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FOREWORD
1 Thiede mdV1dta: sbamdacd Lo mecame:n P R RS S S £ L
e HIIS Miiiidry Standara 1S approved ana mandatory ftor use by all
Departments and Agencies of the Department of Defense (DoD) in accordance
with DoD Directive 4640.11, dated 21 December 1987.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in 1mprov1ng this document should be

addressed to: Lonmanaer, U.S. Army Information Systems Enqineerinq Command,
ATTN: ASQB-SET-T, Fort Huachuca, Arizona 85613-5300, by using the
self-addressed Standardization Document Improvment Proposal (DD Form 1426)

appearing at the end of this document, or by letter.

3. Originally, Military Standard 188 (MIL-STD-188) covered technical
standards for tactical and long-haul communications, but later evolved
through revisions (MIL-STD-188A, MIL- STD 1888) into a document applicable to

tactical communications nn'lv Mh .STD-~

4. The Defense Communications Agency (DCA) published DCA Circulars (DCACs)
promulqating standards and engineering criteria applicable to the long-haul

Defense Lomnunications System (DCS) and ‘to the technica] support of the

Madsdnmal MSVTEdai: Mo ad Co.cd o

Natiomnial l'lllll.dr‘_y bonmanc b_ysr,em \N!'lb)).

5. As a result of a Joint Chiefs of Staff (JCS) action, standards for all
military communications are now being published in a MIL-STD-188 series of
documents. The MIL-STD-188 series is now subdivided into a MIL-STD-188-100
series cover1ng common standards for tactical and long-haul communications, a
MIL-STD-188-200 series cover1ng standards for tactical communications only,

and a MIL-STD-188-300 series covering standards for long-haul communications
only. Emphasis is hn1_nn nlaced on developina common standards for tactical

e M Ve W 'Y wwwsIwe @ WHRIIWU U Y VI YW Vivu

and long-haul communications published in the MIL-STD-188-100 series.

6. This document contains standardized methods of measurement for selected
communications systems performance parameter requirements that are specified

in the MIL-STD-188 series of documents for both lohg-haul and tactical
communications systems. These methods are precented in terms of system
standards and design objectives (DOs). The terms “system standards" and

e 8

“design objective {D0)" are defined in FED-STD-1037.  In this document, the
word “shall" identifies mandatory system standards. The word "should"
identifies DOs which are desirabie, but not mandatory.

i1
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1, SCOPE

Scope. This standard establishes methods of measurement for selected
electr cal parameter requirements that are specified in the military standard
(MIL-STD) 188 series of documents.

The methods of measurement in this document shall be the weans of ensuring
uniform measurement results in all cases where the performance of long-haul

and tactical communications systems and subsystems is verified by these
methods of measurement.

These methods represent existing techniques selected on the basis of such
factors as accuracy and current military and commercial practices and
procedures. Emphasis is on the basic principle of measurement to avoid
implied restrictions on technological advances and to avoid revisions of the

standard &s new generations of measuring equipment are developed.

1.2 Applicability. This document shall be applied whenever performance
measurements, described by methods in this document, are required on
long-haul and tactical communications systems and subsystems. These methods
of measurement shall be used to determine compliance with stated parameter
values contained in approved and published documents of the MIL-STD-188
series. The methods are intended to be applied, regardless of the type or
technology of the measuring equipment used, or the description of the unit
under test (UUT).

Each method is presented as a basic principle of measurement, rather than a
detailed procedure, for a particular parameter or set of parameters in the
existing MIL-STD-188 series documents. Emphasis is on methods that apply to

measures of system performance, unless specified otherwise. Operations
gnrcnnnal who use dotailed fncfing prnrndm»nc and anrifir test nnlinmpnf are

referred to the appendix for Defense Communications Agency circulars (DCACs),
handbooks, or other documents that provide such procedures and test equipment
requirements. Detailed procedures and test equipment requirements are also
sometimes agency-provided, contractor-provided, or provided in test equipment
manuais. The basic measurement methodoiogies given in this standard
generally reflect the currently applied testing procedures found in those
circulars, standards, and other documents referenced in the appendix.

1/2
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2. REFERENCED DOCUMENTS

2.1.1 Standards and handbooks. The following standard and handbook form a
part of this document to the extent specified herein. Unless otherwise

speci fied, the issues of these documents are those listed in the issue of the
Department of Defense Index of Specifications and Standards {DcDISS) and

supplement thereto, cited in the solicitation (see 6.2).
STANDARD
FEDERAL

FED-STD-1037 Glossary of Telecamunication Terms
HANDBOOK
MILITARY

MIL-HDBK-419 Groundi ng, Bonding, and Shielding
for Electronic Equipments and

Caaldl12 4l aa R VP WO |
rdLllltlEb v wviune l)

(Unless otherwise indicated, copies of Federal and military standards and
handbooks are available from the Standardization Documents Order Desk, Bldg.
4, 700 Robbins Avenue, Philadelphia, PA 19111-5094.)

2.1.2 Other Government documents. The followi ng other Govermment dbcunent
forms a part of this document to the extent specified herein. Unless
otherwise speci fied, the issue is that cited in the solicitation.

DEFENSE COMMUNICATIONS AGENCY (DCA)

DCA CIRCULAR (DCAC)

DCAC 310-70-1, DCS Technical Comtrol, Volume Il
Supplement 1 Procedures, Test Descriptions

(Application for copies should be addressed to Director, DCA, ATTN: Code
316, Washington, DC 20305-2000. Requests for copies may be on DCA Form
117: Publication or Blank Form Request (for Government agencies only), or by

Iy

letter with appropriate justification.)

2.2 Non-Govermment publications. The following documents form a part of
this document to the extent speci fied herein. Unless otherwise specified,
the issues of the documents which are DoD-adopted shall be those listed in
the 1ssue of the DoDISS specified in the solicitation. Unless otherwise
speci fied, the issues of documents not listed in the DoDISS are the issues of
the documents cited in the solicitation (see 6.2).
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o

for
the Transmission Characteristics

(Application for copies should be addressed to the IEEE Service Center,

Publication Sales Department, 445 Hoes Lane, Piscataway, NJ 08854, U.S.A.)

THE INTERNATIONAL TELEGRAPH AND TELEPHONE CONSULTATIVE COMMITTEE
{CCITT)
CCITT Recommendation G.821 Error Performance of an
(CCITT Red Book, International Digital Connection

Yolume III, Fascicle I11.3) Forming Part of an Integrated
Services Digital Network

RVl madd noa Lo mmem e sbaiald bha addcccacd b &hlee 1] © Noacmoesmdmand ol
tAPpPIHILaLiIOn 701 COPIES SHUUIU DE aUuresd>tuU LU vk V.9. Utparuncriv vi
Commerce, National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161.)

(Non-Govermment standards and other publications are normally available from
the organizations that prepare or distribute the documents. These documents
aiso may be avaiiabie in or through iibraries or other informational

ancmrsd m e

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document
takes precedence. Nothing in this document, however, supersedes applicable

laws and regulations unless a specific exemption has been obtained.

>
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3. DEFINITIONS

3.1 Terms. Definitions of terms used in this document are as specified in
FED-STD-TU37. For the purposes of this standard, definitions are provided

for the following terms that are not found in FED-STD-1037.

Impairment. Any characteristic or degradation in the transmission path which
may reduce the performance or quality of the communications system or
subsystem of which the path is a part.

Intrinsic jitter. Digital or time jitter occurring at the output in the

Ve &

absence af‘{nput jitter.

Jitter transfer characteristic. The ratio of the magnitude (time, amplitude,
frequency, or phase) of output jitter to the magnitude of input jitter for a

i e - o ds

given jitter frequency and a given bit rate.

Transmission impairment measuring set (TIMS). In a general sense, an item or
package of instrumentation used %o measure impairments in a transmission
path, the measure of which involves detection and display of impairment
parameters in appropriate terms,

NOTE: For the purposes of this standard, "TIMS* 1is a
broad term used to denote the measuring set needed for
any given method of measurement. It is not to be
construed as vendor-specific or as feature-laden with
comprehensive measurement capabilities. A TIMS can be
portable or stationary (such as a fixed setup for
inservice testing), and only represents the minimum
testing unit or units necessary to apply any given
method of measurement. For example, the TIMS used in
the intermodulation distortion (IMD) measurement setup

(sge 5.13) represents, as a minimum, an IMD measuring
set.

Unit under test (UUT). The specimen subjected to performance analysis which,
‘depending on the measurement task, could be a system, subsystem, or equipment
item. Examples of units under test are 1ink, channel, circuit, transmitter,
receiver, modulator-demodulator (modem), and multiplexer.
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3.2 Abbreviations and acromyms. Abbreviations and acronyms used in this

document are defined below. Those that are also found in FED-STD-1037 ha

been included for the convenience of the reader.

ac alternating current

ANSI American National Standards Institute

AT&T American Teiephone and Teiegraph

BER bit error ratic

BLER block error ratio

CCITT The International Telegraph and Telephone
Consultative Committee

dB decibel(s)

aBm dB referred to one m1111watt

dBm0 noise power in dBm referred to or measured at OTLP

dBrn decibels above reference noise ,

dBrnC noise power in dBrn measured by a set hdth C-message
wei ghti ng

dc direct current

P.E‘.\,. ggfense Cgmunicat‘lons Agency

DCAC OCA circular

DoD Department of Defense

DoDISS DoD Index of Specifications and Standards

EDD envelope delay distortion

EFS error-free second(s)

EIA Electronic Industries Association

FDM frequency~-division multiplexing

FED-STD Federal standard

Hz hertz

TEEE Institute of Electrical and Electronics Engineers

IMD intermodulation distortion

k kilo

k Boltzmann's constant (1.380662 x 10-23 joules/kelvin)

K kelvin(s)

109 logarithm . .

MIL-HDBK military handbook

MIL-STD mi!ite.y standard

modem modulator-demodulator

REA Rural Electrification Administration

ms root-mean-square

SES severely errored second(s)

SRR signal-to-noise ratio

TIMS transmission impairment measuring set

uuT unit under test

VF voice frequency

Vs versus

vu volume unit(s)

1o characteristic impedance

=
=
>

mr2n) el e =\
Zero er")llll&blUH IEVEI pul lt o)

(e}

Cch
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4, GENERAL REQUIREMENTS

4.1 Preliminary requirements. The requirements set forth in this section
shall"be observed when using the methods described in this standard.

4.1.1 General. Any necessary grounding of measuring equipment and the unit
under test [UUT) shall be made to a single grounding point to prevent around
return loops. The accuracy of all connections and switch positions shall be
verified before the UUT is connected to measuring equipment. A filtered
alternating current (ac) power source should be used for measuring equipment,
where possible. Calibration of measuring equipment shall be confirmed for
the interval required by the manufacturer's specifications or other
applicable documentation to ensure compliance with required tolerances and
measurement validation. Balanced or unbalanced interfaces must be taken into
account and the UUT, associated circuits, and measuring equipment (including
test cables) shall be carefully checked for proper impedance match and
internal cable loss each time a test connection is made.

4.1.2 Unit under test (UUT) configuration. To effect a meaningful
comparison of measurements, it 1s necessary to have a standardized method of
measurement and consistency 1n the configuration of the UUT. Therefore, all
measurement data should be accompanied by a configuration description of the
UUT to include:

a. Cabling diagram.

L T 3 A —d Ladiicss mmmLldacmeadlam rddb asrnmaldadod Adaniimamdadbdan

D. UUI anag TSy NAaraware ¢ontigurativr witit assviiaicu uvtuneiivacvivil,
nomenclatures, and model numbers including modifications, waivers, and
changes.

c. UUT software configuration and data base entries, where applicable.

d. UUT operating parameters (e.g., bit rate, in-service/out-of-service,
and remote loop back/end-to-end).

> v

specify that a parameter be measured at the “zero reference Tevel," or the
"zero transmission-level point (OTLP)." The OTLP is simply an arbitrary
point in a communications system chosen as the reference for all relative
transmission levels. - Other points in the circuit are referenced to the OTLP
in the following convention:

4,2 Relative test levels. The military standard (MIL-STD) 188 series may

XTLP - %evil at any point relative to the OTLP where X is in decibels
dB

dBm -~ db referred to one milliwatt

dBm0 - A measure of power in dBm referred to or measured at OTLP
(i.e., measured power in dBm minus XTLP)

This reference technique, coupled with a knowledge of circuit gains and
losses, allows for translation of measurement parameter values throughout a
circuit.
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Although the equi pment technology is not specified by this document,
technologically advanced measuring equipment can expedite performance

oW Sy Ty = & o

measurements in several ways. A singlec ﬁmpUter-uriv n instrument can

nar ‘ann lnn'lﬂrﬂa maaciimanante vl th hi ah nrasndied an and o888 asmmas Coam
Pl VW BILIHPIT WTADUT w‘:uy; Wi W Y piroet I oh ang evi TLEGRIRGY » U -

example, a single transmi ssion impairment measuring set (TIMS) can measure

the fonomng parameters to the accuracy requi red b a variety of standards:
crosstalk, net loss/gain variation, insertion loss vs frequency. envelope
deiay di storti on, intemmodulation distortion, peak-to-average ratio, phase
hits, gain h1 ts, dropouts 'lmpulse noise, notched noise, signal-to-noise -

atin ut‘a md madbismm 1a
lﬂbl V’ Gll'lll buuc J' le » P"c)c Jl bbc' » Gllu 'cw' " lU:)o

Where possible, these multf function measuring devices are preferred for
reasons of cost, convenience, repertoire of measurement functions, and
repeatability. Additionally, measuring apparatus that is computer-
controlied (internally or externally) generally provide a means for storing

P S Y B N ¥ Iy G, I S N T sy —_—a bl oaad oo ol AL .

di splayi ng measurement results and thus provide a time history of the

ramant naramata lﬁrnnnr:\rncenn=l\:end Yol 1drmant with amanhire
ey par ameer. S CTUPT OLTCS5UN=vascy qUI PITHIL Wi LI Y QP Lo

ility can eliminate errors in manual calculations and can df splay plots
of the data to simplify analysis. Where computer-based instrunentati onis
not available, devices can be selected that have an output calibrated

di rect1 y in the parameter units needed for the measurement results. In the

(=g

ralat+d Anne ne fam armnitdd na bha dasd mad massiimamand mamamadbam 1o &
lationshi PSS 7O CGRpUTI NG Tne Gesired measuranent paramecer Um s vram

emnpirically derived units are included as a nart of the measurement method
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NOTE: See the appendix for reference to documents
containing functional measuring equipment requirements
and characteristics pertaining to methods given in

aL .y _

this standard for the measurement of analog
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4.4 Accuracy and reproducibility. The accuracy and reproducibility of
measurements made 1n accordance with this standard, though based on preferred
metnous will aiso depend on the accuracy and other characteristics of the

measurlng equ1pment used, the consistency with which correct measurements are
rnndnr*nﬁ and tha § nharant etahili ¢ty Af +ha und$+ ndan +ac+ [IIT)
YUY ey BHIW PG LHINIGT SV 2RI T VW VI LHT W & WiIlu? LECIOL TUUIJe

4,5 Documentation of measurement data. Requirements for the formatting and
recording of measurement data are not specified by this standard. These
requirements will vary, being dictated by the 188 standard values specified
and the document (Defense Comunican ons Agency circular ('DCAC'), mﬂ'ltary
nanaoook MIL-HDBK), technical manuai, etc.) referred to for detailed
nraceodur
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Depending on the appiication of tne metl
standard, measurement data requirements

o The actual test sequence used

o Ambient test conditions recorded periodically during
the measurement period

o A plot of response curves

o Test point data

Generally, measurement data will always include identification of all
measuring equipment, accessories, and UUT configuration (e.g., 1ink number,
station, nomenclature, serial number, or model number). The record will also
provide for a date and should include a signature block for certification of

AL A _ _a

The availability of automatic data recording and reduction equipment may
preclude the requirement for testing forms included in the procedure for this

purpose, provided the end result is the same. Furthermore, some forms are
des%gned for a variety of situations and certain blocks or columns may not
apply.

8/10
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5. DETAILED REQUIREMENTS

5.1 Introduction. This section addresses communications system performance
characteristics that must be periodically measured to detemmine if applicable
performance requirements, as set forth in the military standard (MIL-STD) 188

series documents, are being met. These characteristics and associated

methods of measurement are given in the subsequent paragraphs, Parameter
measurement descriptions are arranged in alphabetical sequence and address
analog, digital, and other performante characteristics with an emphasis on

system performance parameters (see figure 1). °

1
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5.2 Bond resistance measurements.

£.2.1 Scope. The method described below shall be used to determine the
adequacy o¥ the electrical connection between metal-to-metal contact bonds,
based on the direct current (dc) resistance of the bond.

5.2.2 Measuring equipment.

Four-terminal low-resistance ohmmeter or dc resistance bridge
Braided or low-resistance wire leads with heavy-duty spring clips

5.2.3 Principles of measurement. Typically, the point-to-point dc
resistance of an electrical bond should be less than one milliohm and should
be measured with a four-terminal measuring set having a range extending from
about one-tenth of a milliohm to a sufficient upper limit. The measuring set
detects a fall of potentia1 across the bonﬂ that is compared to an internal

standard and converted to a direct ?fiduuu in ohms.

5.2.4 Method. Figure 2 shows the general test arrangement.

NOTE: Although test lead resistance in itself does not
affect the accuracy of the reading, the current leads
must be of adequate size to carry the maximum test
current.

After ensuring that the ohmmeter is properly calibrated, the clip-leads are
attached across the bonded junction as illustrated. If a bridge is used, it
must be zeroed, including the leads, and the clip-leads connected across the
bonded junction as shown. The bridge balance is then adjusted until a null

is obtained.

NOTE - v nlacinag +ha ciirra .
NOTE: By placing the current leads away from the

junction while placing the potential leads near the

junction, the effects of the probe contact resistance
are minimized. However, if the bond to be measured is

internal to a metallic grid such that other current
paths exist in parallel to the path through the bond
under test, the potential and current probes should be
near to the same point on each side of the bond to
minimize error.

The resistance indicated is recorded and compared to the resistance limit
specified for the bond under test.

NOTE: See the appendix for reference to detailed
procedures for the method described in this paragraph.

13
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FIGURE 2. Bond resistance measurement setup.
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5.3 Crosstalk (intelligible) measurements.

5.3.1 Scope. The method described beiow shali b
and far- ng intelligible crosstalk measurements.
which contain two or more parallel channels or cir

of analog or quasi-analog signals.

€d for making near-end
is applicable to units
ts for the transmission

€ r

5.3.2 Measuring equipment.

Transmi ssion impai rment measuring set (TIMS).
Selective level measuring set

5.3.3 Principles of measurement. Crosstalk is indicated when, in two
adjacent signal-carrying channels, signals from one channel may be detected
in the other. Near-end crosstalk is measured at the end of the disturbed
channel nearest to the source of the disturbing signal. Far-end crosstalk is
measured at the end of the disturbed channel remote fraom the source of the
disturbance. If the two channels are for opposite directions of
transmission, near-end crosstalk is important. Conversely, when the channels
are for the same direction of transmissfon, the far-end crosstalk must be

considered.

Crosstalk measurement results are normally expressed as the ratio of power
delivered by a source to the disturbing channel, to power received at the
point of measurement on the disturbed channel. However, in regard to
camplete transmission systems, it 1s generally more meaningful to take into
...........

points. This is achieved by expressi "f both of the measured levels in noise
power in decibels relative to one milliwatt and referred to or measured at
zero transmission level point(s) (OTLP) (that is, dBmO).

5.3.4 Method. Figure 3 shows the general test arrangements for near-end and
far-end crosstalk measurements. With-the TIMS adjusted to the specified
frequency and level and the selective level measuring set switched to its
narrowest bandpass position, the difference in dB between this level and the
disturbed channel meter reading is recorded (in terms of dBm or dBmO, as
required by the standard) and campared to the specification for the unit
under test (UUT). The TIMS can be disconnected fram the disturbing channel
and replaced with a termination to verify that the power level measured on
the disturbed channel is primarily crosstalk and not significantly impacted
by residual noise.

NOTE: The following formula can be used to campensate
for any effect that residual noise may have on the
crosstalk reading:

_a Y )

dB {corrected) = dB {uncorrected) - 10 Togjp {1 - 10-V.14j

where "X" = dB di fference between the uncorrected and
residual noise readings.

15
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TIMS UNIT UNDER
(GENERATOR) TEST
--- CHANNEL B --- TE%%‘:‘TE,;N
1
SELECTIVE
LEVEL
MEASURING
SET
a. Near-end crosstalk.
o CHannELA - ,;:‘.‘,.“ﬁ‘f.;n
TIMS UNIT UNDER
(GENERATOR) TEST
--- CHANNEL B ---
1
CHANNEL
TERMINATION SE;EEE\(;ETLV E
MEASURING
SET

b. Far-end crosstalk.

FIGURE 3. Crosstalk (intelligible) measurement setup.
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This method is repeated for other frequencies as required by the
specification applicable to the UUT.

NOTE: See the appendix for reference to corresponding

measuring techniques and equipment specifications for the
method described above.

1718
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5.4 Digital error measurements.

5.4.1 Scope. The method described below shall be used to examine a digital
data stream to determine if the transmitted logic state detected at the

receiver is the opposite state (i.e., a bit error). This method shall
provide data for error analysis to include error count, bit error ratio

(BER), block error ratio (BLER), errored seconds, error-free seconds (EFS),
percent of availability and unavailability, percent of errored seconds and

severely errored seconds (SES), and percent of degraded minutes.

5.4.2 Measuring equipment.

Error measuring set

NOTE: A set is defined as having a pattern generator
and an error detector, either integrated into one
enclosure, or split. If the set 1s integrated, two

eate ava raniiirad for tho and-tn-and cetiun.
PT VI &I T TeyquiIiivu 1w BIC GV WY wilw ww vwmp s

Recording device

5.4.3 Principles of measurement. Digital errors are detected as an error
count or an errored interval. BER is derived from the error count as the
ratio of bits received in error, to overall number of bits sent. BLER is
also derived from the error count as the ratio of blocks received in error,
to overall number of blocks sent. To have meaningful results, BER and BLER
measurements must be made in a specified averaging period of time.

NOTE: Typically, the required measurement time is
inversely proportional to the data rate. The
International Tele?raph and Telephone Consultative
Cammittan (CCTTTY caa CLITT Racommendation G,.821) has

VUHEINT LV T \wwa i v g I1OCE VWil NMULVIIRHLIIVA W I WIT Wewlas 5 ve
suggested averaging periods from 1 second to 10

minutes, BER thresholds from O to 10-3, and total
measurement times as long as 1 month, depending on the
type of digital service being evaluated. Cormon error
ratio practice requires the collection of at least 100
errors for a high confidence in the calculated result
of the BER analyzer or measuring set.

Errored intervals are usually expressed as errored seconds, with the errored
interval beginning at the occurrence of the error and not related to the
sampling period. Errored seconds, when measured during a specified period of
time, can be used to derive percent of errored seconds, percent of StS, and
percent of degraded minutes. EFS measurements are made in a specified
sampling Beriod, and BLER can be expressed as EFS with a block size of one

carnnd arrant Af availahilsi¢ 3 ekl
second, Percent of availability is another way to character{ze digital

rar
1V

performance and is derived from the number of one-second intervals in the
measurement period for which the BER exceeds a specified threshold.
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An error measuring set is needed that will characterize measurement results
in the terms of measurement specified by the standard that applies to the

S A _a lnll?\

unit under test tuul).

5.4.4 Method. Error analysis with test signals (a known data sequence) is

the metﬁ given for makinq digital error Zasurements.

Figure 4 shows the general test arrangement. As indicated by the broken
Tines on the figure, timing can oe suppl1ea internaily by the error measuring

eatr 1Ff nat av qs1nk1n nuonnnq ha INIT
QCTL 11 JIUL avaiilapic cALcriiat |J IVUIII Lll: VUl .

NOTE: Because of the difficulties sometimes associated
with synchronizing the measuring set receiver with
internally generated timing, external timing {1s

generally preferred.

AFdan calardcnn dha sntanfanna and Favenad Eam +ha ma AF madam Aw Adbham
ni Lo QT ICLV VI '3 LHE HnLeriaie ariu 1uriiiav 1ug Lne LJPC Vil INVUCH Ul VLT
channel terminating equipment used on the UUT, a known pattern of bits

(usually a pseudorandom pattern) is transmitted through the UUT. An

identical error-free pattern is generated internally by the error measuring
set at the receiving end and synchronized and compared with the received
Error count or errorea intervals are viewed d e tester

NOTE: See the appendix for reference to detailed
procedures for the method described above.
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DIGITAL DIGITAL
STREAM STREAM
ERROR - UNIT ERROR
MEASURING UNDER MEASURING
SET TEST SET
(PATTERN ] - (ERROR
GENERATOR) (NOTE 2) DETECTOR)
TIMING TIMING
I (NOTE 1) (NOTE 1)
i |
TIMING RECORDING
(NOTE 1) DEVICE
NOTES:

1. IF A CLOCK SIGNAL FOR SYNCHRONOUS OPERATION IS NOT PROVIDED BY THE
UUT, SYNCHRONIZATION IS ACHIEVED BY A CLOCK SIGNAL FROM THE PATTERN

GENERATOR, OR BY AN EXTERNAL CLOCK SIGNAL PROVIDED THROUGH THE
SENDING END OF THE ERROR MEASURING SET, )

N IIT N GmTuer Wl LR

2. THE UNIT UNDER TEST MAY BE EITHER ANALOG (TERMINATED BY DATA MODEMS)
OR DIGITAL.

FIGURE 4. Digital error measurement setup.

21/22



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

MIL-STD-188-190

5.5 Digital jitter measurements.

5.5.1 Scope. The method described below shall be used to measure the

intrinsic ﬁitter and jitter transfer characteristic of digital transmission
systems.

5.5.2 Measuring equipment.

Jitter generator/receiver (jitter measuring set)
Spectrum analyzer (optional)
Voltmeter (optional)

Recording device

5.5.3 Principles of measurement. Digital jitter is a parameter of key
importance to digital transmission systems. At higher bit rates, data pulses
become narrower with shorter time intervals between pulses. Due to an
accumulation of jitter along the digital path, pulse transitions occur
earlier or later than anticipated and thus can cause errors in translating
pulses at the recefving end. Time jitter measurements are accomplished with
a jitter measuring set that includes a time-interval counter for the
detection and countin? of zero-crossings of a reference timebase, gated or
controlled by external start and stop events.

5.5.4 Method. The preferred method for digital jitter measurements employs
a jitter generator/receiver (jitter measuring set) which can generate the
required input jitter amplitude and frequency and provide a direct readout of
jitter measurement parameters. An output port on the receiver portion of the
measuring set is normally provided to permit access to the demodulated jitter
where its root-mean-square (rms) amplitude can be measured on an external
voltmeter, or its spectral content measured on a spectrum analyzer.

terms of output jitter in the absence of input jitter. With no input jitter,
the intrinsic jitter output of the unit under test (UUT) is displayed in
peak-to-peak unit intervals. This value of jitter magnitude is recorded and
compared to the 1imit specified for the UUT.

Figure 5 shows the general test arrangement. Intrinsic jitter is measured in

NOTE: The jitter measuring set specified for this
method may not be readily available. An alternate
method using an oscilloscope is described in Defense
Communications Agency Circular (DCAC) 310-70-1, Yolume
II, Supplement 1. However, for ease of use and
accuracy, the jitter measuring set with generator and
receiver is preferred when available and applicable.

Jitter transfer characteristic is measured as the ratio of output jitter to
input jitter amplitude versus (vs) jitter frequency for a given bit rate.
Input jitter is specified by the applicable standard in terms of both
amplitude and frequency. For evaluation of the jitter transfer
characteristic, a data stream with jitter is applied by the generator to the
jnput of the UUT and the output jitter frequency and gain across the jitter

spectrum of interest is observed at the receiver.

23
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|
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1
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(SEE NOTE) (SEE NOTE)

NOTE:
THESE INSTRUMENTS CAN BE USED FOR MEASUREMENT OF rms

AMPLITUDE OR SPECTRAL CONTENT, RESPECTIVELY.
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The resulting jitter values are recorded and compared to the specifications
for the UUT.

NOTE: A plot of jitter gain vs jitter frequency is
normally constructed by a recording device to
facilitate comparison of test results with specified
values for the UUT,

25/26
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5.6 Dropout measurements.

5.6.1 Scope. The method described below shall be used for measurements on
communications systems subject to lar?e reductions in channel gain or
interruptions of continuity such as might result from deep radio fades.

5.6.2 Measuring equipment.

Transmission impairment measuring set (TIMS), 2 ea
Recording device (optional)

5.6.3 Principles of measurement. A dropout is counted when the level of the
holding tone decreases by at least 12 dB for a period of time longer than the
qualification interval. The dropout measuring set or TIMS measures the
received holding tone level at the start of the measuring interval and
establishes a dropout threshold 12 dB below this level. This threshold must
remain fixed during the remainder of the measuring period.

Parameters for dropout measurements include length of time that gain remains
below threshold, number of dropnouts in a given time interval, and time

distribution of dropouts.

5.6.4 Method. Figure 6 shows the general test arrangement. With the
sending TIMS transmitting a holding tone, dropouts are counted by the
receiving TIMS after its controis are set for the required threshoid and time
interval for cumulative dropouts, as specified for the unit under test

(UUT). The dropout count is recorded for the required time interval and

compared to the specification for the UUT.

NOTE: See the appendix for reference to detailed
procedures, corresponding techniques, and measuring
equipment specifications for the method described
above. ° .

27
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NOTE:

A RECORDING DEVICE CAN BE USED AS S8HOWN TO
CHARACTERIZE PERFORMANCE RESULTS.

FIGURE 6. Dropout measurement setup.
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5.7 Envelope delay distortion measurements.

r 7 1 -~ T m —ndblod demmntbhad haVlTai: oahall ha toad £am mabdmnm anuwvalana
9./.1 JCUpE. INE RMELINIVU UEeSLTIDEU UTIUW Shiall vT uscu s RNy Thiveiupe
delay distortion (EDD) measurements on a communications system as an

assessment of the linearity of the phase vs frequency response of a voice
channel.

5.7.2 Measuring equipment.

Transmission impairment measuring set (TIMS), 2 ea
Recording device

5.7.3 Principles of measurement. The absolute delay, or transit time, for
signals transmitted through a communications channel may vary with a change
in frequency. This variation is equivalent to nonlinear phase shifting,
which is defined as phase or delay distortion. Because it is impractical to
measure the absoiute phase shift or deiay of each frequency throughn the
channel, the method must be a relative measurement involving the transmission
of a swept carrier that is amplitude modulated with a low-frequency signal
(usually 83-1/3 hertz (Hz)). Delay to the carrier and its modulation
sidebands also delays the modulation envelope. EDD, then, is the maximum
deviation in envelope delay across the specified band of frequencies.

EDD has virtually no adverse effect on voice transmission. However, in data
transmission, the distortion gives rise to intersymbol interference which

causes errors and increased sensitivity to system noise and bandwidth

limitations.

5.7.4 Method. There are two basic methods of measuring EDD: (1) the
reference method (forward or return) which requires an additional circuit,
and (2)~the CC}ITLTethod which does not use a forward- or return-reference
iine. The avaiiabie measuring sets differ for these two methods and are not
compatible. The reference method has been selected for this standard based
on the availability of reference-type measuring instruments.

Figure 7 shows the general test arrangements for return- and forward-
reference configurations. The figure 7.a. configuration will allow direct
observation of results while adjusting a system preequalizer. Conversely,
the figure 7.b. configuration will accomplish the same for a postequalizer.
If no adjustments are required or {f the input and output ports of the unit

under test {UUT) are colocated, efther configuration can be used,

With the frequency and envelope delay limits established and the recording
device calibrated over the appropriate range, the values from the envelope

delay measurements are recorded and compared to the specification for the
uuT.

NOTE: See the appendix for reference to detailed

procedures, corresponding techniques, and measuring
eaquipment specifications for the method described

above,

29
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5.8 Frequency measurements.

5.8.1 Scope. The method described below shall be used to measure the
ability of an independent frequency source to maintain a fixed and assigned
frequency.

5.8.2 Measuring equipment.

Frequency counter
Frequency and time standard (as required)

Daramddina davira
RECOrGINng Gevilc

5.8.3 Principles of measurement. A frequency counter which counts the
number ©F Cycles of a signal under test over a precisely known time interval

is the basic tool for frequency measurements. In general, the frequency
counter must offer an accuracy of at least an order of magnitude greater than
that of the unit under test (UUT). To achieve this, a primary or secondary
standard must sometimes be employed to serve as the time base for the
frequency counter.

Primary standards are cesium atomic beam resonator controlled oscillators,
while secondary standards are rubidium gas cell controlled oscillators and
quartz crystal oscillators.

| A b
J.0.% T LIIVU.

NOTE: Frequency counters are not generally balanced to
ground. The counter used may be sensitive to
extraneous noise picked up on the test leads or from
longitudinal currents introduced by the UUT.

After specified warmup and ambient conditions are met for the UUT, the
frequency count is monitored and recorded as a periodic measurement for
accuracy, or recorded over a requisite time interval for stability. The

maximum recorded excursions from the assigned frequency for the UUT are
compared to the specified tolerance for the UUT.

NOTE 1: Stability can be calculated, if no

Sebhad aibamatdantly by 1
ished automatically, by using the
:

-l P

-H

(Fmax - Fmin)

S(%) = - 100
Fe
where S = stability;
Fmax = highest measured excursion of the carrier;
F_._ = lThnuwunec+ maoaeciirad avruvreinn nf tha rarriar:e
'm]n lU"?ah lIICﬂ)ul?U CAVUI JTVIF Wi Vil Wi T Wiy
and F¢ = assigned carrier frequency.
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RECORDING FREQUENCY unoeR
DEVICE COUNTER TEST

(SEE NOTE)

NOTE:

THIS INSTRUMENTATION IS ONLY NECESSARY FOR THOSE MEASUREMENTS REQUIRING
A HIGH DEGREE OF ACCURACY NOT OBTAINABLE FROM THE OSCILLATOR INTERNAL
TO THE FREQUENCY COUNTER.

FIGURE 8. Frequency measurement setup.
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5.9 Frequency translation error measurements.

5.9.1 Scope. The method described below shall be used to detect any change
in the Trequency of an audio signal as it is transmitted through a voice
frequency (VF) channel in one direction. Frequency translation error
measurements primarily apply to systems using frequency translation
techniques such as those incorporated in frequency-division multiplexing
(FDM) equipment.

5.9.2 Measuring equipment.

Signal generator
Frequency counter, 2 ea

5.9.3 Principles of measurement. Nonsynchronous FDM systems will cause
deviations in the frequencies of audio signals when the transmit and receive
carrier frequencies are not identical. These undesired changes are sometimes
referred to as frequency displacement or frequency offset errors.

5.9.4 Method. Figure 9 shows the general test arrangement. A test tone is
transmitted and any change in its frequency is determined by the difference
in the readouts of the two frequency counters. This difference is compared
to the specification for the unit under test (UUT).

NOTE: See the appendix for reference to detailed
procedures for the method described above.
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5.10 Harmonic distortion measurements.

5.10.1 Scope. The method described below shall be used for making single
harmonic distortion measurements on analog transmission systems. The method
permits the measurement of harmonic distortion of specified signals sent over
a transmission system, physical circuit, or any individual part of the analog
system (e.g., audio amplifier). Harmonic distortion measurements by this
method are necessarily limited to those circuits or units which have

harmonics falling within the bandpass of the unit under test (UUT).

dmala
¥t sl

5.10.2 Measuring equipment.

Signal generator

Level measuring set

Selective level measuring set or spectrum analyzer
5.10.3 Principies of measurement. Harmonic distortion is caused by
nonlinear transfer characteristics of a circuit or device. Therefore, it is
a nonlinear distortion resulting from the generation of new signal components
not present in the original transmitted signal. This distortion appears as
harmonics of a single-frequency input signal and thus is referred to as
harmonic distortion. In VF circuits, it is the in-band second and third
harmonics that are of primary concern.

5.10.4 Method. Two generic methods for measuring harmonic distortion are
1w uead:

£ AIMA N
VRV I gy WMol

a. Single harmonic distortion using a frequency selective level meter or
spectrum analyzer.

b. Total harmonic distortion using a nulling-type distortion analyzer.

Since method b. does not differentiate between harmonics and noise and does

not provide individual levels of the harmonics, method a. shall serve as the
generic standard.

Figure 10 shows the general test arrangement. A single, harmonic-free test
tone is required at the input of the UUT and the levels of the harmonic

components are measured at the output. Assuming the proper setting of

freguencies and levels, in-band harmonic levels are measured relative to the
fundamental and recorded as a percentage or number of dB below the

fundamental. These values are compared to the specification for the UUT.
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FIGURE 10.

Harmonic distortion measurement setup.
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NOTE 1: Harmomc distortion (D) can be converted from
number of dB below the fundamental to percent
distortion by the following formula:

100

D(3) =
ANTILOG}o 0.050(dB)

Conversely, D(dB) = -20 logyp 0.01D(%)
-t

>

" \'-‘tl lll PCILC"L

0Te 2: ortio
a owing formula:

Jotal ha
can be derive d from the fol
Dt(% total) = (a2 + b2 + ,.,)0.5

where a, b, ... are the distortion percentages of the
individual harmonics.

NOTE 3: See the appendix for reference to detailed
procedures for the method described above.
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5.11 Impulse noise measurements.

5.11.1 Scope. The method described below shall be used for measurements on

gomm%nicat1ons systems subject to short duration noise spikes and energy
ursts.

1Y A Mo e ciiafm amied mmamen
[

| o [ V] 2 < &
Q.1l.2 MEasuring equipment.

Transmission impairment measuring set (TIMS) (2 ea for tests
requiring a holding tone)
Recording device (optionai)

5.11.3 Principles of measurement. Impulse noise consists of deviations of
the receiVéﬂ'ﬁ%ﬁ?ﬁ‘§75ﬁ31'ﬁﬁTEﬁ‘Ere much greater in amplitude than the normal
rms noise level and occur as short duration spikes or energy bursts. Noise
impulse occurrences are generally a function of system activity and
measurements should normally be made during periods of peak system activity.
To be counted as an impulse, the impulse noise should exceed the rms noise
level by a predetermined limit. A counter in the measuring set records the
number of noise spikes exceeding this threshold.

Measurement parameters for impulse noise include the number of pulses above
threshold in a given time interval, time distribution of noise spikes, and
distribution of impulse magnitude in decibels.

NOTE: Low, mid-, or high ranges for magnitude
threshold allow for derivation of a profile of the
impulse amplitude distribution to facilitate analysis.
Such a profile, for example, can aid in determining

cenurcac nf imnulca nnice
UGS S e T -y llllr\ll0~ TPW 3 e

5.11.4 Method. Figure 11 shows the general test arrangement. The input of
?ge unit under test (UUT) is terminated in its characteristic impedance
o).

NOTE: Some channel tests require activation of all
other channels or adjacent channels.

Impulse noise spikes are counted by the TIMS after its controls are set for
the required impedance (terminating mode), weighting, threshold, and time
interval for cumulative impulse noise spikes, as specified for the UUT.

NOTE: A notching capability on the TIMS receiver is
rantii rad far thneca +acte +hat {nualTua a2 haldina +Ana
LR e "W wIIVOG eI o itk b Tyl ve @ llvl\lllls wWIIC e

The impulse noise count is recorded for the required time interval and
compared to the specification for the UUT.

NOTE: See the appendix for reference to detailed
procedures, corresponding techniques, and measuring
equipment specifications for the method described
above.
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Impulse noise measurement setup.

FIGURE 11.
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5.12 Insertion loss vs freguency measurements.

e method described beiow shail be used for measuring
a function of frequency. It is applicable to units which

Tnan nrn niaci_analnn cinnale
vy wi YUuuor w

5.12.1 Scope. Th
insertion loss as

A & & <* .
are used for the transmission of nalog signals,

Signal generator
Level measuring set
Recording device (optional)

5.12.3 Principles of measurement. Insertion loss as a function of frequency
(also re¥erred To as attenuation distortion, freauency response, or amplitude

vs frequency distortion) is the difference in loss at the reference frequency
and the loss at the measuring frequency.

5.12.4 Method. Insertion loss is typically measured by applying a constant
amplitude, swept-frequency test tone to one end of a circuit and measuring
the variations in received level as a function of frequency at the other end.

Figure 12 shows the general test arrangement. While maintaining the
appropriate signal generator output level, the frequency is swept over the
specified band. The received level is then measured and recorded at enough
frequencies to verify that the response is within the 1imits specified for
the unit under test (UUIl).

NOTE: See the appendix for reference to detailed
procedures, corresponding techniques, and measuring
equipment specifications for the method described
above.
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LEVEL

NOTE:
A RECORDING DEVICE CAN BE USED A8 SHOWN TO
CHARACTERIZE PERFORMANCE RESULTS.

MEASURING

okt

(SEE NOTE)

FIGURE 12. Insertion loss vs frequency measurement setup.
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5.13 Intermodulation distortion measurements.

nonlinear Hﬁsiortion measurements. It is applicable to units which are used
for the transmission of a multiple-frequency signal.

5.13.1 Scope. The method described below shall be used for making multitone

5.13.2 Measuring equipment.

Transmission impairment measuring set (TIMS) with four-tone
capability, 2 ea

5.13.3 Principles of measurement. Like harmonic distortion (see 5.10.3),
intermoduTation distortion (IMD) is a nonlinear form of distortion. However,
with a multiple-frequency input instead of a single-frequency input, IMD
products result from an intermixing of the individual tones and their
harmonics. A technique using a multitone input more accurately simulates a

working data signal for the testing of data circuits, allowing for a more
representative assessment of IMD.

Sw BSSw o e

5.13.4 Method. The measurement method (and associated measuring equipment)
conforming to Institute of Electrical and Electronic Engineers (IEEE)
Standard 743-1984 has been adopted for this standard. Four-tone IMD is
measured by applying four equai-level tones at the input of the unit under
test iUUT) and measuring second-order and third-order components at the
output.

Figure 13 shows the general test arrangement. Following the specified levels
for the four tones, the second- and third-order intermodulation components
are measured and recorded as required by the applicable standard. Disabling
the two lower frequency tones and increasing the other two by 3 dB will
reestablish the composite level and provide a measurement of noise components
that impact the accuracy of these distortion readings. The IMD values can

it » llllr“b‘ Wil WUwwuM? U - -

then be corrected by using the following equation:
dB (corrected) = dB (uncorrected) - 10 logig (1-10-0.1X)

where “X* = dB difference between uncorrected reading and noise reading.

The corrected values are recorded and compared to the specification for the
UUT Ld

NOTE: See the appendix for reference to detailed

procedures, corresponding techniques, and measuring
equipment specifications for the method described
above,
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5.14 Longitudinal balance measurements.

5.14.1 Scope. The method described below shall be used for making

measurements on communications systems to determine their susceptibility to
interference from external sources. These measurements are applicable to

one~ and two-port units which use balanced-port circuitry.

5.14.2 Measuring equipment.

Longitudinal balance measuring set (2 ea for two-port setup)

5.14.3 Principles of measurement. Most noise on physical circuits is due to

longitudinal unbalance. The longitudinal balance test determines {if the
longitudinal unbalances present are within the specified 1imit in the

physical circuit.

! 1g 2 unit for balance involves the application of a longitudinal voltage
(V1) as a source, and measurement and monitoring of the resulting metallic
voltage (Vm) at the terminating end. The degree of longitudinal balance in

decibels is derived from the following equation:
Baiance (in dB) = 20 log (Vi/Vp)

where Vi is the voltage applied to the driving test circuit for

longitudinal balance measurements; and Vp is the voltage across the two

sides of a circuit resulting from an impedance imbalance in the circuit being
tested for electrical symmetry.

5.14.4 Method. Several different test circuits for measuring longitudinal
balance were developed by AT&T, CCITT, EIA, REA, and others. The test

results differed, depending on which circuit was utilized. To reconcile
these differences, 1EEE Standard 455-1985 was developed and, subsequently,

wow -7F TweRdy SSSS P ERIILNRT T a2 Ut

measuring equipment conforming to this standard has become avaliable.

Test methods (and associated measuring equipment) conforming to IEEE Standard
455-1985 have been adopted for this standard and are summarized in the
following paragraphs.

Figure 14 shows the general test arrangements with configurations a and b.
The figure 14.a. configuration applies to one-port units, and the figure
14.b. configuration to two-port units. With the measuring set calibrated for
the specified test frequency or frequencies, the balance of the unit under
test (UUT) is measured and recorded.

NOTE: The appropriate value of bias current should be
ensured for those UUTs that require a dc bias to

operate.

47
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FIGURE 14, Longitudinal balance measurement setup.
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For two-port units, the balance readings are measured and recorded for the
UUT in one direction (input of UUT connected to the driving test circuit),
and then repeated for the reverse direction (output of UUT connected to the
driving test circuit). The resuiting vaiues are compared with the
specification for the UUT.

NOTE 1: For two-port units, series and shunt
unbalances are compared by means of a switching feature
on the measuring set to determine which is dominant in
the UUT.

NOTE 2: Measurement of longitudinal balance using the
equipment specified for this method can produce
misleading results when testing UUTs, such as telephone
loops, which are susceptible to induced discrete
signals. In such cases, a longitudinal balance test
set with a highly selective tuning capability would
have to be used to select only the frequency of the
test signal. This type of test set is under
development and is not yet available. As an alternate
method of measurement (described in ANSI/IEEE Standard
820-1984), C-message weighted metallic noise and
noise-to-ground are measured using a noise test set.
The longitudinal balance in dB is defined as:

Balance = Ng - Ny

noise-to-ground (noise power in dB above
reference noise measured by a set with
C-message weighting (dBrnC));

and Ny = metallic noise (dBrnC).

where Ng

NOTE 3: See the appendix for reference to detailed
procedures and corresponding measuring equipment
specifications for the methods described above.
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5.15 Net loss/gain variation measurements.

5.15.1 Scope. The method described beiow shaii be used to measure net
loss/gain variations with respect to time. It is applicable to units which
are used for the transmission of analog or quasi-analog signals through a VF

channel.

5.15.2 Measuring equipment.

Transmission impairment measuring set (TIMS)
Level measuring set with recorder output

AAAAAA

5.15.3 Principles of measurement. The net lass or gain of a communication
channe) must be determined so that correct operating power levels can be
established and maintained. The test signal power level is required to be
within the normal operating range of the unit under test (UUT). A net loss
is indicated when the input level minus the output level results in a
positive value. A gain is indicated when the caicuiation resuits in a
negative value. The net loss or gain of the channel should remain constant

PR — s b o £ a A <
over time with a fixed-level test signs! applied at the sending end of the

uuT.

5.15.4 Method. Variations of net loss (insertion loss) or gain with respect
to time are measured by inserting a fixed-level tone at one end of a circuit
or unit and recording the received level at the other end for a prescribed
time period.

Figure 15 shows the general test arrangement. The recorder is calibrated and
adijusted to accommodate the received test tone level, variation limits, and
rate of level variations. Received signal level variations are recorded for
the prescribed time period and compared with the variation limits specified

for the UUT. '

NOTE: See the appendix for reference to detaiied
procedures for the method described above.
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FIGURE 15. Net loss/gain variation measurement setup.
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5.16 Noise figure measurements.

5.16.1 Scope. The method described below shall be used to determine how
well a unit under test (UUT) can process weak signals. This noise figure
measurement method is universal as it applies to components, equipment, or
systems.

5.16.2 Measuring equipment.

Broadband noise source
Noise figure meter

Filter (as required)

5.16.3 Principles of measurement. The noise figure is the ratio of the
output noise power of a device to the portion attributable to thermal noise
in the input termination at standard noise temperature (usually 290 kelvins
(290 K)). This ratio then s the actual output noise to that which would

remain if the device itself was made noiseless. Mathematically, this
definition may be expressed as

No St /M4
NF = =
kTQBG ngg
where Ng = measured noise output power;
k = Boltzmann's constant, 1.380662 x 10-23 joules/X;
To = absolute temperature in K;
B = bandwidth in hertz;
G = system gain as a power ratio;
S{/Ny =

input si gna'l -to-noise ratio;

and So/Ng = output signal-to-noise ratio.

5.16.4 Method. The numerous approaches to measuring noise figure all rely
on some Torm of measuring the parameters in 5.16.3 and include the following
manual techniques:

a. Measurements using a signal generator and a power meter.

b. Measurements using a broadband signal generator as a noise source and a
power meter.

asurements us

applyi n; either:

dna a aw
"'s @il OA

(1) The twice-power method;

or (2) The Y-factor method.
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figure meters which employ microprocessors that automatically compute and
display the noise figure of the UUT are preferred where such instruments are
available. The automatic system using an excess noise source is therefore
the preferred approach to noise figure measurements and is the method given.
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FIGURE 16. Noise figure measurement setup.

55/56



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

MIL-STD-188-190

5.17 Noise/signal-to-noise ratio measurements.

5.17.1 Scoge. The method described below shall be used for making
idle-channe! or notched-noise measurements. It is applicable to units which
are used for the transmission of analog or quasi-analog signals.

5.17.2 Measuring equipment.

Noise measuring set {with C-message, 3-kHz fiat, and switchabie
notch filters

Test oscillator (holding-tone generator)
5.17.3 Principles of measurement. Noise measured on a unit that is
correctly terminated but not carrying any signals is called idle-channel or
background noise. Idle-channel noise measurements on compandored units, or
on units which digitize anaiog signais, do not give a true indication of
noise levels. In these cases, a holding tone is inserted at the send
terminal and a notching filter is employed at the receive terminal to remove
this tone ?rior to making the noise measurement. The holding tone activates
the channel so that harmonic distortion, quantizing noise, phase jitter, and
amplitude jitter become part of the noise measurement. This type of
measurement is called notched-noise. Signal-to-noise (SNR) ratio is a
comparison of the received power of the holding tone to the noise power.

To correiate the interfering effect of idie-channel or notched noise io
users, weighting networks are sometimes employed. The most commonly used
network is the C-message, which is primarily applicable to voice
transmission. It may be used for data applications that are band-limited to
about 600 - 3,000 Hz. A 3-kHz flat filter network should be used for data
transmissions which require a wider frequency response. Such a network would
also allow for detection of low-frequency components (e.g., a 60-Hz signal

ce

i

and its harmonics) that may be impairing transmission performance.

5.17.4 Method. The measurement method {and associated measuring eguipment)
conforming to IEEE Standard 743-1984 has been adopted for this tandard.
Figure 17 shows the general test arrangements with configurations a and b.

The figure 17.a. configuration is applicable to idle-channel noise
measurements, and the figure 17.b. configuration to noise measurements
requiring a holding tone.

{UUT) teminated in its
nominal impedance. With the noise measuring set switched to the applicable
weighting network, the measurement is made and the noise values are recorded

and compared to the specification for the UUT.

NOTE: See the appendix for reference to detailed
procedures, corresponding techniques, and measuring
equipment specifications for the method described
above.
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5.18 Phase hit measurements.

£ 12 1 Crnna Th
e I1WVe | PeVPYC 3

comnunications systems su
transmitted signal.

elow chall be used for measurements on

- . - m T wmTIT s v ~ s

rupt changes in the phase of the

C:l?‘

5.18.2 Measuring equipment.

Transmission impairment measuring set (TIMS), 2 ea
Recording device (optional)

5.18.3 Principles of measurement. Phase hits are characterized by random

we vwe w . L il =25

signal {umps o a new ghase and a return to the original phase after a brief
period {measured in mi 1iseconds) To be classified as a phase hit, the
phase change should last from four milliseconds to a duration period of
several hundred milliseconds before the original phase is restored. -

Measurement parameters of phase hits include distribution of hit magnitudes

in degrees, the number of hits over a given time period and the tige
distribution of hits.

Measurement of phase hits can be somewhat masked by the presence of impulse
noise on the transmission system. The significant effects of impulse noise
transients, however, have been found to disappear within four milliseconds.
Therefore, separate time l1imits can be imposed on phase hit measurements to

guard against noise interference (some test sets have provision to inhibit
erronegus counts from impulse noise interference, thereby eliminating the

WV UMY WEWIIWE I W g et w e ttw T W srtwews o= wrow = ST TN

need for such precautionary measures).

5.18.4 Method. Figure 18 shows the general test arrangement. Phase hits
are counted by the TIMS after its controls are set for the required threshold

(the to]erance for the unit under test (UUT) in degrees) and time interval
fnr rumn]af{un ?h:ea hifc as epnrif‘and <Fnr- fhn 11 ThA nhacn hif count ‘Ic

rgcoaﬂ$d for the required time interval and conpared to the specification for
the

NOTE: See the appendix for reference to detailed
procedures, corresponding tecnniques, and measuring
equipment specifications for the method described
above. :
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FIGURE 18. Phase hit measurement setup.
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5.19 Phase jitter measurements.

5.19.1 Sco The method described below shall be used to measure unwanted
angular mo ation of a transmitted signal.

5.19.2 Measuring equipment.

Transmission impairment measuring set (TIMS), 2 ea
Recording device (optional)

5.19.3 Principles of measurement. Phase jitter results from an incidental
phase modulation process that produces unwanted variations in the zero

crossings of the received signal as well as discrete sidebands. Both of
these effects can be used as a basis for the measurement of phase jitter.

The incidental phase modulation of the transmitted signal is caused by
powerline frequencies or multiples thereof, signaling frequencies or their
combinations, or low-frequency (5 to 20 Hz) components due to frequency
translation factors. Since noise and tone interference also perturb the zero
crossings of a signal phase j1tter measurements will indicate the cumulative
disturbing effect of incidental {true) phase modulation and additive tones or
noise on the zero crossings of a holding-tone signal. Since the frequency
band most 1ikely affected by phase jitter is also sensitive to noise and tone
interference, a phase jitter measurement should include a technique to limit

the contribution of these sources.

5.19.4 Method. Figure 19 shows the general test arrangement. The standard
method shall be the zero-crossing method, implemented in the measuring set by

band 1imfting, detection of zero crossings, and display of peak-to-peak
deaviationsg in dnnrnpc

e v - s

NOTE 1: Band limiting the measurements in a range from
4 Hz to 300 Hz (usually 4 Hz to 20 Hz for low-frequency
jitter and 20 Hz to 300 Hz for other sources) minimizes
the infiuence of additive noise and tone interference
without compromising measurement sensitivity to the

incidental phase modulation components.

NOTE 2: A C-notched noise measurement (see 5.17,
“Noise/signal-to-noise ratio measurements") can also be
made in conjunction with this measurement to determine
the extent of the additive noise component.

NOTE 3: Because quantizing noise can also impact the
phase jitter reading, a test signal frequency and
filtering should be used that will suppress the effect

on the measurement.
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Following the isolation of the phase Jitter from other contributions, the
jitter vaiue in degrees is recorded and compared to tiie specification for tie

unit under test (UUT).

NOTE: See the appendix for detailed procedures,
corresponding techniques, and measuring equipment
specifications for the method described above.
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5.20 Resistance-to-earth measurements.

5.20.1 Scope. The method described below shall be used to measure the
resistance to earth of earth electrode subsystems.

5.20.2 Measuring equipment.

Earth resistance measuring set

- LA R )

§.20.3 Principles of measurement. Resfistance to current through an earth
electrode 36fﬁ§1Ti'ﬁEE'EEVEFET'EEhponents: resistance of the electrode itself
and connections to it; contact resistance between the electrode and the soil
adjacent to it; and resistance of the surrounding earth. The object or
device used for the electrode usually has a cross-sectional area large enough
that the electrode contributes a negligible resistance to the path current.
Likewise, contact resistance is usually a small part of the total resistance
of the subsystem. The greatest resistance is therefore contributed by the
resistance of the surrounding earth.

Assuming a uniform resistivity for the surrounding earth, the resistance to
earth of an earth electrode subsystem can be theoretically calculated.
However, since earth resistivity is neither uniform nor constant and the
formulas become complicated, a direct method of measuring resistance to earth
of earth electrode subsystems is given in 5.20.4.

5.20.4 Method. Two commonly used methods for measuring the resistance to
earth of an earth electrode subsystem are the triangulation method and the
fall-of-potential method. The fali-of-potential method is recommended for
measurement of single-rod or multirod earth electrode subsystems and is given
as the standard method.

Figure 20.a. shows the general test arrangement. The fall-of-potential
method involves passing a current between the electrode under test and 2
current probe. The measuring set detects a drop in.voltage between the
electrode under test and the potential probe located between the two current
probes. The ratio of the voltage drop to the known current gives a measure

of the resistance.

NOTE 1: The voltage potential is in respect to the

electrode under test, assumed for convenience to be at
zero potential.

NOTE 2: The earth resistance measuring set include
voltage source, a capability of measuring voltage a
current, and, by computing resistance, provides a
direct readout in ohms.
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This measure is repeated while moving the ?otential probe away from the

electrode under test in steps and the resu

ting resistance values plotted as

a function of probe spacing as shown on figure 20.b. The points of

measurement must be roughly on a straight 1ine between the electrode under
test and the current probe, and the plotted curve extended until resistance

values level off to form a flat portion.

NOTE: To obtain a flat portion of the curve, it is
necessary that the current probe be effectively outside
the range of influence of the electrode under test
(i.e., a distance beyond which there is negligible
effect on the measured rise of ground voltage caused by
ground current). This distance should be a minimum of
about five times the longest diagonal of the area of
the electrode under test to ensure an accuracy of 90
percent for the measurement. With an extensive earth
electrode subsystem, it may not be possible to locate
the current probe at this minimum distance. Refer to
MIL-HDBK-419 for resistance curves representing a large
electrode subsystem and a method of estimating the true
vaiue of resistance by extrapoiation. This handbook
also contains additional information on improving the
accuracy of the measurement by extending the current
probe location up to 50 times the diagonal for a
99-percent accuracy.

The correct reading of resistance is noted at a distance 62
percent {(or 0.62X) of the total distance from the electrode
under test as shown by the dotted line on figure 20.b. This
value is recorded and compared to the specification for the

il JP\-\' TwdHd iw
electrode subsystem under test.

NOTE 1 : The resistance of a large grounding subsystem
may have an apPreciable reactive component when the
resistance is iess than 0.5 ohms. Therefore, the
measured value is an “impedance" and should be so

considered, although the term commonly used is
“resistance."”

NOTE 2: See the appendix for reference to detailed
procedures for the method described above.
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5.21 Return loss measurements.

5.21.1 Scope. The method described below shall be used for making return
loss measurements. It is applicable to units which require an impedance
match to another element of a transmission subsystem.

5.21.2 Measuring equipment.

Directional bridge/directional coupler

Signal generator

Power meter

Reference impedance termination

Short circuit termination
5.21.3 Principles of measurement. A transmission line or interface
equipment is normally terminated in its characteristic impedance. A mismatch
in impedance gives rise to the reflection of a portion of the incident signal
which can result in signal distortion or echo. Return loss is the ratio of
gge incident to reflected power at the measurement point and is expressed in

-

Return loss measurements require a directional device to separate the
incident and reflected signals. This separation can be accomplished using
either a directional bridge or directional coupler. The degree to which the
two signals are separated is termed directivity and it is the dominate error
factor in measuring small reflected signals (high return loss). For example,
to 1imit worst case measurement errors to less than one dB, the directivity
of the bridge or coupler must be a minimum of 20 dB greater than the actual
return ioss of the unit under test (UUT). Reducing this difference to 10 dB
can result in a worst case measurement error of about 3.5 dB.

5.21.4 Method. Figure 21 shows the general test arrangement. With the
signal generator set to the specified frequency and level (relatively high to
inhibit the impact of residual noise on test results), the reading of the
power meter is recorded. The UUT is then replaced with a short circuit and
the reading of the meter is recorded again. The difference between the two
readings in dB indicates the return loss and this value is recorded and
compared to the specification for the UUT. This method is repeated for other
frequencies over the frequency range specified for the UUT.

NOTE 1: The following formulas can be used for
conversion of termms fundamentally related to return
loss measurements:
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TERMINATION REQUIRED FOR TWO-PORT UNITS.

FIGURE 21. Return loss measurement setup.
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1 + |p| 1+ 10-0.05RL.

YSWR = »
]_Iﬂ 1 - 10-0.05RL
Iy - 20 21 1 +p

P g = or —/ = ’
) + 1o Zp 1 -9
VSWR - 1

IP! = = ]O-0.0SRL;
VSWR + 1

RL = -20 log |p| .

LR

complex voltage reflection coefficient = | p|/8;
voltage reflection coefficient magnitude;
return loss in dB;

input impedance of UUT

b
characteristic impedanc

o N

See the appendix for reference to detailed
procedures, corresponding techniques, and measuring
equipment specifications for the method described

/12

- @ ETurs L de 21" ] LBV N 2Tal



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

MIL-STD-188-190

5.22 Sidetone measurements.

5.22.1 Scope. The method described below shall be used to measure the
transmission and reproduction of sounds through a local path from the
transmitting transducer to the receiving transducer of the same telephone end
instrument.

5.22.2 Measuring equipment.

Signal generator
Ac voltmeter
Artificial mouth
Artificial ear

5.22.3 Principles of measurement. Sidetone 1s the acoustic output level of
a telephone receiver, produced by an acoustic input to the transmitter of the
same transmitter set, that may be varied in frequency or level. Speech
sidetone serves to assure the speaker that the system is working, and also
provides a means of adjusting voice level. A sidetone level of 0 to 6 dB
below the normal receiving level is often satisfactory.

5.22.4 Method. The T
to IEEE S¥andard 269-1983 h a

summarized in the following paragraphs. This method of measuring sidetone
employs a test fixture which includes an artificial mouth and an artificial
ear located relative to each other as shown on figure 22, and the transmitter
and receiver are mounted in the same handset.

Figure 22 shows the general test arrangement.

- o

test (UUT) to the termination should be variable and
capable of representing the range of loop-impedance
frequency characteristics that the telephone set is
expected to encounter in use.

NOTE: The test loop used to connect the unit under

Following the calibration of the artificial mouth and the conditioning of the
transmitter, the sound pressure level developed in the artificial ear is
measured while driving the transmitter at the levels specified for the UUT.
The measured value is recorded and compared to the specification for the UUT.

NOTE 1: See the appendix for reference to detailed
procedures and measuring equipment specifications tor
this method.

NOTE 2: An alternative method based on the use of two
handsets is provided in IEEE Standard 269-1983. Except
for modifying the testing arrangement to accommodate
two handsets, the procedures are the same as for the
preferred method. See the referenced standard for

details on this alternative method.
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FIGURE 22.
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5.23.1 Scope. The method described below shall be used for measuring the
absolute value of speech or music volume. Volume unit (vu) measurements are
normally used in cases where a failure to maintain a constant average voice

power can result in overmodulation or distortion.

~ ~n

5.23.2 Measuring equipment.

v
.

1 matawr
e v ¥

[ 4

5.23.3 Principles of measurement. Vu meters calibrated in decibel volume
units (for recordfh? purposes) or percent modulation (for radio transmitting
purposes) are usually kept on-line to measure volume levels of program or
speech material being transmitted. The standard vu indicator inciudes a
meter and associated attenuator and is calibrated to read O vu under the
following conditions: connection is made across a 600-ohm circuit (voice
pair) conducting one milliwatt of sine-wave power at any frequency between 35
Hz and 10,000 Hz. The meter frequency response or weighting is intended to
approximate that of the human ear.

Given these characteristics, a constant-volume talker will produce a speech
signal fluctuating in amplitude at a syllabic rate, but yielding a volume
reading on a vu meter that is constant reiative to time. Such controi of
volume is usually found only under specially controlled conditions.

5.23.4 Method. Figure 23 shows the general test arrangement. The talker
reads test material (e.g., syllables, words, or sentences) over the unit
under test (UUT) in conditions simulating normal use of the equipment. The
talker should produce continuous speech including natural pauses such as
interword and intersyllable gaps, but not long pauses typicaily associated
with marshalling thoughts or waiting for a reply.

The talker's speech level is monitored on the vu meter over a ten-second
interval and the maximum excursions of the instrument needle are noted.
After the two or three highest excursions are excluded, the average of the
peak deflections over the ten-second interval is estimated, recorded, and
compared to the specification for the UUT.
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FIGURE 23. Speech volume measurement setup.
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5.24 Telephone-set transmitting noise measurements.

5.24.1 Scope. The method described below shall be used to measure the
random noise originating in or contributed by telephone sets in a
comnunication system.

5.24.2 Measuring equipment.

Noise measuring set
Feeding bridge
Ammeter

5.24.3 Principles of measurement. The presence of noise (any undesired
signal of uniform energy distribution) in a telephone set interferes with the
intelligible transmission of voice or supervisory signaling over a
communication channel. Measurement of the random noise contribution of a
telephone set is fundamental to determinfng overall system communicability in
the presence of noise.

5.24.4 Method. Figure 24 shows the general test arrangement. With the
noise measuring set adjusted to the weighting network specified for the unit
under test (UUT), the telephone handset is removed from the cradle and the
microphone isolated from ambient noise and mechanical vibration. This
isolation can be achieved by covering the transmitter with sound-absorbing
material and placing the handset on a vibration-free surface. After the
feeding bridge potentiometer is adjusted to supply maximum specified current
to the UUT (as observed on the ammeter), the weighted noise level is recorded
T

-a b - dmadd P N N

and compared to the specification for the UUT.

NOTE: See the appendix for reference to detailed

procedures and corresponding measuring equipment
specifications for the method described above.
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UNIT NOISE
FEEDING

UNDER AMMETER ~| MEASURING

TEST BRIDGE SET
48V DC

FIGURE 24. Telephone-set transmitting noise measurement setup.
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6. NOTES

(This section contains information of a general or explanatory nature that
may be helpful, but is not mandatory.)

6.1 Intended use. This standard specifies general measurement techniques
for the performance evaluation of long-haul or tactical communications
systems and subsystems. These methods are to be applied in the verification
of corresponding electrical parameter requirements, given in the 188 series

documents as minimum interoperability and performance characteristics.

6.2 Issue of DoDISS. When this standard is used in acquisition, the
applicable 1ssue of the DoDISS must be cited in the solicitation (see 2.1.1

and 2.2).

Bond resistance

Crosstalk

Digital errors

Digital jitter

Dropouts

Envelope delay distortion
Frequency

Frequency translation
Harmonic distortion
Impulse noise

Insertion loss vs frequency
Intermodulation distortion

]
Longftudinal balance

Net loss/gain variation

Noise figure

Noise and signal-to-noise ratio
Phase hits

Resistance to earth

Return loss

Sidetone

Speech volume
Telephone-set transmitting noise

TV S w w

Testing techniques
Transmission impafirments
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APPENDIX

REFERENCES SUPPORTING METHODS OF
MEASUREMENT IN MIL-STD-188-190

10. SCOPE.

10.1 Purpose. This appendix provides reference inforwmation in support of
the me s of measurement in MIL-STD-188-190.

10.2 Application. This appendix is for guidance only. It is intended to
complement selected methods 1n this standard with recammended documents
contaf ning corresponding detafled measurement procedures and test equi pment
characteristics. The information contained in this appendix is not a
mandatory part of this standard.

20. REFERENCED DOCUMENTS.

20.1 Govermment documents. The following documents form a part of this
appendTx to the extent specified:

MILITARY HANDBOOK MIL-HDBK-419: Grounding, Bonding, and
Shielding for Electronic Equipment and
Facilities (Volumes 1 and 2)

DEFENSE COMMUNICATIONS 'DCAC 310-70-1, DCS Technical Control:
AGENCY CIRCULARS (DCACs) Supplement .1, Volume II, Procedures, Test
Descriptions (March 1981)

DCAC 310-70-57, DCS Quality Assurance
Program: Supplement 1, Technical
Evaluation, Line-of-Sight (LOS) and
Tropospheric Scatter Links (April 1981);
Supplement 6, Technical Evaluation,
?g};g}h’te Communications Systems (October

AIR FORCE COMMUNICATIONS AFCSP 100-35, Communications-Electronics,
SERVICE PAMPHLET (AFCSP) Systems Approach to Wideband Communications
(15 December 1978)

20.2 Non-Goverrment publications. The following documents form a part of
this appendix to the extent specified:

THE INSTITUTE OF ELECTRICAL  IEEE Std 81-1983, IEEE Guide for Measuring
AND ELECTRONICS ENGINEERS Earth Resistivity, Ground Impedance, and
(IEEE) STANDARDS Earth Surface Potentials of a Ground System
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IEEE Std 269-1983, IEEE Standard Method for
Measuring Transmission Performance of
Telephone Sets

IEEE Std 455-1985%, IEEE Standard Test
Procedure for Measuring Longitudinal
Balance of Telephone Equipment Operating in
the Voice Band., *ANSI/IEEE 455-1985 (also
approved by American National Standards
Institute (ANSI))

IEEE Std 743-1984, IEEE Standard Methods
and Equipment for Measuring the
Transmission Characteristics of Analog
Voice Frequency Circuits

30. DEFINITIONS. For purposes of this appendix, the definitions of
FED-STD-1037 shall apply.

40, REFERENCES TO DETAILED PROCEDURES, TECHNIQUES, OR FUNCTIONAL
REQUIREMENTS. The documents referenced in table I contain detailed

procedures, techniques, or functional requirements for test equipment that

correspond to methods of measurement in MIL-STD-188-190. The methods are
identified by parameter descriptions in alphabetical order followed by the
documents referenced and the paragraphs or pages that apply.
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TABLE 1. Documents su orting MIL-STD-188-190
Wethods of measurement.

MIL-STD-188-190 method

Crosstalk

Digital errors

Dropouts

Envelope delay distortion

Frequency

Frequency transiation

Harmonic distort ion

Impulse noise

Document/Reference

MIL-HDBK-418, Vol. II, para. 2.2.2.3.1
1EEE Std 743-1984, para. 4.6.4 to 4.6.4.2

DCAC 310-70-1, Suppl. 1, pages 19-1 to 19-12
AFCSP 100—35 para. 20-6

DCAC 310-70-1, Suppl. 1, pages 15-1 to 15-7

IEEE Std 743-1984 para. 4.4 to 4.4.2.7 and
Adﬁtn4463

Neoe Vo w

70-1, Suppl. 1. pages 3-1 to 3-37
0-57, SuppI. , pages 14-1 to 15-8
35, para. 19-9

43-1984, para. 4.3.3 to

AFCSP 100-35, para. 19-10
DCAC 310-70-1, Supp\. 1, pages 5-1 to 5-8
DCAC 310-70-57 Suppl. 1, page§1lZ—i. i7-3,

IEEE Std 743-1984, para. 4.6.6 to 4.6.6.6
2-

DCAC 310-70-1, Suppl. 1, pages 12-1 to 1

DCAC 310-70-57, Suppl. 1, pages 16-1 to 16-6
AFCSP 100-35, para. 19-12

DCAC 310-70-1, Suppi. 1, pages 9-1 to 9-11
DCAC 310-70-57, Suppl. 1, pages 11-1 to 11-4
JEEE Std 743-1984, para. 4.4 to 4.4.3.10
DCAC 310-70-1, Suppl. 1, pages 2-1 to 2-14
DCAC 310-70-1, Suppl. 1, pages 12-1 to 13-5
IEEE Std 7&3"?“’ paf'a. 4030} tO 4.30!.5.9
DCAC 310-70-1, Suppl. 1, pages 14-1 to 14-10
1EEE Std 743- 1984 para. 4.6.3 to 4.6.3.2.13

ANSI/IEEE Std 455-1985 (al1)
IEEE Std 743-1984, para. 5.6.3
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TABLE I. Documents supporting MIL-STD-188-190
methods of measuﬁﬁﬁgﬁt==taﬁtTﬁU§aT"

Net loss/gain variation DCAC 310-70-1

Noise figure DCAC 310-70-57, Suppl. 1, pages 19-1, 19-2
and 19-4

Phase hits ~ DCAC 310-70-1, Suppl. 1, pages 15-1 to 15-7
DCAC 310-70-57, Suppl. pages 18-1 to 18-4

EE Std 743-1984, para 4 10 4.4.2.7 and

1,
?.4
4.4.4 to 4.4.4.8

Phase jitter OCAC 310-70-1, Suppl. 1, pages 13-1 to 13-4,
13-8, and 13-10

DCAC 310-70-57, Suppi. 1, pages 18-1 to 18-4
IEEE Std 743-1984, para. 4 5 to 4.5.1.14

Resistance to earth MIL-HDBK-419, VYol. 1, para. 2.7 to 2.7.2.3

DCAC 310-70- 57 SUDD1. 1. pages 46-1 to 46-5
IEEE Std 81- 1983 para. 8 2.1.5, 8.2.1.6,

8.4, and appendix

(]

Return loss IEEE Std 743-1984, para. 4.6.1 to 4.6.1

Sidetone IEEE Std 269-1

d

83, para. 6.4 to 6.4.2.1

epihone-set IEEE Std 269-1983, para. 6.2.4
hanems +<n

-9
el
t
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