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= Future Trends for Road Vehicle
= 802.11p for V2X
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Future Trends for Road Vehicle
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Future Trends for Road Vehicle
Five main spaces to revolution
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Future Trends for Road Vehicle
Al or |A?

— Al : Artificial Intelligence
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Future Trends for Road Vehicle
For Al

Sensing Communicating

UX, OS Networking

Autonomous Driving Tech
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Future Trends for Road Vehicle o e o
Autonomous Driving Vehicle 5 levels

No-Automation (Level 0): The driver is in complete and sole control of the
primary vehicle controls — brake, steering, throttle, and motive power — at all
times.

Function-specific Automation (Level 1): Automation of one or more specific
control functions, such as pre-charged brakes, where the vehicle automatically
assists with braking

Combined Function Automation (Level 2): automation of at least two
primary control functions designed to work in unison. For example adaptive
cruise control in combination with lane centering.

Limited Self-Driving Automation (Level 3): driver to cede full control of all
safety-critical functions under certain traffic or environmental conditions. The
driver is expected to be available for occasional control.

Full Self-Driving Automation (Level 4): The vehicle is designed to perform
all safety-critical driving functions and monitor roadway conditions for an entire
trip. This includes both occupied and unoccupied vehicles.
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Future Trends for Road Vehicle
Less Air pollution, Less delay

KEYSIGHT MIT Senseable City Lab 2016
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Future Trends for Road Vehicle
Less Air pollution, Less delay
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Top 5 Market Trends for Driverless Car

— Up to 75% vehicles will be driverless car by 2040 (IEEE)
1. No more driver

2. No more Accidents

3. No More driving Etiquette

4. No more traffic Tickets

5. No more car ownership

http://mww.wired.com/insights/2013/08/top-5-market-trends-driverless-cars-will-rev-up-in-the-future/
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— Advertisement

Future Trends for Road Vehicle
Become a new Space

Rest

Medical diagnose ,-f—a»---;, g =

//_/

Office, Meeting Room %ﬁlﬂ,l : ?

Entertainment _ —

Get into Home

Or Anything
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802.11p Overview

« 802.11p is an approved amendment to the 802.11
to add wireless access in vehicular
environments (WAVE, aka ITS, DSRC, V2X)

« Application: communications between vehicles
and infrastructure (V2l) or vehicle to vehicle
(V2V) etc. V2X

» Venhicle safety services
> Commerce transactions via cars
> Toll collection

» Traffic management
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http://www.google.com.hk/url?url=http://www.iebmedia.com/ethernet.php?id=7912&parentid=74&themeid=255&hft=64&showdetail=true&bb=1&PHPSESSID=p418h5n9a4uj8a21fa6dv9sou3&rct=j&frm=1&q=&esrc=s&sa=U&ei=GorIU8LWLcHk8AWQ-oGgCA&ved=0CBsQ9QEwAw&usg=AFQjCNGI9UsScYYvn62SXqZyOhzNVgOaeQ
http://www.google.com.hk/url?url=http://www.veniamworks.com/&rct=j&frm=1&q=&esrc=s&sa=U&ei=W4rIU5XEMYL-8QWnxYGYCw&ved=0CDUQ9QEwEA&usg=AFQjCNEOw7OPZLAi1JOzsMJyYvos8C_J9g
http://www.google.com.hk/url?url=http://cvt-project.ir/En/EnNewsDetail.aspx?SubjectType=54&InfoID=1176&rct=j&frm=1&q=&esrc=s&sa=U&ei=6bnIU9K6GoXs8AWzlIL4CQ&ved=0CBcQ9QEwATgU&usg=AFQjCNHDVOWnn9anNTd0E2NXZ5FA0LVP9Q

V2X Market Forecast .

Smart Grids

(V2G)

2026

Registered vehicles with 10T application by type
Word market. Forecast: 2014-2030
ABI research

Digital Home eHealth
(V2H) ' ' (V2P)

« Global V2V Penetration in new Cars is expected
to increase from 10.9% in 2018 to 69% in 2027

Source: ABI research, Nov. 2013

Keysight
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https://www.abiresearch.com/press/global-v2v-penetration-in-new-cars-to-reach-69-by-

US ITS/DSRC Channel Plan

Seven 10 MHz channels from 5.85 to 5.925GHz

5850 MHz 5925 MHz
CH 175 CH 181
20 MHz 20 MHz
5850- CH172 | CH1/7/4 | CH1/76 | CH1/8 | CH180 | CH 182 | CH 184
5855
Reserve | Service | Service | Service | Control | Service | Service | Service
5MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHZz | 10 MHz | 10 MHz
§ & & & § & &8 § &8 § & &8 &8 & § §’"™
= | | | | [ | | |
|| . - . .
oy [ I I 1 I I I I 1 I [ [ I 1
r‘ (N DSRC [ DSRE 1 DSRC | DSRC [ DSRC | DSRC ! DSRC 1
J "II i [10 |'l.-1!'|2] i [10 MHzZ] i [10 MHz] i [10 MHz] i (10 I‘-.-1_Hz] i [10 |'l.-1_|'l2] i [0 l'.'I_Hz] i DSRC Band
I Res. \ | Sarvica | Servica i Sarvica i Cantrol | Servica | Service | Sarvice i [10 MHz Channals]
I v Chan 172 Chan 174 Charl 176 Chan 178 Chfll} 1840 Charll 182 : Char? 184

Reference document: https://mentor.ieee.org/802.11/dcn/13/11-13-0541-01-0wng-dsrc-applications-tutorial.pptx

Keysight
KEYSIG HT Measurement
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https://mentor.ieee.org/802.11/dcn/13/11-13-0541-01-0wng-dsrc-applications-tutorial.pptx

DSRC Spectrum (Channel 172)

5850 MHz

5925 MHz

CH 175 CH 181
20 MHz 20 MHz
5850- CH172 | CH174 |CH176 | CH178 | CH 180 | CH 182 | CH 184
5855
Reserve Service | Service | Service | Control | Service | Service | Service
5MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz

FCC designate@“exclusively for vehicle-to-vehicle safety communications for
accident avoidance and mitigation, and safety of life and property applications”

Extensive industry research, testing, and field trials of safety applications using Ch.

172

Will host 3 message types:

« Basic Safety Message (V2V)

 MAP Message (V2I)
« Signal Phase and Timing Message (V2I)

Nominal transmit power +20 dBm with O dBi antenna
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DSRC Spectrum (Channel 184)

5850 MHz 5925 MHz
CH 175 CH 181
20 MHz 20 MHz
5850- CH172 |CH174 |CH176 | CH178 | CH 180 | CH 182 | CH 184
5855
Reserve Service | Service | Service | Control | Service | Service | Service
5MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz

« FCC designated “exclusively for high-power, longer-distance
communications to be used for public safety applications involving
safety of life and property, including road intersection collision
mitigation”

» Road authorities and public agencies primarily responsible for usage

« Max. power 40 dBm : High Power control channel

Keysight
Measurement
Forum
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DSRC Spectrum (Channel 178 & Others)

5850 MHz

5925 MHz

Collision Avoidance Safety

CH 175 CH 181
20 MHz 20 MHz
5850- CH172 |CH 174 |CH176 | CH 178 | CH 180 | CH 182 | CH 184
5855
Reserve Service | Service | Service | Control | Service | Service | Service
5MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz | 10 MHz
Ch. 172:

Ch. 184: Public Safety

— Ch. 178;
Control Channel

« WAVE Service Advertisements are broadcast here, indicating how to
access services on other “Service Channels”
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802.11p standard
US ITS protocol stack

ngety Non-Safety
Applications Applications
Satety App. Application Layer
Sublayer
SAE J2735 _ [ _____ - :
SAE 17945 »Message Sublayer

Network and Transport|  Transport

IEEE 1609.x || | Higher layers e || mvee | s | ST
E

TCP/UDP 793/768

1609.2
Network
=¥ Laver — |ETF RFC
e IPv6 2460
1609.3
LLC Sublayer IEEE
_ 802.2
|IEEE 1609.4 —*| MAC Sublayer Extension
MAC Sublayer
IEEE 802.11p PHY Layer

The higher layers of ITS are depending on regional regulatory issues

Keysight
KEYSIG HT Measurement
TECHNOLOGIES Forum Page 19




802.11p Physical Layer Basis

Feature Parameters
Transmission method OFDM
Frequency 5.8 GHz and 5.9 GHz
Channel bandwidth 5 MHz 10 MHz 20 MHz
FFT size 64 64 64
Data subcarriers / pilots 52/4 52/4 5214
Subcarrier spacing 78.125kHz 156.25kHz 312.5 kHz
OFDM symbol duration 16us 8 us 4us
Guard interval 3.2us 1.6 ys 0.8 us

Modulation types

BPSK, QPSK, 16QAM, 64QAM

Forward error correction

Binary convolutional coding (BCC)

Coding rates

1/2, 2/3, 3/4

KEYSIGHT

TECHNOLOGIES
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The PHY difference between 802.11a and 802.11p

Bit rate (Mbit/s) 6,9, 12,18,24,36, | 3,4.5,6,9, 12, 18,
48, 54 24, 27
Channel bandwidth 20 MHz 10 MHz
FFT size 64 64
Data subcarriers / pilots 52/4 52/4
Subcarrier spacing 312.5 KHz 156.25kHz
OFDM symbol duration 4us 8 us
Guard interval 0.8us 1.6 ys
Preamble duration 16us 32us
Modulation types BPSK, QPSK, 16QAM, 64QAM
Coding rates 1/2, 2/3, 3/4

Keysight
Measurement
Forum
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802.11p Physical Measurement

Transmitter Test

Transmitter Test 802.11a 802.11p
IEEE-2012 IEEE-2012

Transmitter Power

Spectrum Mask

Transmission spurious
Center frequency tolerance

Symbol clock frequency
tolerance

Center frequency leakage
Spectral flatness

Constellation error

Modulation accuracy

KEYSIGHT

TECHNOLOGIES

19.4.8.2

18.3.9.3

18.3.9.4
18.3.9.5

18.3.9.6

18.3.9.7.2
18.3.9.7.3

18.3.9.7.4
18.3.9.8

IEEE 802.11: Annex D2.3;
USA: Annex D Table2.2;

FCC: 47 CFR[B8] Sec. 90.375
ETSI 302 571 Sec. 6.3

IEEE 802.11: Annex D2.3
FCC: 47 CFR [B8] Sec. 95.377
ETSI: 302571 Sec 6.4

Same as 802.11a

+20 ppm for 20 MHz/10MHz
+10 ppm for 5 MHz

+20 ppm for 20 MHz/10MHz
+10 ppm for 5 MHz

Same to 802.11a
Same to 802.11a

Same to 802.11a
Same to 802.11a

Keysight
Measurement
Forum
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802.11p Power Classification Class A-D
And RF Transmitter Test Requirement - SEM

802.11p CLASS A-D power classification

Power class Max. output power
dBm

Class A

Class B
Class C
Class D

0

10
20

28.8

802.11p 10 MHz SEM definition

802.11p SEM for 10M signal BW
For power CLASS A-D

STA  transmit | Permitted power spectral density, dBr
FOWERCISS " Mz [ =5.0MHz | =5.5MHz | =10MHz | =I5MHz
offset (£ f;) | offset (= 1f;) | offset (= f3) | offset (= f) | offset (=13)

Class A 0 -10 20 28 -40

Class B 0 -16 20 28 -40

Class C 0 -26 -32 -40 -50
ClassD 0 35 45 55 -65

KEYSIGHT

TECHNOLOGIES

+ PowaClasA B Powa(lash
——Power ClasC ——Powe Cla= D
—— |EEE Mormal

802.11p SEM for 10 MHz Signal Bandwidth

-10

-20

e/

-10

Source: |IEEE Std 802.11 ™- 2012

Keysight
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802.11p Physical Measurement

Receiver Test
Receiver Test 802.11a 802.11p
IEEE-2012 IEEE-2012
Sensitivity 18.3.10.2 Sensitivity for 5 MHz and 10
MHz

20 MHz is same to 802.11a
Adjacent channel rejection 18.3.10.3 12 dB stricter than 802.11a
Non-adjacent channel rejection 18.3.10.4 10 dB stricter than 802.11a
Maximum input level 18.3.10.5 Same to 802.11a
Clear channel assessment 18.3.10.6 —82 dBm for 20 MHz

-85 dBm for 10 MHz
-88 dBm for 5 MHz

Received Channel Power 18.3.10.7 Same to 802.11a
Indicator Measurement

‘ ‘ Page 24



System Configuration
MXG/MXA

I = NONeEandon &
- =1} JNoaesennansn
‘ s NHENonness

Divider

Circulator

=
SEEEL]

LAN

| Speclrum Analyzer

GPIB/LAN

KEYSIGHT
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System Configuration
E6640A Wireless Test Set: EXM

RF cable == | AN cable ==

Keysight
KEYSIG HT ‘ Measurement

TECHNOLOGIES Forum
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802.11p Automation Tool
Automated test for 802.11p

Test Coverage

o= Wian Test Application - ver 2015.01.06 gm
Z A 3 ) — Tx Power
[FTTTTTT] AAeKEYSIGHT
Measure |Measure Setup | Configuratiun|
Test ltem Std &nt  Rate  Ch Unit Lower Upper Value Result  Remark —_ Spectral Flatn eSS
¢ 3> B02.11p 27M Ch 5920
T Power Levels 1p Antd Z27h BS20 dBrm 1] 30 15.21 Pass
 Tx spectral flatiness @ Sectionl 1p Antd 27h 920 dBm -4 4 -0.41 Pass
 Tx gpectral flalness @ Section? 1p Anta 276 ROZ0 dBm -B 4 -2.37 Pass -
" Tx constellation error 1p Ants 27 5320 dBm -100 -5 -30.65 Pass - Constel Iatlon Error
 Symbol Clock Freq. Tolerance 1p Antd 27M BS20 dBm -20 20 -0.98 Pass
 Tx Center Freq. Tolerance 1p Antd 27M ROZ0 dBm -20 20 -0.76 Pass
T Center Freq. Leakage 1p Anta 276 920 dBm -100 -15 -19.82 Pass
¢ Tx spectrum mask @Low[-40dBr] 1p Antd 27 5320 dB i 100 2.49 Pass
 Tx spectrum mask @Low[-28dEr] Mp Antd 27 5320 dB 0 puin} h.E7 Pass - SymbOI CIOCk Freq
T gpectrum mask @Low[-20dEr] Mp Antd 27 E920 dB 0 puin} E.72 Pass
T spectrum mask @Upp [-200Br] 1p Antd 27 BS20 B 0 100 6.88 Pass T0|erance
 Tw spectrum mask @Upp [-28dEr] 1p Anta 27 5320 db 0 puin} 4.90 Pass
 Tx spectrum mask @Upp [-40dEr] Mp Antd 27 5920 dB 0 puin} 0.e3 Pass
< P Min Input Sensitivity @ -63,00dBm 1p Anta 276 ROZ0 dBm ] 10 0.z20 Pass Good = 998 Bad = 2
7 fetimeiEne Tx Center Freq Leakage
4 m r

— Rx Min Input Sensitivity

Result View |Lag View | Fail List Yiew|

Keysight
KEYSIG HT Measurement

TECHNOLOGIES Forum Page 27



802.11p Automation Tool

Report (CSV)

& & WLAN_20150108_1954.xlsx - Microsoft Excel | =]
| = | mo EOIK| FHO|0F2 Al GIO|H ©@ =& =
& =) -1l -3 ¥ == Eak Z'g?
EERs " _ *um - @ = ool 7| Ol
j | ] mTEE 5<% MA - | B~ %?1 3‘ ?_‘IJEl i‘
R == = H
Al - Je v
) B ¥ b E F ] H J N
1 Wireless LAN 802.11aP RxTx Auto Test
2 Serial Hame : WLAN Data : 2015.01.08 - 19:55:04
3
4 Cable Loss : 5.6(2400),5.6(2500),6.3(5100),6.3(5300),6.3({5500)
E 6.3(5700),6.3(5900),6.3(6000)
5]
7 Test Item Type Data Rate Unit Min Max 5860 5880 5920
2 Tx Power Levels AntA 2TM dBm 0 15.26 15.2 15.46
9 Tx spectral flatness @ Section1 Anth 27 dBm -4 4 -0.5 -0.33 -0.32
10 Tx spectral flatness (@ Section2 AntA 27TM dBm ] 4 -2.39 228 -2.23 =
11 Tx constellation error AntA 27M dBm -100 -25 -30.13 -31.69 -30.38
12 Symbeol Clock Freq. Tolerance AnthA 27N dBm -20 20 -0.683 -0.69 -0.51
13 Tx Center Freq. Tolerance AntA 27M dBm -20 20 -0.76 -0.76 -0.76
14 Tx Center Freq. Leakage Anth 27 dBm -100 -15 -24 56 -23.56 -19.15
15 Tx spectrum mask @Low[-40dBr] Anth 27 dB 0 100 723 284 207
16 Tx spectrum mask @Low[-28dBr] AntA 27TM dB 0 100 3.95 4.48 485
17 Tx spectrum mask @Low[-20dBr] AntA 27TM dB 0 100 5.1 c.49 57
18 Tx spectrum mask @Upp[-20dBr] AnthA 27N dB 0 100 4.08 6§.58 8.7
19 Tx spectrum mask @Upp[-25dBr] AnthA 27N dB 0 100 4.71 3.69 418
20 Tx spectrum mask @Upp[-40dBr] Anth 27 dB 0 100 63 234 234
21 Rx Min Input Sensitivity @ -68.00dBm AntA 2TM dBm 0 10 8.3 27 0.2
| Hpgi P o B2 11pl3h) 802 TTpC12M) | 802 11p(27TM) %0 IER! Il |
| | |[FEEm 100% (= 0}




Single Channel Fading
What Problem Does It Solve?

Designers of mobile devices need to:

» Test the performance (FER/BER/BLER) of
their receivers under realistic channel
conditions

« Have accurate and repeatable results _ _

Do it at a reasonable price N7605B Signal Studio

\_ for Real-time Fading /

Keysight
Measurement
Forum
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Simple Fading Ul — N7605B Real Time Fading

- Keysight Signal Studio for real-time Fading EI
File System Tools Help

==

B-Hardware | Fader On | FaderOﬁ'l Fader Thrl |_Llpdate from Instrumerit | - |DCCaI | |F‘ower Search V' Hin

i e Instrument
- Fading

[ Fader Path

#

o5l Columns

<

Restore Default Settings I Columns Channel Bandwidth: 160MHz
Path Enabled RO gﬁ:‘:f' Delay
3 =2 Rayleigh _~||Classical 6dB = Fixed |
2 - Rayleigh | Classical 648 ~ | Fixed
3 r Rayleigh _v| Classical 648 | Fixed
4 - Rayleigh | Classical 648  ~ | Fixed
5 r Rayleigh _~| Classical 648 ~ | Fixed
5 r Rayleigh _v| Classical 648 | Fixed
7 r Rayleigh | Classical 648  ~ | Fixed
8 - Rayleigh | Classical 648 ~ | Fixed
9 r Rayleigh _v| Classical 648 | Fixed
10 - Rayleigh | Classical 648  ~ | Fixed
1 - Rayleigh | Classical 648 ~ | Fixed
12 r Rayleigh _v| Classical 648 | Fixed
13 - Rayleigh | Classical 648  ~ | Fixed
14 - Rayleigh | Classical 648 ~ | Fixed
15 r Rayleigh _v| Classical 648 | Fixed
16 - Rayleigh | Classical 648  ~ | Fixed
17 r Rayleigh ~ | Classical 6dB | Fixed
18 r Raylsigh v | Classical 6dB | Fixed

|Rea dy |Nut connected

KEYSIGHT

TECHNOLOGIES

RS =~ ==

— Selection

M All

tionLength

0K

Cancel

Fezet to
Defaults

Page 30



Fading Channel Test

N7605B Real Time Fading and Half-bath tub

0 14 A7 dB

0 83 183 ns
Doppler Q 492 -295 Hz

Static HalfBT HalfBT

Table 5: Rural LOS Parameters 144km/hr max differential
[Power | 0 -8 10 -15dB
Delay | 0 117 183 333 ns
0 236 157 492 Hz
[Z505  Statc HalfBT HalfBT  HalfBT

Table 6: Urban Approaching LOS Parameters
119km/hr max differential

Power | 0 3 5 -10dB
Delay | 0 267 400 533ns
0 295 -98 591Hz
BN Static  HalfBT  HallBT  HalfBT

Table 7: Crossing NLOS Parameters
126km/hr max differential

KEYSIGHT

TECHNOLOGIES

Pure
Doppler

[Power | 0 -10 15 -20dB
(Delay | 0 100 167 500ns
0 680  -492 886Hz
Static HalfBT HalfBT HalfBT

Table 8: Highway LOS Parameters
252 km/hr max differential

[Power | 0 -2 5 -7dB
(Delay | 0 200 433 700ns
0 689  -492 886Hz

Profile Static HaliBT HalfBT HalfBT
Table 9: Highway NLOS Parameters
252 km/hr max differential

Classic Bath Tub

Asymmetric Uniform

Doppler freq



Real Time Fading Test
802.11p_27M 64QAM

302.11a/g/j/p OFDM - Keysight 89600 VSA Software (64-bit) Tre—— g 3
File Edt Control Source lnput MeasSetup Trace Markers Window Utiities Help ™

PllloU.:0 @ a2 v M. HnE

| S8 E: Chl Search Time

| C: Chl OFDM e Veect Spectrum +

Fading mode ON
(Profile 5)

Stop 1 5161 mSec

TimeLen 40 40 5 [ Trig Ll 3 069566 mV

f 0: cnt oFOM syms/Ers |

Loglag
IEEE 802.11a/g/j/p OFDM - Keysight 89600 VSA Software (64-bit) [E=SREc ™)
File Edit Input  MeasSetup Markers  Window Utilities Help

G2 RV iM. AR

Control  Source Trace

A: Chl OFDM Meas

Const LinMag LogMag

40
dBm

ogMag

KEYSIGHT
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Automotive Radar

KEYSIGHT
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ADAS Technologies

Ultrasonic Camera Radar Lidar

wd = S

1 Four-Layer
Laser scanner

O Singe-Layer

b Laser scanner

.~ Radar
Mono Camera

Ultrasonic

Keysight
Measurement
Forum
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http://www.google.com/url?url=http://www.aliexpress.com/price/automotive-ultrasonic-sensor_price.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=73rwVMa5CebQygPg_4KAAQ&ved=0CDIQ9QEwDg&usg=AFQjCNEmUR-RDKIRjW8xusRK_Zp1wL_ZpA
http://www.google.com/url?url=http://www.gizmag.com/go/7734/&rct=j&frm=1&q=&esrc=s&sa=U&ei=lHvwVIvqO6WeygPLv4GQCw&ved=0CCAQ9QEwBQ&usg=AFQjCNEiPEhFAmUG52pTu_N4dBPT3luzNg
http://www.google.com/url?url=http://wardsauto.com/news-amp-analysis/lidar-drives-hella-s-acc-bid&rct=j&frm=1&q=&esrc=s&sa=U&ei=v3vwVLGrKqPcywPp7IKIDQ&ved=0CBoQ9QEwAg&usg=AFQjCNHDv0rfLuP3JGqV_4I9xDF-ufJ-Lg
http://www.google.com/url?url=http://www.engineerdir.com/product/catalog/11628/index1.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=NnzwVNyaAurMygP7hILYCg&ved=0CC4Q9QEwDDgU&usg=AFQjCNE7ZGHWbhKddXUQOWIJvoPvwQauyQ

Making our Roads Safer
360 degree vision

Automotive Radar — What is it ?

Advanced
Emergency
Braking

Evasive
Collision

Blind Spot Lane Change Rear traffic
crossing alert

Adaptive Cruise
Control (ACC) Monitoring Assist Keysight

Measurement

KEYSIGHT
Forum
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Radar Target Simulators

PTx

Basic Functionality: Ko
R < s e o)
6, €
The actual UUT radar signal is PJ
a) Received o I Equivalent
X
c) retransmitted RADAR (OUT)

A radar target simulator will
apply ...

Time Delay Range (Distance)

Doppler Frequency Shift Radial velocity

Attenuation Radar Cross Section

(object size)

Keysight
Measurement
Forum
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Radar Target Simulator Overview

Manufacturing Test concept and Capabilities

- Frequency Band : 76GHz -77GHz

- Bandwidth : 1GHz

- Single Target

- Range: 10m to 450m

- RCS Range
-7dBsm ~ 47dBsm @ 10m
40dBsm ~93dBsm@ 150m
55dBsm ~105dBsm@ 300m
60dBsm ~110dBsm@ 450m

Speed 0 to +/- 360Km

Scalable
Basic — Fixed range simulation (ie 75m & 150m)
Comprehensive — Full range, RCS, Doppler & DUT
Transmit Power

Designed, manufactured and supported by single

company Keysight Technologies

World wide support, calibration and warranty
Default 3 years factory warranty
Optional upgrade with onsite calibration, onsite
spare and 7x24 support packages

CE and Safety certified

KEYSIGHT

TECHNOLOGIES

Vertical setup

Anechoic Cham

Horizontal setup

AnechAnechoic Chamber

1 meter

Measurement

Keysight
Forum
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Keysight Radar Target Simulator
Scalable system configurations

\an Fixed range + DUT Tx

Key Features

Hardware
Configuration

Support &
Warranty

KEYSIGHT

TECHNOLOGIES

76-77GHz * 10-450m « +/- 360 Km/h * Enable DUT Tx
1 or 2 Horns with 1m with 1Km/h power

75 & 150m resolution resolution measurement
1GHz BW

Full RCS

DUT Tx

simulated power

i Base system |t :m}:
%_ internal HW - }
= upgrade U2042XA Power
Base System N5183A MXG Meter

3 Years Keysight Factory warranty with calibration certificate valid for 1 year
Optional 1 or 3 years contract

o Return to Keysight or onsite calibration

o Spare onsite swap

» Maximum Phase noise option is available.
» -90dBc/Hz @ 10KHz Keysight
- . . Measurement
+ Note: Additional features on top of Basic system offering Forum Page 38
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Keysight Radar Target Simulator
User Interface and controlling software

Bench Environment

o) Mainform E=mEen =)

=&
Radar Target Simulator 77GHz Mode
Configuration Instrument Status
Signal Generator
Center Frequency 765 GHz = ns1838
DUT Tx Power 10.00 % dBm Switch € 1t
DUT Antenna Gain 2500 dBi ELas90a
Delay Li
Chamber Range Setup 210 meter Delay Line
Simulator Antenna Gain 25005 dBi
Simulation Parameter Component Status
Target Range Setup 4012 meter Optic Delay Line : 222 ns
Pin Attenuat: 13.24d
Relative Speed 0005 Km/h
Signal Genera 18.85 GHz, 9 dBm
( Doppler:) LNA: OFF
< ced Attenua FF
RCS of Target 50.00%- dBsm /(S Power: Valid
Power
DUT Roxx Power : -60. 021829 m
Simulator Input Power : -16.5653978196341 dBm
Simulator Output Power : -33.6301123986611 dBm
Refres
Apply mponents RF Off
Stat

Simple and Ease of use GUI

Manufacturing Environment
C++ & C#
programming

e

Connection via LAN

Keysight API

el

Adobe Acrobat
Document

Radar Target Simulator

SW API supporting C++ & C#

environment
Keysight
KEYSIG HT Measurement
TECHNOLOGIES Forum Page 39




eCall Fundamental and IVS test

(IVS: In Vehicle System on eCall)

KEYSIGHT

TECHNOLOGIES

MSD | aucioPcm | Map |

MSD Source Data from IVS(AT+KECALLMSD=0)

015C0600A28A28A28
A28AZBA2BA2BA28ATER1C4919C 1C53CF3344
046350C07551273D0EB01839897191718991A
841998 1996 1A 16 1A 1B0000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000

Isowmi
Isovds
IsovisModelyear

IsovisSeqPlant

00000000000000000000000000000000000000 storage Type
00000000000000000000000000000000000000 g
MsD | Audopcm  MAP |
e
w1 Kingdom » [Mep [ Sateiie |
o
< )\J\, Isfe of Man
\ A, 4 £
v _{__bublin Manchester Hambiirg :
Ireland e S | .
MsD  Audio PCM I Mapl:é ‘stggdam Berlin

Netherland:
PCM Data from PSAP to VS b

Frankfurt
o

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000
PCM Data[Count]

PCM Data from IVS to PSAP

Monaco

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000
PCM Data[Count]

Germany

Munich
o

0]

Prague

Czech Repu

Florence ,
o

Map Cata  Terms of Ugg ofgpotamap emor

AAA

AAAAAA

A

AAAANAA
DieselTankPresent

945105784

48.822500

2556167
168

slo




Yes | know that | need to test it

— eCall will “Go-live™ 31/3/2018 in Europe.

2005: 2008: 2011: 2011:
EU funded Data format

Union asked standardized ”.HeERO’.’ & applicatiQn
for an ecall in ETSI/3GPP trials begin standardsin
standard CEN

2013: 2018:
United “Go-live”

European eCall modem :
Nations starts date

standards 31/3/2018
work

— All car manufacturers and tiers know that IVS should be
equipped in their car

* needs to prepare test setup for making sure it works

fine.
Keysight
KEYSIG HT Measurement
TECHNOLOGIES Forum
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Emergency Service Category

. T Ty
26 [00101110 2¢ Senvice category ld=2e(hex) R Bty SR O ERREE-——
27 00000001 01 LE'I"Ich: 1 octet(s) 26 00101110 2e
1 01 Police= Lidec) 27 00000001] o1
0 Ambulance= 0(dec) 28 i -0 08
1] Fire Brigade= O(dec) [ °° |
0 Marine Guard= 0(dec)
[1] Mountain Rescue= 0(dec) L%‘
000 Spare= O(dec) 000 |
00011111 1f  Codec Bitmap for SysID= 1fthex) 24 00011111 1f  Codec Bitmap for SysiD= 1f(hex
00000000 00 25 00000000 0O
00101110 2e  Service category Id=2e(hex) 26 00101110 2e
00000001 01  Length= 1 octet(s) 27 00000001 01
[ 02  Police= O(dec) 28 [+ 10
1 Ambulance= 1(dec) 0
[1] Fire Brigade= D(dec) .0
0 Marine Guard= O(dec) 0
0 Mountain Rescue= 0(dec) | 1
000 Spare= O(dec) 000
00011111 1f  Codec Bitmap for SysID= 1f(hex) <4 Uo0i1111 it Cogec Btmap Tor Sysi= 1rinex
00000000 00 25 00000000 00
' 00101110, 2e Service category Id=2e(hex) 26 00101110 2 Service category Id=2e(hes
BSMPRS/ESDRS Test St & 27 [00000001] 01 Length= 1 octet(s) </ 0000000y 01 s
Message Filter Ohservation Foints “ 28 [\, 04 Police= O(dec) <0 o iC 0
[} Ambulance= 0{dec) 0
| 1 Fire Brigade= 1(dec) 0
] Marine Guard= 0{dec) 0 o
0 Maountain Rescue= O(dec) 0 Mountain e= O(dec
000 Spare= D(dec) 001 Manually Initiated eCall= 1(dec)

Keysight
KEYSIG HT Measurement

TECHNOLOGIES Forum Page 42



eCall Architecture
Qualcomm proposal

Pan-European eCall, Marc Werner
April 2011

i eCall In-band Modem within the Cellular Architecture

-.-.
N5172BEXGw TT==-___ v -
Slgnal Studio In-Vehicle System (IVS)~ ~ _ _ /// |_C I\:T:;elz‘l Trans- S\éw:ﬁ?él:g
position data GPS j e (MSC) '
‘ Receiver ’
/7
~ MsD VS »
TR ) o %
C Speech | | Radio J
Codec Modem
* |VS or PSAP initiates MSD transmission within
the 112 call (‘push’ / ‘pull’)
— ‘push’ mode is standard for first MSD
transmission
» Voice path is muted until MSD is correctly e SO
received
KEYSIGHT

TECHNOLOGIES
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Co-existence of CS and IMS eCall
Migration of eCALL Transport : ETSI STF456

CS eCall

IMS eCall

IVS

KEYSIGHT

TECHNOLOGIES

Make all accesses useable,

with adequate effort

Extremely rare scenario
________________________________ CS eCall
IP based

_______ eCall
eCall-Data (bi-directional enhancement ?!

Text-Chat (enhancement ?) PSAP

Video (enhancement ?)

Keysight

Forum

Measurement

Page 44



2G 3G 4G market — Who will be the biggest?
Global Mobile Subscribers and Market Share by Technology

March 2015

HSPA

27%
1.9Billion Subscriptions

7.2 Billion mobile
subscriptions

worldwide

TD-SCDMA GSM

3.3% o

235 Million Subscriptions 56 A

3.9 Billion
Subscriptions
CDMA
5.4%
386 Million Subscriptions The number of

mobile-connected

devices surpasses
the number of

people on earth.

LTE

9%
635 Million Subscriptions

G

anericd W
Source: March 2015
Via: The 3G4G Blog - blog.3g4g.co.uk



Budget, Budget, Budget
Full Conformance test is not required for all cases

— Conformance test system price
for IVS can be up to 500K USD

— If user just wants its IVS is
working and properly
communicating with PSAP, this
type test system is too much.

— To match up increasing test
needs, simple and cost effective
way for testing IVS functionality
is highly required.

Keysight
Measurement
Forum

KEYSIGHT

TECHNOLOGIES

Page 46



Focused on Insanely simple

START

Focused on |VS is functioning

— Software has only 3 buttons, each button is activated only when it is
required.

— Simply hook up and running will show you all the information of
message when IVS is in eCall communication.

— You can check every each items of MSD(Minimum Set of Data) and
verify that IVS is properly reporting.

PC with PSAP

Page 47




Functions
MSD compare, decoding

Parsed MSD
contents

MSD I.ﬁ.udqu‘CM] Map |

MSD Source Data from IVS{ATHKECALLMSD =0)

015C0600A25A28A2E

AZBAZBAZEAZEA25ATER1C4919C1CE3CF3344
046350C07551273D0EB01839897191718991A
8419931998 1A 18 1A 1B0000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000

MSD data that
000000000000000000200020200020000000000

IVS trying to
00000000000000000000020000000000000000
send 0

MSD Data from IVS{G5M TCH)

[CTRL] M5D received from PSAP; correct.

015C0600A2BA2BAZBAZEAZEAZBAZ  AZBATES
1C491A3C453CF 33449046 350C0755 1./73D0EBO
1339897191718991A8419931996 " A1 1A1B00
000000000000000000000000000 J000 3000000
00000000000000000000000000200000 000000
000000000000003000000000007000000 200000

000000000000000000000000¢ 2000000000000
000Q0NNNORARANNNNN

Received and
decoded
MSD data

Comparison
result

KEYSIGHT

TECHNOLOGIES

Isowmi

Isovds
IsovisModelyear
IsovisSeqPlant

Storage Type

Value

PositionLatitude
PositiocnLongitude
LatitudeDeltal
LongitudeDeltal
LatitudeDelta?
LongitudeDelta?

Value

AAA
ALAAAN
A
AMAAAMN

DiezelTankPrezent

949105754

48822500

2556167

168

78

-24

-42

3
Keysight
Measurement
Forum

5l
— O
=
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Functions
Audio PCM data displaying and recording PSAP

responded
MsD  Audio PCM | mMap l:é aUd|O
PCM Data from PSAP to IVS | |
S TR PGS T R oETTIERT SR
PCM Data[Count]
PCM Data from VS to PSAP
Received
audio on
PSAP 0000 = ne 10000 15&&02&&&02&@&3&2%}&%%?8-[1&?3”35@ RA000 55000 60000 65000 70000
This audio
signal is saved ceysiah
KEYSIGHT easuremen
TECHNOLOGIES as wav format ,l\:/Iorum t Page 49




Functions

Page 50

(GO0 N

pol
(Ze

Locate IVS location data on the map

Mp KEYSIGHT
TECHNOLOGIES



Functions
Monitor IVS interface

AZBAZBAZBAZBAZBATER1C4919C 1C53CF 3344046 350C07551273D0EED 15839897191715991A841998 1996 1A 1B 1A 1B000(
at+ecll=0,"112"1

QK
+ECALL: 1

+HKECALL: 1+KECALL: 2+KECALL: 3+KECALL: 4+KECALL: 5+HKECALL: 6
4| L}

All the AT commands &
responses between IVS and
software can be monitored

KEYSIGHT

TECHNOLOGIES

Keysight
Measurement
Forum
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Typical usage

— When specific accident simulated thru electrical signal, for example,
front crash on load vehicle made airbag blow, user can verify if IVS
automatically make a phone call and report current vehicle status.

Diesel Car from A
company, we have 3
passengers, and we

are where and ...

KEYSIGHT

TECHNOLOGIES

Measurement

Keysight
Forum
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Click to run

II'ES'[ALIZE

MSD | AudioPcM | MaP |

MSD Source Data from IVS{AT+KECALLMSD=0)

MSD Data from IVS{GSM TCH)

AutomaticActivation
TestCall

Flag

Vehicle Type
Isowmi

Isovds
IsovisModelyear
IsovisSeqPlant
Storage Type

Value

KEYSIGHT

TECHNOLOGIES

Keysight
Measurement
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Sensor Test (TPMS, RKE)

KEYSIGHT

EEEEEEEEEEEE




Facts about TPMS

Tire Pressure Measurement System (TPMS)

» Includes tire pressure monitoring module in the tires and the MCU in the vehicle
control unit

» Measures conditions in each tire and transmit the data to the MCU via radio

» Works at ISM band, e.g.315MHz,433.92MHz,868MHz or 915MHz,

» Modulation format: FSK or ASK with Manchester encoding

temperature o (3'19%5“155%%3; Monitor
information modauiation 915 MHz) Center

Receiver

a

j O 4-

Keysight
Measurement
Forum
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Example Block Diagram

e

e

‘Recelver Tuner (Chassis-Mounted) AN
T ¥/ N —
Bmo N SN/
P RF-IC S -
8 bit —S o BTBNIIZFNG R D S £ S
ucu § F ®  TC32306FTG =_3 =¥
' £ZE 382
I T | 8 bit 58 -
Temp. Pressure LF System MCU 2 §
Sensor Sensor (RX) Power Supply oo

TPMS
‘Warning Lamp

|
e Transmitter Test: Receiver Test :
ey « Frequency * Sensitivity-Bit error
* Power * Frequency
& * FSK deviation

TECHNOLOGIES

Keysight
KEYSIG HT Measurement

Forum
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Similarities in RKE/PKE Testing

Basic Umdirectional RKE Fob

S4010
IMCU, Memory,
AES Encryption
0SC + Rf
Transmitter)

Transmitter

jﬂ

Anh nna

OR
2 Way Long Distance RF Fob

TRX
Antenna

“*RF

\ Antenna

Icl

\

RE M

Antenna

\

* RF

Engine Start

\
“—
Door Lock S Unteck 4~4

:
.

—

wopon

Immobilizer

il

RX

CBOS1FSxx
MCU

w

Combined RKE/TPMS Receiver

RX

b

OR

Combined RKE/TPMS Receiver
OR

S110xx Wireless MCU

RF TRX

RKE Transceiver

RKE/PKE also utilizes the same technologies:
ISM bands and ASK/FSK modulation format.

KEYSIGHT

TECHNOLOGIES

Keysight
Measurement
Forum
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N9320B Spectrum Analyzer Overview

| A psa s Ns@l‘_mu‘.aam

Directly demodulates

on the carrier

Intuitively shows the
modulation metrics

Multiple view maps

N9320B in ASK/FSK demodulation
mode (with option DMA) :

« Freq range: 10 MHz to 3 GHz e — = N—
= Power accuracy: + 1 dB typ. L
= Input power: -30 to +20 dBm
= Synchronized by RF trigger View by symbol Iz View by waveform |
= ASK depth: 10 to 90% ‘ :
= FSK deviation: 1 to 400 kHz

=« Max measurement length: 1100 symbol

Keysight
KEYSIG HT Measurement
TECHNOLOGIES Forum Page 58




Why should | use the ASK/FSK demodulation
analysis mode in Keysight N9320B/N9322C?

Traditional spectrum analyzers Agilent N9320B/N9322C BSA

s,

Max-hold takes about ﬁ( One-stop demodulation metrics!

10 seconds to fully
capture a FSK signal

KEYSIGHT

TECHNOLOGIES

Page 59



Typical Test Results

Tx Measurement example: 2FSK signal

(CF = 433.92 MHz, Power = -20 dBm, symbol rate = 4 ksps, Peak-Peak FSK deviation = 50 kHz,

Baseband pattern = 1110000110)
% Aglent 13:53:17 12-07-2010

Ref 0.00dBn Atten 20dE

10

Sdiv

Measuring a FSK signal in the normal
spectrum analyzer mode, using trace
max hold

KEYSIGHT

TECHNOLOGIES

16:50:0T7 12-08-2010

s Agilent

Att: 0.00dB Carrfreqg: 433.920000MHz

Measuring a FSK signal in the
ASK/FSK demodulation mode
(Opt. DMA)

Measurement

Keysight
Forum Page 60



Typical Test Results

3% Agllent 23:43:33 01-08-2000 3+ Agllent 23:46:07 01-06-2000

Att: 10,00dB CarrfFreq: 433.000000MHz

Att: 10.00dB Carrfreq: 433.920000MHz

[T T T

l‘ﬁk:‘. A M A A tf

Sumbol
Current:
10.44dBn

8.014kHz

-220.639kHz

Add Pass/Fail Testing on the FSK Add Pass/Fail Testing on the FSK
deviation ( Purple color = Fail, out of deviation ( White color = Pass)
tolerance)

KEYSIGHT

TECHNOLOGIES

Measurement

Keysight
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Receiver Test Solution for TPMS receiver

| Sl

=T == 8 900

e B
N5172B EXG

Product configuration Product configuration

N9310A RF Signal Generator, 9 kHz - 3 GHz N5172B EXG Signal Generator, 9 kHz -3 GHz
33500 Function/Arbitrary Waveform Generator Custom digital modulation
33503A BenchLink Waveform Builder Pro

Measurement

‘ Keysight
Forum

KEYSIGHT
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Keysight Solution (Economic version)

33200/33500 Series
waveform generator

G

O

|_

2 —E

= : s [ =1o sooad

s 33503ABenchLink = S5 ohnges ,

o Software — : — - .

o N9310A RF :
Signal Generator U2531A Data

Acquisition

= e e
_|
 EEEF -
5 CCEER %2
: & =
(.4 = @
N9320B/N9322C BSA Spectrum 3
Analyzer 2,

KEYSIGHT

TECHNOLOGIES

Measurement
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Bluetooth Audio

u8903B

=l
§
s
s
=

3 A’; :, 'f'_l !
i

&

:
:-
i

KEYSIGHT

TECHNOLOGIES




U8903B’s Bluetooth Option

4.0

€3 Bluetooth

Bluetooth

4.0 Driven by market
trend with more

devices compatible Transmit up to 5 dBm

with Bluetooth 4.0

Eliminate the

uncertainty of pairing Test a wide range of
and connection issue Bluetooth devices
when testing the (class 1,2 & 3)

Bluetooth 4.0 devices

Keysight
Measurement

Forum Page 65
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U8903B’s Bluetooth Option
Link Monitoring

Ensure the Bluetooth link quality and easily

troubleshoot connection issues via LK o @3 t:. :
ink Qualty 00% BER RS 1N 500 dBm in alus

. [Local DeviceInfo | ——————— =
« Bit error rate (BER) measurement Frendytant e
Measure the link quality between e o "

onnecled De . Sure HiFi
U8903B and the to-be-measured Ovice Mirws:  OUGIRIETOI0  Comsihediume
Bluetooth device e

D497 0B.FF DCSD Yes

Causes of link quality deterioration
can be determined by monitoring S

the changes in BER value

* Received signal strength indicator

(RSSI) Link Quality 0.0 % BER S | | 500 dBm
Estimate ||nk quallty Link Quality by BER Link Quality by RSSI
KEYSIGHT s
M t
TECHNOLOGIES F()ezISrTL\Jremen Page 66



U8903B’s Bluetooth Option
Local Loopback Capability

Quick and Convenient;

— Enable simultaneous uplink and Ugf;gjgtg;g;°h’;';3'g;ff
downlink test gt BT
U8903B = W _o‘ = b |
Accurate: — E §
. ] ) Bluetooth RF Signal
— No potential audio degradation - -
by the U8903B’s internal audio . ==33
. . - = —
Slgnal processing | :i 2| g  § | RF Cable

e 49 DUT
- \" ¥ ee Mobile phone

 Full functions of audio : ,
measurement: UXM or 8960 Wireless Tester

Simulated as base station

— Tests processed in analog Example: Bluetooth audio quality test of mobile phone
audio domain, not Bluetooth
domain
Keysight
KEYSIGHT Measurement

Page 67
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Total Keysight Bluetooth Solution

« With the U8903B’s Bluetooth option, Keysight now offers a total Bluetooth test
equipment solution

» One-stop center: saving your time, effort and money

Audio test
UB903B audio analyzer

RF Test Power Test
Spectrum analyzer, Power meter and
RF source, network power sensors
analyzer
Bluetooth
device

Network Emulation

Protocal Analysis ¢ ‘ ‘

Wireless test set UXM and 8960
wireless tester

Keysight
Measurement
Forum
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Bluetooth Audio Test Solution
Customer test cases

BT DUT i )

usgosze
Audio Analyzer
Simulated as Mobile Phone

L g

Acoustic coupler from
microphone to speaker

Bluetooth Headset

.o

a’unsus
/\éT RF Signal

Testing headset phone
call quality

Testing headset playback
audio quality

Testing headset phone
call dual link quality

Testing mobile phone

playback quality

UB903B Audio Analyzer
Simulated as headset

[

. O [ Zhsos| 3naics] osi
an; an;
UXM Wireless Tester Another “optn | dudo’| auda | VO mﬁu:w"w
Mobile phone : S e

1 Inject or test RF test
/ signal with audso
content

A/ Inject o test [,

>
Inject or test ||
DSI signal

{ inject o tast

| AES3 signal
1 inpeet or test DSI

B {

SPOIF ‘ AES3

signal

BT MOD
and P"":“‘ CODEC
IR Control

DSl (I2S)

; Al -_ {-‘u:a
I

SLMBus HDMI

T L

'; h,m:lr.[lll

Testing mobile phone
call quality

Testing mobile phone
call quality with real network

H mm w tost DSI

1 lnpclo-l

| Inject the analag

Inject the analeg test signal

test signal

i

Amcial
= Mouth

Test analog test
signal

signal

R&D testing: validation, characterization and trouble shooting

‘ Page 69




Bluetooth Audio Test with U8903B
Customer

Distortion and Noise : <-108dB, Typ. <-110dB
Frequency Response: Flatness +0.008dB (20kHz) _
Testing headse hone Phase (Stereo): +2° ng mobile phone
Crosstalk (Stereo): <-130dB

Inter-modulation: SMPTE IMD and DFD (IEC o -
60118/IEC 60268) / gz
PESQ/POLQA: ITU-T P.862.3 and P.863 O ==

Spectrum Analysis (FFT):1.5MHz BW, 2M points

Sweep Analysis: By frequency, amplitude and phase | N g

eeeeeeeeeee
ssssss

L Artificiad
=

Testing mobile phone
call quality

and trouble shooting

Page 70



Body and Safety Reference Solution

Faster Integration, Auto-Electronics Ready Solution with
Fast Test Development

KEYSIGHT - - MOEEEER o0

TECHNOLOGIES




Electronic Control Unit (ECU) in a Car

. Engine Control Fuel Injector Emission
Powertrain Module Control Control
ECU
Electronic

Stability Control

Power
Steering

: Control
Airbags Control

Adaptive

Cruise

Anti-lock Control

Braking System

Body Control

Safety
ECU Module
ECU
Keysight
KEYSIG HT ‘ Measurement
TECHNOLOGIES Forum Page 72




ECU, Sensors and Loads

u—

- Analog

Manifold Press. > Inputs

Accelerator

Engine Temp. g
02 Sensor —lD

Ignition ¢~
Kill o Digital
Speed % Inputs

A
Cam @

Crankshaft A

KEYSIGHT

TECHNOLOGIES

Power
Timer
Real
ADC Time
Clock

16 -Bit MCU

Injector
Driver

IGBT
Ignition
Driver

Bridge
Driver

Output
Drivers

q L)

Fuel

Injector

IGBT Coil
_’Jt _mh Driver

Idle Air

— ) o => Control

ofe

Valve

_’E Power Relay

pr— ¥‘ lgn. LED

—H

v

— i

Keysight
Measurement
Forum

02 Sensor
Heater

MIL
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Cost of Ownership and Challenges

Decreasing TIME TO MARKET for your products

A -

Traditional Product Life Cycle Product Life Cycle with Simics
Resources Product
Costs Quali

Risks
: Reduced Time-to-Market
Infruud R.v'nv_'

Software

Software

Engineering Resources
Engineering Resources

Integration
and Test

\d Integration
and, ] est

Time and Risks Time and Risks

Focusing on your CORE BUSINESS GOALS

Building systems is NOT Optimizing Throughput and
your core business goals Test Coverage IS

30%

Keysight
KEYSIG HT Measurement
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T1S-8989 — One BOX Solution

e — NTEGRATED HIGH
| CURRENT SWITCH WITH
,,,,,,,, - PXI BASED MEASUREMENT
" e AR, SYSTEM IN A BOX!

F &

- US989A
6 ‘\ / Setup as bench top system or
integrated into a Rack & Stack

system

e -

l Space optimization of up to 8U rack
1 T space

Up to 40A current loads

O ases Switch Load Unit Embedded Controller Up to *168 test nodes (*3 x Pin Cards)
1 - ; g i .. (

Suitable for Functional test of
Mechatronics applications with high
Current and voltage ranges (ideal for

E. Automotive)
&
% ot Windows 7, Keysight 10, TestExec SL
- 7.1, TS-5000 7.1
Keysight
KEYSIGHT Measurement
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g SLuU

» All Voltage/Current Measurement . — — —= = = = = = =
”

E8782A + PXI M9183A

Switching for all test nodes

All Resistance Measurement /

O Power Supply N6702A/N6951A

* Power Up DUT

Force Sensor Signal

Feedback

Wheel Speed Sensor

Signal Feedback

Position Sensor

Signal Trigger

Crash Sensor Signal

Trigger

Discrete Switches

Trigger

/
|
k>
|
|

a PXIM9188A —
Various multiple automotive |
sensor signal emulation — up |
to frequency ~50kHz L
Dynamic voltage/current |
source to emulate the |
corresponding change of |
hall effect or magnetic field _I'
Sensors. I

< I,
\
\
N

SLU U7177A

Discrete Input Switches Simulation

2A load card with current sense capability

KEYSIGHT

TECHNOLOGIES

~

a

Vcc

Body/Safety
Control Module

CAN/LIN

- o o e o e o -

3rd party PXI CAN/LIN Communication Card

» DUT assisted communication
* High Speed, Low Speed or Single Wire CAN, LIN

”

O PXIM9186A

/

_———mmmmmEmETm
N
1 \ L]

\

/

,EI SLU E6176A,U7179A,U7178A etc

» Voltage/Current Source, Force
Voltage/Current with measureable
sense resistor

Pin check -> open short and
leakage test

—. (o

O PXIM9187A

+ 32 channels Digital
Input / Output for
automatic fixture control

N

4

1

« Various load card for simulation
of load effect (motors, lamps
etc..) using resistive/inductive
load

« Establish Low Side, High Side or
Bridge Load Driver

 Current handling up to 40A with
sense capabrity

Page 76



Customer application #1 — Body Control Module

VBatt 40A

4A

Cargo/Room
Lamps etc...

8A
Bﬂd)“ Cnntrol Door/Window

Locks...

1A \
Switches Input
5A
Wiper/Washer

1A Motors...

|| Rain & Light Sens
Input

CAN

Keysight
KEYSIG HT Measurement
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Partnering with Keysight Systems

Faster Time-to-market, due to re-usability of systems

across products and manufacturing lines

Standardized systems enable on-the-fly changeover and
adaptation to capacity fluctuations

Faster and more robust system deployment,
solid support and spare parts strategy

Lower total costs of ownership

Quality, Repeatability and Reproducibility

SW Framework to enforce high re-usability of test
code and

Minimized/ No efforts for system confirmation and

troubleshooting

Keysight
Measurement
Forum
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