit
=
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- Coding Standards
Warnings Warnungs L. . —-— - S— SIChE: Simufink Chect
StCov: Smulink Coveroge
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9 SiReq: Simuiimk Requirements
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Algorithm Chosce:
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Wireless HDL Toolbox

Wireless HDL Toolbox

Design and implement 5G and LTE communications

subsystems for FPGAs, ASICs, and SoCs

¥ Request a free trial

- 5G. LTE F1 Wireless IP f2LR

. {& [ 5G T LTE golden referencei# {1735 1.E
- FPGA. ASICK SoCER=E
-@#?§%/%f%h% ﬁﬂ?

. 7EFPGA [ #fZ 5GNR ELBE:. — T =
5 Simulink T{E# 1

4\ MathWorks
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https://ww2.mathworks.cn/campaigns/offers/deploying-5g-nr-on-fpgas-white-paper.html?elqCampaignId=10588

Vision HDL Toolbox

Vision HDL Toolbox

Design image processing, video, and computer vision

systems for FPGAs and ASICs

® Watch video § Request a free trial

- ETinpE AR
- SRIVEE(FSCIN
- FPGA. ASICK SoCER=

- S ERANIEIP

- Vision Processing for FPGA

https://ww2.mathworks.cn/videos/series/vision-processing-for-fpga.html
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https://ww2.mathworks.cn/videos/series/vision-processing-for-fpga.html

RF Pixels{E F§HDL Coderjjn REESLH
H7EZyng RFSoC =

° HREX ——

vV R T & RS %?%D%ﬂf&ﬁ%# | — :
HY 7'—52)% B, BT i 1xfl‘ FTIE | 11 |_ =

",
~ - = — — R Poss
Fprsam Crawerat -~ - Ty M [t830 From
° = g || G || S| ke || fomm g | a0c o fnso o BEEDS
< == AL ) Y e favw 1Cs
h— | i —— we Py | | 1y OAC  — At remtren
\/ﬁ ﬁ% MATLABFISimulink SC ) ‘&?ﬁé*

RFScC Data
I u I n 9— )L, ’ MATLAE Oenerated HOL Converters

B HARE R Zyng RFSoCH &R L #1T

31‘:?)% plhsy
=6 1N 1

“By adapting the LTE golden reference model from Wireless
o gﬂ:% HDL Toolbox and deploying it to a Zynq UltraScale+ RFSoC

board using HDL Coder, we saved us at least a year of
\/ o m mlPg N = '\f" =
*&j( i é T I$ Ij" J: E/] I'ﬁfg engineering effort—and this approach enabled me to
v 1X-L—I_ Iit'fk H_J- IEﬂ}AJ—LJ—J ’)—kll\ J complete the implementation myself, without having to hire

an additional digital engineer.”

https://ww?2.mathworks.cn/company/newsletters/articles/verifying-millimeter-wave-rf-
electronics-on-a-zyng-rfsoc-based-digital-baseband.html - Matthew Weiner. RF Pixels
7
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https://ww2.mathworks.cn/company/newsletters/articles/verifying-millimeter-wave-rf-electronics-on-a-zynq-rfsoc-based-digital-baseband.html
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- H DL'f’%ﬁg E:_-}ﬁ HDL Verifier

Test and verify Verilog and VHDL using HDL simulators and
FPGA boards

. FPGAE&.LEE ® Watch video 8 Roquest a froe trial
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Specification

70% —— Root Cause of Functional Flaws
60% = (multiple answers possible)
50% =— /g— =
40% = = = FPGA = ASIC
30%
20% =
10% = = B
O% = | == 2= | == | = === |
Design Error Changes to Incorrect or Flaw in re-used Flaw in purchased
Source: Wilson Research Group and Mentor, A specification incomplete block block or testbench
Siemens Business, 2018 Functional Verification Study specificati




N

FPGALSUF T 2 Ih g A 8] o B

FPGA: Where Verification Engineers Spend Their Time

Project Time Spent in Verification:
2012: Average 44%
2014: Average 46%

2016: Average 49% a Test Planni
2018: Average 50% est Flanning
Testbench Development

Creating Test and Running Simulation

m Debug

m Other

Source: Wilson Research Group and Mentor, A Siemens Business, 2018 Functional Verification Study © Mentor Graphics Corporation l | nbr”
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Simulink Test
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HDL Cosimulation

MATLAB / Simulink
: Reference L
Algorithm Algorithm } Verification
Stimulus “Scoreboard”
HDL Verifier
cosimulation
HDL Simulator
. SE=JHOLHEBEA A — ——
_Detector/dk_
Y XTI R FIEfTHDLAS Gy e iy T e oy e

v ERBAPHRBNEONXEES ¢ Paesomiae S E— —
v SRR TR A N g -

[Pulse_Detector/detected

- f£H HDL i E{5 ELE Viterbi f#i8zs . =l me

PR o Ly < 2 AR -, ! =) -
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https://ww2.mathworks.cn/help/hdlverifier/examples/verify-viterbi-decoder-using-hdl-cosimulation.html

FPGA-in-the-Loop (FIL)

 ERFPGATRIRBITERGE 4 %
‘/ Eﬁﬁfﬂﬁﬁl\]ML/SLteStbenCh Data Alg Analysis
Source
v HDLA g M 5=/ T3 Z|FPGA =

|
|
— FPGA-in-the-Loop :
FIE1T !

v XFFAE RS A F S AR

v BalERERFEELN
Ethernet/JTAG/PCleiz 0

- M FPGA LR BERRHE

\B EXIPO &\ MathWorks
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https://ww2.mathworks.cn/help/hdlverifier/examples/accelerating-communications-system-simulation-using-fpga-in-the-loop.html

HREIERE . AXI Master

- IEFEMATLABSFPGA/SoCREH [4\ ’ﬁ]
HTEIRD ST —

- REIETINE RSN RS, I
ESIPHR— T ENRREH

Memory
- 5MathWorks HDL workflows & 3 “
N AXI Master IP “
AXI registers
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R iER . FPGA Data Capture
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Design to Debug
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. 5MathWorks HDL workflows
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@ DGA Data Captire

Descripion

Capture data from a desgn running on your FPGA boord

| Spectty data Types for the retumed data structurg, and speclty a ool tnpger conditon that
dofines when the data & captured

Bied mrore abont the dirta cagiure svorkfiony

Qetey Werdow Hep

| Cuphors Ot
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SystemVerilog Direct Programming Interface (DPI)

SystemVerilog code

module testbench;
int inl, in2, result;
chandle dpic_h;

import "DPI-C" function wvoid
DPI checker model (
input chandle objhandle,
input int inl,
input int in2,
output int result

)5

myDesign DUT1 (inl, inZ2, result);

initial

begin

inl=6; in2=7;

DPI checker model (dpic h, inl, in2,result);

Sdisplay (V"inl=%d in2=%d result=%d”, inl, in2, result);
end

endmodule
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%71 SystemVerilog UVM 3R

import "DPI-C" function chandle DPI gen wave(O initialize (
chandle existhandle);

import "DPI-C" function voild DPI gen wave(O output (
input chandle objhandle,
output shortint re [64],
output shortint im [64]);

import "DPI-C" function chandle DPI fft checker initialize (
chandle existhandle) ;

import "DPI-C" function voilid DPI fft checker (
input chandle objhandle, input shortint fftin re [64],
input shortint fftin im [64],
input shortint fftout re [64],
input shortint fftout im [64],
output real result);
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