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RF and audio testing of  
Bluetooth® components with  
just one T&M instrument
Nearly all new vehicles today offer Bluetooth handsfree equipment. The Bluetooth connection between 

smartphone and infotainment system can also be used for numerous other applications. The individual 

components must undergo RF and audio tests to ensure that the headset, speakers, infotainment system 

and smartphone all function smoothly with each other. 

During the development of new radio components,  complex 
and often costly tests are required. These tests should be 
reproducible and fast. To be able to use and sell these com-
ponents on the market, certification by officially approved test 
houses – an expensive undertaking by all accounts – is also 
necessary. It therefore makes sense to start performing these 
precertification tests in house early on. If any weak points are 
found in the DUT, development must continue until the tests 
show that the component has a high probability of passing 
the official tests. 

The R&S®CMW wideband radio communication testers from 
Rohde & Schwarz were designed for such precertification test-
ing and are approved by the Bluetooth Special Interest Group 
(SIG). The instruments can be used for RF and audio tests 
during development, production and service for Bluetooth® as 
well as for nearly every other commercially significant cellular 
and non-cellular wireless standard.

Initially, Bluetooth (BT) was used in the car primarily for con-
necting a wireless headset to a smartphone. Meanwhile, the 
radio standard is used to transmit all available information 
to the infotainment system. Users can make phone calls via 
the BT connection and upload their contact lists to the info-
tainment system. They can also play music or podcasts from 
a smartphone and listen to them over the vehicle’s speak-
ers. Some systems can read out text messages as audio. 
Some vehicles allow users to access their apps as soon as 
the smartphone connects with the car – for example, naviga-
tion, traffic reports, weather forecasts or points of interest in 
the vicinity.

Audio transmission via Bluetooth
The audio BT transmission is based on the Bluetooth Classic 
specification issued by the Bluetooth SIG. Due to the effec-
tive data throughput of 0.7 Mbit/s to approx. 2.1 Mbit/s and 
the adaptive frequency hopping (AFH) transmission method, 
Bluetooth Classic technology is a short-range radio technol-
ogy for distances up to 10 m that is robust even in noisy envi-
ronments. Today’s widespread Bluetooth Low Energy tech-
nology, also called Bluetooth Smart, has been around since 
BT specification 4.0, which came out in 2010. However, it is 
currently not used for audio transmissions. The two BT tech-
nologies have been continually developed in parallel. 

Bluetooth Classic operates with a synchronous link for voice 
transmission (synchronous connection-oriented, SCO) and an 
asynchronous link for data transmission (asynchronous con-
nectionless link, ACL). Audio signals can be transmitted with 
different BT profiles for the synchronous link:

The handsfree profile (HFP) for handsfree units, for example, 
transmits audio signals from the microphone near the driver 
via the infotainment system to the smartphone and back. For 
voice transmissions in HFP, the continuously variable slope 
delta modulation (CVSD) voice codec with a maximum trans-
mission rate of 64 kbit/s is used.

For the stereo playback of music via a BT interface, the 
advanced audio distribution profile (A2DP) is used. 
According to the BT standard, A2DP sources must support 
the low complexity subband coding (SBC) audio codec, which 
does not require a license. During SBC-based transmission of 
music from a smartphone, the device first decompresses the 
music, which is usually saved in compressed form, and then 
compresses it using the SBC algorithm for BT transmission. 
At up to 345 kbit/s, the available bit rate for the SBC coding 
is sufficient to ensure good audio quality. The SBC-encoded 
sound stream is transmitted from the smartphone to the info-
tainment system via ACL. 
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Criteria for audio measurements
For BT transmission of sound information, it is crucial that the 
tone is reproduced with as high a quality as possible, without 
noise or dropouts. This is ensured by separately testing all of 
the components in the transmission chain, i. e. both the radio 
link as a whole and the individual audio components. 

The quality of the audio signal can be determined on the basis 
of criteria such as frequency response, total harmonic distor-
tion and signal-to-noise ratio. Due to the low frequencies in 
the audio range, the settling times of filters play a role. There-
fore, the T&M instrument should be able to adjust to the fre-
quency of the test signal so that measurements can be per-
formed as quickly as possible. This applies to level measure-
ments as well as to complex analyses such as total harmonic 
distortion plus noise (THD+N).

A BT T&M instrument must be able to establish a complete 
BT connection to the DUT via the SCO link or ACL link. The 
tester should also support the relevant codecs and profiles 
for all audio transmissions. At present, these are the nar-
rowband CVSD codec and the wideband mSBC codec with 

the handsfree profile and the wideband SBC codec with the 
A2DP profile. For precise audio analysis, the tester should 
also be able to send commands to set the level of the micro-
phone and speakers. These level settings are specified in the 
Bluetooth SIG audio video remote control profile (AVRCP). All 
of these can be verified by using a T&M instrument that has 
been approved by the Bluetooth SIG.

Relevant audio tests for developers
The R&S®CMW500 uses an integrated two-channel audio 
generator to check the BT audio quality. It offers various mea-
surement procedures: in multitone mode, a developer can 
define up to 20 sounds for each audio channel (level and fre-
quency) and measure the associated frequency responses. 

In single-tone mode, the following parameters can be spec-
ified for a sine signal: audio level, frequency, signal-to-noise 
and distortion (SINAD) ratio, total harmonic distortion (THD) 
and THD plus noise (THD+N). There are also several filters 
that can be selected for the audio measurement. 

Testing the microphone of a Bluetooth headset also involves testing the headset’s audio input amplifier and A/D converter. The BT tester’s audio genera-

tor produces the audio signal, which is transmitted to the microphone under test via a reference speaker. The microphone then transmits this audio sig-

nal via a Bluetooth link to the tester’s audio analyzer, where the signal is measured and compared against the originally transmitted signal. 
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Stereo transmission of music
Stereo transmission of music is carried out via the A2DP pro-
file with SBC coding and uses the wideband asynchronous 
link (ACL) for data transmission. BT devices that support 
A2DP must correctly process signals from SBC codecs. Tests 
with SBC-coded signals based on ACL also show whether 
the DUT correctly transmits lengthy packets. It is also practi-
cal if the BT tester can analyze and play all of the SBC codec 
modes such as dual, mono, stereo and joint stereo (dual 
mode for high-quality transmissions).

Relevant RF tests for developers
When developing a device with a BT interface, functional tests, 
interoperability tests and the range are relevant. The receiver 
sensitivity and transmit characteristics of the components are 
crucial for the range. In order to measure the transmit char-
acteristics of a BT component, the developer must be able to 
reproducibly determine characteristic values such as power, 
spectrum, frequency accuracy, frequency drift, frequency 
deviation and the modulation index calculated from these val-
ues. This receiver sensitivity is measured using an artificially 
impaired signal generated by the BT tester (dirty transmitter). 

Testing of headset speakers also involves the D/A converter and the output amplifier in the headset. The BT tester’s audio generator produces an audio 

signal and transmits it via a BT link to the headset. There it is amplified and converted to an acoustic signal via a sound converter. This signal is picked 

up by a reference microphone and sent via a reference amplifier to the tester’s audio analyzer, where it is displayed and evaluated. Audio tests on the 

BT module of an infotainment system are performed in the same way.

Bluetooth module receiver tests are performed by  sending, 
with high accuracy, data from a precise generator to the 
receiver. The data is analyzed either by having the receiver 
return the bit sequence or by using an external control PC for 
analysis.

Numerous other RF signaling tests as well as spectrum mea-
surements on newly developed BT components will be 
required until they receive certification from the  Bluetooth SIG. 
The R&S®CMW testers support these audio tests, plus all 
38 currently defined RF signaling tests, with all test cases. For 
the time-consuming spectrum measurements that are also 
part of Bluetooth qualification tests, the R&S®CMW provides 
first test results in less than one second, something no other 
BT tester on the market can do. The parametric test  concept 
allows users to set all parameters themselves. They now 
have a compact solution for performing automated prequal-
ification tests for Bluetooth Basic Rate, Enhanced Data Rate 
and Low Energy in line with Bluetooth core specifications 
2.0, 2.1+EDR, 3.0+HS, 4.0, 4.1, 4.2 and 5. The easy-to-use 
R&S®CMWrun sequencer software also helps. 
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The R&S®CMW can 

output all test results 

on a single, clearly 

organized page, with 

the audio measure-

ments (top) and the 

screen showing the 

Bluetooth RF test 

results (bottom). 

Wireless technologies | Testers
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Especially for production use, the R&S®CMW platform offers 
numerous hardware and software options so that the  tester 
can be customized to the measurement requirements on site. 
The R&S®CMWrun sequencer software can be used to auto-
mate production tests. The software also makes it possible 
to integrate the tester into a comprehensive test system. The 
platform offers all essential measurements at an excellent 
price/performance ratio.

Bluetooth plus other radio technologies
The user can expand testing with the R&S®CMW to include 
other radio technologies. Many devices support more than 
just Bluetooth. They also support WLAN, GPS and various 
cellular technologies such as LTE, WCDMA and GSM. When 
WLAN and BT components use the same antenna, the devel-
oper can test both radio technologies with one test configura-
tion. If the R&S®CMW is equipped with the appropriate hard-
ware and software options, it is possible to test all of the inte-
grated radio modules in a component up to precertification. 
This permits the developer to also check whether and to what 
extent the individual radio modules influence one another 
(coexistence testing).

Summary
Bluetooth has established itself as the short-range radio stan-
dard for communications between smartphones and info-
tainment systems in automobiles. Error-free  functionality 
of BT components as well as their certification in line with 
the Bluetooth SIG specifications make standard- compliant 
RF tests necessary. Reliable audio frequency testing of 
BT products that use audio profiles is also a sensible idea. 
Both test tasks can be easily performed using the R&S®CMW 
family of testers. These are the only testers on the market 
with the capability of testing all cellular and non-cellular stan-
dards using just one instrument and one test setup.

Dieter Mahnken; Ute Philipp

The R&S®CMW test platform 

supports a number of different 

radio technologies. The modular 

approach enables individual con-

figurations for the development, 

production and servicing of radio 

components.
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