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< Design a dual-fuel motor management system
with real-time control

» Hardware Platform Caterpillar 3500
» Diesel
» LNG (Liquefied Natural Gas)

“* High fuel efficiency
» Start up on Diesel and then switch over to a mixture with LNG

. . X\
s Lowest possible emissions . O A

» NO, , SO, , CO, and CH, (methaan) — Pt

*» Easy to retrofit el S S B B
> Suitable for different qualities of LNG - i E===tias & i

\ > Still 100% Diesel as a fall back __ l
| — 's /
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< Focus on motor management control also called
ArenaRed Electronic Control Unit
» Hardware Platform Caterpillar 3500

» Diesel
» LNG (Liquefied Natural Gas)
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Engine Management System

Engine

Secundary
CAT ECU

Actuators Sensors

Primary
CAT ECU

Control
Panel
B

USERI/O  OBD
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Engine Management System

/ ) -

»
¥ Secundary

CAT ECU

Control
Panel

USERI/O  OBD
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**Full controlled by the AR-ECU

» A full fail-safe system
» On-board diagnostics
» Power and Temperature sensors
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s Combustion in each cylinder is monitored by a set of
cylinder pressure sensors

* These allows the AR-ECU to optimize the combustion timing
and gas mixture

* In the exhaust are UEGO A-sensors and temperature sensors
to monitor the results of each combustion cycle

=l @ = O

Diesel

Turbo
Boost Inlet Wastegate
. CEEIEREE Manifold -
Filter Compressor Intercooler Jl_l ,_| Gas @
@
;
3 \

(P) Pressure sensor

(A) Lambda (UEGO) sensor
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AR Electronic Control Unit R
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ALL PROGRAMMABLE

Connectors Connectors.
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*General Interfaces
DDR3 memory
eMMC

SPI Flash
JTAG

RS485 =i
CAN -
Ethernet :

<*Monitor Interfaces
> 16x 12 bits ADC
> 2x UARTSs
> 1x CAN
» 10x PWM outputs

VVVVVYVYVYVYYVY
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s Electromechanical drivers
» High Voltage 10
» High Current 10

**Digital Interfaces
» High Current 10
» Low Current IO
» Sensor Inputs

“*Analog Interfaces
» High Speed Inputs
» Low Speed Inputs
» Analog Outputs

*Misc Interfaces

» LED bank
» Position Interface
» Expansion Connector
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Zynq Architecture
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#

Programmable
Logic:
System Gates,
DSP, RAM

S_AXI_HPO
S_AXI_HP1
S_AXI_HP2
S_AXI_HP3
S_AXI_ACP

EMIO XADC S_AXI_GP0/1  M_AXI_GP0/
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Zynq Architecture con
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Zynq Architecture con
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Interrupt controller

ARM Cortex A9 ARM Cortex A9

Memory controller
core core

CORE|Vision
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Design Flow and [00ls
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Syst_em
(Software I Alopid

_—

> Rgal -time OS gmoa;; %m::
» Drivers -
> APIs .—l [_
> ...

Partner IP ..

»Tools

» Vivado SDK
» Matlab .
&= v T 31

*FPGA hard@

» ADC IP Interface
» eMMC interface
» DDR3 memory
> 10

» JTAG

> ...

s Tools
» Vivado
» Matlab
» ModelSim
» Altium

.
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High-Speed ADC to read
pressure sensors

AXI streaming interface for
transmitting ADC data
completed with timestamp and
crank angle

AXI slave interface for
configuration

Interface to 2 ADC channels
of the ADS8363

M_AXIS_DATA

}

|
aaaaaaa

ADCO CHA -

ADCO CHB —#

High speed ADCs

EEE 35%

L3a QL

CONVST
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rgl: Re-customize [P | B

ADCs_v1_0 (1.0) ’

[if# Documentation [ IP Location

Show disabled ports Component Mame | ADCs _v1_0_0 |

ADCs configuration r.h)(l configuration ]

| »

MOTE: The 5_AXI_CONFIG_CLK is assumed to be the same dock as the M_AXIS_DATA_ACLE.
Mo synchronization is performed between these two docks,

ADC setlings
C_NR_OF_ADCS E | 1-32
: PULSE_COUNT_WIDTH |15 | 1-321 I
HileR AT OO WFTS
e ADCS_PULSE_INTERVAL_WIDTH | 16 | i-37
L]
PULSE COUMT|15:0]
o ADCS_PULSE_INTERVAL_MINIMUM | 20 | [20 - 2147483647]
MESTAHP|310]  M_AXT5_DATA: B TEST MODE
MESTAMP_YALID g Lhonat
_an g ol =
_an_rorfig_ametn o o
m_asis_data ot @
m_ans_data siesetn I'F_:l i

® 15
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art(struct adcdya dev *adcdma)
HSADCCR Run | HSADCCR Count (dma samples - 1), /

HSADCCR Run | HSADCCR CountMask

// kick off the DMA core by writing atail descriptor; the DMA core

// must not be halted, otherwise nothing will happen
& // the value written is a dummy value as we employ a circular buy#1
86 arenared creg write(&adcdma->creg.axidma, DMA SZMM TAILDESC, (OF;
87
88 // set our local status as "running"
89 adcdma->status &= ~ADCDMASTAT ERRCR;
. — adcdma->status |= ADCDMASTAT RUNNING;
51
92 return 0;
93 | }
L }

else {

// starfy the ADC core
arengle eg set bits(
a->creq.adc,
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Software Partitioning and
Communication Channels
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% Zyng SoC heart of the system

» Linux with Realtime
extension Xenomai

» Licensed & custom IP
in FPGA PL

» Microprocessor for
Watchdog & Health
Monitor

» Software controlled
EMD Injector Drivers

» Communication
cascading channel

Injector Driver I/0O

Emergency
Stop

Wat%ljdog
Health Monitor

(z

yng SoC

AreqaRed Firmware Injector Driver
Driver Uploader Interface
-,5 &P
oMQ g|8 o
Power Pub-Sub @ gm
Supplies o
. —
Cascg.’:ldlng Engine Watcgldog Service
) | Parameters. Status  GIMQ
Sensor Data Controller Health Monitor < RequestReply | Interface
ssssssssssss F e
A Request-Reply
Request-Reply
Emergency | Log
Stop
¢ v l
Cascading OEM ECU J1939 ternal

heartbeat
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/0:0 Multiple AR-ECUs can be cascaded so the system can

control more than eight cyclinders.

AR-ECU AR-ECU

#1 CA Pulse #2 CA Pulse
Sync Sync
Eth Eth Eth Eth Eth Eth
100 Mb 1Gb 100 Mb 100 Mb 1Gb 100 Mb
J .

AR-ECU
#3 CA Pulse

E

Eth Eth Eth
100 Mb 1Gb 100 Mb

\_

» Since Ethernet is non real-time by nature, crucial real-
time signals will be routed over the four dedicated wires.

/
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Zynqg All Programmable SoC dual core Cortex-A9

Xilinx offers a kernel build and Linux kernel distribution by 3
parties

SMPOS (i.e. LinuxorWinCET)
NEON™FPU NEON™/FPU

Cortex-AS MPCore™ Cortex-A9MPCore™

Support Linux 3.14.17 with patches for real-time extension
Xenomai 2.6.4 within SDK, version choice is limited

Xenomai offers greater flexibility and consistency because the
real-time tasks can share the same drivers, synchronization

primitives and memory as other non real-time tasks /
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Initial Programming

Set boot mode pins of Zynq to
JTAG (can be forced in initial
programming U-boot)

\2

Download initial programming
U-boot using JTAG

N7

Start initial programming U-boot

2

Download initial programming
kernel, ramdisk image and DTB
files using TFTP

2

Start initial programming kernel

\, J

2

/ Run initial programming shell \
scripts using rcS to download

from TFTP and program:

*Running U-boot + FSBL to QSP

* Running kernel to eMMC

* Running ramdisk to eMMC

*Running DTB to eMMC

» Golden bitfile to eMMC

Bitfile Selection

Start

Running
N
Set boot mode pins of Zynq to
QSPI (can be forced in running
U-boot)
\y y,
N
Download running U-boot using
QSPI
\y y,
N\
Start running U-boot
W J
N
Download golden or updated
bitfile using eMMC
y,
w N
Download running kernel ramdisk
image and DTB files using eMMC
J
W N
Start running kernel
J

\- Update bitfile to eMMC j

Updated
bitfile
present in
eMMC?

Yes

Program
FPGA
succesful?

Golden
image
present in
eMMC?

Yes

Program
FPGA
succesful?

A 2

Stuck in U-boot, no valid FPGA
image found

Done, FPGA loaded succesfully
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Zynq
Configuration
Wizard

A4

FSBL
(Executable)

PS Register
Initialization

PL
Bitstream(s)

FSBL
(source Code)
User Created

OS and/or
Application
Code & data

Golden Image
(optional)

Boot & Configuration
Information

|

Flash Image
Generator

Flash Image

BootHeader

FSBL

PL
Bitstream(s)

OS and/or
Application
Code & data

Golden Image
(optional)

2015

£ XILNX
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Our competences

Core|Vision has more than 125 man years of design experience in hard-
and software development. Our competence areas are:

» System Design

» FPGA Design

» Consultancy / Training

» Digital Signal Processing

» Embedded Real-time Software
» App development, IOS Android
> Data Acquisition, digital and analog
» Modeling & Simulation

» ASIC Conversion & Prototyping
» PCB design & Layout

» Doulos & Xilinx Training Partner
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Cereslaan 10b
5384 VT Heesch
@ +31 (0)412 660088

WWwWWw.core-vision.nl

Email : info@core-vision.nl
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= FPGA DESIGN

« SYSTEM DEVELOPMENT

= DEDICATED ELECTRONICS

= EMBEDDED SOFTWARE

« DESIGN SERVICES

= MODELING AND SIMULATION
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Training Program o

> Essentials of FPGA Design 1 day
» Designing for Performance 2 days
» Advanced FPGA Implementation 2 days
> Design Techniques for Lower Cost 1 day
> Designing with Spartan-6 and Virtex-6 Family 3 days
» Essential Design with the PlanAhead Analysis Tool 1 day
» Advanced Design with the PlanAhead Analysis Tool 2 days
» Xilinx Partial Reconfiguration Tools and Techniques 2 days
» Designing with the 7 Series Families 2 days

BRINGING YOU THE NEXT LEVEL IN EMBEDDED DEVELOPMENT ( 0 R E
EEEEEEEEE



LLLLL
EEEEEEEE

Training Program o

» Vivado Essentials of FPGA Design 2 days
> Vivado Design Suite Tool Flow 1 day
> Vivado Design Suite for ISE Users 1 day
» Vivado Avanced XDC and STA for ISE Users 2 days
» Vivado Advanced Tools & Techniques 2 days
> Vivado Static Timing Analysis and XDC 2 days
» Debugging Technigues Using Vivado Logic Analyzer 1 day
» Essential Tcl Scripting for Vivado Design Suite 1 day
» Vivado FPGA Design Methodology 1 day
» Designing with the UltraScale Architecture 2 days

BRINGING YOU THE NEXT LEVEL IN EMBEDDED DEVELOPMENT c 0 R E
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Training Program

» Designing with Multi Gigabit Serial 10 3 days
> High Level Synthesis with Vivado 2 days
» (C-Based HLS Coding for Hardware Designers 1 day
» (C-Based HLS Coding for Software Designers 1 day
» DSP Design Using System Generator 2 days
» Essential DSP Implementation Techniques for

Xilinx FPGAs 2 days
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Training Program o

» Embedded Systems Design 2 days
» Embedded Systems Software Design 2 days
» Advanced Features and Techniques of SDK 2 days
» Advanced Features and Techniques of EDK 2 days
» Zyng All Programmable SoC Systems Archicture 2 days
» Zyng All Programmable SoC Accelerators 1 day
» C Language Programming with SDK 2 days
» Embedded Design with PetaLinux SDK 2 days
» Embedded C/C++ SDSoC Development

Environment and Methodology 1 day

BRINGING YOU THE NEXT LEVEL IN EMBEDDED DEVELOPMENT c 0 R E
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Training Program

YV V V VY V V VY

VHDL Design for FPGA

Advanced VDHL

Comprehensive VHDL

Expert VHDL Verification

Expert VDHL Design

Expert VHDL

Essential Digital Design Techniques

DOULOS

-

3 days
2 days
5 days
3 days
2 days
5 days
2 days
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