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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.
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Appendix M — RF Component Calibration
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Appendix N — Bessel Null Modulation Monitor
Calibration Procedures and Spectrum Plots



Frequency Deviation Using
the Bessel Null Method

The most accurate way to
+etermine frequency deviation
, to use the Bessel null
method. This method is usually
used to calibrate a station’s
modulation meter while the sta-
tion is not in service. The
Besse! null method relies on
the fact that the Bessel func-
tions which determine the
amplitude of the FM signal
components are zero for certain
values of the modulation index.

The FM carrier is proportional
to J,(M) and each harmonic is
proportional to J,(M), where n
is the harmonic number and M
is the modulation index. The
modulation index is the peak
frequency deviation divided by
the modulating frequency. To
make the carrier or a sideband
disappear from the FM signal
spectrum, choose a modulating
frequency that corresponds to
one of the modulation indices
in Table 1.

Table 1. Bessel function nulls.

Modulating Signal Harmoni

Carrier

Signat | Second | Third Fourth

Null
No. | JoM) | JiM) | JoM) | Js(M)
1 12.4048] 38317 | 5.1356 | 63802
5520t 70156 | 84172 | 9.7610
10.1735 | 116198 | 130152

2
3 | 86531
4 |11.7915] 133237 | 147960 | 16.2235

Modulation indices at which Bessel
functions are zero

To establish the 100% modula-
tion point when the peak devia-
tion frequency is + 75 kHz,
follow this procedure:

1. Decide which signal compo-
nent you will null. To
calculate the required fre-

quency, divide 75 kHz by
the corresponding modula-
tion index from Table 1. For
instance, the first two carrier
null frequencies are 31.188
kHz (75 kHz/2.4048) and
13586 kHz (75kHz/5.5201).

2. The audio pass band of
most stations will not transmit
31 kHz, so select the second
null value of 13.586 kHz
instead. =

3. Connect an audio sine wave
generator to the modulator
input and set its frequency to
13586 kHz. Use a frequency
counter to measure the fre-
quency. The accuracy of the
Bessel null method is
governed by the accuracy of
the modulating signal.

4. Set the amplitude of the
audio signal to zero. Connect
your spectrum analyzer to an
RF test point or directional
coupler at the transmitter
output.

5. If your deviation meter is
already approximately cor-
rect, increase the signal
generator output level until
the meter reads about 100%
and then vary the signal level
slightly until the analyzer
shows a null.

6. If your meter is totally un-
calibrated, increase the
signal generator output level
until a null is reached. Con-
tinue increasing the output
level until a second nuil is
achieved.

A representative display of the
resulting spectrum is shown in

23

Figure 27. The null-carrier con-
dition represents exactly 100%
modulation. The modulation
meter should now be adjusted
to show 100%.

The Bessel null method can be
used for any percent deviation
by multiplying the frequency re-
quired for 100% deviation by
the alternate percentage. For in-
stance, in the example-above,
the second carrier null using a
frequency of 6.793 kHz (half of
13.586 kHz) represents 50%
deviation.

ATTH 3800
- oP OFF
18 9y

108.0888KNHT
e.908N ’ i
18.8KH2”
IKNZ RBY

CARRIER

Figure 27. Second Bessel carrier null.

Tracking Generator—(with
Spectrum Analyzer for
Swept Measurements)

A tracking generator is a signal
generator whose output fre-
quency is synchronized to, or
tracks with (hence “‘tracking
generator), the frequency be-
ing analyzed by the spectrum
analyzer at any point in time.
When used with a spectrum
analyzer, a tracking generator
allows the frequency response
of filters, amplifiers, couplers, .
etc. to be measured over a
very wide dynamic range. The
measurements are performed
by connecting the output of the
tracking generator to the input
"of the device being tested, and
monitoring the output of the
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Appendix O — Peak-to-Average Power
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Appendix P — Power Meter Calibration
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Appendix Q - FM Analog Transmitter Proofs
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Appendix R — Custom Equipment
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EIA/DAR

PROJECT: HIGH SPEED RF SWITCH
DATE: . Nov/10/94
PREPARED BY: Robert McCutcheon
PECIFI
FREQUENCY RANGE: MAXIMUM INPUT POWER:
500KHZ - 110MHZ 1.2dB . + 10dBm
INPUT/OUPUT IMPEADANCE: SWITCH SETTLING TIME:
50 OHMS < Bus
INSERTION LOSS VS FREQUENCY: ISOLATION: (Off Characteristics)
(RF INPUT LEVEL REFERENCE: 0dBm) (RF OUTPUT LEVEL REFERENCE: -24dBm)
EREQ. ' LOSS (dB) 500KHZ - 1700KHZ > 60dB
200KHZ 25.86 4MHZ ) > 55dB
500KHZ - 24.50 50MHZ > 35dB
1000KHZ 24.37 100MHZ > 29dB
1660KHZ 24.21
5.0MHZ 24.35
10.0MHZ 24.31
50.0MHZ 24.18 CONTROL:
94.1MHZ 23.68 * 5 Volt TTL compatabie
100MHZ 23.53 * OV = RF SIGNAL OFF
110MHZ 23.44 * BV = RF SIGNAL ON
LINEARITY: POWER REQUIREMENTS:
INPUT POWER (dBm) OUTPUT POWER (dBm) + 15Volts dc @ 50ma
14.18 -10.30 - 15Volts dc @ 20ma
13.00 -10.45
12.00 -10.65
11.07 . -10.88
10.06 COMPRESSION -11.20
9.09 -12.04
8.11 -13.04
0.05dBm  -------- -21.75 - - RECOMMENDED OPERATING LEVEL - -
-9.95 -31.70
-20.08 -41.50
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Appendix S — Equivalent Noise Bandwidth of
Noise Filters
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Noise Equivalent Bandwidth Calculation
by the Method of Least Squares Approximation

Introduction

If white noise with a two-sided power spectral density of Ny/2 is
passed through a band-pass filter with a transfer function H(f),
the average noise power at the filter output is given by

[o.¢]

Pwo = | 1H(E) |2(Ne/2)af = No | |1 (E) |2as (1)

-0 0

If the filter were ideal (i.e. a "brick-wall" magnitude
response), with a bandwidth By and a mid-band gain (or point of
minimum insertion loss) Hy, the output average noise power would
be

Pno = NoByHo? " (2)

By equating the expressions in equations (1) and (2), it is
possible to determine the noise equivalent bandwidth of a real
filter as

[+ 0]
By = <1/Ho)2f|H(f) |2af (3)

-0

where the mid-band, or maximum gain of the real filter has been
adjusted to an amplitude of Hy. Note that only the filter's
magnitude response is involved here. By means of equation (3) a
band-pass filter's noise equivalent bandwidth may be determined
if the band-pass filter's transfer function is known
analytically, or can be determined experimentally.

While the analytic expressions for band-pass filters are well
known, they do not take into account the de-tuning effects of
lossy components or the parasitic coupling between wvarious
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components and between components and the enclosure. Therefore,
while it would be easier to integrate an analytical expression
for H(f), it would not properly include the effects of the real
filter that is being used. Consequently it was decided to obtain
the filter transfer function experimentally and evaluate equation
(3) using numerical methods.

A network analyzer is a natural choice for obtaining these type
of measurements since it evaluates the frequency response
(offering both magnitude and phase information) of devices under
test. The analysis band can be easily adjusted and proper
calibration can be done to place the analyzer's reference planes
at the input and output of the filter to be characterized. Thus,
only the filter's response is obtained, including the parasitic
and package effects. Data may be obtained in linear magnitude
format, which is the natural choice for use with egquation (3). An
HP 8753D automatic vector network analyzer was used for data
collection.

There are several limitations involved in obtaining an accurate
representation of H(f) which must be considered and compensated
for before it is certain that the By value obtained in equation
(3) is correct. These limitations are-

(1) the expression for H(f) thus obtained is truncated in
frequency, that is, H(f) information is not obtained for all

frequencies, 0<f<oo, but rather over a finite range f <f<fy.

(2) The analyzer provides a discrete representation of H(f)
in the frequency domain, i.e. it is not a continuous response.
The analyzer used could provide up to 1601 calibrated data points
across any desired frequency band.

(3) The amplitude information thus obtained is subject to
errors due to noise and numerical round-off.

(4) As a result of (2) and (3) above, the filter's actual
shape, specifically it maximum transmission gain (minimum
insertion loss) location, could be missed if proper care is not
taken in obtaining the data.

To ensure that the filters are properly characterized given the
above limitations, the following steps are taken-

(1) Each filter was characterized on the 8753D to find its
minimum insertion loss point (Ho in equations (2) and (3)), which
was chosen as the filter's center frequency. The upper and lower
frequencies, f, and f, respectively, over which the filter

g &
s
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characterization would occur were chosen as the frequency(s) at
which the magnitude response was 5% of the filter's minimum
insertion loss; i.e., 0.05H,. Since the integral in equation (3)
involves lH(f) ? this choice ensures that 99.5% of the area under
the filter's response curve is accounted for. The validity of
this choice was ascertained by checking the 0.025H, frequency
band as well; the resulting By values were practically unchanged
(<~0.1% difference) from the 0.05H, interval.

Each filter's transmission maximum was normalized to 1.0,
and the rest of the data points scaled accordingly. The magnitude
response of each filter as obtained from the network analyzer
appears at the end of this appendix. Note that the scale used is
linear, not logarithmic.

It is the area under this curve which must be evaluated so
that the equivalent "brick-wall" filter bandwidth may be
obtained. Note that by normalizing the filter's insertion loss to
1.0, the (1/Ho)? term appearing in equation (3) is absorbed into

the expression for |H(f) 2.

(2) To verify that the transmission peak Hy,, was the proper
one, the frequency band, defined as f,-f; was shifted by an

amount f, /2, where
fa = (£,-£1)/1600 (4)

where 1600 is the maximum number of intervals between the 1601
data points that the 8753D can display. This frequency shift also
verified that the filter response in question had no spurious
responses in the region of interest.

(3) and (4) To account for the HP 8753D's finite resolution
and frequency step size, it was decided that rather than
performing a Simpson's rule integration on the raw data, a curve
fitting procedure would be employed using polynomial functions,
as follows

N

[H(£) 17 ~ 22 ands (n) (5
n=0
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for i=0,1,2,...Imax, where Imax is the number of data points

obtained from the 8753D and the ¢;(n) represent the polynomial
functions that will be used to fit the filter transfer function
over the interval from f; to f.. The maximum polynomial order, N,
is chosen based on a convergence criterion to be discussed later.
The H(f;) are the filter transfer function data points as
obtained from the 8753D using the linear scale at the discrete
frequencies f;. The H(f;) are normalized so that the filter's
minimum insertion loss is 1.0. The coefficients a, will be
determined using the method of least squares so as to minimize
the error in a mean square sense. Thus, the polynomial expansion
on the right hand side of equation (5) will represent the best
approximation to the actual filter transfer function.

To guarantee an accurate representation of H(f) over the interval
from f; to f., three sets of data points were taken, the first
set consisting of 1601 points, the second consisting of 3201
points, and the third set consisting of 6401 data points taken
over the interval from f; to f,. Since the 8753D can only
generate 1601 calibrated data points over any one interval, the
interval from f; to f, was sub-divided into two and then four
sections to obtain 3201 and 6401 data points respectively. The
sub-sections were combined to re-create the original interval of
f; to fu in the computer program which performed the curve fit
technique. Thus, in equation (5), Imaxl=1601, Imax2=3201 and
Imax3=6401 points respectively.

The choice of polynomial functions on the right hand side of
equation (5) is appropriate since they form a linearly
independent set of functions on an interval [a,b]l, and because
the analytical expressions for the actual band-pass filter
transfer functions, in both the pass-band and in the skirt
regions can ultimately be expressed in terms of polynomial
functions. Thus the use of polynomial functions to fit the data
represent a "natural" choice.

To avoid numeric overflow that would inevitably occur if the
curve fit was attempted in the region of the filter's center
frequency, the filter's response was shifted from f,, its
original center frequency, down to zero frequency. Thus, f; and
f, are shifted to fi-f, and f,~fo, respectively. Finally the band
of interest, namely f,-f, was re-defined to be the interval [-
1,1], and this interval was subdivided into the appropriate
number of sections corresponding to the appropriate fa in
equation (4). Once the unknown coefficients, the a,, have been
obtained, the noise equivalent bandwidth, B., is re-normalized to -
the band f,-f,.
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It should be noted that there is no loss of accuracy introduced
by re-defining the bandwidth of the frequency shifted filter
response to the interval [-1,1], even though this process will
shift the filter's minimum insertion loss point (i.e. which was
defined as f, and then shifted to zero frequency) away from zero
(unless of course it just so happens that fo also corresponds to
the midpoint defined as (f,+f;)/2). This is not a problem since
the method of least squares, which is used here, will fit the
best curve to the data regardless whether the general shape of
the data to be fit is symmetric about the ordinate or not. Since
our purpose is to obtain the equivalent "brick-wall" filter
response whose area 1s the same as that of the actual filter
being characterized, maintaining the filter shape with respect to
its position along an abscissa is not critical, maintaining the
area under that filter shape 1is.

With the filter's band-pass so defined, there is no loss of
accuracy if the abscissa is re-defined from a frequency scale to
the x-axis, and the ordinate is now referred to as the y-axis. We
now have a set of data points described in the x-y coordinate
system. The expression in equation (5) may now be expressed as

N
£(x) ~ 2o anbn(x:) (6)
n=0
where i=0,1,2,...Imax as before. the coefficients a, are obtained

by applying the method of least squares (a brief description of
which appears at the end of this section) to equation (6)
followed by Gauss elimination to invert the resulting square
matrix. The coefficients resulting from the application of this

technique provide the best fit of the expansion function ¢,(x;)
to the data points. Once coefficients of the polynomial function
have been obtained, the area under the curve may be obtained by
an analytical integration of this function. Thus, the expression
for B., the equivalent noise bandwidth of the filter given in
equation (3) has been obtained.

The calculated noise equivalent bandwidth for the filters are
presented below, along with the frequency band over which the
filter data was obtained (the frequencies between which the

filter response is 20.05H;) the resulting step size, f, given in
equation (4) and the filter's minimum. insertion loss, Ho as
obtained from the network analyzer.



Filter Type f

AM #1
FM #1
FM #2
L-Band

S-Band

Table 1. Band-pa

Remarks on the A

L1 (MHz) fa (kHz) Ho (dB) B, (MHz)

2.72 1.700 -0.29 1.04400
20.00 12.500 -2.72 6.44868
20.00 12.500 -2.80 6.41530
24.00 15.000 -1.03 11.58017
36.00 22.500 -0.90 17.82766

ss filter data.

ccuracy of the Expression for B,

There are two ma
technique used t
high confidence
method. They are

(1) Have su
for the filter,

in questions regarding the accuracy of the
hat must be properly addressed so as to have a
level in the numerical results obtained by this

fficient data points in frequency been obtained
and

(2) is the polynomial order of the ¢,(x) in equation (6)
sufficiently high to ensure the expression for B, thus obtained

has converged to

its limiting value.

To ensure that sufficient data points (1601) were obtained for
the filter response, three things were done, they are-

la) The ban
so that the over
respectively. Th

and properly joining the data together in the program to fill the

d f,—f; was divided into two, then four sections
all band was represented by 3201 and 6401 points,
is was done by taking 1601 data points per band

entire band f,-f, with data.

1b) The sta
where shifted by

of 6401 data points for each filter. This was done to verify that

there were no sp
i.e., the data w
steps given in T
center frequency

rt and stop frequencies, f, and f, respectively,
one half of the frequency step, fa, for the case

urious transmission peaks between data points,

as smooth. It should be noted that the frequency

able 1 are so fine relative to each filter's
(frequency of minimum insertion loss) that any

e

e
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transmission anomalies, resulting from spurious resonances, would
naturally appear in the data as measured. This procedure also
improved the possibility that the point of minimum insertion loss
was obtained for each filter.

lc) A Simpson's rule integration of the data was performed
for each of the three sets of data (1601, 3201, and 6401 points).
The resulting values of B, thus obtained were checked for

convergence using the criterion that AB, < 1.0%, where AB, =

B, (3201 points)-B,(1601 points) and B,(6401 points)~B, (3201
points). By doing this, it was ascertained that 1601 data points
would be sufficient to characterize the filters listed in Table
1.

For the filter designated FM #1, 801 data points were taken as

well, as a check to see if using fewer points increased AB,. In
this case, B,(1601)-B,(801) produced a larger difference (~1.0%)
than B,(3201)-B,(1601) did, however, it still met our criterion

of AB, < 1.0% and so 801 data points could have been used. We
decided to stay with 1601 data points because it gave better
accuracy and cost very little extra run time in the program.

It should be noted here that in terms of the B, obtained by this
method, a 1% error in B, represents a worst case error of <0.05
dB. This value, 0.05 dB, is well within the accuracy level of the
rest of the components and test equipment used in the test bed in
the DAR 1lab.

Performing a Simpson's rule integration on the raw data also
provided a check on the values obtained for B, obtained by the
least squares curve fit approach. This ensured us that no gross
error was made in obtaining the final values of B,.

A final check on the B, values was to perform the rather crude
but reliable technique of graphically computing the area under
the filter's response curve on the spectrum analyzer. This
technique is fully described in a Hewlett Packard application
note AN-150-4, (Rpril 1974) and the description will not be
repeated here. In each case where this technique was used as a
check, the results were within 10% to 15% of those obtained by
the method of least squares.

To ensure that an adequate order was used for the approximating
polynomial, the B, calculation was performed for each filter
using several different values of N, the highest order of
polynomial used, along with a criterion that AB, < 0.01% is
achieved before the iteration in N is terminated. In this case



e,

AB, is defined as B,(Ncur.)-B,{(Ncur.-2) where Ncur. is the current
order of the polynomial and only an even polynomial order was
used in the procedure. In practice it was found that N=28 easily
met this criterion. The difference between N=28 and N=30 was
never more than 0.007% for any filter listed in Table 1. Using
N>30 produced no significant improvement or change in the B,
values obtained for any filter beyond one part in 10°.

Appendix: The Method of Least Squares

Let us consider a linear space of real functions £, g, h,

which are defined on a set of points, x, (which can be continuous
or discrete) on a closed interval [a,b)] on the real axis. A
scalar product can be defined in this space if, to any pair of
elements defined in this space, there corresponds a real number,
designated (f,g), which is called the scalar product of f and g.
The scalar product must also satisfy the following properties-

(a) (£,9)=(g,£) (Ala)
(b) (£,£)20; (f,£)=0 iff f=0 (A1Db)
(c) (af,g)=a(f,g); were a is real (Alc)
(d) (f1+f2,9)=(f1,9)+(£2,9) (A1ld)

For continuous functions on the interval [a,b] the scalar product
may be defined as

(f,g)=(1/(b-2a)) j f( dx (A2)
a

While for functions defined on a finite set of discrete points on
the interval [a,b], the scalar product my be defined as

(f,9)=(1/ (N+1) Z £ (Xn) O (Xn) (23)
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In this case, these functions are defined to exist on a N+1
dimensional linear space, and the function f may be considered as
a (N+1) dimensional vector f=(fy, £;,f,,...Ex) on this space. Thus
the scalar product as defined on equation (A3) may be considered
as a projection of the vector f onto a basis function, or along a
principal co-ordinate, of the space.

The norm of a scalar product may be defined as

|£]=(£,£)%2 (24)
and a distance in the linear space as follows

d(f, q)=lt-gl=(£-g, £-g) /2 (25)

Using the above terminology and definitions, we may now define a
function consisting of elements of a linear space as follows

N

@, (x) =acho (X) +arby (X) + ... +awby(X)=2, anbn (X) (R6)
n=0

where the a, are real numerical coefficients, as a generalized

polynomial with respect to the system of functions ¢,(x). If an
arbitrary function f(x) belongs to a linear space E on which the

¢, (x) are defined, the problem of choosing the coefficients a.
in (A6) such that the mean square error is minimized can be

stated as a problem in which the distance d(f,®,) is minimized.
Using the concept of distance in the linear space as given in

equation (A4), we can define d(f,®d,) as
d(£, @n) = £-@, | = (£-D,, £-D,) V2 (A7)

The polynomial that satisfies the property of minimizing d(f,®,)
is the polynomial which minimizes the mean square error between
f(x) and ®,(x) over the interval [a,b]. In this way, the
generalized polynomial defined in (A6) represents the "best fit"
to the data points.
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To see that an appropriate choice of the coefficients aj can

minimize the distance function d(f,®,) in equation (A7) we may
proceed as follows. Inserting the generalized polynomial defined
in equation (A6) into (A7) and squaring the resulting expression
we can write

d2 (f/ (Dn) = l f—(I)n I = (f_chl f—(Dn)

N N
=(£,5) + 2, asan(hy, o) - 2 2 a; (£,05) (A8)
3, k=0 3=0

The quantity d?(f,®,) in equation (A8) is a quadratic form
relative to the coefficients aj, and consequently for any aj,
d?(f,d%)zo. The quantity d?(f,®d,) will reach its non-negative
minimum when the distance, d(f,®,)=(d*(f,®,))*?, reaches its
minimum.

. .
\’ﬁ)'é)"

To obtain the coefficients a; for which this minimum occurs, we s
can take the partial derivatives of equation (A8) with respect to

the a;'s and set them equal to zero. This will produce the

following set of linear equations

ao(do,do) + ai(di,do) + az(da,Po) + ... + an (Pn, do) = (£,90)

ao(Po, 1) + ar(di, 1) + az(de, 1) + ... + an (Pn, d0) = (£,¢1)

ao(d)O/(bn) + al(d)lr(bn) + a2(¢21¢n) + ... F an(¢n/¢n) = (f/(bn)

The scalar products (¢:,¢;) in equation (A9) form an (N by N)

array. Since the functions ¢, are linearly independent, this

array will have a non-vanishing determinant and consequently it

may be inverted. Gauss elimination is used to invert the array, .
and so equation (A9) can be solved for the a, which will provide : }

a minimum value for the d(f,®,). This is the technique used to
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find the proper coefficients a; in equation (5). The functions

dn (x) are chosen to be polynomial functions, i.e. dn (x)=x", for
the reasons given in the main body of this paper. Note that with
1601 data points and N=30, the system of equations described in
equation (4) is over specified, and that the method of least
squares described above reduces this system of equations to one
of N equations with N unknowns.

The program to evaluate the noise equivalent bandwidth of the
filters was written in HP BASIC. Data on each filter was obtained
from the HP 8753D using the linear scale. The program found the
maximum amplitude of the data , normalized the data to this

value, then squared it to create lH(fi)/HoP. The program then
evaluated the appropriate scalar products as defined in equation
(A9) . Gauss elimination was used to invert the matrix and thus
solve for the unknown a,'s. The corresponding value for B, was
obtained by integration of the resulting polynomial. A Simpson's
rule integration was also performed on the raw data and the
results displayed for B, obtained in this fashion as a check on
the least squares technique. The user may choose the order of the
polynomial function used in the curve fit, as well as the number
of data points to be used in the analysis.
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Appendix T — Selection of Critical Material






CO-CHANNEL DIGITAL TO ANALOG SUBJECTIVE

LEGEND

DSB

LSB

FM-1

o jwiNn

FM-2

URBAN SLOW MULTIPATH
_ TEST G1
CD #1 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#26 DSB -2.4
REFERENCE | #27 LSB -2.5
F1  45dB S/N| #29 FM-1 -2.5
D/J__ 36.17 dB| #30 FM-2 -2.4
#2  DENON
#33 DSB -0.2
REFERENCE | #34 LSB 0
FI 45dB S/N| #32 FM-1 1.7
D/U__ 43.39 dB| #31 FM-2 1.5
#3 PANASONIC
#37 DSB 1.5
REFERENCE | #36 LSB A7
F1 45dB S/N| #39 FM-1 1.6
D/U___ 40.94 dB| #40 FM-2 -1.5
#4  PIONEER
: #43 DSB -1.4
REFERENCE | #44 LSB -0.8
F1 45dB S/N| #42 FM-1 1.2
DU__ 44.18dB| #41 FM-2 0
#5 FORD
#48 DSB 1.8
REFERENCE | #49’ LSB 1.9
F1 45dB SIN| #47 FM-1 1.5
DU 35.22dB| #46 FM-2 1.3

xxxxxx



CO-CHANNEL DIGITAL TO ANALOG SUBJECTIVE

LEGEND

DSB

LSB

URBAN FAST MULTIPATH
TEST G1 .
CD#1 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#54 DSB -0.1
REFERENCE | #53 LSB -0.3
F1 45dB S/IN| #52 FM-1 -0.4
D/U 36.17 dB| #51 FM-2 -1.2
#5 FORD
#58 DSB- -0.5
REFERENCE | #57 LSB -0.6
F1 45dB S/N| #59 FM-1 -0.5
D/U 3522 dB| #80 FM-2 -0.8

FM-1

W IN

FM-2

Page 3 of 22




LOWER 1ST ADJACENT DIGITAL TO ANALOG SUBJECTIVE

LEGEND

- DSB

LSB

FM-1

b Wi

FM-2

TEST F5
CD#2 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
11 DELCO
#2 DSB 2.9
REFERENCE | #3 LSB -0.2
F2L 45dB S/N| #4 FM-1 -3
DU 4.09dB| #5 FM-2 -0.8
#2 DENON
#8 DSB 2.8
REFERENCE | #8 LSB 0
F2L 45dB S/N| #9 FM-1 -2
DU 2361 dB| #10 FM-2 0.2
#3 PANASONIC
#11 DSB 1.2
REFERENCE | #13 LSB 0
F2L 45dB SIN| #14 FM-1 -0.8
DIU  27.33dB| #15 FM-2 0
PIONEER
e DSB -0.1
REFERENCE | #18 LSB 0.1
F2L 45dB S/IN| #19 FM-1 -0.3
DIV 31.87dB| #20 FM-2 -0.2
45 FORD
#21 DSB -3
REFERENCE | #23 LSB -0.1
F2L45dB SIN | #24 FM-1 -3
DU  -6.18dB| #25 FM-2 -1.6

Pag(efgﬂ,qf 22
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LOWER 1ST ADJACENT DIGITAL TO ANALOG SUBJECTIVE

URBAN SLOW MULTIPATH
TEST G2 _
CD#2 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
1 DELCO
#30 DSB -3
REFERENCE | #28 LSB -0.8
F2L 45dB SIN| #27 FM-1 -3
DU 4.09dB| #26 FM-2 -1.4
2 DENON
| #35 DSB -3
REFERENCE | #33 LSB -1
leL 45dB SIN| #32 FM-1 -2.3
D/U__ 2361 dB| #31 FM-2 -1
3 PANASONIC
#40 DSB -2.3
REFERENCE | #38 LSB 1.6
F2L 45dB SIN| #37 FM-1 -2.1
D/U__ 27.33dB| #36 FM-2 -1.5
PIONEER
#43 DSB -2
REFERENCE | #41 LSB 1.8
F2L 45dB SIN| #44 FM-1 -2
D/U__ 31.87dB| #45 FM-2 1.7
5 FORD
#50 DSB -3
REFERENCE | #48 LSB -1
F2L 45dB S/N| #47 FM-1 3
DU -6.18dB| #46 FM-2 1.9
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LEGEND

DSB

LSB

FM-1

s lwiNn

FM-2




LOWER 1ST ADJACENT DIGITAL TO ANALOG SUBJECTIVE

URBAN FAST MULTIPATH
TEST G2
CD#2 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCOR __ SCORE
#1 DELCO LEGEND
#51 DSB -2.8
REFERENCE | #55 LSB -0.3 2 DSB
F2L 45dB S/N| #53 FM-1 -3 3 LSB
"D/U 4.09dB | #54 FM-2 -0.3 4 FM-1
5 FORD 5 FM-2
#56 DSB -3
REFERENCE | #58 LSB 0
F2L 45dB S/N| #59 FM-1 -2.9
DU__-6.18 dB | #60 FM-2 -0.8

Pag%&;@g 22
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LOWER 2ND ADJACENT DIGITAL TO ANALOG SUBJECTIVE

LEGEND
2 DSB
3 LSB
4 FM-1
5 FM-2

TEST F6
CD#3 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#1 DSB 0.2
REFERENCE | #3 LSB -0.5
F3L 45dB SIN| #4 FM-1 -1
DU -24.17dB| #5 FM-2 2.5
#2 DENON
#6 DSB -3
REFERENCE | #8 LSB -1.8
F3L 45dB S/N| #9 FM-1 -3
DIU  -2467dB| #10 FM-2 2.9
#3 PANASONIC
#13 DSB 2.2
REFERENCE | #11 LSB 1.2
F3L 45dB S/N| #14 FM-1 -3
| DIU  -22.41d| #15 FM-2 -3
PIONEER
#18 DSB -3
REFERENCE | #16 LSB 0.7
F3L 45dB S/N| #19 FM-1 -3
DU -15.16 dB| #20 FM-2 2.4
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LOWER 2ND ADJACEI\;T DIGITAL TO ANALOG SUBJECTIVE

LEGEND

DSB

LSB

bl IN

FM-1

FM-2

URBAN SLOW MULTIPATH
4 TEST G3
CD #3 “TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#23 DSB -1.1
REFERENCE | #21 LSB 0.7
F3L 45dB S/N| #24 FM-1 -2.1
DIU  -24.17dB| #25 FM-2 -3
42 DENON
#30 DSB -3
REFERENCE | #28 LSB 2.8
|F3L 45dB SIN| #27 FM-1 -3
DIU -2467dB| #26 FM-2 -3
#3 PANASONIC
#33 DSB 3
REFERENCE | #35 LSB -2.1
F3L 45dB SIN| #32 FM-1 -3
IID/U -22.41dB| #31 FM-2 2.8
#4  PIONEER
#38 DSB 0
REFERENCE | #40 LSB 0
F3L 45dB S/N| #37 FM-1 0
D/U  -15.16dB| #36 FM-2 0
#1 DELCO
PPER 1ST U.F| #41 DSB -0.4
REFERENCE | #43 LSB 0.2
FIU 45dB S/ | #44 FM-1 -1
D/U 541d | #45 FM-2 -2
Pagg.,.,&_,_gf 22
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UPPER 1ST ADJACENT DIGITAL TO ANALOG SUBJECTIVE

TEST F4
CD#4 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
REFERENCE | #1 LSB -2.8
F2U 45dB SIN
"DIU 5.41 dB
#2  DENON
#2 DSB 2.7
REFERENCE | #4 LSB -2.8
F2U 45dB S/N| #5 FM-1 -2.5
D/U__ 1246 dB| #6 FM-2 0.1
#3 PANASONIC
REFERENCE | #7 LSB -0.5
F2U 45dB SIN
DU 27.19dB
#4  PIONEER
#10 DSB -2.1
REFERENCE | #8 LSB -2
F2U 45dB S/N| #11 FM-1 -1.8
DU 21.33dB| #12 FM-2 0.1
#5 FORD
REFERENCE | #14 LSB -2.2
F2U45dB S/N
DU __ -6.12dB
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LEGEND
2 DSB
3 LSB
4 FM-1
5 FM-2




UPPER 1ST ADJACENT DIGITAL TO ANALOG SUBJECTIVE

LEGEND

DSB

LSB

FM-1

njplwiN

FM-2

URBAN SLOW MULTIPATH
TEST G2
CO#4 | TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE

#1 DELCO ~

REFERENCE | #15 LSB -3
F3U 45dB S/N
“D/U 5.41 dB
42 DENON

#20 DSB 0

REFERENCE | #18 LSB 2.8
F3U45dB S/N | #17 FM-1 2.9
DU 12.46 dB| #16 FM-2 -1
#3 PANASONIC

REFERENCE | #21 LSB -1
F3U45dB S/N
D/U  27.19dB
#4  PIONEER

#24 DSB 2.4

REFERENCE | #26 LSB 2.5
F3U 45dB S/N| #23 FM-1 2.2
D/U  21.33dB| #22 FM-2 -4

5 FORD

REFERENCE | #27 LSB -3
F3U45dB SIN
DU  -6.12dB
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UPPER 1ST ADJACENT DIGITAL TO ANALOG SUBJECTIVE

URBAN FAST MULTIPATH
TESTG2
CD# TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO LEGEND
REFERENCE | #29 | . LsB -2.9 2 DSB
"qu 45dB SN 3 LSB
DU__ 541 dB 4 FM-1
5 FORD 5 FM-2
REFERENCE | #31 LSB -3
F2U 45dB SN |
DU__ -6.12 dB
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UPPER 2ND ADJACENT DIGITAL TO ANALOG SUBJECTIVE

LEGEND

2 DSB
3 LSB
4 FM-1
5 FM-2

TEST F6
CD #4 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
REFERENCE
F3U 45dB S/N
Io/u -24.17 dB
#2  DENON
#33 DSB -3
REFERENCE | #35 LSB -3
F3U 45dB S/N| #36 FM-1 -2.9
DU_-33.18 dB| #37 FM-2 -2.9
#3 PANASONIC
#38 DSB 1.3
REFERENCE | #40 LSB 1.5
F3U 45dB S/ | #41 FM-1 A7
DU 216d| #42 FM-2 -0.2
#4  PIONEER
#45 DSB 1.9
REFERENCE | #43 LSB -2.2
F3U 45dB S/N| #46 FM-1 -2.4
D/U__ -14.92dB| #47 FM-2 -2.2
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UPPER 2ND ADJACENT DIGITAL TO ANALOG SUBJECTIVE
URBAN SLOW MULTIPATH
TEST G3
CD#4 TEST SUBJECTIVE |
RECEIVER PROPONENT
TRACK SCORE . SCORE
1 DELCO
REFERENCE
F3U 45dB SN
DU -24.17 dB
42 DENON
#53 DSB -2.6
REFERENCE | #51 LSB 25
F3U 45dB S/N| #50 FM-1 2.7
[o/u  -33.18 dB| #49 FM-2 -3
#3 PANASONIC
#58 DSB 23
REFERENCE | #56 LSB -2
F3U 45dB S/ | #55 FM-1 -2.1
DIU 2.16d | #54 FM-2 -0.6
#4  PIONEER
#51 DSB -2.3
REFERENCE | #63 LSB 2.5
F3U 45dB S/N| #60 FM-1 -3
DIU  -1492dB| #59 FM-2 -2.5
1 DELCO
URBAN FAST
REFERENCE
F3U 45dB SN
DIU  -46.18 dB
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LEGEND

DSB

LSB

FM-1

njibhijwinN

FM-2




LEGEND

DSB

LsSB

FM-1

i jwiN

FM-2

DAR TO HOST IBOC ANALOG SUBJECTIVE
STRONG SIGNAL
TEST L3
CD#5 TEST SUBJECTIVE
RECEIVER ~ |PROPONENT
TRACK SCORE SCORE
#1 DELCO
#4 DSB -0.1
#1 LSB -0.1
#2 FM-1 -1
#3 FM-2 -0.9
#2  DENON
#8 DSB 2.5
#5 LSB 2.3
#6 FM-1 2.5
#7 FM-2 -2
#3 PANASONIC
#9 DSB -2.8
#12 LSB 1.7
#10 FM-1 -3
#11 FM-2 -2
[#4  PIONEER
#13 DSB -3
#16 LSB -2.9
#14 FM-1 -2.9
| #15 FM-2 1.5
#5 FORD
#17 DSB 0.1
#20 LSB 0
#18 FM-1 -0.1
#19 FM-2 A1

N




DAR TO HOST IBOC ANALOG SUBJECTIVE

STRONG SIGNAL
TESTL3
CD#5 TEST SUBJECTIVE |
RECEIVER PROPONENT
TRACK SCORE SCORE
#4  PIONEER
SCA GROUP B
#21 FM-2 -1.5
45 FORD
SCAGROUPB | #22 DSB 0.2
#25 LSB -0.2
#23 FM-1 -0.1
#24 FM-2 -1.3
[is FORD
SCAGROUP A | #26 DSB 0.1
#29 LSB 0.1
#27 FM-1 0.1
#28 FM-2 -1
#4  PIONEER
SCA GROUP A
#30 FM-2 1.8
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LEGEND

DSB

LSB

FM-1

bW

FM-2




DAR TO HOST IBOC ANALOG SUBJECTIVE

LEGEND

DSB

LSB

FM-1

[ EE_S 2N,V

FM-2

WEAK SIGNAL
TEST L3 _
CD #5 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE

#1 DELCO

#34 DSB -0.2

#31 LSB 0

#32 FM-1 -0.2

#33 FM-2 -0.3
[#2~  DENON

#38 DSB 1.2

#35 LSB 1.1

#36 FM-1 1.8

#37 FM-2 -0.8
b1#3 PANASONIC

#39 DSB 2.2

#42 LSB -0.4

#40 FM-1 -2.4

#41 FM-2 -0.5
#4  PIONEER

#43 DSB -2.5

#46 LSB 2.7

#44 FM-1 -2.7

#45 FM-2 -0.5
#5 FORD

#47 DSB 0

#50 LSB 0.1

#48 FM-1 0.2

#49 FM-2 0
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DAR TO HOST IBOC ANALOG SUBJECTIVE
STRONG SIGNAL URBAN SLOW M.P.

LEGEND

DSB

LSB

FM-1

s |jw N

FM-2

TEST L4
CD #6 ~TEST SUBJECTIVE |
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#1 DSB -0.5
#4 LSB -0.5
#2 FM-1 1.2
#3 FM-2 -2
[#2 — DENON
#5 DSB -0.2
#8 LSB -0.2
#5 FM-1 -0.3
#7 FM-2 -0.1
#3 PANASONIC
#9 DSB -26
#12 LSB 1.4
#10 FM-1 -2.7
#11 FM-2 -2.3
#4  PIONEER
#3 DSB 27
#16 LSB -2.9
#14 FM-1 -2.9
#15 FM-2 -2.5
45 FORD
#17 DSB -0.1
#20 LSB 0
#18 FM-1 -0.2
#19 FM-2 -2
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DAR TO HOST IBOC ANALOG SUBJE——&TNE
STRONG SIGNAL URBAN SLOW SCA GROUP B

LEGEND

DSB

LSB

FM-1

Gl iwiN

FM-2

TEST L4
CD #6 TEST SUBJECTIVE -
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#21 DSB 1.3
#24 LSB -0.8
#22 FM-1 -1.4
#23 FM-2 -2
o DENON
#25 DSB 0
#28 LSB -0.1
#26 FM-1 -0.1
#27 FM-2 -0.4
43 PANASONIC
#29 DSB 2.6
#32 LSB 1.4
#30 FM-1 2.8
#31 FM-2 2.3
#4  PIONEER
#33 DSB 25
#36 LSB 2.9
#34 FM-1 2.8
#35 FM-2 -2.1
#5 FORD .
#37 DSB 0.1
#40 LSB 0.1
#38 FM-1 0.4
#39 FM-2 -1.5
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LEGEND
2 DSB
3 LSB
4 FM-1
5 FM-2

DAR TO HOST IBOC ANALOG SUBJECTIVE
WEAK SIGNAL URBAN SLOW M.P.
TEST L4
CD #7 TEST SUBJECTIVE
RECEIVER | PROPONENT
TRACK SCORE SCORE
#1 DELCO
#4 DSB -0.2
#1 LSB 0
#2 FM-1 -0.3
#3 FM-2 -0.5
#2  DENON
| #8 DSB -0.5
#5 LSB -0.5
#6 FM-1 -0.5
#7 FM-2 -0.7
#3 PANASONIC
#12 DSB -1
#9 LSB -0.5
#10 FM-1 1.6
#11 FM-2 -0.8
l#4  PIONEER
#16 DSB -0.9
#13 LSB -0.5
#14 FM-1 -1.5
#15 FM-2 -0.3
#5 FORD
#20 DSB -0.2
#7 LSB -0.1
#18 FM-1 0
#19 FM-2 -0.4
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LEGEND

DSB

LSB

FM-1

oA |w]IN

FM-2

DAR TO HOST IBOC ANALOG SUBJECTIVE
WEAK SIGNAL URBAN SLOW SCA GROUPB
TEST L4
1 CD#7 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#24 DSB -0.5
#21 LSB -0.5
#22 FM-1 0.8
#23 FM-2 -0.6
#2 DENON
#28 DSB 0.1
#25 LSB 0.3
#26 FM-1 0.1
#27 FM-2 -0.2
#3 PANASONIC
#32 DSB -1.36
#29 LSB -0.5
#30 FM-1 1.7
#31 FM-2 -0.8
[#4  PIONEER
#36 DSB 0.7
#33 LSB 0.9
#34 FM-1 -1.6
#35 FM-2 -0.4
#5 FORD
#40 DSB -0.5
#37 LSB 0.4
#38 FM-1 -0.2
#39 FM-2 -0.4
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DAR TO HOST IBOC ANALOG SUBJECTIVE
STRONG SIGNAL URBAN FAST M.P.

i TEST L4 i
CD#8 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#1 DSB 1.3
#4 LSB 0.7
#2 FM-1 1.4
#3 FM-2 -1.8
#5 FORD
#5 DSB -0.4
#3 LSB -0.4
#6 FM-1 -0.3
#7 FM-2 -0.2
# DELCO
SCAGROUPB | #9 DSB 1.5
#12 LSB -0.7
#10 FM-1 -1.5
#11 FM-2 1.5
#5 FORD
SCAGROUPB | #13 DSB -0.1
#16 LSB -0.2
#14 FM-1 -0.3
#15 FM-2 1.5
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LEGEND
2 DSB
3 LSB
4 FM-1
5 FM-2




DAR TO HOST IBOC ANALOG SUBJECTIVE

LEGEND
2 DSB
3 LSB
4 FM-1
5 FM-2

WEAK SIGNAL URBANFAST M.P.
TEST L4
CD #8 TEST SUBJECTIVE
RECEIVER PROPONENT
TRACK SCORE SCORE
#1 DELCO
#20 DSB -0.5
#7 LSB -0.5
#18 FM-1 -0.4
#19 FM-2 -0.4
45 FORD
#24 DSB -0.1
#21 LSB -0.3
#22 FM-1 -0.2
#23 FM-2 -0.5
# DELCO
SCAGROUPB | #28 DSB -0.3
#25 LSB -0.4
#26 FM-1 0.5
#27 FM-2 -0.5
#5 FORD
SCAGROUPB | #32 DSB -0.2
#29 LSB 0.3
#30 FM-1 -0.2
#31 FM-2 -0.3
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Appendix W - Impulse Documentation



ELECTRONIC INDUSTRIES ASSOCIATION DIGITAL AUDIO RADIO LABORATORY

£ngineers: RMc/DL
DATE: 5/9/95
TEST: Cl

Pulse signal for Impulse Noise Test
Requirements call for pulse of 10 nanoseconds wide with a rise and decay time of 4 nanoseconds.

TEST SET-UP
Pulse Generator: Interststate P25
Oscilloscope: Tektronix 7104

Plug-in Modules: 7A19 Vert. Amp 7B85 Time Base
PHOTO No. 1
HORIZ.: sweep speed 10nsec/div. VERT.: 1.0v/DIV.
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PHOTO No. 2
HORIZ.: sweep speed 10nsec/div. VERT.: 0.5v/DIV.

PHOTO No.3
HORIZ.: sweep speed 0.2msec/div. VERT.: 1.0v/DIV.

REPETITION RATE: 1IKHZ
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