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NRSC-R50

FOREWORD

NRSC-R50, Digital Audio Radio — IBOC Laboratory Tests — Transmission Quality Failure Characterization
and Analog Compatibility of IBOC Systems, presents the results of digital radio system tests conducted
jointly by the Electronics Industries Association (EIA, precursor to CEA) Subcommittee on Digital Audio
Radio (DAR) and the NRSC Digital Audio Broadcasting (DAB) Subcommittee (now the DRB
Subcommittee).

Seven different digital radio systems were involved in the joint EIA/NRSC test program—three FM in-
band/on-channel (IBOC) systems, one FM in-band/adjacent channel (IBAC) system, one AM IBOC
system, the Eureka-147 DAB system (operating at L-band), and a satellite system (operating at S-band).
The FM and AM band systems were the only ones considered by the NRSC and consequently the L-band
and S-band test results are not included in NRSC-R50. The NRSC chairman at the time of the
submission of NRSC-R-50 was Charles Morgan.

The NRSC is jointly sponsored by the Consumer Electronics Association and the National Association of
Broadcasters. It serves as an industry-wide standards-setting body for technical aspects of terrestrial
over-the-air radio broadcasting systems in the United States.



NATIONAL RADIO SYSTEMS COMMITTEE
DIGITAL AUDIO BROADCAST SUBCOMMITTEE

e

Report on:

Digital Audio Radio
IBOC Laboratory Tests

Transmission Quality
Failure Characterization
and
Analog Compatibility
of IBOC Systems

August 11, 1995

Published by:
Electronic Industries Association
Consumer Electronics Group

Thomas B. Keller, Chairman Working Group B (Testing)
David M. Londa, RF Test Manager
Robert W. McCutcheon, DAR System Test Engineer
. Stanley S. Toncich Ph.D., Consulting Scientist

ELECTRONIC INDUSTRIES ASSOCIATION
© 1995 ALL RIGHTS RESERVED



NOTE:

The attached report was prepared for the National Radio Systems Committee, DAB
Subcommittee and contains only in-band/on-channel (IBOC) related test results.

This report of laboratory test data will be supplemented at a later date with further
information on the AM IBOC system (digital and compatibility results). Further, field
testing of systems is expected to conclude by the end of 1995, to be documented in a
subsequent report of results. Taken together, these reports will provide a comprehensive
basis to evaluate overall system performance.
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SECTION 4 | LABORATORY

4.5.1

designed and b
Calibration was

Subcarrier Group/Composite Mixer -

ecause of the many combinations of subcarriers, a subcarrier mixer/switcher was
‘to make switching and calibrating subcarrier levels easy:and reliable.
rmed as a one time operation with periodic inispections for accuracy.

" The rmxerhastheablllty of adding any combination of subcarrier groups to a stereo

- maximum‘was thenfine tuned with the front panel trii

4.5.2

bascband signal.

The mixer has inputs on the rear panel for up to four subcarrier signals and one composite
stereo signal. The front panel has two outputs, one for the selected subcarrier group and
the other for a composite stereo signal with the selected subcarrier group added . The front
panel has one rotary switch for selecting the desired subcarrier group (or no:subcarriers)
and a main potentiometer, “Subcarrier Level”, for adjusting the group injection level from
0% to maximum'groiip injection level. A trimimer potentiometer is located above the main

= subearrier level-control té allow for fineé calibration of thie group level.

The individual subcarriers were combined into gioups of up to thre¢ subcarrier signals.

The choice of individual subcarrier frequencies within a group is a function of hardwiring
each subcarrier to the appropriate group summing network. The relative and absolute
levels of each of the subcarriers were ther ‘calibrated for cach group. Each individual
subcarrier was calibrated with the subcarrier level control at Maximum and the trimmer at
its midpoint position. The final subcarriér group output with the subcarrier level control at
_ ImiiTier. ‘The Mixer also added the
selected subcarrier group to the composite baseband signal. The input/output gain of the
stereo path is unity (0 dB). N -

- 'The circuit design insures that there is no ci'oss talk from one subcarrier group to another

by grounding the output of each subcarrier summing network with a high quality reed
relay. When a subcarrier group is selected, its relay is open allowing the output of the
group summation point to pass through the subcarrier level control and into the subcarrier
group amplifiers. This design provides a constant impedance for the' summing networks.

The amplifiers make up for the losses in the summing networks and brings the subcarrier

group amplitude up to the proper levels for addition to the. composite stereo signal or to the
group output on the front panel. The mixer is powered by an external bi-polar 24V power
supply to eliminate hum and noise. Internal DC regulators provide +/- 15 volts to the

circuitry.

Reference Appendix I for additional information.

Low Pass Filters

A 15 kHz low pass filter was used when making FM stereo audio measurements on all of
the FM receivers to eliminate the pilot and any higher order frequency components from
influencing measurement results. This filter is a 9 pole elliptical design, utilizing gyrators
as FDNR (frequency dependent negative resistor) as the active elements, giving it a very
steep slope with a corner or cut off frequency of 15.5 kHz. The stop band frequency is
18.6 kHz where the attenuation of the filter is -63 dB. The filter has internai +/- 15 Vdc

DIGITAL AUDIO RADIO TEST LABORATORY 21
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454

regulators and is powered by an external bi-polar 24V power supply to-simplify the
construction and reduce the chance that hum and noise can be introduced to the filter.

A 9.6 kHz low pass filter was constructed for band lumtmg pmk nois¢ when used in an

~interfering AM application. This filter is the same desrgn as the 15. 3 kHz FM filter with

different FDNR componenits to give the proper char nstrcs The comer frequency in
this application is 9.6 kHz. At 10 kHz the attehuation is -20 dB, and the stop band
frequency is 11.52 kHz with -65 dB attenuation.

- Refererice Appendix R for additional information.

Automotlve Radio Audio Interface/Power Supply

' "'The auto radio mterface (ARI) isa support mstrument that has a number of key features

required to run automotlve radios in a test set up: The ARI provides 50 watt load resistors
for the radio amplifiers to work into an audio bus, an audio multiplexer for multiple radios
or audio sources, a buffer amplifier for converting the differential audio output of the

“typical auto radio 1o a single ended audio for measurement with an oscilloscope, and

finally, a 12 volt:4 amp power supply for powering the radios.- Also avarlable are +/- 15V
and +5V for powering auxiliary equipment.

 The rear panel has XLR connectors for dlﬁ‘erentlal audlo output, BNC connectors for the

single ended audio output, and a 5 pin Lemo-connector for-the auxiliary DC power. The
interface may be controlled remotely with TTL logic:from the DB25 ‘connector on the rear
panel or locally from the front panel controls.

All swnchmg functions are controlled with static TTL loglc for low noise purposes
resultmg in an audio noise ﬂoor of better than -100 dB below 1 volt..

Hrgh Speed RF Switch/Gate

The Hrgh Speed RF Switch is basrcally a PIN diode switch with very fast response time
characteristics. It is capable of switching times of better than 5 micro-seconds and will
typically perform at 4 micro-seconds when viewing the rise and fall times ofa signal on a
hlgh speed oscilloscope. Frequencies from 500 kHz to. 108 MHz may be switched or gated

-on or off with a conventional TTL logic signal. A +5V control level turns the switch on,

and OV turns the switch off. Insertion loss is on the order of 24 dB for the AM band and
23.5 dB for the FM band.

The RF circuit is made up of two PIN diode switches ganged, or cascaded together for
maximum isolation when switched off. The switches are controlled by changing the DC
bias condition across the diodes. The input and output impedance is 50 ohms.

The High Speed RF Switch is housed in an RF tight metal enclosure and is constructed on

~ asolid copper ground plane for good RF characteristics. BNC connectors are used for the

RF input and output, while an SMA connector serves as-the control mput.

Reference Appendix R for additional information.

22
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4.6

45.5 TTL RF Switch

This switch utilizes a conventional-12 volt relay to switch RF on or 6ff and ’inclu&cs, ina
separate enclosure, a TTL signal level controller. The RF switch is asymmetrical'in nature,
since both of the RF ports are terminated with 50 ohms to ground when the switch is off.

The relay is a Teledyne TO-5 style intended for RF app‘livéat'ibns'“and\ is nj@unted on a solid
copper ground plane housed:in an RF tight enclosure for tise with'frequéncies into the
UHF spectrum. - :

Apphcatlons _fof the switch include DC,; audio, and RF (500 terminations must be
removed for DC and Audio applications). ' SRR

Reference Appendix R for additional information.

4.5.6 Syncro Start Remote Controller

" 'The Conﬁdiler synchromzesthe sta.rtmg of the multipath sir_nillator w1th the program
material andwas later modified to ‘g;,iv'efa numbE:r_of start commands to multiple devices.

When running a multipath scenario in a test where a relatively short musical or vocal
segment is used repeatedly, it is important to have the audio program material begin at the
same time the multipath simulator is started, in order to have the multipath events coincide
with the audio events (notes). When the test is ruri many times on many systems, it is
important that any skew or slip in time between the two be ruled out as a factor.

 Reference Appendix R for additional information.

457 EMI/RFI Screen Box

Because outside lab noise would 'conﬁpt_test results, a steel screen box was constructed to
house the receivers under test. Automobile radios were immune to outside noise, not
requiring further shielding .

The scréen box has an overlapping steel lid that makes metal to metal contact for proper
grounding and shielding. All inputs and outputs, which effectively represent antennas to
pick up interference, are filtered for noise rejection. The AC power input is passed through
an EMURFI filter module, and the audio output lines are passed through bulkhead type LC
RF Pi filters. There are two RF inpiits on the box where conventional BNC bulkhead
connectors are used. This provided approximately 50 dB of radiated isolation in the FM
band.

AM and FM Receivers

Five FM receivers and three AM receivers were used in various analog compatibility tests.
Complete receiver characteristics are included in Appendix H. These receivers represent a large
cross section of receivers currently being used by consumers. :

DIGITAL AUDIO RADIO TEST LABORATORY A 23
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4.7

Subcarrier Receivers and Subcarriers

Various subcarrier receivers and subcarners are used throughout the testmg process. The following
sections detail these items. ;

4.7.1 Subcarner Recelvers

There are 5 subcamer receivers used mn the subcarrier compatlblhty phase of tests. These
" receivers include:

1) Denon TU-380RD modified to provide clock and data signals to the parallel port of a

computer (IBM PC or Compatible) running the RDS Checkiip Software Utility

2) Seiko Receptor Protocol Analyzer Receiver and Software Utilities

3) Compol 67 kHz Subcarrier 94.1 MHz Receiver

4) Compol 92 kHz Subcarrier 94.1 MHz Receiver -

5) Mainstream Data Intelligent Data Receiver

A number of different subcarriers were used for both the F M Analog Reference system

~:and the IBOC Analog F M Host in an effort to obtain a practical cross section of what is in
use by broadcasters . These subcarriers are both analog and digital and cover the
Subcamer frequency band from 57 kHz to 92 kHz.

4.7.2 Subcarner Groups

The subcamers are orga.mzed into four groups as follow:

GrompA STz Digital - RDS 3% injection level

66.5 kHz -Digital - Data/Paging = 8:5% injection level

92 kHz Analog v 8.5% injection level
Group B 57 kHz Digital - RDS/Paging  10% injection level
‘ 67 kHz Analog 10% injection level
GroupC 67 kHz Analog  10% injection level

92 kHz - Analog . 10% injection level

GroupD  92kHz ' Digital - Data 10% injection level

-

The RBDS signal at 10% injection level provides a good emulanon ofa 57 kHz paging
apphcauon

4.7.2.1 Subcarrier Calibration

Many tools were used to verify and cross check the injection levels of an
individual subcarrier. Using an audio generator as a substitute subcarrier, source
ihjection levels at 57, 67, and 92 kHz were measured with the two Belar -
modulation analyzers. These measurements were then confirmed with the
composite baseband plot on the HP spectrum analyzer. Next, the spectrum
analyzer utility in the Seiko Receptor Protocol Analyzer (RPA) was compared to
the HP and verified in the same manner. At this point with four instruments that
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very closely agreed with each other, calibration was assured. Though out the
process of using subcarrier signals, this method of cross checking the injection
levels was used with at least 2 or 3 of the above instruments.

The injection level measurement and adjustment of the analog and RBDS"
subcarriers is easy and straight forward. No modulation was used on the.analog

generators when setting the level. -

The RBDS signal was set using the modulation monitors and confirmed on the
spectrum analyzers by observing the side band _levejl‘_s:.‘f:Ithe signal was phase locked
to the 19 kHz pilot and adjusted according to the EBU procedure.

The Seiko digital subcarrier, also phase locked to the-pilot, was adjusted for both
level and phase according to the procedure specified in the Seiko manual. Levels,
both unmodulated and modulated, were measured on the RPA spectrum analyzer

utility and the modulation monitors.

The Mainstream Data subcarrier was set up to 10% injection using the modulation
monitors and the RPA spectrum analyzer; however, there is no way to.measure

{hiis signal unmodulated to cross check our measurement. Therefore, we had

' Mainstream Data come in and certify that the injection level was correct.

For addltnonal infonnaﬁon on this subject, please to Agp' | endix I.
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51

5.2

53

54

‘QUALITY TEST K

Selection of Critical Material .
The selection of critical materials conducted at CRC by expert listenersis detailed in Appendix T.

'Quality Test Report

This report is included in Ap“ pendix U.
System “J” Description
For the subjective quality assessments System J (USA Digital Radlo AM) used a 48 kHz sampling

frequency as the reference, where as System I was evaluated with a reference sampled at 32 kHz..

Selection of Critical Materials for Transmission Impa‘ifment Tests’

“The DAR laboratory test procedures call for the selection of three audlo segments for impairment

testing. Starting:the process Jody Daub and Douglas M¢Kinnie, two of the three expert panelists
that selected the quality audio segments at the CRC, recommended seven of the segments they had
auditioned for the quality tests for use as transmission test materials. The segments they selected
were all from the EBU:SQAM: disc which was part of the materials used for the nine quality
segment selection. The criteria for selection was a pure sound that would not mask the effects of
impaired transmission. The following segments were recommended by the panel:

Track Index Contents - Length (seconds)
10 2 Violoncello 37
23 2 Hom 31
32 1 Triangle 21
35 1&2 Glockenspiel 29
39 4 Grand piano 27
55 1 Trumpet concerto 32
62 1 Soprano, spiritual 31

For the implementation of the selection process, each of the above segments was played at the
DAR laboratory on a CD machine and rate converted to the appropriate sample frequency. Noise
was added to the signal to find the TOA and POF for each of the above audio segments as they
were transmitted through each system. The segments were selected for sensitivity to impairment at
both the TOA and POF. For each system a minimum of two segments was selected. Three systems
had the same most sensitive rating for three audio segments. A total of eight tests representing six
systems were included with two systems operating in a second mode. Because of an equipment
problem, the VOA/JPL system was not included in the test. The tally for each audio segment is as
follows:

26 DIGITAL AUDIO RADIO TEST LABORATORY
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Track Content Tally

10 Violoncello 1

23 . Hom - 0

32 ' Tnangle 5

35 Glockenspiel 8

39 Grand piano 1

55 Trumpet concerto 2
62 ~~'Soprano, spiritual 3

Glockenspiel was the most critical of the seven selections with triangle and Soprano spiritual
second and third. To give a wider range of sound test audio, and because the triangle is similar to
glockenspiel, it was replaced w1th clannet (EBU SQUAM CD Track 16)

. Only hrmted multlpath tests were accomphshed because the multxpath scenanos for VHF band
. -were:not. completed:at the time of the tests. The limited'tests uséd:the: mulnpath scenarios supplied

by each propenent.. These tests did not show any: 51gnxﬁcant change m cnnca.l matenal from the
noxse tests. o

. The test segments were reduced in- length by the direction of Working'’ Group ‘B to 30 seconds. This

was 10 accommoda.te the subjecuve evaluatlon tests at the CRC.

Selechon of Audxo Test Matenal for Tests F G and L

Through the process of expert evaluation the followmg scgmcnts from the EBU SQUAM CD were
selected to use in tests F, G and L where appropnate

1) Harp (Track 25)
2) ABBA (Track 69)
3) Spoken Voice (Track 49).

DIGITAL AUDIO RADIO TEST LABORATORY 27



A-SERIES TESTS SECTION 6

6.1

6.2

A-SERIES TESTS

The vital signs for the system under test were taken on an as needed basxs to verify proper
operation of the DAR system.

Power Measurements

Various types of power measurements were taken on the systems The following sections detail
these measurements.

6.1.1 Peak to Average Ratlo

The peak to average: power Tatios of the DAR transrmssmns were measured on the
Boonton 4400 Peak Power Meter. Appendix O contains the record of these measurements.
. The meter was set up in a peak hold manner, and the transmissions were moritoted for a
, period:of 5. minutes before the results were recorded. In some cases the HP'8990A Peak
. Power Meter was also used to make these measuréments. A summary-of these
measurements is included on the cover page of the collected data sections of this report.

These measurements do not indicate what the instantaneous peak to averagé power ratios
are or what percentage of the time the peaks are above the average power. Further
investigation of these issues may be necessary to fully address transnutter implementation.

6.1.2 IBOC Composite to Digital Ratlo o T
The ratios of composne signal power to dlgrtal signal:power are detailed in the B-1,B-2
and B-3 sections of the collected data sections of this report.

6.1.3 Power Meter Calibration Error

- The measurements made with the Boonton 4220 power meter were cortected when
measurements were sufficiently out of the square law region of the Boonton power sensor.
Correction to these measurements only occurred once during the testing at LeRC. This
occurred in the D-Series tests for the Eureka - 147 systems. Appendix P details the
correction factor applied to the undesired signal measurement for the E-147 D-Series tests.

Spectrum Plots

The spectrum or wave form of the DAR was recorded for various reasons. These reasons include
compliance to FCC regulations and indication of system stability. The following sections detail the
spectrum analyzer measurements made in the laboratory.

6.2.1 Analyzer Settings

The spectrum analyzer was set up in a different configuration for each system, or group of
systems, in the same band. The settings are detailed in the following sections:

6.2.1.1 AM
Center Frequency 1.66 MHz
Resolution Band Width 300 Hz
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SECTION 6

A-SERIES TESTS

6.3

6.4

6.5

Video Band Width
Span

6212 FM .
' Center Frequency

"+ Resolution Band Width |

Video Band Width
Span
6.2.1:3 L-Band

Center Frequency
Resolution Band Width
Video: Band Width:~
Span..: -

6.2.1.4 S-Band
Center Frequency

Resolution Band Width
Video Band Width

Span

6.2.2 System Measurements

-..The spectrum measurements were made at the 6

input or the receiver input.-

Weak Signal and Gaussian Noise Performance

The TOA and POF for the systetiis 'was determined by
sensitivity and by artificially i increasing the noise floor.

NA
NA

04 MI-Iz
1KHz

30 Hz
200 kHz

1.47GHz
30kHz

"lOkHz

SMHz

2.03 GHz
3kHz .
100Hz
1 MHz

6.3.1 Additive White Gaussian Noise TOA and POF System Performance

By increasing the level of gaussian noise in quarter dB steps, the performance values were

determined.

6.3.2 Weak Signal Sensitivity TOA and POF System Performance

By lowering the signal level at the receiver in lAdB

the systems was determined.

Pre-Test Quality Digital Audio Recording _.
At medium signal strength the system recovered audio

recorded on DAT for the record.

IBOC Al‘ialoé VCVhaxrmel Proof

The frequency response and total harmonic distortion +

Analog Channel.
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A-SERIES TESTS - ‘ SECTION 6

6.6

6.7

6.8

6.9

6.5.1 Test Limitations

The Belar Stereo monitor was used for these proofs. This demodulator is wide band and
does not filter out any effects of the digital signals. This test was therefore conducted with
the digital portion of the IBOC composite wave form turned off, if it is possible to turn the

digital off externally to the proponent system. This was done to gauge the performance and

3 i 1o d L

ensure proper operation of the FM analog channel,

6.5.2 Summary of IBOC System Data
Appendix Q contains the Audio Precision Plots of the Analog Channel Proofs.

Reference Transmitter Proof

During the Analog Compatibility Phase lof testing, the Rcfcr,éncei Transmitter performance was
gauged, similar to the IBOC Host Analog-Channels. Appendix Q contains the Audio Precision
Plots of the Reference Transmitter proofs.

AM and FM Modulation Monitors

It was necessary to determine proper operation of the modulation monitors. The following sections
detail calibration of the monitors: '

6.71 AM B o

The AM modulation monitor has a built in calibration tone. Pernodically throughout the
testing process, the tone was turned on, and the modulation observed to be 100 %.

6.7.2 FM

The Bessel Null Procedure was used to verify proper operation of the FM modulation

mionitor. The procedure and results of the procedure are contained in Appendix N (see

Appendix N). -
Proponent Self Test

Two systems in the laboratory have the aBility to monitor thelr operational status. These systems -
are the AT&T IBAC and the USA Digital Radio AM systems.

6.8.1 Descriptions

The self test é.lgorithms were executed with few requirements from the lab staff. Patching
and switching test signals and attenuation when prompted by the self test computer was the
extent of the staff involvement during the self tests.

Test Bed Calibration

The calibration of various portions of the test bed can be found in Section 4 of this report (see
Section 4).
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SECTION 7. =~ - -  IMPAIRMENT

7 DIGITAL TESTS DATA

7.1 Eureka-147 224 Kbls :
The digital results are found in Appendix AA.

7.2 Eureka - 147 192 Kb/s
The digital results are found in Agpend:ii;AB.

73  AT&T IBAC o
The digital results are found in Appendix AC.

74  AT&T / Amati IBOC Lower Side Band
The digital results are found in Agpendix AD.

75  AT&T/ Amati IBOC Dual Side Band o
The digital results are found in Appendix AE.

7.6 JPL / VOA Direct Broadcast Satellite
The digital results are found in Appendix AF.

7.7 USA Digital Radio IBOC FM 2
The digital résults are found in Appendix AG.

7.8 USA Digital Radio IBOC FM 1
The digital results are found in Appendix AH.

7.9 USA Digital Radio IBOC AM
The digital results are found in Appendix Al

710 AT&T / Amati IBOC Dual Side Band Revision B
The digital results are found in Appendix AK.

7.11  USA Digital Radio IBOC FM 1 Revision B
The digital results are found in Appendix AL.
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IN BAND. COMPATIBILITY SECTION 8

8.1

8.2

83

84

ANALOG IN-BAND COMPATIBILITY DATA

The results of Analog In-Band Compatibility are found in the following Appendices. These include
results of test series F and G which detail DAR to Analog Interference and H and 1 which detail
Analog to DAR Interference. :

Tests F-1, F-4 and G-1 (Co-Channel)
These compatibility results are found in Appendix AM.
Tests F-2, F-5 and G-2 (First Adjacent)

These compatibility results are found in Appendix AN.

Tests F-3, F-6 and G-3 (Second Adjacent)
These compatibility results are found in Appendix AQ.

Tests H and I
These compatibility results are found in Appendix AP.
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SECTION 9 IBOC COMPATIBILITY

9 IBOC COMPATIBILITY DATA

The following Appendices contain the collected data for the Land M series of tests. These tests
investigated the effect of the digital portion of the IBOC wave form to the host analog channel (L)
and the effect of the host analog channel to the digital portion of the IBOC signal (M).

9.1 Test L
The collected data is found in Appendix AQ.

9.2 Test M
The collected data is found in Appendix AR.
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