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3T Develops Robot Emergency Braking
System with Model-Based Design

Challenge
Design and implement a robot emergency braking system with
minimal hardware testing

Solution
Model-Based Design with Simulink and HDL Coder to model,
verify, and implement the controller

Results
= Cleanroom time reduced from weeks to days
= Late requirement changes rapidly implemented
= Complex bug resolved in one day

A SCARA robot.

“With Simulink and HDL Coder we
eliminated programming errors and
automated delay balancing,
pipelining, and other tedious and
error-prone tasks. As aresult, we
were able to easily and quickly
Implement change requests from
our customer and reduce time-to-
market.”

Ronald van der Meer
3T
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IMAETFF 53 4h

E HOL Workflow Advisor - iir_timing/TIR_LowPass
File Edit Run View Help

@ Find: name and description - J‘ ‘k

4 [ HDL Workflow Advisor
4 38 1. Set Target
'O ~1.1, 5et Target Device and Synthesis Tool
4 [ﬁ. 2. Prepare Model For HDL Code Generation
@ 2.1. Check Global Settings
'o A2.2, Check Algebraic Loops
'o A2.3, Check Block Compatibility
O A2.4, Check 5ample Times
4 g 3. HDL Code Generation
e [E. 3.1, 5et Code Generation Options
@ 3.1.1. 5et Basic Options
@ 3.1.2. 5et Advanced Options
@ 3.1.3. Set Testbench Options
'o ~3.2, Generate RTL Code and Testbench
4 [@ 4, FPGA Synthesis and Analysis
o 4.1, Create Project
4 [E. 4.2, Perform Synthesis and P/R
'o 4.2.1. Perform Logic Synthesis
'o 4.2.2, Perform Mapping
'o 4.2.3. Perform Place and Route
[] 43, Annotate Model with Synthesis Result

4.1. Create Project
Analysis

Create synthesis tool project
Input Parameters

Project folder |hdl_prilise_pri

Additional source files

Run This Task

Result: (% Passed

Passed Create Project,

Synthesis Tool Log:

### Create new Xilinx ISE 13.2 project hdl_prilise_pri\TIR. LowPass ise, xise

### Set ¥ilinx ISE 13,2 project properties
### Update Xilinx ISE 13.2 project with HDL source files

IMFO:HDLCompiler: 1061 - Parsing VHOL file

"C: MyDocuments/AEG_Presentations fcustomers,MHDOL_Seminar_2011/Demas TIR._filter

Morkhd_prifhdlsrc/Filter, vhd™ into library work
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E’ hdlcodervectorims/Ims *
File Edit View Simulaton Format Tools Help

DEES L ER|es ||y o [wm T RERe s REE®

E! HDL Code Generation Report

=101 ]
Produdts =
Contents HF
S Traceability Report for
Traceability Report
P hdlcodervectorims
Source Files
Table of Contents
Ims.v
1. Eliminated / Virtual Blocks
2. Traceable Simulink Blocks / Stateflow Objects / Embedded
MATLAB Scripts
(e o hdlcodervectorlms/Ims
Raset_Waights
\ \ Eliminated / Virtual Blocks
Block Name Comment
<S11>/Input Inport
<S511>/Desired Inport
<S511>/Step Size Inport
F— T i <S11>/Reset Weights Inport
3K <511=/FError Qut Qutport
E5& Traceable Simulink Blocks / Stateflow Objects /
o N Embedded MATLAB Scripts
&25
- ., — - H H
E56 JF w1l s/Desirs reg Subsystem: hdlcodervectorlms/lms
E27 alwavs E(posedoe clk or posedoge reset Object Name Code Location i
o R B <511>/Coefi Ims.v:1137
£28 begin Desired reg process - o Ims.v:582
£29 if (reset) Ims.v:626
£30 Desired reg outl <= 0; <S11>/Input reg Ims.v:438
. - - <511>/Product Ims.v:645 -
631 else =
632 if (enb) I
£33 Dezired reg outl <= Desired;
£34
&35 end
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® HDL Code Generation Repart

x|

| ———.——

Contents

Summary

Clock Summary

Resource Utilization

Report

Optimization Report
Distributed Pipelinin
Streaming and Shari

Traceability Report

Generated Source Files

symmetric_fir.vhd

“Sumn

ummary
Multipliers
Adders/Subtractors

Reqgisters
RAMs

Resource Utilization Report for sfir_fixed_demo

=] my_sfir_fixed/symmetric_fir *
File Edit W¥iew Simulaton Format Tools Help

Fs

=10 ]

Detailed Report

[Expand all] [Collapse all]

DSE&| s R (e =] b = pmo | [Nomal Bk REE

Multipliers (4)

[-] 17xlé-bit Multiply : 4

Report for Subsystem: symmetric_fir

Product

Productl
Product2
Product2

»(2)

delayed_x_out

o

Unit Dlay 7

(TEEED |y T [smig Enin

Adders/Subtractors (7)

Ready

L le Tl
saiefEni0| EZL =00 =1 En10

SEEN -

Unit Dlay4

_‘l'_| sfelE_Ent0
L= |
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Implementation

Implementation Parameters

InputPipeline

ConstrainedOutputPipeline

DistributedPipelining

FlattenHierarc|

- APEZRIE

QOutputPipeline

SharingFactor

StreamingFactor

| ok || cancel || Help
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Implementation

Architecture

Implementation Parameters
ConstrainedOutputPipeline
DistributedPipelining
FlattenHierarchy
InputPipeline

CutputPipeline

SharingFactor

StreamingFactor

m

| »

1

0K

” Cancel H Help H

Apply

Data In

Coefficients —>

20 clock
cycles
needed

Data Out

Dataln ——p— — e e e e e e e m = =

Coefficients — Coefficients —

N clock

Data Qut

Data In

0

AD

Al

AO + A1

- Data Out

A0+ A2

Al + A2

AD+ AT +A2
A3

Data Out
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£ EBHDLRES

£ Simulink Fl BFErThREHR
ABERE

In1 /
-
W HDL Properties: 2-D FIR Fi|t. ) =
Implementation o N @

— 1| Architecture [BIackBo)( hd ] Gv

¥

Implementation Parameters

AddClockEnablePart [on ~| = 2-D FIR Fiter -

AddClockPort [on - l

AddResetPort [on o

ClockEnableInputPort ck_enable

ClockInputPort dk E . . l:F _\&E Eﬁ{%m
N Simulink

Genericlist Hgﬁ D E'%‘
InlineConfigurations on -

InputPipeline 1]

OutputPipeline 0

ResetInputPort reset

VHDLArchitectureMame i
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— Biquad
— Interpolator/Decimator
— LMS

- TZiBEM
— FFT, NCO
— QAM, BPSK, QPSK
— Viterbi, Convolutional, RS, Turbo
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f¥codegen
function [y _out, delayed xout] = mlhdle sfir(x in,

% Symmetric FIR Filter

% declare and intialize the delay registers
persistent udl ud?2 ud3d udd wdS uwde ud7T uwdg;
if isempty (udl)

udl = 0; ud2 = 0; ud3 = 0; udd = 0; uwdd = 07 u

end

% access the previous wvalue of states/registers
al = udl + ud&; a2 = udd + ud7:
a3 = ud3 + ude; a4 = ud4 + uds:

% multiplier chain
ml = h inl * al; m2 = h ind * a2:

m3 = h in3 * a3; m4 = h _ingd * a4;

always [ (posedge clk or posedge reset)
begin : uwd? reg process
if (resmet == 1'bl) begin
ud2 1 <= 0;
end
el=ze begin
if (enb) begin
ud2 1 <= udZ;
end
end
end

agsign tmp 4 = ud? 1;

4\ MathWorks

18



REFTE 2,

S ¥ AYHDLIC MG, 2

4\ MathWorks

19



FRBEENEESCI

m

- BEREXRRARNAETCENRSHFE

- ERERBZARIRE

el

B FIUEE AL

=

- BANERDEAFIAB SR LAUE = 3

&\ MathWorks’

20



HE

]

HIRF RIA TR IREY

1—a
1+ a

RangeMin: —22% — 1
RangeMax: 2**+ 3

single n

single
1 g P+ single
-
Constant
Subtract
—p X
—>
Divide
. —P+ singlg
single
Add
lib_math_gain

out
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BELEER

:single [1x3| 2_1 single [1x3]
[1x3]

I

Delay i w |Single [1x3]
X EEEE— b single [1x3] single [1x3] single [1x3]
(1)), p LD Mt ()
single 71 singlq xR [1x3] [1x3]] z-1 [1x3] [1x3] v
.R ' U-IR I(U-IR) Delay3
Delay1
n single [1x3| 2_1 single [1x3]
1x3
0 [1x3]
Delay2

Yt aolt) = f (Unt o (8) — Inge aa (£) - Rug) - dlt

<math>\psi_{Mt\_ab}(t) = \int (U_{M\_ab} (t) - I_{Mt\_ab}(t) \cdot R_{Mt} )\cdot dt </math>
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S:

E: Exponent
M: Mantissa

Sign

single

Product

(ufixl1)
(ufix8)

(ufix23)

sign  exponent mantissa
|
o0 o0 °
3 3 2 2 0
10 3 2

——single-jmw

Implementation
'l: — g PO UneACK ®

DTC
&)

N

int32m-

UNPACK @
IEEE
Floating-Point @ - | o
Rigorttim —" PACK |n13 singlepm-

AS—p
XOR S
AE— add Adjust Adjust .

US| » just |

BE—— EXponents Rt E)ﬂgnn nt ™| Exponent ¢

Single Precisi ultiply Operators for!
Dl 4
- o

T Multiply . .

Nl Magnitudes —® Normalize | Round #| Normalize CNVH-

u nfp mul_ comp
BORT MLFE |

nfp mul comp
clk => clk,

reset => reset,
enb => clk enable,

nfp inl => Delay outl, -- =ingle
nfp in2 => Delayl outl, -- =ingle
nfp out => Product outl -- =ingle

) F
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4

- R2017ahkR7x
— Add, Sub, Mul, Reciprocal, Div, Sqgrt, RecipSqgrt, Mod, Rem
— Sin, Cos, SinCos, Atan, Atan2, Exp, Log
— SOE, POE, DTI, PID, DTF, Discrete FIR

- JRELRRAR
— 10”u, log10, acos, asin, tan, reciprocal
— Mag”2, pow, conj, hypot, square,
— hyperbolic functions (sinh, cosh, tanh, acosh, asinh, atanh)
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HDL Z&iE

« FEEEIRST AV & R E iR
VHDLE Verilogilik £ &

— BRI ISR HE X+

— AJE{E{AVHDLFIVerilogfh E 28 HhI&iF

L H

- SimulinkEEDAfTEEREKESHE
— Cadence® Incisive®,
— Mentor Graphics® ModelSim® and Questa®

- FPGAZEIMAE (FPGA-in-the-loop)
— BETEFPGA R+ LR, MitFEEEMATLABESimulink9
— BETIMOITAGERE
— F A RHEFMEIEEFESImulink B 8 B 14
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Simulink GEDA{FEREKS{FE

[ ——— —

-
™ ModelSim SE 6.6b

=

File Edit View Compile Simulate Add Wave Tools Layout Window Help
D-s@ @ BB 02 BE S| e AERL
I e e R R ~|
ColmnLayout [A11CoTumma — H D “ &L e ¥ J ENET ] I K- J @) G @ 8
Caumi ey
&Eism ——— H & x| | Objects ——i—— K x| | m| Wave Hdlx
[¥[instence Desic *| .
=+ hd_dut hd = hd_dutick
o line_77 hd_¢ Jhd_duthreset
|-@ delay_process  hd_¢ /hdl_dutick_enable
r _ o line_93 hdl_¢ hdl_dutfni
|-@ delaylprocess  hd_c o
L= g_m_hdl_example_OO?_mq — Do oyl m,:m:;
File Edit View Simulation Format Tools Help —3 ‘;ﬂf—;“ﬁ :::-ﬂ hdl_dutfce_out
- o [ deeydprocess hde fhdl_dutfoutt 0010401000 DB
D zHS = A L = L hEBES - P
@ delay5 process  hdl_c
L@ lne__148 hd_¢ 48 Processes (Active) =i Hdl X
L line__148
L line__150
L@ line__154
Start Simulator (- delay3_process
L@ line__169
l_rLPS @ ne_73
|  Convert @ line_151
Ll‘rl In1 @ line__155
L@ line__171 800040 ns
Sine Wave Data Type Conversion nz outt - 5 I
n3 B-FFT [{oer] @] Dl . | [ ]
= TofosimSre  HDL_DUT  ToCosimSink Spectrum R Trnsapt EE
|—'—'-P | Scope & done =
L|_r| - Convert # Similation halt reguested by I
i Sine Wave1 Data Type Conversion [VSIM 23 j
Now: 800,040 ns Delta: 2 ‘slm‘/hdlju( 799090 ns to 800090 ns. Y
1
Constant
In1  Modelsim
o i)
In2 =) Qut1
N3 sHareemrem
FremCosimSrc  HDL_DUT_mg Compare
Ready 1003
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SoC &t Rk

Processor V0 Mux

Processing System

Flash Controlier Muttiport DRAM Controller
NOR, NAND, SRAM, Quad SPI DOR3, DOR3L, DOR2

S?;I AMBA™ Interconnect AMBA Interconnect

Cortex™ AS MPCor:
32/32KB 1/D Caches

6P10
. 2x SDID .

. with DMA .
2x USB
. with DMA .
2x Gigk
with D%M

Security
AES, SHA, RSA

XADC OO PR oY -
2x ADC, Mux, T le Logic PCle Gen2
Thermal Seasor yeteam (o DSpP 1-8 Lanes

Multi-Standard L/0s (3.3V & High-Speed 1.8Y) Multi-Gigabit Transceivers

4\ MathWorks
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SoC &t Ik

ARM

Processor
Dual Core
Cortex™-A9

Interface

FPGA
Fabric

Design Challenge
= System partitioning
= Functional verification

=  Performance estimation

Implementation challenge

Embedded Processor and FPGA
Interconnect

Peripherals

&\ MathWorks’
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SoC Platform
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FEHE Xilinx Vivado IP #%

- BHIEMMATLABRISIMUlinkF=E /%
HEHINE AP s[5

- GEAXI4EO, BEEE Zynq BY ST e ek nGs |Sohs |t |wie
ARMALIEZE

. Pt BIPRLTT I R XlinX IP

- [ BaselP
Catalog

--I.':",' Basic Elements
--|.-—.' Communication & Networking
"IE‘.‘ Debug & Verification

--|.-—.' Digital Signal Processing
L':",' Embedded Processing

(L] O LY - ‘e - m e e

BE.' HOL Coder Generated IP
¥ hdlcoder_led_blinking_ipcore
:*"E' Math Functions % CustomizelP..
1-1.-‘: Memories & Storage Elements

EIGEF PR

[+ [= Standard Bus Interfaces Edit in IP Packager

E- [ Video & Image Processing P License Status
W

Details Compatible Families

Mame: hdlcoder_led_blinking |

AIgO r|thm Version: 1.0 (Rev. 1)
Interfaces: AXI4

AN the from ) External Description: HDL Coder generated IP
Accessible MATLAB/ *— Ports Status: Production
Registers Simulink “lcense: | Induced

Vendor: mathworks.com

Product Guide

IP Settings..,
Delete IP

X &

Export to Spreadsheet..,

WLNY: mathworks. com:ip:hdlcoder_led_blinking_ipcore: 1.0

Programmable Logic IP Core
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FEHE Altera IP #%

- HEIEMNMATLABFISIMulinkf =4 AT #%

EHNE ARIP#Z%

- BEAXI4EO, BIEiEiE Altera SoC

HIARMALIE 25

- FERREXEaT MIPZEIER

- 5AlterafyQsysiEZ&

SoC FPGA

TRXEEMK

E Library &4 - |
N b,

Project -
L) New Componant,., i

E-HOL Coder Generated IP

‘e @ hdlcoder_led_hlinking_led_counter_ipcore
eaerE
Library
--Bridges

i [+l-Bridges and Adapters

EI Clcu:k and Reset

o Clock Source

) Reset Controller

: ' Reset Sequencer
--Cu:unFiguratiun & Pragramming
[-DSP

(2 HDL Workflow Advisor - hdlcoder_led_blinking/led_counter
File Edit Run Settings Help

Find: A

4 g HOL Workflow Advisor
4 G 1. Set Target
@ ~1.1. Set Target Device and Synthesis
@ 1,2, Set Target Infterface
4 i@ 2, Prepare Model For HDL Code Generatlg
@ 2.1. Check Global Settings
@ ~2,2, Check Algebraic Loops
@ 2 3. Check Block Compatibility
@ ~2 .4, Check Sample Times
4 &g 3, HOL Code Generation
4 g 3.1, Set Code Generation Options
@ 3.1.1. Set Basic Options
@ 3.1.2. Set Advanced Options
@ 73,2, Generate RTL Code and [P Core

= lre ]

1.1. Set Target Device and Synthesis Tool
Analysis ("~Triggers Update Diagram)
Set Target Device and Synthesis Tool for HDL code generation
Irput Parameters

Target workflow: [ID Core Generation ']

'] _aunch Board Manager
'I [ Refresh I
=] Device: [SCSXFLEDEF31CE -]

Target platform: [Generic Altera Platform

Synthesis tool; [Altera QUARTUS 1T

Farnily: [Cydone V

m

Package: Speed:

Project folder: hdl_prj
Set Target Library (for floating-point synthesis support)

Run This Task
Apply

m

4\ MathWorks
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5Xilinx@§ Zzynq &t TEARBES

-  7EHDL Coderd EHF:: 1A Xilinx EDK embedded
system tool

- HDL Coder BJIP#% A] LAE##$HEANEDK &%t
FH

- EHIBEKI (reference design)
- PRIFEHTHBZyngHF LR

I 1<) HDL Workflow Advisor - hdlcoder_led_blinking/led_counter
File Edit Run Settings Help
Find: v G

4.1. Create Project
4 U HDL Workflow Advisor Analysi
4 13 1. Set Target nalyst
@ ~1.1. Set Target Device and Synthesis T it

tool

& Jilirs Piatform Studio (EDK_P.28xd) - Liwork!zyng_video!for_packegendec_prillpa_projizyng_baze t s 1hvedklops_ [System
S it View Foient Hadware Debug Window Help

By £
1 Cataieg

i (] e o () (2 i

“O@% 7o | busbiterfsces | Pors | Addesses

o e ]

NEE

@ =« = O
Descriptian | HeE  dmpos  Bpot Zuemay
(2R A Tocessing System (P5)
& Anelog - I MI Raast |
& Aritametic O |
5 Bus and Bridge | -
i Clack, Reset and Intemept : p— o
# Communication High-Speed | : Laval -
& Communication Low-Speed Cori e
G DA znd Times [ — | fe
i Debug LA — e
[ FPGA Recanfigurabon | L. +
1+ General Furpase 10
[ Interprogessor Communication | -
14 Memary and Mamary Cortrcilar Eonrat
o bl | imrcomnect
14 Pengheral Contraller — oe | I 3
i Pracessar | T
L3 HEE SR T
i Uhility | i,
- vesfcason s ouderne “
1 Video snd Image Pracessing |
[ sz  Local PLores. Faenced i ruwﬂ. sancr || smer | owa  cormg | 1RO | EHghPertsrmanes wce |
WsER | EMio| oo forenats “ags | STk B
“ TogicERICKS or Programmable Logic (PL) aten
<[ (s
ot gt aea o
R == 2t B e | 1
FPe| 8 P | T iy |8 swen v € | @ Gnaineg e |

0@ x
o l[SEJ 8] coczazins _syorenr, metance: pa7s - sre-rramuceion version nav versrica on marawere for sremszest _{

@ ~1.2. Set Target Interface
4 lig 2. Prepare Model For HDL Code Generatior|
@ 2.1. Check Global Settings
@ ~2.2. Check Algebraic Loops
@ ~2.3. Check Block Compatibility

Input Parameters

Reference design: Default system (ISE 14.4)

Embedded system tool: |Xilinx PlanAhead with Embedded Desig =

@ ~2.4. Check Sample Times

4 lig 3. HDL Code Generation
. o — Project folder: |hdl_prj\pa_prj

Run This Task|

Result: @ Passed

Passed Create Project. Project link: hdl_pripa_pripa_prippr

Svnthesis Tool Loz

1 4.2. Generate Software Interface Model
1 4.3. Build FPGA Bitstream
1 4.4. Program Target Device

] L] | v

Browse...

| Help Apply

el INSTAHCE: prov_sys_reset 1 - Bre-Sroduction version nos verifisd on hardware
-------- THSTEWF: AIACK ARTATATAT § - FTRA-FTAMNSTIAT TATSIAN AT TATIFIAM AN RATAEATA FAT
v

g System

Static Memexy Costrober Dyran Nemery Contrader

120-SP1 WAND. NOR 00K, 0012, LPOOR2

o
I sl
, ARM
) Cortex-A9
- dual-core
ﬂ—:—l Processor

Mt Standards Uds (3.3 & Wigh Spoed 1.8V
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Using IP Core Generation Workflow: Sobel Edge Detection

e
= ot
"
s Behavi_Modl
Scurce

= FESimulinkd SERTIEHIRE S _E MRV E L

I0OTO0O0TI

1100101

% AXl4-Lite
%'01, r Blocks
Q.
C Algorithm

ARM Cortex-A9 MP
(Running Linux)

IP Core
> Registers <ﬂ

FPGA
IPCore

K|
< AXI4-Lite
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A

WEFPGASEM _ERIETE)RYXTEE

-  FPGASEIFTEERTIE|4a%E T 48% (511 B 1Y /2 #EATHI33%)

HDL Coder

Manual HDL
Coding

1st FPGA Prototype

2"d FPGA Prototype

M Requirements phase
M HDL Creation

M Final ASIC Implementation

40

M Functional Design

kd HDL Verification

60

80
Schedule time (%)

i Detailed Design

kd Hardware lteration

100
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