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Founded in 1985

= Nordic leader in Embedded Systems

= Nordic leader within MES, EMI and
Automation

= 650+ employees — Sweden, Norway,
Denmark and India. SRR

= 1000+ freelancers across Scandinavia in
catalogue

= Listed on NASDAQ OMX

= |SO 9001:2008 Certification AR
R S
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Our Value Proposition
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We add value across the product We deliver Excellence in

life cycle by improving our Technology through
customers

= |nnovation pace = Consulting services

= Time to market = System delivery

» Productivity = Qutsourcing

= Quality = Products and Platforms

o e S ()

Innovation ~ Development - Manufacturing - Sustaining
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Prevas Test Systems

Production test systems

« Electronics production test

* Product development test

Development (R&D) test systems
« Hardware in the loop (HIL)

. Measurement systems

Laboratory Systems

 Pre-made data acquisition systems

« Specialized instruments based on National Instruments
products

TSD, Prevas Centre of Excellence
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Prevas Test Systems

Working across the organisation

Experimental research system Development test system

| protocel deiver | | protocol deiver |

Production test system Service tool system

I Protocol driver ] I Protocol driver

| sensor | [ sensor |

Hardware abstracoon layer

Hardware abs traction layer Hardware abs traction layer

I Testcases l I Testcases I I Testcases ]

Igrmdumnkuuu I [Drmrlotmthum l

[ Oriver for wireless test. l
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Technical agenda
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Technical agenda

* Whatis a HIL?
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Technical agenda

* Whatis a HIL?
e What is a FPGA?
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Technical agenda

 Whatis a HIL?

 What is a FPGA?

NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
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Technical agenda

* Whatis a HIL?
* What is a FPGA?
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— Challanges with sub-nanosecond time resolution
— LabVIEW programming

— Final implementation
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Technical agenda

* Whatis a HIL?
* What is a FPGA?
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
» Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— Challanges with sub-nanosecond time resolution
— LabVIEW programming

— Final implementation

* Improvments to be made on this HIL system
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Technical agenda

* Whatis a HIL?
* What is a FPGA?
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
» Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— LabVIEW programming
— Challanges with sub-nanosecond time resolution

— Final implementation

* Improvments to be made on this HIL system

* Lesson learned
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What is HIL?

» HIL stands for “Hardware in the loop”
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What is HIL?

» HIL stands for “Hardware in the loop”
» HIL system gives real world response to stimuli from DUT
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What is HIL?

» HIL stands for “Hardware in the loop”

» HIL system gives real world response to stimuli from DUT

Example:

HIL Test System

Real-Time Simulation

Sensor
Feedback
Electronic
Control Unit
Actuator

Commands
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What is an FPGA ?

 Field-Programmable Gate Array
» Gate Array — Interconnect is done once with a specified function
 FPGA - Field-programmable gates and interconnects

i BE. EE e

Block

¥ 5V 1/0 Block i

ote=L i ||| m|||m|| M ||| 5
D—[EQ K\J_Jm +5V
0 |||m|||m||m||m|| 5
~ O O
A 0 |||m||m||m||m||
—KXJ__‘

O O

Simplified programmable logic device OO0 OO0 oo gog

Gate Array FPGA
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Technical agenda

« What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
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Some National Instruments FPGA Targets

AP A NS
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Technical agenda

* What is a FPGA

NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
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PXI and flexRIO systems

FlexRIO
Adapter FlexRIO oY S
Module ) Module ystem
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Technical agenda

* What is a FPGA

NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
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Adapters to flexRIO boards in general

NATIONAL
INSTRUMENTS Module #1 of FlexRIO for Tes
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Prevas FlexRIO Adapter

2 X 1GBIit Ethernet ports

Mimas Gigabit Ethernet
Adapter Module

LabVIEW FPGA on NI FlexRio Board

Ethernet Prevas Socketed CLIP
PHY Device (MimaslOModuleCLIP) L
User Application
-------------- RGMII to GMII Bridge Vi
Port 0 Port 0
Lan1 d
RJ-45 RGMII TX GMII TX
Port
1| RGMII RX GMII RX
-------------- RGMII to GMII Bridge
Port 1 Port 1
Lan2 H
RI-45 | ! RGMII TX GMII TX
Port
1| RGMII RX GMII RX
-------------- MDIO Controller
PHY
Registers MDIO Bus Host Interface :>

LU

- . eas
ATV semctni s et § ey

prevas.com ¢

‘bl'l\~.“' >
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Application Example, Gigabit
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ticks = -
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Technical agenda

« What is a FPGA
* NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXlI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
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HIL Simulator for Siemens Flow Instruments

* Located in Sgnderborg, Denmark

* Developing, producing and marketing flow
measurement instruments and sensor
infrastructure

» Different sensor principles: Electromagnetic,
Coriolis, Ultrasonic and others

SIEMENS

* Used in all sorts of environments -
Main applications include the
measurement of volume flow within:

General industrial purpose

Petrochemical and chemical
industries

Power engineering

Water and waste water.
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Technical agenda

« What is a FPGA
* NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXlI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL

— Ultrasonic Flow Theory
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Transit time/time of flight method
Upstrearn

Ty

 —
Vo + Vicos({a) L

Crowmstrean
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Example: Ultrasonic flow sensor schematic picture

Transmitter

A / Receiver

Pipe with fluid

1:down A\t=t

up_tdown

Transmitter
/ Receiver

prevas.com {4
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Schematic picture of functionality

HIL system Response

Echo Pulse from

Transducer 2
Transducer B

TX1/RX2 X )
. N 2 ——
| N 1
| "" Echo Pulse from
| Transducer 1
Transducer A : ~e Y HUHHH e
TX2/RX1 n i3 V\/VVW\/\F \
| .
| | | |
I I
[ I
I I
[ I
I :
STOP | ;) P
| b (G i
[ Upstream I | Downstream [
- > - -
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Technical agenda

* What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory

— HIL Test System description and implementation
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HIL system Block diagram

Front end

Transducers

e

T

B

Level conversion

Threshold

A/D
(100Ms)

D/A i}
(100Ms)

Pattern

Delay

prevas.com {4
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HIL system Block diagram

Threshold Delay
|

A /D : Y
3> m
i D/A |
(100Ms) | ‘

Pattern

Front end
Transducers

1 |
—
U—I_L UJ_L

(e —— = —

Level conversion
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HIL system Block diagram | A A

Threshold Delay

| |
- N (100Ms) |

Pattern

Front end

e ——
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Technical agenda

 What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation

— NI HW used in HIL
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Implmentation in NI HW

PXle 1064
TFexRIO 7054R] [ NIe674T]
| L |
s . ;
; NI5781 | | !
| | | ]
NI 8110 | L |
| | | ]
| | | ]
| | | }
| | | ]
| | | ]
| | | ]
| | | ]
| | | ]
| | | ]
| | | ]
(R | . 0 0 I
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Selected FPGA, FlexRIO

First generation Flex RIO

* Virtex-5

« Access to 132 FPGA pins
— LVDS pairs up to 1 Gb/s

« 128 MB onboard memory
- 17,000 slices, 4kbit blockRAM 5
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Selected ADC flexRIO adapter NI 5781

)

Dual 100 MS/s, 14-bit inputs

Dual 100 MS/s, 16-bit outputs

2 VVpp differential I/O (1 Vpp single-ended capable)
40 MHz bandwidth (-3 dB)

External clock input and output

N PRl

N 5751 Adaptar Module for
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Clock module PXIe NI6674T

* Onboard routing of internal and external clock and trigger signals

» Onboard high-stability 10 MHz OCXO (50 ppb/year)
 High resolution DDS clock generation, 0.3 Hz to 1 GHz
» Advanced trigger and timing routing with PXle-DStar differential star trigger lines
 Discipline 10 MHz to GPS, IEEE 1588, or IRIG, when coupled with the NI PXI-

PX1_CLK10
s CLKIM (genom PLL)
I DDs A
— P}:lE_CLKlDD
PXI_CLK10_IN
CLKIN AC Coupled »> _ N
Clock Detector _I_.. —r
.| PLL 0CXO
OCXO0 YeTe
< Clock ® Calibration
DAC PXI_CLK10
—————
CLKOUT DDS PXle_CLK100 b
| Clock = = 2
5 Generation ICLKI N i
Clock Generation PXle_DSTARA | X
l * ™| PXle DSTARA <0.16>

prevas.com {4
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Technical agenda

 What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL

— Challanges with sub-nanosecond time resolution



http://www.prevas.com/
http://www.prevas.com/

$revas Innovation for Growth prevas.com
]

Challanges with sub-nanosecond time resolution

* Trigger
« Memmory considerations
* Measuring with sub nano accuracy
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Challange One: TRIG Intepolation

Threshold Delay

—i w0 |
~ ‘:.. . \

4L

1T

Front end
Transducers

1 |

Level conversion

Pattern
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Challenge Two :Memmory

Threshold Delay

ot Blan A/D
= (100Ms)

D/A i
(100Ms)
=1 |
Patter\

\

Front end
Transducers

1 |

Level conwversion

MEM



http://www.prevas.com/
http://www.prevas.com/

(Prevas Innovation for Growth prevas.com
]

Memmory considerations

(Typical)Memg;,, = ca 1,2 Mbyte

* 1.2 Mbyte too big for flexRIO 7954R to be implemented in FPGA in dedicated block RAM or in flipflops
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Memmory considerations
(Typical)Memg;,, = ca 1,2 Mbyte

* 1.2 Mbyte too big for flexRIO 7954R to be implemented in FPGA in dedicated block RAM or in flipflops

* The DDR2 DRAM can hold the 1.2Mbyte but the read is none deterministic and introduce latency on reponse pattern

even with consideration for:
— Size data correct and use optoimal clock
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Memmory considerations
(Typical)Memg;,, = ca 1,2 Mbyte

* 1.2 Mbyte too big for flexRIO 7954R to be implemented in FPGA in dedicated block RAM or in flipflops

* The DDR2 DRAM can hold the 1.2Mbyte but the read is none deterministic and introduce latency on reponse pattern

even with consideration for:
— Size data correct and use optoimal clock
— Pipeline DRAM read request
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Memmory considerations
(Typical)Memg;,, = ca 1,2 Mbyte

* 1.2 Mbyte too big for flexRIO 7954R to be implemented in FPGA in dedicated block RAM or in flipflops

* The DDR2 DRAM can hold the 1.2Mbyte but the read is none deterministic and introduce latency on reponse pattern

even with consideration for:
— Size data correct and use optoimal clock

— Pipeline DRAM read request
— Sequential Access (One assumption DRAM designers make is that data will be accessed sequentially in ascending order, that

is, you read the data in address Ox1 after you read the data in address 0x0) is not possible in our case
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Solution to memory considerations

« Mem 1: Holds a sinus wave with contant amplitude(sub nano resolution)
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Solution to memory considerations

 Mem 1: Holds a sinus wave with contant amplitude( sub nano seconds resolution)

 Mem 2: Holds the envelope for the response (a scaling factor for each sample to
output with 10ns resolution)
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Solution to memory considerations

 Mem 1: Holds a sinus wave with contant amplitude(Sub nano second resolution)

 Mem 2: Holds the envelope for the response (a scaling factor for each sample to
output with 10ns resolution)

." -

'. 1 ' Mem 1: Period Data
=51 1 _i-5_l'l \

Mem 2: Scaling points

OUTPUT = Mem 1 x Mem2

wah g s nte,

ot
L 1}
tﬂ'ﬁl B M

om.
r‘tl'

¢
i
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Technical agenda

 What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— Challanges with sub-nanosecond time resolution

— LabVIEW programming
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Example: Ultrasonic flow sensor simulator — LabView FPGA programming
schematic picture

SiemensHIL_[FPGA]_Main!

‘TriggerCalculationLoop
RawTriggerData ‘ CalculatedTrigger
oz Interpolate to
: calculate adress

AdressinMem1ToRea:

ReadMemoryLoop ScaleDatal.oop OutputLoop
Read :
Mem1 PeriodData&ScalingData | Seale output data Output Value o
it | Write to AO
Read :
Mem2
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Example: Ultrasonic flow sensor simulator LabVIEW program main

I, read input and trigger on level

Al loop sends trigger data to Trigger VI| |2 Trigger VE calculates trigger

|§ﬁ Al Clock 100MHz v| start adress
T -
hALFIFO H LUﬁI;P

5

EIEHERS
56 A-AFO FIGGER
H 41

3. Control Loop .

1 rime Memmory |send calcualted trigger adress

2) waits for trigger

3) calcuatte which Mem adress to output

iy . . 5, calculate output value

4) When finished waits for new trigger e

120 dock JUVHZ]Y . Resd Bk RAMNemmon T
A0_clock 100MHz v e
I OutputAdress-FIFO v - éﬁ t _:Dﬂft [J — S _ P . %Aﬂ_clock -
i TriggerDATA-FIFO ] - [ Otpulel 150 el [ DB RO e | ™ [ Ot FFO s
our

L Outputhdress-FIFQ [+ L™
|53nd combined actual data|

output value
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Example Code: Triggering

ﬂ SiemensHIL_[FPGA]_Analogn(subVT).vil (clone) Block Diégnm on SiemensHILultrasoundTE.lvproj/FPGA Target
File Edit View Project Operate Tools Window Help

IThis VI contain a loop that waits for "startTest" signal then starts to read Analog input. If last read value is above trigger and second last was below trigger value then combine those &
[values and put them into a FIFO to send to Trigger calcualtion subVl

Al Detection_FSM

Refrum in@,g Alloop : This loop recieves analog values and compare to trigger value set befor start Of test

E' "SendData" 't
Sends information about trigger to AI-FIFO

FIFOIn IIE

AIWaitConst.mi

>FIFO references >

: AlwaitConst. E—. [

B4 10 Module\AI 15

.AOSWltched'l ioin Meas Value

LastValueConst. [o} : I SlastValuesst s —Send data for processing | ~ 3

SECO"HLBStCO"st'm r >> second Last Val>> |join time and Trigger] ® . FIFO Item 41 "
[alue Wite
i ISsTriaaerss]
TriggerConst. E 7} >>Trigger> 1] 1] > Element F : T
- = g Timeout monitor action
L Timed Out? ¥ ®resenr]
AL States l"1d|€ I 4, >>CurrentState > > |—— T

SiemensHILultrasoundTE.lvproj/FPGA Target « 1
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Example Code: Triggering: LabVIEW code Inpterpolation

= SiemensHIL_[FPGA] Trigger_subVIv7.vi:1 (clone) Block Diagram on SiemensHILultrasoundTE.lvproj/FPGA Target
iR VoW B ProjscERiOperts Tl oW elp

Calcualte trigger point Loop

Calculate trigger time with better resolution than sampled

ticks
—~y 1

[is A1_Clock_100MHz [+]

Send data to Ctrl Loop

False ]
Notvalid data
FFo 1 [T PPt , } TiggerTime
Read ng:rvalu: if calcualte trigger
Element timeout true M
[E}—_Timeout e3>
Timed OUt? Wt =

.

SiemensHILultrasound T Eproj/FPGA Target « 0 il J v
T e— —_ = — —_— == T T | E— || Ep— W el -— T — L = R —
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Controll FSM to prime memory with response from the Controller

T3 SiemensHIL_[FPGA]_ControlLoop_(subVvi (clone) Block Diagram on SiemensHILultrasound TE lvproj/FRGA Target
File Edit View Project Operate Tools Window Help

This VI does the following: R
1)Prime Memmory period data

2)Prime Memmory with Scale data

3) Wait for new trigger

4 Calculate trigger

5) FD delay

6) Output adress to read in signal Memmory

QutputControl FSM

Refnum in

FIFO In Load Mermnory with data
Gch

reset ouputconters when True

[} - P @ restartAOAT]

#Samp d[g

#SampelsPerPeriodConst. [§

1> >SelectedAOchannel > >

»®\WriteFinishedPeriod
»@\iriteFinishedScaling

F 1[E}-fz > >WriteFinishedPeriod > >|

(=] > >WriteFinishedScaling > > || — H DEBUG-LastWriteAdress

T 1%

1 False vp|

Store dats
>
F% BlockRAMMemory BT
B3 ReponseDatall6-FIFO b [ Wite
Read |- 1S Address
StartOfsetConst. [(F—IIH> >Frstotartadress s3] Element 3 Data CHKif Iast adress is writte
El_ Timeout
Timed Out? =
¢ nst. o} > >current multiple > > |

StartAdres:
> >responseTime(multiple;
>>OutputSize > >

>>CurrentState > >

StartAdressConst.[a

responseTime(in ticks)Const.[3

FFOIn2 NumberSamplesToOuputCons. [0
=

[restart state machine]

(=«

Select Next stage

Generate State

NumberSamplesToOuputScaleCans. [i]
FDinTicksConst. [T}

CurrentTicksConst. [0]

>>FDinTicks>

>>CurrentFDtick>>

SiemensHILultrasound TEvproj/FPGA Target ¢ [ it ] »



http://www.prevas.com/
http://www.prevas.com/

$revas Innovation for Growth
]

Setting up M&C on NI 5781

MELC

prevas.com 4

| ticks

[5; 40 MHz Onboard Clock [»] & [1

o

MEC loop for NISTEL

B 10 Madule\SPIIdle

- P

5PIIdle

Sample Clock Select |[LUS} Do 10 Module\Clock Select
Sample Clock Commit |[LTEX [

PR 10 Module\Apply Settings
Bov [0 Module\PLL Locked
DAC Interpolation LE‘%ICI Module\DAC Interpolation &

-F P @

PLL Locked

After the NI 5781 is powered on, the CLIP core provides the module

with a default configuration. This loop updates the host VI to the status of the NI 5781,
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Technical agenda

 What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— Challanges with sub-nanosecond time resolution
— LabVIEW programming

— Final implementation
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Block diagram on final implementation

Threshold Delay
— g
o | o =
G | & :
= n =
e 3 =
© < © Generate Pattern
- 1¥ Sine period
< 3
— Scaling Data
——

Scaling Period



http://www.prevas.com/
http://www.prevas.com/

6revas Innovation for Growth prevas.com

* PXl based table top system

* Embedded software and hardware “thinks” it placed in
real physical conditions, getting emulated impulses from
opposite sensor.

* Allows programmer much more access
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Technical agenda

* What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXlI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— Challanges with sub-nanosecond time resolution
— LabVIEW programming
— Final implementation

* Improvments to be made on HIL
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Newer FlexRIO 7976R

prevas.com {4

Flex RIO 7976R

 DSP-focused Xilinx Kintex-7 FPGA

programmable with the LabVIEW FPC
Module

« 2 GB onboard DDR3 DRAM

» High-speed data streaming to host
at 3.2 GB/s

* 66,000 slices, 28kbit blockRAM
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Better flexRIO adapter NI 5782 A

Dual 14-bit, 250 MS/s inputs
Dual 16-bit, 500 MS/s real-time, 1 GS/s interpolated outputs
100 MHz real-time bandwidth per channel

DC- and AC-coupled options

12 bidirectional general-purpose digital I/O channels

M 5751 Adapter Module for NI PRIl
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What can be approved with nwere HW and latest LabVIEW SW

« With flexRIO 7976R whole response can be implemented in DDR3:
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What can be approved with nwere HW and latest LabVIEW SW

« With flexRIO 7976R whole response can be implemented in DDR3:

— Memmory can hold any preloaded data.(no need to generate data)



http://www.prevas.com/
http://www.prevas.com/

$revas Innovation for Growth prevas.com J
.

What can be approved with nwere HW and latest LabVIEW SW

« With flexRIO 7976R whole response can be implemented in DDR3:
— Memmory can hold any preloaded data.(no need to generate data)
— Easier LabVIEW code
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What can be approved with nwere HW and latest LabVIEW SW

« With flexRIO 7976R whole response can be implemented in DDR3:
— Memmory can hold any preloaded data.(no need to generate data)
— Easier LabVIEW code

* Might remove NI6674T due to that the NI5781 can get its clock from flexRIO 7976R
AND 10MHz reference can be supplied to the backplane of the PXI chassie.
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What can be approved with nwere HW and latest LabVIEW SW

« With flexRIO 7976R whole response can be implemented in DDR3:
— Memmory can hold any preloaded data.(no need to generate data)

— Easier LabVIEW code

* Might remove NI6674T due to that the NI5781 can get its clock from flexRIO 7976R
AND 10MHz reference can be supplied to the backplane of the PXI chassie.

 The customer could have VHDL code that could be utilized in the flexRIO
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What can be approved with nwere HW and latest LabVIEW SW

With flexRIO 7976R whole response can be implemented in DDRS3:

— Memmory can hold any preloaded data.(no need to generate data)

— Easier LabVIEW code

* Might remove NI6674T due to that the NI5781 can get its clock from flexRIO 7976R
AND 10MHz reference can be supplied to the backplane of the PXI chassie.

 The customer could have VHDL code that could be utilized in the flexRIO to
improve functions.

 LabVIEW FPGA uses Xilinx envoirment vivaldo instead of ISE on later versions
which decrease compilation time dramatically.
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Technical agenda

* What is a FPGA
NI HW and LabVIEW FPGA
— NI FPGA Targets
— PXlI and flexRIO
— flexRIO adapters
* Project: SiemensFlow ultrasonic HIL
— Ultrasonic Flow Theory
— HIL Test System description and implementation
— NI HW used in HIL
— Challanges with sub-nanosecond time resolution
— LabVIEW programming
— Final implementation

* Improvments to be made on HIL

* Lesson learned
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Lesson learned, FlexRIO during the project

» Use NI guidelines to minimize timing violations
use minimum needed bits
pipeline
recompile if failed with low time
 Divide application up into smaller functions that can be tested separately

« If you are to use clip nodes, take some VHDL training to understand the
basic and also the “language”.

Investigate IP cores before devoloping

Work with saved bit files for deployment on targets.
It saves time by minimizing the number of compilations.

Using the FPGA to calculate parameters decrease the channel count and improves
the system performance. (and makes the main program less complex)
* Make sure that verification of system is set before developing starts
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Questions

QUESTIONS ?
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