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INTRODUCTION
/IIThe continuous increase of FPGA complexity requires new tools and design flows

/IIMathworks MATLAB/SIMULINK Design flow used since 2008

I Xilinx System Generator (2008-2012)
= SIMULINK add-on with a kernel which permits to generate HDL Code
= The SIMULINK model is designed using Xilinx System Generator library
* Pros
» Wide set of DSP building blocks (more or less the ones in the Xilinx catalogue)
» A cascade of few components permits the implementation of quite complex systems
= Cons
* The generated code was not readable (more like a netlist than RTL)
* The generation time was too long (hours for big designs)
* |f a small section of the design changed, the entire code had to be regenerated
* The generated code is FPGA dependent
= Conclusion: good tool for small designs with a cascade of DSP blocks, not versatile for complex FPGAs
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INTRODUCTION

/[IIMathworks MATLAB/SIMULINK Design flow used since 2008

I Mathworks HDL Coder (2013-Now)
= SIMULINK toolbox
= RTL code technology independent
= The generation time is quite low (minutes for complex FPGAs)
= |f a section of the project changes, it is possible to regenerate the code only in the updated sub-system

/IIReasons to use MATLAB/SIMULINK and HDL-Coder design flow
I Fully integrated platform from system to hardware level (i.e. hardware in the loop)

I There is a direct translation of the binary strings to decimal

I Speeds-up the debug since is easier to compare the FL-Point and FX-Point test vectors
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DESIGN FLOW USING MATLAB-SIMULINK
/Il MATLAB floating point simulator “FPGA oriented”

I Each sub-system that has to be implemented in VHDL is implemented as function

I Reflects architecture on FPGA (datapath and interfaces)
/Il SIMULINK fixed point model (data and control path)

//l Radiation Aspects

I If the target FPGA requires TMR, the sensitive logic is grouped into few blocks (Control Paths)

/Il The Test Bench is also implemented inside the SIMULINK model in order to have a unique model for testing the

design

I The SIMULINK model of the TB can be translated in HDL code

I Synthesizable TB for HW debug/tests

/Il Testing Scripts

/Il HDL Code generation with SIMULINK “HDL Coder” toolbox

/Il RTL simulation with QuestaSim and comparison w.r.t. Simulink model output

/Il Synthesis and Place&Route

/Il Test on hardware (Breadboard with FPGAS)
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DESIGN FLOW USING MATLAB-SIMULINK

/Il The SIMULINK model is RTL synthesis of our design
I FSMs, registers, counters, mathematical operators

walid

«count

outp
I Quantization and configuration defined with MATLAB empyp
script rn g5 | -
/Il HDL-Coder supplies a SIMULINK library . i g |
I Basic blocks (adders, multipliers, relational operators, i
etc.) . > 5
I DSP blocks (i.e. FFT) Yoo
rd_addr

I Memories (RAMs, ROMs, FIFOs) .

)
: Constant
) u

Gain ) 1
b g
Note: In the SIMULINK ) *

Froduct Bit Slice Unit Delay
model, the colored blocks | 3 = ¢ NS ;
are the ones that will be Urary b U ¢ T ;
translated into HDL code s £ Lop

=0 ; S b 1 >RUnil Delay
Compare Logical ) R = it Ri::::l:a
To Constant Operator Uit Delay
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DESIGN FLOW USING MATLAB-SIMULINK

[function [Out_@,0ut_1] = DEMULTIPLEXER_1_2(Select Out,Data_In)

out_@ = fi(e,e,1,0);
out_1 = fi(9,0,1,0);

1o

 selact_out Out_0f
DEMULTIFLEXER_1_2
Hoata_in Out_1 [
DEMULTIPLEXER_1_2
Astate_in
State
3 End_Gount

Reset_Counter

1 Start_Datarate_Dstection
FSM

Enable_FFT_nit:

~
N End FFT

Datarate_Ready
| Reset_Flag_Ready

FEM_DATARATE_DETECTOR

Date: 11/15/2023
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switch int8(Select
case @

out_e(1) =

out_1(1) =

case 1
out (1) =
out_1(1) =

otherwise
out_8(1) =
out_1(1) =
end

function [State,Reset_Counter,Enable_FFT_Initialization,Datarate Ready] = FSM(State_In,End_Count,Start_Datarate_Detection,End_FFT,Reset_Flag_Ready)

state - fi(e,0,3,0);

Reset_Counter = i(@,0,1,0);
Datarate_Ready = fi(0,8,1,0);
Enable_FFT_Initialization = i(0,0,1,8);

switch uint8(State_In)
case @
State(1) = 1; |
Reset_Counter(1)
Datarate_Ready(1) = @;
Enable FFT_Initialization(1) = @;

case 1
if (Start_Datarate Detection == 1)
State(1) = 2;
Reset_Counter(1) = @;
Enable_FFT_Initialization(l) = 1;
else
State(1) = 1;
Reset_Counter(1) = 1;
Enable_FFT_Initialization(1) = @;
end

Datarate_Ready(1l) = @;

case 2
if (End_Count
State(1) =
else
State(1) = 2;

1)

end

Reset_Counter(1) = @;
Datarate_Ready(1) = 0;
Enable_FFT_Initialization(1) = 1;
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% FSM state

% Reset the counter of the FFT input samples

% Set to "1’ the "FLAG_Reset Flag Ready” flag

% '1" for all the samples valid at the FFT input

% Wait a new batch of samples to elaborate

% Read all the samples from the interface buffer
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DESIGN FLOW USING MATLAB-SIMULINK

/lIFinite State Machines

I Combinatorial Process (MATLAB Function)
I State (z'1)

I FSM outputs are sampled

STATE @ bl STATE_D
STATE_REG
L wsiate n
N
STATE
+ convert 1 Count
Ee-se END_COUNT Reset_Counterf——|  book =l »
S il RESET_COUNTER REG_D RESET_COLNTER_REG_O S A
RESET_COUNTER_ -
1 Datarate_Detection <k RESET_GOUNTER_REG
START_DATARATE_DETECTION o -
START_DATARATE_DETECTION - - - FSM
Enable_FFT_Initiakzat » g >
b fesion ENABLE_FFT_INMIALIZATION REG_D e ENABLE_FFT_INTIALIZATION_REG G (&)
D' — » o — J— CFFT ENABLE FFT_INITIALIZATION ENABLE_FFT_INITIALIZATION
- T ENABLE_FFT_INITIALIZATION_REG
END_FFT I—‘ENn;rr, _FFT_ L
END_FFT_DEL
Datarate_Ready |——»| Al >
= Resat_Flag Ready = e DATARATE_READY_REG_D & DATARATE_READY_REG_Q DMARM‘E -
RESET_FLAG READY. e X
RESET_FLAG,_READY FLAG.] - DATARATE_READY_
DATARATE_READY_REG

FSM_DATARATE_DETECTOR
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l DATARATE DETECTOR - OVERVIEW

'

SELECT_INPUT_REGISTER

!

SUPPRESS_CARRIER_REGISTER

!

SELECT_RESOLUTION_REGISTER

-
HR_FBIN_REGISTER

<
LR_FBIN_REGISTER

Date:

112 Ref:

DATARATE_READY

SELEGT_INPUT_REGISTER

SUPPRESS_CARRIER_REGISTER

START_DATA |

SELECT_INFUT

SUPPRESS_CARRIER

SELECT_RESOLUTION

RESET_FLAG_DATARATE_READY

HR_FBIN

LR_FBIN

WE_PREAMBLE_G

1_PREAMELE_C

TEST_BENCH

Template: 83230347-DOC-TAS-EN-007

START_DATARATE_DETECTION

SELECT INPUT

SUPPRESS_CARRIER

SELECT_RESOLUTION

RESET_FLAG_DATARATE_READY

HR_FBIN

LR_FBIN

WE_PREAMBLE_G

DATARATE_READY J

DATARATE [
FIRST_INDEX
SECOND_INDEX [y
DATA_VALID_FFT_OUT [y

FET_INDEX [y

DATARATE_DETECTOR
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= DSP elements
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I DSP element of the Integrated Deep
Space & Radio-Science Transponder
(ESA contract No. 4000125957/18/NL/FE)

I System with heterogeneous elements

I Receives streams of samples and
computes its datarate applying a
dedicated algorithm

///Test Bench

I Supplies data to the Datarate Detector

I Implements the interaction with the
Upper Layer (Leon2FT)
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DATARATE DETECTOR - ARCHITECTURE

From the first input sample
0 10 the last output sample the
START_DATARATE DETECTION 256-Poinis FFT needs 1548
START_DATARATE_DETECTION DATARATE_eADY clock cycles
DATARATE_READY @76MHz = 20.3us
RESET FLAG_READY
ENABLE FFT 1 ENABLE FFT_INTIALZATION
START_FFT| START_FFT DATARATE|
) Fi7 RESET COUNTER: oo
DATA VALID DATA VALD. N -
P
PREANSLE 1 0
PREATIBLE 1C 0wt vaLD_our]| OATR VAL FFT FRST_oex f
0 PREAMBLE_0_C I
PREAMBLE_0_C m
(2)——»Preamaie 1 sc PREAVBLE | n LFFT] LT SECOND_INDEX|
DATARATE_DETECTOR_FSM PREAVBLE 1 5C oToEx
7 PREAVBLE 0 S m
PRENVBLE 050
&5 b= are Fr1 DATA VALD_FFT_ouT]
PREAVBLE |_MAVG DT VATID FFT_ouT
[ T PREAMBLE m
FREANELE. B WAV END_FT| 3 SUPPRESS_CARRIER FRT_INDEX|
we_preaveLE SUPPRESS CARRIER FeTNBEX
We_PRERMELE G
G
G———»{we preamaie sc
WE_PREAVBLE SC G — FrLASs|
= SELEGT RESOLUTION =S
] We_PREAVELE HAVG &
WE_PRERBLE MAVG
7 seLecr weur HRLFEN PeAK |
seLeCTeuT ey RPN PERK1
R_FEIN PEAK 2|
WTFEN PERK 2

DATARATE_COMFUTATION

/Il Datarate Detector FSM

I Coordinates the operations /Il 256-Points FFT (Burst)

/' Manages the UL interface //l Datarate Computation

/111Q Interface I Computes the final datarate

I Manages the interface with other using the FFT result

DSP blocks
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I Quantizing the datapath

DATARATE DETECTOR - CONFIGURATION AND QUANTIZATION
/Il To be more efficient, a MATLAB script is used for

I Loading parameters/constants

I Parametric quantization

114

T
1

SQUARE MODULE COMPUTER: I*2 + Q*2

1
| SQUARED_REG.D &

_SQUARED_REG

O SQUARED REG D

—
0O_SQUARED 0_SOUARED _REG

[l Block Parametes: L SQUARED

Product

Multplyor e . Chioossdamant e or mat prodictand spcty ona of
the followi

2 or 1 fo each nput ort. For example, *+/* performs the operation u1*u2/
g,

b) A scalar value specifies the number of input ports to be multplied. For example, 2
performs the operation 'u1*u2'.

IFther s oy e put por and the Mukplcation parametar s st o lmant-
ise(.*), a single * or / collapses the input signal sing the specified oper
Fowever, 1 the Muliplcaton peramete 5 5 to Mo, a snge * causes the
block to output the matrix unchanged, and a single / causes the block to output the
matrix inverse.
Main  Signal Attributes
] Require all inputs to have the same data type

Output minimum: Output maximum:

[ |4 [o A
Output data type: A [fixdt(Mul_Sign,Mul_Length,Mul_BinaryPoint) ~ | >>

[ Lock output data type setting against changes by the fixed-point tools

T SQUARED REG O

O SOUARED REG.G T
z1 SQUARE_MOD! ._ADDER

Integer rounding mode: |Smplest -
[ Saturate on integer overflow

Q Cancel Help Apply
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1
SOUARE_MODULE_ADDER_D =

SOQUARE_MODULE_ADDER_REG

Block Param¥ers: SQUARE_MODULE_ADDER

Sum

Add o subtract inpus. Specify ons

Main  Signal Attributes
[ Require all inputs to have the same data type

Accumulator data type: | Inherit: Inherit via internal e/ ~E s

Output minimur: Output maxmums
[o o

Output data type: A [ fisdt(Add_sign,Add_Length,Add_BinaryPaint)

[ Lock data type settings against changes by the fixed-point tools

Integer rounding made: | Round -
Saturate on integer overflow

Q Cancel Help Apply
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Quantization

% RREXRAARAAXXXERAXREE X

% Constants definition %

% TXXIXXLIIKSHIEAHENEY, %
N_FFT = 256;

HR_FBIN = 500;

LR_FBIN = 4000;
N_FFT_Length = log2(N_FFT);

£ £
% Datarate Computer Datapath Quantization %
® %

DataIn_Sign = 1;
DataIn_Length = 1;
Dztaln_BinPoin

Mul_sign = @3
Hul_Length =
Hul_BinaryPoint = 8;

Add_Sign = a8; |
Add_Length = Mul_Length + 1;
Add_BinaryPoint = 8;

AddrSamp_Length =
AddrSamp_BinPoint = 83

Datarate Length =
Resolution_Length = 12;

Zero_Sign =
Zero_Length = 18;
Zero_BinaryPoint = 8;

Rounding Method

set_param( 'DataRate_DetectorBurst/DATARATE DETECTOR/DATARATE COMPUTATION/SQUARE !
set_param('DataRate_DetectorBurst/DATARATE DETECTOR/DATARATE COMPUTATION/SQUARE_MOD

set_param('DataRate_DetectorBurst/DATARA

E

Input samples

3

Square Module multiplier

s

Square Module Adder

a®

Samples index

a

Datarate length
Frequency resolution length

a®

DDER', ‘'RAndMeth’, Round’);
DDER', 'SaturateOnIntegerOverflow',

E_DETECTOR/DATARATE_COMPUTATION/I_SQUARED', 'RndMeth','Simplest');

set_param(’DataRate_Detector8urst/DATARATE DETECTOR/DATARATE COMPUTATION/Q_SQUARED', 'RndMeth’, Simplest’);

E_DETECTOR/

set_param('DatsRate DetectorBurst/DATA!

TARATE_COMPUTATION/I_SQUARED', 'SaturateOnIntegero
set_param(’DatsRate_DetectorBurst/DATARATE DETECTOR/DATARATE_COMPUTATION/Q_SQUARED', 'SaturateOnIntegeroO
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DATARATE DETECTOR - SIMULATION

[IIMATLAB Script

I Run floating point simulator and save useful variables in

“mat” file

I Clear the workspace

I Run SIMULINK model —___ = opeceeres

I Create comparison matrixes

I Analyse results

Note: the solver type

is configured in «Fixed-
step» with «Fixed-step
size = 1»; in this way,
each Simulink simulation
point is a clock cycle

15

Date:
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clc
clear all
close all

run DatarateDetector_Simulator.m

clear all

ector.m

ctor_TB.m
Model = 'DataRate_DetectorBurst.slx'; % Set Simulink model name
simout = sim(Model); % simulate simulink model in Fixed Step mode (i.e. each simulation point represents a clock cycle)
TEST = 4;

switch (TEST)
case @ % Validate Test Bench

case 1 % Validate data rate detector

Index = find(valid_in_fft == 1);
M_SAMPLES = [addr_we_pre(Index) i in(Index) q_in(Index)];

Indexes = find(data_ready == 1);
FFT_Indexes_FX = [f_idx(Indexes) s_idx(Indexes)];

E = FFT_Indexes_FX - FFT_Indexes_FL;

case 2
M = [state_tb state_dd end_fft ena_flag rst_flag data_ready];

case 3

M = [state_tb state_dd rst start_det addr_ue_pre we_pre data_valid_in enc_count addr_rd_samp valid i_pre q_pre];

# = [state_dd double(addr_ue_pre) valid_in_fft i_in q_in data_valid_out i_fft q_fft abs_ig double(index_samp) data_ready en_th double(f_idx) double(s_idx) dr];

M = [state_tb rst_tb end_tb valid count tb state_dd data_valid out i fft q_fft final abs fft_valid final double(index samp) sell peakl sel2 peak2 double(f idx) double(s_idx} data_ready drl;

Index = find(data ready == 1);
RRR = dr(Index(1:15:end));

case 4
Index = find(data_ready == 1);
RRR = dr(Index(1:3:end)};

otheruise
disp('No test is foreseen for this configuration')
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HDL CODE GENERATION - OVERVIEW

/[IAssign a name on every net

I Makes the generated code more readable

/IICode generation general settings
I Clock and Reset settings
I Ports and coding style

/IIHierarchy definition
/IIBlack Boxes

/Il Test points for debug
I Preliminary code generation
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HDL CODE GENERATION — CLOCK AND RESET SETTINGS

PARAMETER VALUE

Clock input port clk
Clock edge Rising/Falling
Reset input port reset
Reset Asserted Level Active-high/Active-low
Reset Type Synchronous/Asynchronous

hdlset param('DataRate DetectorBurst', 'ClockInputPort®,'clk®)

hdlset param({'DataRate DetectorBurst','ClockEdge', 'Rising")

hdlset param('DataRate DetectorBurst', 'ResetInputPort’, "reset')

hdlset param('DataRate DetectorBurst', 'ResetAssertedlLevel’,Active-high')
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l HDL CODE GENERATION - PORTS AND CODING STYLE

PARAMETER VALUE

Minimize clock enables On
Enable HDL DUT output port generation for test points On
Minimize intermediate signals On
Generate parameterized HDL code from masked subsystem On
Use «rising_edge/falling_edge» style for registers On
Code reuse Atomic and Virtual

hdlset param({ 'DataRate DetectorBurst', 'MinimizeCleckEnables®,'On")

hdlset param{ 'DataRate DetectorBurst', 'EnableTestpoints’,'On’)

hdlset param{'DataRate DetectorBurst', 'MinimizeIntermediateSignals",'0On')
hdlset param('DataRate DetectorBurst', "MaskParameterAsGensric','On')

hdlset param({'DataRate DetectorBurst','UseRisingEdge",'On’')

hdlset param({'DataRate DetectorBurst', 'SubsystemReuse', "Atomic and Virtual')
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HDL CODE GENERATION - HIERARCHY/TEST POINTS

/I Define which blocks in the SIMULINK model have to be converted in a HDL file

I HDL Coder generates a VHDL file for each SIMULINK Sub-System and MATLAB-Function

I If a Sub-System or MATLAB-Function does not need to be converted in a HDL file, then the
“Flatten” option must be enabled using the HDL Block Properties — in this way the sub-system
is contained within the higher level of the hierarchy

/ SIMULINK IP (i.e. FFT/IFFT) can’t be “Flattened”

P

START_DATARATE_DETEGTION

boolean

RESET FLAG DATARATE READY

DATARATE_DETECTOR_FSM

sTaRT_DATARATE DETECTION
"DATARATE_READY|

[ReseT FLaG ReaDY

ENABLE_FFT_INTIALIZATION|

eno_FrT

ociean
()
DATARATE_READY

swie o

@

Z

SwiE D

STATE_REG

state_in

5 convert 1 Count
END_COUNT END_COUNT_
7 Datrate_ Detoctor
‘START_DATARATE DETECTION. ot
START_DATARATE DETECTION
G NPT DR = N5 _Fr oL a St =
END_FFT FTOEL TR

END_FFT_DEL

END_FFT_

[&D;
RESET_FLAG ReADY

Date:
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RESET_FLAG_READY_

Template: 83230347-DOC-TAS-EN-007

t Flag_Reacy

-
STATE

boolean

Enabia FFT_s

RESET_COUNTER REGD

H

T x

RESET_COUNTER REG

Datarate

iean 4
|Eienil) ENAGLE FFT_NTALZATION REG D = ERRBLE PP NTALZATION FEG 3, &D)
ENABLE FRTINTIALIZATION. ‘ENABLE FFT_INTIALIZATION
ENABLE_ FFTNITIALIZATION REG
‘boolean

H

ST RS
o, x

P oM DATARATE DETECTOR

DATARATE_READY_REG.
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Logging name
Use signal name =
Data
Limit data points to last 5000
Decimation 2
Sample time: -1
Cancel Help Apply
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HDL Properties: DATARATE_DETECTOR_FSM X
General ~ Target Specification
Implementation
Architecture Module -
Implementation Parameters
AdaptivePipelining inherit -
BalanceDelays inherit A
ClockRatePipelining inherit -
ConstrainedOutputPipeline |0 ‘
DistributedPipelining off -
DSPStyle none =
FlattenHierarchy on =
InputPipeline [o |
QutputPipeline | 0 ‘
SharingFactor | 0 ‘
StreamingFactor | 0 ‘
Signal Properties:
Signal name:
Signal name must resolve to Simulink signal object
[ show propagated signals Apply
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HDL CODE GENERATION — EXAMPLE 1

Date:
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HDL CODE GENERATION

G>
SELECT INPUT
]
PreATALE 10 , , o0 D
&) . o FRERVEIE | REG.0 e
PREAVBLE | SC
L. AT ORTANLDEL PREAVBLE | REG
7
PREAVELE | AVG
[ ]
4 I o
PREMBLE 050 [ B
- SRS oATAN.G DL PREAVBLE O_REG
)
PREAMELE 0 MAVG
I
< o ’—|
WE_PREAMBLE C ! e 1 T \VALDN  DATA_VALID| ~ | (1)
TATA VAL FFT REG D DR ALD FFTREE
WE_PREAIBLE_SC L. e T ke IS DATA VALID_FFT
WE_PREAMBLE_MAVG EDGE_DETECTOR DATAVALIDFFT DATA_VALID_FFT_REG M
(D = 3
RESET_COUNTER S W CoUNTER _ D le
[ END_COUNT_REG_D. ! END_COUNT REG O 4
SAMPLEINCOUNTER END_COUNT
COUNTER EQUAL_T0_256 END GOUNT REG
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l HDL CODE GENERATION - EXAMPLE 2

STATE 2 process : PROCESS (clk, reset)
ENTITY IQ INTERFACE IS =

PORT( clk g IN std logic; BEGIN
reset 8 IN std logic; IF reset = 'l' THEN
ENABLE_FFT INITIALIZATION 1IN std_logic; STATE_Q <= to_unsigned( y 2)7
RESET_COUNTER g IN std logic; ELSIF rising edge(clk) THEN
PREAMBLE I_C g IN std_log%c_vector( DOWNTO (); -—- sfjlxlo_Ene STATE 0 <=_STATE D;
PREAMBLE Q C : IN std logic wvector (% DOWNTO 0); -- sfixl0 En8 — —
PREAMBLE_I_SC : IN std_logic_vector(“ DOWNTO 0) ; -- sfixl0_En8 END IF;
PREAMBLE_Q_SC : IN std logic vector (% DOWNTO () ; -- sfixl0 Eng END PROCESS STATE 2 process;
PREAMBLE_I_MAVG : IN std logic vector(® DOWNTO (); -- sfixl0 Eng
PREAMELE_Q MAVG : IN  std_logic_vector(9 DOWNTO 0); -- sfixl0_En8
e itk FSM_EDGE DETECTOR output : PROCESS (DATAVALID IN outl, STATE Q)
WE_PREAMBLE_MAVG : IN  std logic; BEGIN
SELECT INPUT : IN std logic vector(l DOWNTO (); -- ufix2 -- FSM state
DATA_VKLID_FFT g ouT std:lc:gic,T CASE STATE Q IS
PREAMBLE T g ouT std logic_wector(® DOWNTO 0); -- sfixl0 En8 WHEN "00" =>
EEEDMCG?;II;EEQ gﬁ Zig_iggigfiector( DOWNTO ) ; 5fix10_En8 State <=- to_unsigned( , ):
tp DATA VALID FFT REG Q :  ouT std logic; -- Testpoint port Data Valid <= "0';
tp_END COUNT REG @ E ouT std_logic; -- Testpoint port WHEN "0U1" =>
tp_PREAMBLE_I_REG_Q :  OUT std logic_vector(“ DOWNTO 0); -- sfixl0_En8 Teskpoint port IF DATAVALID IN outl = '!' THEN
tp_PREAMBLE_Q REG_Q g ouT std_log%c_vector( DOWNTO ) ; -—- sﬁixlO_Ene ;gmm; port State <= to unsigned( . )
;:F;J_SAMPLE_IN_COUNTER E ouT std logic_wvector (S DOWNTO 0) -- ufix9 Testpoinf port Data)’alid 2= 1t
END IQ_INTERFACE; ELSE
State <= to_unsigned( . 2):
Data Valid <= "0';
END IF;
3 . . WHEN "10" =>
DATA IN I D <= PREAMBLE I C_signed WHEN SELECT_ INPUT unsigned = to unsigned( , -) ELSE
PREAMBLE I SC signed WHEN SELECT INPUT unsigned = to unsigned( , 7) ELSE I DEUEVALID IR @EL S 700 el
PREAMBLE I MAVG signed; State <= to_unsigned( )
- - ELSE
DATA IN I process : PROCESS (clk, reset) State <= to_unsigned( ¢ 2}
BEGIN END IF; )
IF reset = '|' THEN Data_Valid <= '0';
DATA IN I Q <= to_signed( ; De DERL SRR =
ELSIF rising edge(clk) THEN State <= to_unsigned( P
DATA IN I Q <= DATA IN I D; Data Valid <= 'U';
END IF; END CASE;
END PROCESS DATA IN I process; END PROCESS FSM EDGE DETECTOER_output;
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HDL CODE GENERATION - CHECK
/1l SIMULINK Test Bench is converted into HDL code
/Il HDL Coder generates also a “.do” file to help the design compilation

/Il Check HDL code output

I After a transient, the difference between both, SIMULINK and QuestaSim simulation must be ‘0’

/Il Code Coverage

|specified path _|Full path [Type [StmtCount [StmtHits |Stmt % |StmtGraph |Branch Count |Branch Hits |Branch % |Branch Graph |Condition Count.

vsim. wif C:fProge. .
C:/Progetti/ID. 77 77 100.00 21 21 100.00 [
b ;:7:—: C:/Progetti/ID. 7% 76 100.00 I 65 62 95,35 [N
il C:/Progetti/iD... % 36 100.00 I 3 3 100,00
O/ e 3 Complexamultiply. vhd C:/Progetti/ID. 72 68 94.4+ I 37 33 CERE] —
B /b PREAVLE C Int { std_logic_textio.vhd Ci/Software/a...
B M PRERELE C Int TEST_BENCH.vhd C:fProgettifID...
b ﬁgﬁf&mﬁi@m o FFET_256.vhd C:/Progetti/ID. 12 12 100.00 2 2 100.00 G
| 10 interface Ouiput Ci/Progetti/D. .
* Ito/WE_PREAVBLE Int CifSoftwarefa...
B /b/DATAIN I Int C:/ProgettyD.
Py ol CifSoftware/a. ..
Ci/Progetti/iD... 1 1 100,00
C:/Progetti/iD.
;:’;:‘;:ﬁ-:ﬂ": C:/Softwarefg...
Py Ci/Progetti/iD... 37 33 sae ] 21 13 CER2Y m—
C:JProgetti/iD. 118 118 100.00 113 109 96.45 I
['b/DATARATE DETECTOR_UOJFFT_256 UOLIN C:/Progetti/ID... 94 94 100.00 INEEG—_G 14 14 100.00
2 tb/DATARATE_DETECTOR_UOJFFT_256_U0/Q_IN CifFrogetifD. .
' [th/DATARATE_DETECTOR_UO/FFT_256_UO/I_FFT
1/ b /DATARATE DETECTOR UOJFFT 256 _U0/G, FFT C:JProgetti/ID. 154 154 100.00 [ 50 50 100.00 [
|— oro output C:/Progetti/ID...
“ [tb/DATARATE READY_Int C:/Software/q...
8 C:JProgetti/ID. 56 56 100.00 13 13 100.00 [
C:/fProgetti/ID... 59 57 96.61 I 35 34 97.14
Ci/Progetti/iD. .
C:JProgetti/iD. 366 345 94.26 ] 65 57 EPA="] m— |
Sadr Ci/ProgethiID...
3 Ci/Softwarefa...
o AR FEN It C:fsoftwarefa...
C:/fProgetti/ID.... 3 6 10000 NG 4 4 100.00 I
of TWDLROM,.vhd Ci/Progetti/iD... 124 % S| — 52 %% CLR —
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PROS AND CONS
/IIThe designer’s experience has a key role

/Il A good architecture results in better generated code and better performances
(timing, resources)

/IIPros
I Low learning curve (SIMULINK)

I Low development time
= Graphical representation
= The debug is faster
+ Automatic data representation conversion from binary to decimal
 Test vectors generation, simulation and check are performed in the same environment
* Quantization, rounding modes, hierarchy of an entire FPGA can be changed only updating a script
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PROS AND CONS

///Cons

I DSP blocks like FFT and IFFT generate (too) many files
= 1024-Points streaming FFT generates more than 100 files

I Even if is possible to reduce the number of generated signals, there are many “un-necessary”
signals which are instantiated

I HDL Coder doesn’t permit to insert attributes (useful for TMR)

I The are still small bugs in code generation which have to be managed by the designer
= For example “Data Type Conversion” which inserts spurious multiplexer

Date: PROPRIETARY INFORMATION
. This document is not to be reproduced, modified, adapted, published, translated in any material form in whole TI.] I AI A
/// 27 Rel or in part nor disclosed to any third party without the prior written permission of Thales Alenia Space. © 2019 THALES ALENIA SPACE INTERNAL a es ?n Ia
+ B iy IR

Template: 83230347-DOC-TAS-EN-007 Thales Alenia Space



128

Not ref

Template:

PROPRIETARY INFORMATION
Thi

\CE INTERNAL

ThalesAlenia



129

CONCLUSIONS

/II'The presented design flow is used also for designing entire FPGAs (ex. OBP)

I The same code is mapped in different technologies for Bread Boarding activities

= Xilinx Virtex 6

= Xilinx RFSoC ZU28DR (ZCU111 Board)

= Microsemi Polarfire MPF300

= Microsemi Polarfire RTPF500

/Il A single designer can design and manage several FPGAs
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THANK YOU!

roberto.romanato@thalesaleniaspace.com
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