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Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,

navigation aids maritime radio, FM radio, cell phones, microwave radar landing
signals (e.g. loran-C) radio radiotelephony navigation GPS telecommunications  systems
aids
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50 BILLION

DEVICES CONNECTED BY 2020

&

85%

EMBEDDED DEVICES TODAY
ARE UNCONNECTED

1.9 BILLION

SMART PHONES
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ENHANCED MOBILE
BROADBAND
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MASSIVE MACHINE ULTRA RELIABLE MACHINE
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B2 HF EFN- 19902020

5G (2020)

10 Gbps, Z|11 H|O|H &£ &
100 Mbps, =2 SOHY
10,0008 & B2 E &

LTE (2010): 100 Mbps
HSPA (2008): 42 Mbps
UMTS (2001): 384 Kbps

GPRS (1998): 40 Kbps ENHBI:‘I\CI)(;%DBKIII\(I)SILE
GSM (1991): 9.6 Kbps -
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LTE B2 Hats

LTE Advanced Pro (Release 13)
* Up to 32 component carriers
* Full-dimensional MIMO »
* LTE in unlicensed spectrum
LTE (Release 8) LTE Advanced (Release 10) »
OFDMA + TD-SCDMA for  Expanded to downlink MIMO LTE-M (Release 12/13)

mobile communications streams ‘

* 4 Downlink MIMO streams * Up to 100 MHz channel * Half-duplex radios .

+ Up to 20 MHz channel bandwidth through 5 component * 1.4 MHz /200 kHz Bandwidth
bandwidth carriers » Lower power consumption

* 15 bps/Hz efficiency * 30 bps/Hz efficiency

NB-IoT (Release 13)

* BPSK/QPSK Modulation
+ 180 kHz Bandwidth »
* Re-use GSM/LTE Bands
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MZEZ 4.5G &4l: LTE-Advanced Pro

Carrier Aggregation Full-Dimensional MIMO Licensed Assisted Access
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NI Platform for RF Instrumentation

Interactive User Interfaces

Programming APIs & Examples

Test Executive Software

&+ I . [l ’
Signal Signal Vector Signal Network Switches Power
Analyzers Generators Transceivers Analyzers Meters




NI Vector Signal

Frequency Range

Bandwidth

Phase Noise
(10 kHz offset) at 1 GHz

Onboard Reference Clock

List Mode

Peer to Peer Streaming

Absolute Amplitude Accuracy

Average Noise Floor

ni.com

a.

Analyzers Family
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5%, : s (e, ;\‘:‘.:‘;E k L ;').: AY) i3 el i
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NI 5661 NI 5663 NI 5644/45/46R NI 5665 NI 5668R
9 kHz to 10 MHz to 65 MHz to 20 Hz to
2.7 GHz 6.6 GHz 6 GHz 3.6/14 GHz
25 MHz or
20 MHz 50 MHz 80/200 MHz 50 MHz
-90 dBc/Hz -105 dBc/Hz -112 dBc/Hz -129 dBc/Hz*
+50 ppb &3 ppm %200 ppb 50 ppb
Single Stage Zero-IF
Multi Stage Multi Stage
(no Image rejection) (no Image rejection)
No No Yes Yes
No Yes **Yes Yes
+0.6 dB +0.65 dB + 0.35dBto = 0.55dB +0.1dB
-122 dBm/Hz -158 dBm/Hz -161 dBm/Hz -165 dBm/Hz

*NI 5665 Phase Noise Measurement is at 800 MHz

20 Hz to 14/ 26.5 GHz

Up to 765 MHz

-129 dBc/Hz*

+50 ppb

Multi Stage
Soon
Yes

+ 0.2dB

-167 dBm/Hz
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Key RF Building Blocks

Symbol Name Types
Amplifier Power Amplifier
(2 port)  Low Noise Amplifier
Mixer  Upconverter
(3 port)  Downconverter
LO
@_, Oscillator  Voltage-controlled oscillator
(1 port)  Quartz crystal
) % L, Filter = Passive
S (2 port)  Active
Digital
/%' Attenuator Mechanical
(2 port)  Solid State

ni.com

Function

Amplify signal before transmission (high power).
Amplify weak received signal (add little noise).

Translate lower frequency to higher frequency.
Translate higher frequency to lower frequency.

Generate frequency based upon voltage input.
Generate a single stable frequency.

Filter out undesired signal content.

Adjust Signal Level
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Build an
RF Receiver

Power lte RF Receiver —— :

Sample Clock
120 MHz

+30 dBm —— Slgnal at 2.4 GHz A
& < +10 dBm
0 dBm -1
i 5 MHz
L 100 dB P
30dBm = SFDR ——— Reference Level: -25 dBm=—> Ideal IF Level: +5 dBm
-60 dBm ——
60 dBc
-90 dBm —— -
-120dBm ——
Frequency
-150 dBm —— Y R
N 7 A
50 MHz 2.4GHz W7 NATIONAL _
' )¥ INSTRUMENTS
ni.com



Step 1

Sample Clock
. 120 MHz
RF Gain
RF Receiver |
Power lte — % ADC |
+30 dBm —— Slgnal at 2.4 GHz A
—+~ < +10 dBm <€ RF Gain: +15 dB
0 dBm -1
: Mixer Level: -10 dBm 5 MHz
1:]-)133 100 dB Rl
-30dBm == SFDR Reference Level: -25 dBm—> Ideal IF Level: +5 dBm
-60 dBm —1—
60 dBc
-90dBm —T1— -
-120 dBm ——
Frequency
-150 dBm —— Y -
A 7 A
50 MHz 2.4GHz ¢ NATIONAL
: " INSTRUMENTS'
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Step 1
RF Gain

Power I-te % RF Receiver 50 |

Sample Clock
120 MHz

+30 dBm —— Slgnal at 24 GHZ
— < +10 dBm
0 dBm o
: Mixer Level: -10 dBm =—>
L ADC
-30.dBm SFDR Ideal IF Level: +5 dBm
-60 dBm —T1—
-90dBm -—T— -
-120 dBm —T—
Frequency
-150 dBm —— Y -
R 7 A
50 MHz 2.4GHz 7 NATIONAL
, "INSTRUMENTS‘"
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Step 2
Downconvert to IF

Power I-te % ‘ > RF Receiver oC |

Sample Clock

LO 2.375 GHz 120 MHz

+30 dBm —— Slgnal at 24 GHZ
-+ < +10 dBm
0dBm ——
: Mixer Level: -10 dBm =—>
4 AD
-30 dBm < SFDR Mixer Is a Multiplication Ideal IF Level: +5 dBm
Fl1 x F2=F1+F2 & F1-F2 A
-60 dBm —— Output At 25 MHz and 4.775 GHz
-90 dBm —— Y
-120 dBm ——
Frequency
-150 dBm —— y R
A 7 A
50 MHz 2.4GHz ¢ NATIONAL
. "INSTRUMENTS’"
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Step 2
Downconvert to IF

Power I.t e % ‘: RF Receiver e :

Sample Clock

LO 2.375 GHz 120 MHz

+30 dBm —— Signal at 2.4 GHz

—+~ < +10 dBm
0 dBm -1

1:]-)135 100 dB
-30dBm  —— SFDR Ideal IF Level: +5 dBm
A
-60 dBm —T—
90 dBm —— - »
-120 dBm ——
Frequency

-150 dBm —— Y ~

7 7 7
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Step 3

. LO 2.375 GHz
Filter IF
Power lte — ,% "{>"
+30 dBm —— Signal at 2.4 GHz
—~ < +10 dBm
0 dBm -1

14-Bit 100 dB

X

Sample Clock
120 MHz

RF Receiver

ADC |

| ADC
-30.dBm SFDR Ideal IF Level: +5 dBm
A
-60 dB -1 .
: Y [I———
.90 dBm —— AL »
-120 dBm ——
Frequency
-150 dBm —— /[\ //// -
50 MHz 2.4GHz ~ NATIONAL
"INSTRUMENTS‘"
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Step 3
Filter IF

Power I_te — %" -'D"

+30 dBm —— Signal at 2.4 GHz

Sample Clock

LO 2.375 GHz 120 MHz

RF Receiver

ADC |

X

< +10 dBm

|

0 dBm 1T

beci:t 100 dB
-30dBm —— SFDR Ideal IF Level: +5 dBm

-60 dBm  —— -Low Pass Filter

90 dBm —— v All High Frequency Signals Removed

-120 dBm ——

Frequency

g

-150 dBm —— Y

50 MH 2.4GH =~ NATIONAL
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Step 4

Sample Clock
. LO 2.375 GHz 120 MHz
IF Gain
/'x/ ‘
Power I.t — % —'{><> ~J — > —— {ADc |
+30 dBm —— Signal at 2.4 GHz
7 < +10dBm <€— IF Gain: +37 dB —>
0 dBm -1
K‘]')Bét 100 dB
30dBm —— SFDR :
<€~ Filtered IF Signal Level: -32 dBm \deal IF Level: +5 dBm
-60 dBm —T1—
-90dBm —T1— \—
-120 dBm —1—
Frequency
-150 dBm —{— y -
A 7 )
NATIONAL
| 50 MHz 2:4GHz "7INSTR(I)JMENTS'"
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Step 4

Sample Clock
. LO 2.375 GHz 120 MHz
IF Gain
Y |
Power I.t — % —'{><> ~J — > —— {ADc |
e % A

+30 dBm —— Signal at 2.4 GHz

7 < +10dBm <€— [F Gain: +37 dB ——>
0 dBm -1

100 dB
-30dBm —— .
<« PR Filtered IF Signal Level: -32 dBm \deal IF Level: +5 dBm

-60 dBm —1—

v
-90dBm == } Amplified Noise
-120 dBm —1—

Frequency

-150 dBm —— Y/ N

A 7 0

NATIONAL
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1MICH(2005~) 2MICH(2008~) 3MICH(2010~)

PXI-5660/1 PXIe-5663 PXIe-5665
2.7GHz 6.6GHz 3.4GHz/8.5GHz/13.5GHz
20MHz Bandwidth 50MHz Bandwidth 50MHz Bandwidth
Power
A
<>
90dBm —T—

& Bandwidth ——>

-110 dBm ——

-130 dBm —

-150 dBm

-170 dBm ¢ NATIONAL

Freq. INSTRUMENTS'

ni.com



NI Vector Signal

Frequency Range

Bandwidth

Phase Noise
(10 kHz offset) at 1 GHz

Onboard Reference Clock

List Mode

Peer to Peer Streaming

Absolute Amplitude Accuracy

Average Noise Floor

ni.com

a.

Analyzers Family
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NI 5661 NI 5663 NI 5644/45/46R NI 5665 NI 5668R
9 kHz to 10 MHz to 65 MHz to 20 Hz to
2.7 GHz 6.6 GHz 6 GHz 3.6/14 GHz
25 MHz or
20 MHz 50 MHz 80/200 MHz 50 MHz
-90 dBc/Hz -105 dBc/Hz -112 dBc/Hz -129 dBc/Hz*
+50 ppb &3 ppm %200 ppb 50 ppb
Single Stage Zero-IF
Multi Stage Multi Stage
(no Image rejection) (no Image rejection)
No No Yes Yes
No Yes **Yes Yes
+0.6 dB +0.65 dB + 0.35dBto = 0.55dB +0.1dB
-122 dBm/Hz -158 dBm/Hz -161 dBm/Hz -165 dBm/Hz

*NI 5665 Phase Noise Measurement is at 800 MHz

20 Hz to 14/ 26.5 GHz

Up to 765 MHz

-129 dBc/Hz*

+50 ppb

Multi Stage
Soon
Yes

+ 0.2dB

-167 dBm/Hz
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NI 5650/1/2

PXIe-5654/5696

a

- ;/ =
NI 5671/2 NI 5673

g44] 0
£ B
] e
in/

NI 5644/45/46R

200Kz 10 1 1/3.3/6.6 250 kHz to 10/ 20 GHz 250 kHz to 2.7 GHz 85 MHz to 6.6 GHz 65 MHz to 6 GHz
+1dB + 0.35dB +0.8dB +0.75 dB +0.5dB
+50 ppb 0.1 ppm +50 ppb +3 ppm %200 ppb
-112 dBc/Hz -133 dBc/Hz phase -95 dBc/Hz -112 dBc/Hz -112 dBc/Hz
CW, 2-FSK, OOK AM/FXégXaggi el Vector Modulation Vector Modulation Vector Modulation
+10 dBm +27 dBm +10 dBm +10 dBm +10 dBm
-100 dBm -110 dBm -147 dBm/Hz -154 dBm/Hz -168 dBm/Hz
200 ps <100 ps 2 ms 200 ps 380 ps

‘7NATIONAL
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NI Vector Signal Transceiver Family

=3 FrIy
1

GG @ Ge@ © G GG G

o= 2 == o) REEEIE— s
244l ., . g4 7 [N EL] T A
o-2g0g s i e x B ’ 5 ooy ’ i
T Eit s BY e

PXIe-5644R PXIe-5645R PXIe-5646R

80 MHz 80 MHz 200 MHz
120 MS/s 120 MS/s 250 MS/s
e

-158 dBm/Hz (RX) & -168 dBm/Hz (TX)

ni.com
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L2 ZHE A Z7| AZ0| =Osh4.5G+

1978 I AMPS, 30 kHz

1001 [ asm. 200 k12

W[l CDMA (2.5G) 1.25 MHz

2001 [SAZERYEIE)

— 2003 ERIVARE 20 MHz

2007 ERIZARS 40 MHz

2012 REERNCIE)) 100 MHz

2014 EIRVAREE 160 MHz

5G71= 1 GHz

2020 (04| &

1 GHz 10 GHz
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LTE 7 =01 Of R R T T R T 2] A o] M
a0l kAo W& Helofe e of of | 7l o] M

100 MHz

F—T r—w r_j Elﬂloyﬁ IP

CIXIE X 2=

L

\ ] \ J LTE 742/0f of
RETIE

E
Sk DPDE 38 - sHiO M Y= Be WILAR

K| =
Channelizer

160 MHz

44/ \\; "FWMIWNAL

INSTRUMENTS'
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2012: PXlIe-5644/45R 2014: PXIe-5646R 2016: PXIe-5840
- 80MHz LY E « 200 MHz i E . 1GHz Y=
65 MHz ~ 6 GHz * 65MHz~ 6 GHz + 9kHz~ 6.5 GHz

NATIONAL
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NIC| 2M|CH VST??

EEHX| 2702] PXT & !
e ®

N7 NATIONAL
)® INSTRUMENTS

6.5 GHz VSG Pk
(1 GHz —’.,:—A| BVV) b5 8
s Ed iy —=@
gsﬁr @ LOIN
®
L e PFIO @ LO OUT
60 MHz, 8-X{'2 C|X|E 1/0 L e

Mz 25 A2 10
(12 Ghps, 4 TX % 4 RX Lanes)

6.5 GHz VSA
(1 GHz &=A| BW)

ARl EVM A2

ni.com

e —

Virtex-7 FPGAO]| 4.78| G Bf2 DPS481 &2+0| A2

rmm———————
Acquisition Loop & =
=
e e=|
=
1 (=
- Acquisition i
g selfcal 4 | I L i l :—lgy
o % Y - M ) =) i= :_
Fac
B
n f act
Generation Loop 1 .i
)
|a- Generation 3 =
I-Self(ali [ t
‘9:; %_l;;_ GT e Y. ;'__i__ﬂ;‘m:ﬁ__ E'e
= ,
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== b_ -
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2M|CH VST: PXle-5840

FPGA
CIXIE 10

* A AE(16/6/13)

ni.com

PXle-5840 5

9 kHz ~ 6.5 GHz

+23 dBm

1 GHz

-50 dB (R Q|2 LO)
+0.35 dB/+0.3 dB

250 ps

2

Virtex-7 X690T

A1, £ TEE 60 M
432 0% A|E| , 12 Gbps

T2 7ts FPGAR LabVIEW ZEE 7
=70 225 Mdlie 4 UELIC

=2 T M-
Acquisition Loop g‘
¥ s
=
—
=
B Acquisition ___Ei
'Se!fCaII [ [ ]- l. peac—
Pac-
ea 3 LS aca 0T ACE L ACE oa 1= Bea [ |
3 = Jes: B> m e ) 1 £y ==ie B3 2 ; = :f
|
Peci=
o} Pact
Generation Loop ] i
lg- Generation :
l—s«wcmi I
a oy T iy Gy T Gy T G T o o
25 Pt et e i (ML el (AL o
= k
o LITLIL

>
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PXIe-5840 == LC}O|0{ 12t

ni.com

AEF A B N
N :
AEF 2500MHz | | | 100 MHz [Pxicik 100
out {1250 PLL [T PLL «
10 MHz
["jﬁ T Texo
———
Sample Clock Data Clock '
el PCle Gen3 xB N
RF ' 5 | | el
oo I =i < g
S < PX Triggers N
-
--------------------------- FPGA R
{RFN Xilinx §
: Virtex-7
WL 2 X o
"""""""""""""" - ]
PFl 0 m}:: :
MGT :
DIO | | pitigal O LD .
D= FPGABASECARD | <~

Ld
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- WLAN 802.11ac/ax with Digital Pre-Distortion

- LTE Advanced Carrier Aggregation with wide channel spacing
- 5G Research & Development

- Wideband RADAR e
- Wideband RF Record and Playback ,'? .

< NATIONAL
) INSTRUMENTS
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Digital Pre-Distortion (DPD) — Power Amplifier

Yy

7 \_J Saturation Region
Y
Compression Region
\/near Region

Input Power

Output Power

NATIONAL
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DPD — Power Amplifier Distortion

O

.

>
H=5
O]
L

..J'I.. . .|Il,

1 1 1
10M 20M 30M 40M 50M 60M 70M 80M 90M 100M

ni.com
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DPD - HZEl 127 A= PA 9l =
B

=2 X fm2H =2
. 3K} = ~3Hi BW
. 5K} = ~5H| BW
. 7K} = ~7H| BW

10
0-|

-40-

60—

m)

-80-

-100-]

-120-|

Power Spectrum (dB

-140-|

-160-|

-180-

-200-

20- e
80M 70M -60M -50M 40M -0M -20M -10M 0 10M 20M 30M 40M SOM  6M 70M  80M M 60M S0M 40 -0M QM 0M 0 1M 2M  30M  4M  SM  6M  70M7SM
Frequency (Hz) Frequency (Hz)
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> o = el e} o
HIME AARS SHBE 4 s B2
O| AFE

Output = [A’.e/ A7, where A’ = (aA — 3cA¥Y4)=(|A’| @4,

o
1y 5% 8e
| Al

MK fHE A= A"es®, O] 7|0 M A”= (A + 3cA3/4a)
HlM A|AH:

A2l a

3R A HQA: e

' ! ! ' ! ' !
0 01 0.2 03 04 05 0.6 0.7

1 1 1
08 09 1
Vin

Ideal Signal

/" Non-Linear Result |/ Pre-Distorted Signal /\/]

- Output = |[A"|.e/ SAND) , where A"” = aA"+(3cA3/4 — 3cA3/4) + secondary effects

Mo 2 ME SEE MBS QA HH &

ni.com
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X =e 2= O 52 BW &7A =S 751 /s

Signal (x) = Ax + Cx3 + Ex5 + O| X} .1}~

x3 sk % ) ‘
-10 MHz 10 MHz -10 MHz 10 MHz -10 MHz 10 MHz -30 MHz 30 MHz
-10 MHz 10 MHz -10 MHz 10 MHz -10 MHz 10 MHz -10 MHz 10 MHz -10 MHz 10 MHz -50 MHz 50 MHz

NATIONAL
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DPD LY = QA
LTE % LTE-A
. 5X} DPDE 9|8l %11 500 MHZzS| BW Z &

79

LTE % LTE-A DPD BW 2 TtALSt

T =
= /HT e | 4 MHz LTE | &
S BE /
< 3MHz LTE X &
W EE /
ﬁ_ JEE 5MHz LTE A &
(L
o
= JEE — =10 MHz LTE A} &
m —
E [BE s e |5 MHz LTE % &
E: 2= "
_ _ _ _ _ _ = () MHz LTE
/BE /BEE /EE /EE /BEEX /EZ ’ =
DPD 1™ k= =1x20 MHz 01 12| /0| £

LTE-A

ni.com

802.11ac/ax
. 5X} DPDE {8l %11 800 MHZz2| BW Z 2

79

(MHz)

!

o
(=]
o

DPD BW 2 TtAt

J/EZE
/BT
J/EZE
/BT
J/EZE
/BT
J/EZE
/BT
J/EZE
/BT
J/EZE

/BT

802.11ac DPD BW £ TtAS!

=)0 MHz X§ &
=40 MHz X &

I 80 MHz Al 2

/BT

BT /BT

DPD 1™

X

b=

=160 MHz | &

BT /BRE
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Real-Time DPDE M8 SZ7|(PA) HI A E

PXI System

l

|
Power =
Amplifier —> :
- < n
H — ]
- u— r u
- |
% lnc I;Gn Soft Front Punel nnm.,

ni.com

NI VST NI LabVIEW
1 GHz Bandwidth NI RFIC Test Software

I\

* Based on RFIC test software

* DPD examples for LTE and WLAN

» Faster test times with FPGA based
accelerated measurements

o 3rd 5t or 7th Order pre-distortion on 80MHz
or 160 MHz WLAN signal

* AM-AM/PM
* Extract DPD Model

* Envelope Shaping

* Servo Output Power

‘7 NATIONAL
’ INSTRUMENTS'




Wide-Bandwidth Record
and Playback

NI VST NI LabVIEW
1 GHz Bandwidth NI RFSA/RFSG
EEEEEEEEN NI LabVIEW FPGA

®

Zero Copy Streaming
* Multi-Device

Antennas

Streaming

* Multi-RAID

H

Streaming

|

* Record and Playback up to 1 GHz of instantaneous
BW with a single instrument

* Examples support streaming to N RAID volume
simultaneously

* Analyze waveforms offline

e Stream 1 GHz BW from each of the 2 VSTs in 1085
Chassis @10GB/s to 2 SAS/SSD RAIDs

< NATIONAL
) INSTRUMENTS'
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RFAS7|2| 9= & & 0| F ==t
- A= UM o =25 AFEdt= =0F

- Ultra-fast tuning

- Multi-channel up & down conversion
- LTE/WLAN /NB IoT Coexistence —

< NATIONAL
) INSTRUMENTS
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FPGA M2 B =

Acquisition Loop
- Acquisition : ¢ ¢
E- SelfCal E { { [
[ o = = I B e B B B - B
[
ADC2| O w’d: Al @z M Z=n} 2& o
Of & = 0|5, 5%} M A e
‘7 NATIONAL
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=S A| LTE+WLAN HIAE

PXI System
NI VST NI LabVIEW
1 GHz Bandwidth NI LTE Measurement Suite
EEEEEEENE NI WLAN Measurement Suite
] |
Cell Phone " Co-existence Test u
m * Multi-Standard Testing = 1 I
[ ] ¢ LTE Performance vs [ ]
LT < u WLAN Power L )-u t
E — u * LTE performance vs u D e 4
: WLAN Spacing :
;VIF EEEEEEENETDR

* Whole 2.4 and 5 GHz band coverage

* Multi-Standard Testing with software support

* Measure/Quantify the effects of one standard
on the other in co-existence

NATIONAL
"7INST RUMENTS'
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Multi-DDC Channelizer

BT el

PXI System
NI VST NI LabVIEW
1 GHz Bandwidth NI LabVIEW FPGA
EEEEENENE NI LTE Measurement Suite

Cell Phone :
]
|
LTE €= -

N WAV
]
|

WIF] g

* Wideband signal acquisition of up to 1 GHz
instantaneous bandwidth

* Individually configurable narrow channels

* FPGA based Multi-DDC channelization
technique

* Future Support for DDC, Polyphase, PFT
channelizer on FlexRIO

‘7 NATIONAL
’ INSTRUMENTS'
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Spectral Stitching

PXI System

FIEEEEEEN
NI RFSA/RFSG
« Frequency Shift LabVIEW FPGA

* Upsampling

* System Calibration

* Signal Combining

NI VST
1 GHz Bandwidth

N\
<>

* LV FPGA for real-time signal combination and
decomposition

* Bandwidth expansion across N devices while

| | maintaining dynamic range

””””””””” ' . R — * NI Patented Technology

nsth

- NATIONAL
B "7INST RUMENTS'
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Smarter Test System for Smart Automobile

AUTOMOTIVE
RADAR & 5G

ni.com

CONNECTED CAR
V2X/ V2V

INFOTAINMENT&
WIRELESS TEST

fuimr

Spectrum Monitoring
Record & Playback
Channel Emulator

Radio Production

5G Test

8x8 MIMO WLAN
Electronic Warfare
Software Defined Radio
Target Simulator

IoT Device Test

RADAR Prototyping

DPD Prototyping
Real-time DUT control
Power Servoing
Measurement Acceleration
Channel Sounding
Real-time Spectral Analysis
Channelizing
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Automotive RADAR - Regulation

20 -
10 -
0
¥ 24-24.25GHz
g0 1SM Band
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i
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% 2 24 2 2 2 n

Frequency [GHz]

7w’ 8

24 GHz and 77 GHz are the dominant bands for automotive

77-81 GHz is promising since offers 4 GHz bandwidth

Country 76-77 GHz 79-81 GHz

Europe (CEPT) available available

USA, Canada available discussions started

Russia available available

Japan restricted to 0.5GHz  in discussions
bandwidth

China available -

Korea available -

Argentina regulation in progress -

Cruise Control

W Long-Range Radar
M LIDAR
~| M Camera

W Short-/Medium Range Radar
W Ultrasound

ncy Braking

Blind
Spot
Detection

Warning

LRR3

SOP: 2009

InfraRed
Long-Range R
(LRR)
10m-1500m

SOP: 2013

R

ads

02m-1200m 00m-800m 02m-200m

SOP: 2014

Ukrasonic
ws)

02m-30m 0.0m-800m
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mmWave Head
76 82 GHz gtl/**'

) (¢

4GHz IF
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"AA E|CH CHYZ0F N X[ H(Low latency)Q| 7|2 7HE AZE
Ch2 etds| A2e SHAist = 9lm, 7|Zof= mtof
LabVIEWZ ZZ 20| 753t FPGAR} VSTZ SRR AL
X—I Dl O|-I-|A-|O iolL E” anl E|N\|:i|—||:|'”

— L1/ 3 (Neil Koch), Audi AG ZZEEE @Lf 20| A|AEIE]

ni.com/smarter-test

NI VST NI LabVIEW

1 GHz LY = NI VeriStand
HE BB EEENEER

* Number of Targets

« Doppler

« Distance of Targets
» Radar Cross
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