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) 1. BACKGR~XJNO

1.1 IntroductIon -

1.1.1- - This -document reports the reaui-ts of tests peVformed on the General
Dynamics_Un1vet~sa-i - - Loop Multiplexer , Model ULM-101, which utilizes a
continuously vari able slope -delta (CVSD) technl4ue for encoding analog Inpu t ‘C

• 
- • s igaals~ The- US:Arm y. COnmiu nlcati ons_El ectron lcs Eng ineerlng-tnsta llat lon

~ emcy - - (USACEEIA) - Was assig ned the task - of evaluati ng- the basic perf ormance
- 

- capabili ti es of the ULN-10l and its - ability to Interface analog si gna ls typical
- - of -th ost in- use - 1n-th e~Defeflse Coemunicat lons System (DCS) - The ULM~iO1 was

tested as part of -the US Army Coimnunications Comand (USACC) - Digital~Trans- -
mission : Eva ’Iuation Projac-t (DTEP) during— the period of February 1977 — to
July 1977. - - - • 

- 
-:

- ~~~~~~~ -

- - - 1.1.2 USACEEIA was -authorized to perform this missio n by US Army Comeunica-
tionS Systems Agency (USACSA) message , CCM-SP-C ,:292035Z Nov 75. USACSA,

- Ft Monmouth, NJ is responsible for managing . the DTEP. Conduct of- the tests C
was tasked -to the US Army -Electronics Proving Ground (USAEPG) I Ft Huachuca , AZ ,
under the technical guidance of USAC~EXA

1.2- - General Test Objectives. The evaluation of the Model UUI-10l has been
divided into four categories to establish the capabiliti es of the multi plexer
in four different areas . The fir st category consi sts of twelv e voice channel
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 Coninunicatlons Engineering

Center (OCEC-)-. - The third category invo lves - the use ‘of - the UUI-lO1 to interface
with various typical quasi-analog equipment. The final category consists of
variou s tests which def ine the level of performance of the multiplexer when
operating in an error eflvironment. 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 S,am,ar.y of Findings
- 1.3.) The channel level tests of the ULM-1O1 reveal that it generally meets

minimum DCA standards- (as defined in DCAC 300-175-9, Table II , DCS Technical
Schedule Circuit Parameters) for channel level equipment at the 32 m d  64 kbps
channel sampling rates, Is marginal at 16 kbps sampling rate and is unacceptable
at an 8- kbps sampling -rate. The UU1—1Ol would be unuseeble at any channel rate
as a medium of transmi ssion for circuits requiring hi gh quality transmission
characteristics. - -

1.3.2- The quasi-analog signa l tests conducted thus far on the 11111-101 reveal
that it is only marginally acceptab le as a medium for these signals.

1
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2. GENERA L (ii )

2. 1 Description of Equipment

2.1.1 The General Dynamics Model 11111-101 Universal Loop Multipl exer uses
a continuously variable slope delta (CVSD) modulation algori tlin to encode
analog channel input signals. In delta modulation, the difference between -

‘

- 
the instantaneous value of the input signal and the quantized value at the

~ I 
- previous sampling- instant is quantized. - ‘ It is not the magnitude of the
diff erence- which is conded,- but the si gn; if the difference is posi tive a
pulse is transmitted, causing the quantized value of the signal to rise by
one- quantizing unit in the receiver . If the difference is negative no pul se
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
sampl ing interval , the bit rate is equa l to the sampling rate. In CVSD, the
output-developed by- the receiver is a function of the number of successive
N115

H or “0’s”. Up to a maximum of three successi ve pul ses, the level of the
signa l --reproduced by the receiver Increases in a positive direction In tncre-
ments of Increasing -size for each ~98 • A succession of “zeros”, up to a maxi -
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 wi th resp ect to time . After the fourth successive “one ” or
“ zero °, the increment si ze Is -fixed at the maximum.

2.1.2 The ULII-l-Ol has three different switch—sel ectabl e channel i npu t modes’-
CVSD, ~og CVSD, and digi tal . -

2.1.2.1 The CVSD mode encodes an analog channel Input signal as descri bed —

above.
:. 2.1.2.2 The log CVSD mode operates similarly to the CVSD with the one

- • - - -
~ 

- difference, that the granular i ty (the smal lest vol tage quantizi ng level ) is
finer than for CYSt), thus allowi ng the low l evel input signals to be reproduced
more accura tely.

2.1.2.3 In the digital mode , the CVSD coding circuit is bypassed and a digi tal
input signa l at the proper channel rate can be introduced directly into the
mul ti plex ing -circuitry . In thi s manner , any mix of up to four digital and/or
analog signal-s can be multiplexed together In the unit.

2.1.3. The LJLM -101 operate s 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 availab le on the “radio ” connectors of the
mul tiplexer in the form of NRZ and clock signals. The 1.544 mbps rate is only
availa ble on the “ cabl e” connectors of the ULM-l0l as a RZ bi-po lar (Ti ) signa l’.
The mu ltiplexer has four active channe ls, wi th each channel input card providin g
swi tch selection between log CVSD, CVSD and digital processing of the Input
si gnal. Circuitry is provided in the multi plexer to create dummy channel signals

‘-i so tha t the simulated channel capacity of the ULM -l01 varies between 7~~-channels and 192 channels depending on combination of group and channel ra tes

_ 
2
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that a t selected via frOnt ~anel switches. Figures 1 Cnd 2 skeW the front (u. ) 
~~1

~ d bi k views of the mu1tip~exer. Table 1 lIsts the isterfaá characteristics
of thi ~n1t *

2.1.4 The data fr.~ the fo4 act t~e- and the proper limber of d i y  chaflnel s
Is foi atted in the lulti plexer transmitter sectidn~óf the ULM-l0l and framing ‘ 

-

infori tion , consfSt~ng. of ai pseudo random sequence, Is added. The composite
data r ream 1~~thuri convertá~-t*-NRZ efld tiøia, :fOr ~ r dlo link, or bipolar
formal for a cable -Unk. I~ thi deipltlpl exerfrsc.iver , the bit synchronizer
extrar s timi ng avid -NRZ from the 1.544 1bps bipolar data stream arid then this
data~ r alternattvely- :NRZ data and -timing at the *Ix lower group rates
direci y frern the -radio- -link Input, is routed to the frame synchronizer within
the m~ tiplex receivet~. I The frame synchronizer determines the start of a frame
and ci ses the multiplex receiver to demultiplex the data in th* correct
sequel e. The data :f r  the four açt1ve~chs~n&s ts routed to the respeCtive
channi output cards for conversiOn~to the proper digitil or analog foriat.

-

~ 2.2 1 St MathOdotoqy and LI$~ltations ~ 
- 

-• 

- - -

- 
-:

2.2.1 — The detailed proc~dur~es contained in the test plan “Taft Pl*n for Geqeral - 
-

pynami s Analo g/Digital ~CVSD Multiplexer” USACECIA PublicatTon .~~~~ cCt—TED-i~TR-22 (
~tober 1976, were based on sta fldard methods such as are documented in

“DCS - - j i~aj . Coptro1 -Procddures1 Test3 Description” 1. OCAC 310-70-1 , Supple-
ment t -~ November 19~2. The procedures were modified fOr specifi c appl ication
to th4ULM-lOl and to incor porate new t~,pes . of instrumentation.

- 2.2.2 No unusual limi tations were encountered durin g testi ng. Limi ts on the
data i~re established b~ the ~ccura c~f afld stab ili ty 4f the tjst equipment and
all it~ ss were constantly mOnito red for correct cal ibration.

~ 
- : 2.3 L!Il40l - fquip nt Modti~tcatlon Efforts to perfor*v an envelope delay

measut~ment on lhe Wil-lol were unsucceSsful when first attempted. A chec k of
- 

- - - wavef *ms with an osc il losco pe reveal ed - that the amplitude m~dulated test signal
which ~ad been introdi~ed by the measuring set had its negative porti on clipped
at thd out put of the loop integrator on the channe l output card. A 0.047

- - micro1’~rad capaci tor was InSerted in the line between the loop $ntegrator Out-
put av$t -driver input on- each channel oUtput- card. This allowe d the ampl itude
modul4ted envelope delay test signal to pass through the output undisturbed.
It d14 affec t the response ~f the output circuitr y Wi th signals . below 500 Hz

- 
-

. - being pttenuated with respect to thi response of iJ~ uv*mdified channel out -
put c*d. A 5 db degradation at 200 Hz, was noted On the modified circuit. • 

-

Thi s ~~pac1tor was in place~for all teSts except as-noted.
-
~~ 

- - -

l~~li~.stj~~ pjqujrà nts f~r thé)~irvt~nance of *‘my Materials , CIA 18 - 
a 

- j
43184, December 1975. -

~~ 
- - 

- -

~~~~ ~~

- 
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() 3. %IAILS CF TEST -

3.1 Channel mel T sti 
- 

-

3.1.1 frequency Response Test -
~~~~

$
3.11.1 Objective. The purpose of this test Is to define the passbind and
out-*f-bind characteristics of the UU4-101 analog input/Output circuitry.
The ailt iplex Is specified to have the passbands listed ifl Table II.

- -~~~~~~~~
‘_

- - - ~~~~ II - U~ -10l Passband Sp.cific atiO~~
- 

- -

- ~~~~ eL *atá -1kBPS1 - - 

Passband (iizi

E 

~~~~~~~~~~~ .L 300—1500

- 16 300-2000

32 - 

300-3800

64 
- 

300-38ô0
~~~~~~~~~ i}.

3.1.1.2 Procedu re

Q 3.1.1.2.1 Figure 3 depIcts the equipment conf$guratiofl for this test. The

output frequency and level of the audio oscill$tor were first set using the
frequency selective volteeter, which has a regener~t~d outpu t for connection
to the frequency counter . The frequ~ncy selective Voltmeter used had a meas-
urement bandwidth of 10 Hz In order to mi~I~ z ,detetti on noise.

3.1.1.2.2 The frequency response of the IJLM-lOl was mea$ured at input levels —

of 0 dDm and -13 d8m, and for all combinat ions of multi plexer coding techn ique
and channel sampling rates . A m u l ti pl exer group rate 01 1.544 Mbps was used
throughout the test. Testin g wi th each c~mbIfl5 t iOfl of multi plexer set ti ngs
was continued up to the frequency at which the outp~t was a mini mum of 30 dB
lower than the input . - -

~~~~~

3.1.1.3 Results and Analysis

3.1.1.3. 1 Figures 4 and 5 show the frequency response chara cterist ics for
CYSD and log CYSD coding techniques, respectively, and fOr a 0 dBm channel

Input level . The curv eS for ‘16, 32, and 64 kbps rate s -are v irtual ly- unchanged
— for the twe techniques. The curves of 8 kbps show that log CVSD has a sharper

bandwidth cuto ff charac terist ic. The curves show tha t the lower 3 dB point
— for both coding techniques and all sampling rates is at approximatelY 350 Hz.

The frequency for th~ upper 3 dB point is the same for both coding techniques,
but varies wi th sampling rate from 1000 Hz for 8 kbps to 1800 Hz for 64 kbps .

‘~t,~V 3 ~~~~~~~~~~~~~~~ 
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put )wrel . lb. results for the two coding techniques are virtuall)’ Identical
for all fouY sampling rates, with only the 8 kbps rate showing s s1tght~ 

- 

- 
- -

dtv rgsnce between codin g techni ques at low output levels. The 1OweV-~3-dB - 
- -

k point for both coding techniques and ill sampling rates is a~ tn p~~~~1~mte1y
350 H*. The upper 3 dB friquency is the same for both cod(ng tschøtquesbUt
verteg once more wi th samplin g rate , from approximatel y 1600 Hz for 8 kbps to :
4100 for 32 end 64 kbps. -J~-

F 3.1~l.3.3 the incpease in frequency response wi th a decrease -In Input level
is a consequonce of the d~1ta modulat ion techni que. if one defines a modu la- -

tion index às the rati o of the deriv ative of the input signal -to the maximuM
permissible *alue of th is derivative , the system is full y modulated when the
si~ isl derivat ive is a maXimum. As a result , the maximum perMissib i e amplitude - -

of a alnuso ldal signal to be coded is inversel y proportiona l to the frequency

3.1.1.3.4 During the perfdr mance of the frequeflcy respo nse test , subharmonics
of s . 6000 Nz-t e~t frequency were observed , so additional test ing was done to
furt her defi ne these respofls es . A 6000 Hz tone was introduced into the chann el
Input at various leve ls .- between 0 dUm and -13 d~n and the response was measured - - 

-

at frequences of 2000, 4000, and 6000 Hz. Tabl e III lists the resul ts of
measurements made at 2000, 4000, and 6000 Hz with an Input stimu lus of 6000 Hz
and 2000 Hz at various level s between 0 dBm and -13 dBmn.

(
~
) 3.1.1.3.5 The responses listed in Table III were -observ ed for a ULM-101

samplin g rate 0f 64 kbps and for both CVSD and log CVSD co~1ng 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 bandwi dths at these rates
which result In a v ery high attenuation to the 6000 Hz signal .

3 1.1.3.6 A review of Table III reveals that the channel reacts in a radica lly
dlffer nt manner to signals in-band and out-of -band as far as harmonics are
conternid. The 2000 Hz Input signal resulted In a reasonably constant second
harmonic ~jgnal level and relativel y little third harmonic conten t once the
signal falls bilow 0 dan. By contrast , the thi rd sub—har monic of the 6000 Hz
input signal is higher in level than the fundamental down to an input level of
-8 d~~. The 2000 Hz product generally decreases in level wi th a decrease In
input level, while th 6000 Hz signal remains constant in output l evel at Input
levils b.tW ..nodBm and -lo dBm . -

3. 1.1 3.7 The spurIous responses observed for a 6000 Hz input signal could
not be thoroughly checked throu gh the ULI4-101 circuitry because extensive use - -

Is made of operational amplifier s and no instrumentation wa s availabl e with
a high enough input impedance to avoid loading down the out puts from these

• amplifiers. The spurious signals apparcntly originate from the circuitry which
• performs the snalog to 4lgitsl or digItal-to-analog transformations of the -

i
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(
~) channel input signal . The anlog signal from the channel output card

originates in the analog decislon ci rcuitry as an amplitud e modulated
digi tal waveform (at the channel sampling rate) from which the analog
signal is derived by the loop Integrator, amplified by a driver , and band -
l imi ted by an output low pass filter with an 18 dB/octave roll-off start- - -

-log at approximately 5 KHz. The processing and band -limiting characteristics
of the circuitry are not conducIve to the generation of spuri ous signal s it
the level s observed.
3.1.1.3.8 The analog signal at the Audio 1n port of the channel inpu t
card is ampl ified and then band-limi ted by a low pass filter com prised of
an operational amplifier and passive components . It is suspec ted that the
spurious responses are generated as resonances in the fi lter which then
propagate throUgh the sys tem. -
3.1.2 j jn earlt~ .Test -

3.1.2.1 Objective. The purpose of this test is to define the linearity
characteristics of the analog channel s of the ULM—lOl
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 U LN-lOl of

- 
-- 0 dBm at 1000 Hz, as measured by the frequency selecti ve vol tmeter. The

U 
attenuator was then used to reduce the signal at the Input to the mul tipl exer
to the desired level . The frequency se lecti ve vo ltmeter was used wi th a
measurement bandwidth of 10 Hz to minimize the amount of noise detected .
3.1.2.2.2 The linearity of the ULM-lOl was measured for both coding techniques -

and for all four sampling rates. Testing was continued down to an input level
at which non-linear 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 UUI-I0l
for CVSD and log CVSD coding techniques, respectively. A straig ht line equa-
tion was developed us ing a least squares technique for the data for each corn-
bi natlon of cod ing technique and sampling rate . The computed lines for log
CVSD for 16, 32 , and 64 kbps sampling rates were sligh tl y more linear than for
CVSD cod ing; 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 sampl ing 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 thi s line was .74. For log CYSt)
the calcul ated slop e was .953 with a standard estimate of error of .71.
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3 1.2.3.3 The curves shown in fIgures 9 and 10 become nonlinear at very
low Input- levels -- less than -40 d~ for all sampling rates except 8 kbps --due to the fact that the level of the input signal is approaching the grami-
lerit~’ of the delta coder. For the type of- signals that the CVSD ailtiplexer
will normally process, this will  create no difficulty.

3.1.3 Crosstalk Test
3.1.3.1 Obj ective . The purpose of this test is to determine the crosstalk
level s observed between two adjacent analog channel inputs on the UIJI”lol.

3.1.3.2 Procedure.

3.1.3.2.1 Figure 11 depicts the equipment configuration for this test. The
- - output of TIPS #1 was set to a 1000 Hz tone at a 0 d~~ level ’ at the Input to

channel 1 of the UU4-lOl. The channel 2 output of the ULN-l0l was monitored
by TINS #2 set to -make an idle channel noise measurement (this measurement
prOvid~~~; 690 - ohm -termination on the cable connected to the channel 2 input
Of the ULR QTJ~. . - A n  -t4le channel noise measurement was made at the channel 2
output~ first~wj th~a~Qdb ~Igna1 Input to channel 1 and then with the channel

r 1 input terminated in a 600 ohm load. The difference between the two readings
was an indiá.tion of th~ crosstalk level .

- 3.1.3.2.2 The crosstalk test was per formed for all four sampling rates of the 
- -

— 
—

~~ - ULN-lol and for both coding techniques. ‘ The test was initiall y performed with( 
~ 

- direct- O~1e conn~ct~ons bttween the ULM-l0l and the 1116 test sets and then
redone uIl*g I~- s’t~ødrd- ’ -au4~O patch panel as an interfa ce between the test sets -

and the ULM.4Q~ -~- . - -
~ 

-

~ 
~
-! - 44 ~~~~~ 

- - -

3.1.3.3 qJ~ nd Anajysis. No discernable crosstalk was observed for any
of the~conf tgUri tiOns tested . Thi s does not indicate an absence of crosstalk ;
it does show that the crosstalk level is less than the quanti zing distortion
of the UL$-l0l .
3.1.4 ~~vef o m~P1s . ion [Ut. - 

-

3.1.4.1 Objecti ve . The purpose of thi s tes t Is to obtain a visual indication
of the slope overload characteristics of the UL$—lO1 .

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
inte rfaces to the (1114-101. The function generator was adjusted to provide
several different input level s and different frequency wavefo rms at the inputto the ULM-lOl . The output waveforms from the functi on generator and from the
ULM-.l0l were displayed on a dual -trace oscilloscope for comparison purposesand photogr aphs of ths41sp1*y~. -~~re made. - 
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- : 3.1.4.2.2 Measurements of wavefor, distortion were made at all four sampling
-

- 

- - - rates with CYSO coding technique; the results were identical for log CVSD
technique. Testing- was perfo rmed on a channel which had been modified with
the 0.47 mlcrofarad capacitor (see paragraph 2.3) and on an unmodified channel . ,~ 

-

A square wave signal was used in each case as representative of the wo rst type
of -slop, overload input. -

3.1.4.3 Results and Ana lysis. - -

3.1.4.3.1 Figure 13 shows -the function generator outputs and U~~101 outputs
- 

- for -10 dk 1800 lIz signal . The upper -pho tograph shows the waveform for a
- - 

U kbps sampling rate ; the lower pho tograph shows the waveform for an 8 kbps
sampling rate , with quantizin g distortion clearl y evident. The waveforms for
16 and 32 kbps were identica l to that for 64 kbps . The modified channel was
used for these measurements. The waveforms - shown are the result of both s lop e
overload and bandwidth effects in the multiplexer channel circuit ry.

r— — - - ----- -- - ---- 
~~

—‘---‘ 
~~

‘)

3 1.4.3.2 Fipsre -l4 phows the function generator out puts and ULM-lOl outputs
for a, 500 Hz s~ sn--W~ e at 4-0-- dBm and -20 d~~ input level s at the input to
the modified thaflfl~1 Of the multipl exer. The upper photograph shows the type
of wavefo.rmob4lned for all four sampling rates wi th . a .40 d~ Input level .
Slope overload tnd bandw ith limitin g are still eviden t , but the reproduction
of the input waveform Is better than wi th an 180a-Hz. sIgnal . The lower photo-
graph shows the - type of waveform obta 1ne4 for-~3l~:sampii ng rates with a -20 dBm
Input level . 

- 
The out put waveform is degraded, ~1th ~~ ery low signal-to-noise

ratio. ~~ ~~~~~~~~ 4 - 
- - -

~~~~
- 

- 
- -
‘
-

~~~~ 

‘

~~

3.1.4.3.3 ~rljui~E1s~hows the functi on generator outputs and (1114-101 outp uts
for a 1150 Hz square wave at a. - -10 d~ i input level at the unmodified channe l

-
- 

- 
- 

.‘
~.- 

- 
of thø multi plexer . The upper- photograph shows the type -of - waveform obtained
for sampling rates of 32 •nd 64 kbps ; th iS~ We ors. .is .vfrXua1~y identical to
that Obtained wi--th - -the - mod if ied channel with a -10 dBm, 1800 Hz square wave
input. The lower photograph shows the type of waveform obtained for s pling
rates of 8 and 16 kbps ; the ringing on the waveform obtained for a similar
input signal to the modified channe l is: missing from the waveform .

3.1.4.3.4 Figure 16 shows the functi on generator out puts and ULM-10l outputs-
for a 500 Hz sq uare wave at a -10 dk input level at the unmodified channe l of
the multi plexer . The upper photograph shows the type of waveform obta ined for
sampling rates of 16, 32, and 64 kbps . The effects of slo pe overload are rd .-
t ive ly minor , the wave form is reproduc ed fairly accurately. The lower photo-
graph shows the type of waveform obtained for a sampl ing rate of 8 kbps . The
waveform is recogniza ble as a square wave , althou gh slo pe over load effects are
still clearl y evident.
3.1.4.3.5 FIgure 17 shows the function generator outputs and (1114-101 outputs
for a 900 Hz square wave at a -20 dBm Input level at the unmodified channel
qf tbe .ultlpiex !. 1The upper. photograph on the i~ft , representauve of sample
v’ttes e’f 16, -32, *nd:64 I~~~,: show sI*H-ar results to thole obtainld for
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the -10 dBm, 500 Hz input. The lower photograph,representative of a sampling
rate of 8 kbps, shows the signal to be very noisy. The same result was - 

-

obtained with the modified channel for a similary input signal.
3.1.4,3.6 The results of this test Indicate that a~ -a normal operating level —

of -10 d~~, slope_overload eff ~ f$ will result in serious deterioration of
any Input signal ~~~e 500 to $Q~~ with a high rate of change of input ampli-
tude. The (1114-101, as modified for the envelope delay ~ isurement, will not
operate without slope overload effect for -fast transition waveforms down to
the minimum reception level . ~~ unmodified ULM-101 Is capable of reproducing

F a square wave up to 900 Nz at levels between -10 d&e to :-.20 d8m wi th some
distortion, but with satisfactory accuracy. The difference between the 

- 

-

unmodified and modified performance is due to the additi onal low frequenc y
fil teri ng on the mOdifiI4—~channel, which, in effect , douSle—inte grates the

4 output waveform.
3.1.5 Envelope Dslai Distortion Test. 

- 

~i I ~
_ _
~

3.1.5.1 Objective. The purpose of this test is to define the envelope delay
characteristics of-- the UtH-lOl analog .1nput/outp~t circuitr y .

3.1.5.2 Procedure.

3.1.5.2.1 Figure 18 depIcts the equipment confi guration for this test. The
test was conducted In accordance wi th the Instructions contained in the manual - 

- - -

for the Hewlett-Ptcksrd Pbdel 4940A Transmission Impairment Measurement Set
(TINS). - . - -

3.1.5.2.2 The Envelope Delay Measurement test was attempted at input level s
of 0 d~ and -13 d~ i at the analog Input to the L.K 101. . The TINS was unable
to establish a loop at a 0 d~n input for any LJU4-lOl channel rate , so no
measurements were made. At a -13 d~~ input level, measurements were made atmultiplexer channel rates of 16, 32, and 64 kbps for both CVSD and log CVSD
coding techniques.’ At 8 kbps wi th both coding techniques - the TINS was unable
to establish a loop cond itiOn. - 

-

3.1.5.3 Resul ts and Analysis. 
- -

-

3.1.5.3.1 The lOss of loop by -the TINS test set indicates that the 83 1/3 Hz
modulation frequesç - is lost. At a O  d~~ input level for .11 sampl ing rates
and an 8 kbps sawpli*g rate at a -13-d~ input level, the distortion of the
signal is great enough for the TINS to Interpret the carrier as lacking the
required modulation frequency and the set either falls to achieve phase lock
or breaks the ioop. - 

-~~~ 
-

3.1.5.3.2 Figures 19 through 21 show the curves of envelope delay as a function 1 1 -

of frequency for CYSD coding technique and channel sampling rat s of 16, 32 , and
64 kbps. Virtually identical results were obtained for log CVSD coding techniques.
The test set los t loop at 2400 Hz for a 16 kbps sampling rate, 3200 Hz for a - 

-

-32 kbps sampling and was still In loop at 3900 Hz for a 64 kbps sampling rate
where the test was terminated. - —

~Ji1 
-- 
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O 3.1.5.3.3 A comparison of the results shown in figures 19-21 wIth the require.
meats -ø OCA Circular 300-1754, Table II , Indicates that the IJLN-1Ol musts
the requirements for the circuit parameters for envelope delay as follows. At- . 16 kbps channel sampling rate, -none of the parameter requirements are met dup
to the limited bandwidth in which the envelope delay is capable of being

• 

- 

- ulisured. At a 32 kbps channel rate, the ULJ4-lOl meets the criteria for circuit
• 

~~~~~ parameters 52, Dl and D2. At a 64 kbps channel sampling rate, the ULN-1Ol meets• ~-3~ the criteria for circuit parameters 52, Dl and 02 and Is close to meeting the
requiraments for 53.
3.1.6 ~~~~~~~~~~~ - 

- 

-

3.1.6.1 Objective. The purpose of- this test is to define the phase Jitter
characteristics of the WM-iol analog inpu t/out put circuItr y .
3.1.6.2 Procedure. -

- 
- 3.1.6.2,1 Figure 22 depicts the equi~~ent configuration for this test. The

test wis conducted in accordance with the instructions conta ined in the manual
for the -Kew1ett~Pa-tkard --Medel 4940A Transmission-- Impefrment - -Nessurlng Set •

(TINS). • -

3.Ls:~ -L ;ma s.*d*tt~ measurement :was performed at all four channel rates -
and b~th’c~ .g~t4c1i414ues for all four active channels of the ULN-lO 1. The

Q 
test was p tfo?IØ4 t~1np~*t signal leve ls of 0 dSp a~i4 -13 d~i.

--~~~ 
4 t _~~~- 

-

3.1.6~3 Results and~.A~ 
- lyals. ‘

~ 

-

3.1.6~3.l Table IV conta1~~ a si iiry Of the phase Jitter leasurements performed
on the ULM-lOl. At an input level of O-d~~. the phase J itt er is greater than
25 dedrees for channel sa~~1 log rates of 8 and 16 kbps for all four channel s
and f~~ both CYSO and log CYSt) coding techniques. At an input level of -13 dSm
I nter~~u’!at’toird1stortion- effects are reduced to the- point where readings of
less -than 25 degrees can be obtained for the 16 kbps channel sampl ing ratq; 

-although 8 kbps sampling rate still yields phase jitter results in excess of ‘

25 degrees.

3.1.6.3.2 The data in Table IV reveals very simi lar results for all four 
- 

—
ULM-10l channel s irrespective of coding technique, channel sampl ing rate , or
Input leveL The phase Jitter with a ~l3 d~~ input is cons istenly lower then
that observed for a 0 d~ Input. The phase Jitter is lower as the sampli ng
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 II of DCA Circular 300-175.9 states a peak jitter of 15 degrees

- - - 

- as being a r quirem,nt for circuit parameters $1 through S3 and Dl and D2.
-: The ULM-l0l meets this criteria at sampJing rates of 32 and 64 kbps for input

levels of 0 d~ and -13 dhe and at a s~~ l1ng rate of 16 kbps for an input
leP~l~,pl~ ,1 3 ~~~ r i -

~ 0 1
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3.1.7 Idle Channel Noise Test.
3.1.7.1 ~ ject~ve.-- - ~Thç-purpoee of this tnt - is te define the idle channel
noise level of the uD~-io1.
3.1.7.2 Procedure 

-

3.1.7.2.1 The equipment procedure for this test Is identical to that shown
in figure 22. The -test was conducted in accordance w ith the instructions
contained in the -manUal for the -Hewlett-Packard Model 4940A Transmission —

Impairment Neas~rIng -Set (TINS). -
. -

31.7.2.2 An idel channel noi se measurement was pprformed at all four channel
sampling rates and both codi ng techniques for all four active channels of the
U LM-101 . The test - - waS conducted-- using both C-Message an~1 3 KHz f lat filters
ln the TDIS

3.1.7 3 Resu lts and Anal ysis. 
-

3.1.7.3.1 Tabl e V cOntai ns a - s am~ary of the idle channel noise measurements
performed on the ULN-101. The measurements are in terms of noise power, DBRNC
for C-Message filteri ng pf the input and DBRN for a 3 KHz flat fi lter . The

— conversion factor for..- translating the uni ts into signal power- units is d~n
OBRN-90. The wider bandwidth of- the 3 KHz filter intercepts mere of the noise -resulting in a ~ dB higher nOise power reading. -

3.1.7.3.2 A review of Table V shows that channel l of the ULN-l0l has the
best noise performance, approximately 3 dB better than the worst channel ,
channel 4. Table V shows that the noise level is identical fOr channel sampling
rates of 8 and 16 kbps and again for sampl ing rates -of 32 and 64 kbps. The

- ~
- noise level is 2-5 dB:-loWer at 32 and - 64 . kbps sampling rates than at 8 and 16

kbps sampling rates. The noise level with CYSt) coding is 2-4 dB higher than
with the ~og CYSD coding technique . -

3.1.7.3 3 The noise level of a digita l multiplexer is essentially determined
by the granularity of the quafltiXing process, since the noise level of the
analog circuitry, is usually Insignificant with respect to the smallest quanti-
zation level of the analog-to-digital converter. 

-

3.1.7.3.4 Due to the fact-that an ane1og~to-digitel- -system has a noise floor
which is dependent on the quaflti zati ofl , the circuit - performance parameters of
DCA Circu iar 300-175-9, Table II cannot be used for comparison. For example,
the ULJI~l01 fails to meet the channel noise requirements for links up to 644
kilometers long, -but meets the cVi terla for links between 644 and 2574
kilometers long. - 

-
. 

‘ 
- -

3.1.8 ~~~~~~~~
3.1.8.1 ~ Jective. The purpose of this test is to determine the ns~~er of
times the ULM-lOl can be looped at channel level without creating an
unuseable link . 

(J
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3.1.8.2 Procedure.
3.1.8.2.1 The equipment interconnections for thi s test are shown in figure 23
for ~ o l~~~ at- ekansel -leve l-. The - transmit connection from the TINS provides

- a quiet 600 oI* tersinition for the CVSD Si Channel input. The receive input
to the TI~~ te-connectad to the- q~tput Of -

~~~~~~ list channel in the ioop. An
idle chanAel nols~ measurement is performed In this confi gurati on . The idle
channel noise aSurement was chosen al the— best- -indication of loop performance.
the potnt where the system is- noise timitad.14~~ - 

-

-~~~

3 1.8.2.2 The loop test was performed ‘at all four sampling rates and both
coding techniques for successive number.of channel lbopbacks of the ULM-lOl - 

- - 
-

up to the maxisum nu~~er Of six. The test was conducted usin g C-Message
weightin g in the TINS
3.1.8.3 Results and Ana1y~is. - 

-

~~ 

-
~~~~~

3.1.8.3.1 
- Figures 24 and :25 show the Increase-tn idle channel noise with

successive loopbacks for both CYSt) and log CVSD coding techniques with C-
Message weight ing. - - 

- 

— - - - 

-

3.1.8.3.2 Figure 24 shOws that for CYSO codiflg the noise increases as the
number of loopbøcks Increases with the exception of the 8 kbps sampl ing rate
at five loopbacks. The behavior at 8 kbps 17S presently unexplained. Figure
25 revealS sc~ what dlffrent behavior with log CVSD coding.: The noise level
is approximate)y const nt up to four or five for 32 and 64 kbps sampling
rates, at which point the noise level increases with each increasing m*uber
of loopbacks. The behavior at 16 kbps Is similar, to that wtth CYSt) coding; —

the behavior at an 8 kbps sampling rate Is som&~at anomolous.
3.1.9 Siqnal-to—Quantlziflq Noise Ration ($/$~i) Test.
3.1.9.1 Objective. The purpose of this test is to determine the S/Nq of the
ULM-lOl as a function of input level . - - 

- .

3.1.9.2 Procedure. - 

-

3.1.9.2.1 The eqiipment config~ration~for this test is shown on figure 26.
The audio oscillator oUtput level was adjusted to provide a 0 dBm level at
the input to the LH.N_lOl With the flttenuatlofl- tot )  dDe. Then the attenuator
was used to vary the input level to the multiplexer between the measurement
limits of 0 dDe and -40 d~~. The audio osc illator was tuned to a frequency of - I
1010 Hz. The frequency selective vol tmeter was tuned to the maximum of the
output signal from the ULJ4~.l01 and a msasuram$t-of the level of this signalwas made with the voltmeter set to a 10 Hz esaturement bandwidth. The trans-
former was-used as a -balanced- to unbalanced- matching device. The noise
measuring set used was a Northeast Electronics Model TTS-37BPI~CN 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-31 BAQN also has a measure-
ment accuracy of +0.2 dB, the only unit of this type which is capable of
measuring a noise level to this accurac y . L

3.1.9.2.2 The S/Nq measurement was performed for both coding techniques and
at all four channel samplin g rates. The measurements were made with -a 

- C-
Message fi lter sel ected in the TTS-37BAQN. - -

- 
•

3.1.9.3.1 Figure 27 shows a graph of the S/Nq characteristic S of the UU4—lOl
for all four channel sampling rates and the Log CYSt) coding techniquó,.. Very
similar curves were obtained using the CYSt) coding technique in the V L$— lol.
It can be seen that the optimum operati ng range of the ULM-l01, from a
signal-to-noi se viewpoi nt is -10 to -20 dBm. The behavior of all foiW curves
is &mlnated at high input level s (0 dDe to -4 dBm for 32 and 64 kbps
sampling rates) by slope overload and the consequent intermodul - ation effects.
I~ cur~~s for 32 and 64 kbps sampling rates for Input levels lower than

~4?d~n 4-hd for a 16 kbps sampli ng rate and input level s lower than —8 dDe 2are s-i~il~r tp those publ ished In the liter ature for del ta modulation- sys tems.
Th~ ~cu ’ve for ~the 8 kbps sampl ing rate indica tes that nonlinea r effect s pre-
dominate throug~but the entire use ful Input range of the ULM- 101.

-4
’- -- - 

_
_ _ _
‘_5 — 

- 
5
’

3.1.9.3.2 Figure 28 provides ~n alternatuve method of evaluati ng the noiseperformance of the ULM-lO1-. codlng/4eçodlng circuitry. This rfigure depicts
~~ -cham~ l noi se power as a fuflctiofl of the 1010 Hz test tone input -signal
~~~~~~~~~~I’ far channel sampling rates of 8 kbps - and 64 kbps. The high level
of the noise ppwer and the essentially noise limited performance of the chan- —‘ 

—

nel at an 8 kbps sampl ing rate are apparent from the- figure~ Al ternatively ,
t!~q~, cj~r~qi~of noise power for a 64 kbps channel rate decreases~ wi th deçreasi ng
leVe’t ai4d in the ran~e of -10 dDe to -20 dOe input level , decreases d(for
dB with the input level , --indicating linear , quieted Operation in this range .
3.1.10 I~~u1sè- tIoise Test , 

- 

4 — 

-

3.1.10.1 Objective. The purpose of this tes t is to determine - the impulse
noise characteristics of the UU~1O1. 

- — - -

3.1.10.2 Procedure. 5— - 

- 
-

-H - 

-

L 3.1.10.2.1 The equipment configuration for this test is the same as that
shown in F1g~ e 22. The TINS is configured to measie’e three parameters simul-
tanaovs}ye—plisse Mtt,--ge4n~h$ts-,-- eAd - no~t* lmpui-ses-- -above threshold. The
phase hit, gain hit and noise threshold are selected by individual controls
on tl~ frsntpanel ot the TINS. Through an. Interaction wi thin the TINS cir-
cuitr y , the phase hit and gain hit thresholds must be properly set (usually

-: ~~~~~ ~~~~~~ 
-
~4 5  .- - .  - - ~~ - -—~~~~ -~ • -—— - .- -~~~~~

- t.s4~jI~bi’%t~ Na~iL~.t~mi S ~~John ~~~~~~~~~~~~~~ Ybrk (1975)
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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 s~ach as possible ,
to- i l~~ 1 which wpuld gIve .5 to 15 counts in a 5 minute period. With the TINS —

test sit the mid-thr.sho14 is then 4 48 higher than the Tow threshold and the
high threshold is 8 dB higher than the low threshold. The C-message noise

• f-liter on the TIMS~~s -used for this test.
• 3.1.10.2.2 The TINS has switch -se lection of twe dif ferent count rates -Bell

Standard :~-limit d to 7 counts per second) and . Channel Limited (limited by
noise bandwidth to 15 counts P1! second). The test was conducted using the
channel limited settin g as this provides data more consistent with digital
performance.

3.1.10.2.3 The impulse noise test was conducted for all four channel sap-
-ling rates, both coding techniques and signal ~‘lput levels of 0 dOe, -13 dOe, -

and -34 dOe. The TINS uses a 1004 Hz signal as the test tone to erform this
measurement. - - -

3.1.10.3 Ru*ults .and Analy~1s. 
- 

- -

3.1.10.3.1 Tabl e VI sumarizes the resul ts of this test. It can- be seen
that roughly equivalent results were obtained for both coding techniques with
perhaps sli ghtly more sensitivit y to impulse noi se bwlng shown wi th Log CYSt)
coding technique. The results of Table VI show a decrease in the level of the

G
low threshold noise power- wi th a decrease In the input signal power as well as
a decrease In the low threshol d level with an increase in sampling rate. The
32 and 64 kbps sam pling - rates also show the effects of the slope overload
(overload noise products -predominant) at a 0 dIm input level .

3.1.30.3,2 Testing with the ULM-lol showed that a definite noise floor
exists for the impulse noise counts . For example, a 72 dlrnc low threshold

-4 -level at 8 kbps sampling rate and -13 dIm input level resulted In continuous
coun ts in all three categories. A one dl increase in the level for the three
counters resul ted in zerO counts in a fIve minute period in the HI counter.

3.l .lO~3.3 The predominant -factor In these impu lse noise measurements is
quantlzetlon noise. The low threshold level in each case fs 4-8 dB below the
level - of quantization noise in the presence of a signal so the low and mid
range cQunters are counting this noise. ~ ce past the level of quant izat ion
noise -the ULM-lO1 channel input circuitry is essent iall y quiet. The perf orm-
ance of the U LM—10l .ln a .central office wi th norma l “c11cks’~, ‘pops”, and
‘hisses ” typical In those types of circui ts would depend on the ;plttV al - - .1
distribution of the interference. - 

-

• 3.1.11 
- 

Wjnij r,.ar Ojs tort lon Test. - - 
- 

. -j
- 3.1.11.1 Objective. 

- 

The purpose of these tests Is to determine th* level of I
nonlinear distortion present in the analog output of the ULM-l0l .

- t o - 

-

- 

I ~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Procedure. ~:!~ - 

- 

- 
-
~~ :; : - :  

- 
— 

- 

- 
- - 

~~~~~~~~~~~~~

- C)
~~ 

3.1.11.2.1- Two diff ?erent equipment configuratiofls were used for this test’.
- - flie fIrst configuration, which e~~1oys the HP 4940 TINS~ Is identicit to

- 

- : that shown on figure 22. In the nonlinear distortion test u~i11Ztng this 
-

- 
— -: - - configuration, two tones, at 860 Hz end 1380 Hz, are sheultan*dUsTy 1ntro-~

- - 
, 4uced into the UL$-lOl channel ~nput and the second and third order dlstor-
tiQn pg’~oducta are measured. Second order distortion is represented by the
power sum of f j + f 2 and f2 and f1 distOrtion products~ Third-order distoF-
tion is represented by the 2f2 - f1 distortion product. - - - - -  

- 
- 

~
—

• :- 
- 
. - - -

~~ 
- 

- -
~~

- t  - - -~ 
-

3.1.11.3.2 The second confi guration used for this test is shown on-figure
29. For this test, the audio o~cil1ator was set to 

‘1000 Hz and the frequency
- 
selective voltmeter was used to measure the signal pre~eflt at 1000, -2000, -

~30O0, 4000, and 5000 Hz. 
- 

- The measurement was m ade With -the frequency ~elec-
tive voltmeter in the 10 Hz bandwidth position. 

- - 
- - - 

- 
— -  -.- -

-

-

- - - -
~

3.1.11.3.3 The two types of measurements of non linear distortion were per-
formed for both coding techniques and at al l- four channel - -sampling rates of
the ULM .l0l. Input levels of -0, -10, -13 , and -16 dOe were used for the test.

- - 
- 

- 

_4 
- - 

-
- 

- j .  - — , .  -

Results •nd Anal ysis. ‘~~ ‘~~~~~~ 

~~~~~

-~~ 3,1.11.3.1’ Table VII shows the results of the nonl inear distortion measure-
mints ~ de with the TIM. It can be seen that there ts nc significant ~

— --4

djfference between the results obtained with’ CYSt) coding and those obtained
using log CVSD codlng. At input levels of -10, -13, and —16 dIm for - channel
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

- t hese ~.iput leve ls, the third order prod ucts are significantl y lower than the
• s flg or~er products . At an Input leveT Of 0 dIm, the third order products
are Signif icant ly higher than the . second order produ~ts, and also higher than
the third orde r products at lower input levils, gain a rósult of slope -

overload effects. 
- - - - - - - -  - - -

- 3.1.ll.3 2 Table VIII jV.esents ,the
4results of the hanmOflic distortion measure—

mints made with the ‘frequency selective ’ vol tmetir. The measuremnt aCcuracy at
- low power levels ’ i s only +10 dB due to oscillations of t~e signal-. - With this

cons Iderati on, there i~ n~
’ s i gni fi cant difference between the results wi th the

two Coding~techfl1-q44s a t  the lower Input 1ev è1~; the levels of- all ~thO henmon1cs
fOr ~~~

-
. par ticular Ch$~nel sampling rate are approximately the same. The risults

for a 0 dIm input show the st rong third hinmonic at an 8 kbpsr sampling rate
noted in the nonl inear distortion test. It wi lt be noted that the level Of ~~harmonics for the 8 kbps sampling rate remains reasonably constant as the input
level decreases while the-level of the harmOni~s for - the other taipling rêtes • -

decr ases In level wtth Input level down to -1, 3 dOe and then remain relative ly —

-4 cofls~ant. - 
- - - - - 

- - - - - 

- 

- - - - - . -

, ‘_ , ~4- -~_1~ ~ 
- - - - - - - - -
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3.1.12 ~i~re f t~q~a ncY Int.nmodulation Distortion.

L1 J2j ~ $ctIve. The i~H O f tMs tact is to determine the level of
foteruodulatlon products present In a channel output of the UtPI-lO1 with a

- dissàsl input cui~tst1ng of three equal’- level tones .
3.1.12.2 Procadurs. I

- 
- 

- 3.1.12 2.1 - The-equipment configuration for this test Is shown on figure 30.
Thr.e audio oscillators, tuned to frequencies of 860 Hz, 1380- Hz,. and 1900 Hz,

- - respectively, usia resistively matched to provide a composite 600 olmi Input to
the UUI 1O1 • The output levels of the three oscillators were equal and were
adjusted to provide a total Input signal power at the level desired. The test
mac conductsd with composite signal power of 0 dIm and -13 dlii . The frequency

- selective voltmeter mas 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 .11 four
s~~ ling rates of the 1)1)4-101. The results were recorded on oscilloscope
photographs ad -  X-Y. plots as well as readings - being taken by the frequency
selective voltmeter.
3.1.12.3 Results and Analysis.
3.1.12 3.1 There are 21 frequencies in the passband of the ULM-’1Ol where
second and third order intermodulation products can appear The energy of
these products is scattered throughout the passband and no one product Is
si gnificantly higher than the composite noi se level As a result the effort
to measure the level of Individua l products, even with a 10 Hz bandwidth on

-4 
the frequenc~ selective voltmeter, was largely unsuccessful . -

3.1.12.3.2 - The~ X V  plot of the 1)1)4-101 channel oUtput resulting from a three
frequency signal Input was more successfu l in definin g the performince of the
ailtiplexar during this test. The k-V plots were obtained by using the plotter
Outputs Of a spectrum analyzer . The spectral distribution of the Signal complex
at the input tO the 1)01.101 using three equal - leve l signals as a composite

~~

- power level of 0 dIm is shown on flgure 3l. -
- 

- 
- 

-

3.1.12.3.3 Fiyures 32 and 33 show the actua l- output spectrum of the ULI4—i01
for, respectively, chanflel rates of 8 kbps end 65 kbps and for a corposite
channel input level - of 0 dIm. - The s ignals at the three input frequencies are
clearly visIble In both figures. T~ie intermodulatiOn signa ls for the 8 kbps- - 

- - sampling rate are close to the utlent nois e level which Itself Is relativelyhigh with respect to the fundamental inputs. The intermodulation products for
I 

4- the 64 kbps sampl ing rate are more clearly defined . The third ordIr product
at 340 Hz especially strong for both sampling rates and the third order product
at 2420 Hz Is high at the 64 kbps 

- s*pllng rate. Similar resul ts were obtained- - Yor both CYSt) and log CVSD code techniques . - -

- -
~~~~~~~~~~~~~~~ a .  _ . &~~~~~~~~~~~~~~~~~~~~
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~- O:~: - ~ 3.1.12.3.4 Figures 34 and 35 show the output spectrum of the ULM-1Ol for, - 
-
.~ L:-~respectively, channel rates of 8 kbps and 64 kbps for a composite channel

Input level of -13 dBm. At B kbps sampling rate the resul ts are virtu ally —

Identical to those obtained with a 0 dIm com posi te channel input level . itt
• a 64 kbps sampling rate -the reduction -In slo pe overloa d 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. -

• Agai n similar results are obtained for both CVSD and log CVSI) techniques.

3.1.12.3 5 The resul ts of this tes t Indicate that, for a imilti -tone input
to the UU4-lOl, a series of intermodu lation prodUc ts , as well as a few
interflally generated spurious tones , will be produced at levels which are £

- signif4cant— -w i--th ’ respec-t to the input t~nss~~-~—--- - — - -

3.2 (
~JASI-ANAL0G SIGNAL TESTS -

3.2.1 Voice Frequency Ca~~ier Telegra1, AN/FCC-19 Test

3.2.1 .1 Obj ectIve. The purpose of this test Is to determine the ab ilit,v of
the ULM-1~ to process a frequency comp lex fror Voice- frequency Carrier Tele-
grap h (VFCT ) equipment wi thput creat ing unacce ptab le p rfo rmance degradation
ifl the VFCT equi pment. ‘

~~~ 

-

3.2.1.2 Procedure. 
~

. 

- 

-

3.2.1 .~2-.I The equ4~~nt -configuration for this--test Is- shown on fi gure 36.
The Data-Tek 9600 was used to ori gi nate a test message and provide this mess-
age as 1 dry. cofrtact~ksyer-. to one chan nel of the - AN/FCC-19. Fourteen of the
remai,~tj~g J~ 

char~el~ gj ,t~le AN/FCC-19 were looped together and loaded with
the dOtter ~çr-~) büt~~t’oiF the AN/FCC-19. The remaining channel was Inopera-
t ive . T1~~out t~of~t$* NI/FCC-19 channel under test was connected back to
the D&ta-Tek 9600 to allow c measur enents of errors and distortion to be made
on the signal . The multipl ex output of the AN/FCC-19 was connected to a

- 

- 
channil input of the UUI-lOl and the corresponding channel output was connected
to the multi plex input of the AN/FCC-19. The ULM-l01 was looped on Itsel f at
the group level to provide the total loop. -

3.2.1.2.2 The test was Initially performed wi th the configuration of figure
34. The same test was performed agai n for Increasing numbers at loopbacks - —

of the ULM-10l 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
samp!1n~ rates of the UIW-l0l -. The test- wøs performed for AN/FCC-19 channel
canter frequencies of 425 , 1275 , and - 2-975 Hz. M/FCC-19 was operati ng at 100wpm.

S
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- Q:”- _ . - 3.2.1.3 Results and Analysis.

3.2.1.3.1 Table IX shows the results of the measurements made on the
AN/FCC-19 for a single loop through the ULN-10l . The error counts were
accumulated 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 CYSO and log CVSD coding techniques. - At 8 and

• 16 kbps sampling rates, the ntmber of error was lower for a center frequency
of 1275 -th*~ for either of the extremes of center frequency. The distortion
~ psraliy increased with an increase in center frequency. At 32 and 64 kbps,
the number of errors was approximately the same for all three center frequencies.
3.2.1.3.3 The results of this test sho~ that the AN1FCC-19 would be unusable
with the ULM-lol for sampling rates of 32 kbps eni 64 kbps.

- - U-~~~~ -— ~~ - 
- - - - - -  “U

3.2.1.3.4 Tab~e~~
U 5$WS the results of the measurements made on the AN/FCC-l9

for s~ccess1ve n~m~er qf 1Oo,*~cks at channel level through the ULN-1Ol . - Only
sampling rains Q~~3~ and 64 ibpi are sti~wn since saja~pling r*tes of 0 and 16
kbps result Xt~a~t$~~miead1ngs of erro$s and ths tori ton Similar results
vera Qbtained-~P5r DYSD-and log CVSD coding techniques so only the CVSD coding
results arershown - -- At --foUr loopbacks through the ULN-l01 the AN/FCC-l9 ceased
to function for any Sampling rate. -

~

3.2.1.3.5 As can be seen from a review of Table X~ the number of errors and
~~unt of dIstortion Increases with increas~ g n ~d ers o~_ 19opbacks. The

U 
rn~~ier of eprors obs~rved using the 127S Hz cji t~iTrequency channel are
consistent1~ smeller than either of the cent~1’- fr~~uency extremes.V ) -~~ 

—---U— ~~“- - -

3.2.1.3.6 results ~~~ibli
: X 1fldtc~te th~ti~~f~ ~ e1oopback at channel

level of th~ ULN-1O1 results in an incróase in ørror~ and dIstortion which
would result in unusable operation of the ~~~~~~~~~~~~~~~~~ It is
possible thpt, using ~~~~~~~~~~~~~~~ 1275 Hz ~$d a 11114-101 sampling rate
of 64 kbps,message -tr~f~ C -átdbe- pa~$ed but It would be of extremely marginal
quality. -~ - •-~~~-~~ -

3.2.2 SF Siensling Test. - 

-:

3.2.2.1 Objective. The purpose of this test is to determine the ability of
the UL$-1O1 to pass SF signaling at velours pulse y ates and input levels.
3.2.2.2 Procedure. - - 

- -

L 

3.2.2.2.1. The aq~tp~nt nf1g~iratl ai~ for thi s test- is-~hown -in figure 37.
The Northeast Electronics ITS-26B pulse signaling test set and TTS-268XS-1
Signaling Circuit Panel were used to originate a SF signal at pulse rates of -46, 8, 10, 12, 14, and 20 pps and at levels of -13, -16, -20, and -24 d8m.
The carrier frequency was also varied between 1, 1.6, 2.4, and 2.6 kHz. The
pes~set b~maLpf the -t~~ipi1t~tsd signa’ was set to 6l—~pencent., --The percent
brdeCol the N~~Iw.d 61*L1 fr~~ thb~ LN-lOl hat. mea~iW~d: ~dth the TTS-268

• and records4.C
~ ~~~~~~~ ~~~~~~~~~~~~~~~~() 

63

~~~~~~~~~~~~~~~~~ -~~~~~~— - -~~~~~~ -~~~~~~~~~ ~~~~~ - - - 



- 
U - ~~~~ 

- - -- 
- - -

- ~~~~~
- -

~~~~~ç ç j ~ 
-

- - :
~ 

U -  1IiV~~~ - -~~ 
- ~ -~~~ ,

— —~J~ ~iiT -

~~~~~~~~~ : t
~~~~~~ 

~ 
- - ~

- -
~

- - ~: - - -~i~~~~

~

~~~~ ~~~ ~c ~“‘~-~M~ ~~~~~~ 
~~~~~~~~~ $U~~~U’ ~~~-‘~

- ~~~~ ~~~~~~ - ‘~~~~~~~ 1~J~~-~~ ~~~ ~~~~~~ 
- U - -4

~ 
- - 

- - ~
~~~~ 

- 
~~~~ 

- - 
- - - - - U ’  - - - -~ - - 

-

-

- 
- — 

~~~~~~ 
- - -  - - - -

~~~~ 
- - - - -  - - - - - r

-
~~~~ -~~~~~- ~~~~ 

-
~~~~~ -~~ - -

. 

-

, 

- -  -

- 
- - 

.~~
- --:~ 

U

;

~ 
-

~~~~ ~~~~ ~~~~~~ ~ - - 

~~~~~~ 
- 

- -  
- - -

~
- U T-T5 261- - 

-

- ~ - - - r ~
-
~c~ ~~~~~~~~ 

- - . - -ptn,,s~ 
-
- - -

5I~ HRL~N6
t TEST SET

~~-~~~~~~3:~ i-\ :- -  - 
.~~~~ - - -

~~~~ -~~F~~ ~~~~ 
— - 

~~~~  - 
-  

—  
U

- 
- - -

~~
- -
~~; ~~ -~~~~~~~~~~~~~-~~- ;  - 

- 
-

~ r ~~~~~~~~~~ $4~) 

~~~ ~~~~~ ~~ ( .)
- --

~ 

~ :TT B~ØXC~ ~
~ - 

~ LIRCU I T
- - -

- - 
~~~~~~~~~ - PØNEL ~~~~~~~~~~~~ ~~ 

- 
-- -

- ,
~~. 

~~~~~~~~~~~~~~ 

. r~ ~~~~ - 

- 
~~~~~~~~~~~~~~ 

—
~~~ 
- 

~~~~~~~~~~~ &I~~~~ ~~~ p 
-

U ‘ — - -:
~~ 

- -~~
-
~~- ;~~~

- - 
- - 

- 
- -

- - 
- 

~~~~UI~ - 
- -- -

I~ 

- - 4 - - - - - 

~~~~~~ 

•U~~ - ~~~ 
- I .,ThUU - -

- 
- - - - 

-4 
1 --  

- - 
- -  

-

~c’1~ URt~~7. ~~~ SI5NRLiN~~1TST
CONF I GURAT I ON

4 

-

—a--



--4 — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - ~~~~~--—— -_ - - - - -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~

-- *- - - - - -  - - — - ---

- 

—- -4

4::~ 
1 •~_~ T ~~~

~: - . 
- U U  U~~ ~~~~~~~~~ TABLE ~~ ~~~ i SF Signaling Test SiJamuary ~ -

-4- - -: •*$
~ 

- • - U ~ -: ‘ ?“ U

- -4 . U~~~~~ UU U ~ ~~~~~ ~— - - U ~ 
U

S 

LMpr —- IgJ-lOl I Kilt Oscillator 1 6 KHz Oscil lator
Eva S~IPLE 

-

‘dOl) - - R AT~~ - - 
-
~~ 

-
I ~ 

~ f 6 $ 1 0  ~2 Ij 20 6 8 1 0  12 14
-. - - 

-. .~L ..._... 951 T00~100U 100~ 9~ i9Pi g4 toO;Ioo~1OO !IOO :1oO

_ _ _ _ _ _ _ _ _  ~oo~ ioo ~

~~~ 
3~ ~~~~~~ L.~~~4J4

4 

76:J7~~~i ~~ 75 ~~~~87 88 
_ _

- - 
.•— 4J7 1 6ç67~~s7 68~ 69~ 68 694 

t1~.ii ig j 1,_~
- 8 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 

.16 
100 100) 1001100 

~~ ~~ 
100

1 j ’
~ 

- :  ~32 - — ~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -~~~~ ..M ii

_ _ _ _  

64 
- -

- 68 67 4 O I 2 ? 9 7O~~68 69 69 75 7Ojj  
—

- — — — - I — 
~~~~

—•

~ 
— —

8 J7 l0O~~~ j~ 100 100] ~~~~~~~~~~~~~~~
~ : . 

_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~
-

U - U 77’ 78 ~5 85 95-a 75 ie 82 85 88;97~
_ _  

64 67 67 67 ’ 68 68m fl 67 70 71 h
72 74 77

1 

- -

8 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ _ _ _ _  

100100 1OO 1OO i i2p
1
L~~j !~~~~L~ 95 }l0O~-2 

32 75 76 78~~~~85~~
— 

64 681 65] 67 701 681 l lj  69 681 67 ~~L 69 j 74
S

S

- —I

~~ 4 ~~~~~~~~~~~~ ~ U U ~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~



TAILE XI. Part II SF Signaling Test Sa sry 
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test was performed for - both coding techniques and all four 
—

3.2.2.3 Results and Analysis. -
~
- . —

• 3.2 2,3.1 Table XI shows the results of the SF signaling test for a log CVSD
coding technique. Similar results were obtained for CVSD coding technique.

- The tible shows that an UU1-1Ol sampling rate of -8 kbps resulted in an unaccept-
able signal for any input level , oscillator frequency, or pulsing rate. The
16 kbps sampling rate provided a useable signal at a few couèinatlons of input
level, oscillator frequenc y and pulsing rate but was generally also unuseable.
The 32 kbps sampling rate , while providing more consisten t results than ei ther
of the lower sampling rates, generally provided -unacceptable signal ing results.
Only at a 64 kbps s pl -ing rate did the IJIM—lOl p ovlde s1g~a11ng wh ich might
be us~fu1-- -in - s -comeert -la-)- 1nstal1ation,~ and even this rate ~rovided a few
margii~al results. - 

- 
-

- -

3.2.2 3.2 o~èaW~rev4ew of the SF signa~~n~ thstof the UU4-lO1 leads tothe c~nC1us1on that the 11114-101 Is Unsatisfactor y as a medium for transmitting
SF signaling information. Preliminary 4ata from a signaling test involving
rep.at~d loopbacks. Qf . t~’e (1114-101 roveaI-s that after two loOpbacks, even the
64 kbps sampling rate yields unacceptable signaling Information.

3.2.3 NF Siqnalln4 Test - -

(J 
32.3.1 Objective. The purpose of thii test “IS tO-determine the ability of
the ULM~-lOl- to pass MF signalin g combination accuj4~tely. -
3.2.3.2 Procedure. - 

- - - - -

- -

3.2.3.2.1 The equipment confi guration for this test Is ~iio~n on fIgure 38.The TTS-59B was used to ori ginate a seven digit niiber which was transmitted
via the UU4-1O1 to the 115-2761 when thO recelvø:.fraques.cy combination was
detected, decoded and the number d1sp1a~ed~~The TIS-598 transmitted the hF
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 111.14-101 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
s~~~1ng rates of, the 11114.101. - The diqitS of the 115-598 selector for each

~~~~~~ 

~~~ run wereLyØr~~ ~ ~,.t o~1 tan diy~ts were used. Two measurements were
- : *de”Uät each sampflflg ratë~ 

- 

- 

- 
-

5 3.2.3.3 Results and Anal ysis. - 
-

• 3.2. 3~,3J. Table X~I ~hews the. resu lts of the t$%t of.MF slgqaling comb inations
w~~~~1i~1fLI4-)~~ ~Fgj’~-4 4$*gttirane$ throUgh~tbe ULW~lOl~JOI1~ the 6 kbps

) ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  
-
~~ 

- 

-
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