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is centralized in a plant service center; Picturephone line mainte-
nance can be accomplished from the same location. Thereby, the line
record cards for both services are coordinated and uniform administra-
tive procedures can be used to handle all customer troubles. Telephone
line testing is accomplished from a telephone local test desk® and
Picturephone line testing is accomplished from a wideband local test
desk of new design. For both telephone and video, test access from
the centralized test location to the thousands of lines served by the
office is via the switching machine. Experience has shown that this
means of access for telephone testing is quite adequate; for video, the
minor variations in measurements due to variable paths through the
switch must be considered, although switch performance is a minor
source of impairments.? Figure 1 shows the work location for video
testing and the test access path.

The recent trend in the routine testing of telephone trunks is toward
centralized control of the automatic testing, particularly where there
are a large number of trunks and trunk groups. In the initial years,
the number of Picturephone trunks will be small and, in general, not
integrated with the telephone network. Picturephone interoffice trunks
form an independent network of six-wire trunk facilities??® dedicated to
Picturephone service use. Similarly it is not expected that the Picture-
phone hierarchy of switching offices will coincide with the telephone
hierarchy. In light of the relatively small numbers of trunks and offices,
it is clear that a complex arrangement for centralized maintenance
cannot be justified at this time. In addition, the restrictive perform-
ance objectives for trunks? require precise measurements, a sufficient
technical challenge in itself, and centralization adds the potential
of additional measurement error. In contrast to lines, the independence
of Picturephone trunks from telephone trunks means that there are no
overriding administrative or record considerations that make it imper-
ative to test telephone and Picturephone trunks from the same loca-
tion. The work location is at a testboard in the vicinity of the
wideband Picturephone switch (see Fig. 1). This nearby location is
governed by the need to maintain nearly flawless transmission per-
formance in the test access path to accomplish the precise measure-
ments needed for trunk maintenance. Short access trunks, using initial
service transmission equipment, achieve the required “transparency” at
reasonable cost. Centralization, however, must be anticipated, but it
remains for future consideration. To this end, switched access was
chosen for all wideband test access (in contrast to some telephone
practices where access is on a per-circuit jack basis) because of the
potential for future centralization and the technical complications of
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providing dedicated per-trunk jack type access for the wideband
circuits at standard levels (without introducing intolerable path-
length variations).

2.3 Additional Considerations

In addition to factors such as maintenance responsibilities and the
associated work locations and test access, provision of transmission
testing equipment for line and trunk testing has been based on the
following additional considerations:

(?) Initial service analog transmission facilities for lines and trunks
are essentially similar.

(#2) The nature of troubles and their prevalence will not be well
defined until service experience is obtained.

(7%7) Training of craftsmen will be facilitated if testing equipment
and procedures are analogous to those of existing telephone
and carrier systems.

() Improvement and updating of individual equipment will be
facilitated if, initially, test sets are restricted to single categories
of tests and are not consolidated and if interactions between
test instruments are kept minimal.

(v) Costs and development intervals would be minimized if “on-
the-shelf” commercial test sets could be utilized or modified
for Picturephone service.

The system maintenance plan resulted from a synthesis of all of
the aforementioned considerations of organization, technology, and
cost. The following sections deal in greater detail with the plan from
the standpoint of the switching machine, lines, and trunks.

III. MAINTENANCE OF CENTRAL OFFICE AND SWITCHING EQUIPMENT

3.1 Maintenance and Plant Operation Functions

The use of a wideband switching network similar to the audio
network and the inclusion of Picturephone features in existing com-
mon control circuits permit the Picturephone maintenance and plant
operation functions to be combined with the present audio functions.
Figure 2 illustrates the major blocks of the Picturephone system and the
maintenance facilities for recording trouble information and testing
troubles in a No. 5 crossbar central office.*

* Initially Picturephone service is supplied only from No. 5 crossbar systems
equipped with a wideband switching network. The maintenance plan, however,
is designed to anticipate provision of Picturephone service with other switching
machines when suitable wideband networks are developed.
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3.1.1 Trouble Detection

Provision is made to automatically verify the operation of common
control circuits and the integrity of the transmission path. Rather than
develop a number of special test arrangements that would continually
check the video features, troubles are detected on a per-call basis,
thereby avoiding false charging when troubles are encountered. The
per-call detection tests performed on the video equipment are (i) tests
of common control eircuits, () checks of the control signals associated
with the remote switch, (¢i7) double connection tests, (tv) false-cross-
and-ground tests, and (v) continuity tests.

3.1.2 Verification of Common Control Circuits

Verification of the operation of common control circuits handling
the video call is performed in the same manner as for telephone since
most of these circuits also process audio calls (e.g., marker, con-
nectors, etc.). The generators providing the video supervisory signals
(VS8),? the continuity oscillator and detector circuits, and the control
leads connecting to the wideband remote switch units are verified on
a continuous or per-call basis to insure that signals are transmitted
within specific limits. A continuous monitoring of the video super-
visory signal level is made at —4.5 dB with reference to the 0 PTLP.*
A comparison of the continuity peak signal voltage level with a high
and low reference voltage is made on a per-call basis.

The coding of the dc signals transmitted via the remote switch
signal control circuit (RSSC) are also checked at both the RSSC and
wideband remote switch (WBRS) on a per-call basis so that any
trouble detected will permit a second attempt to be made to select a
path through the remote switch. Replication of common control cir-
cuits is provided to permit second attempts to be made using alternate
circuits, If second attempts fail, the common control circuits route the
call to reorder or announcement thereby protecting accuracy in
charging.

3.1.3 Integrity of the Path

Upon recognizing a request for Picturephone service, the common
control circuits select idle audio and video paths and verify that they
are capable of being used to connect the originating location with the

_*Zero Picturephone Transmission Level Point, a reference point specifying
signal levels that is analogous to specifying elevation relative to sea level. At
this reference point, the Picturephone signal is the same level as the output of
the station set (100-ohm impedance). :
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terminating location. Double connection and false-cross-and-ground
tests similar to those made in the audio path are made on the video
path. In the event of a failure of these tests, the common control
circuit makes a second attempt to select another path through the
switching network. If a0 failure oceurs in the above test, a continuity
test of both the originating and terminating video path is performed
by inserting a 12-kHz sine wave at a nominal level of —20 dBm*
through the network. This test signal was selected based on economic
considerations of the generator and detector arrangements, holding
time to make the tests, and probability of faults affecting the mega-
hertz bandwidth of the Picturephone signal. In making a continuity
test, the 12-kIz test tone is sent over the transmit pair and returned
over the receive pair. It is looped around at the station set via a
zero loss loopback if customer loop facilities are being tested or at
the distant office wideband trunk circuit via a 3-dB pad if trunk
facilities are tested. The returned test tone is checked for =1 percent

frequency and *4.1-dB level on loops and +1.3-dB level on analog
trunks.

3.1.4 Trouble Reporting

When trouble is detected during call processing, the switching
equipment determines the degree of severity of the trouble and acti-
vates a minor or major alarm.? This is an audio and visual alarm
indication and is accompanied by a trouble record card in the No. 5
crossbar system. The circuits associated with the call at the time the
trouble is detected are identified in order to facilitate locating the
cause of the trouble. In the event that trouble is detected when com-
mon control circuits are not attached to the malfunctioning circuit,
such as improper MF outpulsing to a distant office, lamp indications
are activated at either the maintenance center and/or equipment to
identify which circuit is in trouble.

3.1.5 Trouble Location

Provision is made to test the wideband functions from both the
switching maintenance center and the equipment location. After a
trouble is detected and reported, a central office craftsman analyzes

* Measured at 0 PTLP.

t Occurrence of major or minor alarms is generally determined by the potential
for disrupting many (major) or a few (minor) customers. For example, marker
failure is a major failure while a signaling circuit failure will generally be con-
sidered minor.
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the report and initiates appropriate tests to determine if it still persists.
The majority of troubles occurring in the central office are expected to
be identified by a single test. Arrangements have been made at the
maintenance center to select any video path through the network,
any wideband trunk circuit, either of two VSS generators and any
WBRS. Additional control functions include the capability to cancel
continuity checks, make a circuit busy to service and force trouble
records on a test call.

3.1.6 Administration and Operation

Standard Bell System Practices have been prepared describing the
central office maintenance arrangements required for Picturephone
service. These will be incorporated into the existing Controlled Main-
tenance Plan (CMP) and Plant Management Instructions that are
used to administer the switching system. The CMP prescribes sched-
uled routines for preventive maintenance in the office as well as
methods for evaluating the equipment performance level of the of-
fice. Plant registers are provided to record the peg count of the total
number of Picturephone calls requested and a total of those calls that
fail. The present plant work unit plans that are used in determining
the productivity of craftsman will be modified to include the added
Picturephone functions described above.

Table I is a summary of the central office maintenance functions
associated with Picturephone service.

3.2 Work and Test Access Locations

As noted in Section 3.1.5, the primary test facility in the central
office will be the switching maintenance center. In the No. 5 crossbar
system this is the master test frame which has a trouble recording
facility adjacent to the control equipment. Test access to any central
office circuit is gained by providing the marker with priming informa-
tion from the master test control circuit. Originating test lines and ter-
minating test trunks are connected to the maintenance center for test-
ing the network, WBRS, and trunk circuits. Test access is available at
the maintenance center for use with a Picturephone set in order to
evaluate the qualitative performance of the transmission over the
switching circuits tested. This same access is also used for measuring
the central office transmission characteristics described in the paper
on the transmission plan.? Provision was made in the continuity test
circuits and VSS circuits to perform marginal tests of the frequency
and level of their signals.
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TaBLE I—MAINTENANCE FuNcrioNs FOR Picturephone SERVICE
IN CENTRAL OFFICES

AUTOMATIC TROUBLE DETECTION AND RECORDING

Common Control Circuits

Consistent with present test on a
per-call basis.

Continuity Test

All transmission paths checked on a
per-call basis.

Double Connection Test

Foreign potential and grounds within
‘Bhe‘switching network on a per-call
asis.

Video Supervisory Signal Supply

Continuous trouble detection and
automatic transfer to duplicate
supply circuit.

Wideband Remote Switch Control

Per-call trouble detection and automatic
transfer to duplicate control circuit.

Alarms and Recordings

Visual and audible alarms at central
point. Trouble record card with call
details.

AUTOMATIC ACTION AFTER TROUBLE DETECTION

Call Set-Up Trouble

Second trial using alternate equipment
or path through switching network.
Reorder after second trial failure.

MANUAL TROUBLE LOCATION

Equipment Faults

Means for testing common control
circuits (markers, connectors, etc.).
Means for testing detection circuits
(cor;tinuity, double connection test,
ete.).

Means for testing wideband remote
switch control leads.

Path Faults

Selection of any path through switch.
Selection of any trunk or WBRS link
even if “maintenance busy.”
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3.3 Testing Arrangement and Procedures

The craftsman initiates tests of the central office wideband facilities
either on a routine schedule or on a trouble report basis. Using the
information he has received (for example a trouble record), he
identifies the type of call on which the report was received and the
circuits involved in handling the call. Using the controls at the main-
tenance center, he selects the same circuits and establishes a test call
in order to verify the circuit operation. If the test call fails, he uses
schematic drawing information, such as the sequence charts, to locate
the specific cause of the trouble.

Several significant factors associated with Picturephone central
office maintenance procedures are: (7) the compatibility with existing
procedures (most of the test operations are identical to present testing
of audio circuits), (%) the ability to perform the tests without assist-
ance of additional craftsmen (one man testing), and (i) the verifica-
tion and location of the defective unit, in many cases, from the
maintenance center. This latter factor minimizes the need for a
craftsman to be at the equipment for other than actual repair.

1IV. MAINTENANCE OF LINES

4.1 Maintenance and Plant Operation Functions

Line testing is required as part of overall installation and acceptance
testing (service order procedures), for routine testing, and to isolate
troubles referred to the plant service center. All Picturephone lines
(both individual and key service) can be accessed for testing. In-
cluded are remote exchange lines, lines served from wideband remote
switch units and PBX lines. Measurements are on a loop basis with
signals transmitted through loopback circuits provided in the station
set or the Key Telephone System (KTS) equipment. These loopbacks
operate to connect the two directions of transmission at equivalent
levels so as to permit full wideband round-trip testing.

Measurements are made of echo rating,* broadband noise, crosstalk,
low frequency noise, single frequency interference, impulse noise, and
flat gain variation.* All of these impairments are allocated as dis-
cussed in the article on the transmission plan.? In addition, means are
provided to interrogate the cable equalizers® to locate gross faults in

* At the present time, a measurement algorithm suitable for field measure-
ments of echo rating has not been developed; gain-frequency response measure-
ments are being substituted for direct echo rating measurement as a first ap-
proximation.
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equalizers or in connecting cable. Audio measurement capability is
associated with the video-measuring facilities. Normal techniques
presently applied at local test desks (L'TD) such as the No. 14 type
are used. Any confirmed audio-only troubles, however, requiring ex-
tensive measurements can be referred to the telephone (only) LTD so
as not to tie up expensive video testing facilities.

No requirements for automation of routine testing (other than the
per-call tests mentioned in Section III) were specified for the initial
service arrangsments, Independent means for measuring each of the
impairments considered in the performance objectives? is the only
practical course until experience with the system can be obtained.
However, access arrangements and test terminations have been defined
to aid in trouble isolation. Provision is therefore made for switching
machine access to any desired line with the ability to manually cancel
continuity check and to control ringing. Selection of test access to
different office locations is by key control. Connection of test instru-
ments is also by key control, eliminating both the need for cords and
possible operator error.

4.2 Work and Test Access Locations

The major test facility for line maintenance is the No. 15 Picture-
phone local test desk shown in Fig. 1 and described more fully in a
companion paper.® This desk is arranged to normally obtain switched
access to lines via a test trunk having an appearance on the trunk link
side of the Picturephone switching network (No. 5 crossbar). This
trunk is designed to be as nearly transparent to Picturephone signals
as possible and includes a means for checking the transmission integ-
rity of the access path before testing. The test desk also has auxiliary
access to lines via the main distributing frame (MDF) which is the
interface between the office equipment and the outside plant. This
MDF trunk must be patched manually to line appearances permitting
measurement of the outside facilities alone or (in conjunction with
the switched access trunk) the central office equipment alone.

In addition to the test trunk providing test access from the No. 15
LTD, there are two other test trunks in the central office for line
maintenance. One provides access to the video switch at the trunk
link frame from the master test frame. This trunk permits testing of
lines in small offices not equipped with a No. 15 LTD. The second
trunk is a test termination functioning as a station ringer and video
test facility. Such terminations are used by station installers and
repairmen to verify the proper operation of station sets.
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To permit sectionalization of troubles and to provide a known ter-
mination and test access point, test circuits are provided at PBX and
WBRS locations. These test terminations have a listed directory num-
ber (in the case of the WBRS) or a PBX extension number. Test calls
can be directed by the deskman over a selected PBX trunk (or WBRS
link) to the appropriate test termination to determine that the trunk
(link) is satisfactory. This technique is illustrated in the next section
below. Note that while the trunk (link) is used for test access to lines
served from the PBX (WBRS), its maintenance is a trunk responsi-
bility (see Section V). The test terminations also provide access for
testing should () a PBX repairman be dispatched to the PBX or
(72) a central office switchman desire to test at a WBRS located in a
central office not provided with full Picturephone switching.

As stated previously, provision of a wideband loopback circuit at
customer locations avoids the need for always dispatching a repair-
man to the station location for trouble isolation, circuit order or
routine tests. A limited need to involve the subscriber during trouble
isolation is unavoidable. Once the trouble is isolated to the customer
location, then a repairman is dispatched to the customer premises
where testing as required ocecurs using portable test equipment: (z) on
a one-man basis to the station-ringer test termination, or (¢Z) on a
two-man basis with the desk man at the No. 15 LTD,

4.3 Testing Arrangements and Procedures

Video measurements from the test desk are accomplished using the
following test instruments, described in a companion paper®

() Wideband oscillator,
(#7) Wideband voltmeter,
(727) Waveform oscilloscope,
(v) Wideband noise measuring set,
(v) Picturephone station set,
(vi) Picturephone test signal generator, and
(vit) Picturephone fault locating test set.*

The adjustable wideband oscillator together with the wideband
voltmeter are used to obtain gain-frequency response measurements.
Pre-programmed or switch selection of test frequencies, although
desirable operationally, are not provided since measurement pro-

* A portable test set normally used by central office repair forces available for
connection to test desk and boards as required on a patch cord basis. Other
portable test equipment may also be connected as required.
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cedures are expected to change as experience is gained. Therefore, the
oscillator must be set manually to any desired frequency in the
Picturephone band. The wideband voltmeter measures on a broad-
band basis; the expected noise on Picturephone circuits will be such
that selective measurements are not required to obtain accurate gain-
frequency data. The waveform oscilloscope has provisions for exam-
ining the video waveform transmitted either from (z) the subscriber’s
station or (#) the test signal generator and/or the Picturephone
station transmitter in the No. 15 LTD on a round-trip basis via the
various loopbacks. This will be a valuable tool for trouble isolation.
The oscilloscope has provisions for examining the waveform at line
rate (8 kHz) or field rate (60 Hz). The sync pulse can be examined
without de-emphasis to determine sync distortion. The video can be
examined with de-emphasis to view waveform distortion. The test
signal generator produces signals especially useful for these tests.

The wideband noise measuring set is equipped to measure either
weighted broadband noise or impulse noise. When used to measure
broadband noise, it will measure both random noise and single fre-
quency interference. The requirements are such that a single cireuit
order or routine measurement will indicate failure due to either source.
The measurement is made on a loopback basis by measuring the
sum of the near-to-far plus the far-to-near noise. Impulse noise is
measured by recording the number of impulses exceeding a variable
threshold. Low frequency noise is measured by the wideband volt-
meter.

Crosstalk measurements use the test signal generator to transmit a
distinctive pattern that is observed on the waveform oscilloscope or
Picturephone set receiver., In general, only self-crosstalk can be
measured; the requirement for self-crosstalk is more severe than worst
disturber crosstalk®” due to the assumption that multiple exposures of
the same signal source produce a greater interference effect than mul-
tiple disturbers where each disturber is from a different signal source.

For initial service, circuit acceptance and routine tests are the same
although routine tests have wider limits.* The data from the initial
installations will be closely observed to determine whether the limits
or routine intervals should be changed.

* Picturephone service is engineered to provide high-quality service under ex-
pected conditions of plant variability. The test limits of routine tests serve to
tngger corrective action only when performance is degraded. Allocahon of
margin principally to plant variability (and not installation error) is accom-
plished through tighter circuit acceptance limits.
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Trouble isolation testing will normally involve a repetition of the
routine tests (if the test is due to a trouble report) to obtain verifica-
tion test data for comparison to the installation and routine records.
As the expected troubles are quite varied, a flow diagram approach
has been adopted to guide the deskman in sectionalizing the trouble.
Figure 3 illustrates this procedure for a station trouble where the
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Fig. 3—Example of line fault location,
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station is served directly from a WBRS. The trouble example is a
reversal of leads in the transmission path from the subscriber to the
WBRS, possibly resulting from rearrangements at the customer’s prem-
ises. The symptom of this trouble is the inability of the called party
to see the customer who is in trouble. However, the calling customer
can see the called party. Although not shown in the figure, operational
practices provide instructions for the tasks indicated in the blocks.
The actual procedure flowchart. is more detailed and has been simpli-
fied for the figure. Note that the flow diagram provides that possible
troubles in the access links be referred to the organization having
responsibility for trunk testing. The No. 15 LTD has the capability
to direct signals over chosen links to the WBRS test termination so as
to verify the fitness of the remote switch link used as an access path
to the WBRS. _

It is expected that detailed transmission measurements can be ade-
quately made from the test desk in most cases. Complex test equip-
ment will not be required in the field. Experience may indicate,
however, that testing resolvability is not adequate when the trans-
mission distance between the station and the test desk is great (pos-
sible with a long line served from a WBRS that is also a long distance
from the Picturephone switching office). The maintenance plan pro-
vides for access for portable test sets at a jack located in conjunction
with the test termination at a PBX or WBRS.

V. MAINTENANCE OF TRUNKS

5.1 Maintenance and Plant Operation Functions

In initial service, three types of trunks are provided and the testing
procedures differ accordingly:

(z) PBX trunks or WBRS links—providing transmission between
the wideband line link and a PBX on customers premises or a
wideband remote switch in a central office or on customers
premises. The PBX trunk is a six-wire trunk with the audio and
video path dedicated to Picturephone calls only. The WBRS
link is a four-wire link transmitting only video; the audio is
carried on the customer’s regular audio pair.

(i) Interlocal and toll connecting trunks—dedicated six-wire
analog trunks connecting class 5 (end) offices or class 5 to
class 4 (toll) offices. In general, these will be of moderate length
and confined to a local analog area within a city.

(z7%) Intertoll trunks—dedicated six-wire trunks comprising analog
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or combined digital-analog facilities connecting class 4 offices.
For initial service, all switching will be analog and therefore
all trunks will have analog end sections requiring analog main-
tenance arrangements.

In telephone service, it is the usual practice to provide fully equipped
testboards only at toll offices. Less sophisticated arrangements are
normally found at class 5 offices. For Picturephone service, testing
arrangements are designed to provide testboard functions at all classes
of office.*

The same measurements will be required on Picturephone trunks as
on lines. Measurements however, will be made on both one-way and
looped bases as is appropriate to the measurement and type of trunk.
The availability of testboard arrangements at both ends of toll con-
necting and intertoll trunks assists in accomplishing the tighter re-
quirements that are consistent with trunk objectives.? Routine meas-
urements will be more frequent, and test termination arrangements
are provided to facilitate single-man routine testing wherever possible.
Audio testing ability is included with the video because of the separate
dedicated network approach associated with Picturephone trunking.

For initial service, the facilities providing trunk transmission are
configured using the same hardware as line facilities, although to
different engineering rules. Hence the same considerations of flexibility
in testing approach apply. Initial requirements for test equipment
therefore stressed independent means for measuring the expected
impairments, using the same instruments provided for line main-
tenance in the No. 15 LTD.

5.2 Work and Test Access Locations

The testboard arrangement designed for initial Picturephone trunk
testing is the No. 23 testboard (TB) shown in Fig. 1 and described
more fully in a companion paper.® This testing arrangement operates
in conjunction with a single No. 5 crossbar switching machine. Test
connections are established (i) between a test trunk appearance on
the trunk link to PBX trunks or WBRS links that appear on the line
link, or () between a test trunk tandem appearance on the line link
to any trunk on the trunk link. All connections are made on a six-wire
basis. Incoming test calls from distant locations are directed to test

* For initial service, the number of trunks may not justify provision of a full
testboard; arrangements would then be made to provide the same testing func-
tions at the switching maintenance center.
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trunk appearances (7) on the line link in class 5 offices (7-digit tele-
phone number) or (#¢) on either the trunk link (101 test termination)
or line link (7-digit telephone number) in class 4 offices. Only Picture-
phone calls will complete to these trunks.

The No. 23 TB is designed to establish test connections to par-
ticular trunks or links and to override maintenance busy signals that
prevent completion by the switch of connections to defective trunks.
Means are provided in association with the testboard to test the con-
trol and signaling functions.of any trunk. The design of the wideband
switching network to minimize path length variation and the effect
of switch multiples permits measurements of a high degree of accuracy
to be made although access is on a switched basis. In addition, a cali-
bration loopback is provided at the video trunk circuit of the test
access trunk permitting the craftsman at the testboard to verify the
transmission performance of the test trunk before commencing a test.
It is expected that the transmission path between the testboard and
the switch will be measured at frequent intervals to insure the test-
board’s accuracy as a measurement system.

In addition to the 101 test trunk appearance on both audio and
video switches, other coded test trunks provide the video equivalent
of test terminations used for maintenance testing on the DDD net-
work. A code 100 termination is used for combined far-to-near loss
and noise measurements. A code 102 termination is provided for far-to-
near low frequency loss measurements and to provide a loopback
for more general two-way measurements on a loop basis. The test
lines are described more fully in a companion article.®

5.3 Testing Arrangements and Procedures

The No. 23 TB includes the same video test equipment provided
in the No. 15 LTD (see Section 4.3). In addition a voice frequency
gain and noise measuring system is provided that is equivalent to
that used for maintenance operations at conventional telephone trunk
testboards,

Major responsibilities to be carried out at the No. 23 TB are circuit
acceptance and routine tests on all trunks leaving the office. These
tests are similar to the tests performed from the No. 15 LTD, although
to tighter tolerances reflecting the trunk objectives.? Tests on PBX
trunks or WBRS links are on a loopback basis to the test termination
loopback in the PBX or WBRS. Circuit order tests on trunks are in
general conducted on a two-person basis between No. 23 TBs at the
ends of each trunk. Routine tests are on a loopback basis to distant
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102 test terminations. These routine tests are required more frequently
during the period of initial service since temperature regulation is not
provided for trunks. Routine tests serve to monitor trunk performance
and serve as an indicator of the need for trunk realignment.*

Trouble isolation is basically a sectionalization procedure utilizing
test terminations and the switched access from the No. 23 TB. Figure
4 provides an illustration of this technique. Office A is the control
office responsible for maintenance of the trunk. An open circuit at a
wideband distributing frame as indicated has resulted in failure of
continuity check on a call from A to B. The trouble indication at A
is reported to the No. 23 TB at A. The tester at the testboard
deduces that the trouble does not involve the tandem equalizers (1)
and (2) since those equalizers are not involved in calls from A to B.
He then dials the code 102 test termination at B, receives a signal
from office B over the far-to-near path, but no return of a round-trip
signal when the test line switches to the loop-back mode. The con-
clusion is that the trouble is in the near-to-far path. The 102 termina-
tion is disconnected and the craftsman redials the code 100 test termi-
nation at B. This prevents seizure of the trunk from office B and
provides a termination of the trunk during fault location. The craft
person then interrogates equalizer pairs (3) and (4), (5) and (6),
and (7) and (8), normally tested from office A to obtain a response
from the fault locating circuitry. These test all right.

The tester then reasons that equalizer pairs (9) and (10) and
(11) and (12) should be tested and, because these can be tested only
from office B, a test call is directed to the distant No. 23 TB (via a
code 101 test termination). The tester at the No. 23 TB at office
B checks equalizer pairs (11) and (12), and (9) and (10). Tandem
equalizer pair (13) and (14) is not checked since the continuity failure
was between the trunk circuits of offices A and B. Equalizer pairs (11)
and (12) and (9) and (10) do not provide a return of the fault
locating signal indicating a failed equalizer, trunk circuit or interbay
wiring. The tester at office B must therefore check his office. Since
the tester at office A is no longer required, he releases the con-
nection and the tester at office B establishes a connection to the
code 100 termination at office A, providing a resistive termination for
both directions of video transmision. He directs that a patch be

*12-kHz continuity tests performed on a per-call basis (see Section III) serve
to detect gross fallure_or.trunks considerably out-of-limits. They cannot serve
as a measurement of misalignment due to temperature.
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inserted at jacks located on the office side of equalizer pair (11) and
(12). When he receives no response, he then reasons that the fault is
in the cabling or the trunk circuit at office B and refers the trouble
to the central office repair forces. They use the test access and control
described in Section III to isolate the trouble.

Long Picturephone service trunks between central offices consist of
both analog and digital portions during initial service. The digital por-
tions utilize facilities that incorporate sophisticated means for deter-
mining when transmission is not acceptable. The output of this trouble
detection arrangement is coupled to alarm reporting systems insuring
that faulty trunks are turned-down from service. The No. 23 TB will
be used for overall maintenance of these trunks. However, the non-
linear nature of the codec (coder-decoder) that processes the analog
video signals for transmission in digital form prevents meaningful
quantitative overall measurements from being made on digital trunks.
Quantitative measurements are made on the analog end sections
through manually operated loopbacks at the analog-digital interface.
Overall qualitative measurements are made using visual appraisal of
the Picturephone test signal generator signal or any suitable Picture-
phone signal transmitted from the distant end.

VI. CONCLUSIONS

The maintenance plan and hardware developed to accomplish it are
expected to result in performance consistent with the premium price
of the service. Automatic checks of all components of the video con-
nection at call setup will insure that major failures are promptly
detected. Routine measurement of transmission parameters will trigger
maintenance action when transmission is out-of-limits. The plan
meshes well with existing telephone company organization and pro-
cedures and retains flexibility to adapt to unknowns. The associated
hardware is within the state-of-the-art and utilizes proven testing
approaches.

To improve efficiency and reduce cost, the initial service mainte-
nance performance will be closely monitored. Data will be needed on
the man-machine interface and actual performance so that unneeded
flexibility now included can be pared and training simplified.

Effort continues to be directed toward planning of improved call-
setup testing techniques and off-hours automatic circuit testing to
improve the effectiveness of routine testing without heavy manpower
requirements.
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The Picturephone® System:

Line and Trunk Maintenance
Arrangements

By D. L. FAVIN and J. F. GILMORE
(Manuscript received September 1, 1970)

New line and trunk maintenance arrangements have been developed
for Picturephone® service. A switched method of accessing lines and
trunks by means of the No. & crossbar system has been developed. In addition
a new local test desk (LTD No. 15) and testboard (TB No. 23) have been
made avatlable. In this article we discuss these arrangements which repre-
sent another application of the switched access concept as an mtegral part
of line and trunk mainienance arrangements.

I. INTRODUCTION

The wideband nature of the facilities for Picturephone service in-
troduces a new degree of complexity in the methods used to maintain
lines and trunks. Access methods acceptable in the telephone network
are not applicable in this wideband network; in addition, testing capa-
bilities are greatly expanded. The Local Test Desk No. 15 and Test-
board No. 23 are designed to provide the required access and test capa-
bility. The equipments obtain access by means of the No. 5 crossbar
system and it is suggested that the article on that switching system be
read first.

II. BACKGROUND

The objective of integrating the Picturephone service into the exist-
ing telephone plant requires that the maintenance arrangements should
blend into and be absorbed by existing areas of responsibility in the
operating companies. Line and trunk maintenance arrangements con-
sequently are treated separately and distinctly, as they currently are,
and they are compatible with the existing arrangements.

Figure 1 is a simplified illustration of the existing maintenance ar-
rangements. Lines, in general, are tested on a centralized basis from

645
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local test centers. The test centers are equipped with local test desks
(LTD) which have access to a number of offices by the use of inter-
connecting test access trunks. Trunks, on the other hand, are tested
on a decentralized basis with each office having a testhoard or test
frame for maintenance purposes. The integration of the new Picture-
phone service maintenance arrangements into the existing testing areas
heavily influenced the physical design of the equipment. In the case
of line testing a console type of LTD is used, and for trunk testing
an upright frame type of testboard was developed.

III. LINE MAINTENANCE

3.1 Current Arrangements

A line provides the communication channel between a customer and
his serving central office. The channel is physically outside the office
and troubles in it will generally result in the dispatching of personnel
for repair purposes. Consequently, there is no need to locate test desks
physically in the office served. Each test center is equipped with a
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Fig. 1—Line and trunk maintenance arrangements.
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number of LTDs as required by the maintenance load and the LTDs
provide the necessary access facilities for the offices served. The ac-
cess to lines in an office is obtained by seizing a trunk to the appro-
priate office and keying in the desired customer directory (four-digit)
number.

For telephone plant, the lines are generally metallic pairs of wires
and the tests are of a dc¢ nature, e.g., tests for shorts, opens, grounds,
resistance or foreign potentials. The introduction of Picturephone
service drastically changes the make-up of the customer loop.? The
signaling and audio information will continue to use a simple wire pair
but the video information will be transmitted by two additional pairs,
one for transmission in each direction. These pairs require the use of
active devices (cable equalizers) to compensate for any losses across
the frequency band. What was formerly a simple two-wire line now
becomes a six-wire facility with the wideband four-wire portion re-
quiring more sophisticated tests, measurements, and trouble detecting
and isolating techniques.® The need for expanded test capability and
the wideband nature of the facilities all contributed to the need for the
development of the new Local Test Desk No. 15.

3.2 Local Test Desk No. 16

The LTD No. 15 is a cordless console which provides key-up access
to circuits and test equipment (see Fig. 2). The test desk is func-
tionally designed so that most of the Picturephone test equipment is
on the left-hand side and the audio test equipment is on the right-
hand side. The center of the console has a recessed opening for the
Picturephone station set. In addition, keys and a visual readout as-
sociated with the access circuits are located in this area. The test
equipment is shared between two access circuits. This allows for two
different tests to be conducted on two circuits simultaneously. The
console is equipped to serve up to five offices, each having varying
quantities of six different types of interconnecting test access trunks.
Due to transmission impairments that could be incurred in these
trunks, it is necessary, initially, to restrict their length to less than
1500 feet. This in turn implies that the offices served must be in close
proximity to the local test center. Figure 3 is a simplified illustration
of the test-access trunk arrangements.

3.3 Test Access Trunks

The main funetions of the LTD are to isolate line troubles, temporarily
remove the line from service, and dispatch repair personnel. The six
different types of test-access trunks provided permit test personnel
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to perform the first two of these functions. The types of trunks and
their function are as follows:

(@)

(@)

Siz-wire wideband test trunks. These trunks provide test personnel
with the means for obtaining access and testing the audio and
video portions of lines, PBX trunks, and remote switch unit
(RSU) links.

Two-wire test trunks. These trunks allow tests to be performed
on the audio portion of a line without requiring the use of a six-
wire wideband test trunk.

Two-wire MDF trunks. These trunks permit test personnel to
split or bridge the audio line at the main distributing frame
(MDF) in order to determine if an audio trouble is in or out of
the central office.

Four-wire MDF trunks. These trunks permit test personnel to
split or bridge the video line at the MDF in order to determine
if a video trouble is in or out of the office.

Fig. 2—Local Test Desk No. 15.
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Fig. 3—Test access trunk arrangements, Local Test Desk No..15.

(v) Loudspeaker trunks. These trunks are used for communication
purposes and allow test personnel to call for assistance at the MDF
location.

(vi) Holding trunks. These trunks allow test personnel to remove a
PBX trunk or RSU link from service if trouble is encountered.
The trouble would then normally be referred to personnel at the
Testboard No, 23.

3.4 Test Trunk Selection

The test trunks to the various offices served by a test center equipped
with LTDs No. 15 will be shared by each of the test desks in the
test center. This is accomplished by providing each LTD with a small
switehing network. The trunks have multiple appearances on the of-
fice side of the network as shown in Fig. 3 and each LTD “bids” for
a trunk by means of one of its two access circuits. The bidding for
a test trunk involves the following key selections at the LTD:

(z) Select one of the two access circuits.
(%) Select the office desired.
(#27) Select the type of trunk desired.

Updn the third selection, control circuits in the L'TD test to deter-
mine which trunks are busy and return a display indicating the status
(busy or idle) of each trunk in the group desired. One of the idle
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trunks is then selected by a key operation and the LTD is cut through
the network to the test access trunk which connects to an incoming
test trunk in the desired office. This test trunk is in a loop-back mode,
as far as its video pairs are concerned, and at this point looped
measurements can be made from the LTD to check the continuity
or quality of the looped test trunk to the designated office.

3.5 Line Access

Normally, having selected the test trunk, test personnel would key
up the necessary digital information to make a line connection, ob-
serve a display of the information, and verify it. To access a line this
information needs to be spilled forward to the distant office. This is
accomplished by a key operation which results in opening the distant
office trunk loop-back and bidding for a trunk-test register to receive
the digits. The register is attached and a reversal of battery signal is re-
turned to the test desk. This signal activates a temporary store in the
test desk and results in the digits being spilled forward. The register
receives them, passes the information to the marker, and a connection
is made to the line. Figure 4 is a simplified illustration of the arrange-
ment.

3.6 Local Test Desk—Central Office Communication

The digital information required by anoffice for testing in the tele-
phone network is the directory (four-digit) number. With Picture-
phone service, however, additional digits are used to provide a number
of desirable and necessary features. For example, if only the video por-
tion of a customer line has been found in trouble, there is no need to
bar service on an audio-only basis. Consequently, provision has been
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SWITCH TEST TRUNK

RGN
AUDIO INCOMING “
SWITCH TEST TRUNK - B
TRUNK TEST
MARKER REGISTER

Fig. 4—Picturephone line maintenance arrangements.
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made for the common control equipment in the office to recognize this
and allow non-Picturephone calls to be completed. A line in this state
is said to be in trap. The test desk needs the ability to place a line in
trap, determine if a line is in trap, make a test call to a line in trap, and
finally remove the line from trap following its repair. This requires
that more than just directory information be passed between the test
desk and the switching machine.

In accessing a group of PBX trunks or RSU links,* the normal func-
tion of the switching machine is to hunt over the group, select an idle
one, and complete a connection. In testing Picturephone circuits, how-
ever, it is desirable to be able to select a particular trunk or link and
this also requires passing more information to the switching machine.

As a result of these considerations and others, the No. 5 crossbar
common control requires a maximum of 19 digits for completion of an
LTD test call. The first five digits provide class information which
indicates to the switching machine the type of call being made. Digits
6 through 8 cover special features such as canceling the continuity
check, overriding a make busy or inhibiting hunting. Digits 9 through
12 identify the particular RSU link or PBX trunk to be used in the
call and digits 13 through 19 identify the station being called. In cases
where particular digits are not required for a call, a skip (SK) digit
is sent.

Errors are minimized by a provision whereby the keyed digits are
temporarily stored in a register and displayed for verification before
being spilled forward. In many cases, only a few of the digits will
change from test call to test call and for ease of operation a partial
erase feature is provided.

3.7 Trouble Isolation

The primary function of local test centers is the detection and isola-
tion of troubles in customer lines. Since personnel are ultimately dis-
patched to clear the trouble, it is essential that troubles be pinpointed
as much as possible. The line facilities for Picturephone service will
generally include active devices or cable equalizers with a loop-back
at the key system or station set when it is in the idle mode.>* With this
arrangement, faults on the video pairs can be detected by transmitting
test signals over the line and observing the returned signal. Should
there appear to be a cable equalizer failure, a portable cable equalizer
fault locating test set may be used at the LTD to isolate the trouble.
With this test set, a major fault can be isolated by interrogating each
equalizer with its own preassigned low-frequency signal. If operating,
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the cable equalizer will return a signal one half the frequency of the
interrogating signal.

Test terminations (Section VII) are also provided at RSUs and PBXs
so that the LTD can test the individual links making up a connection.
In this use, the test termination would be accessed from an LTD over
a particular RSU link or PBX trunk. Upon seizure, the test termination
returns a signal which tests the far-to-near condition of this link or
trunk. After a timed interval, the test line will then establish the loop-
back condition and the test desk can then send a signal over the
line, testing the condition of the transmit portion of the link or trunk.
These arrangements will enable test personnel at the L'TD to analyze
and diagnose troubles.

IV. TRUNK MAINTENANCE

4.1 Planning Considerations

Trunk testing facilities in the existing telephone network have gen-
erally used a dedicated jack arrangement whereby the various test-
access points in a trunk circuit are wired to a set of jacks and lamps
in a testboard. The lamps are used to provide the trunk status in-
formation while jacks provide access to particular leads or points for
test purposes. Typically, the transmission and control leads (tip, ring,
and sleeve) are brought over by a bridged connection from the trunk
circuit and signaling leads are looped through testboard jacks to per-
mit signaling tests. Access to the test equipment is generally made
through a set of cords which are manually plugged into the jacks.

The jack access arrangement, normally used in testboards, is
undersirable for Picturephone trunk maintenance. The use of a multiple
off of a wideband pair could cause transmission difficulties because,
electrically, it is equivalent to a high frequency bridge-tap stub.
An effective method of minimizing this problem is to provide
switched access for reaching these pairs. This method of access was
provided for both the video and audio transmission pairs. In addition
to the transmission testing, however, there is still the need to provide
access to the control and signaling leads as well as to get trunk status
displays. The most economical means of doing this was deemed to be
the use of the direct cabled, jack access arrangement. The Testboard
No. 23 was developed with these considerations in mind.

4.2 Testboard No. 23

The Testboard No. 23 comprises two individual test positions. One,
the transmission test position (TTP) is cordless and key-ended; it uses
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switched access through the No. 5 crossbar machine to gain access to
the transmission pairs of trunks. The second position, the miscella-
neous test position (M'TP), is a cord type position which provides jack
access to the control and signaling leads of the trunk circuits. The
number of MTPs depends primarily on the number of trunks in an of-
fice while T'TPs will be provided as required by the maintenance load.

4.2.1 Transmission Test Position

The TTP is a cordless, upright test position which provides key-up
access to circuits and test equipments (see Fig. 5). Access to test
trunks is obtained by selecting one of two access or position circuits
and bidding for the test trunk by a key operation. The access to cir-
cuits to be tested is provided by keying-up the necessary digital in-
formation, observing a display of the keyed information, verifying, and
then spilling the information forward to the switching machine. This
is accomplished by a key operation which results in a trunk test
register being attached to the incoming test trunk in the office (see Fig.
6). The register returns a reversal of battery signal which activates a
temporary store in the testboard and results in the digits being spilled
forward. The register receives these, passes the information to the
marker, and a connection is set up. All audio and wideband transmis-
sion testing is done from this position and various test sets can be
switched into the circuit through the use of associated keys. In addi-
tion, a jack-ended arrangement is provided to permit the use of mis-
cellaneous, low frequency, portable test equipment at the position.

4.2.2 Transmission Test Position—Central Office Communication

The primary function of the testboard is the testing of the interoffice
trunks, PBX trunks, and RSU links. To accomplish this, the testboard
has access to the two sides (line link and trunk link) of the No.
5 crossbar network and more digital information is required by the
switching machine to service test calls then in the case of the LTD.
The information required for handling a test call from a testboard
consists of a maximum of 27 digits. The first six digits provide class
information which indicates to the switching machine the type of
call being made. Digits 7 through 10 identify the particular office
trunk to be used in the eall. Digits 11 through 13 cover special fea-
tures such as canceling the continuity check or overriding a make
busy. Digits 14 through 17 are used to identify the particular RSU
link or PBX trunk to be used in the call if the call is to an RSU or
PBX. Digits 18 through 27 provide the destination address. In cases
where a digit is not required for making a particular test call, a SK
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Fig. 5—Testboard No. 23, Transmission Test Position.
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Fig. 6—Picturephone trunk maintenance arrangements.

digit is sent. If, for example, a test call is being made to a distant office,
there are no RSU links or PBX trunks involved. In this case, digits 14
through 17 would be SK digits.

Errors are minimized by temporarily storing and displaying the
digits before outpulsing. Provision is made to allow partial erasures of
groups of digits in the event an error is made. This also reduces the
number of digits that needs to be dialed when successive test calls are
of a similar nature and where only the address information is changing.

4.2.3 Miscellaneous Test Position

The switched access to transmission pairs in the TTP is possible
since these pairs have an appearance on the No. 5 crossbar network. In
the case of lines, these pairs are the only access points needed for test-
ing purposes. Trunks, however, are somewhat different for it is neces-
sary to have access to additional points in order to perform signaling
tests, remove from service, restore to service, and to obtain individual
and group status displays. The access points necessary to provide these
functions do not have appearances on the network and consequently
another means of providing the access is necessary.

The MTP accomplishes this and provides the required access to the
nonswitchable test points necessary for trunk maintenance. Access is
provided by directly cabling, on a multiple or loop-through basis, the
trunk leads required and by providing a set of dedicated jacks and
lamps per trunk. The position is a manual one where access to test
points is obtained by plugging cords in the proper jacks. The position
is an upright frame type (see Fig. 7) with the same profile as the TTP.
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Fig. 7—Testboard No. 23, Miscellaneous Test Position.
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V. WIDEBAND MOBILE TEST BAY

5.1 Introduction

In the early years of Picturephone service, there will be a need in
some offices for an initial “get-started” maintenance arrangement until
the standard line and trunk maintenance facilities (LTD No. 15
and TB No. 23) become available. The Wideband Mobile Test Bay
(WBMTB) is intended to satisfy this need.

5.2 Description

The WBMTB (see Fig. 8) is a roll about type of cabinet contain-
ing the same wideband test equipment that is provided in the test
desk and testboard. It is designed to provide a convenient, compact
housing arrangement, for the wideband test sets. The master test frame
or other office equipment provides the means for the WBMTB to gain
access to lines or trunks.

5.2.1 Wideband Mobile Test Bay Arrangements

The WBMTB will be used in three different arrangements. The first
arrangement provides for using the WBMTB in the master test frame
(MTF) area. In this case, the WBMTB uses the MTF to gain switched
access to a line or trunk. Testing is done by connecting the WBMTB
to the circuit by use of a cord. The various test sets are then connected
by operating keys associated with the test sets. In some offices
this arrangement may be undesirable due to the additional work
load or demands on the MTF and also if the maintenance section is
an ares of high activity.

A second arrangement is provided where the work load is not a
problem but where it would be desirable to do the testing at another
location. In this arrangement, the MTF still provides the means for
accessing the circuits. The circuits, however, are trunked over to an
auxiliary test location where the WBMTB is located.

A third arrangement is provided for situations where the additional
work load on the MTF is undesirable. In this arrangement the auxi-
liary test location has access to an incoming test trunk and is equipped
with a priming set circuit and the WBMTB. The incoming test trunk is
similar to the trunk used with the Testboard No. 23. This trunk is
arranged to have access to the trunk test register in the office. The
priming set circuit is designed to provide an equivalent means to keying
up the digits necessary to access lines and trunks. This is accom-
plished by providing selector switches rather than a key set and regis-
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Fig. 8—Wideband mobile testbay

ter. A line or trunk is accessed by setting the priming set circuit switches
to the proper digits and operating a start key. The incoming test
trunk is then seized and when a register attached indication is re-
turned, the digits are spilled forward on an MF basis and a connec-
tion is established. Testing can then proceed.

VI. TEST EQUIPMENT

6.1 Background

It is evident that considerable testing experience will be necessary
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before an optimum set of tests or test equipments can be specified. In
view of this and the desire to start service as early as possible, general
purpose test equipment is specified which is deemed to be sufficient
for system maintenance and to obtain the necessary experience. The
test sets chosen are:

(#) A wideband oscillator,
(72) A wideband voltmeter,
(¢#7) A video waveform oscilloscope,
(v) A Picturephone test signal generator,
(v) A Picturephone noise measuring set, and
(vi) A Picturephone station set.

6.2 Test Sets

6.2.1 Wideband Oscillator

The wideband oscillator has a frequency response from 4 Hz to 2 MHz.
In the frequency range of 30 Hz to 1 MHz the output is specified to be
flat to within +0.1 dB. This permits rapid measurements of trans-
mission characteristics without constant need for readjustment of the
output level. The oscillator is capable of delivering 43 dBV into
100 ohms with an output resolution on its level control of less than
0.05 dB. The distortion products in the output signal are less than
—40 dB. The frequency accuracy is given as within +3 percent of the
dial setting.

6.2.2 Wideband Voltmeter

In the main, this instrument is used with the oscillator for gain-
frequency measurements. The range of the voltmeter is specified as
extending from —60 dBV to -+10 dBV. While the signal levels, in
general, will not be as low as —60 dBV it may be necessary to measure
noise in this range. The upper range has been chosen on the basis of
measuring signals on misaligned systems or running overload tests.
The level accuracy of the instrument is #4-0.1 dB in the range from
30 Hz to 600 kHz. Outside of this range the specification is relaxed in
accordance with required low end and high end Picturephone roll-off
characteristic. In addition, a “3 kHz Flat” filter may be selected. The
instrument, with this filter, may be used for noise measurements in this
frequency range. This will supplement the noise measurements made
by the Picturephone noise measuring set which has a low frequency
cutoff of 4 kHz.

6.2.3 Video Waveform Oscilloscope

One can select and display, (with the instrument being used for
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waveform observation), either of the interlaced fields. A variable line
select control is featured so that any line in a particular field can be
observed. A discrete line select position is also available so that the
eighth line in a field is displayed. It is intended that this feature be
used with a specific signal generated by the Picturephone test signal
generator (see part (i) in Section 6.2.4). The amount of tilt observed
on this eighth line is a measure of the low-frequency performance of
an intervening transmission medium.

The horizontal linearity of the oscilloscope is 4-0.5 percent of full
scale. Multiplication of the horizontal sweep rate (time-scale magni-
fication) by 5 or 25 is also available. In addition, external sync and
free-run modes of operation are provided. (The free-run mode is useful
for observation of noise or crosstalking signals.)

An internal calibration signal is available for checking the vertical
display of this instrument. This calibration signal allows for a stated
accuracy of 4=1 percent of full scale deflection. The required range of
input levels is from 0.2 V peak-to-peak to 2.0 V peak-to-peak. An
additional 12-dB gain switch is provided. This permits vertical magni-
fication of portions of the input signal. An internal graticule eliminates
any parallax error when making measurements on the 8-cm by 10-cm
display screen.

Since the video information portion of the Picturephone signal is
preemphasized, and the sync pulses are not, a response switch has been
provided to allow for:

(7) Viewing sync pulses (with video information still preemphasized).
(%) Viewing the deemphasized video (with the syne pulses being
distorted because of the deemphasis process).

In addition, this switch allows for:

(4%2) Viewing the 512-kHz modulation stripped from a differential
gain (modulated stair-step) signal.

6.2.4 Picturephone Test Signal Generator

The Picturephone test signal generator has been developed for
transmission and CODEC testing. The generator provides seven se-
lectable waveform patterns, some of which are shown in Fig. 9:

(7) A white centered window, as it will appear on a station set, is
produced by the signal shown in Fig. 9a-1. Such a digplay makes
ringing and overshoots evident. The generator can also modulate
this signal with a 256-kHz square wave as indicated by Fig. 9a-2.
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(e-1)

Fig. 9—(a-1) One-half white centered. (a-2) One-half white centered with 256-
kHz modulation. (b} Half white, half black. (¢) Interconnecting Unit test signal.
(d) Externally modulated signal. (e-1) Stair step signal. (e-2) Stair step signal
with 512-kHz modulation. :
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(#2) A field time modulation waveform which will produce a picture
on the station set that is half white and half black (horizontal
dividing line) is shown in Fig. 9b.

(#27) A signal which will produce a 4-kHz fundamental component
for testing Interconnecting Units. See Fig. 9c.

() A 256-kHz square wave without sync or blanking is provided for
CODEC testing.

() A standard sync signal with the video containing a 1/2 white
pedestal. This signal can be modulated by an externally derived
signal. Fig. 9d illustrates this pattern with modulation.

(vi) A seven step-staircase signal with or without a 512-kHz locked
sine wave modulation. This signal would provide a grey scale
as viewed on a station set. See Figs. 9e-1 and 9e-2.

(vi) Sync format only.

Any of the above patterns can be transmitted either with or without
preemphasis.*

One form of the Picturephone test signal generator permits it to be
operated from a remote position. Such a unit is located on a miscellaneous
equipment bay associated with the local test desk and testboard.
The selection of patterns and necessary control functions is provided
by switches and keys in the test desk and transmission test position.

6.2.5 Picturephone Notse-Measuring Set

In another paper®, the system requirements are given in terms of
percentage time that the noise exceeds a specified level. This can be
translated to the number of peaks exceeding a preset threshold by as-
suming an average effective duration for the noise bursts. This test set
counts the number of those noise peaks that exceed a preset threshold
level within a preset time interval. It is used also for making background
rms noise measurements in the range from 0 to 100 dBrn. The measure-
ment range for impulse noise is from 30 to 100 dBrn in 1-dB steps. Its
maximum counting rate is six counts/second on an internally contained
mechanical counter. When used with an external electronic counter,
it can give indications of 5000 counts/second. It contains a spring-
driven timer adjustable from 0 to 15 minutes which shuts off the set at
the end of a preset interval. A continuous hold position is also provided.
Essentially, this instrument has a bandwidth extending from 4 kHz to
560 kHz. Other shaped bandwidths such as Picturephone noise weighting
may be selected by means of plug-in filters. The longitudinal balance of
this instrument is greater than 70 dB at 25 kHz and greater than
42 dB at 560 kHz. This instrument has an accuracy of 0.5 dB and
contains an internal means for calibration.
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6.2.6 Picturephone Station Set

This is a standard 2C video telephone station set used for commu-
nication purposes, for confirming trouble conditions, and for observing
the effect of transmission impairments on any video test signal.

VII. TRANSMISSION TEST TERMINATIONS

7.1 Background

Transmission test terminations are circuits, which upon seizure, as-
sume a particular state, or sequence through a number of states while
returning preset signals for each of the states assumed. Test termina-
tions may appear on the line or trunk side of a network. On the line
side, seven digits are required to access the termination and they are
referred to as test lines. On the trunk side, three digits of a 10X type
are generally required to access the termination and they are referred
to as test trunks or 10X trunks. The function of a test termination is
to provide one-person transmission, signaling, or operational test capa-
bility.

7.2 Wideband Transmission Test Terminations

Three transmission test terminations are being provided for Picture-
phone service:

(@) The station video test termination,
(%) The wideband 100 type test termination, and
(#77) The wideband 102 type test termination.

7.2.1 Station Video Test Termination

The station video test termination permits an installer to check the
picture quality and Picturephone ringing feature of a station set. The
test termination is accessed by dialing a special code from the station
set being installed. Upon seizure the test termination transmits both a
video and audio signal to the station. These signals are used to check
the quality of the loop. A ringing test can be performed by flashing the
switch hook and hanging up. Upon answer, the test termination estab-
lishes a loop-back condition only on the video pairs. The picture
quality can be further observed by the installer viewing himself over
this central office loop-back and comparing this with the picture that
results when he views himself on a local loop-back in the station set.

7.2.2 The Wideband 100 Type Test Termination
The wideband 100 type test termination provides a means for mak-
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ing far-to-near noise measurements on the video and audio pairs of
trunks. This test termination is accessed by dialing a special code
which may be 100 if it is on the trunk side of the network; seven digits
if on the line side of the network. In either case, upon seizure the
test termination will return a 10-second, 1-kHz, —10dBV tone over
the video pair. At the end of this time the termination will remove the
tone and terminate the audio and video pairs. The test termination
will remain in this state while permitting a noise measurement to be
made. After an automatic time out, it will return to its idle state with
the video pairs looped-back and the audio terminated.

7.2.3 The Wideband 102 Type Test Termination

The wideband 102 type test termination provides a means for mak-
ing loss measurements on the video and audio pairs of trunks. This
test termination is accessed by dialing a special code which may be 102
if the termination is on the trunk side of the network; seven digits if
on the line side of the network. In either case, upon seizure, this test
termination will return a 20-second, 1-kHz, —10dBV tone over the
video pair and a 40-second, 1-kHz, 0 dBm tone over the audio pair.
These signals are used for far-to-near loss measurements, At the end
of the 20-second interval, the signal on the video pairs is removed and
a video loop-back condition is set up for 20 seconds. This permits a
loop-back loss measurement to be made on the video pairs. At the end
of 40 seconds, the video loop-back is removed along with the tone on
the audio pair.

VIII. SUMMARY

The line and trunk maintenance arrangements for the initial years
of Picturephone service have been designed to provide a high degree
of flexibility. The test equipment is sufficiently general to individually
and collectively provide a wide range of test capability. This is par-
ticularly important in the early years as experience is gained and
improved test methods are evolved.

The switched method of accessing circuits provides a versatile
arrangement for testing the audio portion of trunks as well as provid-
ing the necessary access to the video portion. Incorporated in this
arrangement is the new capability of exercising some control over the
switching machine by directing it to cancel or override certain normal
machine actions. Overall, the arrangements provide not only wideband
test capability but also greater flexibility in the maintenance of lines
and trunks.
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Wideband Data Service
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Use of the evolving Picturephone® network to provide common-user,
switched wideband data service ts another step in the continuing effort to
satisfy the growing need for moving information faster, in greater quan-
tities, over longer distances, and at lower cost than is now possible. Full
use s made of the planned network with but minor modifications to the
basic face-to-face offering. Initial network capabilities permit synchronous
data transmission at 460.8 kb/s; it is expected that data service at 1.844
Mb/s will become standard as network improvements are made.

I. INTRODUCTION

The rapid growth of data transmission over the past several years
has indicated a need for finding more efficient means of transmitting
large amounts of data. At present, the majority of data transmission
oceurs at rates of a few kilobits per second over voicegrade facilities.
Modern computer-associated equipment is capable of operating at
rates several orders of magnitude greater than this with no significant
economic penalty. For data service at such high speeds, wideband
private-line facilities are available. Additionally, a common-user
switched wideband service, called Data-Phone 50, is presently avail-
able to provide 50-kb/s transmission capability over a four-city
experimental network. Data service using the planned nationwide net-
work of Picturephone facilities will provide speed capability an order
of magnitude greater than this, _

Wideband data service over the Picturephone network begins with
the offering of a switched 460.8-kb/s capability through use of the
initial network of Picturephone facilities. Faster service at 1.344 Mb/s
is anticipated as network improvements are made within the next few
years. It is expected that provision of switched wideband data cap-
ability on the Picturephone network will be a significant step toward

667
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satisfying the growing need for high-speed data communications. This
common-user switched service should be most attractive to users whose
community of interest includes many stations spread over a wide
geographical area with traffic volume to individual stations not large
enough to justify the use of wideband private-line facilities.

II. INITIAL SERVICE OBJECTIVES

A design objective for initial data service is to make full use of the
network with but minor modification to the basic face-to-face service.
This must be done while recognizing that although the face-to-face
signal occupies a 1-MHz bandwidth, various power, spectral distribu-
tion and processing constraints restrict the transmission of arbitrary
1-MHz signals. For data-type signals, these constraints are most
severe at the interface between the analog and digital portions of
the network. '

The equipment used to provide this interface is called a codec.?
The codec which will be used for initial Picturephone service was
designed primarily for video service. To accommodate signals the
analog interface is adaptively altered, but both data and video
signals undergo the same basic encoding process. This process limits
wideband data service to rates well below one megabit per second. As
the network continues to evolve, an improved codec is expected to
handle data rates up to 1.344 Mb/s by adaptively changing the en-
coding process as well as the analog interface.

Both initial 460.8-kb/s and future 1.344-Mb/s service can be ob-
‘tained without extensive modification of the planned Picturephone
network. Many plant items such as analog repeaters, central office
switches and digital trunks will be shared between video and data
service. The few differences that will be found between the services
will be in codec operation, station arrangements, and maintenance
procedures.

ITI. LIMITATIONS ON DATA RATES

The wideband transmission path in a typical Picturephone connec-
tion involving digital facilities will consist of an analog loop, switch,
and trunk followed by a digital encoder, trunk, and decoder, and
completed by the inverse analog trunk, switch, and loop. Several fac-
tors limit the bit speeds that can be realized through such a path at
reasonable cost. These factors include the capacity of the digital
trunks, technical and economic considerations in analog transmission,
and the methods used to encode the analog signal into digital form.
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3.1 Digital Transmission

Specifically, the transmission rate of the T2-format bit stream used
in the Picturephone plant is 6.312 Mb/s.2 A small percentage of the
total bits transmitted must be reserved for control and synchroniza-
tion of the digital system but the remainder are available to carry
message information.

3.2 Analog Transmission

A fundamental restriction on maximum data rate in analog trans-
mission is limited channel bandwidth. According to theory,® the maxi-
mum two-level PAM bit rate that can be attained in the 1-MHz
video channel without intersymbol interference would be 2 Mb/s.
Practically, imperfections in the Picturephone loop and trunk trans-
mission characteristics reduce speeds that can be realized without
unduly complex instrumentation to the vicinity of 1.5 Mb/s. Simple
‘methods are available to encode data signals at rates up to that speed
into the 6-Mb/s digital capacity of T2 bit streams.

Although speed limitations have been discussed above in terms of
bit rate, it is basically signaling rate that is limited by restricted
bandwidth. Consequently higher bit rates are potentially achievable
by transmitting more information per signal pulse; i.e., by using a
multilevel signal format. In addition, more efficient use of the avail-
able band is possible if partial-response* signaling is used.

Unfortunately, both of these techniques for increasing bit rate will
also increase the number of signal amplitudes that must be distin-
guished in order to recover the transmitted data. This, in turn, will
reduce the error margin that the signal has against noise and crosstalk
interference accumulated during transmission. The margin will be
reduced even further by the distortions encountered on the analog
facilities.

To overcome the loss of error margin incurred by multilevel signals,
it might seem reasonable to increase the transmitted signal power to
the point where the error rate is reduced to tolerable levels. However,
it is necessary to consider the possibility that high-power data signals
will crosstalk into other services. To protect these services (particu-
larly face-to-face video), protective criteria that limit the allowable
transmission power for data signals have been formulated.®

In Section 4.1, it is shown that the interference, distortions, and
power limitations that are expected on Picturephone analog loops
and trunks will limit economically feasible transmission to binary
PAM with a maximum rate near 1.5 Mb/s.
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3.3 Digital Encoding and Decoding

The objective of maximum alternate use of Picturephone facilities
leads to the procedure of quantizing, sampling, and pulse-code modu-
lating the analog data signal just as if it were a video signal. It will
be shown that this procedure is the principal factor in the choice of
460.8 kb/s for the initial-service bit rate.

IV. DATA CAPABILITIES OF THE Picturephone NETWORK

To determine the exact capabilities for data transmission over the
Picturephone network, the various components that form the network
will be considered separately. In order of discussion, these components
are analog loops and trunks, digital facilities, and analog switches.

4.1 Analog Loops and Trunks

The loops and trunks have beer discussed in detail in a preceding
paper;’ only the pertinent aspects will be reiterated here when needed.

The major source of interference to data signals in the analog plant
is impulse noise; both system allocations and actual transmission tests
indicate substantial operating margin against thermal noise and cross-
talk. Quantitatively, the maximum impulse noise level can be esti-
mated from the objective’ for face-to-face Picturephone service.
Measured on the equalized facilities, this objective is that the prob-
ability of base-to-peak weighted noise exceeding 18 millivolts be less
than or equal to 1.5 X 107°[P(N > 18 mV) =< 1.5 X 107°]. For con-
venience, the voltage threshold of 18 mV can be translated to a dBV
threshold of —35 dBV. Then, noting that the face-to-face objective
is a weighted objective, a 6-dB modification to —29 dBV is made
since data service is not affected by subjective weighting, and will
not use pre- and de-emphasis. Impulse noise distributions found on
Picturephone facilities are expected to display a slope of 10 to 12 dB per
decade change in probability. Applying a 12-dB slope to the —29
dBYV objective leads to the upper limit for system noise shown in Fig. 1.

To determine maximum allowable data powers, reference must be
made to the protective criteria for interconnection.® One criterion
concerning power present in narrow bands is met with ample margin
by random data signals, but a second criterion for total power in
specified wider bands places severe restrictions on signal power. Calcu-
lations for the maximum reasonable binary data rate of 1.5 Mb/s
indicate allowable transmission levels of 2.5 dBm. In terms of peak
voltage across the 1002 line this level is —7.5 dBV.
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Fig. 1—Ideal data performance relative to impulse noise objective for analog
loops and trunks.

The error performance of this signal can now be related to the im-
pulse noise objective discussed previously. To meet the usual wideband
data error rate objective of 107° for a peak signal level of —7.5 dBYV,
it is required that the probability of noise greater than —7.5 dB be
less than or equal to 2 X 10°[P(N > —7.5 dBV) < 2 X 107°]. The
factor of two arises from the 50 percent probability that the noise and
signal are of opposite polarity. As shown in Fig. 1, the data performance
objective is met with 11 dB of margin.

So far the discussion has been concerned with the effect of noise on
ideal signals. In practice, however, even with the in-band gain well
equalized, two significant sources of signal distortion remain. The first
of these is deviation of the net phase characteristic from an ideal
linear characteristic, and the second is deviation of transmission
characteristies due to the lack of temperature regulation on the loops
and trunks for initial service.

To investigate the effect of distortion on data signals, 1.344-Mb/s
data signals were tested on simulated facilities. The results are illu-
strated by the “eye” patterns* of Fig. 2. The pattern of Fig. 2a was

* An “eye” pattern is a bit-synchronized superposition of possible data signals.
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taken with the test data set connected back-to-back and is, therefore,
the reference pattern. Expected worst-case phase distortion was simu-
lIated by 42 kft of 22 AWG cable maintained at constant temperature
and gain-equalized by repeaters spaced at 6-kft intervals. The dis-
torted “eye” is shown in Fig. 2b. A Bode Equalizer® was used to sim-
ulate worst-case distortion due to temperature variations. The
equalizer shape was a compromise between the regulation character-
isties of 20 kft of 24 and 16 kit of 26 AWG cable; both of these have
+8 dB of gain at the 1-MHz band edge corresponding to a 50°T
temperature differential. The result is pictured in Fig. 2¢. Measure-
ments of the “eye” patterns at the sampling points show an effective
loss of margin against noise relative to an ideal undistorted signal of
0.6 dB, 1.5 dB, and 1.5 dB for back-to-back, phase distortion, and
temperature distortion respectively. The phase and temperature dis-
tortion conditions used in these tests are extreme. It is not unreason-
able, therefore, to allot 3 dB of margin for worst-case facility distor-
tions and data set tolerances.

It is anticipated that second-generation cable equalizers will include
both temperature regulation and improved phase control, but the extra
margin derived therefrom will be allocated for the extension of loop
and trunk length. Therefore, no appreciable improvement of analog
transmission performance should be expected from second-generation
facilities.

©

Fig. 2—Eye patterns for a 1.344-Mb/s data signal transmitted: (a) back-to-
back, (b) through a phase distorted channel, and (¢) through a temperature dis-
torted channel. :
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The effect of distortion can be related to the performance curve of
Fig. 1. The ideal signal has an 11-dB margin against impulse noise. If
3 dB of this is allotted to facility and data set distortions, 8 dB of
margin remains to be distributed between gain misalignment, thermal
noise, and crosstalk interference.

From the preceding considerations, it can be concluded that data
transmission at rates up to 1.5 Mb/s is feasible on the Picturephone
analog loops and trunks. The transmission levels will cause neither
excessive interference into other services nor excessive susceptibility
to impulse noise. However, margins are so small that transmission at
higher bit rates appears unlikely without appreciable increase in data
set complexity.

Before closing this section, two additional points should be consid-
ered. First, it will be shown in the following section that the initial-
service codec will not support data rates much greater than 500 kb/s
and signals encountering digital trunks will be subject to codec
jitter and quantizing noise. Furthermore, network protection criteria
impose more severe power limitations on signals in this speed range
because their energy is concentrated in the region of the transmission
band where the risk of crosstalk interference to other services is
greatest. Fortunately, cable equalization tends to concentrate inter-
ference at the high end of the band; the amplification needed to offset
cable rolloff enhances the high-frequency components of noise and
crosstalk. This tends to make the signal and interference spectra
disjoint; the net result is expected to be performance at least as good
as that at 1.5 Mb/s. The expectation has been borne out by prelimi-
nary testing on Picturephone trial facilities.

The second point concerns low-frequency transmission characteris-
tics. To allow for dc potential differences between repeaters, the trans-
mission path must be ac-coupled. The cutoff is in the vicinity of 1 Hz;
the associated time constant is on the order of 160 ms. With the
20-stage scrambler/descrambler normally included in wideband data
sets,® the probability that more than 20 consecutive symbols of the
same polarity will be transmitted is negligible. At a 500 kb/s rate, this
corresponds to only 40 us without a signal transition. It is clear, there-
fore, that low-frequency cutoff will have no appreciable effect on
Picturephone data transmission.

4.2 Digital Facilities

As mentioned in companion articles,” 1° digital facilities will carry
the bulk of Pricturephone toll transmission. The basic building block
of the digital facilities is the 6.312 Mb/s differential pulse code modu-
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lated (DPCM) signal derived from the A/D operation in the codec.
This bit stream may be transmitted by itself over T2 facilities or
multiplexed with other bit streams for transmission over radio or
coaxial carrier systems.1? 12

4.2.1 Codec Operation

The interface between the digital and analog facilities is provided
by the codec which uses differential encoding to transform the nominal
1-MHz analog signal to a 6.312 Mb/s PCM signal.’ Because of basic
format differences between video and data signals, it is necessary that
the codec be able to operate in two distinet modes. This is achieved by
sensing the presence or absence of video sync signals to determine
whether the input signal is video or data.

For data signals the codec operates as a simple nonsynchronous
differential encoder. The input signal is brought to a nominal level,
0.72 volts peak-to-peak, by a +6 dB AGC which compensates for all
but catastrophic gain misalignment in the analog plant. This signal
is then sampled at a 2.016 MHz rate with each sample differentially
encoded into one of eight signal levels (412, 436, =484, 4180 milli-
volts relative to the input signal level). The resultant levels are then
3-bit encoded; framing, stuffing and signaling bits are added; and a
6.312-Mb/s PCM signal is delivered to the digital facility. At the far
end, the opposite procedure is used to recover a nominal-level analog
signal to be sent to the appropriate end section. This is illustrated
in Fig. 3 which compares a typical data signal as seen at the input of
the near-end codec, Fig. 3a, to the resulting signal at the output of the
far-end codec, Fig. 3b.

From Fig. 3 one can observe the distortion caused by three types
of impairment introduced by the codec: jitter, slope overload, and
quantizing noise. Jitter is introduced into the signal by the nonsynchro-

(@) (o)

Fig. 3—A typical 460.8-kb/s data signal as found: (a) at the input to a near-
end codec, and (b) at the output of a far-end codec.
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nous method of sampling used in the A/D conversion. The amount of
peak-to-peak jitter, equal to the reciprocal of the sampling rate, is
approximately 0.5 ps. It is usually desirable to keep the total range of
jitter in a data signal less than 50 percent of a bit period to ensure
detection of the signal near its peak. Therefore, codec jitter can be
thought of as imposing an upper limit of one half the sampling rate,
or 1.008 Mb/s, on binary data transmission.

Slope overload considerations also limit data signals in the follow-
ing manner. The use of differential encoding with a maximum step
size of =180 millivolts means that the codec output signal cannot rise
at a rate faster than 180 X 2.016 or about 360 mV per us. Thus, for
high-level or high-speed signals, the output will not be able to track
the input accurately. For a rectangular pulse at the input, the point
at which the output signal can no longer rise to the peak of the input
signal in one pulse interval is referred to as the overload point. This
is illustrated in Fig. 4 where it is seen that the output, bottom trace,
cannot rise to the peak value in a single bit interval. However, if the
input remains constant over several bit intervals, the output can attain
the peak amplitude of the input. Figure 4 then illustrates operation
beyond or above the overload point. Operation below the overload
point requires the number of samples per bit interval to be greater
than the signal voltage divided by 180 mV. For the planned 0.72-volt
data signal, four samples are required per bit interval, thus placing
an upper limit of 504 kb/s on the data speed.

In addition to jitter and slope overload impairments, the codec,
through the process of A/D conversion, introduces distortion known as
quantizing noise. For worst-case bit combinations at the input, codec
operation is just below the overload point such that maximum
quantizing steps are used continuously. Since the signal is simultane-
ously undergoing jitter, argument can be made that the worst-case
quantizing noise found on data signals is 180 mV or 25 percent of the
peak data signal. This analysis must, of course, be tempered by far-
end loop and data set considerations. The analog loop will add noise to
the signal and the data set will contain a low-pass receive filter with
the result that the quantization noise will become hidden in other
impairments.

From the above discussion, it is apparent that data transmission
above one megabit through initial codecs suffers from a large amount
of jitter and a low overload point. Since transmission should be sat-
isfactory at rates below 500 kb/s, initial service will be offered at
460.8 kb/s, a rate that is compatible with present private line offerings.
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Tig. 4—A 4608-kb/s data signal operating beyond the overload point of the
codec. Top trace is a high-level input which produces the overloaded output
seen in the bottom trace.

4.2.2 Transmission Facilities

Having been transformed by a codee into a 6.312 Mb/s DPCM bit
stream, a data signal is indistinguishable. from a similarly encoded
video signal. In either case, the DPCM signal can be transmitted to
the far-end codec via any one or any combination of digital transmis-
sion facilities. The DPCM signal can occupy a complete T2 line or
be multiplexed through a M2R onto the digital channels carried on
TD-2 radio.l*

L-Mastergroup Digital terminal equipment (LMD) multiplexes two
6.312-Mb/s bit streams onto mastergroups on L-4 coaxial systems.'?
Future higher capacity digital and analog systems will also include
the necessary multiplexers to enable compatibility with the T2 format.
Whatever the facility, the digital bit stream is expected to contribute
less than 10 percent of the overall data error rate, so that, for most
practical cases, the codecs may be thought of as being back-to-back.
That is, any distortion introduced into a data signal by a digital
facility will in all likelihood arise within the codec and be independent
of distance.*®

4.3 Analog Switches
As has been described in a preceding paper,'* wideband video switch-
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ing on the Picturephone network will be realized by four-wire video
switches slaved to the associated voice-pair No. 5 crossbar switches.
Questions on the capability of these switches for handling wideband
data services in the megabit range are: (i) what effect in terms of
crosstalk would wideband data services have on video-telephone ser-
vices sharing the same switch, (1) to what extent are wideband data
signals impaired by switch characteristics, e.g., reflections from stub
multiples, mismateh, etc., and (77) what is the effect of office switch-
ing noise on data?

To answer the first two equations, data transmission tests were
conducted on a laboratory model No. 5 crossbar Picturephone switch.
Crosstalk investigations included measurement of near-end crosstalk
(NEXT), far-end crosstalk (FEXT), and measurements in which
both types of coupling paths contributed. The transmission perform-
ance of the switch was determined by “eye” pattern observations of a
1.344 Mb/s data signal for one passage through the switch from wide-
band-line link frame (WBLL) to wideband-trunk link frame (WBTL),
as well as for a loopback connection on the WBTL side of the switch.
The question of impulse noise could not be answered by direct measure-
ment; the model switch is not in a real central office environment and
field installations were not available at the time of the tests.

Based on the measurements made on the laboratory switch model, it
appears that dual use of the Picturephone switching plant for wide-
band data will present no difficulties either in terms of data inter-
ference into video, or in the quality of transmission through the
switch. With crosstalk power weighted by the Picturephone noise
weighting and de-emphasis curves, the worst-case crosstalk inter-
ference from a data disturber was found to be —83 dBV (RMS). This
is well below the mean random noise objective of —75 dBV.” Observa-
tions of the data signal “eye” revealed no significant transmission
impairment.

Without suitable test facilities, the effect of impulse noise can be
estimated only on the basis of allocation. Since the switching office
allocation is included in the overall impulse noise objective, it has
already been taken into account in the discussion of analog loops and
trunks (Section 4.1).

V. INITIAL SERVICE

In the preceding section, it has been shown that the initial network
of Picturephone facilities will not support data speeds greater than
500 kb/s. Therefore, an initial offering of 460.8-kb/s service was
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chosen for compatibility with private line services presently being
offered through use of T1 carrier facilities. Other possible speeds may
arise from customer provided data sets that comply with network
protection criteria.

Modifications of the analog video plant are not necessary to provide
data service. A loop conditioned for video transmission can be used
by either service. This applies even when the customer uses the net-
work for data transmission without subseribing to Picturephone
face-to-face service.

The terminal equipment that currently provides short-haul 460.8
kb/s service on T1 lines is the Data Station 303 that includes a Data
Set 303J25, a T1 Wideband Modem, and a T1 Line Terminating Unit.
For initial Picturephone service, a new version of this data station
has been developed. The changes that have been made include the re-
placing of the T1-oriented equipment by a 114A Interconnecting Unit
and modifying the data set (recoded as the 303J26) as required for
interconnection with the 114A. In addition, the telephone handset
associated with a video station is replaced by an 804 Data Auxiliary
Set (DAS) that provides data-oriented line control functions as well
as handset and dial. The complete data station for Picturephone net-
work application is pictured in Fig. 5. ‘

Call set-up for data will proceed in the same manner as for video.
The call will be originated from the 804 DAS by dialing the desired
number preceded by the # prefix to indicate that a wideband channel
is required. As the call progresses, maintenance-loopback testing and
removal will take place in normal fashion. When the connection is
completed, either by manual or automatic answer at the called end,
the wideband circuit is ready to accept the data signal.

In addition to the line-continuity testing by the Picturephone
Maintenance Loopback feature, the data station will have the cap-
ability for both remote and local data testing. As in existing data
services, this capability will be provided by the line and test unit 806
DAS operating in conjunction with the 804 DAS. The specific tests
involved permit isolation of troubles to the transmission facility, the
data station, or the customer’s equipment by looping the signal at
interface points and monitoring transmission quality. The tests are
originated and monitored remotely from a Data Test Bay in a
serving central office.

VI. SUMMARY AND CONCLUSIONS

It has been recognized that the system of Picturephone facilities



WIDEBAND DATA SERVICE 679

Fig. 5—Typical Data Station 303 used for 460.8-kb/s data transmission on the
Picturephone network. Lower shelves provide space for the VLTU (shown in
position), and optional equipment such as an automatic calling unit.
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provides a high-capacity, common-user switched network which can
help satisfy the growing demand for wideband data transmission.
Because of the objective that network facilities be used without altera-
tion wherever possible, data transmission over the network is now
limited to rates below 500 kb/s. A rate of 460.8 kb/s, compatible with
service now being provided over T1 carrier facilities, has therefore
been chosen for the initial data offering on the Picturephone network.

The upper bound on data speed is largely a result of limitations
arising from the particular encoding process used to transform the
local analog signal to digital form for long-haul transmission. However,
as the network evolves, it is anticipated that alternate use codecs will
enable data transmission. at rates above 1 Mb/s. Since investigation
has shown that the analog portion of the network could support rates
up to 1.5 Mb/s, it is expected that the next generation of wideband
data service over the Picturephone network will be at the rate of 1.344
Mb/s consistent with service now being introduced for use on T1
facilities. This expectation is contingent on possible video bandwidth
- compression techniques that may place additional limitations on at-
tainable data rates.
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The Picturephone® System:

Computer Access

By P. S. WARWICK and G. W. PHIPPS
(Manuscript received September 17, 1970)

The ability to use a Picturephone® station set to display computer
generated information will be provided as an additional feature of Picture-
phone service. The basic element in providing compuler-access service is
the display data set, which acts as the interface between the computer
and the Picturephone station, converting Touch-Tone® multifrequency
signals from the Picturephone station into digital characters for the com-~
puter and converting the computer output into a video signal for the station.
The operation of the display data set and the influence of the Picturephone
network characteristics on its design are described in this article.

I. INTRODUCTION

In addition to face-to-face communication, Picturephone stations
may be used to access computers. A Picturephone user can send infor-
mation to the computer using his station’s Touch-Tone dial, and
messages from the computer can be displayed on the Picturephone
screen. Since the computer-access capability is an alternate use of
Picturephone service, and the objective is that it not interfere with
nor increase the cost of face-to-face communication, the additional
hardware required has been designed so that no modifications to the
station or network are necessary.

II. COMPUTER-ACCESS SYSTEM

2.1 Description

The basic element of computer-access service is a display data set,
which acts as an interface between the Picturephone network and a
digital computer-communications system as shown in Fig. 1. To the
Picturephone network, the display data set appears to be a standard
Picturephone station. To the computer the display data set presents
an interface like those used in standard voiceband data services.

683
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PICTUREPHONE STATION

Fig. 1—Picturephone computer-access system.

The essential functions of the display data set are to convert Touch-
Tone signals received from the station to ascir* characters and trans-
mit them to the computer, to store ascir characters from the com-
puter, and to convert them to the video signals required to refresh the
display at the station.

Since the display data set is connected to the Picturephone network
like a standard station, it must be located in a Picturephone service
area., However, there are two alternatives for connecting the display
data set to the computer. If the display data set is located at the
computer site, a direct cable connection is made to the computer. If
the display data set is located remote from the computer, a dedicated
four-wire voiceband data link is used to connect the display data set
and computer; thus, the computer can be located outside of the Pic-
turephone service area. The economic decision affecting display data
set location is governed by the cost trade-off between switched video
facilities and dedicated voiceband facilities. The computer communi-
cates with a distant display data set in ascir asynchronously at a
1200-baud rate. If the computer and display data set are directly con-
nected, communication is possible at either 1200 or 2400 bauds.

The display data set is connected over a standard Picturephone loop
to a central office, private branch exchange, or key telephone system.
On switched networks, it can be tested remotely from a test desk in
the same manner as a Picturephone station.! A loopback feature in
the display data set allows a test deskman to send Touch-Tone signals
to the set and see them on the screen of his Picturephone set; this

* American National Standard Code for Information Interchange (ANS 34-
1968).
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provides a simple, but thorough, check of the display data set opera-
tion. For cases where a voiceband data link is used between the display
data set and computer, trouble isolation procedures allow the test desk-
man to determine whether a trouble is in the Picturephone network,
the display data set, or in the voiceband data link.

2.2 Operation

A user can place a call to the display data set and computer just
as he would to another station. Referring to Fig. 2, a call to the com-
puter is answered by the Bell System 403E2 Data Set.? The user can
then send messages to the computer using his Touch-Tone dial. The
4032 Data Set converts the Touch-Tone signals to contact closures,
which the display data set converts to serial ascir and transmits to
the computer at 1200 or 2400 bauds.

The computer responds to messages from the user with blocks of
up to 440 alphanumeric characters. These blocks are received asyn-
chronously at 1200 or 2400 bauds and stored in a refresher memory.
From these blocks, the display data set forms displays of 20 lines of
up to 22 characters each. The content of the memory is converted to
an interlaced video signal, mixed with synehronizing information, and
transmitted to the station as required to refresh the display 30 times
per second.

CUSTOMER- PROVIDED
PICTUREPHONE
SWITCHING COMPUTER
NETWORK T
F-58167 "
DISPLAY DATA SET DATA
SET
202 b3
PICTUREPHONE | AS;SAHT{rVEIF?rEO REFRESHER ]
STATION | TRANSLATOR MEMORY VOICE
GRADE
cBE *
) ’4:. 't' | | | FACILITY
ﬁ | | I DATA SERIAL | DATA*
| SET + OUTPUT II SET
L Il 108 A CIRCUIT | 202 D3
fsk
DATA SET | CONTACT CLOSURE/ |
| ASCI TRANSLATOR |
*REQUIRED IF DISPLAY
AUXILIARY 403 E2 DATA SET IS MORE
KEYBOARD DATA SET THAN 50 FEET FROM
THE COMPUTER

Fig. 2—Picturephone computer-access system block diagram.
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Figures 3 and 4 show sample displays on a Picturephone set. The
display data set can generate 60 alphanumeric characters and 16
graph characters; these are shown in Fig. 5. The graticule is dis-
played whenever any graph characters are shown.

For editing displays, the user has the option of using an alpha-
numeric keyboard and a frequency shift keying data set (such as the
Bell System 113A Data Set) in conjunction with his Picturephone
station. When this is done, 110-baud serial ascir signals from the sta-
tion are received by the Bell System 108A Data Set® (See Fig. 2)
and speed-converted to 1200 or 2400 bauds before being sent to the
computer. With the display data set in the edit mode, an alphanumeric
keyboard can be used to modify the contents of the refresher memory.
A movable blinking cursor, which marks the location of the next char-
acter to be written in the memory, is displayed in the edit mode to
aid the user in altering displays. While in the edit mode, characters
received from the keyboard are used only to update the display data

Fig. 3—Typical alphanumeric display.
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Fig. 4—Typical graphic display.

set memory; they are not sent to the computer. When the user is
satisfied with the display, he can request the display data set to trans-
mit the contents of the refresher memory to the computer for storage
or processing. This feature allows users to retrieve files from the
computer, to modify or update these files, and to send updated files
back to the computer.

During the call, the display data set continues to perform its
conversion functions, handling inputs and computer responses as
required. The information retrieval and input capabilities available
to a user of Picturephone computer-access service are largely a func-
tion of the customer-provided programs. The display data set has
been designed not to interfere with or react to most signals sent from
the user to the computer, leaving most decisions affecting message
formats and interactive procedures to the customer and program
designer. Further, the display data set operation is generally under
computer control; that is, except when the editing feature is enabled,
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Fig. 5—Display data set character symbols.

the user sends a request to the computer, and the computer signals
the display data set to respond to the request.

A call is terminated at any time if either the user hangs up or the
computer transmits an end-of-call signal.

III. DESIGN CRITERIA

3.1 Symbol Formation and Screen Capacity

The maximum number of characters in a single display is deter-
mined by considerations of screen size and shape, Picturephone raster
parameters, bandwidth and nonlinearities of the network and station
set, and legibility of the resulting font.* The maximum number of
characters per line was chosen by an empirical evaluation of several
different character shapes and sizes. A judgment was then made that
a minimum length white segment should be about 0.5 s and the mini-
mum black segment about 0.75 ps, making a black-white pair at least
1.25 us long. By choosing special designs for some characters (see Fig.
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5) the maximum number of black-white pairs, including the space
between characters, was limited to three per character. Thus, the
minimum length of a character space is 3.75 ps. This results in a maxi-
mum of 22 characters being displayable, as the visible portion of a
horizontal scan line is approximately 85 us, taking into account worst-
case Picturephone parameters and allowing space for margins on the
sides of the display.

The alphanumeric symbols in the display set are constructed on the
basis of 0.25 us subsegments of a scan line, with each white segment
having at least two subsegments and each black segment having at
least three subsegments. This allows more flexibility in character de-
sign than if a larger subsegment length had been chosen. A character
has a 12-subsegment horizontal dimension, and an intercharacter
spacing of three subsegments is provided for a total of 15 subsegments
in a character space. The resulting character widths are a maximum
of 0.165 inches (0.42 cm). Intercharacter spacing is 0.042 inches (0.11
em) to 0.07 inches (0.17 em) depending on the particular characters.

The maximum number of lines of characters is determined by the
number of scan lines available. Because the Picturephone screen is
not exactly rectangular, and accounting for worst-case parameters
and margins on the top and bottom of the display, only about 207
scan lines will always have the full 85-us sweep visible. Based on em-
pirical studies, seven scan lines were chosen as the vertical dimension
for the character set. Allowing an interline spacing of three scan lines
brought the total to ten scan lines per line of characters. Therefore,
20 lines of text can be displayed. Character heights are thus 0.14
inches (0.36 ¢cm) with an interline spacing of 0.06 inches (0.15 cm).

The sixteen graph characters shown in Fig. 5 may be used to dis-
play simple curves and bar charts. In order to provide good point
spacing for graphs and continuity when creating bar charts, these
characters were chosen to be ten scan lines high and 14 subsegments
wide on the horizontal dimension. (The graticule occupies the 15th
subsegment to provide horizontal continuity.)

As mentioned above, the character shapes shown in Fig. 5 were de-
termined empirically, although some changes have been made in their
designs based on experimental use. Subjective experiments are being
run to compare the legibility of the present font with alternatives, for
example, a font with larger characters and increased interline spacing,
but with fewer possible characters per display. The effects of trans-
mission impairments and digital encoding and decoding on the differ-
ent fonts are also being evaluated.
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3.2 Signal Shaping and Spectrum

The minimum white scan line segment of 0.5 ps used to form char-
acters has a fundamental component at 1 MHz. This is at the upper
end of the Picturephone system bandwidth (station-to-station) which
is down 20 dB at 1 MHz. The long horizontal parts of letters, such as
the top of the letter E, are 2.5 ps in width with a fundamental com-
ponent at 200 kHz. This results in the horizontal parts of letters being
much brighter than the narrow vertical parts and greatly increases
the apparent flicker of displays. To make letters evenly bright, the
first and last subsegments of a white interval on a scan line are main-
tained at full amplitude while the middle white subsegments are re-
duced some 20 percent in amplitude. Figure 6 shows the effect of this
shaping on a signal.

The sharp black-to-white and white-to-black transitions inherent
in computer-generated displays and the regularity of these transitions
due to character spacing can result in an on-line signal with a fre-
quency spectrum quite unlike a typical face-to-face signal. Figure 7a
shows the power spectrum for a display of text. (The sentence “Now
is the time for all good men to come to the aid of the party” was
repeated to fill 20 lines of 22 characters.) The spectrum of a face-to-
face signal is shown in Fig. 7b for comparison. As shown, certain
harmonics of the horizontal sync rate are emphasized by the syn-
chronous nature of the alphanumeric display. These harmonics are
located at 1/3.75 us, 2/3.75 ps, etc., where 3.75 us is the horizontal
character spacing. The amplitude weighting of the 7/3.75 us spectral
lines is different for different displays. For example, if a page full of
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1 1 1 ]
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Fig. 6—Video signal before and after shaping.
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“I's” were transmitted, the greatest power density would occur at
1/3.75 ps, whereas if a page full of “H’s” were transmitted, with two
vertical strokes per character, the greatest density would occur at
2/3.75 ps. Similar considerations result in sidebands at multiples of
1625 Hz on these harmonics. The relatively high power density peaks
in the display data set signal and possible similar signals generated
by Picturephone stations in the graphics mode are a factor in the
transmission engineering of the network to insure that such signals
will not cause excessive interference into other Picturephone circuits.>*

IV. DETAILED DISPLAY DATA SET CIRCUIT DESCRIPTION

4.1 Logic Circuits and Stores

The bulk of the logic in the display data set is constructed with
Western Electric RTL logic chips, coded 1J, 1K and 1L. These are
respectively a quad 2-input gate, a dual buffer and a dual type-D
flip-flop. The contact closure/asci translator and serial output circuit
use commercial DTL circuits. The refresher memory is composed of
commercial MOS static shift registers. The ascii/video pattern trans-
lator employs a commercial braided transformer read-only memory.

4.2 General System Organization

A block diagram of the display data set is shown in Fig. 8. Serial
Asc characters from the computer (or the customer keyboard when
in the edit mode) are sampled and converted to parallel information
for the refresher memory. Control characters are also detected.

Figure 9 shows part of a typical line of characters as displayed on
a Picturephone screen. The Picturephone station is refreshed with two
fixed-interlaced fields, one every 1/60th of a second.* Therefore, the
odd scan lines in each line of characters on the screen are displayed
on one field and the even scan lines on the next field. Because the
character plus interline spacing is ten scan lines high with five lines
in each field, the ascimr information corresponding to one line of char-
acters on the Picturephone screen must be presented for translation
to video signals by the ascir/video pattern translator (Fig. 8) five
times before moving on to the next line of characters. As can be seen in
Fig. 8, the refresher store is divided into two parts, one consisting of
the entire display, called the refresher store, and the other of the line
of characters being scanned onto the screen at the moment, called
the line store. These two parts of the refresher memory are synchro-
nized and operated in a start-stop mode, so that the required speed
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of operation is about 1 Mb/s. In addition to lowering the speed re-
quirements on the logic, this allows the use of low cost and compact
MOS shift registers for the refresher memory.

The refresher store consists of nine parallel 484-bit shift registers.”
Seven of these store in parallel the ascu characters making up the
display. An additional register stores a flag marking the position of
the next character to be written on the screen. This flag may be moved
about under the command of control characters from the computer or
from the keyboard associated with the Picturephone station. Another
register contains a flag marking the character position in the top left-
hand corner of the display and is used when transmitting the con-
tents of the refresher memory to the computer.

The line store consists of eight parallel 22-bit MOS shift registers.
Seven of these store in parallel the line of Ascir characters which is
presently being scanned onto the screen. The eighth register contains
the flag bit marking the next character position to be written on the
sereen if that position is on the line of characters being scanned at
the moment.

The ascir/video pattern translator accepts from the line store the
seven AscII bits of an alphanumeric symbol being scanned with the
additional information of the one-out-of-ten scan line number from
the control logic and generates a 14-bit parallel word. This word is
the binary pattern corresponding to the appropriate scan line in the
symbol. As mentioned earlier, there are 60 alphanumeric symbols in
the display data set repertory, and each of these symbols is up to 12

*The design described is capable of generating displays of 484 characters (22
rows of 22 characters) even though only 20 lines of 22 characters are guaranteed
to be fully visible.
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subsegments wide and seven scan lines high, not counting spacing in-
tervals around each character. The patterns for these 60 symbols are
generated by a read-only memory organized into 512 twelve-bit
words. A nine-bit address formed from six of the seven aAscir bits of
the symbol and three bits corresponding to the scan line number ac-
cesses one of the twelve-bit words. The 16 graph symbols are formed
with combinational logic whose outputs are OR-ed with the memory
output and fed into two alternating-feed shift registers, forming a
parallel-to-serial converter.

The control logic shifts the contents of the shift registers into a
buffer circuit. Here the signal is shaped as mentioned in Section 3.2
and preemphasized. Picturephone synchronizing signals generated by
the control logic are then added and the composite video signal is
matched to a Picturephone line with an unbalanced-to-balanced sig-
nal converter.

The control logic provides synchronizing clocking for all these cir-
cuits and generates appropriately positioned horizontal and vertical
synchronizing signals. The memory may be cleared at any time by a
character (ascii-rs) sent from the computer or station keyboard to
the display data set. The control logic then clears the refresher store
and positions the writing flag in the top left-hand character position
on the screen. All subsequent characters are positioned in sequential
order following this character unless flag-moving cursor control char-
acters are received. There are five flag-moving characters: Single step
right (ascr-uT), single step left (Asci-Bs), move vertically up one
line (ascir-vt), move vertically down one line (ascii-Fr), and move to
the first character position on the next line down (asci-L¥). The con-
trol logic moves the writing flag in the refresher store when these
commands are received.

A transmit command (ascir-pc2) causes the control logic to place
the Ascrr character marked by the reading flag in the refresher store
into a shift register and output clocking circuit for transmission to the
computer. After transmission of the character, the reading flag is
stepped to the next character position in the refresher store and the
process is repeated until the entire contents of the refresher store have
been transmitted to the computer.

The Touch-Tone signals from the customer are received by the
403E2 Data Set associated with the display data set and converted
into two-out-of-seven contact closures. The 403E2 Data Set also per-
forms line supervision functions associated with the customer’s call.
The contact closures are translated by the contact closure/ascu
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translator logic into 1200- or 2400-baud serial asynchronous Asci
data for the computer. Serial data from an auxiliary alphanumeric
keyboard is received via the 108A Data Set and speed-converted be-
fore transmission to either the computer or the refresher memory
input of the display data set.

4.3 Conlrol Logic Functions

A block diagram of the master clocking section of the control logic
is shown in Fig. 10. The basic system clock is a 1.0-MHz crystal
clock. Each scan line in the Picturephone system is 125 us long. The
crystal clock is counted down by a 125-state high-speed counter, which
defines each microsecond on a scan line. Counts in this counter define
the horizontal synch interval, the start of the visible scan interval, and
also drive another 134-135 state high-speed counter, which defines each
scan line in the Picturephone raster. Counts in this counter define the
first and last scan lines on which characters occur and the vertical
synch interval in conjunction with counts from the 125-state coun-
ter. The precision of a erystal clock and count-down chain is required
because each segment in each symbol on the screen must be positioned
precisely with respect to the synchronizing pulses and with each other
segment in the display to prevent distortion in the shape of charac-
ters. ~

The type of high-speed counters used in the control unit were de-
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1 MHz 125 lips 134—135 |35 1 e T/ VIDED
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cLOCK COUNTER COUNTER
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OUTPUT SHIFT a— FOR LINE
STORE
REGISTERS SAMPLE PULSE
FOR ASC IL/VIDEO
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Fig. 10—Master clocking control logic block diagram.
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veloped by R. A. Thompson at Bell Laboratories in 1965 and are a
form of feedback shift register. The circuit is an n-stage shift register
with the conditioning input to the first stage being a one whenever
stages n or (n — 1) are one. The counters have a worst-case propaga-
tion time of 2¢ where t is the delay of one stage, have (n — 1)2 + 1
states where n is the number of stages, and any state may be detected
with no more than a four-input gate plus sampling.

At the start of each visible scan line in the display, a 4-MHz clock
is started, which drives a 15-state counter and a 23-state counter in
tandem. These counters define each character interval on the visible
scan line, and when the 23-state counter reaches state 23, it turns off
the 4-MHz clock. During a character interval, the 15-state counter
defines a pulse which samples the output of the ascii/video pattern
translator in order to place its 14-bit output into the parallel-to-serial
converter. The 4-MHz clock is used to drive the shift registers in the
converter, and another state in the 15-state counter is used to step the
line stores so as to present a new ascir character for translation by the
ascir/video pattern translator.

A ten-state counter, driven in tandem from the 125-state scan line
counter, defines which scan line out of ten for each line of characters
is being scanned at the moment. :

The refresher store and line store are kept synchronized to each
other and to the display to keep their shift rates down to 1 Mb/s. This
can be achieved by having the 22 ascir characters, composing the next
line of characters to be scanned on the screen, at the head of the re-
fresher store when the scanning of the present line of characters is
over. Thus it is only necessary to step the refresher store 22 times
while reading the new line of characters into the line store. The re-
fresher store then remains idle, with another new line of 22 charac-
ters at its head, while the line store circulates the 22 characters it
has just received. The line store must step once after each character
has been translated in order to present the next character for transla-
tion. It circulates its contents five times as the five scan lines compos-
ing one field of a line of characters on the sereen are generated. Dur-
ing the horizontal blanking interval following the fifth scan line of
this group of characters, the line store accepts a new group of 22 char-
acters from the refresher store. By this means it is never necessary to
revolve the line or refresher store to look for any appropriate group of
characters, since the required characters are always at the head of
the store. ‘

The next requirement is to enter characters into the refresher store
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as they are received from the computer or customer’s keyboard. The
input clocking circuit notifies the refresher store that a character is
ready for entry. The refresher store waits until the first nominally
idle interval when the line store is scanning a line of characters for
translation. This interval is five scan lines or 625 us in length. The
484-bit refresher store registers are then stepped 484 times at 1 Mb/s
and are thus back in place before the line store is ready to accept a
new group of characters from the refresher store. While the refresher
store is thus being revolved, the control logic looks for the writing
flag marking the character position to be written into. When the char-
acter position marked by the flag appears at the head of the refresher
store, this position is cleared and the new character is entered as the
position shifts into the tail of the refresher store. Thus synchronism
between the line and refresher stores is maintained while characters
are entered into the refresher store. There are a sufficient number of
nominally idle intervals in a field so that characters can be entered
at a 2400-baud rate.

The next requirement is to be able to shift the position of the writ-
ing flag in the refresher store under command of the computer or
customer’s keyboard. This is achieved by giving the writing flag and
reading flag registers outputs at the 483 and 484 stages and adding an
extra 485th stage. The 484th stage output is the one normally used
when revolving the store. When a step-left flag moving command is
given, the refresher store is revolved once during a normally idle in-
terval, but the 483rd stage output is used for reentry on the writing
flag register. This register thus appears one stage shorter than the
other refresher store registers and the writing flag moves one char-
acter position to the left on the screen. To move the flag one step to
the right on the screen and when entering a character into the store,
the refresher store is revolved once, using the 485th stage output for
reentry, so that the writing flag register appears one stage longer than
the other refresher store registers. To move the writing flag vertically
upward or downward, the step left or step right processes are re-
peated 22 times. To move the writing flag to the first position on the
next character line downward, the step-right process is performed and
a check is made to see if the writing flag is in the first character posi-
tion on a line. This process is repeated until the flag is in this position.
It should be noted that stepping right at the end of a line brings the
writing flag to the first position on the next line. The writing flag is
also stored as an eighth bit associated with each ascix character in
the line store. During the edit mode the character position marked
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by the flag is detected by the ascii/video pattern translator and a
blinking underline is displayed on the ninth scan line of the character
window in that position.

During all maneuvers of the writing flag and addition of characters
to the refresher store, the reading flag in the refresher store remains
at the first character position on the screen. When a transmit com-
mand is received, the refresher store is revolved once and the asci
character marked by the reading flag is transferred to an output shift
register. During this revolution of the refresher store the 485th stage
output on the reading flag register is used so that after the revolution
the reading flag has moved one character position to the right on the
display. When the ascmr character has been transmitted to the com-
puter, the process is repeated for the next character and this is done
484 times to transmit the entire contents of the refresher store to the
computer.

As mentioned earlier, a graticule is displayed on the screen when-
ever a graph character is present in the display. The graticule is gen-
erated by logically OR-ing with an analog weight the ninth scan line
in each character position and the first and 15th bit on each scan line
in each character position. The analog weights are so chosen that the
graticule is equally bright in both horizontal and vertical components
and suitably dimmer than the characters making up the graph, so as
not, be be obtrusive.

V. EPILOGUE

The technical feasibility of computer access from Picturephone sta-
tions was first tested at Bell Telephone Laboratories in an experi-
mental system. About 40 Picturephone users at Murray Hill and
Holmdel, New Jersey, and 40 users at American Telephone and Tele-
graph Company in New York City have been able to call a computer
located at Holmdel, to retrieve simple information (such as personnel
statistics), to use the computer’s calculating ability, and to use an
alphanumeric keyboard to modify or update displays.

The computer support for the experimental system was provided
by available facilities at Holmdel. An IBM 360/50 computer operat-
ing with the System 360/Operating System under a multiprogrammed
environment is used in the system. Two display data sets on the ex-
perimental Picturephone network are connected to the computer via
an IBM 2701 Telecommunications Control Unit equipped with IBM
Type III Terminal Adapters.
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The Picturephone software resides in one partition of the 360/50.
A small input/output software module, written in Basic Telecom-
munication Access Method and Basic Assembly Languages, resides in
core at all times. The basic element of this module is a new device-
dependent program to support the display data set.

A product trial of the display data set in a customer environment
was carried out in cooperation with Westinghouse Electric Corpora-
tion. Westinghouse provided the computer support for Picturephone/
computer access using a Univac 494 computer-and their own software.
It was not necessary to make any hardware modifications. During the
trial, over 900 Picturephone calls were made to the computer by West-
inghouse executives and those testing the system.

Display data sets are now being produced by Western Electric
Company and are being used in initial Picturephone service. Com-
puter access capability appears to meet the objectives set for it ini-
tially. The service will no doubt be extended and improved as Pic-
turephone service evolves.
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