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Introduction

Today, more sophisticated and sensitive RF electronic
components and devices are being included in automobiles.
These advances have resulted in much safer, efficient, and
connected vehicles. They have also created new challenges for
RF testing and verification. This application note will discuss
the test solution of typical RF automotive applications: tire
pressure monitoring system, remote keyless entry, passive
keyless entry, and remote start.

Block Diagrams

Remote Keyless Entry (RKE) is an electronic lock that locks
and unlocks the car remotely. The RF transmitter on the key
fob replaces the traditional mechanical car key.

Remote Start (RS) starts and stops the engine without
accessing the car in person. You could stay home and have
your car warmed up by the time you get in or turn on the air
conditioner to cool down the car on a hot summer day.

The block diagrams of RKE and RS systems are similar. Figure
1 shows a simplified version. Pressing a button on the key

fob wakes up the controller or CPU inside the key fob, which
sends a signal to the RF transmitter. The receiver in the car
will capture and demodulate the signal and send a command
to the controller to either open the doors or start the car. The
block diagram can be also applied to other similar applications
like a garage door opener (GDO).
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FIGURE 1. Remote keyless entry (RKE)/Remote start.
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Passive Keyless Entry (PKE) and Passive Start (PS) lock and
unlock doors and start and stop the engine without taking out
the key or pressing any buttons on the key fob.

Tire Pressure Monitoring System (TPMS) gives a warning
that one or more tires are significantly underinflated, which
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may cause unsafe driving issues. A yellow symbol, or low tire
pressure indicator, will appear on the dashboard of your car
when this issue is detected.

()

Figure 2 shows the block diagrams of PKE, PS, and TPMS.
Compared to Figure 1, these systems add a trigger, IF initiator,
and IF receiver into the system.
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FIGURE 2. Passive keyless entry (PKE/Passive Start (PS)/Tire Pressure
Monitoring system (TPMS).

The trigger system for PKE and PS is usually activated when
an owner approaches their car or touches a button on the door
handle. Then the car transmits a low frequency (LF) signal with
an encrypted message to the LF receiver in the key fob, and
the key fob sends back an RF signal to the car to request the
doors opened or closed or the engine turned on or off.

For TPMS, the controller in the car activates the sensor
modules in each tire through the LF initiator to poll the
pressure, temperature data, and battery level in sequence.

If tire pressure is lower than recommended, that signal is
transmitted directly to your dashboard and the indicator light
turns on.

RF Physical Layers

The communication systems of RKE, RS, PKE, PS, and TPMS
span two frequency domains: LF and RF. Typically, LF uses

a 125 kHz ASK modulated signal. The LF link communicates
over a short distance (1 meter or less).
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For RF, amplitude shift keying (ASK) is a popular modulation
scheme used in low-frequency automotive connectivity RF
applications. The source transmits a large amplitude carrier
when it wants to send a “1” and a small carrier to send a

“0” in its simplest form. On-off keying (OOK) modulation is a
simplified version of ASK where the source sends no carrier
when it wants to send a 0. OOK is popular in battery-operated
devices because it saves on transmit power when sending 0s.
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FIGURE 3. Amplitude shift-keying (ASK).

l H" rli| A 1,,“l||i ln'”'uf i||”||||||

FIGURE 4. On-off keying (OOK).

Another modulation in short-range automotive RF applications
is frequency shift keying (FSK), which transmits “1” and “0”

by different carrier frequencies. An advantage of FSK systems
is the transmitted signal has constant envelope so that more
power-efficient class-C nonlinear power amplifiers can be
used in the transmitter. Also, it’s more bandwidth efficient than
ASK and OOK. However, the cost of FSK modulation is usually
higher than ASK and OOK.
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FIGURE 5. Frequency Shift Keying (FSK).

Most TPMS, RKE, PKE, and RS systems use an “unlicensed”
ISM (industrial, scientific and medical) band as the carrier
frequency, often around 434 MHz in Europe and 315 MHz in
the rest of the world. The baud rate is flexible, usually between
2 kHz and 20 kHz, and no pulse shaping filters are normally
used. These systems aren’t based on specific wireless
communication standards.
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The Transmitter Tests

Channel power/transmit power give the total average

RF power (and other measures) in a given channel.

It’s an important factor to decide the transmit range of
communication systems. However, the maximum transmit
power level limits are regulated on a country-by-country basis.
Therefore, the actual maximum transmit power levels need

to be measured to make sure they’re less than the published
regulatory limits.

Frequency offset is the difference between receive and
transmit frequencies of a radio channel. Mismatch in carrier
frequency can result in intercarrier interference (ICl).

Occupied bandwidth is a measurement of the frequency band
bandwidth that contains a specified percentage of the total
power of the signal. For example, for nonspecific short-range
applications in Europe, the occupied bandwidth has to be less
than 25 kHz and from 433.05 to 434.79 MHz.

Modulation quality measures the degree of closeness to
which the modulation follows the ideal theoretical modulation,
determined by the rms difference between the actual deviation
and the expected deviation for the transmitted symbols. In
FSK, frequency deviation is most commonly used.

Out of band emission is any radio frequency not deliberately
created or transmitted, especially in a device which normally
does create other frequencies. A harmonic or other signal
outside a transmitter's assigned channel would be considered
a spurious emission. Local regulatory standards, such as

the FCC in the US, provides the limit (permissible value)

of spurious emission power of a given unwanted emission
domain.

SignalVu-PC is the RF and vector signal analysis software
used with Tektronix Real-Time USB Spectrum Analyzers,
RSA300/500/600 series. The general purpose digital
modulation analysis provides analysis of 23 modulation types.

FIGURE 6. Low cost transmitter test solution.

TEK.COM | 3



Tire Pressure Monitoring Systems and Remote/Passive Keyless Entry -

Tektronix RF Automotive Test Solution

APPLICATION NOTE

Freq Devvs T Frequency 433.930 MHz Ref Lev -30.00 dBm

Meas BW  200.0 kHz

’ & Fle View Makers Setup Presets Tools Connect Wndow Heb Tektronix ‘
8 - Fa¥al ~ = Al r |
Qe Y5 $ L A IVS o [P @S ©®Rephy v O v
u Gl
Normrmal *Tracel [¥] Show Vectors
- 52,0 kHz
& 30,00 Pesk FSK Err: Froq Frror: | S00KH
99.0 % a3m [~] RMS FSK Em Freq Deviation
P—— Peak Nag B Symhol Rzte Fror:
ke Prar. RNS Nag Er: 2.620 % Symol Rate:
“ 26003 ¥ 000 M Deviators Posion;
_ REW: Wit L11530H: 38187k 0.00C R
1 ki 120.00 dBr pre 1301k
DI vew: % Pas 4'% Sk 560 kHr fwg 13382 k2
freq Errer: -2.253 ke A
A me b 0.0 4z
¥ 48 EW Ref Power: -55.4] afr
DBV Les - - Fraq Emon -2.989 kHz, Auto
e ‘ UBW Level efts 8558 d8m v Autcecsla ® Po:e Scak:  SNEEEN . = -
= <
m o
[ chom fraq Error: -2,599 kiz, Auto
% -30.00 @ 30.0 k=7 Do 1 1 2 0 1
dBm 8 1 0 0 1 1 ]
%1 1 1 0 0 1 1
da/dw: 24 0 0 0 ]
“10.0c8 3271 1 © 111
400 1 1 1 0 0 1
43 1 0 ¢ | 1 0
130.00 c8m 56 1 1 1 2 1 1
Autvscale » Pos <@ Scae 3150 kH2 & 0 U 1 1
. )
- -50.0 Wiz
h Offest ower Upper
Al S0.000H: 30148 23548 LASRSEE | @ P Scae: 9 Symbof < = Autoscsle top 424,180 MHz

Markers |Iraces u

Stopped Acqg BW; 62500 kHz, Acq Length: 13885 ms

FIGURE 7. FSK analysis in Tektronix SignalVu-PC.

Figure 7 shows the SignalVu-PC software and RSA306B
spectrum analyzer making transmitter tests on a wireless key
fob. The DUT was sending out an FSK-modulated signal in
the 433 MHz band, and SignalVu-PC provided 8 different sets
of test results including occupied bandwidth, signal quality
summary, frequency deviation, constellation diagram, channel
power & ACPR, eye diagram, demodulated symbol table, and
spectrum analysis. More tests can be added as needed.

Receiver Tests

Sensitivity is one of the most important measurements of a
receiver’s capability in wireless communication systems. The
ability of a radio receiver to pick up the required level of radio
signals will enable it to operate more effectively within its
application.
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Blocking measures the receiver's ability to receive a wanted
signal at its assigned channel frequency in the presence of
an unwanted interferer on frequencies other than those of the
spurious response or adjacent channels.

The TSG4100A Series RF Vector Signal Generator offers mid-
range performance at an entry-level RF signal generator price.
Soft key upgrade is available for vector/digital modulation

at a low cost. The most common modulation used in TPMS
and RKE/PKE systems, ASK and FSK, are supported by
TSG4100A.
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FIGURE 8. TSG4100A RF Signal Generator.
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FIGURE 9. TSG4100, RSA600, and SignalVu-PC Software for TPMS transceiver
tests.

Figure 9 shows TSG4100A being used with RSA600 as a
complete solution for the transceiver tests of TPMS and RKE/
PKE systems.
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Summary

Tire pressure monitoring system (TPMS), remote keyless entry
(RKE), passive keyless entry (PKE), and remote start (RS) are
being more commonly used in modern cars. Testing for these
automotive applications is essential. This application note
features Tektronix models and software for measuring those
automotive components. Real-Time USB Spectrum Analyzers
RSA300/500/600 with SignalVu-PC software are useful for
measuring the transmitters of these automotive applications at
a low cost. TSG4100A can be used for receiver tests. DPX is
a new low-cost precompliance capability that minimizes time
and expenses in getting your products EMI certified.
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Contact Information:

Australia* 1 800 709 465

Austria 00800 2255 4835

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Belgium* 00800 2255 4835

Brazil +55 (11) 3759 7627

Canada 1 800 833 9200

Central East Europe / Baltics +41 52 675 3777
Central Europe / Greece +41 52 675 3777
Denmark +45 80 88 1401

Finland +41 52 675 3777

France* 00800 2255 4835

Germany* 00800 2255 4835

Hong Kong 400 820 5835

India 000 800 650 1835

Indonesia 007 803 601 5249

Italy 00800 2255 4835

Japan 81 (3) 6714 3086

Luxembourg +41 52 675 3777

Malaysia 1 800 22 55835

Mexico, Central/South America and Caribbean 52 (55) 56 04 50 90
Middle East, Asia, and North Africa +41 52 675 3777
The Netherlands* 00800 2255 4835

New Zealand 0800 800 238

Norway 800 16098

People’s Republic of China 400 820 5835
Philippines 1 800 1601 0077

Poland +41 52 675 3777

Portugal 80 08 12370

Republic of Korea +82 2 6917 5000

Russia / CIS +7 (495) 6647564

Singapore 800 6011 473

South Africa +41 52 675 3777

Spain* 00800 2255 4835

Sweden* 00800 2255 4835

Switzerland* 00800 2255 4835

Taiwan 886 (2) 2656 6688

Thailand 1 800 011 931

United Kingdom / Ireland* 00800 2255 4835
USA 1 800 833 9200

Vietnam 12060128

* European toll-free number. If not
accessible, call: +41 52 675 3777
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