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An + Note

The pwrpose of this memo is to record information supplied to ACCD by
Astro-Electroniss Division in suppart of the joint RCA-Grumman pre-proposal
effort on the Apallo Lunar Excursion Module.

AED was specifically requested to describe lunar surface operation of
the communications systems. In addition, path less calculations and link
system designs were prepared independently of those of ACCD. While in general
agreaement, these two sets of calculations differ in detail, owing to some
differences in initial assumptions.

The AED link designs tend to be somswhat conservative; the nature of the
mission is such that the AED enginsering feels that such an approach is warranted.

AED was also assigned the task of investigating the frequency netting
problem and the multiplexing problem.

The material presented herein was in part prepared at AED and passed
to Mr, Levin MSD and Mr. Carlson of ACCD on June 8th. The remainder of the
attached material was written at Orumman Aireraft Engineering Corporation
(GAEC) for and by request of Mr, Carlson of ACCD on June 8 and 9, 1962,

The outline presented at the begimning of this memo was prepared at
AED prior to the Grumman meeting in an effort to coordinate our efforts with
ACCD, Copies of the outline were transmitted to ACCD via MSD, Much of the
material cantained herein was modified to conform to an outline supplied by
Mr., C, Carlson of ACCD, and therefore does not conform to the ocutline included
in this memo in all respects.

The material that follows represents work dons up to and ineluding
June 9, 1962, Further study of the multiplexing and other problems will be
covered by future memos.
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PRELIMINARY TOPICAL OUTLINE

I, THE LUNAR EXCURSION MODULE COMMUNICATIONS SYSTEM

M

Ao Basic Communications Circuits Required

Fig. Flow Diagram
1, LEV Separation and Descent

a)

2-way Vodce and Data LEM to Apalle

2, LEV Operation on Lunar Surface

a)
b)
c)
d)
e)

2w?o¢uandnauLEHuApollo
2-vay Voice to Earth, data to Earth
TV to Earth

Man to LEM to Apallo and Earth

Man to man to LEM to Apallo and Earth

3. LEM Ascent, Rendezvous and Dosk

a)

Sams as 1

Lo Emergency Communication Circuits

a)

b)

e)

Descent phase
Voice only to Apcllo
Voice or C<W to Earth
LEV on Lunar Surface
Voiee only LEM to Apolle
Voice or C<W to Earth

Ascent phase
Same as a)

II, COMMUNICATIONS SYSTEM DESICN

BElock Diagram
A, Introduction
1, List three basic links
a) Apallo=LEM
b) LEM<Earth
c¢) Men to LEM

2=
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The Apollo=LEM Link

1. Range Limits

2. Frequency selection
a) Noise vs. free space loss
b) Equipment feasibkdlity vs. frequency
¢) Duplex voice=data circuit

3. System Design
Path loss=power-modulation-miltiplexing diversity
Doppler<data rates-noise temperature

The LEM to Earth Link
1, TV Circuit
a) Line and frame rates = TV baseband

b) Frequency selection
Window, noise, antenna gains, low noise receivers, range

2, TV Transmission System Design
3, Voice-Data Link Design = Normal and emergency modes

The Man to LEM Link

1. Frequency selectiom

2. Range, multiplexing, voice and data
3. Frequemoy compatibility for netting
Lo System design

Overall System Description and Operatiom
1, QGeneral description

2. Switching and control unit
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I, THE LUNAR EXCURSION MODULE COMMUNICATIONS SYSTEM

M

A, Basic Communications Circuits

The Lumeyr Excursion Module (LEM) communication system design mst
provide for a mmber of basic commnications circuits, necessary for success=
MucupluhmmtotﬁuuasimuﬂtoudmuMWuhtyotm
CIroWo

Figure 1 illustrates the required flow of information from and to the
LEM during the descent to the lunar surface and during the ascent from the
Moen to rendezvous with Apollo.

During the in flight phases of the LEM, two=way voice coomunication
between Apollo and the LEM is required. A two=way data link, capable of
handling 2100 bit per second real time; PCM telemetry is also required.

Under certain conditions, it may not be possible for the LEM to
communicate directly with Apollo due to the jnterposition of the Moon. This
ean occur if the LEM does not achieve the desired arbit.

To accanmodate this situation an emergency two=way voice link to the
Earth from the LEM is required.

Figure 2 illustrates the communications circuits required for operations
on the lunar surface, Here, the primary communications links are the lumar
wvehicle=Barth links, Amwwmomtttomunquu‘d.umn
unrultiuﬂlixkaxﬂa‘lmbu/ueonidaunnk.onn\nytoEa.rt-ho

Two-way data and vaice communications are required with Apollo, but
since Apollo will be arbiting the Moan 100 miles above the surface, it will
be above the lunar horizon only about 10% of the time, Consequently, a store
and forward mode of operation is required for the data link, with the stared
data being transferred to Apollo at a high rate when it appears over the
horison.
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It is plammed to have one of the two astronauts leave the LEM and
move about on the Moan with a TV camera, Vidso will be transmitted to the
LEM via a cable, and a radio link for two=way voice and one=way telemstered
biamedical data is required from the men to the LEM, to allow the astromaut
to move further from the wehicle than the cable permits.

An emergency may require the second man to leave the wehicle to go
to the aid of the first, or because of damage to the wehicle. Under this
condition; a two-way voice link between the two men, as well as voice and
data links to the LEM from the men, for relsy to Earth and to Apollo. The
necessary links are shown as dotted lines on the diagram,

ency Communications Circuits
Various possible contingencies can place special requirements upon
the commnications systems. It is desired to provide at lsast a minimal
communications capabdlity for all forseeable eventualities in which communi-
cation will be required,

During the descent or the ascent phases, the Apallo and the LEM may
become separated by a distance greater than the normal design range of the
LEM-Apollo communication system, which is set at about 470 miles by the normal
maximm slant range to Apollo with the LEM on the Moon's surface. By reducing
bandwidth and transnritting volee only, without the data link, the range of
this eircuit can be extended to approximately 1000 miles.

Still greater ranges could be achieved if directional antennas were
used, However, the use of such antennas requires a knowledge of the direction
of Apollo from the LEM and the ability to arient the antennas. Either of these
factars are likely to be unavoidable in an emergency situation.

In the event that the line of sight path between the two vehicles inter-
sects the Moon, direct communication between the two vehicles becomes impossible.
However, the Earth is in view during a bit more than half of each orbit, and
can be used as a relay point. For this case, a voice or cw emergency link,
which is not normally used while the LEM is in spacs, is required to Earth,
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Since the Earth is a quite conspicuocus object at lunar distances, no diffi-
eulty exists in determining its direction, and a directional antenna of moderate
gain can be used, providing the spacecraft remains capable of controlling its
attitude, Commnication with an omni-directiomal antemna is desirable to pro-
vide for communication if control is lost and the spacecraft begins to tumble.

Emergency Commumication on the Lunar Surfase

If an emergency condition requires power saving, reduced transmitter
power for communication on the lunar surface can be accommodated by the same
bandwidth reducing the techniques discussed above, that is, by transmitting
volce only to Apallo and voice or cw only to Earth.

As has been previously pointed out, an emergency may mure'both
crew members to leave the vehicle at the same time. This situation requires
a radio link between the two astronauts, via packsets, which is independent
of the LEM itself, as well as links to provide for relay from each man %o
Earth and to Apallo via the LEM,

2, Operations on the Lunar Surface
As 1llustrated in figure 2, three principal commnication links must

be established and meintained once descent to the lunar surface is complete.

Conmunication will be lost with Apollo shortly after landing, as Apallo
sets on the lunar horizon, Comsequently, the deep space parabolic antenma
(figure 3) must be erected and oriented toward Earth to re-establish commnd-
cation from the LEM,

Sinece it may be necessary for a crew member to leave the spacecraft
to erect and aim the antenna, the low power VHF set will be activated to per-
mit man to LEM commmication during this phase (figure L).

Sines direct communication to Apollo is not possible at this time, the
high power (10 watt) VHF transmitters will be shut down to conserve pawer,
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The VHF 1link to Apollo will be autamatically reactivated by a tinmer,
set to the Apollo’s orbital period, to prevent accidental loss of communication
time to Apollo due to human error,

The telemetry data, which has been transmitted to Apollo over the VHF
1ink in real time during the descent phase, is diverted into a tape recorder,
The data rate is reduced from 2100 bits/second to 700 bits/second, as only
1/3 of the sensors are required when the LEM is not in flight.

This tape recorder is played back at 10 timss the recard speed when
Apollo appears above the horizon. In this manner, data continues to flow teo
Apollo in a store and forward mades

Operation of the Moon-Earth Circult
After the UHF parabola is oriented toward Earth, the UHF deep space
cammunications equipment is activated.

Both UHP receivers begin searching in frequency, then lock on to the
carrier of whichever of the three Earth transmitters is illuminating the Moan
at the time, This AFC search and track operation is necessary because of the
doppler shift introduced by the Earth’s rotation, as well as possible drift
of the receiver local oscillator and Earth transmitter, The recelver receiving
the poorer signal from Earth is shut down by the operator to conserve power,

The staniby transmitter is activated and its output power is checked
with a directional coupler and power monitor provided for the purpose., This
transmitter is narmally operated without its power amplifier at the 2 watt
level, and will handle voice and telemetry only.

The prime transmitter and power amplifier will be used for videe
transmission.

In the event of equipment failure, the prime transmitter can be sub=
stituted for the standby to maintain the voice link, Switching and multiplexing
arrangements for the Earth link UHF equipment are illustrated in figure 3; a
simplified block diagram,
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Since we have continuous operation of the Earth<Moon link, data is
transmitted to the Earth in real time.

The 700 bit/second data is multiplexed on the voice transmitter by
means of a subcarrier. Use of a separate transmitter for voice and data
simplifies the multiplexing and switching problems on this link.

Video will be tranamitted as straight frequency modulation using one of
the 20 watt power amplifiers. It is expected that TV will only be transmitted
for about one-half hour.

Operation of the Man-LEM Link
Commmications from the man to the LEM are acconmodated by a two=
hundred-fifty milliwatt low power VHF set similar to the space suit packsets.

This set avoids the high pawer drain of the 10 watt Apollo=LEM trans-
mitters, which are unnecessarily powerful for this purpose.

In the description of the links required for lunar surface operations,
4t was shown that it is desirable to provide communication between both men
and between each man and the LEM when both men are cutside the spacecraft.
This is done by using a three-frequency netting system, illustrated in figure k.

The packset transmitters operate contimously whenever the men are out=
side the vehicle to contimously telemster biomsdical data to the LEM, The
packset transmitters are operated on different frequencies to avoid mutual
interference, and two VHF receivers are provided in the LEM to allow simul-
taneous reception of both packsets.

Similarly, both packsets are capable of receiving on two frequencies,
to allow simltaneous reception of the other packset and of the LEM transmitter,
which is used to relay messages to the men from Earth or from Apallo.
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Figure 5 is a block diagram illustrating one possible mode of providing
the required two frequency operation in a simple packset receiver. The receiver
is a superheterodyne so arranged as to have its image frequency fall on the
second desired frequency when it is tuned to the first desired frequency. The
RF and mixer stages are deliberately designed to offer no image rejection, so
both the nommal and image frequencies are received equally well.

The FM capture effect results in only the strongest of the two signals
being heard when both transmit simultaneously.

However, as will be shown in the section on signal switching and con~
tral, both possible frequencies will be modulated with the same informationg
so the capture effect performs the task of suppressing possible echoes, which
might otherwise cause loss of a message.

The VHF-LEM<Apollo Link
The same VHF transmitter receiver equipment that was used during the

descent will be used to cammnicate to Apollo whenever the Apollo spacecraft
is within line of sight of the LEM.

However , the mode in which these equipments are used differs from that
of the descent phase, Since adequate time exists to switch to standby equipe
ment if a failure should occur once thse LEM has landed, the prime and standby
equipment will not be operated simultaneously. Only one transmitter and one
receiver will be operated at a time to conserve power.

The VHF transmitter to Apallo will be shut down except during the
time when Apollo appears above the harizon.

The Apallo VHF receivers will be equipped with an AFC clrcuit with
the same automatic search and lock features provided on the Earth link receivers.

The AFC circuit accommodates the doppler shift caused by the radial com=
ponent of Apallo's orbital motion as well as actuating a signal when the AFC
system locks onto the Apollo signal, This signal will alert the operator when
communication becames possible.
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In addition, an orbital timer, set to the Apollo orbital period, can
be used to reactivate the VHF equipment in the LEM when Apallo is due,

Data transmission may not be required to Apollo except as a backup mode
for the UHF Earth drcuit. Consequently, the data chamnel may be dropped from
the VHF circuit by turning off the subcarrier oscillator and reducing the band-
width, This procedure will increase the link communications reliability at

extreme range.

IX., COMMUNICATION SYSTEMS DESIGN

Bo Lmdﬂc Communicati ons

1, Link Analysis

Frequency band selection
The 250 Mc band is chosen for this link due to the availability of

equipment having proven performance. In this band, state of the art receivers
with good noise figure performance and using all solid state components are
available. As to propagation characteristics, this band has galactic noise
comparable to the receivers internal noise, and thus doss not degrade a 6 db
NP receiver appreciably, This is based on a 400°K sky temperature whish ex-
cludes the 1% hottest areas, This band is also campatible with the antenna
system expected to be carried on Apollo.

The block diagram description of the LEM=Apollo communication link,
showing detail of the system, is described elsewhere. The following summary
of parameters shows the feasibllity and performance of this links

LEM=Apallo 250 Mo Link Parameters

Trenamitter Power = 10 watts 10, dbw
I!;.glmr=oab101us-m8/c =1l, db
S/C Anterma gain (on Moan) (#2 to +5) + 2,
Free space loss (45O miles) = 138,
Polarisation loss (RHC on LEM, Linear Apollo) = 3
Apallo antenna gain = 3
Circuit losses = on Apallo =l

Power received I dbw
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Galactic noise temperature 1,00°K
Receiver nolse temperature 0%k
System noise temperature lg;ﬂ (Ts)
(Based on 6db NF receiver)

RF Bandwidth B = 60 Ke

System noise received KT B 0 dbw
IF C/N Ratio db
IF Threshold 10 db
Margin 6 db

The earrier/noise ratio above of 16 db is based on a meximm slant
range of 480 miles and an antenna gain of only +2 db at 5° above the horizan.
It is possible that this gain can be raised to ¢5 db, in which case the C/N
will increase to 19 db, thus raising the margin from 6 db to 9 dbo The cal=
culations are based on the expected maximum slant range while on the lunar
surface., In the descent and ascent phases the runge may be less, thus im-
proving the eircuit margin.

For emergemcy operation these coxditions are assumed; one, that the
available antenna gain drops to =2 db above isotropic,-two, that the rendezvous
phase involves a range of 1,000 miles - three, that voice communication is all
that is required - and four, that the receiver bandwidth is redusced to 10 ke.
For this condition the above calculations are modified as followss

Loss dus to antenna ¢2 to <2 = =ldb

Loas due to increased range e =6
Gain due to bandwidth reduction = + 8
Net Loss =2 dd

This reduces the C/M ratio reselved to 1L db with 4 db margin,

2. Multiplexing of Voice and Data on 250 Mc Link

This problem has been studied and has not been fully solved at this
writing. One possible arrangement studied uses the voice band applied as
direct FM on the carrier with a modulation index of 0,6, that is a peak
deviation of 1.8 ke. The data channel may then be applied as a subcarrier
above the 3 ke voice baseband. A peak deviation of 8 ke can then be used on
the carrier for the subcarrier oscillator. The combination of the two peak

deviations plus a maximm baseband occupancy of 20 kc allows the two channels
to fit in the 60 ke RF band,
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Bn’z(‘ﬁ’f‘zozou)"z (1.8 + 8 + 20) = 59,6 ko

A subcarrier bandpass of 5 to 20 ke with a subcarrier centered at
12,5 ke was calculated but found inadequate for the 7000 bit/second data rate.
Since this data rate is needed only if the 700 b/s data must bs played back at
10/1 speed and since the data may be recorded intermittently, the actual re=
quired data rats may drop to as low as 1000 bits/second. In the latter case
very rcasonable values of subcarrier bandwidth and modulation index can be
achisved.

Co The LEM to Earth Link

l. TV Circult

The TV study has shown that a minimmm frame rate of 8 FPS is needed
for real times TV transmission. A frame rate of 10 FPS with slight reduction
in the number of lines is preferred due to the integral relation to standard
TV freme rates.

For the purposes of the TV link design these constants are therefore

assumed <
Frame rate 10 per second
Lines 327
Aspect ratio 3sly
Video baseband 500 ko

2, Frequency Band Selection

The 2 Go frequency band is a logical choice for the TV link fram Moon
to Earth, A window exists in the broad frequency band of 1 to 10 Ge in which
the propagation and galactic noise are optimum for best transmission. At 2 Ge
frequency there are existing antennas designs (85 foot) whose gain peaks in this
band and there are existing low noise maser receivers. The bandwidth required
for the 500 ke video baseband transmission and the extreme range of about 250,000
miles; require the use of all these present state of the art devices, In this
frequency band the general availability of proven devices make the choice of
operating frequencies near the lower edge of the band desirable.
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3, TV Commmications System Design

In the block diagram description the basic equipments and the operation

of the TV to Earth circuit are described.

This section deals cnly with the

basic system parameters that show the feasibility of operatiom.

a) The basic system parameters are listed below and discussed in the
following paragraphs, The system listed here is for TV transmission only.

Frequency = About 2.3 Ge
Transmitter power 20 watts
Line and diplexer losses

LEM antenna gain (6 foot dish)
RH circular)

Free space loes 250,000 S, miles
Polarisation loss (llip‘hid.ﬁ‘)

Receiving antenna 85 foot dish gain
(RH circular)

Receiving Circuit losses
Total = power received

Receiver and antenna noise temperature
Lunar " "
Galactic

System noise temperature

Baseband
RF/IF bandwidth

Modulation = direct FM

Modulation Index 1.5
Received noise power nss

IF C/N ratio

Receiver FM threshold

Margin above threshald

RMS S/N ratio at baseband (min/max)
Peak-to-peak video to RMS noise (min/max)

¢ 13 dow
= 2db
+ 30 dd

=212 db
hd 005&
¢ 51,5 db

= 005 db
=120,5 dbw

100°K
250°K
50°K

(o <

0.5 Mo
2.5 Mo

i£°6 dbw
18 a

10 db
8
25 to 33 dd
34 to 42 db
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b) Discussion of above chalce of paramsters

Erequersy

A frequency channel near 2,3 Gc allows use of existing power tubes,
is in a portion of the spectrum foar low galactie noise, allows high antenna
gains for small sizes on the Moon and for large dishes on the Earth. Lew
noise phase lock receivers are in existence at this frequency.

Transmitter Power
20 watts is feasible at this frequency and is required for adequate

margin,

Line and diplexer losses

A loss of 2 db total for these items is reasonable, based on known
characteristics.

LEM 6 foot antenna
Considering t.ho need for a margin allowance above threshald, as well
as weight and bulk limitations, this is an cptimm sise dish.

M!gmmom

Existing 85 foot dishes have a peak gain at the assumed frequency.
The increased gain that theory prediets at high frequencies is not achieved
because of limitations imposed by the mechanical tolerance on smoothness of
the parabolic reflector,

Noise Temperatures
The values used are conservative and represent somewhat worst case

conditions,

Baseband
The valus of 0,5 Mc is dictated by the general requirement of real
time TV at 10 frames/second and 327 line resolution.

Modulation = TV

Direct FM modulation of the carrier is chosen over subcarrier modu-
lation because of its higher efficiency. Doppler shift has been considered
and will be sufficiently low that it may readily be removed by the phase
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locked receiver, Analog TV transmission has been chosen over digiteliszed systams
due to its relative simplicity and smaller number of components thus leading to
reliability, minimm weight, volume and power drain,

Modulation Index

A value of 1.5 was chosen after comsidering tradeoffs of bandwidth,
naise and paver, This value results in a minimum rms S/N of 25 db (3L db
peak/peak video/rms noise) with a margin allowance of 8 db, That is, the
system can degrade 8 db and still msintain this value.

Receiver FM 'rhruhgg

A value of 10 db carrier to noise ratio was assumed for the receiver
FM threshald, This is a realisable value for a phase locked detector recelver.
The system would still be operable with a conventional FM=limiter receiver
havingalZdbthnchdd,butth.mrginwnldbomdmdtoédb.

Mtondaoinvi&oehnml
A value of 2 db for rms signal to rms noise was chosen as a minimm

value at threshold. This gives a 33 db peak/peak video to rms noise ratio
for the video chanmel, This is generally acecspted as a good qmutv picture.

Lo LEM to Earth Commurmications = Volos and Data Link

Multiplex considerations and voice data link, The TV link as proposed
above requires no multiplexing., The volce and data link from the LEM to Earth
does require transmission of two distinct, independent channels, The first
of these is the voice channel, with 3 ke bandwidth; the second chamnel for
data trensmission must accommodate 700 bit/second data. Since the voioce
chamel, in emergency made, 1s operated without data transmission, and since
the signal to noise requirements for volce are at least as great as those for
the data chammel, it seems logical to apply the voice as direct FM on the
carrier and the 700 bit/second data on a subcarrier above the voiee chamel.
A further consideration for placing the vaice channel below the data and on
direct FM is that in emergency voice mode no subcarrier source is required
and the modulation index for the voice channel may be increased if needed.
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These conditions are met by the use of a 3 ke low pass filter for
the direct FM voice chamnel and a 6 ke subcarrier roofed by a 2 ko bandwidth
channsl filter above the volce channel. Charecteristics of the voice/date
channel are tabulated below,

The prime or normal voice/data circuit to Earth will use the exciter
of the standby 20 watt TV trensmitter, An exciter power of 1 watt is used
in the following system calculation, However, the margin that this gives is
more than required, and a lower powered exciter could be used.

VOICE=DATA=LEM to EARTH LINK

Frequenay = About 2.4 Ge

Trensmitter power 1 watt 0 dbw
Line and diplexer losses =2 dbw
LEM antenna gain (6°) R.H.C. +30

Free space loss =212
Palarisation loss = 0.5
Receiving antenna gain 859 R.H.C. +51.5
Regeiving circuit losses = 0.5
Total - Received power =133.5 dbw
Recsiver and antenna noise temperature 100°K

Moon temperature 250%

Galactic noise temperature _29:!_

System Noise temperature Ts = 100°K

Noise power received KTgB =155.8 dbw
IF C/N ratio 2 d
Receiver threshald 10 db
Margin 12 db
S/N Voice channel at threshald 29 d
S/N Data channel at threshald 15 d
Voice charmel baseband 3 Xs
Data channel baseband 2 Ke
Data channel subearrier 6 Ke
Voice channel deviation on carrier 5.l Ke
Data chamel deviation on carrier L.l Ke
Data channel deviation on 6 Kc¢ subcarrier 300 cps

RF bandwidth of reseiver B Ke
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For the emergency mode of operation, it is assumed that only a voice
1ink to Earth is required, If the emergency involves loss of the 30 db
anterma, the 20 watt amplifier is switched to the voice/data transmitter,
the receiver bandwidth is reduced to 10 Ke and its modulation index to unity.
The above table of performance characteristics then is modified as followss

Increase in transmitter power +13 db
Decrease in antenna gain to isotropic = 30 dd
Bandwidth reduction L8 Kc to 10 Ke 7 db

Net Loss =10 db

The C/N in the detailed analysis above was 22 db so that the C/N
in the emergency mode is thus reduced to 12 db. Under some conditions a
10 db helix amtenna gain may be available, which would then increase the C/N
t0 22 db as in the original system,

E. Signal Conbiming end Switching

In designing the commnicatiocns system, the basic philosophy of
switehing design has been to avoid the necessity of operatar intervention,
such as operating a transmit=receive switeh, as far as 1is possible, Some
operator attention to the communication system is required when changing modss
of operation; for example, when going from operation in space to operation on
the lunar surface. Once set up, however, the two astronauts in the LEM, the
man in Apollo, and the Earth station can communicate as if they were face to
face in the sams roam, without switching, subject, of course, to the wnavoid-
able path delay in the Earth-Moon circuit due to the finite propagation velocity
of redio waves.

How this is done isillustrated in the overall block diagram, figure 6.

A separate 3 input audio baseband combiner is used with each of the
three link transmitters (Earth UHF circuit, Apollo VHF, and Man VHF transmitters)
and with the local intercom set. The Earth link transmitter accepts inputs
from the manpack receivers, the Apollo reseivers, and the local (LEM) inter-
com, but not from the Earth link receivers.
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Likewise, the Apollo transmitters accept inmputs from the local intere
com, the Earth eircuit receivers, and the manpack receivers. The manpack-LEM
transmitter accepts inputs from the local intercom, the Apollo receivers, and
the Earth circuit receivers. The local intercom accepts inputs from the LEM=
manpack receivers, the Apollo reseivers, and the Earth circult receivers.

KOM-RC:dp
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