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Initiated by the Spacecraft Data Systems Branch of the Ames Research
Center, NASA, +his experiment is designed to demonstrate the
feasibility of utilizing satellite communication links to provide
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under realistic conditiorns, computing facilities at the University of
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Research Projects Agency computer net via an ATS=1 VHF link to the
NASA-Ames Research Center. A detailed description of the experiment
is provided, in the ATS-1 Computer Communications Experiment Plan,
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David W, Wax
University of Hawaii (ALOHA)
Fcbruary 28, 1974

ASS NOTE 56
NIC # 20805

* STATUS REPORT ON UH/ALOHA PARTICIPATION
IN THE ATS-1 COMPUTER COMMUNICATIONS EXPERIMENT

In Jaruary, 1972, the Spacccraft Data Systems Branch of the Amcs Research
Center, NASA, 1nitiated an experiment in Computer Communications via the ATS-1
geosynchronous satellite. Thas experiment 1s designed to demonstrate the
feasibility of utilizing satellite corunication links to provide computer-
computer and temmnal-computer cawunications between ranotely located sites.
In order that the experirent be conducted under realistic conditions, computing
facilitics at the University of tawaii (UH) and the University of Alaska (UA)
arc bging connectad to the Adv'anccd Rescarch Piojects Agency (ARPA) computer
net via an ATS-1 VIF 1ink to the NASA - Ancs Rescarch Center (ARC). The ATS-1
ViF transpender is being utilized as a broadcast repeater for the threce above-
mentioned nodes, with the satellite network operating in the ALGIA random-
access burst mole. A detailed description of the experiment is contained in

the ATS-1 Computer Communications Ixperiment Plan, attached as Appendix A. -~

IXPTRIVENT ORJLCTIVES

NASA's objectives in thus experament may be summarized in two broad areas:

® Satellite Corunications Linkeo

e Determine optimun channel coding and modulation/demodulation techniques.
e Develop quick acquisition techniques for burst data transmissions.

e Lvaluitc chunnel characteristics ancluding:
Lifects of wuroral zoncs on data transmissions.
Lrror burst aad interference phenomena.
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o Computer Ne tuorking
e Devclop nctwork protocol stratcgies for operatirg with:

Two diverse networks: ARPA Net and ALQA Net.
Individual remote terminils via satcllite into ARFA Net.

o Devise cfficient commmnication stratcgies for interactive computer
use to accamodate the transmission path delay time.

Tnc objectives of UW/ALQA, as a participant in the experinent, sre simalar
though sancwhat different in amphasis.

U/ALGHA PARTICIPATION

In March, 1972, a set of corrunications cquipmcnt was deliverad te the
ALQIA Project from NASAV/ANES to cnable UH/ALOW's participation 1n the experi-
ment. This cquipnent consisted of a nodificd VIF robalc radio basc station,
two sets of VIIF antenpas, 8 POM Bit Synchrenizer, a psuedorandam b1t sequence
generator and error detector, ard various interface units. The radio was
modified to provide burst transeission under digital control, true 1M, and by-
rder to use the full bandwidth ripability
od of a four-bay crosscd dipole 8rray

The two arrays werc sct up on top
Urfortunate-

passing of internal audio circuits v o
of the receavers. Each antenna consist
to provade gain and circular polarazation,
of the old ALQIA laboratory building scparated as far as possible.
1y the distance was not great cnough and the transmit power lcaking over to

>ed the receiver so that we were unable to listen

¢ ALOIIA lab was moved to its present locaticn
no langer

1

the reccivang array desensiti
to our own transmission. When th
1n Holmes Hall, the antcnnas were scparated enough so that this problen

ex1sts.

PROR RATE MEASURLMENTS

The data modulation technique chosen by ARC for this experirient is synchros

nous TSK since it is the casicst and lcast cxpensive to implemeat, Jnitial
ol of continuous psucdorandon bit sequence transnissions fron
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ARC to UiVALQMW, and vice-versa, using the ATS-1 WF transponder. The Univer-
sity of Alaska also cooperated in these tests. The recovered clock from the bit
synchronizer and the error output from the crror detector were fed to a ratio
counter to provide dircct.reading of error rate. Figure 1 shows the ALOIA
grourd station sctup for the tests. Tables 1, 2 and 3 are cxamples of crror
readings rade at WI/ALOIA during the carly tests. It should be noted that the
channel was being pushed to its full capicaty since dita was being transmitted
at rates of about 10 KEPS and 20 KsPS through receivers with 10 N2 and 20 RIZ
bandwidth, resprctively. Also, the satellite was operating in 1ts low power
node when these tests were rade, which is 6 dB below full power, Also note that
the tests were Fade ot might when ainterfering signals were at a minium. During
the cay the local interference was ruch worse and there were periods when the
receiving channel was cerpletely blocked by interfering signals.

By loohirg at the deta, onc can sce when noise bursts or interfering signals
occur. The error readings correlated closcly wath noise observed on an oscil-
loswope display of the bascband signal. The noisc and interference problems
were greatly reduced when the antennas were later moved to llolmes Mall and the
receivirg array reburlt and retuned to arprove circular polarization eccen-
tricity and beam pattem.

Recent tests, using the present equipnent con{iguration, with the ATS-1
VHF transponder 1n the full-power mode, and during the daylight hours, have
indicated crror rates in the order of 1 x \0'3 at 10 XBPS. Measurcments of the
power recerved from the spacecraft indicate an average C/N ratio of 17 dB for
the 20 N2 bandwidth receiver. This is well above the threshold level of

W tius supports the observation that errors arc duc primarily

the receiver o1
and not to recceiver front-end

to Lmpulsc noise bursts and sigmal interference,

thenwul noisc. This observation 1s not surprising and should be cxpected for

low-level received Sigrals in the VIF band, due to the large musber of poten-

tially nterfering coutters an ths band. The density of man-made noisc in an

urban arcva, such as autorobile ignition T01sC, also is quitc strong at vty

The forcgoing observations irdicate the nced for sore form of duta encoding

to ccubat the effects of noisc in the chumnel and to amprove the channel re-
liability, ARC hus choscn to use convolutioml coding for fomwd crror-
correction on this channel. A LEXABIT Model LV7015 Convolutional Lncoler/

oder unit was sent to UHI/ALOILY by ARC about the time the crror
This unit uscs 4 rate

Viterbr Des
measafe onts shown in Tables 1, 2 and 3 were being run.
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ASS NOTE 56 . s ASS NOTE 56
. Table 1 s Tat
ERROR RATE MEASURLCMENTS OVER ATS-1 LINK , ERROR RATE MEASUREY
t
s DATE: May 3, 19482 DATE: May 17, 1972
i :

TIME: 2016 to 2029 Hours, Hawaiisn standard Time TIME: 2030 to 2045 Hours, Hi
DATA RATE: 10 KBS (Narrow Band Receiver) . DATA RATE: 21.14 KBS (Wide |
DATA SOURCE: Ames Research Center DATA SOURCE: Ames Research
Error Counts Per 105 Bits , Error Count:

922 29 770 2 2 2

1156 185 63 7 0 0

905 2 396 ) 3 0 3

883 1 412 3 0 1

245 154 166 ) ! 7 2

573 142 28 1 9 1l

143 490 128 A 4 S

1222 372 253 - S 1 14

985 42 4 48 0 2

A 794 245 14 - - 3l 0 28

172 514 142 48 0 14

2 87 56 . 0 3 28

5 810 193 . ' 0 0 76

49 745 300 H 1 0 4

41 1 380 ' 1 0 1

18 0 2 3 5 2

- 2 1 192 7 2 0

3 0 383 9 44 1

0 1 6 1 0

2 3 END 5 62 0

7 2 1 26 1

3 k] 1 128 0

50 3 0 73 14

S 203 0 13 57

3 180 1 11 "8l

S 248 14 52 1

70 1 1 104 PR §

2 2 35 382 0

.5 537 1 785 -0

0 213 4

2 4 26

O
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able 1 Table 2

ACMENTS OVER ATS-1 LINK , ERROR RATE MEASUREMENTS OVER ATS~-1 LINK

DATE: May 17, 1972

Hawaiian Standard Time TIME: 2030 to 2045 Hours, Hawaiian Standard Time
Band Receiver) . DATA RATE: 21.14 XBS (wide Band Receiver)
Center DATA SOURCE: Ames Re.earch Center
ts Per 10s Bits Error Counts Per 105 Bits
29 770 2 2 2 0 28 13
185 63 7 0 0 16 42 5
2 396 3 0 3 3 64 52
1 412 3 0 1 78 114 62
154 166 1 7 2 69 105 159
142 28 1 9 11 11 86 146
490 128 2 4 5 0 75 107
372 253 5 1 14 1 122 10
42 4 48 0 2 2 148 9
245 14 - 31 0 28 2 114 1
514 142 48 0 14 5 123 3
87 56 ) 0 3 28 6 71 6
810 193 ' 0 0 76 9 75 2
745 300 : 1 0 4 11 53 0
1 380 ' 1 0 1 14 29 0
0 2 3 5 2 10 40 0
1 192 7 2 0 16 46
0 383 9 44 1 40 157 END
1 6 1 0 9 254
3 END 5 62 0 20 129
2 1 26 1 14 28
3 1 128 0 18 37
3 0 73 14 90 20
203 0 13 57 44 156
180 1 11 81 72 488
248 14 52 1l 108 510
1 1 104 1 19 165
2 35 382 0 32 19
537 1 785 0 27 31
0 213 4 45 24
2 4 26 24 1

.\)
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ASS NOTE 56

Table 3

DATE: May 17, 1972

DATE RATE: 19.14 XBS (wide Band Receiver)

DATA SOURCE: Ames Research Center

Error Counts Per 10° Bits

9 20 1 4
39 11 3 0
99 6 3 0

4 12 6 0

2 9 2 0

1 7 90 0

2 10 25 1
25 14 3 2
103 -5 0 2
2 8 27 13
208 3 1 5
447 13 3. 10
1062 30 3 2
324 195 29 1
‘ 6 2 1 (]
ki 202 0 1
9 1025 2 3

3 962 17 0

2 459 116 3

2 31 363 0

1 2 3l 0

1 1 1 0

7 9 1 1

5 27 8 0

1 11 3 1
21 9 2 5
1 166 2 . 3

1 52 1 6
16 4 87 1
9 13 35 0
19 16 1 0

o 3
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one-half, constraint length 7, convolutional code and is capable of full-duplex
operation at any data rate up to 100 KBPS (200 K code symols/second).  The
Viterba decoder accepts as input either hard (2 level) or soft (8 level)
quantized received data. A coding gain (savings in required encrgy per bit to
noisc ratio relative to ideal coherent PSX rolulation in adlitive white Guussian
noisc) in excess of § ¢3 is provaded by the unit at a 10~% bt error rate when
operating in the soft quantizcd mode. A corresponding coding gain of greater
than 3 dB 1s attained in the hard quantized mode. Data runs were perferred
using the LV7015 in the hard guntized mode over the VifF channel abeut “the

same tine the measurcments shown in Tables 1, 2 and 3 were rade, The channel
performance was sirmificantly 1=proved with error rates 1n cxcess of1x10"3
very scldom being recorded. Considering that the channel was exhiibiting an
un-coded error rate of about 3 % 10'3 at the time the tests were ruce, the
convolutional encoder/decoder uproved the clumnel bit error rate by a factor
greater than 300, on the average, and probably rore for pezk error rates.

From the above observations, one ray conclude that use of the cenvoluticnal
encoder/deceder can improve the AIS-1 ViFF chunnel bit error-rate to about -
1 x 10‘5, or better, at the cost' of halving the data rate. One then ashks the
question: Can a like mmproverent in bit error rate be cbtained withoat such
a large reduction an data rate? To answer this question, Ui/ALUIA is presently
collecting bit error rate data on a per pachet basis to atalyze the grosping
of crror bits within the packets. Sirce sipmficant rrters of bit €rrors scon
to occur 1n bursts on this chaanel, the idea 1s to incorporate a burst-error '
correcting code 1n the cyclic-check code of the packet and provade error correc:
tion capability in the pachet recovery algoritivs of the receaving digital egquip-
ment, Tiws, the usc of an additional cncoder/decoder fod the chanrel could be
elimmated with a resulting decrease 1n hardware cost and cerplenity and, hepe-
fully, a higher data ratc. The view at UM/ALGEE 15 that the convoluticral cicoder/
decoder may be previding ruch more wprovement than is nccessary for cfficient
channel throughput. This study 1s being carried on at UI/AGWN independently of
the goals of the ARC caperiment,

During the ronainler of the present ARPA contract period, UI/ALOHA w11l
collect the necessary error statistics and evaluate appropriate crror-correction
codes for possible use, lHopefully selection and implencntation of a cole can
be perfomad during this tine, Concurrently, the ATS-1 digital coTunications
chanel will be operated using the convolutional coder/encoder, assuung the

9
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of an incoming pachet and opens the receive data gate. Previous to this
sction, the bit synchronizer 1s presumed to have synchronized on the incoming

ASS NOTE $6 9 |
. 'y
. g 3
3 o)
proper burst synchronizing equipment has been received from ARC which will 5 - E |
allow ustng the LV7015 unit with ARC'S burst formatter and synchronizer, e = o
g v 3
L2 & &
n N [}
T 6% £
RRST O INICATION IXPTRIVENTS ol 3 o x‘
o - o 8:
L i1
In Pecember, 1972, & Packet Formatter/Synchronizer device was received E oy 9
by U/ALQUA from ARC. This device, desigred and fabricated at ARC for the J ¥ Yy A
—— w
burst. corunication experinent, provides the capability to transmit and receive 1 g: 3
data paclets over the ATS-1 VIFF satellite link. The unit provides intcrface o ¥
oy
control signals between itself and the UH/ALOIN data termimal equipmet and - <
the radio transmutter/receiver set. The equipnent arrangement, list of control "o A8 H
o 3
and data signals, and signal timng relationship arc shown in Figure 2. The 3 B T &
packet for-atter creates a prearble consisting of a scquence of altermating B Y § -
« . . 2 0
iand 0 bits for bit synchronization, followed by a 32 bit SYIC recognition OEE v
o
word fer packet synchronization. Once these two sequences have been generated, J 53,0
) -— NI
1t provides a clear-to-send to the ALOHA cquipnent which then semds the ALOHA ® f v 02w
[ o
pichet forrat, through the forratter. The synchronizer portion of tlus device 2 a _L 5
4 ol
continuously monitors received data from the bat synchronizer for the sync g" v Y
recognition word, then it detedts this word, it flags thc ALOIA cquipment o ‘g o
8

¢¥) __]

scquence of 1’s and 0's. The ATS 1 Pachet Format is shown schematically in Z M < <
Figure 3. PBelow 1t is shown a x,lc;n:'csentauon of the ALOIW Pachet lormat, "
The formatter is cquipped with pwitches which enable manually setting the S
bit sync sequence length anywhére from zero to 959 bits to allow experirenta- §
tion with scquence lengths required to synchronize the Bit Synchronizer unit nwi§
NV

to the recervad data stream.  Ixcept for the AGC level dontiol signal, this
is the way the terminal at BI/ALONA s presently cenfigured, The response of

y

]
)

the AGC circuit was found to be too slow for burst synchronizing and thcrefore b’
the AGC signal 1s not used. Reroval of the AUC level control scems to increase S 3T
; . v & .
the false alar rate only slightly, indicating that the sync recognition 8w ‘;‘,’ 2 ”
code 1s perfoiming effcctively. s 9 2 o 5 o
. L) - qa O >
Cne rav note {icn Fiyure 2 that the convolutional encoder/decoder is not g :' oo
shoon.  The imitial tests are intended to gather data on the burst commumnication o8 E ”5" v B 9
cons € O a % O
channel without the aid of error correction in order to gather statistics on

~ m s~ e
-t ~N (2] - ['ad 0 ™~
- RSN - <

Q . Io
ERIC |
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pment has been received from ARC which will - R 2 ya
c
ARC's burst formtter and synchronizer. e = > -
: S fw ~ c
4'; " Lo . }J o P
-
-~ CE E 'g .3
v Ox 43 g U
L] - X Ea
so \ oA [-%
o ol ANy oM Py
4 oer a8 L3
Forratter/Synchronizer device was received E  ow ~E 3
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I -~
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Once these two sequences have been generated, ‘ 3‘:;:‘ ,"" i g «
— ]
he ALOIA cquipment which then sends the ALOHA ] o T S8 w = 4
. 13 o £
tter. The synchromizer portion of tlhus device 3 > J_ 2 = 2
. [ - v - 3. - oo
ta from the bit synchronizer for the sync 5% o c “ 5
4+ —
ts this word, it flags the ALOIIA cquiprent 518 o NEE R g
N . - — - - - lmean e oo o * ~ «l~
the reccive data gate. Previous to this _] o, ~fo o
presumed to have synchronized on the 1ncoming 3 a = s o 2 = . .‘: H "‘ s l 3
-1 Packet Tormat is shown scheratically n - - ~ - o~ ~ ~ 5 5 =l gloln
cpresentation of the ALOIL Packet lormat. o A R 213 ~
i " o A P o
itches which enable mamully setting the o o g 4
& £ . a :3‘
from zero to 959 bits to allow experimenta- 9 * B ' . S
. . [ M
red to synchronize the Bit Synchronizer unit wSS \ Y
cpt for the AGC level contiol signal, this N 1 o
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burst cormunications over the noisy channcl at different data rates. An
additional option has been included in the formatter to allow cperation at
difYerent data rates. The UI/ALOIA unit has the capability of operating at
four different data rates: 1, 2, 10, and 20 KEPS. Since the Bit Symchreatzer
can be sct to any data ratc swrply by d:ialing in the desired rate, it presents
no constraints to data ratc sclection. In the future these rates will be
changed to 2400, 4800, 9600, and 19,200 bits/sccond to allgw the Alashka
equinent i~ ' -~ vradily-interfaced. When ARC has ;za-lctcd the special
sync civ . . te ircorporate the LINMBIT unit, and sent this equip-
ment to 1.1 nlaska, then experinents will dbe performed using Fnvard
errcr correction 1n the channcl under burst mode conditions. Lsseatially this
sync circuitry ensures that a coastraint length of zeroes is encoded at the
end of the packhet for reliable deceder temination,

The burst gortunications experiments have been mmlment) in two phascs.
The first p..lsc‘was to operate the satellite netwerk 1n a stus confaguration with
ARC being the center node. UH/ALOUA . o Alasia were to operate as raoote
terminals accessing the ARPAXT through ARC, with the interface computer at
ARC performing nccessary error detection, ressage forrattang, and netwerk
protocol, simlar to the functioning of the Interface Message Processor (IND)
in the ARPANIT. During this phase Alasha was not able to operate but the ALGHA
terminal ¢1d access the ARPALLT through the ARC grounld statien. The ground
station at U/ALOHA used an ALOIA Terminal Control Unit cearected to the A
Formatter/Synchronizer Unit. The terminal used was a stan uard Madel 33 TTY.
The ALQLIA TCU performs the necessary packet buffer-ng and control functions and
the.unit used was a standard unit from the local ALUHA ground system. The
computer at ARC performed the same function as those implenented an the M32TNUNE;
error cheching, transmission of acknowledgnents, ctc. Tests were radz at 20, 10,
and 2 KBPS. Throughput at 20 KBPS was very peor, of variuble quality at 10 XIFS,
and usually good at 2 KBrS. lowever, even at 2 KIS one out of four pachkets
freguently would have errors, imnJicating the burst rature of the roise. Somc
interestuy cffects due to line-by-line buffering were noted. If onc is accus-
tomed to chaacter-by-claracter transmission and feadback such 25 1s eriploved
en the ARPANET, the line-by-line m«de feels quite avxward, A LOGIN precedure
to a host was carplicatgd by the delays mmlv«\l i pechet tranmsfer between the

-ARC canputer and the ARPANLT.  Also, srm(ant delays were incurred by the

acknowledient procedure over the satellite lank. The overall result was that
L

¢ , 3
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if one waitod for a response from the net before entering his identification and
password, he would: be automatically timed out. One soon learned to provide all '\
the necessary login infbmation in one packct to svoid a timecout or autologout.
> wever tlus problem would be quite awkward for & uscr not fully familiar with
otk protecol, who depends on some response fram the network to guide him,
sove efficient protocol for handling character-by-character transnission over
the satellite network 1s udicated if remote termminals are to access the ARPANET
dircctly over the satellate link, A compramisc may be to use a data concentra-
tor at cuch satellite growd stataion. Therefore, implementation of TIP-or DMP-

type ruchines at satellite nodes becores of greater interest. This leads to h
the sccond phase of the burst covtrnications experiment, which has recently ) /
been mntiated,

Phase Il consists of irplencnting a fully conncctod network between ARC,
UI/ALOA, a:d University of Alaska. Thas implies not only the connection of E—
‘ach satcilate ground station to its own camputer, but also the development of MR Fgln;(‘;f‘l';
efficient protocols. A special buffer interface unit was received by UH/ALOHA | PACHT
from ARC in July, 1973, This umt was developed to allow interfacing the ALA ROVR BIT SY.CH SNat.
MALLNL to the ATS-1 ground station. The equipment sctup, shown in Figure 4,
shows the interfaoce arrangement, e ATS-1 channel is multiplexed in with the '\gggm S\'N(J’;‘}g“\‘lzrn S\I\g{f‘,’[g

AA ground system clunnel and thus must contend with it for access to the
MAGINT. This is a tepporary arrangement and the ATS-1 channel wéll be provided
With 1ts oan part to the MIIWNT as soon as traffic warrants. The interface
tuffer 1solates the ATS-1 channel from the MUNTIUNL channel so that variable
data rates nay be erployed on the satcllite channel without effecting the
MOZANT clunrcl data rate.  The buffer is designed to store and forward full
pachkets only./

Technical probleas with the buffer anterface hardware and dclays in imple-
rentirg the x':xcssary software in the MNIAME delayed operation of the satcllite
link threugh the MALIAL unt1d Janaary, 1974, Very little test time was available
durang January, 1974, due to jrior:ty use of the V\ﬂ".tmnspondcr by NASA for
its S\LAB waperment, Tull testiy, should get undenvay 1n February, 1974, It
should Le pointed out that throughout the experunent very littlc test time has
been available on ATS-1. The test schedule has been only 120 minutes per week,
consisting of 40 muutes each on Monduys, Wednesdays, and Fridays. Additional
test tire hus recently been obtained for future testing, The Univeesity of
Alaska should be operational soon as @ network nale, using a NOVA 11 computer

ATS-1 GROUND STATION

~ -

Figure 4 ATS-1 TO AU
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as their corrunications processor. Since Uni\{crs;ty of Alaska has its own
half-hour of time allocated irmediately following the 49 minute ARC/ALCHA
period, thas time will often be available for the experimental tests.

During Phase II, the satellite network will be developed in two increments.
The first increrent, presently underway, is for ARC to act &s 8 remote terminal
comected to the UtI/ALOHA MINIIARE.  This 1s just the opposite the roles played
during the initial tests, wherein an ALOHA terminol was accessing the ARC TIP
over the satellite lank. This arrangorent will allow ARC to gain experience
in accessing the tine Sharing systam (TSO) employed on the University of lawaii
360/65 carputer, through the MINIMMNE. Durang this test period, softwarc
work will procead at LH/ALOMA which will allow the MLINOHUNE to receive acknow-
1dgients fron ARC or Alasha. This ACK capability in the MINIZUNE will hope-
fully be operational by late Murch, 1974, 1In addition, & new packet format for
the AIS-1 nctwork will be developed to allow routing of pachets on a distributed
network., The prinury differcnce of this new packet format will be the cmploy-
nent of both destination and oraginater ID's. It is expected that the scparate
ATS-1 port on the MNIINT will be implemented when this new format is put into
cffect, 1n order to morc cffcctively scparate the ATS-1 networh from the local
ALOW networh. In fact, a scparate carputer is scriously being considered for
usc on the ATS-1 network 1n order to provide full isolation of the two nctworks.
The sccond increnent will involve putting the distributed nctwork mode into
operation. Wwith the network operating in thls mode, experiments will be directed
t mard the develomment of cffective protocols through testing of new algorithms,

RIC \ ,
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ATS-1 COMPUTER COMMUNICATIONS EXPTRINENT

03JECTIVES

The proposed experiment is designed to demonstrate the feastbilfty
;f utilizing satellite communication links to provide corputer-
computer and terminal-computer communications between rcvo;ely
Tocated sites. In order that the experiment be conducted

under realistic conditions, corputing facilities at the

University of Hawaii (Ud) and the University of Alaska (va)

wi1l be connected to the Advanced Rescarch Projects hgency (ARPA)
computer net via an ATS-1 VHF link to thc’NASA-Amcs Research Center
(ARC). " This experiment provides detailed information concerning
the characteristics of the satellite link and the perforrance of 2
unique comnrunication System under actual operating conditions.

The experiment has the potential of providing, on a terporary basis,
U4 and UA access to the ILLIAC 1V and other resources connected to
the ARPA computer-natwork,’as well as providing ARPA network

access to the BCC-500 computer at WM.

RATIONALE

" Developments in remote access computing during the latter part

of the 1960's have resulted in increased enphasis on rerote

time-shering, rerote job entry, and networking of large information
processing systems. The present gencration of corputer-cormunicatit

systems is based on the use of leased or dfal-up comon carrier

e
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facilities, primarily wire connections. These systems offer

nearly optimum performance for applications requiring the

transmission of digital data at relatively constant rates. »

+ Under these conditions, the use of a satellite comnunication

- 1ink would offer 3 substantial advantage only {f the satellite

Uink s less expensive than the conventional common carrier
fa§111ty it directly replaces. For many rcmote.process1ng
applications, hcsever, data flows in bursts, fﬁter]aced by Tong
periods of silence. These applications include the use of remote .
Job entry stations and {nteractive computer consoles. Typically,
these devices require private communication 1inks, ard the cost

of comrunication may exceed the cost of comébt1ng. particularly
when long distances are involved. This difficulty can be

alleviated scmewhat by multiplexing and data concentration {f
several of these devices can be placed {n close proximity

to each other. When this {s not feasible, other techniques for .
fncreasing the efficiency of bandwidth utilization must be

sought. One su’h technique {s being invest1g;tcd in the development
of the ALOHA system at the Unfversity of Hawaii.

In the ALCHA system up to 500 remote terminal devices will be
cornected to a large time-sharing computer, the BCC-500, via
two 100 kHz VHF channels. One channel {s reserved for messages

fron the BCC-500 to the terminals; the other for messages in

A=

-
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the opposite directfon. Messzges from the BCC-500 are buffered
and time multiplexed to the terminals by a HP 2115A mini-computer,
Messages from tha terminals to the BCC-520 cannot -be multipfexed
in such a direct manner, héwever. The yse of standard

orthogccnal multiplexing techniques (such as freguency or time
division multiplexing) results in the same {nefficiencies found
in conventional common carrfer Systems. Other techniques are
more complex (excensive) and sti11 do not solve the prodlen of
1nefficiency ceused by the burst, Tow duty cyclie nature of the
messages. This situation led to the usc of a random access mode
of operation which requires no special centr91 control or
synchronization. It relfes, instead, on a simple error detection
technique and the retransnmission of erroncous messages. Message
errors are most 1ikely caused by random {nterference between

users.

Because of the similarities {n data transmiss{on requirements .

. between the ALCHA system and the proposed experirent, and the

unique solution to these requirements offered by the burst mode, 4
}andom access concept of the ALCHA system, many of 1ts features

are incorporated in the experirent design. Hewever, the scope

of this experiment extends beyond the ALCHA system, not only in

the use of the satellfte 1ink and the solution of unigue prodlems
involved therein, but also 1n the fundarental design to provide

a conplete computer networking capability. This {s especially

gy
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{mportant because the increased ground terminal expense .
for a satellite 14nk would not be eco'nomcmy Justifiadble for

the limited ALOMA application, and because of the need for a . ’
conputer networking capability to such cutlying areas as Ha:aﬂ

and Alaska where leased broacband 1ines are prohibitivelw

expensive. As satellite cormunication costs decrease 1t {s -
possible that rmany wire-based communication 1{nks will be replaced
by satellite links for the com;;uter cemunication networks of the
not-so-distant futurc. Because the t:ase-band concepts of‘ this
experiment will not change, it will be directly appliceble to

radio frequency bands other than VHF, and, thercfore, to such future
app11cﬂ1ons, With current nceds and such future potential in mind,
the experiment {s designed to be fully compatible with the ARPA
“hetwork which fs the largest and most successful computer network

in use today. . ' .

DESCRIPTION OF SYSTEM . .
Cata Organizatfon. The initial satell{t¢ communication 1{nk .-~

will be tetween ARC and UH, with the UA 1ink 3dded later in
the experiment. Final system evaiuation will be for the
ARC-UN-UA net. Interface between computers or terminal
equipments and the 1ink is provided by a POP-11 mini-
corputer. This machine performs necessary message formatting
—.and network protocol, similar to the functioning of the .
Interface Messege Processor (I1P) {n the APPA net. As

many satellite-peculfar functions as possible will be

Al

perforred in hardware
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replacement of the Pl
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performed in hardware, keeping the INP and FOP-11 functioning
ncarly fdentfcal. This s done to simplify possible future
replacement of the POP-11 by an IMP. For the duration.of

the erperirment, the PDP-11 will 21so ronitcr'network siatus

and tabulate 1ink and user stat{stics.

Messages of varying length are given to the POP-11 by

users for transmission over the net. These messages are
formatted into smailer packets, {f necessary, beforé
transmission, and are reassembled at the destination.

Sync, routing, and message fdentification are adied to each
packet, along with a cyclic parity chock code which s uscd
by the receiver for error detection. A transmitted data
packet is fgnored by all receivers exccpt the one for which '
it {$ addressed, and {s ackpow?edged if, and only i{f, it was
received without error. A message is retransmitted {f the
expected acknowledgement is not received within a given
interval of tire. (The fnterval {is diffcrent for each
terminal to prevent repeated interferences,) Because of the
Tow downlink signal strength and variability of the channel
characteristics, an error correction code will be added
prior to transmission, The‘presence of this code will not

be 2pparent in the other portions of the system.

* —
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3.2 System Hardware, A simplified block diagram of the system ) : '
hardvare organization {s given in figure 3.2, A more complete

description {s given below. -

N

3.2, POP-11. The function of the POP-11 {s described in section

3.1. This 8k, 16-bit mini-computer will operate unattended.
For inftial phases of testing, the POP-11 will be replated

MODULATOR/
Tmﬁsnmsnl

by a small test set which interfaces directly to the

transmitter (or encoder) and generates pre-programmed messages

continuously or at specified intervals. An error counting

capability is also provided with the test set.

2.

OLUTIONAL

Zon

]_‘! e e l__.] RECEIVE/ l—’4 EHCOCER

3.2.2 Transmit Interface Hardware. A small {interface device s ’ !
required to provide parallel-to-serial conversion from the ' -
. PDP-{I for transmission. This hardware also generates
the cyclic parity check bits and appends them to the end
of the packet. . .

3.2.3' Convb\utiona] Encoder. In order to maintain the minimum

required data rate of 5 kbps without excessive retransmissions

due to channel errors, error correction coding {s necessary, .

The short constraint length convolutional code tentatively

.selected (K=4) {s capable of about 4.5 d8 gain with maximum ' .

ryas
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3.2.5
1{kelihood decoding at an output bit error rate of 1x10-7,

for errors caused by system noise and anticipated auroral
interference. Random decoder errors and errdrs caused by
messzge interference and VHF burst interference are of lhe
type that the cyclic parity check code was designed to detect.
It 1s crpected that the system undetected error rate will be
compatible with the 1x10712 yvalue specified for the ARPA net.
A bit synchronizer preamble and dcco&cr sync bits are added

to the beginning of an encoded data packet, and a constraint

3.2.6
length of zeroes is encoded at the end for reliable decuder

’.

termination.

Modulator/Transmitter. To minimize receiver lock-up time, . -

which is necessary for the burst mode of operation, while
keeping the RF receiver simple, PCM/FM modulation and
discriminator detection will be employed. Discriminator
detection causes only 1 dB degradation frbm optimum PCM/FM,
provided the deviation ratio and the receiver IF bandwidth
is optimized for the bit rate used. The transmitter section
frem a General Electric Company commercial-grade transceiver
operating with an outgut power of 330 watts on’a carrier
frequency of 149.2 Mz will be used. A simple modification
-to convert the transmitter to frequency modulation 1s necessarys ' t

this has been designed and tested.

-

.t / "
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Transmitting Antenna. A four-bay crossed dipole array

which provides circular polavization and 17.0 ¢B gainwil)

be used for transnission,

Although the satellite antenna

s Vincarly polarized, circular polarizationof both r!

\
ground transnitting and receivirg antennas with the attencent

3 ¢B polarization loss is necessary because of the ver;ing

Faraday rotation of the signal. Hanual antenra pointing 1¢
. /

facilitated by rotators In both the azimuth 2nd elevation -

axes.

Sagellite Channel. The ATS-1 geosynchronous satellite,
which provides both C-band and VHF transponders, was

selected for this experirent because of {ts easy access

from Hawaif, Alaska, and California.

data rates supported by the VHF link are only marginal for the

Althcugh the 5-10 kbps

proposed experiment, VHF was selected because the RF portion

of a ground terminal is minimal in cost for VHF when coTpared

to C-bard; also, VHF termiral equipment already is avii};ble .

in Alaska. »,

g

Several characteristics of the satellite and VHF frequency

band require special considération in the systen design.

The ATS-1 transmitter is usually operated in the so-called

«—half-power rmode, which {s actually 6 ¢B below full power,

or currently, 41.8 dba.

’

To mininize restrictions on satellite

-
-
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\
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use, the 1ink s designed for this mode of operation.
Additfonal attenuation is caused by spin modulation of the
YHF antenna array. For the half-power mode, this amounts to
about 4.5 dB per satellite revolution, at the ARC locaim:ﬂ.
The galactic noisc temperature at VHF varies, depending on
the ground antenna pointing angle relative to the center

of our galaxy; this is a function of the time of day and

year. Although varteble bit rates could be used to compensate
for.th1s variation, non-optimsm recefver bandwidth Jt1l1zat1on
3,2.7

would result. In addition, all terminals would have to operate

at the bit rate of the poorestXifnk. Therefore, a fixed b1t
rate and vorst case sky temperature have been used in the

system design. Finally, propagat1on’anomal1es and local " 3.2.8
1ntcrf;rcnce may produce fading and burst error propertics
in the channel, and particular attention must be given to
auroral interfercnce in %he Alaska link. One of the experiment
objectives will be to determine how effectively system design

can compensaté for these anomalies. ’

It 1s planned fnitially to use only a single channel in a half-

duplex mode of operation. This 1S necessttated by the non- 3.2.9

linear power compression characteristics of the ATS-1

transponder. Compensation to provids full cuplex operation

-would require tedious adjustrent of ground transmitter power

levels becouse of the low power mar§1n available. For the

'
L
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.
designed for this mode of operation. o single channel mode, each user risks interference by other
ation 1s caused by spin modulation of the users which requires subsequent retransnissfon. The
For the half-power mode, thﬁ amounts to . possibility of protecting the high-use ARC transmit link by
sateilite revolution, at the ARC 1gca€.10n. using 8 separate frequency channel and increased powcr:;cin
se temperature at VHF varies, depending on ' be 1nvestiga'tcd. For this moce, the channel will still be
pointing angle relative to the center . . essentially half-duplex since an outlying transmission
1s is a function of the time of day and ' . occurring simultaneously with an ARC transmission wi'' ove
arfable bit rates could be used to comper?i‘ate ' . compresscd below the system threshold.
n, nm-op}!mu'n recefver bandwidth u.tﬂization .
addition, all terminals would have tc operate . 3.2.7 Rcc;ving Antenna. A 4-bay crossed dipole array {dentical
f the poorest link. Therefore, a fixed bit to the trgnsmitting antenna will be used for receiving.

se sky temporatyre have been used {n the

1nally, propagation arbmalies and local . - 3.2.8 Recefver/Demodulator. The narrow band recciver from the GE
produce fading and burst error properties T ) N . transceiver will be used for the experiment. Since this
nd particular attention must be given to T ) unit wds designed for voice operation, a number of modi-
e in the~A1aska 1{nk. One of the experiment r fications have been made to provide for optimum operation
. to determine how effectively system design at 10 kilo-symbols-per-sccond. .Howcver, tests {ndicate
r these ancmalies., . ' performance equivalent to much more expeﬁsive receivers can

be obta1ncdk

fally to use only a single channel in a half-

sation. This {is necessitated by the non- 3.2.9 Bit Synchronizer. An EMR model 720 bit synchronizer is proposed
ession ch;ractcnstics of the ATS-1 - for use by the experiment. This unit provides the '1n:egra‘tc-
pensation to provide full cuplex operation . and-dump” voltage output required for decoding and the very fast
fous adjustreat of ground transmitter power --Iacq‘a\giticn tire necessary for efficient burst mece cperation.”
the low power margin available, For the Bit sync acquisition will be aided by the use of ? 16cal

¢ o ’

X et \ . I od
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4. LINK POSER BUDSET

oscillator whose signal amplitude and frequency ere set to
The downlink power budget

the approximate received sfgnal level and symbol rate. Bit
worst case conditions, th

sync staht1ity will be maintained by gating this signal..
. s 1.4x1073, The uplink

with the recefver output according to a pre-set receiver
- 4 dB above the level requ

AGC level, thus reducing bit sync acquisition time.

1. Average satellite tr

3.2.10 Decoder. VMaximum 11kelihood decoding of the K=4 convoluifonal
_— 2. Spin modulation loss

code 1s relatively simple and straightforward for the low
3. Space Loss (f = 135,

data rates involved. This applicaticn requires the addition

4, Receiving antenna ga

of a phase and sync resolution circuft for the burst mode of
Lo §. Polarization loss

operation. S . ' |

,. : P 6. Recelving circuit o

! ' 7. Total received power,

3.2.11  Receive Interface Hardware. PDP-11 reccive interface hardware - ‘

X 8. Receiver noise spects

- . consists of a serial-to-parallel buffer and parity che~k logic. . R {T = 1500°K) |
Parity violation will be signalled by a program {nterrupt. i . . 9. Bit rate (1/T7) (10k ¢

10, ST/lgs Po = 1.4x1073
3.2.12  SEL 84CA Comruter. The ARC Systems Engineering Division SEL |

840A conputer will be used throughout the inftfal phases of . NOTES: (1) Regulat
testing to perform detailed monftoring of 1ink ‘character1st1cs. S ) ’ (2) 500° P
Real-tine error tabulation and data recording will be provided in 500-100
2¢dition to extensive off-line statistical analysis of 1ink (3) Rate 1/
characteristics. In the final system configuration, the 840A (4) PLIYFN

error r

will be connected to the ARC PDP-11 as a user computer.

S

Table 4.1, Power Bu

\ . e
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A-13

nal amplitude and frequency are set to
ived signal level and symbol rate. Bit
be maintained by gating this signal,
tput according to a pre-<rt receiver

cing bit sync acquisition time.

Hkelihood decoding of the K=4 convolutfonal
imple and straightforward for the low
. This application requires the addition

resolution circuit for the burst mode of

rdware. POP-11 receive interfac2 hardware
1-to-parallel buffe= and parity check logic.
11 be signalled by a program finterrupt.

The ARC Systems Engineering Divisfon SEL
be used throughout th; {nitial phases of
detafled monitoring of 1ink characteristics.
lation and data recording will be provided in
ve off-1ine statistical analysis of link

n the final system configuration, the 840A

o the ARC PDP-11 as a user computer,

ERIC

‘. ASS NOTE 56 ) .

LINK POWER BUDSET

The downlink power budget is presented fn table 4.1.

A-14

Under

worst case conditions, the fnput bit error rate at the decoder

fs 1.4x10-3. The uplink effective radicted power’ of 66 ¢Zx fs

§ dB above the level required to saturate the satellite receiver.

1. Average satellite transmitter EIRP (1)

2. Spin moculation loss for minirum signal
3.  Space Loss (f = 135.6 Miz, R = 38,000 km)
4. Receiving antenna gain

§. Polarization loss

6. Receiving circuit loss

7. Total received pover, S

8. Receiver noisc spectral density, Ny

{1 = 1500°K) (2)
9. Bit rate (1/7) (10k symbolsysec) (3)
10.  ST/lgs Pe = 1,4x10°2 (3

NOTES: (1) Regulator #1 only

(2) 500°k Prearp temp.
500-1000°C Sky temp.

(3) Rate 1/2 convolutional code;
data rate = 5 kbps

(4) PCI/FN enperimental data

error rate output of dhcoder < 10°7

41.8 d&n
2248
165.7 ¢8
17.0 @8
3.0 48
1.0 ¢
1141 ¢t
-166.8 ¢Sn-Hz

40.0 ¢B
12.7 ¢8

Table &4.1. Power Eudget for Satellite to Terminal

5
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S, EXPERIMENT CEVFLOSMENT PLAM.

The experiment objectives will be met by performing a rumber of .
major subtasks which are {dentified below. Figure § 1ists these o
tasks 1n detail with milestones and time schedule, 2esuming: . ) z

experiment approval and satellfte test time are granted as

requested.

5.1 Establish simplex (ARC-ATS-ARC) link at ARC: Develop test

set hardware, test and select equipment, determine satellite

1ink characteristics, optimize system parameters.

5.2 Establish half-duplex 1ink between ARC and H: Provide < -

test set, transmitter, antennas, receiver, and bit synchronizer

STFlalalmlsla|Als [olnlo]slF]mlajmiaajalsiolnlo

for Toan to UH. Determine characteristics of 1ink and effect 1
- of simultancous transmissions. H ! %
x P
' 3 ¢
5.3 Upgrade RF terminal for burst mode operation: Determine trans- é ‘g‘ £~ 'N’E
. (83 - - -d‘:f.- c
mitter, satellite, receiver, and bit synchronizer characteristics 4 215 Ll it t-'E
. i St e
s © [T ] iU 4
{n burst mode and thﬁ subsequent requirements for data formatting 3l 21 2o |oWiRE
x 18w g Sis |ei'2.
and decoder sync recognition. Design and fabricate burst 4 2l (25| | £]8 |02
« (o E |0 ] RS TR
. =10 T 21s ] ol 518|680
mode control logic for transmitter, recefver, and oit < |o o | 3] w b
«[S 1S5zl °l wingrods
synchrenizer, : —_— e Ele lwlw [ Bl 2183701
- S Qe .‘EJ a3 |+oT Jgul‘; ;
s 3 ‘vJ! -~ w w ‘o — - -.-:—‘
v . — )
Sl7 18|88 2| B0 aely
. 5.4 Add error cgrrection coding to link: Design and fabricate 218 Jefud ®| BElmts 2,
- 0 el BT A B A Pl
hardware for coding. Evaluate its performance over the é {-:3 > :\‘q S ':’; g-.:_i([)"g '
‘ PRI . r; So|l L |V @] a: o r:lai;qu:
i
tad
-~ Yt o @ i~ hI
o oy el Ml e R

1
T
A
)
w
1
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Upgrade to burst mode
with necessary formatting of data ;nd decoder sync

satell{te 1ink 1n continuous mode.

recognition logic.

Integrate POP-11 {nto system: Detail PDP-11 functional design.

Design and fabricate recefve and transmit interface hardware.
Develop softwere and integrate into satellfite link, 840A,
and ARPA net at ARC. .

Intpgrate U {nto net: Provide POP-11 and interfaces for M.

Dgvelop user software. Perform end-to-end tests. Tie into

L

_ ARPA net and test operation.

Integrate UA {nto net: Characterize UA 1ink. Provide PDP-1}

and interfaces for UA. Deveiop user software, Perform end-

to-end tests. Tie fnto ARPA net and test operation.
Perform myltiple user system test and evaluation. Conduct
controlled tests with U4 and UA connected into ARPA net.

fetermine system performance, maximum thru-put, effects of

“{nterferences, effects of propagation and system delays,’

{mprovements in protocols, improvements in hardware and

system design.
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ATS PROJECT SUPPORT.
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7. EXPERIVENT DATA.

L

. A-20
L]
6., ATS PROJECT SUPPORT. .
6.1 Sstellite Time. Subtasks fdentified 1n sectlon 5 requiring

ATS-1 satellite test time are shown in figure 6.1. A

compasite of the time required is given below:

3dan72 - 2Apr 72 3 days/week, 40 min/day
3Apr 72 - 29 0ct 72 3 days/week, 60 min/day
30 0ct 72 - 9 Dec 72 5 days/week, 60 min/day
10 Dec 72 - 8 Apr 73 5 days/vieek, 120 min/day
9Apr73 - WV Jun 4 4 days/week, 120 min/cay

6.2 Ground Statfon Support, No special ground support from the

ATS Project {s anticipated other than confiquring the
satellfite to meet test requirements, monitoring the tests

on a dafly basis, ard distributing satellite ephemeris data.

The experimont will provide data concerning:
a) Suftabilfity of satellite links for multiple user,
randon access, corputer-computer comunications,

b) Effectiveness of experimental system design to meet

specific user requirements.
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211d2te UH compatibility with ARC
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“15.71Test U4 cornection into ARPA net

7.3!Perfor= 1ink tests with UA

7.8 valicate UA compatibility

7.9]7cst UA connection into ARPA net

3.

SUBTASKS REQUIRING ATS-1 TEST TIHE

FIGURE 6.1.

NOTE 56

¢)

d)

e)

f)

9)

A-22"

Problems of system irplementation with optimal

and alternative solutions. .

Design of a more generalized system with application
to other satellite frequency bands.’ ”
Detailed satellite 1ink characteristics, including

the effects of fading and auroral interference

oa error rate. “
Performance of the first quantfzed maximum 1ikelihood
decoder over a satellite link. ' '
Gafns in link data rate by the utilization of efficient
modulation and error correction coding techniques.
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