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COSEDA® Hardware in the Loop Simulation

Introduction
A System level design A Hardware in the LoopliL
A SystemC, SystemC AMS, UVM, VHDL/Verilog A Processor, FPGA, connectivity to External Hardware

FPGA
Testbench
DUT
Digital Parts
External
Analog Parts Hardware

(Environment/Stimuli)

A Used to test and develop complex reahe embedded
systems
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COSEDA® Hardware in the Loop Simulation

Motivation

A Reuse / simulate COSIDE® system models/testbenches in a I
environment

Testbench

A Reuse as much as possible from the COSIDE system level mogdel: ot

~ . . . . . Digital Part
A Stimulino need to rewrite, for real hardware lab validation orere

Analog Part

Re-use

A modeledEnvironmentof complex systems

ith fi Environment/Stimuli
( e.g. processor with firmware) (Environment/Stimuli

A Analog Partbefore analog test chips are available,
very low hardware costs

A Digital Partas FPGA prototype

A Substitute parts of the model by real hardware / FPGA {sfbar [ External ]
simulation speeedlp)
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COSEDA® Hardware in the Loop Simulation
Flow¢ From COSIDE® System Level Model towards Hardware in the Ezapple Partitioning

A SystemC fAMS model has to be mapped to either processor, FPGA or into external hardware

A Steps from the System Level Model towards #iksimulation:

/ COSIDE® \

System Level Model

4 )
FPGA

SystemC// ! Verilog /' VHDL
. External
\\ -/ = Reallhardware Hardware

*if Verilog/VHDL implementation is available this can be skipped
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interface

FPGABIitstream




COSEDA® Hardware in the Loop Simulation

Conclusion

A SystemC / AMS parts are-used on the
processor

Testbench

DUT
Digital Part g
Analog Part i
)/

A HLS can be used to convert SystemC into
synthesizable Verilog/VHDL (even analog
parts can be modeled as digital filters)

; - Extennal
A Constraints for this partitioning: i [ Hardare ]
processor speed, FPGA size;ddDint,
CPU<>FPGA interface (timing and | SysemC/AMSreuse
bandwidth) iSO
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COSEDA® Hardware in the Loop Simulation
ZedBoard Example of the Zyr@000 family

A ZedBoard System on Chip (SoC)

Processor

A 2x A9 ARM cores 666 MHz and 512 MB DDR3 RAM

A Neon floating point unit

A Ethernet and SiTard

External
Hardware

A Programable logic with 85k logic cells (FPGA)

A Fast interconnect between processor

and FPGA
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COSEDA® Hardware in the Loop Simulation
ZedBoard I/O

GBIt Ethernet

B

XADC headers

FMC (LPC)

Push Buttons

PMODs Slide Switches

Picture source: amazon.de
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COSEDA® Hardware in the Loop Simulation
COSIDE integratiorzedBoard Pack

A COSEDA provides a ZedBoard pack
g T
A Reaidtime patched Linux system 4 CDSEDA
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A GCC cross compiler with hard float neon support

A SystemC with ARMv7 Quick Thread patch and
SystemC AMS

A Full COSIDE® library stack 800+ elements cross
compiled for ARMv7

h _ SystemC AMS
S Y S T E M C“ 1191101 111 DTHOGHENEIDIONIOOND
PRO0OF OF CONCERT
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COSEDA® Hardware in the Loop Simulation
COSIDE integratiorschematic

A Graphical partitioning within COSIDE®

A Sync modules couple between CPU(PS) and FP

A For data and time synchronization

A FPGA USER_TOP contains the part which will be |

In the FPGA bitstream

A High level synthesis can be used

A SYSTEMC_TIMER_COM_DUMMY

A Provides FPGA clocks to the SystemC model

SYSTEMC_TIMER_CO

provides FPGA clocks
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FPGA_USER_TOP
contains custom
FPGA part
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Synchronize data between
processor and FPGA
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COSEDA® Hardware in the Loop Simulation
COSIDE integratiorCPU (PS) and FPGA(PL) Interface (sync modules)

A Highly accurate time synchronization mechanism between the
processing system PS (CPU) and programable logic PL (FPGA)

i_F’L_'_I'SS_ZF:S>3
A PL_TO_PS uses a FPGA clock to capture data at a precise ,_, . ) o
point in time FL_TO_PS B
A PS_TO_PL uses the same clock to write the data at a preci ey .o, (0 055
points in time
A Interface consists of 8 channels each 32 bit wide
i PS_TO PL3

<sC_uint<16> >

data_i P S_TO_P |_ J fpga_out_o

A Both direction can handle template types
castable to a 32bit integer

channel = 2
time_delay = p.write_delay

A The range attribute allows the combination of smaller fange = (31,0}
signals into an 32bit integer
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COSEDA® Hardware in the Loop Simulation
COSIDE integratiorPartitioning

time(150,5C_US)

sampling_time = sc_care:sc_t
architecture = "FRGA_USER_TOP_SIM"
write_delay = sc_core: sc_time(145, SC_US)
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COSEDA® Hardware in the Loop Simulation
COSIDE integratiorVivado Tool integration

A COSIDE manages Xilinx flow including the bitstream generation
via build targets

A COSIDE manages the Xilinx environment

(@) ZedBoard FPGA 1) init xilinx projects
(@) ZedBoard FPGA 2) generate bitstream
(@) ZedBoard FPGA 3] deploy bitstream
(@ ZedBoard run simulation

A generates Block Level IP of the users
Verilog part

A Includes a coupling IP for timing and data synchronization

A Manages the constraints file to describe interface to external hardware

A COSIDE allows bitstream generation and live deployment to the ZedBoard
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COSEDA® Hardware in the Loop Simulation

COSIDE integratiorsimulation control frontend

Retrieves trace files

Deploy executables to
the ARM Processor

Pipe executable output
back to the console
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