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‘= wcontinuously variable slope delta (CVSD) technique for encoding analog input

"4 tested as-part of ‘the US Army Communications Command (USACC) Digital Trans-

o 1.3.1 The' channel l‘evel fests of the ULM-101 reveal that it generally meets

1. BACKGROUND
1.1 Introduction

111 This document reports the results of tests performed on the General
‘v Dynamics 'Universal Loop Multiplexer, Model ULM-101, which utilizes a -

signals. ' The US Army' Conmunications-Electronics Engineering Installation

Agency: (USACEEIA) was assigned the task of evaluating the basic performance

: ~capabilities of the ULM-101 and its ability to interface analog signals typical
~of ithose in use'in the Defense Communications System (DCS). The ULM-101 was

mission Evaluation Project (DTEP) during the period of February 1977 to
'dy 197B0 *hos 2F g ing S i3 o ' 45

7 112 USACEEIA was ‘authorized to perform this mission by US Army Communica-
tions Systems Agency (USACSA) message, CCM-SP-C, 292035Z Nov 75. USACSA,
Ft Monmouth, NJ 1s responsible for managing the DTEP. Conduct of the tests | 3
was tasked to the US Army Electronics Proving Ground (USAEPG), Ft Huachuca, AZ,
under the: technical guidance of USACEEIA. - | J

1.2 General Test Objectives. The evaluation of the Model ULM-101 has been { 3
divid nto four categories to establish the capabilities of the multiplexer ! 3
in four different areas. The first category consists of twelve voice channel B
tests conducted on the unit using standard instrumentation. The second cate-
gory consists of a voice intelligibility test performed with the multiplexer
which was coordinated and analyzed by the Defense Communications Engineering
Center (DCEC). The third category involves the use of the ULM-101 to interface |
with various typical quasi-analog equipment. The final category consists of
various tests which define the level of performance of the multiplexer when | T
operating in an error environment. This report discusses the results of tests
. ‘conducted in categories one and three. Categories two and four will be included
in the final report. -

1.3 Summary of‘ Fi_ndings :

minimum DCA standards (as defined in DCAC 300-175-9, Table II, DCS Technical
Schedule Circuit Parameters) for channel level equipment at the 32 and 64 kbps
channel sampling rates, is marginal at 16 kbps sampling rate and is unacceptable
at an 8 kbps sampling rate. The ULM-101 would be unuseable at any channel rate
as a medfum of transmission for circuits requiring high quality transmission
characteristics. : :

1.3.2 The quasi-analog signal tests conducted thus far on the ULM-101 reveal i
that it is only marginally acceptable as a medium for these signals. b




)

.2.1.1 The General Dynamics Model ULM-101 Universal Loop Multiplexer uses

.. analog channel input signals. In delta modulation, the difference between ;
.- the: instantaneous value of the input signal and the quantized value at the

difference which is conded, but the sign; if the difference is positive a

one quantizing unit in the receiver.  If the difference is negative no pulse

ments of increasing size for each "1". A succession of "zeros", up to a maxi-

‘2.1.2 Tﬁé ULM-101 has tbrée different switch-selectable channel input modes

2. GENERAL - U/
2.1 Description of Equipment

a continuously variable slope delta (CVSD) modulation algorithm to encode

previous sampling instant is quantized. -It is not the magnitude of the

pulse is transmitted; causing the quantized value of the signal to rise by

is sent out; the receiver reacts to this by making the quantized signal
decrease by one unit. Since no more than one pulse is sent out in every
sampling interval, the bit rate is equal to the sampling rate. In CVSD, the
output developed by the receiver is a function of the number of successive
“1's" or "0's", Up to a maximum of three successive pulses, the level of the
signal reproduced by the receiver increases in a positive direction in incre-

mum of three, produces the same effect in a negative direction. This allows
the CVSD to accurately encode and reproduce signals with high rates of change
of amplitude with respect to time. After the fourth successive "one" or
“zero", the increment size is fixed at the maximum. .

1

7
e

CVSD, log CVSD, and digital.
2.1.2.1 lThe CVSD mode encodes an analog channel input signal as described

2.1.2.2 The log CVSD mode operates similarly to the CVSD with the one

o difference, that the granularity (the smallest voltage quantizing level) is

finer than for CVSD, thus allowing the low level input signals to be reproduced
more accurately.

2.1.2.3 In the digital mode, the CVSD coding circuit is bypassed and a digital §
input signal at the proper channel rate can be introduced directly into the
multiplexing circuitry. In this manner, any mix of up to four digital and/or
analog signals can be multiplexed together in the unit.

2.1.3 The ULM-101 operates at channel rates of 8, 16, 32, and 64 kbps and

group rates of 128, 256, 288, 512, and 576 kbps and at 1.544 mbps. The group
rates between 128 and 576 kbps are available on the "radio" connectors of the
multiplexer in the form of NRZ and clock signals. The 1.544 mbps rate is only
available on the "cable" connectors of the ULM-101 as a RZ bi-polar (T1) signak.
The nultiglexer has four active channels, with each channel input card providing
switch selection between log CVSD, CVSD and digital processing of the input .

signal. Circuitry is provided in the multiplexer to create dummy channel signals
so that the simulated channel capacity of the ULM-101 varies between 7-v-
channels and 192 channels depending on combination of group and channel rates -
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o=  that abe selected via front panel switches. Figures 1 gnd 2 show the front
. . ' afl k views of the multiplexer. Tabg, 1 lists the interface characteristics
i of thefunit- " i ©r SRR N LR . iz 8
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2.1.4 [The data from the four active and the proper number of dusmy channels
is forgatted in the multiplexer transmitter section:of the ULM-101 and framing s
informition, consisting of a pseudo random sequence, is added. The composite v

tream is then converteéd to NRZ end-timing for a radio link, or bipolar

i for a cable link. In the demultiplexer/receiver, the bit synchronizer
$s timing and NRZ from the 1.544 mbps bipolar data stream and then this (
, br alternatively NRZ data and timing at the six lower group rates

b I 34 “ - o
! ! i
§ i b

O

direct]y from the radio link input, is routed to the frame synchronizer within
the mujtiplex receiver. - The frame synchronizer determines the start of a frame
and capises the multiplex receiver to demitiplex the data in the correct

s:gu e. The data for the four active channels s routed to the respective
channe

} output cards for conversion to the proper digital or analog format.

2.2.1 The detailed procedures contained in the test plan 'TW
ynamits A Digital CVSD Multiplexer" USACEEIA Publication Wo. CCC-
TR-226; 76, were based on standard methods such as are documented in
C Procedures, Test Description", DCAC 310-70-1, Supple-
¥, Novemb 972. e jprocedures were moditied for specific application
to ULM-101 and to incorpiorate new types of instrumentation. k )

Al

: - 2.2.2 | No unusual Hmita’;tiolis were encountered during testing. Limits on the
data were established by the accuracy and stability of the tqst equipment and

i : all ftems were constantly monitored for correct calibration. .

i 2.3 01 Equipsent Modiicatton.  Efforts to perforn an envelope delay
4 measur t on =107 were unsuccessful when first attempted. A check of
§ | waveforms with an oscilloscope revealed that the amplitude modulated test signal
A which had been introduced by the measuring set had its negative portion clipped
N at the output of the Toop integrator on the channel ‘output card. A 0.047

R microfirad capacitor was inserted in the line between the loop integrator out-
B put ard driver input on each channel output card. This allowed the amplitude
1 modulated envelope delay test signal to pass through the output undisturbed.
It did affect the response of the output circuitry with signals below 500 Hz

| being attenuated with respect to the response of the urmodified channel out-
put . A 5 db degradation at 20D HZ, was noted on the modified circuit.

: This citor was in place for.all tests except as:noted. ;

£ T

e Wi

Tcalitiration Requirements for the Maintenance of fArmy Materials, DA T8
43180, December 1975, | i . ¥ |
% Y ot i ; .
- s ) ' - : ot
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3. DETAILS OF TEST

3.1 Channel Level Tests
3.1.1 Frequency Response Test
[ ; S £
v 3.1.1.1 Objective. The purpose of this test is to define the passband and
t-of-band characteristics of the ULM-101 analog input/output circuitry.

ou :
The multiplex s specified to have the passbands 1isted in Table II.

3 .o JABLE 11 - ULM-101 Passband ificati
pats (KBS passband (Hz) 1
300-1500 "',
16 300-2000
32 300-3800 :
ﬁ 64 300-3800

3.1.1.2 Procedure

s 3.1.1.2.1 Figure 3 depicts the equipment configuration for this test. The
U output frequency and level of the audio oscillator were first set using the

; frequency selective voltmeter, which has a vegenerated output for connection
to the frequency counter. The frequency selective vo)tmeter used had a meas-
q ! urement bandwidth of 10 Hz in order to mipimize detection noise. ;

. 3.1.1.2.2 The frequency response of the ULM-101 was measured at input levels
of O dBm and -13 dBm, and for ail combinations of multiplexer coding technique
and channel sampling rates. A multiplexer group rate of 1.544 Mbps was used
throughout the test. Testing with each combination of multiplexer settings
was continued up to the frequency at which the output was a minimum of 30 dB

lower than the input. :
3.1.1.3 Results and Analysis ; T m e

: 3.1.1.3.1 Figures 4 and 5 show the frequency response characteristics for 1
| CVSD and log CVSD coding techniques, respectively, and for a 0 dBm channel g
i input level. The curves for 16, 32, and 64 kbps rates are virtually. unchanged ¥ |
for the two techniques. The curves of 8 kbps show that log CVSD has a sharper
bandwidth cutoff characteristic. The curves show that the lower 3 dB point

- for both coding techniques and a1l sampling rates is at approximately 350 Hz.
The fr cy for the upper 3 dB point is the same for both codin; techniques,

but varies with sampling rate from 1000 Hz for 8 kbps to 1800 Hz for 64 kbps.
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3.1.1.3.2 Figures 6 and 7 -show-the.frequency response characteristics for,
respectively, CVSD m??og % ming techniques for a -13 dBm channel in-
g& }gﬂ The results for the two coding techniques are virtually identical

: 11:3 ) rates, with only the 8 kbps rate showing a slight ~
grgence between coding techniques at low output levels. The lower 3 dB

point for:both coding  Jochuiques and a1} sampling rates is again approximately

Mz, ‘upper 3 dB frequency s the same for both coding gﬁubut

ysrfes once more with sampling rate, from approximately 1600 Hz for 8 kbps to
aﬁa 64 kbps. : Tenk

3.1.1.3.3 The increase in frequency response with a decrease in input level

is & consequénce of the deTta modulation technique. If one defines a modula--
tion index as the ratio of the derivative of the input signal to the maximum
Mgsiblt!ﬂu& of this derivative, the system is fully modulated when the
signal derivative is a maximum, As a result, the maximum permissible amplitude

<

of a sinusoidal signal to be coded is inversely proportional to the frequency.

3.1.1.3.4 Diring the performance of the frequency response test, subharmonics
of a 6000 Hz test frequency were observed, so additional testin? was done to
further define these responses. A 6000 Hz tone was introduced into the channel
input at various levels between 0 dBm and -13 dBm and the response was measured
at frequences of 2000, 4000, and 6000 Hz. Table III lists the results of
measurements made at 2000, 4000, and 6000 Hz with an input stimulus of 6000 Hz
and 2000 Hz at various levels between 0 dBm and -13 dBm. |

.1.1.3.5 The responses listed in Table III were observed for a ULM-101
ampling rate of 64 kbps and for both CVSD and log CVSD cocing techniques. A
sampling rate of 32 kbps produced very similar results while no responses were
observed for rates of 8 and 16 kbps. The lack of response at rates of 8 and
16 kbps is probably due to much narrower channel bandwidths at these rates
which result in a very high attenuation to the 6000 Hz signal.

3,1.1.3.6 A review of Table 111 reveals that the channel reacts in a radically
diffcmt manner to signals in-band and out-of-band as far as harmonics are
concerned. The 2000 Hz input signal resulted in a reasonably constant second
harmonic signal level and relatively little third harmonic content once the
signal falls below 0 dBm. By contrast, the third sub-harmonic of the 6000 Hz
input signal 1s higher in level than the fundamental down to an input level of
-8 d8m, The 2000 Hz product generally decreases in level with a decrease in
lmt level, while the 6000 Hz signal remains constant in output level at input
levels between O dBm and -10 dBm. :

3.1.1.3.7 The spurious n:gonses observed for a 6000 Hz input signal could
not be thoroughly checked through the ULM-101 circuitry because extensive use
is made matioml amplifiers and no instrumentation was available with

a M'h,“ igh_input impedance to avoid loading down the outputs from these
slifiers. The spurious signals apparcntly originate from the circuitry which
ms the analog-to-digital or digital-to-analog transformations of the -
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channel input signal. The anlog signal from the channel output card
originates in the analog decisioncircuitry as an amplitude modulated

digital waveform (at the channel sampling rate) from which the analog

signal 1s defived by the loop integrator, amplified by a driver, and band-
1imited by an output low pass filter with an 18 dB/octave roll-off start-

ing at approximately 5 KHz. The processing and band-1imiting characteristics
of the circuitry are not conducive to the generation of spurious signals at
the levels observed.

3.1.1.3.8 The analog signal at the “Audioc In" port of the channel input
card is amplified and then band-l1imited by a Tow pass filter comprised of
an operational amplifier and passive components., It is suspected that the
spurious responses are generated as resonances in the filter which then

propagate through the system.

3.1.2 Linearity Test

3.1.2.1 Objective. The purpose of this test is to define the linearity
characteristics of the analog channels of the ULM-101.

3.1.2.2 Procedure.

3.1.2.2.1 Figure 8 depicts the equipment configuration for this test. The
audio oscillator was adjusted to provide an input level to the ULM-101 of

0 dBm at 1000 Hz, as measured by the frequency selective voltmeter. The
attenuator was then used to reduce the signal at the input to the multiplexer
to the desired level. The frequency selective voltmeter was used with a
measurement bandwidth of 10 Hz to minimize the amount of noise detected.

3.1.2.2.2 The linearity of the ULM-101 was measured for both coding techniques

and for all four sampling rates. Testing was continued down to an input level
at which non-1inear operation was apparent.

3.1.2.3 Results and Analysis.

3.1.2.3.1 Figures 9 and 10 show the linearity characteristics of the ULM-101
for CVSD and log CVSD coding techniques, respectively. A straight line equa-
tion was developed using a least squares technique for the data for each com-
bination of coding technique and sampling rate. The computed lines for log
CVSD for 16, 32, and 64 kbps sampling rates were slightly more linear than for
CVSD coding; the slope for log CVSD varied by no more than 0.5% from a value
of 1 while the variation for CVSD was approximately 5% from a value of 1.

3.1.2.3.2 The obvious nonlinearity of the curves for an 8 kbps sampling rate
on figures 9 and 10 were reflected in the calculated best straight lines
through the data points. The slope for CVSD coding technique was .910 and the
standard error of estimate for any point on this 1ine was .74. For log CVSD
the calculated slope was .953 with a standard estimate of error of .77.
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L) 3.1.2.3.3 The curves shown in figures 9 and 10 become nonlinear at very
Tow input levels -- less than -40 dBm for all sampling rates except 8 kbps --
& due to the fact that the level of the input signal is approaching the granu-
- larity of the delta coder. For the type of signals that the multiplexer
Pt will normally process, this will create no difficulty. ‘
: 3.1.3 Crosstalk Test

3.1.3.1 Objective. The purpose of this test is to determine the crosstalk
~ levels observed between two adjacent analog channel inputs on the ULM-101.

3.1.3.2 Procedure.

3.1.3.2.1 Figure 11 depicts the equipment configuration for this test. The
output of TIMS #1 was set to a 1000 Hz tone at a 0 dBm level at the input to
channel 1 of the ULM-101. The channel 2 output of the ULM-101 was monitored
by TIMS #2 set to make an idle channel noise measurement (this measurement
provid g?oﬁpuinaﬂoaon the cable connected to the channel 2 input
of the ULM-101). . An idle channel noise measurement was made at the channel 2
output first’ mtlj.g,q;d% signal input to channel 1 and then with the channel
1 input terminated 1n a 600 ohm load. The difference between the two readings

was an indiéation of the crosstalk level.

3.1.3.2.2 The crosstalk test was performed for all four sampling rates of the
s ULM-101 and for both coding techniques. ' The test was initially performed with
(\/, direct  cable ns between the ULM-101 and the TIMS test sets and then
redone: using ‘a standard audfo patch panel as an interface between the test sets
and the ULM=10F; - 27 1 : ;

3.1.3.5 i lpm;l Am}ysis No discernable crosstalk was observed for any
of the configurations tested. This does not indicate an absence of crosstalk;
i: m‘ﬁmwtut the crosstalk level is less than the quantizing distortion
0 .

3.1.4 Maveform Distortion Test.

3.1.4.1 Objective. The purpose of this test is to obtain a visual indication
of the slope overload characteristics of the ULM-101.

3.1.4.2 Procedure.

3.1.4.2.1 Figure 12 depicts the equipment configuration for this test. The
matching network and matching transformer were used to provide 600 ohm balanced
interfaces to the ULM-101. The function generator was adjusted to provide
¢ several different input levels and different frequency waveforms at the input
to the ULM-101. The output waveforms from the function generator and from the
: l‘l::-lm were dis:;‘w on a dual-trace oscilloscope for comparison purposes
o R e | ||
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3.1.4.2.2 Measurements of waveform distortion were made at all four sampling U
rates with CVSD coding technique; the results were identical for log CVSD
u‘clmi:\n. Testing was performed on a channel which had been modified with
the 0.47 microfarad capacitor (see paragraph 2.3) and on an unmodified channel.
A square wave signal was used in eachcase as representative of the worst type

of slope overload input. : :

3.1.4.3 Results and Analysis. A Sy ,
3.1.4.3.1 Figure 13 shows the functiori generator outputs and ULM-101 outputs

‘w

“for -10 dBm 1800 Hz signal. The upper photograph shows the waveform for a

64 kbps sampling rate; the lower photograph shows the waveform for an 8 kbps
sampling rate, with quantizing distortion clearly evident. The waveforms for
16 and 32 kbps were identical to that for 64 kbps. Tue modified channel was
used for these measurements. The waveforms shown are the result of both slope
overload and bandwidth effects in the multiplexer channel circuitry.

3.1.4.3.2 Figure 14;shows the function generator outputs and ULM-101 outputs

for a 500 Hz‘“‘:ﬁy’,ﬁf‘euiﬂe at ~10 dBm and -20 dBm input levels at the input to

the modified chammel of the multiplexer. The upper photograph shows the type

of waveform obtained for all four sampling rates with a -10 dBm input level.

Slope overload ‘and bandwith 1imiting are still evident, but the reproduction

of the input waveform is better than with an 1800 Hz signal. The lower photo-

graph shows the type of waveform obtained for all- sampling rates with a -20 dBm
inpgtw_lgve,l.” The output waveform is degraded, with a very low signal-to-noise )
rat 0. e } PERTIL YT i \

3.1.4.3.3 "Figure 15 shows the function generator outputs and ULM-101 outputs
for a 1750 Hz square wave at a -10 dBm input level at the unmodified channel
of the multiplexer. The upper photograph shows the type of waveform obtained
for sampling rates of 32 and 64 kbps; this waveform is virtually identical to
that obtained with the modified channe) with a -10 dBm, 1800 Hz square wave
input. The lower photograph shows the type of waveform obtained for sampling
rates of 8 and 16 kbps; the ringing on the waveform obtained for a similar
input signal to the modified channel is missing from the waveform.

3.1.4.3.4 Figure 16 shows the function generator outputs and ULM-101 outputs
for a 500 Hz square wave at a -10 dBm input level at the unmodified channel of
the multiplexer. The upper photograph shows the type of waveform obtained for
sampling rates of 16, 32, and 64 kbps. The effects of slope overload are rela-
tively minor, the waveform is reproduced fairly accurately. The lower photo-
graph shows the type of waveform obtained for a sampling rate of 8 kbps. The
waveform s recognizable as a square wave, although slope overload effects are
still clearly evident. :

3.1.4.3.5 Figure 17 shows the function generator outputs and ULM-101 outputs

for a 900 Mz square wave at a -20 dBm input level at the unmodified channel .

of 16, 32; and. 64 Kbips, r results to those obtained for
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Figure 13. Waveform Distortion Test, -10 dBm, 1800 Hz
. Square Wave Input
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Figure 14.

-20 dBm Input

Waveform Distortion Test, 500 Hz
Square Wave Input
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Figure 15.

16 KBPS RATE

Waveform Distortion Test, -10 dBm, 1750 Hz
Square Wave Input
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the -10 dBm, 500 Hz 1nput. . The lower photognph.representative of a sampling &' )

rate of 8 » Shows the signal to be very noisy. The same result was
obtained with the modified chnnnel for a similary input signal.

3.1.4,3.6 The results of this test indicate that a;n normal operating level
of -10 dém, slope over M/ ‘ It ts will result in serious deterioration of

any {nput signal abs 500 ,a;t::th a Mgﬂ rate of change of input ampli-
tude. The ULM-101, as mod fied for delay measurement, will not
operate without slope overloa ef 'ect for fast tnnsition waveforms down to
the minimum reception level. The unmodified ULM-101 s capable of reproducing
a square wave up to 900 Hz at levels between -10 dBm to -20 dBm with some
distortion, but with satisfactory accuracy. The difference between the -
unmodified and modified performance is due to the additional low frequency
filtering on the modified chtm‘l \ﬂicb. in effect. dou.ﬂe-integrates the
output waveform., i

3.1.5 Envelope g ay. g mgion Tng.

3.1.5.1 0bject1vc. The pnr se of tMs test 1s to define the envelope delay
characteristics of the ULM-101 analog input/output circuitry.

3.1.5.2 Procedure.

3.1.5.2.1 Figure 18 depicts the equipment configuration for this test. The
test was conducted in accordance with the instructions contained in the manual
1(’%' u;l)\e Heulett-nmrd lbdel 4940A Transmission Imimnt Measurement Set

3.1.5.2.2 The Em‘ lhh,v Measurement test was attenpted at input levels
of 0 dém and -13 dﬁ at the analog input to the ULM-101. The TIMS was unable
to establish a loop at a 0 dBm input for any ULM-101 channel rate, so no
measurements were made. At a -13 dBm input level, measurements were made at
multiplexer channel rates of 16, 32, and 64 kbps for both CVSD and log CVSD
coding techniques. At 8 kbps with both coding techniques the TINS was unable
to establish a lwp conditﬂm

3.1.5.3 Results m Mﬂm;.

3.1.5.3.1 The lm of M"by tbo ms test set mncates that the 83 1/3 Hz
modulation frequency fs lTost. At a 0 dBm input level for all sampling rates
and an 8 kbps sampling rate at a -13 dBm input level, the distortion of the
signal is great enough for the TIMS to interpret the carrier as lacking the
required modulation frequency and the set efther fails to achieve phase lock
or breaks the loop.

3.1.5.3.2 Figures 19 through 21 show the curves of envelope delay as a function
of frequency for CVSD coding technique and channel sampling rates of 16, 32, and

kbps. Virtually identical results were obtained for 1ng CVSD coding techniques.
Tm test set lost loop at 2400 Hz for a 16 kbps sampling rate, 3200 Hz for 2

32 kbu uw ing and was still in loop at 3900 Hz for a 64 kbps sampling rate 3

where the test was terminated.
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3.!.6.3.3 A comparison of tlu results shown in figures 19-21 with the require-
ments of DCA Circular 300-175-9, Table II, indicates that the ULM-101 meets
the requirements for the circuit parmm for envelope delay as follows. At

T IG channel sampling rate, none of the parameter requirements are met dup

© to the limited bandwidth in which the envelope delay is capable of being
_ measured. At a 32 kbps channel rate, the ULM-101 meets the criteria for circuit
ters S2, 01 and D2. At a 64 kbps channel sampling rate, the ULM-101 meets

. ':ﬂnfeﬂwh for circuit parameters $2, D) and D2 and s close to mting the

29 1msof06hmd -13 dhaudatam

mimnts for S3.

13.1.6 Phase Jigter Test.
3.1.6.1 Objective. The purpose of this test is to define the phase jitter
: vchauctoristics of the UU‘I-IOI amlog input/output circuitry.
a3 6. 2 Procedure.

3.1.6.2.1 Figure 22 depicts the equipnent configuration for this test. The
test u;s conducted in accordance with the instructions contained in the manual
(TIHS umm-mm Mel 4940A Transmisstion Impatrment Nelsurlng Set -

he pha itter measurement was performed at all four channel rates

ichniiques for all four active channels of the UUHOI The
d 8t | input signal- 'levels of 0 dﬂn apd -13 dh

3.1 a.pa aesuns""ah&mlms. G

3.1.6.3.1 Table IV con‘ui‘"‘s’ 2 summary Of the phase jitter msurmnts performed |
) ULM-101. At an 1npnt level of 0 dBm, the phase jitter is greater than :
rees for channel sampling rates of 8 and 16 kbps for all four channels

and for both CVSD and log D coding toclmiques At an input level of -13 dBm

in ; stortion effects are reduced to the goint where rudings of

less ‘than 25 degrees can be obtained for the 16 kbps channel sampling ra

;;tdh::gh 8 kbps smpling rate still yields phase jitter results in excess' of
ees.

3.1.6.3.2 The data in Table IV reveals very similar results for all four
ULH-IO? channels irrespective of coding technique, channe! sampling rate, or
input level, The phase jitter with a -13 dBm fnput s consistenly lower than
that observed for a 0 dBm fnput. The phase jitter is lower as the sampling
rate increases as would be expected. There are no significant differences
between the two coding techniques shown in the phase jitter results.

3.1.6.3.3 Table Il of DCA Circular 300-175-9 states a peak jitter of 15 dqms

as being a requirement for circuit parameters S1 through S3 and D1 and D2.

The ULM-101 meets this criteria at muplin? rates of 32 and 64 kbps for input
ng nto of 16 kbps for an input.
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3.1.7 ldie Channel Noise Test.

3.1.7.1 (bjective. - The purpose of this test is to define the idle channel :
noise level of the m’ﬁm iR S “ e ; ‘*3

3.1.7.2 Procedure.

3.1.7.2.1 The equipment procedure for this test fs identical to that shown
in figure 22. The test was conducted in accordance with the instructions
contained in the manual for the Hewlett-Packard Model 4940A Transmission

Impairment Measuring Set (TIMS).

3.1.7.2.2 An 1¢i'e'l cMni;el noise measurement was pnrfomed at all four channel
sampling rates and both coding techniques for all four active channels of the
?m;l'ng]fngm test was conducted using both C-Message and 3 KHz flat filters

3.1.7.3 Results and Analysis. = Caa ’

3.1.7.3.1 Table V contains a summary of the idle channel noise measurements -
performed on the ULM-101. The measurements are in terms of noise power, DBRNC 3
for C-Message filtering of the input and DBRN for a 3 KHz flat filter. The 3
conversion factor for.translating the units into signal power units is dBm =
DBRN-90. The wider bandwidth of the 3 KHz filter intercepts more of the noise
resulting in a 2 dB higher noise power reading. :

3.1.7.3.2 A review of Table V shows that channel 1 of the ULM-101 has the {J
best noise performancé, approximately 3 dB better than the worst channel,
channel 4. Table V shows that the noise level is {dentical for channel sampling
rates of 8 and 16 kbps and again for sampling rates of 32 and 64 kbps. The
noise level is 2-5 dB: Tower at 32 and 64 kbps sampling rates than at 8 and 16
kbps sampling rates. The noise level with CVSD coding is 2-4 dB higher than
with the log CVSD coding technique. v

3.1.7.3.3’ The noise Tevel of a digital multiplexer is essentfally determined
by the granularity of the quantizing process, since the noise level of the
analog circuitry is usually insignificant with respect to the smallest quanti-

R e i

2atfon level of the analog-to-digital converter. k
3.1.7.3.4° Due to the fact that an ana!ogoto-digiﬁl system has a noise floor 1
which is dependent on the quantization, the circuft performance parameters of |

BCA Circular 300-175-9, Table II cannot be used for comparison. For example,
the ULM-101 fails to meet the channel noise requirements for links up to 644
kilometers long, but meets the criteria for 1inks between 644 and 2574
kilometers long. ; g N S :

3.1.8 Loop Test. . ' | ek 1

3.1.8.1 Objective. The gurposc of this test is to determine the number of
m l'l}:;lm can be looped at channel level without creating an
® A :
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3.1.8.2.1 The equipment mtercmnections for this test are shown 1n figure 23
-a quiet ohm termination fon the CVSD #1 ﬁbaqﬁel fnput. The receive input

o W b 0 i I e TRl R R G s e B

3.1.8.2 Procedure. »,

for two lgope at channel level. The transmit connection from the TIMS provides

to the TINS s - to ﬂnoutput of the last channel in the loop. An .
idle 1 mis measurement is ‘perfc in this configuration. The idle

channel noise Measurement was chosen as: the- icst 1ndication of loop performance, °
the point m the systu is rroi!c Timited.

3.1.8.2.2. MJoqp mt was pu'fornd at all four smpling rates and both

coding toclmiqius for successive number.of channel loopbacks of the ULM-101 &
up to the maximum number of six. Thc test m conducted using C-Message

nighting in ﬂ;o Tss.. ,

3.1.8.3 &mﬂts Qud Analxsis.

3.1.8.3.1 Figures 24 and 25 show the 1ncrease 1n idle channel noise with
successive loopbacks for both cvsn and log C!SD coding techniques with C-
Message wighthg. i

3.1.8.3.2 Figure 24 shows that for CVSQ coding the noise 1ncreases as the

number of loopbacks™ increases with the exception of the 8 kbps sampling rate

at five loopbacks. The behavior at 8 kbps {s presently unexplained. Figure

25 rcveals somewhat different behavior with log CVSD coding.. The noise level -
is approximately constant up to four or five for 32 and 64 kbps sampling

rates, at which point the noise level fncreases with each increasing number

of loopbacks. The behayior at 16 kbps is similar to that with CVSD coding;

the behavior at an 8 kbps sawling rate is Wat anomolous

3.1.9.1 m,jecgive. The purpose of this test is to detemine the S/Nq of the
ULM-101 as a function of 1nput level _

3.1.9.2 Procedure

3.1.9.2.1 The equipment configuntfon for th‘h test is shown on figure 26.

The audio oscillator output level was adjusted to provide a 0 dBm level at

the input to the ULM-101 with the httemntion %0 0 dBm. Then the attenuator

was used to vary the input level to the mltiglem between the measurement

limits of 0 dBm and -40 dBm. The audio oscillator was tuned to a frequency of

1010 Hz. The frequency selective voltmeter tuned to the maximum of the

output signal from the ULM-101 and a measurement of the level of this signal

was made with the voltmeter set to a 10 Hz measurement bandwidth. The trans- .
former was used as a ‘balanced to unbalanced matching device. The noise

measuring set used was a Northeast Electronics Model. TTS-37BAQCN which contains
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a 1010 Hz notch filter to allow a measurement of noise power to be performed
«with the 1010 Hz input signal notched out. The TTS-37 BAQN also has a measure-
ment accuracy of +0.2 dB, the only unit of this type chh is cnpable of
measuring a noise level to this accuracy.

3.1.9.2.2 The S/Nq measurement was performed for both coding techniques and
at all four channel sampling rates. The measurements were mde with' e C-
Message filter selected in the TTS-37BAQN. X

3.1.9.3.1 Figure 27 shows a graph of the S/Nq characteristics: of the ULM-101
for all four channel sampling rates and the Log CVSD coding techniqué.. Very
similar curves were obtained using the CVSD coding technique in the UUMOI
It can be seen that the optimum operating range of the ULM-101, from a
signal-to-noise viewpoint is -10 to -20 dBm. The behavior of all four curves
is dominated at high input levels (0 dBm to -4 dBm for 32 and 64 kbps
sampling rates) by slope overload and the consequent intermodu]ation effects.
wc rz: for 32 and 64 kbps sampling rates for input levels 1ower than

for a 16 kbps sampling rate and input levels lower than -8 dBm 2
g similar to those published in the literature for delta modulation-systems.
T C’ui‘ve for ‘the 8 kbps sampling rate indicates that nonlinear effects pre-
dominate throughout the entire use ful input range of the ULM-IOI

3.1.9.3.2 Figure 28 provides an alternatuve nethod of evatuating the noise
perfomnce of the ULM-101. coding/decoding circuitry. This'figure depicts
mnel noise power as a function of the 1010 Hz test tone input signal —
er for channel sampling rates of 8 kbps and 64 kbps. The high level i\_)
of the noise power and the essentially noise 1imited performance of the chan-
nel at an 8 kbps sampling rate are apparent from the figure. Alternatively,
m.of noise power for a 64 kbps channel rate decreases with decreasing
“in the range of -10 dBm to -20 dBm input level, decreases dB for
dB with the mput level, tndicating linear, quieted operation in this range.

3.1.10 Impuls ,Lk_nse Test.

3.1.10.1 mjectivo. The purpose of this test is to determine the 1upulse
noiso chancteristics of _the ULM=101.

3.1.10.2 Procedure.

3.1.10.2.1 The equipment configuration for this test is the same as that
shown; in Figure 22. The TIMS is configured to measure three parameters simul-
taneously:-——phase hits, gein-hits; and notse impulses above threshold. The
phase hit, gain hit and noise threshold are selected by individual controls
on the frong nel of the TIMS. Through an interaction within the TIMS cir-

cuitry, the phase hit and gain hit thresholds must be properly set (usually .
:3’ g 1‘:?;\‘«{»' ,.;LJ -‘ ’i 2 ..T"."“l"‘.’,ii"-

2 Steeles "bel € MothiTation s}é&nw John Witey-and Sohs, New Vork (1975)
r“‘“
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at high values) to obtain the proper reading of impulse noise hits above
threshold. The low threshold for noise impulses was set, as much as possible,
to & level which would JL .;5 £0.15 counts in a 5 minute period. With the TIMS
mmmm- b 1s then 4 8B hi than the Tow umsnm and the
Q&anm is 8 dB higher than the low threshold. m C-nessage nofse
on the nns was used for this test. :

M l.o.a», m Ilus hqs suiwo sglution of two dif cotmt rates -aen
Standard .(1imited to 7 counts per second) and. Channel Un ted (Hnﬂ;td
nofse bandwidth to 75 counts per second). The test was canduct using
channel limited setting as th{s provides data more consistent wi digital

Me. i

3 hlﬂ Z 3 Thc imﬂse noise test was oonducud for all four channel samp-

- 14ng rates, both coding techniques and signal ‘nput levels of 0 dBm, -13 dBm,
and -34 dBm. The TIMS uses a 1004 Hz signal as the test tone to _perform this
measurement.

3.1.10.3 , Besults and Analysts.

3 l 10 3 l Table VI summarizes the results of this test. It can be seen
that roughly equivalent results were obtained for both coding techniques with
perhaps slightly more sensitivity to impulse noise bwing shown with Log CVSD
coding technique. The resuits of Table VI show a decrease in the level of the
Tow threshold noise power with a decrease in the input signal r as well as
a decrease in the low thresheld level with an increase in sampling rate. The
32 and 64 kbps -samp)ing rates also show the effects of the slope overload
: :(overload noise produc s predminmt) at a 0 dBm input level. ot

‘3 1 elo Q2 Testing with the ULN-IOI shwcd that a definite noise floor
;exists for .the impulse noise counts. For example, a 72 dBrnc low threshold
.‘leve}.at 8 kg ps.sampling rate and -13 dBm input level resulted in continuous

counts in:.all three categories. A one dB8 increase in the level for the three
counters resulted in zero counts in a five minute period n the HI counter.

3.1.10:3.3 -The predominant factor in these impulse noise measurements is

- . quantization noise. .The low threshold level in each case is 4-8 dB below the

.+ .ance of the ULM-101 in a .central office with normal "

.. tevel,of quantization noise in the presence of a signal so the low and mid

.- range.counters are counting this noise, Once past the leyel of quantization

nojse the UIM-101 channel input circuitry is essentiala 20.1‘& Ths per“:om-
clicks", "pops", a

“hisses" typical in those types of circuits uou]d depend on_the sp«:tm ‘

di stributi;on o’l’ the tntcrferenco.

e ,.a.t 1

ST 1 dajcctive. The purpose of these tests is to detmnine thl Tevel of
nonlinear distortion present in the analog output of the ULM-101.
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e o i T y; g ‘ “"h / 39 i x‘ “ ' ,: ,, : N1 { : ~
oo L1121 Tho different | uipment configurations were used for this test.
- ﬁw‘i&m mdm" immh ‘employs_the HP 4940 TIMS, {s identice} to ~
at shown on figure 22. In the nonlfnear distortion test utilizfng this -

mnﬂgurgion. ‘tj\&_ {arl\es. at ?60 l'fz't‘t’nd lm Hz, are :;m&:::dmgty :m
4 L {15 # S R raborg ) ANPUL . a v i*s* Avand ‘ s 9 C" )s ing
Cion piducts ira essuped. Setond grder distortion 18 represented by the
S, Anafzandﬁ distortfon products. ' Third order distor-
Tlon s represénted by the 2fy - f; distortion product. 0
3.1.11.3.2 The second configurétion used for this test is shown on figure
29, For, this test, the audio oscillator was set to 1000 Hz and the frequency

.........

.selective voltmeter was used to measure the signal present at 1000, ),
4000, and 5000 Hz. , The measurement was made with the frequency ‘sﬂec-

74

"tive voltmeter in the 10 Hz bandwidth position. '

3.1.11.3.3 The two types of measurements of nonlinear distortion were pér- 5
formed for both coding techniques and at all four channel sampling rates of :
the ULM-101. Input levels of 0, -10, -13, and -16 dBm were used for the test.

LAV Resules and Analysts. s i

. 3,).11.3,1 Table VII shows the results of "the nonlinear dfstortion measure- ]
. ments made with the TIMS, Tt can be seen that there s nc significant ~~ 3
difference between the results obtained with CVSD coding and those obtafned  { ) -
usin’? log CVSD coding. At fnput levels of -10, -13, &nd <16 dBm for channel 3
sampling rates of 8, 16, and 32 kbps, ‘the level of the second order and ‘third
order products are approximately the same. With a sampling rate of 64 kbps at 1
.these faput levels, the third order products are significantly lower than the :
‘order products. At an'{nput level of 0 dBm, the third order products :
gnif(;&ntlyjj,hfgnet than the second order products, and also higher ‘than 4
rd:;dtr‘ _products at lower input levels, again a result of slope
effects et SR v : el ,

.11 .3.2 '‘Table VIIT presents the résults of the harmonfc distortion measure- :
made with the frequency selective voltmeter, The measurement accuracy at 3

P

w.3.

yor APE S

fn' k
E.#

w g
i

B

w_power levels 1s only +10 dB due to oscillations of the signal. With this 1

nsideration, there is .ng significant difference between the results with the
,éodi:}g.techﬁq@ésjat; the lower {nput levels; the Tevels of 211'the harwonics |
a’.pat 1qulat;'.,¢b,.i.l\.,!!¢_1,"S,uip],lng_‘;frate_a‘i'e approximately the same. The results :
for a 0 dBm fnput show the strong third harmonic at an 8 kbps sampling rate .;
noted in the nonlinear distortion test. It will be noted that the level of the ;
b

-0

)

X

harmonics for the 8 kbps sampling rate remains reasonably constant as the input
level decreases while the level of the harmonics for the other Sampling rites .
level down to -13 dBm and then remain relatively

. decreases in level with input.
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3.1.12 Three Frequency Intermodulation Distortion.
ST Gbjective.  The pury
| intermodulation products

| channel fnput

© 322 Procedore. Eia s A5
© | 3.3.12,2.1 ' The.equipment configuration for this test s shown on figure 30.

“'Yor both CVSD and log CVSD code tec

8¢ of this test is to determine the fevel of
ducts present in a channel output of the ULM-101 with a
: consisting of three equal level tones. 5

A Gy 3 3

-
i

i £ 3
G 2

Three audio osctillators, tuned to frequencies of 860 Hz, 1380 Hz, and 1900 Hz,

raspectively, were resitively matched to provide a composite 600 ohm input t5

101,  The output levels of the three oscillators were equal and were

£ m to provide a total input signal power at the level desired. The test

w2 ted with composite signal power of 0 dBm and -13 dBm. The frequency

: s
" | selective voltmeter was used to measure the signal power at each of the second

and third intermodulation distortion product frequencies.

3.1.12.2.2 The test was performed for both coding techniques and for all four

sampling rates of the ULM-101. The results were recorded on oscilloscope
photographs and X-Y plots as well as readings being taken by the frequency
selective voltmeter. : |

7 3012:3 Results and Analysts.

| 3.1.12.3.1  There are 21 frequencies in the passband of the ULM-101 where
“second and third order intermodulation products can appear. The energy of

these products fs scattered throughout the passband and no one product 1is
significantly higher than the site noise level. As a result the effort

‘" to measure the level of individua® products, even with a 10 Hz bandwidth on
' the frequency selective voltmeter, was largely unsuccessful. <

3.1.12.3.2  The X-Y plot of the ULM-101 channel output resulting from a three
frequency signal input was more successful in defining the performance of the

- multiplexer during this test. The X-Y plots were obtained by using the plotter

outputs of a spectrum analyzer. The spectral distributfon of the signal complex
at the fnput to the ULM-101 using three equal level signals as a composite
power level of 0 dBm s shown on figure 31. ~ ; ;

3.1.12.3.3 Figures 32 and 33 show the actual output spectrum of the ULM-101
for, respectively, channel rates of 8 kbps and 65 kbps and for a composite

- channel ‘fnput level of 0 dBm.  The signals at the three input frequencies are

clearly visible in both figures. The intermodulation signals for the 8 kbps

._sampling rate are close to the ambient noise level which itself is relatively

high with respect to the fundamental inputs. The intermodulation products for

the 64 kbps: sampling rate are more clearly defined. The third order product

at 340 Hz especially strong for both sampling rates and the third order product

at 2420 Hz 1s high at the 64 !m.ubmling rate. Similar results were obtained
ques. - ;

O
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3.1.12.3.4 Figures 34 and 35 show the output spectrum of the ULM-101 for,
respectively, channel rates of 8 kbps and 64 kbps for a composite channel
input level of -13 dBm. At & kbps sampling rate the results are virtually

~ identical to those obtained with a 0 dBm composite channel inpui level. At

a 64 kbps sampling rate the reduction in slope overload effects due to the
reduction in input level results in a reduction in the level of the inter-
modulation products, particularly the product previously noted at 2420 Hz.
Again similar results are obtained for both CVSD and log CVSD techniques.

3.1.12.3.5 The results of this test indicate that, for a multi-tone input
to the ULM-101, a series of intermodulation products, as well as a few
internally generated spurious tones, will be produced at levels which are

- significant-with-respect to the input t?nes~ s
3.2 QUASI-ANALOG SIGNAL TESTS |

3.2.1 Voice Frequency Carrier Telegraph, AN/FCC-19 Test

3.2.1.1 Objective. The purpose of this test is to determine the ability of
the ULM-101:to process a frequency complex from Vojce Frequency Carrier Tele-
graph (VFCT) equipment witbput creating unacceptable performance degradation
in the VFCT equipment. AR '

3.2.Iéé Procedure.

3.2.]f%:lv~The~qqu%g!pntwebnf1guration-for this test is shown on figure 36.
The Data-Tek 9600 was used to originate a test message and provide this mess-
age as a-dry.contact: keyer to one channel of the AN/FCC-19. Fourteen of the

remaining 15 channel the AN/FCC-19 were looped together and loaded with
”érj) at”iaf t&r the AN/FCC-19.

the dotter {r-4) o ‘of. The remaining channel was inopera-
tive. | The output of ¥he AN/FCC-19 channel under test was connected back to
the Data-Tek 9600 to allow measurements of errors and distortion to be made

on the signal. The multiplex output of the AN/FCC-19 was connected to a
channel input of the ULM-101 and the corresponding channel output was connected
to the multiplex input of the AN/FCC-19. The ULM-101 was looped on itself at
the group level to provide the total loop. :

3.2.1.2.2 The test was initially performed with the configuration of’figure
34. The same test was performed again for increasing numbers at Toopbacks
of the ULM-101 as described in paragraphs 3.1.8 for the loop test.

3.2.1.2.3 The test was performed for both coding techniques and all four
samnling rates of the ULM-101. The test was performed for AN/FCC-19 channel

center frequencies of 425, 1275, and 2975 Hz. AN/FCC-19 was operating at 100
wpm. :

e ? (wx s U I8 5. 4 ]
 gE  dHde S
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3.2.1.3 Results and Anaiysis.

3.2.1.3.1 Table IX shows the results of the measurements made on the

W-w for a single loop through the ULM-101. The error counts were
umuud over a two minute time period in each case.

3.2 1.3.2 It can be seen from a review of Table IX that approximately the
same results were obtained for CVSD and log CVSD coding techniques. At 8 and
16 sampling rates, the number of error was lower for a center frequency

f 1275 than for either of the extremes of center frequency. The distortion
ﬁlhrﬂ!y increased with an increase in center frequency. At 32 and 64 kbps,

t!ie number of errors was approximately the same for all three center frequencies. |

3,2.1.3.3 The results of this test show that the AN/FCC=19'would be unusable

with the ULM—]OI for saanng rates of 32 kbps and 64 kbps.
preta. :
3.2.1.3.4 Taﬁﬁﬁx ghows the results of the measurements made on the AN/FCC-19
for syccessive namber 'of Foom, cks at channel level through the ULM-101. Only
sampling rates uﬁ,:iz and 64 -are shown since sampling rates of 8 and 16
kbps result'in m readings of erro:s and distoriton. Similar results
were obtained for DVSD ‘and 1og CVSD coding techniques so only the CVSD coding
results are shown. At four loopbacks through the ULM-101 the AN/FCC-19 ceased
to function' for any smling rate. i

ﬂ

3.2.1.3.5 As can be seen from a review of Table X, the number of errors and
amount of distortion: increases with 1ncreasing numbers of loopbacks. The
number of errors observed using the 1275 n%ﬁnter frequency channel are
eonsistent'ly mner than either of the ce frequency e extremes.

‘ {""f""f A s

Hadbi B
3.2.1.3.6 fhe results of Table X Indicate that ewén ohe loopback at channel
level of ULM-101 results in an increase in errors:and distortion which
would result in unusable operation of the AN/FCC-19 in most icases. It is
possible that, using g ncy of 1275 Hz and a ULM-101 sampling rate
of 64 kbps, message tM pasied but it would be of extremely marginal

quality.

3.2.2 SF Signaling Test.

3.2.2.1 Objective. The purpose of this test is to determine the ability of
the ULM-101 to pass SF signaling at vajours pulse rates and input levels.

3.2.2.2 Procedure.

Selelels s e aquipment configuration for this test is shown in Tigure 37.

The Northeast Electronics TTS-26B pulse signaling test set and TTS-26BXS-1

Signaling Circuit Panel were used to originate a SF signal at pulse rates of

“ 8. 10. ‘2’ “a .”d 20 m ."d .t ‘e"ls Of ‘13. ']6. ‘20) ‘nd -2‘ dh

The carrier :;tnamcy was also varied between 1, 1.6, 2.4, and 2.6 kHz. The
1

signal was sn. 67-per -The percent
M% tm M-101 M& the #&m
HE ?F‘!ﬁ&"ﬁ ! v ’._'

63
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Part 11 SF Signaling Test Susmary
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: 3:_.;2,:;.,2.13:.2‘ ‘The test was ,perforiod, for both coding techniques and all four
- sampling rates of the ULM-101. : '

3.2.2.3 Results and Analysis.

 3,2,2.3.1 Table XI shows the results of the SF signa,l;sng test for a log CVSD

technique. Similar results were obtained for CVSD coding technique.

T gﬁhm that an ULM-101 sampling rate of 8 kbps resulted in an unaccept-

able signal for any input level, oscillator frequency, or pulsing rate. The
16 ktos“ ling rate previ-dad; useable signal at a few combinations of input

}::.;i oscillator frequency and pulsing rate but was generally also unuseable.

32 kbps sampling rate, while providing more consistent results than either
of the lower sawpling rates, generally provided unacceptable signaling results.
Only at a 64 kbps sampling rate did the ULM-101 p-ovide signaling which might
be useful in 2 commercial installation, and even this rate provided a few
marginal resgu;. i 1 |

] ko) i el 6 1 P
3.2.2.3.2 . An overal¥ review of the SF-signaling tést of the ULM-101 leads to
c&ulns’io’n that the ULM-101 is unsatisfactory as a medium for transmitting
SF sigling information.  Preliminary data from a signaling test involving
repeat : ks of the ULM-101 reveals that after two loopbacks, even the
64 kbps ng rate yields unacceptable signaling information.

3.2.3 MF Signaling Test

3.2.3.1 Objective. The purpose of this Test 15 1o determine the ability of
the ULM-101 to pass MF signaling combination accurately.

3.2.3.2 Procedure.

3.2.3.2.1 The equipment configuration for this test is Shown on figure 38.

The TTS-598 was used to originate a seven digit number which was transmitted
via the ULM-101 to the TT15-2761 when the received fréquency combination was

detected, decoded and the number displayed. The TTS-59B transmitted the MF

combinations at a level of -22 dBm.

3.2.3.2.2 The test was initially performed with the configuration of figure 38.
The test was repeated for increasing number of loopbacks of the ULM-101 as
described in paragraph 3.1.8 for the loop test.

3.2.3.2.3 The test was performed for both coding techniques and all four
sampling rates of the ULM-101. The digits of the TTS-598 selector for each
test run were varied so that ail ten digits were used. Two measurements were
made at each sampling rate.

3.2.3.3 Results and Analysis.
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