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I INTRODUCTION

The experiments outlined herein are part of an ongoing ARPA program
to implement a first working model of an experimental, packet switched,
distributed radio network. This plan describes the details of a link-
related series of tests which -BR-I-p‘tms—ti conductain the time frame of
November 1974 through July 1975,

These link-related experiments constitute the second phase of an
overall plan for measurement and testing of the experimental Packet
Radio (PR) neiwork.K'The four major phases of experimental activity
which have been planned are as follows:

Phase 1 - Propagation and Noise Measurements at 430 MHz and 1370

MHz, using special test set. (Completed). Time Iramo
was January 1974-June 1974.

Phase 2 - Link-Related Experiments in the 1710-1850 MHz band,
using three experimental transceivers, (Described in
this test plan). Time frame is November 1974-July 1977,

Phase 3 - Network-Related Experiments in the 1710-1850 MHz band,
using nine experimental transceivers. Time frame is
June 1975-on.

Phase 4 - User and Operational Experiments in the 1710-1850 MHz
band, using approximately 25 experimental transceivers.
Time frame has not yet been established.
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I1 OBJECTIVES AND SCOPE Q
X
A. Objectives ;
The following obiectives were established for the link-related t
* ;,'
9 experiments in the system design plan : £l
- "a. Identify difference between predicted and actual radio link ;;
: performance in such areas as: bit error rate (BER), range i
contours, and transfer reliability. E
: b. Assess the performance of a community of terminals and
1 repeaters sharing a common rf channel. Performance measures

include: number of blocked zackets, capture statistics,
packet error rates, and interference profiles.

T,
S it |

c., Assess the impact on performance of alternative design
approaches for: channel access and management, power level
control mechanisms, and routing technigues,

. -
o

b ) d. Determine the degradation in transfer performance caused by
i '[i signals emanating from other rf systems in the same
- general area.

p e. Identify specific rf systems that may be interfered with by
P the Packet Radio signals. Conduct cooperative sxperiments
with the systems to identify interference relationships.”

NOATETVRE O B T T TN Y Y

B. Scope

Within the above objectives, the scope of this phase of testing i
1s fairly well-defined by the availability of certain hardware and £
software elements witkin the time frame of interest. Elements expected .
to be available include the following: :

1. Three transceivers, including rf and microprocessors.

2, Transceiver-based software for test traffic generation, using

*R. E. ¥zhn, et al., "Experimental Packet Radio System Design Plan", :
13 March 1974, pp. 2-S.

-----
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teletype terminal only.

3. Two packet terminal simulators, interfaced to transceivers
so that they can operate as.a terminal, as a repeater, or ax
an artificial truffic source,

4. One instrumented mobile repeater, using van-mounted Interdata
minicomputer system.

R iaal R AL AL AT R S S o oty mad (EaC Al o

5. One simulated station, using SRI laboratory Interdata mini-
computer system and 80-foot station tower.

Lo e
.

C. Time Constraints

The scope of this phase is also limited by a number of time constraints.

(et B . . + LRCE O

These include the following:

1. Three Collins transceivers--available in January 1975,

B LR

2, Two SRI packet terminal simulators--available March 1975.

3. Necessary hardware upgrades to mobile measurement system--
available January 1975,

= 4. Packet tr*nlport protocols--available for installation in
\¢ May 1975.

5. Network protocols--available for installation in July 1975.t

3

b

.

. N
ASR-33 teletype, or TI 733 ASR cassette terminal. \

. :
SR1 estimates only; dates for availability of coded and debugged :

protocols have not been firmly established at this time. i

.
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II1 TASKS, SCHEDULES, AND MILESTONES

)
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Figure 1 1lists the tasks which have bsen identified for the link-

related measurements. Anticipated time schedules are shown, along with

- g e
a1 fol h’

major milestones. These series of measurements are classed as:
preliminary measurements (Task 1), lab testing (Tasks 2 through 7), and
field testing (Task 8).

A detailed discussion of these tasks can be found in the remaining

B ad IR
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sections of this test plan.
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1974 1975

- TASK
- Oct [Nov] Dec| Jan [ Feb|Mar[ Aor [Mav] sun | ut

LPRRALES ol R

N Existing Test Set

. 1. Preliminery Evslustion of Repester-to-Station Links, Using —Il1
:. = Report on Resuits
S

-

) sk X

2. Develop Specifications For Repester-Based Test Softwere  ENER
- Specifications to Collins ¢

3. Modity Existing Ven-Mounted System to Support Link 1
Measurements .

= SRI Instrumentation Complete
= 3 Repsawers Arrive st SRI

. Integrate PR Traneceivers With SR instrumentation
= Test Systems Ready

5. Perform Laborstory Tests
= Inwrim Report on Lab Testing ®

L )2
»
RO IO o RRILIN

6. Modify Transcelvers and instrumentation as Necessary

7. lerate Selected Lab Tests to Verify Changss

8. Perform Fisld Tass
- inwrim Report on Field Testing

$A-232%-28
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FIGURE 1 SCHEDULE FOR LINK-RELATED PACKET RADIO MEASUREMENTS
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IV PRELIMINARY EVALUATION OF REPEATER-TO-STATION LINKS

22T

An 80-foot high antenna tower is currently being installed
alongside building 308 at SRI, to be used for the experimental PR

station., Since this tower did not exist during our earlier series of

T sl o

LA FROW NGRS, ¢

propagation and noise experiments, we do not actually know the char-

acteristics of the radio paths between this tower and the several

k
b
b

candidate repeater sites. (See Figure 2 for a map of locations for
the PR tast bed.)

A § PSS

A. ObJectives

The 80-foot tower structure has already been erected and is

available. Ve plan to immediately perform a preliminary evaluation

PR Y SN i REREREREY

of these repeater-to-station (R-S) 1links, using the exis' ing van-
L
mounted PREMS system and test set at 1370 MHz to measure path losses

=
b g

and multipath propagation characteristics. Specific questions which

we intend to answer in this series of tests include the following:

1. Are the candidate R sites favorably situated with respect to
the § site?

- RS
« TR L % T

2. Do actual path losses agree with the free-space model?

] 3. Is the time~-spread ot multipath propagation sufficiontly 7
b, short to support a 400 K bit per second data rate on the g
b R-§ 1inks?

B. Frequency Band and Coexistence Consideration

Although the existing test set is very well-suited for making <

Ly

"W

these path sounding measurements, we do face several limitations. 4

*

PREMS is an acronym for Packet Radio Experimental Measurement System. X
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The first consideration is that the test set is fixed-tuned at
1370 MHz, but the experimental transceivers will operate in the
1710-1850 MHz band. This is approximately a 30 percent change in
operating frequency. It is expected that the propagation and man-made
noise characteristics will not change greatly over this range, and

hence, our measurements at 1370 MHz should apply well at the higher

frequencies.

On the other hand, any preliminary interference or coexistence
investigations that we might undertake at this time would necessarily
require other equipment which is capable of operating in the desired
band--for example, we might use our Hewlett-Packard spectrum analyzer

which covers.up to 2 GHz,

Another important consideration for the planned testing is that

we do indeed have a potential coexistence problem at 1370 MHz, with the

FAA long range air route surveillance radar on Scarper Peak operating
at approximately 1340 MHz. Our spread-spectrum signals can jam the

radar unless suitable precautions are taken.

Since omni-to-omni testing will be highly desirable in order to
simulate the planned mode of PR broadcasting, we will investigate the
feasibility of using an omni transmitting antenna on the SRI tower.
This test will b2 carefully coordinated with FAA personnel at the
Scarper Peak radar site.

C. Tasks
The following tasks are planned for this preliminary evaluation:

(1) Preparatory Tasks

(a) Bring ARPA Interdata-70 computer system back up and
perform maintenance as required.

(b) 1Install full PREMS system in SRI van and check out
all hardware and software elements.

(¢c) 1Install test set 1370 MHz transmitter in lab, connect
to tower antenna systems, and check out coexistence
with FAA radar.
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(2) Experimental Tasks

(a) Develop experiment plan details.

(b) Acquire data and prepare off-line plots of multipath.

(c) Analyze results and write interim report (possibly as a
Packet Radio Temporary Note).

D. Time Constraint

The SRI bread truck van will be available for these tests from
now through approximately November 15 only, and therefore the data
acquisition must be completed by then. (Another SRI project will need
the van at that time, for one to two months, to perform a series of wet-

weather power line noise tests.)

.......................
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V MEASUREMENT APPROACH -

e

Our planned method of approach for accomplishing the link-related
measurements is presented in this section, Subsection A discusses the

quantities to be measured, and subsection B outlines the instrumentation

LR R ol M A

and processing which are plenned to carry out the indicated measurements

and tests.

A, Quantities to be Measured

o YW T

ix distinct areas of testing and measurement are planned: :
(1) Error rate measurements -
(2) Coding experiments E
(3) Coexistence measurements

(4) Access mode experiments

"
L 2
0o e

(5) Range and path loss experiments

(6) Moving terminal experiments.

These areas will be addressed with & mix of both laboratory and field
testing, in a time-phased series of activities, the timing of which
will depend partly on the availability of certain key hardware and soft-

ware support elements,

1. Error Rate Measurements

A variety of error rate measurements will be made, first in
the laboratory under controlled conditions, and then in the field under

actual operating conditions in the test bed.
Specific parameters to be measured will include:

(a) Bit error rate (BER)

(b) Packet error rates--actual and detected
(c) Checksum error rates

10
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(d) Preamble error rates
{(e) Skew--percentage of ones versus zeros in error.

Bit error rates will be measured in the Interdata minicomputer, by
comparing each received packet on a bit-by-bit basis with a local copy
of what it shculd have been, Histograms of the number of errors occur-

ring in each bit position will be available in graphic form, in order to

R W R WL R ) W, W W e e e ety g g

explore the presence of any systematic error mechanisms.

SR

Statistics will be gathered on the number of bit errors in a
packet and burst lengths, These are described in more detail in the

next section on coding experiments,

Packet error rates will be measured in two ways. First, the
data portion (header plus text) will be checked for error using the

method described above for bit errors. This will determine the "actual”

e S A ——

packet error rate for data. Second, the hardware checksum status from
the transceiver will be used to establish the "detected’ packet error

rate.

‘j; Also, the received checksum words will be compared with what

should have been received, in order to establish the checksum error rate.

Preamble error rates will be measured by sending a predeter-
mined number of packets (say 100,000 packets) and counting the number of
packets actually received. All losses will be attributed to failure of
the receiver end of preamble detection function (EOP)., The 16-bit
sequence number in the test packet header* will identify which packets
were lost, and will maintain synchronism of the coded text. By using
the sequence number, we will be able to look for periodicities (if any)

in loss of sync.

Skew is .. tned as the percentage of ones versus zeros in error,
It will be measured by maintaining a tally each time a 1 is received as
a 0, and also maintaining another tally each time a 0 is received as a

1., It is expected that this parameter will be useful to Collins* for

* See Figure 10 for a description of the proposed packet format for link
testing.

e t Collins Radio Group, Rockwell International Corp., Richardson, Texas
. 11
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evaluating detector threshold settings, bit sync timing, and other

hardware-related functions where biases might bhe creeping in.

a. BER Measurement Resolution

The resolution required for the planned bit error rate
measurements will vary over a wide range, depending on the purpose of
the particular tests. As Appendix B shows, the confidence criteria for

bit error measurements depend directly on the number of observed errors

and not simply on the number of samples taken. Thus, our measurement
approach will be to continue to take data until a required number of
errors have been observed. (For example, take data until at least ten

errors are »bserved.)

At the low end of the scale, it can be shown that a given
rf link will be satisfactory for use in the PR network as long as the
BER is on the order of 10-5. A measurement involving approximately 106
(one million) bits will probably provide satisfactory resolution for
this purpose.

On the other extreme, for determining equipment capabilities
under controlled conditions, the BER 1s expected to be at least 1077 to
107 or better. A measurement involving the order of 10° to 10° (one
trillion) bits, or more, will probably be needed to establish the
upper limits of squipment capability.

b, Text Throughput Rates and Times

Overhead bits in the packet format will reduce the text
throughput rate to a value that is always less than the link bit rate of
100 K (or 400 K) bits per second. This overhead can have significant
impact on the time required for BER testing, depending on the packet
length under test.

In order to illustrate the relationship between packet

length and throughput, let us assume the following test parameters:

® 112 overhead bits--48 preanble, 32 hcader,
and 32 checksum.

12
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® A fixed interpacket delay of 100 usec. This is equiv=-
alent to 10 (40) additional bits of overhead per packet
at a bit rate of 100 K (400 K) bits per second,

Figure 3 illustrates the throughput rates versus packet length for these

assumptions,

The time required for one run of BER testing may thus be

inferred as follows, assuming a 100 K bit rate:

Time Required for Test at 100 K Bit/Sec

.......... P B e et el e Tm e e Ty T Te e S
K SR S S el R o
ATy AN T e e e 0 SRR, ST T A W, A A, S S S G S T AR e T R PR VA PO

Text Simulated % 6 7 8 9
Length Use TP 10 bits 10 bits 10 bits 10 bits
1 byte Character Mode 6% 2.9 min 29 min 4.8 hr 48 hr
10 byte Conversational 40% 25 sec 4.2 min 42 min 7 hr
80 byte Card Image 84% 12 sec 2 min 20 min 3.3 hr
252 byte Block Mode 94% 11 sec 1.8 min 18 min 3 hr

*

TP = Throughput, in percent of link b.* rate.

The above times will be reduced by approximately a factor of four, for
tests using the higher 400 K bit rate.

It is clear from the foregoing that we bave experiment
design tradeoffs among BER resolution, packet lengths, and testing time.
Practical limitations on the time (and cost) required to run the tests
will probably control our final choices of testing schedules. For
example, it takes 48 hours to transmit 109 bits of text in character
mode. Even if we ran tests continuously (24 hours a day, 7 days a

week), we could make only 15 BER measurements per month this way.

Detailed test sequences and schedules will be developed

as we go along, keeping the above tradeoffs in mind.

2. Coding Experiments

Experiments on both error-detecting coding and error-correcting

coding will be made during this phase of link testing. Details of the

planned tests are described below,
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g Packet Length Text Throughput, in bits per second A

E | in bytes (bits) Low Speed High Speed E
g 10 1(8) 5,797 19,048 -—

W 2 (18) 11,504 38,005 = b

10 (80) 39,604 137,831 — y

20 (160) 56,738 205,128 — N

— 40 (320) 72,398 271,186 - b

- 80 (840) 83,990 323,232 - Ny

160 (1280) 91,208 357,541 :

— 252 (2016) 94,204 371,958 = :

10 Lot Ll N ERany y

1 10 10° 10° 3

PACKET LENGTH — bytes ;

SA-2325-39 A

FIGURE 3 TEXT THROUGHPUT RATES FOR LINK B.E.R. TESTING, VERSUS

PACKET LENGTH j

Assumes 112 bits of overhead, plus 100 usec interpacket delay. E
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The first three transceivers from Collins will have a 32-bit
checksum coder/decoder implemented in hardware. We will evaluate its
performance in two ways. First, we will measure the undetected packet
error rate, in order to assess the overall utility of the technique.
This can easily be done by correlating the output of the hardware
detector with an actual software checksum on each packet in the mini-
computer, as was discussed previously in the section on BER testing.
Second, we will measure the checksum error rate (i.e., false alarm rate)

in order to show the impact on throughput reduction.

If any alternative scheme becomes implemented in hardware during
this phase (such as a 16-bit checksum in lieu of the 32-bit code), we

would measure its performance in the same ways.,

Error-correcting codes offer a potential for enhanced performance
ToIthre~packet radio network, because of possible errors from impulse
noise, and the desire to coexist with other users. Accordingly, we

will collect statistics relevant to their use.

We plan to measure the distribution of the number of errors in
a packet--i.e., the number of packets having zero errors, the number of
packets having one error, two errors, three errors, and so on up to
(say) the number of packets having 12 errors. These data will greatly
assist in the design and selection of appropriate error-correcting

codes for implementation in later phases of the packet radio program.

It is appropriate to mention in this regard that the 32 bits
currently dedicated to header plus text checksum are probably sufficient

to accommodate a useful error-correcting code, in the future.

We also are planning to measure burst length statistics; 1i.e.,
the number of occurrences in a packet of two consecutive bit errors,
three consecutive bit errors, four consecutive bit errors, and so on
up to (say) 12 consecutive bit errors. This information will be output
in the form of a burst error histogram. We do expect that collection
of this statistic will be relatively time-consuming and may significantly
slow down BER testing; hence, its use will be optional.
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, 3. Coexistence Measurements
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A major goal of the packet-radio program is to develop a

R it o

network that will coexist with other users of the radio spectrum. To

o
»

o anid TR Al R A A

explore this issue and to demonstrate that a given design can indeed
coexist, it will be necessary (but not sufficient) to determine the
extent of disruption caused by other users., It will be possible to use
the mobile test facility to find other users by spectrum monitoring and
to measurs the effects of these users by logging error rates. These
"targets of opportunity” will be supplemented by our own transmitters,

to simulate user environments as needed to explore the issues involved.

The other half of the coexistence coin consists of interference

LA SRR At i B SO AL A

by the packet-radio network to other users. Some interference tests
have been made using the existing test set and two operational radars.
These tests will be repeated, and similar tescs with other types of

equipment will be undertaken. These tests will be performed, where

P A AR AT L e

- possible, on targets of opportunity; however, in many cases it will

.{ be necessary to employ users simulated by sensitive receivers, or to
3

E (.9 take the packet-radio repeater to a location where users exist within

R .”."a"

the same operating frequency band.

We plan to run a number of simulated tests of interference

in the laboratory, to determine the degree to which various forms
of competing signals can be tolerated. Specific modulation types to

¢ TWTE N R B e _* .

be used for these laboratory simulutions will include:

¢ Narrowband (CW) interference
¢ Pulse interference
¢ Broadband interference. i

These tests will be made over a wide range of signal to

interference (S/I) ratios. i

4. Access-Mode Experiments

Network throughput and delay depend on many variables. An

important factor in both performance measurements is the access mode

. e n o —
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used by terminals and repeaters. Analyses of throughput and delay have
modeled the users as an infinite popuiation of Poisson sources and have
ignored the effects of noise and of acknowledgement packets. Simulations
have used finite populations, but other aspects of the simulations have
necessarily been idealistic. Network experiments will ultimately be made
to validate the network models, simulations, and designs; but it is also
necessary to perform link measurements by using a single repeater and

many terminals, to validate some aspects of the access-mode models.

R o T e e A e Tt -t T AP At At I N ot -] (RSt

Several experiments are possible if the equipment is properly

designed. For example, models suggest that the carrier sense mode is

T SWIT L,

more efficient than the ALOHA mode, so long as terminals can hear each
other, but that as soon as terminals are "hidden" from each other,
performance degrades. A field demonstration and measurement of this
effect can readily be made if the equipment has both a carrier sense
and an ALOHA mode.

A packet transport protocol (ACK protocol) will be necessary

AR ARt I il sl ol sl

to support these access-mode experiments. Our test planning and scheduling
indicate that protocols for both random-access and carrier-sense access E
modes need tc be available for installation in the test bed no later :
than May 1975.

5. Range and Path Loss Experiments

L PR F e

In order to satisfy the objective of evaluating radio range
contours, we plan to measure the signal level received by the instrumented
repeater during all field tests for bit erior rate. Received signal é
pover versus range will be compared with appropriate models (free space \
and Okumura), «nd differences will be identified and analyrad. .

6. Moving-Terminal Experiments

In order to identify the degree of degradation caused by

. e, e e

terminal motion, error rates will be measured for both moving and fixed

torminale.

The approach we plan to follow here is to mount a terminal in a i

17 )
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vehicle (SRI pickup truck or utilaty van) and transmit test packets from

L

<,

this terminal. Test transmissions will be made on selected courses,

e
both with the vehicle moving (15 to 25 mph) and with the vehicle parked. E
Error rates will be measured at the instrumented repeater. Based on %
our earlier propagation measurements, considerable degradation is expected g
with a moving terminal. The results of these experiments are expected ﬁ
to contribute to future design efforts, in the area of diversity i

¢

reception and combining, to accommodate moving terminals.

17671

7. Received Signal Level

Signal power is one of the most basic determinants of bit error
rate. Accordingly, we plan ic uonitor the signal level for each
received pacﬁet, and then to calculate the mean value and standard

deviation for each data run.

Since the PR transceivers will have automatic gain control
(AGC), we must monitor the analog AGC control voltages in order to
determine received signal level. In fact, there are two AGC loops in

PR . L ol o PV U VL L PR R B R R L 8 R

a L] L]
‘3.- tandem, and hence, we must monitor them both. There is a "non-coherent"

-

AGC in the receiver front end, and there is a ''coherent” AGC in each

SAWD detector channel, Collins will be providing a connector that will

P

bring these (and a number of other signals) to the outside world. SRl

will develop an analog instrumentation interface to monitor the relevant

signals.

We plan to use two existing 8-bit A/D converters in the PREMS

instrumentation system for this purpose. These A/D channels formerly
were used to measure the "I" and Q" Doppler signals from the test set.
These channels will be nicely suited to the task, with the addition of

PR U Y

sui table input amplifisrs and lowpass filters. The end of preamble
(EOP) signal from the Collins receiver will be used to initiate a new

A/D measurement of AGC voltages for eacl packet.

An accurate calibration of the relationship between the AGC

B S o Mo v e e

voltages and received signal level will be needed. A compatible spread-
spoctrum signal will be needod for this purpose, since we are especially i

'» ... 18
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interested in bit error rates near threshold--where a CW calibration
signal would not have the needed processing gain in the "coherent"
AGC for the SAWD detector circuitry.
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These considerations mean that we will need to use one of the

Vs

three PR transceivers as the calibrator for the instrumented repeater,

‘bow

since they are the only existing source of compatible spread-spectrum
signals. Until we have determined the time-stability of these AGC

o Pe

calibrations, we plan to re-calibrate at least once per day.
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Preliminary estimates have been made by Collins of the bit
error rate versus received signal level, assuming a noise figure of 8 dB
and an ideal DCMSK demodulator. These calculations show the following

theoretical required signal levels for a bit error rate of 10-5:

Theoretical Egguirod Siggsl Level
Bit Error Rate Noise Figgre 100 X b/s 400 K b/s

1073 8 dB ~105.7 dBm -89.3 dBm

A

The above values will serve as a refe-ence against which measured lab

PRORER L PRFLFAFR AT MR o |

snd field performance characteristics can be compared.

8. Multipath Measurements
¥We plan to measure the multipath propagation on each rf link,

mree. e

P

using techniques essentislly the same as we used during our recent
series of propagation and noise experiments. The main differences c
will be that the new packet rsdio transceivers will be the source of F
signals, rsther than the Collins test set receiver formerly used, and

all the processing will be done on-line in the van minicomputer.

Specific multipath parameters to be measured will include time
spread (second centrsl moment) and maximum width. These psrsmeters i
wvere formerly computed off line on the SRI lsborstory Interdsta, using '
data tapes from the van system. The progrssmmod upgrades to the van
system will permit us to move these calculations on line now,.
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Also, plots of the multipath propagation waveforms will be
available in the van after each run, using the Tektronix 4010 display
and 4610 hard copy unit. These plots can be either of individual
shots, or of averaged data from a number of shots, or both, at the

operator's choice.

Raw input signals containing the multipath information will
come from the detectors in the repeater. The L + 4 port shows both
ones and zeros; we may also monitor the I port, which indicates ones
only, or the 4 port, which indicates zeros only., As these signals from
the Collins transceiver are of high impedance (1 K ohms), we will use
active FET probss such as the Tektronix P6201 or Hewlett-Packard 1120A
to monitor these signals and feed them to the Biomation 8100 transient
recorder. The 8100 provides probe power.

9, Noise Measurements

We are still evaluating alternatives for ways to measure impulse
noise. The preferred approach would be to measure input noise
simultaneously with the reception of each packet. Then, we could

correlate observed errors with measured ncise, on a packet by packet
basis. This could perhaps even be carried to its logical conclusion by
measuring the noise for each bit period, and correlating errors on a bit
by bit basis.

The existing test set and the existing PREMS noise counting
hardware are not ideally suited for these noise measurements. The test
set is not compatible with either the new DCNSX modulation or with the
noew 1710-1850 MHz frequency band. Thus, the test set would have utility

only for out-of-band noise measurements.

Ve are currently considering the possibility of modifying the
existing threshold detectors and counting circuitry to work with the
nev repeaters. We are also considering use of the Biomation model
8100 transient recorder to capture impulse noisc data.
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10, Expefiment Parameters to be Controlled and Monitored

In order to conduct all these link experiments in the lab and
in the field, a rather large number of parameters need to be controlled
and monitored. The approach we intend to follow is to conduct a
series of experimental "runs'; the total number of runs needed is

expected to be on the order of several hundred.

The output from each run will consist of the measured error
*tatistics and measured propagation parameters, along with considerable
.<ormation and data describing the pertinent test parameters. VWe
intend to record all this on a disc file in the minicomputer, for later
evaluation and analysis. Hard copy graphics and printouts will also
be available at the end of each run. The categories of parameters

for link testing are as follows:

(a) Measured error statistics

(b) Measured propagation parameters
(c) Link parameters ..

(d) Transmission parameters

(e) Noise parameters

(f) 1Interference parameters

(g) Date, time, and comments.

Table 1 illustrstes in more detail the specific parameters for these

categories.

B. Instrumentation and Processing

Subsection A above has outlined the quantities to be measured
and the methods that we plan to use in making these measurements. In
this section, we will now present the instrumentation configurations
needed to support these measurements and discuss the software approaches

that we plan to take.

1. Experimental Configurations

Figure ¢ beolow shows the family of equipment configurations
that wo intend to employ for laboratory and field testing. A total of
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Table 1
PARAMETERS FOR LINK TESTING

4

I

¥y = e
D S K b a4 t
e ox_aent a7 W e e

MEASURED ERROR STATISTICS

i1y, Bit error rate

2. Packet error rate, detected 2
3. Packet error rate, actual ;?
4, Checksum error rate -
5. Preamble error rate b
6. Skew Y
7. Bit errors per packet histogram X
8. Bit error location histogram (graphical plot only) i
9, Burst length histogram i
MEASURED PROPAGATION PARAMETERS E1
1, Received signal level--mean and standard deviation :
2. Multipath-.-time spread, and maximum width i
3. Multipath plot (graphical plot only) "
LINK PARAMETERS E

1. Path length

2., Terrain type (coded)

3. Transmitter: 1location, ident, ERP, antenna gain, and height

4. Receiver: 1location, ident, noise figure, antenna gain, and height
S. Input attenuator setting

6. Speed--moving terminals only

TRANSMISSION PARAMETERS

DAPAILES b APANPARAEMAS S DAL '...‘-'

1. Frequency
2, Power control
3. Bit rate
4, Packet length
S. Code type (ones, zeros, alternating ones and zeros, PRBS)
6. Total number of packets or bits in test run g
7. Time delay (duty cycle) -
8. Type of ACK protocol used s
9. Type of error detecting coding used ;
-
NOISE
INTERFERENCE _
1. Present or absent 5
2. Type--CW, pulse, broadband T
3. S/I ratio :
DATE, TIME, COMMENTS, AND RUN NUMBER )
’
r
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seven distinct configurations are shown, including three types of
terminals, two types of repeaters, and two station types. It is
apparent that there will be considerable shared use of the first three

transceivers, to support these various arrangements.

2, Mobile Instrumented Repeater (MIR) Layouts

The way we plan to undertake the required measurements is to
modify the existing van-mounted measurement system as necessary to
provide a mobile instrumented repeater facility. The equipment is
capable of being readily removed and switched between the van and the
laboratory, in order to perform both lab and field testing with the same

setups and the same equipment.

g

Figure 5 shows a preliminary rack layout of the MIR equipment,
and Figure 6 provides a plan view of this arrangement. There will be
3% racks of equipment needed. Cabinets #1 and #2 are the original set,
and cabinets #3 (RF) and #4 (test equipment) will be installed on the

right side of the van as shown.

Details on functional aspects and equipment configurations

will be presented in the next few subsections.

3. RF Test Setups

Figure 7 shows the planned RF test setups for the mobile

instrumented repeater.

Collins transceiver #1 is connected to the mobile instrumentation

system, It will receive all test packets and pass them on te the mini-
computer via the DMA channel. Several internal signals in this radio
(AGC, detected video, etc.) will be monitored by the instrumentztion
system, and Collins has provided a 36-pin connector on all transceivers

that will supply the needed signals,

Switch #1 selects input signals either from the roof-mounted

antenna or from test signals generated in the van.

The internally generated signals either can be spread-spectrum,
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generated by Collins tranceiver #2, or can be CW calibration signals.
Switch #2 is used to select which source is to be used, as can be seen

in the figure.

Whenever S/I interference tests are run, switch #2 wiil be
replaced by a hybrid summing device. Transceiver #2 will provide the
signal (S), and the signal generator will supply interference (I). CW
interference can be generated directly as shown. Broadband interference
will be simulated by connecting a suitable signal source such as a noise
generator to the modulation input. A mixer and pulse generator (not
shown in Figure 7) will be inserted in the signal generator output to
provide pulsed RF interference, simulating radars and other pulsed

systems.

An impulse hoise generator is shown connected up, using a
directional coupler, to permit tests of susceptibility to man-made

noise.

A power meter wiil also be interconnected into the test setup,
using another directional coupler, in order to accurately measure fhe

calibration inputs and S/I values.

4, Instrumentation Setups

Figure 8 shows a block diagram of the planned setup for the
mobile instrumented repeater (details on the RF portion of this setup

were discussed above, and were shown in Figure 7).

The Collins packet radio repeater will be connected to the
Interdata-70 minicomputer by a digital DMA interface. A terminal
device will also be connected to the repeater's RS-232 I/0 port, in order
to load software and control repeater operation. A TI 733 ASR terminal
is shown in Figure 8; alternatives we are considering include the use of
an ASR-33 Teletype, or possibly a direct connection to (he mini via a
PASLA (programmable asynchronous line adapter).

SRI will develop an Analog Instrumentation Interface (AII)
in order to monitor several radio parameters. (See Appendix A for a

28
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(AR description of the signals available on the radio monitor connector.)

This interface will provide, at a minimum, four analog channels as
]

N follows:

(1) Non-coherent AGC

(2) Coherent AGC

(3) Detected Video

(4) 300 MHz receiver IF.

DI i

The AGC channels will be fed to two existing 8-bit A/D converters in

PREMS Interface #2; suitable amplification and filtering will be installed
in the AII for this purpose. The AIl will also contain one or two

active FET probes to match the 50-ohm input impedance of the Biomation
transient recorder to the lK-ohm source impedance of the radio's detector
outputs. The 300 MHz receiver IF signal will be routed directly to a
Hewlett-Packard spectrum analyzer (not shown in Figure 8) for a

panoramic display of the received signal environment. This IF signal

will be at a high level (-15 dBm, AGC'd) and therefore, no amplification
will be required.

PREMS Interface #1 is shown in Figure 8 for completeness,
although specific interconnections have not yet been defined. This
unit currently contains noise-measuring hardware, consisting of six
threshold detectors (140 MHz input) and a variety of counters and

timers.

The remainder of Figure 8 shows the Interdata-70 minicomputer
system and its peripheral equipment, connected to the other instrumentation.

The next subsection will describe the computer configuraticn,.

5. Computer System Configuration

Figure 9 illustrates the bussing and 1/0 structures of the
ARPA Interdata-70 minicomputer, as it will be when the upgrades are
installed. The system configuration will include the following items:

(1) Interdata model 70 processor
(2) 64 K bytes core memory
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(3) Loader storage unit (bootstrap)
(4) Real time clock

(5) 2.5 M byte cartridge disk

(6) 45 ips 9-track magnetic tape

(7) Two selector channels

o e
w8

'Y

SRR

(8) Three universal logic interfaces
(9) Two asynchronous channels - RS 232
(10) TI 733 ASR terminal

(11) Tektronix R4010-1 graphics terminal with 4610 hard copy
unit.

LATSE N SR sl il i M)

-

6. DOS Operating System

iy

We are planning to install the Interdata DOS disk operating

Kl R

system in the ARPA van-mounted minicomputer, in order to reduce the time

and costs associated with the development and maintenance of software

*
for the experimental instrumentation system. The necessary hardware
upgrades are on order*, with delivery expected in January. Meanwhile,

LN S s

o we are using the SRI-owned system for software development and checkout.
Fi ‘J! The two hardware configurations are compatible for this purpose.

-

Ei We have SYSGENNED their current release (DOS R0O3), with the

:ﬁ addition of a software clock to provide the time of day. The necessary

modifications to support the clock were supplied to us by Interdata, and
we currently have this new system up and running on the SRI machine., It

appears to be working satisfactorily, based on the few preliminary tests
that Lave already been run.

s O_@. 0. % s W MV ¢ ¥ 0 _ 0 _ . v EWIRC ¥

*
We previously used the PP.5S basic operating system without a disk, and
software development time and costs were observed to be a problem.
Incorporation of frequently needed changes were very slow, because of

lack of on-line storage of the source code and the required language
processors,

P

1'Sub,ject: to ARPA approval and government inventory search.

e ® @ ® * -
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7. On-Line Application Software

The approach we are using for application software is to code
as much as possible in a high level language, namely FORTRAN. We will
write optimized assembly language routines only for the time-critical
functions, which in this case mean the bit-error checking algorithms.
The executive and all of the on-line file~-transfer and maintenance

will be at the FORTRAN level.

Existing FORTRAN~-coded routines for calibration and extraction

of multipath parameters will be moved on line.
The time~flow we expect to support will be as follows:

(1) Initialization--parameter selection, file positioning,
choices and options selected.

(2) Calibration.
(3) Propagation measurements.

measurements).

8. Off-Line Data Reduction

The output from the on-line instrumentation system will be a
.
file (disk or tape ) containing all the measured and recordod parsameters

for all the experimental runs.

The primary "off-line” functions expected (using this file as
input) will be as follows:
(1) Merge (i.e., aggregate, or average) data from several
runs or sets of runs.

(2) Perform error-rate calculations on these aggregate data
sets,

(3) Provide plots for selected data sets, such as:

e BER versus range
e BER versus multipath time-spread

e Path loss versus range.

*
These off-line functions could be performed on either the ARPA or the
SRI Interdata-70, with the cartridge disks. Tapes would be needed to
communicate with other computers for off-line reductions.

3
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(4) Error-rate measurements (hopefully, with simultaneous noise
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VI SPECIFICATIONS FOR TRANSCEIVER-BASED TEST SOFTWARE

A number of IMP-16 microprocessor programs will be needed for the
first three Colliis transceivers, in order to support our link-related

measurements. Several functions will be needed, as outlined below.

RSP cannd T Ty e Su IR Y h Y ot ol PRt A at 4 SN

The suggested approach for implementing these programs is for

SRI to write a set of specifications, and then for Collins to develop
and check out the required software. Recognizing that the time required
to develop this software may be pacing in the overall experimental

LR o 4 |

schedule, we .-are expediting these specifications ss much as possible.

» e e
v

We plan to deliver a draft of these specifications to Collins by November

~o

15 for their review and comment.

" N

Fortunately, the test software needed in Jsnuary is rather simple
snd is probably very similar to that which Collins will need snyway N
as part of s maintenance and disgnostic package. E

If it turns out that the total development of this software at
Collina would significantly delay the teat series, then SRI could

contribute to the effort in order to reduce the time factor. Our_
programmers who developed the SRI portable terminal IMP-16 microprocessor
software could be made available for this purpose.

The transceiver-based test software that we currently envision as .
being needed is described below.

I n® a® a

A. Packet Teat Generator (Timed Veraion; No ACK)

Typical hardware configuration will include one Collina transceiver
and one TI 733 ASR terminal having the 1200 baud binary cassette options.

The function ia to generate and control the transmisaion of teat
packeta., (See Figure 10 for a specification of the teat packet formst.)
No ACK (acknowledgement) protocol is required; packets are repetitively
tranamitted on & timed basis using a scftware timer in the IMP-16., The

@ * ., Sewmawd & _P_ P _ @ Thoer,
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total number of packets and interpacket delay is to be operator specifiable
and variable., Operator control of the following transmitter parameters

is required: frequency, power, and bit rate. The header will contain
only packet length and sequence number. Text coding is to be any of the
following, selectable by the operator: alli ones; all zeros; alternating
ones and zeros; or PRBS (pseudo-random binary sequence) with an operator-
specifiable code length and initial value. Preloaded packet buffe:rs

are to be used and re-used in circular fashion. Packet length and number

of buffers are to be operator selectable., Se2z Taktle 2 for a summary

of these parameters.

This packet test genera*or software will be needed immediately

when the transceivers are delivered to SRI.

3 WORDS 2 WORDS 0-126 WORDS 2 WORDS
S SE— SRS S S, SN ., S R,
HEADER
32 bits
PREAMBLE TEXT CHECKSUM
48 bits 0 TO 2016 bits 32 biy
HTWC HWC SEQ. NO.
8 8 16

NOTE: HTWC = Meader plus text word count-—_§ bits
HWC = Heasder word count—8 Dits (¢ fixed value of 2 in this case)
SEQ. NO. = Pachet auence numder——16 bits (moduto 68 K).
$A-2325-46

FIGURE 10 PACKET FORMAT FOR LINK TESTING
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Table 2
CONTROL PARAMETERS FOR TRANSCEIVER-BASED TEST GENERATOR

Item Parameter Range Comments

TRANSMITTER CONTROL

1. Frequency (1-20) Twenty rf channels in set
2. Power control (o, 5, 10, 15, 20) 20 dB control in four steps
3. Bit rate (100, 400) 100 or 400 K bits/second

PACKET BUFFER STRUCTURE

4, Packet length (1-128) Length of header plus text
5. No. of buffers (4-10) Depends on available space
TEXT CODING
L 6. Code type (0, 1, ALT, PRBS) O = all zeros
® 1 = all ones

ALT = alternating 1l's and O's
PRBS = pseudo-random binary
sequence

7. PRBS code length (n = 6, 9, 11, 20) Code length = 2"-1

8. PRBS first word (0001-FFFF)
DUTY CYCLE
9. Total number of packets (1 - 106) One million upper limit
10. Time delay (1 - 1000) Unit is 100 usec.
1 = 100 usec,
1000 = 100 msec.
36
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o0 B. Packet Test Receiver (NOACK Version, for Instrumented Repeater)

The hardware configuration includes one Collins transceiver, which

g - OSSR 17
k 4

is connected to the ARPA Interdata minicomputer system through a DMA

-
TRt

channel, and one terminal device on the transceiver I1/0 port.

S
A S

The function is to receive test packets which were generated by

A

st

(A) above, and pass them on to the minicomputer system via the DMA

13
I3

channel, All packets received will be transferred to the mini, regardless

of header or checksum condition. Regardless of actual received packet

Fl
a s 8,0 0

&
7
B
r-
b
b
[N
|

&

length, a fixed block length transfer to the mini is recommended. This
block, consisting of the entire allocated packet buffer, will contain
approximately 135 words: status words (5), header plus text (128), and
checksum (2): The repeater should be capable of queuing several received
packets, in order to maximize the throughput of experimental data for
error-rate testing. A suitable warning flag will be raised if the

queue overflows,

This receiving software will be needed immediately when the trans-

celvers are delivered to SRI.

C. Packet Traffic Generator (ACK Version)

The hardware configuration for this version will include one Collins
transceiver, which 1s connected to an SRI intelligent terminal through
a DMA channel, and (optionally) one TTY-1like terminal device on the

transceiver 1/0 port.

Considering the heavy loading that the packet transport protocols

: are expected to place on the transceiver's microprocessor, it probably
if will be appropriate to move the test-packet-generating function out to

a traffic-generating terminal.

w4 Thus the function of the software in the transceiver will be to

transmit test packets which are generated by the SRI terminal.

- The transceiver should be capable of operating in either of two
,{: modes: ACK mode, using a packet transport protocol; or NOACK mode,

which simply transmits each packet as it is presented.
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It probably will be desirable to be able to remotely load and control
this version of transceiver software, by means of radio packets. These
program and control packets might originate at one of three locations:
the instrumented repeater; the simulated station; or (ultimately) the
PDP 11/40 station.

I R SR, of (RS RS R RN sk 4 ot

D. Packet Test Receiver (ACK Version, for Instrumented Repeater)

LI e s b B o 1

This is an expanded version of (B) above. The hardware configuration

is the same, but the software functions are expanded.

The required functions will include the following:

LA ot 4 R

(1) Receive test packets of either the NOACK or ACK type, and g
pass them on to the minicomputer for processing.

Bl

(2) Transmit program and control packets from the mini to other
transceivers in the test bed. E

This receiver will be a companion to the ACK-version traffic generator
described in (C) above, and will be needed at the same time that (C)

" Y e

becomes available, in order to permit tests and measurements that depend E

on packet transport protocols.

It is hoped that software items (C) and (D) can be available by
May 1975, although no dates have been firmly established at this time.
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Appendix A

RADIO/DIGITAL INTERFACE
AND RADIO MONITOR INTERFACE
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MEMORANDUM

Collins Radio Group

24 October 1974

To: Distribution
From: R. K. Marston

Subject: Radio/Digital Interface and Radio Monitor Interface

Radic/Digital Interface

The RF radio section and digital! microprocessor interface functions & defined
in Table I. The.arrows dencte direction of signal flow; i.e., arrow to the left
is a signal from digital section to the radio section, arrow to the right vice-

versa. The software functions are self-explanatory. The digital and radio drive

capability and load parameters are listed for each interface function.

For long wire interfaces (up to 1000 feet), a special interface card is used

at each end. The interface is then balanced twisted pair 1ine with TTL type
levels. Actual devices used are National DM8830/8820 (equivalent to T.I.
SN75133/182) line drivers/line receivers. The RF interface card can be
configured to do both ends of the interface. The card is configured as follows:

-001 RF head interfacing, only radio/digital interfacing is patched
(wired through) with no line drivers/receivers

-002 PF head interfacing with line drivers/line receivers (10 drivers,
16 receivers)

-003 Patched wiring only for interfacing digital section

-(04 Line drivers/receivers for digital sectior use (16 drivers, 10
receivers)

The ccnnector chosen for interface connectors is the D series Amphenol rack and
ra2ired connectors with pin contacts. (Figure D1, Insert No. 50). Sheets B-129
tisrough £-135 of Collins Component Standards Manual are enclosed, and parts
cnosen are labeled thereon. .

.......................
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Marston to Distribution 24 Qctober 1974

The radio/digital interface connect together in some appropriate place in the
repeater chassis. Remoting the digital card section merely requires a cable
between interface connectors and installing the appropriate interface cards.

Radio Monitor Interface

The connector chosen is pin connector (Fig. D2, Insert no. 36W4) as indicated
on pages B-120 through B-134 of the enclosed component standards manual.

Table II shows the functions brought out to the radio maintenance monitor
connector, and a brief cemrect on controls and/or signal levels on each function.

In the present repeater, both interface connectors and the maintenance monitor
connector will physically be interior to the repeater shell, because these are
not weather proof connectors. Thus, external cables must be carried thru the
repeater shell to the appropriate connector.

After review by everyone concerned, this repeater installation information, along

with physical installation characteristics, will be communicated to Stanford
Research Institute.

R. K. Marston
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TABLE II:

Radio Maintenance Monitor Interface

. e ———— i - A W B SRR M e W W _ B G e g G § W A G -t

Function Comments

Self Test A +

Self Test B *

Self Test C *

Non-COH AGC Volt + Rs = 1000 , 0¥ (min) linear to +5% (max)
COH AGC Volt (100 KBPS) * R =1000 ,-1.5% (min) Tinear to 0% (max)
COH AGC Volt (400 KBPS) + Rs = 1000 , -1.5% (min) linear to 0¥ (max)
T Detected @ 100 KBPS +  1¥ peak behind 1000 ohms

4 Detected @ 100 KBPS -+ 1!-peak behind 1000 ohms

z+5 Detected @ 100 KBPS +  1¥peak behind 1000 ohms

: Detected @ 400 KBPS + 1Y peak behind 1000 ohns

4 Detected @ 400 KBPS + 1% peak behind 1000 ohms

z+5 Detected @ 400 KBPS + 1L peak behind 1000 ohms

100 KBPS Bit Sync In-Lock + Bridge across LSTTL (use CMOS)
400 KBPS Bit Sync In-Lock +  Bridge across LSTTL (use CMOS)
100 kBPS EOP Detection +  Bridge-across LSTTL (use CMOS)
400 KBPS EOP Detection +  Bridge across LSTTL (use CMOS)
Synth In-Lock +  Bridge across LSTTL (use CMOS)
Synth Error Voltage +> Rs = 10K

Bit Sync 100 KBPS Error Voltage - Rs = 1000

Bit Sync 400 KBPS Error Voltage - Rs = 1000

Forward Power + 0 to +10 Vdc

Reflected Power - + 0 te +10 Vdc

Tx ENAB-Delayed +  Bridge across LSTTL (use CMOS)
Tx Local Clock +  Bridge across CMOS

Tx DATA +  Bridge across CMOS

Rcv ENAB - Non-COH AGC +  Bridge across LSTTL (use CMOS)
Rcv ENAB - COH AGC 100 KBPS +  Bridge across LSTTL (use CMOS)
Rcv ENAB - COH AGC 420 KBPS +  Bridge across LSTTL (use £MDS)
Rcv DATA - 100 KBPS "»  Bridge across LSTTL {use CMOS)
Rcv DATA - 400 KBPS +  Bridge across LSTTL (use CMOS)

- o .
----------------
---------------------------------------------------- Wy 0ty 2T e, 0, "




Table II continued

AP g AEIA
as-a ol « o ¥

22 :

L

Function Comments i

Rcv GATED Clock - 100 KBPS Bridge across LSTTL (use CMOS) :

Rcv GATED Clock - 400 KBPS Bridge across LSTTL (use CMOS) ..

Blanking - 100 KBPS Bridge across LSTTL (use CMOS) i

Blanking - 400 KBPS Bridge across LSTTL (use CMOS)

£ F Encoder g N

& F Encoder — ' :

. 1

il 1g 6 d8 combiner E

Tx 67 Miz Monitor —M -20 d8 (nominally -30 dBm)

18 p

; Tx 300 MHz Monitor —M . =20 dB (nominally -20 dBm) :

> - 18 ;

ﬁ (0, Rcv Monitor Return — ] k
- Rev IF Output | -15 dBm AGC'd

RKM:10/24/74
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' , COMNECTORS | 8129
| RACK AND PANEL

Miniature

it Y
i

DESCRIPTION: Available insert layouts of the miniature, rack and panel
connectors as viewed from the engaging side of the connector

with pin contacts.

Note: Connectors with integral combinations of power and either coaxial or
high voltage contacts are supplied without these snap-in contacts.
The latter contacts are purchased separately and inserted into the
basic block during assembly. This facilitates stocking and reduces
the overall cost of the connector by taking advantage of thc larger

quantity prices.
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‘ T WA IVIVER W | Wi
-RACK AND PANEL
] Miniature
("'f'f" Miniature, rack and panel connectors with pin contacts.

wC)

L]
T
? =

LI

N

fo——cto —|

jo— 8

0

I
Two Wl'll
420 DA 1000

WNOTES: Mazimum solder por extenelon: .07 inch.

Coaxial

and/or high voltage contacts must be ordered separately.

)

ca et &
-------

- . .
----------------------
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'''''

-

-

o a

-------------- S R R
albed o

e .
-----

Meximum atreight cosniel or high veltege contect extenclion: .038 ifach,
Meximum Right Anple coextel er high voltege contect extension: 347 lnch.
Tolerances ere 2.0(0 unlees atherviee noted.
SHELYL DIMENSIONS
SIZE A B%® C D#* E G # H+# J K M
f .0697 .984 |.360 |.456 159 ] .422 1.030].236 ] .045 ] .422
A |J1.541]1,025 11,312 §.360 ]|.494 ] 1.083 f.422 }.03011.236].0451].422
B ]2.088 |1.583 J1.852 [.378 .494]1.625].422 1.039].231].0601.426
C ]2.729 | 2,231 |2.500 |.378 |.494 ] 2.272 |.422 |.039 }.23)1].060] .426
/V"D 2,635 12.127 | 2,406 |.486 |.605]2.178].534 |.039 |.2311.0601].426
(’L *DIMENSIONS ARE OUTSIDE DIMENSIONS MEASURED AT BOTTOM OF DRAW.
F1G JINSERT f20 COAX/HV | SHELL MILTTARY APPLICATION COMMERCIAL
| _No.| No |CONT. | conT. jsize ¢ MILIT Ns PN |
| 31 9 9 - E 371-1284-200 | M24308/3-1 371-0168-00D
B2 | SW1 | & 1 E  |371-1284-280 | = - J221-0906-00
5 Al |15 13 - A 121-1284-210 1 ¥24108/3-2 1 371-0169-00D |
o A2 11wl 10 1 A 371-1284-260 - 321-0909-00
k- A3 w2 | -5 2 A 1371-1284-250 - 321-0908-00
b Ab Wl | -~ 3 A__1371-1284-270 - 371-0907-00
t Bl 25 23 - B 371-1284-220 | M24308/3-3 371-0170-00D
82 | 21wl 20 1 B 3171-1284-330 - 120-0915-00
e B3 | 17w2 15 2 3 371-1284-320 = 12120914500
B W10 3 B [371-1284-310 s 22120911:00
o B3 | 9w 5 4 83 ]3n-1284-300 - 371-0245-00
& 36 SWS | .- 3 B 1321-1284-290 =
5 c1 137 37 : C  [371-1284-230 | M24308/3-4 | $71-0171-00
. RADIo €2 | 21w | 25 2 C  371-1284-380 - 121-0923-
b ;~r€£F4"‘ €3 125wy | 22 3 ( 121-1284-120 = 121-0324-00
X CoNN. cs | s ] 12 S c 371-1284-360 . -
» Cs | 13w6 ? 6 C  ]371-1284-3%0 - -
cé 8W8 .o ] C 121-1284-144 = &
> Dl | 50 50 - D ]371-1284-240 | M24308/3-5 371-0118-00
D2 J6Ws 32 4 D 371-1284-400 - -
D3 26W7 17 7 D 371-1284-1390 - -
A-7

e et
® . 0® a® W%, . »

......
Py a* .

Ol Tl
Senda B gt o

LRI DS Sk 5% 58 8 D L8 S Sa ottt O I ha M T St f S M2

IR Y %

PR . LN SN R DR

« MR,

e e e e,

«®
LY

5 e




Fw*o'rv
°’e
LHa e

CUNNELIURD | o1 &
- )
RACK AND PANEL -
o ‘ ‘ Miniature
W &
- Miniature, rack and pancl connectors with socket contacts ﬁ.
' and "Float" bushings. Coaxial and/or high voltage contacts s
=! must be ordered separately. ‘:
2 :
o = 3 oo'nm«:V\ o
o — N i
n . » L
- J- A 288 5
_ & v o ;:-
ol S -\ 2
- b —c oo _ ] (. xgl. '0‘:2 :"‘f".‘.é.?“ :‘
= ;g
: — * NOTES) Mexisum selder pot extensfent 070 fach. ’
e Maxisum etreight coaxiel o¢ high voltege contect eatensiont .834 (ach. :
Maxisum Right Angle coazisl ev high veltege contect esteasion: 347 inch, <
2 o Tolerances ove £.010 uniess ethervioe neted. B
. F
ok - SHELL DIMENSIONS
| SIZE A B c p* | E s | _H*
- - E 1.213 ] .640 | .984 ].308 |.494 | .759 | .622 .
- A 1.541 ] .968 | 1,312 1.308 | .494 | 1.083 | 422 &
2 (e B8 |2.088] 1.503 |1.852 |.308 | .494 | 1.625 | .422 [
C ]2.729] 2.156 | 2.500 | .308 | .494 | 2.272 { .422 -
- D ]2.635]2.062|2.406 | .420].605]2.178 | .53 ply___ %
F *Dimcnsicns are outside dimensions measured at bottom of drew,
- F
FIG |INSERT | §20 |COAX/HV | SHELL | MILITARY COMMERCIAL h:
= NO, | NO_ |CONT | CONT | SIZE PREFERRED PN | COLLINS PN g
y El 9 9 - E 371-128) 210 | 371-0164-00D :
. - E2 5wl 4 _ 1 4 371-1285 290 | 311~ - :,
- - Al_1 19 15 - A 371-1285 220 | 371-0165-000 5
t A2 1wl | 10 1 A 371-1285 270 [ 371-0912-00 4
S Al W 5 2 A 3711285 260 | 371-0911-00 -
A4 W) | -~ 3 A 371-1285 280 | 371-0910-00
: - Bl | 25 25 - B [J71-1265 230 | 371-0168- .
: . B2 | 2wl | 20 1 B 371-1285 340 | 371-0920-00 .
- ) 17w2_ | 1% 2 8 371-1285 330 = s 5
> - B4 w3 | 10 3 B 371-1285 »
. BS 9w 5 4 ] 371-1285 310 | 371-0281-00 r
- - _B6 M5 | -~ ) B 371-1285 300 | 371-0330-00 y
= . cl1 | ¥ n . c 371-1285 240 | 371-0162-00 5
DI6ITAL | 3 | g | 25 | 2 ¢ |3n-1265 390 | 321-0931-00 :
> RASYO6 | cy | 2wy | 22 ) ¢ | 371-1285 380 | 3717093200 :
- INPC C4 17Ws | 12 5 c 371-1285 370 - ;
; SRS cs | 1w | 2 6 c | 371-1285 30 . L
ch gug | -- 8 C__]371-12685 350 - | N
Y DI | %0 50 - D | 371-1285 250 | 371 018200 | g
2 D2 | J6we | 32 4 D. | 371-1265 410 - by
D} | 2wm7 | 1?2 ? D 371-1285 400 -
C Mrarenamce ) i
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Working Voltage: 300
] Test Voltage: 1000

CONNECI UKD

' L=139

RACK AND PANEL

Miniature

Coaxial contacts below enap-in the large holes in the connectors in this section.
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Current Rating: Determined by cable current rating. o

Shell and Contact Material: Copper alloy, silver plated and gold flashed. o

¥ Insulation Material: Teflon. S
: Cable Asscmbly Instructions (CAI): 580-9084-00 line 1 for straight contact, line =
6 for angle contact, b

) >
i B 4
@) H:-'m OE B

- 4
. SOCKET FIGURE | PIN FIGURE 3 ’E
1
J . . e
y :-:

]
~ :‘E: * PIN FIGURE 5 E

- SOCKET FIGURE 2 PIN FIGURE o
G FIG CABLE WILITARY COMERCIAL <
2 NO ~ TYPE ACCOMMODATION COLLINS PN COLLINS PN E
- 1 Plug RG~196/U 371-1283-120 371-0183-00 »
2 Plug, Angle RG-196/U 371-1283-100 371-2471- .

- 2 Receptacle RG-196/Y 371-1283-110 | _371-2472-00 -
2 4 Receptacle, Angle RG-196/U 371-1283-090 311-2410- .
5 Recepracle, Tec RG-196/U - 171-0230-00 -

- 1 Pluz RG-174, 188/U 371-1283-040 | _371-2493-00 A %e ¥
! 2 Plug, Angle RG-174, 1&8/U 371-1283-020 =249]- -
© 3 Receptacle RC-174, 1RB/U 371-1283-030 171+2492-00 AR e @
4 Receptacle, Angle RG-174, 1&6/U 371-1283-010 _}_Z_L-_Zﬁ?%-_@_

3 L Receptacle, Angly VAL $J1-1203-1% 3[1-250(-00 :,-
High voltage coutnete znap-in lurge holeu in Lhe counnectors In thiv section, f,ﬁ

-! Working Voliage: 1000 .
3 Test Voltage: 3000 g
Curvrent Rating: 3 ampcres. %

Contact Material. ‘opper alloy, silver plated and gold flashed. -

'; Insulation Material: Nylon. 2
PLUGS WITH SOCKET CONTACT RECEPTACLES WITH PIN CONTACY f.

1 :
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RACK AND PANEL . L

. ' >

Miniature ' > r:

b

Straight Hood t

,136 DIA, MYG, HOLES ' . ,

.o

. y

Shell : Collins ‘ E

Sizse | B 4 8 T L Part Mumber :

e | .318 378 578 1.219 1.203 371-0144-00 | T

: A | o2 118 578 1.250 1.53 371-0145-05 S

% B 312 1.000 378 1.331 2.078 371-0146-00 ' ‘

- C 312 1.375 578 1.5 2.718 371-0147-00 - E

E w D | .406 | 1.406 .687 .656 2,625 371-0148-00 a4 __ 5
l.-‘ ' ’ ’
4 .

Qe | o]

. = Hood, Top Opening L k
5; S 1T R ——— 1120 DIA£.008 {

!i , r-—-~—-£axns — "°L£’ r"'°"“° r |

: o = un 'L&— \

3 808 () | cane 120 P

N _/ _ENTAY Lo

3 ' ! s

Shell | Collins ;

Size A B c D 3 4 G Part Number :

A 1.53 L5001 1.312 | 406 ) .984 | 125 ]1.01 371-0184-00 .

B 2.078 | .500 | 1.852 | .593 |1.515 | .187 |1.062 | _371-0185-00 S

c 2.718 | .500|2.500 | .718 | 2.171 | .250 | 1.062 | _371-0186-00 :

D 2.625 | .609 ] 2.405 | .812 12.093 | .312 | 1.062 71-0187 !

A-10 P




CURRKELIVRD |

B-135

RACK AND PANEL

Hood, Right Angle

Minlature

4-40NC-2A
2PLACES

Shell Collins

Size A E F G H L R T Part Number
E .109 | .437 | .437 | .281 4681 1.2031 .984 .718 | 371-0241-00
A 109 | .437 437 | .281 4681} 1.53111.312] .718 | 371-0071-00
B .109 | .437 .625 | .281 .468 | 2.078| 1.852| .968 | 371-0072-00
c .109 | .437 | .812 j .281 46812.718} 2,500 | 1.187 | 371-0073-00
D 109 | ,562 | .906 | .343 | .531} 2,625f 2,406} 1.250 _311;991§§gg=

.
b
.
e

-:‘.
h.':

Cable to chassis lock assembly:

mounted connector.
hood (if hoosd is used).

the cable connector 1s locked to the chassis connector,

N

4.40NC-20 THO.
e

230 ARPANY
HLVOVE ONC WASHER
JUR {ACw 030 OF
- PANEL THICENESS
wei{N AT AR MOUNTING
(060 MAR. PANEL)

\. nranriance
I

Q.40 NC-24 THOD

RECEPTACLE ASSEMBLY

171-9462-00

lﬂ..

STUD ASSEMBLY

The receptacle assembly mounts with the panel
‘The stud assembly slips over the cable connector and straight
By screwing the stud assembly into the receptacle assembly,

CONNECTORS HAVING PIN CONTACTS
CONNECTOR
SHELL ST2E | WITHOUT JUNCTION SHELLS | WITH JUNCTION SHELLS

E 111-0040-00 371-0040-010

A

A 371-0040-020 J71-0040-0)0

c -

D 3171-0040-050 371-0040-060

ool T_JURCTIOT SHELTS ]

CONNECTURS HAVING SOCKET CONTACTS

WITH JUNCTION SHFLLY ]

e
A | 111-0000-00 371-0040-010
L]
‘emaand -emm———ey
¢
M .
" 171-0180-00 371 -0040-0%0

A-11
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Appendix B

CONFIDENCE LIMITS IN THE MEASUREMENT
OF LOW ERROR PROBABILITIES
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CONFIDENCE LIMITS IN THE MEASUREMENT
OF LOW ERROR PROBABILITIES
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1. INTRODUCTION

The experimental validation of an error-rate model for a communica-

BRI g 2t f AN Y Y

tions system requires an estimate of the true binary error rate from a
finite set of measurements. Two questions then arise: How much confi-
dence can be placed in error-rate estimates made with limited measured
data? How much measuring must be done to obtain a given degree of con-

fidence in an-estimate?

The general technique for measuring the binary error rate of a com-
munications system is to transmit a known binary sequence over the
channel, compare the receiver’s decision with a local reference, and
compute the ratio of the number of errors to the number of transmitted

' bits for some interval. The receiver decides, only through its normal
‘za' detection scheme, which binary signal was transmitted. After some mea-
suring interval, we are asked to give an estimate of the true binary
error rate for the system from this data. Because our estimate must be

based on a finite number of samples of a random phenomenon, it will be

T S T R Y Y S T Ty TN T

subject to some error. If we can describe this error in terms of a

probability law, we can better assess the accuracy of our anawer. When

the true error rate is small, we may obtain a very few errors in our

sample, We then have the classical problem of estimating the rate of

LS NN D

< SRR

>

———

occurrence of rare events from a small sample. .

2. ERROR-RATE PROBABILITY LAW

A binary communicationa syatem tranamits one of two possible signals
(mark or space), and the receiver muat decide at the end of each signal-
ing element time which aignal waa tranamitted. Theae receiver decisions
cean be described by Bernoulli triala where the resulta are traditionally
termed success or failure. In thia Appendix, the occurrence of an error
will be designated by succeas and the absence of an error by failure,

Thia definition is consiatent with atatistical conventions.

o — a4
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For a symmetrical binary chuunel, we define p as the probabilivy of
a detected error, where a detected error is delined as u mark recejved
when a space was transmitted or a space received when u mark was Lrans-

mitted. We desire to estimate the parameter p from our mecasurements.

3. LOW-ERROR CONFIDENCE INTERVALS

From a Bernoulli probability distribution, if we tuke n independent E
samples where the probability of error (or success) is p, the probubility i
of obtaining x errors will follow a binomial distributiou. (The case when i
the samples are not independent is discussed later.) If we know a priori :
that the probability of error is low (i.e. p < 0.1), we can approximate E
this adequately by a Poisson distribution. 3

We then find confidence intervals for this distribution by determin- i
ing probabilities that k, or less errors occur and k, or more errors f
occur, given that the true error rate is p: ?

by :

“n x :

Plx < k) = Z : :""P) .
=0 ) s

x!

S “np x
Plx > k) = Z el O

l.‘z

e L e g g

where n ia the number of samples taken.

Note that the product, np, is also the expected number of errors we
would observe with thia error rate and number of samples. The expected
number of errors (or aucceases) is more conventionally defined as the

parameter of the Poisson distribution.

If we have observed a particular number of errors in an experiment
but do not know the value of the parameter, we can reverse the procedure
and determine rangea of parametera that could still give the obaerved

value within a given probability.

!
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From cumulative Poisson distribution tables we determine the

following:

(1) The smallest integer value of the parameter, np,, such
that with k observed errors

]
“nry z
e (np,)
z x! S ¢

(2) The largest integer value of the parameter, np,, such
that with k observed errors

Z e"l' z(npz)'
<C
x! =

z=h

where C is some confidence level (e.g., 0.05).

If we observe k errors in a ssmple of n, the best eatimator, Q. of
the true binary error rate is simply the ratio k/n. The upper and lower
confidence limits at some confidence level, C, sre p, snd p,. Values of
np, and np, for a confidence level of § percent are shown in Table B-I.

4. CONFIDENCE CRITERIA

It is convenient at this stsge to seek a single-valued confidence
parameter. For example, we could define s rstio, A, in terms of the
upper and lower confidence estimstes as

[
P,

P,

.

Or we could define a percentage error, P, between the confidence estimatea

and the estimate itself ss followa:

p
2 % 100
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Table B-1.

UPPER AND LOWER 90-PERCENT CONFLDENCE ENTIMATES
OF POISSON PARAMETER WITII k OBSERVED SUUCESSES

P e sy Sl S -y - G YT W W™ W

x UPPER CONFIDENCE LEVEL®* | LOWER CONFIDENCE LEVEL® | RATIO |PERCENTAGE ERROR
("l, _ (npz) (1) (P)
0 3.0 .o X ¥
1 4.75 0.052 91.3 470
2 6.3 0.36 17.5 297
3 7.16 0.82 9.46 231 -
4 9.15 1.38 6.63 194
5 10.5 1.97 5.33 171
6 11.85 2.61 4.54 154
7 13.15 : 3.29 4.0 141
8 14.43 3.9 3.62 131
9 15.8 4.7 3.3 123
10 17. 5.4 3.12 116
11 18.2 6.18 2.94 109
12 19.5 6.94 2.81 103
13 20.8 : 7.1 2.7 101
14 21.9 8.46 2.59 9
15 23.1 9.25 2.50 92
17 25.8 10.85 2.38 88
20 29.2 13.27 2.20 8v |
25 34.9 17.3 2.02 70
30 40.6 22.4 1.81 ol
50 64. 39.9 1.60 18
70 86.5 58.1 1.49 41
100 118.8 85.6 1.39 33
200 228. 182, 1.25 23
300 335, 9. 1.20 19
500 543. 467. 1.16 15
1000 1063. 961. 1.11 10

: Confidence level = 0,05,

\
Both of these parameters are alao tabulated in Table B-I. Notice that
theae confidence criteria depend directly on the number of errors observed
and not on the number of aamplea taken.

We are now in a poaition to determine the amount of sampling we must
do to obtain a given degree of confidence in our parameter eatimate. If
we use one of the above confidence definitions, our rule ia to continue
to sample until the obaerved errora are greater than a required number.
Note that aa the aample aize ia alwaya increased until the number of ob-
served errora exceeds a conatant, then the number of samplea required will

B-4
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be roughly inversely proportionsl to the crror-rate estimate. This is
intuitively sstisfying in that more ssmples are required for lower
error-rste estimstes.

, . N
5. EXAMPLE COH

£

Assume we desire to stste witli-90-percent confidence that the dif-
ference between the upper snd lower confidence levels is always less
than the estimste itself. From Tsble B-Iwe see thst this would require
s minimum of 14 observed errors in our ssmple. If the number of observed
errors in 8 string of 1000 trsnsmitted bits were 6, we would defer making
sn error probsbility estimste until we observed, ssy, sn additionsl
1000 bits. If the next 1000 bits contsined B8 errors we would estimste
the error probsbility ss 14/2000 or 7 X 107, And we could ssy with 90-
percent confidence thst the true error probsbility lies within 4.2 x 10”3
snd 1.1x1072,

6. CORRECTIONS FOR NONINDEPENDENT ERRORS

It has been observed thst errors do not occur independently.
However, without s detsiled knowledge of the exsct ststistics of the
error distributions, we sssume thst the errors occur in sversge bursts
of length, L, snd thst the bursts of errors sre independent. To obtsin
confidence limits we consider thst sn “error” is in reslity s burst of L
errors 8o thst the minimum number of sctusl errors required for s given
confidence is L times the previously defined errors.

In the previous exsmple, sssume thst the sversge burst is 7 errors
in length. To observe 14 independent bursts of errors, we would need to
sccumulste slightly over 100 errors before obtsining the degree of con-
fidence desired.
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