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PREFACE 

It is the purpose of this Technical Memorandum to provide the 
reader with a basic understanding of the Mission Operations System 
(MOS). In recognition of the wide variation in reader interest and 
familiarity with this system, treatment of the subject, though purposely 
broad, contains sufficient detail to convey an accurate knowledge of 
the workings of the entire system. Technical data and explicit infor- 
mation about all elements of the IlOS are found in the official MOS 
planning, design, and operational documents which this Memorandum 
summarizes. 

This publication is comprised of five sections. The description of the 
MOS is progressively developed in the first four. 

Section I gives a functional description of the major systems of 
the Project, thereby introducing the reader to the basic purpose 
of the MOS. 

Section I I  identifies the principal elements of the MOS and describes 
how they are combined to form the MOS. 

Section I I I  explains one of the more advanced technical concepts 
introduced to  space  fl ight operations b y  Surveyor. This is t he  
Command System-the heart of the MOS control of the spacecraft. 

Section N describes the three basic types of pre-mission tests con- 
ducted to verify that the MOS is ready for a mission. It shows how, 
in the final phase of testing, all the elements of the Surveyor Project 
directly involved in the space flight are brought together and exer- 
cised under conditions simulating the actual mission. 

Section V presents to the reader, in flight-relationship, the activi- 
ties of the MOS during )fission A (the initial flight of the Sumeyor 
Project). This presentation consists of an overall view of the rnmmini -  

cations that take place during the mission, and then, in chronological 
order, the space flight activities controlled by these communications. 
These events, taken collectively, constitute the entire mission as it pro- 
ceeds from launch through the conclusion of lunar surface activities. 

I l l  
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About the frontispiece 

Surveyor has landed on the Moon. Commands received from the Deep Space Station 
at Goldstone have caused the spacecraft to point i t s  high-gain antenna toward Earth and 
align its solar panel on the Sun in preparation for the transmission of television pictures 
nnc! &er I!?f9r-=?Ic:: ?= Ec&. 

The orientation of the spacecraft, i t s  posture on the Moon, and its relationship to the 
Sun and Earth are explained in this diagram. The orbits of the Earth and the Moon lie 
in nearly the same plane, the ecliptic. Both bodies rotate counterclockwise on their axes 
while revolving together around the Sun in a counterclockwise direction, as viewed from 
Earth. 

In this frontispiece, North is  pictured at the top of the page. Surveyor (near the 
Equator) is on the lunar surface, held in this position by the Moon's gravity. 

VIll 

N 
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I. THE SURVEYOR PROJECT 

A basic knowledge of the Szmeyor Project is the \vital 
key to a clear understanding of the Alission Operations 
System ( \lOS). This section pro\ ide, such a Le! -a 
complete. though brief, picture of the Project. 

The Sirrccyor Project was established to de\.elop and 
demonstrate a technology for ( 1) transporting engineer- 
ing and scientific instrumentation to the \loon, ( 2 )  ac- 
complishing a lunar soft landing, and ( : 3 )  condticting 
post-landing spacecraft operations to extend man’s 
knowledge of the nature of the Sloon. 

The o\.erall objectives’ of the Sicrccyor Project are to: 

( 1) .4cconiplish successful soft landings on the \Toon 
as demonstrated by operations of the spacecraft 
subsequent to landing. 

(2)  Pro\.ide basic data in support of .4pollo. 

( 3 )  Perform operations on the liinar surface n-liich 
will contribute new scientific knowledge about 
the \€eon and pro\-ide further infonil a t ’  ion in 
support of Apollo. 

:‘‘ S f u w y c w  .4-G Project Development Plan,” Project Document S o .  
13 (latest revision ) , Jet Prop&ion L;lhorator!., I’;isadmn, Califor- 
nia. 

Sex en missions, designated A (the initial flight) 
through G (the find flight), are currcmtly planned for 
S u r  Leyoi. 

A. Project Organization 

The S~rrce! /or  Project may be 1-ien-ed as being adminis- 
tratil-ely and functionally divided into four major s ) ~  
terns: Launch I-ehicle. Spacecraft, Tracking and Data 
.Icquisition. and \fission Operations. The major elements 
of the four s!.steiiis are illustrated i n  Fig. 1. 

During the design phase of the project. these major 
systems (discussed lwlow I \\-ere dc\.eloped in paridlel. 
Then interrelationships \$-ere anal!-zed. defined. and re- 
solwd in such a mnnncr that. during the operational 

tinit-an inteerated ftinctioiral \\-hole. 
p?::?~vs. t]?e ~ ? ~ ~ ~ ~ ~ , r < > ~  P:-ojt.c.t !>ecc?!lies 2 .i!?g!c nnorntinn 

L - l ’ - * - . A - .  3 

1. Launch Vehicle System 

The Lauiicli I’ehicle S!-stem. manaetd I]!- the S.4S-i 
Lenis Research Center. has its greatest interface n.ith the 
Spacecraft S!.stem, since its function is to ph!.sicall\- 
transport the spacecraft from Earth and place it in  the de- 
sired \loon-intercept orbit. 

1 
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Fig. 1. Surveyor Project organization 

The launch vchicle is a two-stagc) vehiclc, consisting 
of a United States Air Force At1ri.r IC1311 Scrivs 1) first 
stqgc and a Cctitcirrr s c ~ ~ n i t l  stage. 

Tlw Atlos propulsion sitl)system consists of twin hos t c r  
cngiiws, a singlc~ sust:iinc%r cwginc, and two \.c,rnier en- 
gi t ies for at t i t utlv and vc>loci ty c*orrc,ct ions. All cngincs 
arc’ giiii1,~~l-moitntcd. Tliv fliglit control systcm steering 
signals arc recc,i\wl froin tlw Cetiforrr itwrtinl guidance 
sys tc.m. 

topilot system antl controls injection c’rrors s o  tltat the 
midcoitrsc, correction will lie within the spccifictl limits. 

The first-stage telemetry subsystem transmits functional 
and cnvironmc~I~tnl data on a vcry-lli~li-freqltcncy ( 1°F) 
carrior. The sc,cond-stage tc~lemc~ti-v svstem transinits 
both C~ciifaur and spacecraft data on ;i VHF carrier. The 
Ccmtrrrir carric.s a C-band I)e;icon to facilitntc, ground 
tracking 11y rx l :w  tr;inspoi~dvr. 

2. Spacecraft System 

Tlic, Srrr t ;c~!yor  r c d y  for fliglit \vcighs 2250 11) and is 
inoitntcd witliiti ;in ac.rotlynamic nos(’ fairing atop tlw 
Atlns/Crwtnrrr larinch \dlicl(x ( Fig. 2); Fig. 3 is a photo- 
graph of Szcrucyor. Szilvcyor’s Spacccr:ift Systcin is ex- 
prcssly dcsigncd to transport a payload to thc surface of 
the Rloon, provitlc thc, commiinic~ition link for con- 
trolling the sp;icccraft and the elenlcnts of thc p;Iyload 
froni Earth, antl tclenwtcr their inforination back to 

2 
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Fig. 2. Atlos/Centaur launch vehicle 
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Fig. 3. Surveyor spacecraft 

4 
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Earth. The essential spacecraft subsystems remain bas- 
ically the same from flight to flight. This grouping of 
essential spacecraft elements, known as the bus, is de- 
signed to provide transportation, power, and communi- 
cation to the payloads. The bus is composed of the 
following major subsystems: vehicle and mechanisms, 
flight control, prop~ilsion, telecoinrnunications, and elec- 
trical power; the basic payload includes a survey tele- 
vision subsystem. 

a. Vehicle and mechanisms subsystem. The remaining 
mechanisms and other subsystems are mounted on the 
structural framework of the 1-ehicle, called the space- 
frame; this spaccframe is included within the ucliick and 
nicc1iuiiism.s siihs!yrtcm. -4 tripod landinc gear is folded 
to fit inside the shroud during launching. Shock ab- 
sorbers in  the legs ahsorb the calr-iilatt.3 !andiiifi Aock,  
in case the \loon’s surface or the final rate of descent do 
not conform to the design model, e x h  leg has beneath it 
a crusliablc block of aluminum foil honeycomb to ab- 
sorb the energy of impact. Two thermally controlled 
compartments protect teinperature-sc,nsiti~.e components 
of the electrical power and telecoinmunicationc s u h y s -  
tenis and of the payload. 

b. Flight control srihstjstem. The f l i gh t  confro! siib- 
qstern maintains the spacecraft in a chosen orientation 
and directs it through midcourse, cruise, and terminal 
nianeu\ crs when commanded from Earth. Two stabili- 
zation modes afford attitudr, reference during the flight. 
One is the optically \tahili;.ed mode, in which the spacc- 
craft uses the Siin and thc \tar Canopus as reference oh- 
jects. The other is the inertially stabilized mode utilizing 
three gyroscope's for roll. pitch, and yaw attitude refer- 
ence. A flight control programmer con\ erts attitude 
signals into signals that control cold gas attitude jets, to 
maintain the spacecraft in a stable attitude. The pro- 
grammer also directs certain automatic sequences during 
the flight. 

c.  Proptrbion subsystem. Two distinct reaction ele- 
inents are included in the propzilsion srilqstcm. =i set of 
three liquid-fueled vernier engines supplies thrust for 
thca midc~.xrse :2la;ieti\ er as wdl as for modulated h a k -  
ing and attituck ccx?trs! dtiriiig iiic terminal descent. 
This sulxystc.m uses  a self-igiiitin~ mixture of fucl and  
oxidizer, which is f ~ d  into the three thrust chamlwrs by 
helium undtr prc’ssure. -\ s o l i d - ~ ~ r ~ ~ ~ ~ c l l a n t  main retro- 
rocket engine provides the principal deceleration for 
landing. =in altitude marking radar (.LihlR) initiates the 
firing of thc main retro when it scnses tlw fact that 
the spacecraft is at :I prcbsc,t distance from the hfoon. 

In the final descent, the vernier engines are controlled 
by signals from a radar altimeter and doppler velocity 
sensor ( RAD\’S) which continuously measures slant 
range, velocity, and attitude of the spacecraft with re- 
spect to the hloon. 

cl. Telecommunications subsystem. The spacecraft has 
a two-way t e l cco~~ i~ i i i i n i c (~ t io~~~  subsystem ( Fig. 4) that 
provides (1)  a method of telemetering information to 
the Earth, ( 2 )  the capability of recekring and processing 
coinmands to the spacecraft, and (3) angle tracking and 
one- or two-way doppler for orbit determination. 

Two independent. identical receivers and two centra! 
.,r.rrlll~llICi decoders arc used for enhanced reliability. 
Commands pass through one of the receivers to a central 
coniniand decodc~, and then to the subs!.stem decoder 
that controls a particular subsystem of the spacecraft, 
such as electrical or flight control. The system pro\rides 
for continuous operation of the command link in the 
e\-ent that either of the spacccraft recc+ws or either of 
the tn-o ccntral command decoders should fail. 

,..- ,,,.. ~ ..-- -1 

Each of two identical transmitters can be selected by 
Earth comniands. The transmitters ha\-e two power lev- 
els, 10 w and 0.10 w. and pro\-ide for both freqiiency 
and phase modiilation. .A signal processing system trans- 
forms television frame identification and engineering 
data signals into a composite telemetry subcarrier form 
suitable for modulating the transmitter. Signals indi- 
cating conditions within the spacecraft subsystems are 
sampled in scquence by commutators in one of seven 
inodes. The commutated analog signals are digitized at 
any of fi1.e bit rates (17.2> 1:37.S> 5.50, 1100, or 4300 
hits/sec) in analog-to-digital con\.crters. The resulting 
digital signal used to modulate a subcarrier is generated 
in one of li subcarrier oscillators. Other analog data sig- 
nals are frequcnc!-- or phase-modulated ( Phl) onto others 
of the subcarriers. Then the FhI, PChf-Fhl. or PhI  car- 
riers are niultiplc~xed together in sunimin~ amplifiers to 
prod:!c:a :!;e hawbanit signal. In sis of the seven modes. 
the signal is c!>!~p:-iscd of oiie to se\wi subcarrier chan- 
nels at a timc and carries telemf,tr!. data from as niany 
as 1-30 points within the spacccraft subsystems. The 
sei-cnth mode pcrnmits direct frequency modulation of 
thc carrier 1)). the tiinc~-iiiultiplex1.d television signal. 
\vhicli consists of thcb vidco and franic identific, ‘1 t‘ ion 
data. The basehand signal is frcyuency- or phase- 
niotlulatcd onto the carrier lvave sencrated in the trans- 
mitter. The transmitter outpiit gom to thc anti-r~na 

I 
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through a diplexer, which permits simultaneous trans- 
mission and reception over the same antenna. 

Highly accurate tracking of the spacecraft requires 
transponders that permit two-way coherent doppler shift 
measurements. In  this mode, a transmitter is phase-locked 
to a receiver through transponder interconnection cir- 
cuitry; the signal transmitted back to Earth is phase- 
coherent with the received signal. On a command from 
Earth. the spacecraft receiver operates in a phase-lock 
mode and tracks the frequency of the signal i t  receives 
from the DSIF Station. 

There are three telecommunications antennas aboard 
the spacecraft: a high-gain directional antenna; a planar 
array, used only for transmission; and two conical omni- 
directional antennas (also called ornni-antennas) used for 
hnth triiymissic:: and ;,-cep:ioii. The p h a ~  array orien- 
tation with respect to the vehicle is controlled by Earth 
commands. Each of the omnidirectional antennas is per- 
manently connected through a diplexer to one of the 
spacecraft receivers. The omnidirectional antennas are 
molzed after launch to such a position that the effects of 
spacecraft attitude upon the capability of receiving com- 
mands is minimized. Since the antenna pattern of each 
individual omnidirectional antenna actually has areas 
of low sensitivity (nulls), the simultaneous operation of 
both antennas in the receive mode is required to give 
tnily omnidirectional coverage. This requirement is crit- 
ical if the spacecraft is to have complete freedom of atti- 
tude during maneuvers. 

e.  Electrical power subsystem. The spacecraft derii es 
energ) for its electrical pouer subsystem from a solar 
panel and storage battery. (Spacecraft for Missions A 
through D also carry an auxiliary battery for transit 
operations.) The solar panel furnishes power for func- 
tional use and for battery charging during transit and 
during the lunar day after touchdown. 

f. Surcey telecision sulisystem. The spacecraft carries a 
sur\.ey television camera for poyt-touchdown operation. 
This camera is equipped with a variable focal length 
lens for wide-angle or narrow-angle xienring, and a mo\- 
able mirror to provide scanning of the lunar surface. 
The iliirzur is adjusted by Earth command in both azi- 
muth 2c.l e!c:ratioii anglrs. Tjie camera can b e  operated 
in either a 600-line T\' or a 200-line TV mode. The 
6OO-Ii11e ?1' mode pro\rides better picture quality at the 
expense of greater p o \ i ~ r  requirement5 and necessitates 
the use of both the high-po~ver transmitter and the high- 
gain antenna, whereas the 200-line TV mode can be 
transmitted using the high-power transmitter and an 
omni-antenna. 

3. Tracking and Data Acquisition System 

The Tracking and Data Acquisition (T&DA) System, 
consisting of all facilities used for tracking and for ac- 
quiring telemetry data, is the communications link be- 
tween the spacecraft and the 340s. The T&DA System 
includes many NASA facilities. For the Surveyor mis- 
sions the TtkD.4 System uses the facilities of the Air 
Force Eastern Test Range ( AFETR), the Deep Space Net- 
work (DSN), and the NASA/Goddard Space Flight Cen- 
ter (NASA/GSFC). 

a. Air Force Eastern Test Range. The AFETR provides 
the facilities used for prelaunch tests and for launching 
the space irehicle; it also provides tracking of the launch 
\Tehicle, telemetry from both the launch vehicle and the 
spacecraft. and data handling sappnrt. It. tr2cl.i~- b e*- d L U  

tions include island-based as well as ship-based stations 
that track the space vehicle from launch through the 
time the spacecraft is separated from the Centaur second 
stage. A t  this point. AFETR tracking support of the mis- 
sion is concluded and is assumed by the DSN. 

b. DeepSpaceNetwork. The DSN is a precision sys- 
tem designed to communicate with, and permit control 
of, spacecraft launched on lunar and planetary missions; 
it provides equipment for data processing, reducing, 
computing, and plotting as well as the technical areas 
in which this work is conducted. 

The main elements of the DSX are the Deep Space 
Inytrumentation Facility ( DSIF), space communication 
and tracking stations established around the world; the 
Space Flight Operations Facility (SFOF) at  JPL in Pasa- 
dena. California, the command and control center; and 
the Ground Communication System (GCS), which con- 
nects all parts of the DSN by voice, teletype (TTY) 
lines, and high-speed data lines (HSDL). These elements 
of the DSS are shown, in simplified form, in Fig. 5.  

Deep Space Insfrumentafion Facility. The DSIF uses 
85-ft parabolic antennas. low-noise receiving systems, 

the Fart!~ tc! t r d ,  ccmmand, and reieii e &ia coniinu- 
ously from the spacecraft. 

,,-J L:-L IIlg,;Il-powt.r transmitters iocated at  stations around 

Currently the functions of deep space tracking, com- 
mand transmission, and reception of spacecraft trans- 
missions are handled by three Deep Space Stations (DSS) 
of the DSIF. These are the Pioneer Station at  Goldstone, 
California (DSS 11); the Johannesburg Station a t  

7 
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SPACECRAFT 

(ANALYSIS, COMMAND 
PREPARATION, 
AND ACTIVITY 

COORDINATION) 
SFOF 

JOHANNESBURG 
SPACECRAFT 
COMMANDING 

AND INFORMATION 
ACCUMULATION 

Fig. 5. Functional relationship of DSN elements 

(2) DSN ground cominunications operation control 
of the DSN/GCS and of thc internal voice, tele- 
type, and high-speed data circuits and equipment. 

( 3) Data processing, monitoring, display, distribution, 
and storage (library). 

(4)  Space operations direction. 

( 5) Space olxmitions c~aluation and spacecraft coni- 
mand analyses in real ancl war-real time. 

Dcc~p S p c c  Ncticork/Groiind Commiiiiicntion S p  
tem. Thc DSN/GCS consists of voicc, teletype,, and high- 
ratr data circuits provided by the NASA World-Wide 
ComInunications Network ( NASCOhl) and is manngcd 
Iiy N.ASA/GSFC. The circuits Iictwcen thr DSN/SFOF 
and each of tlie overseas stations and AFETR are con- 
trolled by GSFC. Thc management of the coininunica- 
tions circuits 1,ctwcen Goldstonc antl the SFOF has becn 
delegatd to the DSN. 

c.  NASA/Goddord Space Flight Center. This facility 
siipplies tlie Earth-basctl communication system in sup- 
port of tlic Siirocv/or Projc,ct. This communication system 
is a ~vorlcl-\vi~l(~ c.ommuiiic~itioiis network iindcr thc inan- 
agcwicmt and opcmtion of the GSFC. The system is known 
as  NASCOlI. 

4. hlission operations System 

The Space Flight Opcmtions System (SFOS) is com- 
p o s d  of hardware. software, ancl highly traincd pc’r- 
sonnol; wlwn itsing tlic appropriate Tracking and I la ta  
Acquisition facilities, this conil)ination operates the 
spaccuaft froin liftoff until thc cmd of the mission to 
accoinplish tlw ol)jc&\v of thc, Strrcqor Project. Illiring 
prc’fliglit tests and space flight oprations, tlw DSN p r -  
tion of tlic, T&DA Systcwi is ~intlcr operational control 
of the) Siircc!/or Space Flight Opcrations Director ( SFOD); 
for con\wiicncc, tht. term MOS will gcneriilly I)c 
nscd to intlicatc lioth tlic Szrruc>!yor SFOS and thc a p -  
propriatc~ portions of th(b IISN. 

Tlw hIOS hnrdwarc~ includes those systcws and equip- 
nwnts hii l t  ;inti usctl ~ ~ s c l u s i \ ~ ~ ~ l y  for Sirroc!yor mission 
olwrations. Siich items :ir~’ known ;IS inission-d(,pcndcnt 
cqiiiptnont. Inclritlcyl in this cntcgory arc’ the Command 
and IIata Ilandling Consolcs ( C : l X )  jnstallcd at thc DSIF 
Stations, thc Spicecraft Television Ground Data I I a n -  
dling System ( SCTV-GDHS) antl other special display 
eqti  ipiiwn t. 

8 
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MADRID, SPAIN 
(DSS 62) 

JOHANNESBURG, 

SOUTH AFRICA 
(DSS 51) 

- - - - TIDBINBILLA, AUSTRALIA 
- 

(DSS 4 2 )  

Fig. 6. Placement of DSlF Stations 

I 

Fig. 7. DSS 1 1 :  master station of the network 
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Fig. 8. DSS 51: makes initial acquisition after launch 

The hlOS software includes the necessary computer 
programs and thc accumulation of all the methods used 
in operating the niiuion. In addition to generalized 
specifications and plans, dct‘iiled operating procedures 
h a w  been prepared for the SFOF and for the individual 
DSIF Stations. Tliesr procedures take cxtensive adLmitage 
of the capability of rapid computation offered by digital 
data processing cqiiipnent, and many computer pro- 
grams havr l x ~ w  prepired to aid in  rapid display and 
analysis of data and gcncration of commnndr to the 
spacecraf t. 

One of the unique features of thc, Siiruqor Project is 
thc extensive and versatile system of commands that the 
MOS uses to control the spacecraft during transit and 

after touchdown. The Command System is explained in 
Section 111 of this Technical hlcinoralltl~lltl. 

A most important phase of the Sirroc!/or Projc>ct is a 
thorough tcsting program for the cntire opcmtional con- 
figuration of the hIOS and of its various subsystems. 
These tests ensure that the equipment, both niission- 
dependent and mission-independellt, can function cor- 
rectly as a total system; that the hlOS software is entirely 
adequate in concept, scope, and execution; and that thc. 
YIOS working memlwrs know thcir individual functions 
and perform as a team. (See Section IV.) 

Operating under the supervision o f  the hlission Direc- 
tor, the SFOD assumes overall control of all space flight 

1 0  
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Fig. 9. DSS 42: completes DSN coverage for Surveyor 

TO SUN / 
TERMINAL MANEUVER 

INJECTION 

i” 
Fig. 10. Surveyor mission profile 
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and lunar surface operations and is supported by groups 
of experts in spacecraft performance analysis, flight path 
determination, and space sciences in the SFOF, and by 
the DSIF Station Managers and their operations teams. 
Included in each DSIF team is a Surveyor Operations 
Chief (SOC) who controls the operation of the CDC. 

B. Summary of Surveyor Mission 

An abbreviated version of a typical Surveyor mission 
(described in Section V) is shown in Fig. 10. This illus- 
tration identifies only the major events of the mission: 
launch, injection, cruise mode, midcourse maneuver, and 
the terminal maneuver. It also illustrates the fact that the 
Goldstone DSS will be the prime DSIF Station in com- 
munication with the spacecraft during the midcourse 
and terminal maneuvers. 

12 

For attitude stabilization, the spacecraft’s flight con- 
trol subsystem is locked onto the Sun and Canopus as the 
spacecraft enters the initial cruise phase. Some 15 to 20 hr 
after injection, the spacecraft performs a midcourse tra- 
jectory correction maneuver, in response to commands 
sent from the Earth, in order to refine the trajectory and 
optimize the time and place of landing on the Moon. 
Then follows the second cruise phase, which ends when 
the spacecraft is commanded to turn and align its main 
retrorocket with the flight path. At a signal from the 
AMR, the main retrorocket ignites and dissipates most 
of the spacecraft’s velocity. The main retro is ejected after 
it has burned out and the vernier engines, under control 
of the RADVS, bring the spacecraft to a soft landing on 
the lunar surface. Once there, a television survey will be 
performed, as directed and controlled by the MOS team. 



JPL TECHNICAL MEMORANDUM NO. 33-264 

II. MISSION OPERATIONS SYSTEM 

Because of the complex nature of the space flight 
operations it is assigned to direct and control, the MOS 
is both extensively and intricately organized. Its basic 
function is to control the spacecraft through its de- 
fined mission activities. This, in turn, involves: 

(1) Coordination and direction of the activities of 
the DSIF, SFOF, and MOS personnel conduct- 
ing the mission; evaluation of the spacecraft's 
progress, and issuance of the requisite commands 
to the spacecraft. 

(2) Evaluation of the performance of the spacecraft 
as well as of the YIOS during the flight in real 
time' to identify and determine the nature of any 
nonstandard performance that would require a 
deviation from the nominal mission plan. 

(3) Determination in real time of corrective actions 
which would maximize the mission capabilities 
of the systems under nonstandard performance 
conditions. 

(4) Coordination and direction of corrective actions 
in real time. 

(5) Recording and dissemination of data for post- 
mission analysis. 

With the basic functions defined, a description of the 
hardware. personnel, and software and the means hy 
which they perform the work completes the explanation 
of the 510s. A description of these physical elements of 
the system : hardware (equipment); personnel (engineers, 
scientists, and technicians); and software (methods and 
computer programs) is given in the following para- 
P P h .  

A. Equipment 

The MOS equipment falls into two categories: mission- 
independent and mission-dependent. The former is com- 
posed chicfly of the Surceyor T&EA System equipment, 

equipment which can be utilized by more than one KASA4 
project. Selected parts of this equipment have been as- 
s i p e d  to perform the functions necessary to the 
Sumcyor Project. Certain Surueyor Project equipment 

ca!!t.d rr.ission.icdcpcn&..t Sccausc it . .  ij: genei-2: puqGse  

'Real time is used to express the idea of timeliness-the need for 
factual information ahout an event heing made available as close 
in time to the actual Occurrence of the event as possible. 

has been installed at DSN facilities for specific functions 
peculiar to the Project; such equipment is designated 
mission-dependen t. 

DSN equipment is described in the following text 
under the DSIF and SFOF mission-independent and 
mission-dependent categories. The third element of the 
DSN, the GCS, contains only mission-independent equip- 
ment. Equipment typical to each Surceyor DSIF Station 
is shown in Fig. 11. 

I. Deep Space Instrumentation Facility 

s. *?.l;,.&tt-tnEepen&?nt. The ?=seer, :Ghanncs?xGig, 
and Tidbinbilla Stations use essentially identical equip- 
ment. Each is equipped with a steerable, 85-ft parabolic 
antenna capable of precision tracking of the spacecraft. 
Precision radio equipment at each station, operating in 
the S-band (approximately 23300 Mc), locks electronically 
with the spacecraft's transponder equipment to provide 
measurements of direction and velocity between the DSIF 
station and the spacecraft. The Deep Space Stations 
transmit commands to the spacecraft, receive telemetry 
signals, and relay this telemetry data to the control cen- 
ter in the SFOF. 

The 85-ft parabolic antenna focuscs the incoming 
telemetTy signals from the spacecraft and sends them 
to the DSS receilling equipment. Outgoing signals from 
the DSS transmitter are directed to the spacecraft 
through the same antenna. Incoming and outgoing sig- 
nals pass through a diplexer. which allows the antenna 
simultaneously to transmit outgoing commands and to 
receive telemetry or television signals from the space- 
craft. 

A DSIF Station normall) tracks S u r w y o r  from hori- 
zon to horizon, while maintaining two-way frequency 
lock between ground and spacecraft transmitters and 
receivers. As the antenna automatically follows the space- 
craft across &e sky, readouts of the antenna hour angle4 

rate to 0.14 deg. The spacecraft 1-elocit);, obtained from 
the two-way doppler signals. is accurate to 0.03 m/sec. 
All incoming te1emr.m and TY signals are recorded at 

and dcc!ii>ation gi\ c spairLraft aiigukii diirctioii dCCU- 

'Angle hehi ?en the antrnna and the spacecraft, measured \\-fit- 
\\ ard from the DSIF antrnna in the 2.1 hr of onc rot'itlon of Earth. 
'Angle in degree? north ( + )  or wuth ( - )  hebveen the celntial 
equator and the spacecraft. 
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I 
I I TRACKING DATA (ANTENNA ANGLES) 

J 
COMMANDS 

TELEVISION 

SPACECRAFT I 
Fig. 11. Typical equipment for DSS 

the DSIF Stations on magnetic tap(’ for latcr dclivery to 
thc. SFOF. Thc real-timc spacecraft tclcmetry data is con- 
verted by the On-Site Data Proccssor (OSDP) to a suit- 
able format and is transmitted to thc. SFOF. 

The DSIF Station in view of thc spacecraft is in con- 
tinuous contact with the SFOF by  voice, tchlctype, and 
high-speed data lines. A microwave link also exists be- 
tween Goldstone and  the SFOF. 

I? .  Missiondependent. In addition to the standard DSS 
equipment pwviously mcmtioncd, c ~ ~ h  station has h c c ~  
eqiiippcd with a S i r m y o r  mission-dependclit CDC, 
wliicli inoclulatc*s tlrr DSS transiiiitter cltiriiig transmis- 
sion of commands; demodulates, processes, and displays 
incominq telemetry signals beforc sending them on to 
the OSDP; and processes, displays, and records incoming 
spxvcraft TV signals. A Sirrzjc!yor SCT\r-GDHS at thc 
Goldstone Station recovcrs and rrcords the incoming TV 
signals on 70-min film. 

Thc CDC (Figs. 12 and 13) consists of four major sub- 
systems : 

( 1) The commcrnd srrlqstcm generates Fhl  digital 
command signals from punched tape or manual 
inputs for the DSS transmitter, and prints a 
permanent record of the commands sent. The 

major units of tlic comm:uicl snhsystc.m, which 
can nccommodate 1024 different commands, are 
the command generator, the command subcarrier 
oscillator, the punched tape reader, and the com- 
mand printer. Outgoing commands arc relaycd to 
the SFOF and logged on magnetic tape by the 
DSS. 

( 2) The F M  clcrnoclirlntor siiha~~stcrn accclpts the F h l  
intermediate-frcqIlency signal of the DSS re- 
ceiver and ckrivcs from it a bascxband signnl. 
The 1)aschnd signal consists of either video data 
or a compositc of cwgineering subcarrier signds. 
Depeiiding upon the type of data constituting 
the base1)and signal, the CDC proccsses the data 
in eithcr the TV data su1)system or the telemc,try 
data subsystem. 

( 3 )  The TV data s u h / ~ t c m  rcccives vidcw data from 
the Fhl demodulator and processes it for real-timc 
display at the CDC and for 35-mm photographic 
r r cor d i n g . I n a tl tl i t i  o n , t e 1 em e t  ere d frame - 
identification (lata is displayed and photo- 
recorded. A long-l~crsistcncc-sc~c~,li T V  monitor 
is mountcd in the CDC. Thv operator, when rc- 
quested, can thus evaluate thc picture and, upon 
the SFOD’s direction, initiate corrective com- 
mands during lunar television surveys. 

14 
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Fig. 12. CDC operator's console 

Fig. 13. CDC equipment racks 

15 



JPL TECHNICAL MEMORANDUM NO. 33-264 

The photographic recording unit provides a 
35-mm film frame-by-frame record of the video 
data. It consists of a short-persistence-screen 
cathode-ray tube and associated electronics, a 
35-mm film transport, and an optical system for 
focusing the image onto the film. The photographic 
recording unit equals the TV monitor in linearity. 
I t  exceeds the monitor, however, in image and 
gray scale resolution. 

(4)  The telcmctq dnto siihsystem of the CDC sepa- 
rates the various data channels from the baseband 
signal coming from cither the F51 demodulator 
or the DSS recciver ph"s'-detcctcd output and 
displays the desired data to the opcrators. Dis- 
criminators are provided for each subcarrier 
channel containcd in the b a s c ~ b a n d  signal. The 
output of each discriminator is relayed to the 

OSDP for transmission to the SFOF, and is also 
applied at the DSS, as required, to a meter or 
oscillograph channel, or, in the case of tinie- 
multiplexed data, to the PChl decommutator. 

The CDC contains built-in test equipment to ensure 
normal operation of its subsystems. A CDC tester, con- 
sis ting of a spacecraft transponder with the necessary 
modulation and demodulation equipment, ensures day- 
to-day compatibility of the CDC and DSIF Stations. 

At  DSS 11, the prime TV recording capability is the 
SCTV-GDI-IS, which produces prccision rccordings of 
T\' images togcther with the associatcd frame identifi- 
cation data. The output of the DSS receiver gocs to a 
data rc'covcry subsystem ( DIS),  which performs the 
functions of intc,riiicdiate-frrcluency translation, dcmod- 
dation, and recovery of synchronization and I D  data. 

:: 
1 
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Fig. 14. First-floor plan of SFOF 
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The signals from the DRS pass to the on-site film record- 
ing (OSFR) subsystem. Here they are converted from 
electrical signals to a latent image on 70-nini film, which 
is then taken to the SFOF for developing. In addition to 
the TV picture, the image on the film contains a 
calibrating gray scale, the raw I D  bit-stream, and certain 
DSS-derived data to uniquely identify the record. The 
output of the DRS is a150 transmitted from Goldstone 
by microwave to Pasadena for recording and display in 
the SFOF. 

2. Space Flight Operations Facility 

SFOF by the SFOD and his staff. Here are centered 
the facilities and the abilities needed for controlling 
an entire mission from injection to end of the mission. 
To this end, the Surueyor Project has been assigned 
3lission Control Rooms (3fCR); the use of the main 
Operations Area, as needed for mission operations; the 
Flight Path Analysis Area (FPAA); the Spacecraft Per- 
formance Analysis Area (SPAA); and the Space Science 
Analysis Area (SSAA). These areas are adjacent to each 
other and are located on the main floor of the SFOF 
building (Fig. 14). The communication center of the 
SFOF, where the lines to the DSIF Stations around the 
world terminate. is in the basement. The SFOF Telem- 

U .  Mission-independent. All Stlrw!yor space flight and etry Processing Station ( TPS) and the computer com- 
lunar post-landing operations are controlled from the plex are on the second floor (Fig. 15). In addition, 
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Fig. 16. SFOF configuration for Surveyor 
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some 5OOo ft’ of floor space have been remodeled for 
use by the SCTV-GDHS (described on p. 22). 

The DSN thus pro\-ides in the SFOF the space and 
equipment needed for communication, for spacecraft 
control, for data processing, and for the display of in- 
formation gathered by, or derived from, the spacecraft. 
The configuration of the SFOF for Suroeyor is shown 
in Fig. 16. 

The central point of the 510s during a mission is 
the 5ICR. Here all elements of the entire far-flmq 013- 

. 1  erations are brought 
c *  

to a single focus. Two communi- 

cation and control consoles proj’ide voice contact with 
any of the DSIF Stations and any of the operational 
areas in the SFOF. Two closed-circuit tele\*ision (CCTY) 
monitors in each console can display pictures froin any 
of some 60 C C n ’  cameras locatcd in the SFOF. as well 
as the real-time T\i pictures taken after lunar landing. 
The J3CR’s are glass-partitioned cubicles within the Op- 
erations Area. 

Facing the AICR’s, a Mission Status Board (MSB), on 
the north wall of the Operations Area, displays the cur- 
rent significant facts about the progress of the mission. 
Figure 17 shows the 5ISR configured for a Ranger flight. 

Fig. 17. Mission Status Board 

~ 
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The FPAA is across a hall from the Operations Area. 
A communication and control console gives access to the 
necessary communication nets. Two computer input/ 
output ( I/O) consoles, together with such peripheral 
equipment as page printers [Fig. 1S(a) and (b)],  card 
punch and reader, and plotters, give access to the com- 
puter complex. Figure 19(a) shows the 11- by 17-in. 
model, which plots selected telemetry data channels as 
required by the phase of tlie mission; the 30- by 30-iii. 
plotter is shown in Fig. 19( 1)). Six TTY printers (Fig. 20) 
providc tracking data and other tcleinetcrcd information. 
hlultiplc: lianks of CCTV monitors afford vicws of o \ ~ r  
30 different SFOF arcas and data sources, sitcli ;is the 
mission mastc,r digital clock and closciips of TTY print- 
ers. 

The equipment in the SPAA is much thc same as that 
in the FPAA, with certain notable cxrptionc. Again, a 
communicntion and control console gi\w ;iccc'ss to  ap- 
propriatc. communicatioii networks, and ;in 1/0  consolc~ 
a n d  associatcd pc~riph~~ral equipment make tlie compitter 
a\,ailal)le for analysis and coininand LISC'S. Tclctypc. ina- 
chincs Iiring iinportant tclenwtrp information into thcl 
area. 

( a )  

Five Stcroeyor mission-dependent, computer-driven sta- 
tus light displays show the condition of up to 24 different 
spacecraft subsystems in real time. Two 8-channel analog 
recorders, driven by the computers in the TI'S, are also a 
part of the Sirroc!/or equipment. 

A iiniqiie fcJature of the) SPAA is the Spicecraft Func- 
tional \lodel. A hemispherical dome of translucent 
plastic. 1s ft in tliametcr, with two olisrrvation ports, 
is pcrinnncntly iiistnllcd in the SPAA. A door provic1c.s 
:ICC('SS to tlir interior. A star map i s  p i n t c d  on the inside 

wsts on  a ginil)all(d niount i n  tlie middlc of the floor. 
A small control panel cnablcs an opcmtor to position 
tlic motlcl to correspond to tlic attitude of the spacecraft. 
Lights projoctctl from the modcl to tlie dome help the 
operators to visualize the orientation of tlic sp:icecr:ift 
and the cffrcts of proposc'd mancwvers. 

of tho tlOlil(~, a l l d  thr Inod(~1 of thc Si/rce!/or sp"cecr;ift 

Thc. SSAA includc~s, as the other arcas, communica- 
tion network ; i c c ( ~ ,  a coinputcr I/O console, CCTV 
inonitors. and printers. I t  also incliitlrs two slwcial S ~ X V  

craft T\' monitors that show tlic TV image and frame 
11) tlnta aftcr con\,c'rsion to the closcd-circuit scan ratcs, 
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Fig. I?. P!stters 

\ . A  

a 

. 

as K C Y ~ I  ;IS one imnitor showing the TI' image at the 
spacecraft TIT canwra scan rate. Quick-response paper- 
tape caiiieras permit the preparation of quick-look 
inosaics. 

On the second floor of the SFOF. the TPS handles tlw 
incoming high-speed data stream froni the DSIF Sta- 
tions. -4ny of three PDP-7 computcm rccen-es the ncar- 
raw data. identifies it by time, and formats it for input 
t o  the Ilnta Processing S! stem (DPS) md eventual dis- 
trilxition to the 1 arious t&t\ 1" printers throughout the 
ctper~tion,~l x c a s  of the SFOF. 

L c I , L , , , I  ,,-&.,;,- p x t s  ~ i f  the DPS are iised hy Surccyor. This 
includes the basic SFOF I R \ I  704-1 and 709-4 data pro- 
cessors intcxrfacinq through hanks o f  disk storage. The 
tmtire DPS is opcmted from the Data Processing Control 
.\rea ( l>l'C.l). diert .  1 / 0  consolcs a d  switcliing con- 
soles pro\-idt\ for the control of thc DPS, \\hilt a coni- 
ninnication and control coiisolc puts the operator on the 
appropriate coiiimimicatio~~ nets within thr SFOF during 
spacv opcntions. 
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The PDP-1 computer of the Simulation Data Control 
Center has been adapted for Surcqor Project test and 
training use. The addition of a shift register allows the 
PDP-1 to simulate spacecraft telemetry data and input 
it directly into the TPS in the same manner in which 
data comes over the HSDL from the DSIF Stations dur- 
ing an actual mission. 

b. Mission-dependent. The SFOF sections of the SCTV- 
GDHS are divided between the SSAA and the second 
floor of the SFOF. Here the media conversion subsystem 
(h4CSS) receives, in real timc, all video signals trans- 
mitted from Goldstoncx over the microwave link. The 
RTCSS performs functioiis similar to those of thc DRS 
and the OSFR at the DSIF Stations and equivalent to 
that of the SCTV-GDHS section at Goldstonc, in that it 
affords magnetic tape rccording of the incoming signal 
and converts the spacecraft TV signal .into a latent image 
on 70-mm film. To accomplish this, a data recovcry 
package demodulates the incoming FRi signal, and recov- 
ers synchronization and ID information. The signal then 

[IMAGE 

goes to a DDP-24 general purpose computer and to a 
film recorder, where the latent image is exposed onto 
the film. This photographic record (Fig. 21) includes the 
image from the spacecraft TV subsystem and the associ- 
ated I D  information in a form readable by the users. The 
frame identification information is also displayed on the 
ID  and Status Display Board in the SSAA (Fig. 22). The 
computer also generates an index file identification re- 
lated to all film records at the SFOF. Simultaneously the 
scan converter in the hlCSS provides storage to permit 
display of the image at the standard rate used in the 
CCTV system in the SFOF. The hlCSS can perform these 
same conversions on signals played back from tapes re- 
corded at the DSIF. 

Exposcd films, from the DSIF (70 mm from Goldstone 
and 35 mm from all stations) and from the hlCSS at the 
SFOF, are developed in the storage/retrieval and photo- 
graphic proccssing subsystem. This subsystem providcs 
facilities for developing and printing TV pictures, pro- 
dncing duplicate negatives, storing originals as archival 

HUMAN READABLE DATA r 
RECORD NUMBER I/ 
MACHINE READABLE I/ DATA 

I 

Fig. 21. Sample film chip of SCTV-GDHS 
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Fig. 22. SCTV-GDHS Status Board 
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Tidbinbilla 

AFETR 

records, retrieving stored records on request, and pro- 
ducing prints on demand. The display and analysis sub- 
system includes facilitie5 for creating mosaics. Two 
console-type work stations are included in this subsys- 
tem: (1) the engineering console, supports the engi- 
neering analysis of television experiments; ( 2) the control 
console, supports scientific analysis of spacecraft tele- 
vision data. 

X X X 

X X X 

One element of the SCTV-GDHS, the television sini- 
illation subsystem, provides a uniquc tcsting and TV 
cqeriment simulation capability. A TV camcra, similar 
to tlie actual flight motlcl of tlic TV cmncm, is monnted 
in tlie center of a large driini ,  thc interior wall of which 
is a continuous black and wliitc photo mosaic of a dcsert 
scene. The simulation siihsystcm, intcrfaccd with tlic 
PDP-1 computer, c~nal~lcs  the actual taking of video pic- 
tures during pix-mission tests of post-landing opc,rations. 

3. Ground Communication System 

The. voiccx, tc~letylic. and high-speed data lines con- 
nccting c~ich  IISIF Station to thc. SFOF arc part of tlw 
NASCOhl  world-wick iwtwork assigned to snpport 
the Srrrt;cv/or missions. 13otli e;il,lcs and rndio links arc’ nscd 
to co\w lwioiis spans ;KTOSS tlie occ;ins antl contincmts. 

Tlic \.oice circuits linking tho stations arc’ two-way 
tc~lcplionc links that perinit simiiltancwris commllnicn- 
tion in hoth directions 1)ctwecn tlic I lS IF  Stations and 
the (:ommunications Center in thc SFOF. Similarly, thc 
TTY lints arc  two-way lines. Thr IISDL’s, liowc~\~cr, arc 
special liigli-datn-ratc linrs capable of carrving sigiiifi- 
cant portions of t lw  spicecraft telcwic.try signals to thc 
SFOF in  rcxl time. Of tlic two iiiicrowaw links hetwc,en 
thc Goldstonc Station and tlw SFOF. one' l ink,  operating 
with a 6-Mc Ixindwidth, cnrrks live TV pictllrcs for 
rc%al-tinic. \.ic\ving ;uid rcwrtling; tlic. othor pro\dcs  a 
%kc, \videlxuncl, high-spcrtl data l ink.  Tohlc, 1 sliows 
thc rat(, c,apal)ililir.s o f  tlicb CCS. 

Table 1. DSlF GCS rate capabilities 

HSDL rotes, TTY rate 
bits/sec (characters/sec) 

Station 

Goldstone 

Johannesburg 

6. Personnel 

* I 
h l a n y  of the personnel who designed the 110s partici- 

pate directly in the mission operations. The mission is 
controlled by  Siirtjcyor personnel, while other members 
of the team arc’ DSN and AFETII personnel performing 
;I service for the Szrroc!y~r Project. During the mission, 
the hfOS organization is as shown in Fig. 23. 

1. Mission Direction I 
The Sirroe!yor. Project hlanager. in his capacity as 3l is- 

sion Ilirretor, is in fnll charge of  :ill mission oprrntions. 
Aiding hiin in a staff capacity i ~ n t l  acting for him dnring 
alxcnces or on specific rcqiivst is tlic i\ssistant blission 
Ilircctor. 

;\fission opcvxtions arc tnitlcr the itnmediate, primary 
control of thc SFOD, who m i k e s  certain that the hIOS 
is rcady lwforc~ thc mission lwgins. During space opera- 
tions, the SFOD maintains o\wxll  control of all opwa- 
tions, antl participates directly in all major decisions by  
pr(wwting tlic ;iltcrir;itivc~s to thr Xlission Director. 

Tlio Assistant S p x c  Flight Opcntions Ilirwtors 
( :\SFOD) aid the SFOD in tlic conduct and control o f  
tliv mission antl afford 1)ackitp and rc~licf to tlic SFOIl. 

2. Technical Support Groups 

During spec flight and l i inar surface operations, all 
orders cni;inatr from the SFOD or by his specifically 
dckgatcd authority. Thrcc groups of specialists providc. 
technical support to tlw SFOD. These groups arc special- 
ists in tlw flight path. spicecraft pcd”rmancc, and scien- 
tific cqx~rimcnts, rcqectively. 

a. Flight Path Analysis and Command Grotip. Tlw 
Flight 15th Aniilysis and Coininand ( FPAC:) Groiip hnn- 
dles thosv spacc flight functions that rclatc to thc, loca- 
tion of the spacecraft. The FPAC Director maintains 
control of the acti\ities of the group iind makes spccific 
rc~comtiicnd~itions for ni;mciwcrs to the SFOD in accord- 
ancc with the flight plan. In  making these recommc.nda- 
tions, tlie W A C  Ilircctor rc,lics on subgroups of specidists 
\vithin tho FPAC Croup. 
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*HISSION -INDEPENDEN1 
ci , , MAG 1 EQUIPMENT 

OPERATORS* 

- 
Fig. 23. Organization of MOS 

Another sub-group of FP,\C. the trcickinc tlutci OM!!/- 
sis jTD.4) g r o u p ,  maktJs a quantitati\-e and tlescripti\,e 
e\-aluation of tracking data r e c e i \ d  froni the DSIF Sta- 
tions. The TD.\ group pro\.iJt.s 24-!:r/c!ay monitoring 

the TD.4 group takes achxitage of the DPS a d  of coni- 
puter programs gencJratec1 for their use. The TD.\ acts 
a s  direct liaison bet\vcwi tlie data users (the orhit de- 
terinination group) a i d  the DSIF and pro\-idw predicts 
t o  the DSS. 

1 of incoming tracking d a k .  To perform these functions. 

thc DSS tracking stations b y  \ V a l -  of the TD.4 group. 
.Also, statistics on \.arious parameters are generated so 
that manein-t.r situations can bc waluatcd. The ODG 
generates tracking p rdc t ions  for the DSIF Stations and 
rtcompiitcs iiic. iiibi: of t!?c spscecraft after niancm\-c'rs 
t o  d<J.ici-iiiii;c thy c1-!cr'cass of tilt maneu\w. 

Thc, monri[rer otici/!/si.v grorrp (SI.4G) is tlie stili-group 
of FP.4C rcsponsible for dcscribing possihle midcoursr 
a i d  t(m~)ii-ial maneuvers for both standard and non- 
standard missions in real timt during the actual flight. 
In  :~dtlition. once the d ( ~ i s i o n  has 1ier.n made as to wliat 
mnuruver s h o d d  he performd, the >LAG gcmeratcs tlie 
proper spwecmft co~nmands to effect these niancwers. 
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These commands are then relayed to the Spacecraft Per- 
formance Analysis and Command Group to be included 
with other spacecraft commands. Once tlie command 
message has been generated, the MAG must verify that 
the calculated commands are correct. 

The FPAC computing support group acts in a service 
capacity to tlie other FPAC sub-groups, and is re- 
sponsible for ensuring that all computer programs used 
in space operations are fully checked out before mission 
operations begin. They also see that optimum use is made 
of the DPS facilities. 

h. Spacecraft Performance Analysis and Command 
Group. The Spacecraft Performance Analysis and Coni- 
mand (SPAC) Group, operating unckr the SPAC Direc- 
tor, is basically responsible for the operation of the 
spacecraft itself. Thc SPAC Group is divided into three 
sub-groups: 

(1) The pctformnnce nnnlysis (PA) groiip monitors 
incoming engineering data tclenietered from the 
spacecraft, determines thc status of the spacecraft, 
and maintains spacecraft status displays through- 
out the mission. The PA group also determines 
the results of all commands scwt to the spacccraft. 
In thc event of a failurc al)oard the spacecraft, as 
indicated by telemetry data, the PA group ana- 
lyzes the cause and recommends appropriate non- 
standard procedures. 

(2) The commnnd prcpnrntion (CP) groiip is lxisically 
responsible for preparing cominantl scqutnecs to 
be sent to the spacecraft. In so doing they pro- 
vide inputs for computer programs uscd in gm- 
erating the sequences, verify that the con Imands 
for the spacecraft have been correctly recc,ived at 
the DSS, and then ascertain that the commands 
have been correctly transmitted to thc space- 
craft. If nonstandard operations bccoine neces- 
sary, the CP group also generates the required 
command seqiieiices. 

( 3 )  The cnginccring compiitcr progrntn opcrotions 
(ECPO) g r m p  includcs tlic operators for the 
DPS 1 / 0  console and related card p~mch,  card 
r c d e r ,  page printcars, and plottcw in thc SPAA. 
The ECPO group hnndlcs all compiiting frlnc- 

tions for the rest of the SPAC Croup, incliitliiig 
the maintcnance of an up-to-tlatc, list of p;\ram(’- 
ters for each program. 

In order to take maximum advantage during tlie mis- 
sion of the knowledge and experience of the various 

personnel w7ho are not a part of the “hard-core” opera- 
tions teams (FPAC, SPAC, and SSAC) but have been 
engaged in detail design, analysis, or testing of the 
spacecraft, a spacecraft analysis team (SCAT) has been 
established. The SCAT group, located in a building 
adjacent to the SFOF, will have appropriate data dis- 
plays to keep them abreast of the current status of the 
mission. The SCAT will be available upon request for 
immediate consultation and detailed analysis in support 
of the SPAC. 

c. Space Science Analysis and Command Group. The 
Space Science Analysis and Command (SSAC) Group per- 
forms those spacc flight functions related to the opera- 
tion of the survey TV camera. SSAC is divided into two 
opera t in g sub- groups : 

(1) The telCtji.siot1 performance anal!/si.s and command 
(TelPAC) grozip analyzes the performance of the 
TV equipment and is responsible for generating 
standard and nonstandard command sequences for 
the survey TV cameras. 

(2) The tclcoision scicticc anal!ysis and commnnd 
(TSAC) group analyzes and interprets the TV 
pictures for the purpose of ensuring that the 
inission objectives are being met. The TSAC 
group is under the direction of the project scicw- 
tist and performs the scicwtific analysis and eval- 
uation of the TV pictiircx 

The portion of the SCTV-GDHS in the SFOF provitlcxs 
direct support to the SSAC Group in thc form of pro- 
cessed c~lcctrical video signals and finished photographic 
prints. The SCTV-GDHS optrates as a service orpnizn- 
tion within the MOS structure. Documentation, systcvn 
checkout, and quality control within the systcm are the 
responsibility of the SCTV-GDHS Operations hlanagcr. 
During operations support, the SCTV-GDIIS O p ~ i -  
tions Vlanagcr rcports to the SSAC Dircctor. 

& 

d .  Operations Personnel. The tcmi opcr;ltions prrson- 
ne1 refers to those individuals i n  thcl SFOF and in the 
11s I F Stat ions who opc’ra t e thch cq 11 i pin en t an  tl who 
actually track, control, and comniunicatc with the space- 
craft. blany of thcse are the mission-indepc,ndent per- 
sonnel of the DSN, assigned to perforill necessary services 
for the Siirr;c!/or Project during mission operations; 
others are Siirvc!yor personnel, whose functions are di- 
rectly and exclusively related to the Szrrue!/or Project. 
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e. SFOF Personnel. The personnel working in the 
SFOF pro\,ide data processing. communication control, 
and facility support to the Susw!yos YfOS. 

The use of the DPS by Strrc;c!/or is under the direction 
of the ASFOD for Computer Programming. His job is 
to direct the use of the DPS from the \,iewpoint of the 
110s. He communicates directly with the Data Chief. 
who is in direct charge of DPS personnel and equip- 
ment. Included among these personnel are the 1 / 0  con- 
sole operators throughout the SFOF, as well as the 
equipment operators in the DPS and TPS areas. 

The Comniiinications Project Engineer (PE) control5 
the operational communications personnel and eqiiip- 
ment within the SFOF, as kvell a s  the DSXiCCS iines IO 

the DSIF Stations throughout the W O ~ H  

The Support PE is responsible for ensuring the avail- 
ability of all SFOF support functions. including air con- 
ditioning and electric power; for n~onitoring the displa! 
of Szrrcc!yor infomiation on the \lSR and throughout the 
facili5; for directing the handling, distribution, and 
storage of data being deri\ed from the mission, and en- 
suring that only those personnel necew+T for mission 
opcrations are :illon.ed to cnter the operational areas. 

f. DSIF PersonneZ. The DSIF Operations Planning PE 
is in o\-erall cont~-ol of the DSIF Stations at Goldstonr. 

the SFOF in Pasadena. .it each station. there is a local 
DSIF Station Jlanager. \\-I10 is in charge of all aspects of 
his DSIF Station and its operation during a mission. The 
S[rrce!/or personnel located at each station report to the 
Station llanager. 

Joha~i~iysbtirg. and T' I 1c1 'E; ,,a I-:l',-. ,, lcL. his post of d t~ ty  is in 

C. Methods 

This third elcment of the \IOS is the means of com- 
bining its other elenients (equipment. pc~sonnel. a n d  
Coillptitci Pr<>firai;::i 1 i::t~ 2 :;\'stt'ii? t?iat ~.~:il! perforn: in a 
~ n n s i s t e ~ t  prpdictahlr manner. This third element is, in  
essence. the o\-crnll plan of the \IOS. \vIiich includes tlie 
des ign cri teri a a nd in i ssi on rcquiremen t s of the s >-s tcii 1. 
creation of the inissioii-tlependc.nt equipnic.nt. me of the 
mission-indcpendcnt equipment. and the procedures 
needed to operate the s!-stt~ni. Since this Tcclinical 51em- 
orandum is intended primarily to sho\v 1 1 0 ~  the 110s 
functions, design and eq~iipiiient fabrication aspects are 
not discussed f&lier. 

1. Plans and Procedures 

The de\-elolment of plans and procedures is conducted 
in parallel by the \-anoils groups (within the YIOS and 
T6rD.i) that lia\-e been assigned technical cognizance 
and responsibility for specific areas of the space flight 
operations. Essentially, these groups design their opera- 
tions to meet the technical requirements imposed on 
their areas b!7 the overall YIOS plan, and then submit 
these self-de\-eloped iiistnictions to their appropriate au- 
thority for appro\-al. V7hen a p p r o i d  the instructions 
are published and become in essence the official textbooks 
for the mission; all personnel in\-ol\.ed in the mission 
perform in accordance wit11 these liooks. 

The elmliltion of these oprational instructions can be 
w v n  in Fig. -31. \~.hieIi shn\vs tlie basic planning docu- 
ments from nhich the operational documents are ge- 
neticall\- cir\.eloped. A summary of the content, purpose, 
m d  scope of thc, con troll in^ tlocumcnts is discussed in 
the follo\\~ing paragraphs. 

a. Project control documents. 

Strrcc!yor Doc~r~~ientntion Ploti. PD-31, is a giiide to 
all niajor project documents, which are shown graphically 
in a series of eight document trees indicating the relation- 
ships and dependencies among the various publications. 
All S u r c q o r  major systems are covered in PD-41. 

The piiblication identification nunihers @\.en belon7 
arc corrcct for \fission .I. Upc1atc.d editions of PD-41 
\viii reflect tiir ciirrvirt doi.iiiiiei1:s ai>plieab!c fer suhse- 
qiirnt ~nissions. 

l~71iile Sztrccyor S/'aLccrnft/Latr,Icll \-eliiclc Gzridaricc. 
arid Trajectory Interface Schedirle, PD-13. is limited in 
scope to the subjects of guidance and trajcctor>-. it is 
more detailed in that arm than PD-41. thus estending 
the coverage provided 11). that doet1111cJilt. 

The document most basic to an  midrrstandin~ of thc 
110s is the Silrce!/or Project Control Document entitled 
Srrrr:c!/ov I'rvjcct I'olic!/ t i t i d  Gir i t le l iw.~  f o r  Space O p e r u -  
tions. PD-:?.J (formerl!, EPD-160). The purpose of this 
docmient is to csta1)lish lmsic policics for S t r r c q o r  space 

27 



JPL TECHNICAL MEMORANDUM NO. 33-264 

GUIDELINES 
(PD-35) 

INTERFACE 
AGREEMENT 
(EPD-260) 

I L I 

SURVEYOR PROJECT 
COMPUTER 
PROGRAM 

DEVELOPMENT PLAN 
(PD-61) 

*- 
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SUPPORT FOR 
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SFOF-SOP - 
4 

c SFOF-DOP 
(EPD-239) 
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I SFO I 
TEST PLAN 
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Fig. 24. Basic MOS documents 
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operations. I t  establishes the broad outlines of YlOS pre- 
flight planning and design, operations, documentation, 
scheduling, and computer program control. All other 
Surceyor llission Operations Sk-stem documents described 
below are snbordinate to PD-35. 

b. DeveIopmental documents. Proceeding, from PD-35 
in a sequence of direct dependency and increasing depth 
of analysis is a group of several basic and quite detailed 
documents. 

The Sirrce!/or DSN Znterface Aqrcemeizt, EPD-260. de- 
scribes all hardware, computer program, and man/ 
machine interfaces existing between project elements 
and elements under DSN cqpizance which are used 
in support of the Srrrccyor Project. These interfaces in- 
chide those formed between the spacecraft and tlie DSS 
data handling equipment; betwecm the latter and the 
CDC at the DSS; lwtween the CDC and DSS on-site data 
processing system; etc. Two documents spring directly 
from EPD-260: (1) DSZF A’etccork Configurafion for 
Jf ission A, EPD-342, and (2) SFOF-GCS Support for M is- 
ion A. These EPD’s document the configuration of the 

DSIF and SFOF for Sw-reyor \lission Siqgort. 

Space Fliqlit Operations Sysfem Design Spccificnf ion, 
EPD-233, defines design characterktics and constraints. 
-4 series of specifications then sets forth the requirements 
for the organization and functions of the \IOS pcrsonncl. 
Another series of specifications oi? equipment gives the 
requirements for the design of the CDC and for other 
ccpiipment a t  tlte DSIF. Ground communication require- 
ments are also given. The computer programs used for 
mission operations are described in EPD-2:3:3; these pro- 
grams are explained later in this section. The Comnmtid 
S!ystem specification sets forth the basic philosophy and 
requirements for the establishment and handling of the 
spacecraft commands. Since the Command Sytem is one 
of the most important characteristics of the Sirrcqor 
Project. it is described in detail in  Section I11 of this 
Technical \Iemorandum. 

A de\ elopmental dwcument springing directly from 
EPD-233 is Surve!yor Spacecroft/Space Flidit Operations 
inrctfnce Document, PD-29. I t  defines the interfaces be- 
tween the spacecraft and the YlOS and describe$ and sets 
forth procedures intended to ensure continuing compati- 
bility a t  the interfaces. The body of the documc~nt is a 
series of tahular presentations of all major events in the 
mission profile, presentiiig from tlie 1 ie\vpoint of 
the spacecraft and from that of the \!OS the initial con- 
ditions. listings of related mission e\.ents and descriptive 

data. references to germane information, and constraints 
or other remarks for each. 

Expanding from the functional specifications of corn- 
puter programs contained in EPD-233, the Surceyor 
Project Computer Program Development Plan, PD-61, 
defines the manner in which the design, development, and 
documentation of the computer programs wil l  be con- 
trolled. Additionally, PD-61 contains the basic instruc- 
tions by which the individual computer programs are 
operated. 

Also a direct outgrowth of EPD-233 is a set of three 
documents, describing in considerable detail the func- 
tions and operations of the FPAC. SPAC, and SSAC 
Croiips Ench g:!-~up has :x!z!>.zt.d ?:I:! .Je;cdxd its riiii 
area of special interest in terms ranging from flow dia- 
grams to detailed definitions of operational steps. From 
the \iewpoint of actual mission operations, these are 
source documents of considerable interest. 

c. Operational docunients. There is an interrelated set 
of documents that present a detailed plan for con- 
ducting mission operations from the time of prelaunch 
preparations until the end of a mission. \lost basic of 
this group of documents is Space Flight Operations Plan 
(SFOP), EPD-180. Its function is to define the method 
by which space flight operations are conducted, both in 
the standard case and in any departures from the standard 
case. Space flight operations are defined as the operations 
ncccssary for obtaining and processing spacecraft infor- 
mation and for determining and executing spacecraft 
commands from launch to the accomplishment of the 
mission. The operational facilities used by the \!OS are 
summarized, and the flow of data among the various 
facilities of the DSN is described. Then a section on 
spacecraft commands. after revievlng the requirements 
set forth in EPD-233. tabulates for each command the 
octal command number, the short command title, and 
the response of the spacecraft to the command. (See Sec- 
tion 111 for further cxplanation of the Command System.) 

The heart of EPD-1SO is the Standard Sequence of 

Ewnts (SSE). This table specifies a series of acti\ities/ 
actions for normal operations from thcx s t x t  of the pre- 
lannch countdown to the end of the mission. The se- 
qiiencc of mission e\,ents is based on a representative 
trajcctory. The DSIF Station view periods sho\vn in the 
SSE are based on that trajectory. This section of EPD-180 
also gi\w a complete tabulation of all major command 
sequences and their constituent minor sequences. 
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Of equal importance with the SSE is tlie final section 

of EPD-180 on nonstandard operations. Since it is pre- 
dictable that some deviations from standard procedures 
will occur during a mission, the hlOS has prepared for 
such an eventuality by defining various failure modes 
and developing a preplanned attack on such problems. 

The number of combinations of failures which could 
occur is virtually limitless. For this reason, nonstandard 
procedures were tlevcloped on tlie assumptions that only 
a single fault would occur a t  one time and that the 
tcxlemetry eqiiipnient would bc operating normally. After 
a preliminary analysis of anticipated failure modes. a 
limitcd num1x.r \vas stitdied further. Fault isolation trcrs 
have been dcvelopd to meet thcw situations. Thc trws, 
idcntified by  tlie numbers 1 tliroiiqh 31, are callcd Non- 
stcinrlard Procedtircs (NSP) .  The NSP's are bound s c p -  
rately; a set of tlirni is mounted in a multi-leaf wall 
display in tlie SPAA. 

The S F O F  Sttmdnrd Operating Procediires (SFOF-SOP) 
and the S FOF-GCS S i ippor f  f o r  Ali.wion A are prcparc,cl 
b y  tlie DSN. They set forth tlic mission eqiiipnimt con- 
figuration or tlic SFOF and thc mission-indcpc,n[l(~iit 
proccdurcs, and thcv incliidc inission-dcl,endrnt procv- 
t1iirc.s derivcd from tlic S u r v q o r  SFOP, EPD-180; tli(w- 
fore, they interface lxtwecn the S t i r w y o r  MOS and the 
SFOF opcwtions. h t h  dociimcnts arc> of spccific intcr- 
est to those who opmite the inission-indepencIcnt cqiiip- 
ment during Stircc!/or missions, bccausc, they covcr tlie 
particular nsagc of SFOF eqiiipnicwt for the Stircc!/nr 
Projclct. Includcd in tlie SFOF-SOP arc operator's instriic- 
tions for the DPS and TPS, CCTV, commimications 
ecluipment, and support systems. 

individiials must accomplish; formats for teletype, page 
printer, and plotter outputs, and much similar informa- 
tion. 

Anotlicr DSN document of interest to the Strrcc!/or 
hlOS is tlie DS7F Opcruting Procediires Alantial (OPAl), 
DZ\V-lOOO-OP-A. This is a document similar in scope to 
the SFOF-SOP, covering operation of mission-independent 
DSIF equipment. While not of direct intcxst to hlOS 
people, the DSIF-OPhl is important in that it is a source 
for other S i i r u q o r  documents concerning the DSIF. 

The DSlF Tracking 7n.r.triicfion A l t i n t r c i l  (TIM), EPD- 

Mission A, EPD-342, rcprcwiit an intcrfacc, hetween thc 
Stirocyor hIOS antl tlic mission-inclepcndcnt aspects of 
the DSIF Stations. Derivcd from tlie DSIF-OPM and tlie 
Stircc!/or SFOP, tlicy give gcneral information on tlie ap- 
plication of the DSlF to the Siirt;e!/or missions. The TI\I 
is in tlircc volumes. \.7011~~iic I descrilws tlie mission- 
indcpcndent operational procedures to bc employed by  
the DSIF during a mission, such as tracking, telemetry, 
antl rwortling. Volumo II  covers thc. Stirce!/or mission- 
depciid(wt aspects o f  opcrations at thc DSIF Stations. In 
standard situations, operations arc controllcd from tlw 
SFOF according to tlic SSE; liowcvc,r, the station can 
cffc1c.t litiiitcd autonoinoits opc,r:ition in thr cvcnt of c01ii- 
mimication failuro IxLtwcwi tlic: SFOF and the DSIF. 
Undcr such nonstandard conditions, the station will OP- 
eratc, according to tlic nonstandard procedures and thc 
NSP's contained in tlw TI l I .  lliich collatcral inforiiia- 
tion of importance, to IXIF  operations during Szrrec~ /or  
missions is included. Volume 111 contains information 
such as preflight nominal look-angle data and signd- 
lc~vc~l prcdictions for the individual DSIF St a t' ions. 

210 and thc D S I F  Ncftcorli C o t ~ f i ~ t i r ~ i t i o n  for  S ~ I T W ! / O I .  

EIW-342, as indicated 1)y its titk, dcfincs the network 
configiiration of thc IXIF  for Mission A. The nct- 
work coiifigiirations for sulxequcmt missions will 1~ 
dc~fincd by  similar dociimcwts. 

S t i  i m ~  yo I' (1 pc rti 1 io n.r C 11 icf Af issio i i  Co ti t ro! 73 iwci icc 
(SOC-IICII), EPD-329, is another op(wtiona1 document 
uscd at t l ic  1XIF Stations. This docuincnt cumtains all of 
tlic tl(ttail(d operating prowclures that rctlatc d i r c d y  to 
tlic SOC antl thc opcriition of  tlic CDC. 

(1. Preoperational document. The Siircc!/or Spticc 
Fl ight  O p c ~ r ( i t i o n s  T m t  P l n n ,  El'll-234, inay hc coiisid- 
crcd ;I pr('-opcr"tioii"1 docnmcnt l)c~c;i1isc it is iiscd only 
Iwforc ;in actual lannch. It is 1)ascd on tho SFOP, SFOF- 
DOI', antl IISIF-TIhZ antl compriscs a sc.rics of tests of 
eqiiipnicnt, pcrsonncl, and tnethods. Thc, tcst plan srt 
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forth in EPD-234 is described in considerable detail in 
Section I\' of this Technical \Ieniorandum. 

D. Computer Programs 

The computer programs are the means of selecting 
and combining the estensi\-e data processing capabilities 
of electronic computers. By means of electronic data pro- 
cessing, the \.ast quantities of mission-produced data 
are assembled, identified. categorized, processed. and dis- 
played in the \rarious areas of the SFOF where the data is 
used. Their most significant service to the 110s is pro- 
viding kno\xMge in real time of the current state of the 
spacecraft throughout the entire mission. This ser\.ice 
is particularly important to engineers and scientists of 
the technical support groups since. by use of the com- 
f J " L \ '  n r 1 + r , r  .-..nm..n*>7.- ~ " " i ' L " ' 1 J .  el,,,.. '"L,' C I L 1 1  se!ect. orrT4;:e. p:?y,?y. ,,,1 

process current-status data urgently needed to form their 
time-critical reconinicndations to the SFOD. 

The 310s family of computer programs interfaces 
and blends with each of the other elenients of the 110s. 

First, the 110s computer programs may be considered 
to be a part of the equipment, since in effect they con- 
vert a general purpose computer to a temporary special 
purpose computer. Second, the computational ability of 
the computer is an extension of the mental abilities of the 
110s per$onnel, performing their routine arithmetic 
computations according to the algorithms devised by 
Szirt;eyor personnel. However, the computer programs 
are an operational element since they are used repeatedly, 
almost continuously. during the SSE and also during non- 
standard operations. They are described and listed in 
their operational context in Table$ 2 through 5. An un- 
dcwtanding of the 310s computer programs is therefore 
necessan to an understanding of the total 110s. 

The 110s computer programs consist of four sets: 

Each program is assigned a name and a mnemonic des- 
ignator. The mnemonic appears in a display on the 1/0 
console when a program is called (selected). An I/O con- 
sole, t)pical of those located throughout the SFOF, is 
sho\vn in Fig. 25, 

F$'.'lC. Sp,?C, SSA?C, 2nd :::issior, :,::pp"rt n v n r r r ~ m c  
"b^"'*'"' 

Fig. 25. Typical 1/0 console in Operations Area of SFUF 
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1. FPAC Programs 

The FPAC Group uses many computer programs dur- 
ing the course of a mission. The analyses of the space- 

runs can consume from 1 to 170 min each. The com- 
puter programs used by the FPAC Group during the 
course of a mission are summarized in Table 3. 

craft’s flight path that are a major function of the FPAC 2. SPAC Programs 
Group are made by selecting appropriate programs, 
feeding the necessary data, and using the DPS computers The SPAC Group normally generates all commands 
to run the program and print out the results. During the to the spacecraft, even when the command is on behalf 
course of a normal mission from injection to post- of the FPAC or SSAC Group. In addition to this con- 
touchdown, the FPAC Group runs computer programs tinuous function of command gc,ncration and verifica- 
through the DPS approximately 70 times. The computer tion, the SPAC Group also maintains a constant vigil 

Table 2. SSAC computer programs 

Program name 
and mnemonic 

TV Command 

Generation 

TVCS 

TV ID Response 

Monitor 

T lRS 

Program name 
and mnemonic 

Booster Model 

DPES (DAPFS) 

Tracking Data 

Processor 

TDPX (TDP) 

Orbit Data 

Generator 

ODGX (ODG) 

Utility Orbi t  

Determination 

ODPX (ODP) 

Irajectory 

TRJX 

rrajectory 

Processor 

(Surveyor) HPPS 

Hidcourse 

Maneuver 

Analysis 

MTGS (MAG) 

Input 

Mnemonic abbreviations 

of  English language 

commands to TV camera 

TV commands as sent to 

spacecraft; same as returned 

from spacecraft; TV ID 

frames; al l  via disk 

Input 

Launch t ime 

Tracking data: raw TTY 

or tape 

Master Data Tape from 

TDPX 

Tracking data from ODGX 

Flight path data from 

DPES or ODPX 

Flight path data from 

DPES, ODPX, or 

TRJX 

Injection conditions 

from ODPX 

Function 

Interprets input commands and definitions of camera settings 

for each exposure. Formats camera parameters in a manner 

acceptable to TV camera sequences; subroutine of SCPS 

Compares commands as sent and as received; detects and 

corrects errors in returned commands. Matches ID frames 

to corresponding commands 

Table 3. FPAC computer programs 

Function 

looks up stored launch conditions; then operates on stored 

equations for At/ar/Centaur trajectory 

Tests raw data for validity; rejects bad and converts good 

to engineering units 

Sorts data by time, removes possible errors, performs simple 

calculations and conversions 

Refines figures for injection conditions, then computes 

actual Sun orbit of spacecraft 

Converts predicted Sun orbit to Earth-referenced data 

Computes positions of Earth, Sun, Moon, and Canopus 

relative to spacecraft 

Computes lunar encounter parameters, then computes 

required midcourse or terminal maneuver 

o u t p u t  

Commands in  form acceptable to SCPS 

in  camera incremental units written 

on disk f i le 

Printout of discrepancies and of  

complete mission history of TV 

commands and TV ID frames 

o u t p u t  

Injection conditions 

Good tracking da ta  stored on Master 

Data Tape 

Clean data for ODPX 

Flight path of spacecraft 

Spacecraft ephemeris, view periods, 

present position and speed, impact 

point predictions, etc. 

Spacecraft position, tracking predicts, 

miss parameters 

Required midcourse and terminal 

maneuvers 
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over such spacecraft performance factors as temperature. 
electrical power. telecommunications. and other factors 
involving the basic spacecraft bus. Furthermore, the 
SPAC Group is charged with the responsibility for pre- 
paring command messages during lunar surface opera- 
tions, when the SSAC Group is conducting experiments. 
The scope of the work of the SPAC Group is reflected in 
the computer programs used during mission operations. 
Table 4 gives a summary of each of these. 

3. SSAC Programs 

The SSAC Group uses two computer programs in op- 
crating the TV cameras: (1) T\r command generation, 
which must be active during all periods when SS.4C is 

called upon to prepare commands for the T\‘ camera; 
(2)  n ’ - I D  response monitor, which is used whene\rer the 
m7 subsystem is returning pictures from space, as well as 
during off-line ’IT’ analysis. (See Table 2). 

4. Mission Support Programs 

These consist of a group of programs which are 
not the sole concern of any one technical group, but 
rather are used for the benefit of mission operations as 
a whole. These are basic programs used on the several 
computers of the 310s equipment, located both in the 
SFOF and the DSIF Stations. The mission support pro- 
grams are explained in Table 5. 

Table 4. SPAC computer programs 

Program name 
and mnemonic 

Power 

Management 

PWR 

Thermal 

Management 

THM 

Tape Read/ 

Wri te 

TRW 

Engineering 

Programs 

Submonitor 

EPMS 

Post-Landing 

Attitude 

Determination 

P U S  

Telecommuni- 

cations 

C PPM 

AGC Calibration 

AGCM 

Engineering 

Data Reduction 

EDRS 

Input 

Telemetry data from 

spacecraft affecting 

power usage 

Telemetry data on 

spacecraft thermal 

compariment 

temperatures 

Tape and disk selection 

instructions from 

operator 

Initialization data, order 

of running, and correction 

and control data for  engi- 

neering management 

programs 

Spacecraft location and 

attitude at time of 

retrofire 

Trajectory, spacecraft 

and DSlF design 

?aramdrr% 

Calibration data for  

automatic gain control 

(AGC) in DSlF receiver 

Raw telemetry data and 

command data 

Function 

Integrates all power drains against time, and calculates effect 

on  batteries and solar panel 

Predicts various spacecraft component temperatures to aid 

i n  planning nonstandard operations 

Transfers PWR or THM data from disk file to magnetic 

tape or  vice versa 

Controls the exchange of data among PWR, THM, and 

TRW 

Computes lunar attitude of spacecraft; predicts directions 

o f  Sun and Earth, then pointing angles fo r  solar panel 

and planar array 

Computes signal-to-noise ratio margins in the DSlF 
receiver as a function of trajectory and spacecraft 

component parameters fo r  all Surveyor data and command 

modes 

Generates curves of spacecraft signal strength against signal 

voltage and against frequency 

Interprets raw spacecraft telemetry data, calibrates, 

processes and prints out data in a readily interpretable 

format 

output 

On-line printer and magnetic tape for 

off-line printout of significant 

parameters 

Plot o r  tabulated printout compar- 

ing  predicted and reported 

temperatures 

Save tape containing initiation and 

updated predictions for PWR 

and THM 

Binary image of card input read 

onto disk f i le fo r  use of applicable 

programs 

Spacecraft position on Moon, space- 

craft attitude, Selenographic 

coordinates of Earth and Sun, etc. 

Printout and plot of telecommunica- 

tions performance margins 

Calibration curves i n  plot and tabular 

forms; and as cards suitable for 

transmitting curves to DSlF 
Station 

Edited data on disk; error data 

printed out on bulk printer 
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Table 5. Mission support computer programs 

Program name 
and mnemonic 

Surveyor 

Command 

Preparation 

SCPS 

Command 

Verify/ 

Transmit 

CVT 

7044 SFO 

System 

7094 SFO 

System Monitor 

Telemetry 

Processing 

Station 

TPS 

(PDPJ pro. 

gram) 

Surveyor 

On-Site Com- 

puter Program 

SOCP (Used 

on OSDP at 

DSIF) 

Telemetry Data 

Simulation 

(PDP-1 pro- 

gram) 

Input 

Pre-stored command 

dictionary, user data, 

disk-stored outputs 

from other programs 

Same as SCPS; TTY codes 

Raw spacecraft data from 

HSDL or TTY or  via 

PDP-7; 7094 output via 

disk. Inputs accepted 

from two DSlF Stations 

at once 

Interrogation b y  7044 

Raw spacecraft data over 

HSDL or 96-kc micro- 

wave link from Goldstone 

Spacecraft engineering and 

TV ID data from CDC; 

command messages from 

SFOF or tape, or executed 

commands from space- 

craft via CDC 

Tables of spacecraft telem- 

etry data from digital 

magnetic tape 

Function 

Checks inputs for format errors, assembles command message 

from pre-stored dictionary, and prepares printed output in 

English language and octal numbers 

Verifies that command message fulfills spacecraft con- 

straints; compares commands from SCPS with dictionary, 

transforms command sequences or SSE to TTY code; 

stores commands on disk for transmission; checks out 

commands returned from DSlF for verification 

Monitors data continuously to see i f  it falls within preset 

bounds; prints out alarms in user area, or lights status 

l ight displays in SPAA. Calibrates temperature, f l ight 

control, power, and TV ID frame signals and scales to 

engineering units. Converts data from TTY or HSDL 

format to that required for magnetic storage 

Executes user programs; establishes l ink with 7044 computer 

and controls data transfer between the two computers and 

disk fi le 

Identifies start of digital data frame and locks in synchronism 

then formats and assigns parameter identification to all 

PCM telemetry data words 

Edits spacecraft engineering data and labels editing mode, 

averages certain data and signals out-of-limits condition; 

edits and formats TV ID data for  HSDL or TTY. 

Converts command messages between TTY 5-level and 

CDC 7-level tapes, reformatting both ways; can also 

control TTY command transmission 

Reads tape, time-correlates the data. Optional digital-to- 

analog conversion o f  data. Provides telemetry portion of 

TV simulation in response to spacecraft commands 

ou tpu t  

Command messages, onto disk 
accessible to CVT; English and 

octal printout; edited command 

message, command dictionary, or 

SFOP SSE; assembled command 

message 

Command message ready for trans- 

mission; notification to SPAC that 

message i s  ready; printout of 

message; verification of message 

retransmitted from DSIF; confir- 

mation that commands as executed 

by  DSlF agree with pre-stored 

Printouts, plots, etc., o f  spacecraft 

data, alarm printouts, and l ight  dis- 
plays. All processed data recorded 

on disk and tape 

Commands to disk f i le and 7044; 

interrupted programs stored on 

disk (and retrieved) 

Digital data to IBM 7044; also 16 

channels of spacecraft data con- 

verted to analog and plotted on 

analog recorders i n  SPAA 

Engineering and TV ID data to 

SFOF via TTY or HSDL; command 

data; program error printouts 

Simulated real-time spacecraft telem- 

etry signals to PDPJ. Analog tape 

containing telemetry data o f  a 

simulated spacecraft mission; 

optional 
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111. COMMAND SYSTEM 

The Srtrceyor Command System philosophy introduces 
a major change in the concept of unmanned spacecraft 
control: virtually all inflight and lunar actions of the 
spacecraft must be initiated from Earth. In previous 
deep-space missions, the spacecraft were directed by a 
minimum of Earth-based commands. >lost inflight ac- 
tions of those spacecraft were automatically controlled 
by an on-board sequencer which stored pre-programmed 
instructions; these instructions were initiated by either an 
on-board timer or by single direct commands from Earth. 
For elample, during the 67 hr of the Ranger \‘III mis- 
sion. only 11 commands were sent to the spacecraft; 
whereaq for a standard Srirceyor mission, approximately 
280 commands must be sent to the spacecraft during 
the transit phase, out of a command vocabulary of 256 
different direct commands. 

Throughout the space flight operations of each Surce!jor 
mission, the command link between Earth and the space- 
craft is in continuous use, transmitting either fill-in or 
real commands every 0.5 sec. The Sirrceyor commands 
are initiated from the SFOF, and are transmitted to the 
spacecraft by a DSIF Station. The mission control design 
philosophy provides two schemes that simplify the han- 
dling of commands by personnel and by the Earth-based 
equipment used by thc Command System. One scheme 
shortens the lengthy, 24-digit-long binary number (rep- 
resenting the 24 R F  pulses which are sent to the space- 
craft for each command) to a more manageable 4-digit 
number expressed in octal form. The second scheme 
provides for grouping individual commands into specific 
sequences needed to effect the desired spacecraft reaction. 
These sequences are identified as major and minor se- 
quences and make possible the most expeditious handling 
of large quantities of individual commands through the 
Earth-based elements of the system. A major command 
sequence is composed of one or more minor command se- 
quences; a minor command sequence is composed of one 
or more indi\.idual commands. 

The routing of commands and how they flow from 
the SFOF to the DSS and hence to the spacecraft is 
illustrated in Fig. 26. 

A. Spectrum of Control 

During a nominal mission, the 1lOS Command System 
directs the spacecraft to accomplish approximately 1100 
SSE items. This series of activities comprises about 

110 major and 2.50 minor command sequences, which in 
turn are made up from a listing of 256 direct commands 
and 1024 quantitative commands. The only portions of 
the entire flight sequence that normally d o  not require 
direct Earth control are diose concerned with certain 
phases of attitude stabilization, terminal descent, and 
solar panel deployment (and these have backup Earth 
commands). The Surveyor flight is essentially a “fly-by- 
wire” operation. 

The Command Sequence Glossary, with its detailed 
descriptions of each major and minor sequence, is too 
lengthy for inclusion here; it may be found in Space 
Flight Operations Pian, EPD-i80. The SSE is described in 
Section \J of this Technical Slemoranduni. Command oc- 
tal numbering systems, explanations of types of com- 
mands, and a brief description of command flow through 
the spacecraft command subsystem are described below. 
The Command System must have the ability to execute 
the proper command at the proper time. 

1. Command Vocabulary 

Those commands that turn certain equipment on or 
off or select telemem modes are called the direct 
commands; those that determine the duration of thrust 
to be exerted by the attitude control jets or the vernier 
engines are referred to as quantitative or magnitude com- 
mands. ,% suminarv of the 256 direct commands that can 
be sent to the spacecraft is given in Table 6. These direct 
commands, combined with quantitati\.e command5, per- 
mit a fine degree of wntrol o\rer the operation of the var- 
ious subsystems of the spacecraft. For emmple. the 
planar array and solar panel can be locked and unlocked 
and are adjustable in all three axes in increments of 
0.12.5 deg. Omni-antennas and other telecommunications 
subsystem components (housed in thermally controlled 
compartments) are turned on or off; \-arious t e l e m e e  
modes and combinations can be selected. The RAD\‘S, 
TI‘ camera. and flight control subsystem (including in- 
ertid reference unit. CUT? sensor. Canopus sensor, and 
electronics) are also controlled and selected bv Earth- 
based commands (Fig. 27; also see Fig. 3). 

Each individual command and each command se- 
quence is represented b>. four octal digits of a command 
“word.” There are two types of command tapes: 

(1) The type that is prepared and verified before the 
mission: it contains major and minor sequences 
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Table 6. Summary of the 256 direct commands 

Olxx  series Data l ink and TV approach camera subsystem (32 commands) 

Transmitters on-off, select antennas, transponders, etc.; 

Approach TV on-off-start and temperature controls 

02xx series Signal processing subsystem (32 commands) 

Controls fo r  subcarrier oscillators, analog-to-digital 

converters and 1100 and 4400-bit/sec bit rates, FM and PM 
multiplexing, engineering commutator mode, basic bus 

accelerometers, gyro speed signals 

03xx series Electrical power subsystem (32 commands) 

Select solar panels, main battery, or auxiliary battery; 

power controls 

D4xx series Mechanisms and vehicle subsystem (32 commands) 

Controls solar panel position, spacecraft attitude, and 

thermal compartment temperature 

ZOOM DRIVE 
RING GEAR 

BEAM SPLITTER 
FOCAL PLANE 
SHUTTER 

aRlABLE LENS ASSEMBLY 

05xx series Engineering payload subsystem (32 commands) 

Augments 02xx series: cruise mode (low data rate) subcar- 

rier oscillators, low bit rates (550 or less bits/sec), cruise 

and thrust phase commutators, touchdown strain gages 

propulsion strain gages, accelerometers 

06xx series Engineering mechanisms auxiliary subsystem (32 commands) 

Attitude control, vernier engine, AMR, RADVS, solar panel, 

landing gear, omni-antenna controls 

Flight control subsystem (32 commands) 07xx series 

Control of spacecraft stabilization mode, midcourse and 

terminal firings, emergency backup commands for auto- 

matic sequences, etc. 

1 l x x  series Television survey camera subsystem (32 commands) 

Power, temperature, shutter, lens, mirror, and fi l ter controls 

for  lunar surface TV camera 

OOD 

MIRROR ASSEMBLY 

AZIMUTH DRIVE GEAR 

IVE MOTOR GEAR 

COLLECTOR RING 

COWNECTORS 
VIDICON YOKE ASSEMBLY 

Fig. 27. Survey N camera showing adjustments controllable by command 
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Major Sequence 

’* 0 1 4 2 Major Sequence 

Identifier 

............................ 
I 

and direct commands only. Quantitative com- 
mands can be inserted a t  the appropriate times in 
the sequence of direct commands. Verified copies 
of these tapes are stored prior to the mission at  
the SFOF and at the DSIF Stations. 

redundant central command decoders, and up  to 32 
subsystem command decoders. Only one of the two re- 
ceivers and one of the central command decoders are used 

(2) The type that is prepared during the mission; it 
can contain major and minor sequences compris- 
ing direct, and quantitative commands. (This type 
is prepared by special computer programs, de- 
scribed elsewhere in this section.) 

First Second 
digit digit Description 

Major Sequence O t o 3  O t o 7  

Composed of one or more 

minor sequences 

Represented by unique 

4-digi t  octal number 

Minor Sequence O t o 3  o t o 7  

Composed of one or more 

commands 

Represented by unique 

4-digit octal number 

Direct Command 0 t o 3  O t o 7  

Transmitted to spacecraft; 

produces immediate 

response 

Represented by unique 

4-digi t  octal number 

Quantitative Command O t o 3  o t o 7  

A typical sequence on a pre-mission-prepared com- 
mand tape is presented in Table 7. The major sequence 
number is the main identifier for the minor sequences 
and individual commands constituting that particular 
major sequence. This command tape format was de- 
veloped to allow the MOS personnel maximum control 
of the mission sequence without compromising mission 
accomplishment through the many time delays that would 
result if every minor sequence and individual command 
number had to be verified separately by the SFOD. The 
standard octal command format is shown in Table 8. 

Third Fourth 
digi t  digit 

4 0 to 7 

5 0 to 7 

o t o 3  O t o 7  

o t o 3  O t o 7  

2. Spacecraft Command Subsystem Table 7. Typical command sequence representing a 
pre-mission-prepared command tape The spacecraft command subsystem consists of the 

Minor Sequence 0 1 4 3 ............................ Major Sequence 

Identifier I 
(0 0 5 1 ................................. Minor Sequence 

Direct Command 

Identifier 

0 70 5 

.......... 

I at one time. Selecting the combination of receiver and 

Direct Commands 

0 1 3 6  

(0 2 5 7) 

0 2 2 0  

(0 3 5 0) 

0 5 0 2  

(0 4 5 2) 

0 2  1 6  

0 1 4 4 ............................ Major Sequence 

I (0 2 5 7) ................................. Minor Sequence 

0 2 2 0  

0 1 4 5  .......................... ..Major Sequence 

(0 1 5 5) ................................ Minor Sequence 

0 2 2 3  

0 1 4 6  
I 
I 
I 
I 

Note: Third digit has o value of 0, 1, 2, or 3 in a direct command; 4 in a 
maior sequence number; and 5 in a minor sequence number. 

Transmitted to spacecraft; 

stored (time quantity) for  

determining duration of  

subsequent direct command 

Represented by non-unique 

4-digi t  octal number 
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L RECEdVER I- OMNI-ANTENNA A 

OMNI-ANTENNA E 0-4 
I 

I-- 
I 

RECEIVER/ 
DECODER 

SELECTOR 

TO SUBSYSTEM 
COMMAND DECODERS t- 

RECEIVER/DECODER COMBINATIONS POSSIBLE 

Fig. 28. Receiver/decoder selector function 

decoder i5 the function of the recei\-er/decoder selector. 
The four possible receiver/decoder combinations are 
shown in Fig. 28. iVhenever the command modulation 
is interrupted for at least 0.5 sec (i.e., no command word 
or a fill-in word is received by the spacecraft), the 
receiver/decoder selector cycles to the next combina- 
tion. This multiple redundancy would enable the mis- 
sion to be carried to a successful conclusion despite the 
failure of one of the recei\,ers, or central command de- 
coders, or one of each. 

The receiver recovers the 24-pulse command wave- 
train arriving from Earth and routes it io the ieiei\.?r/ 
decoGer yyiiS -.-..L -,... L,.r L l l l l L  , " U L C D  thc czmrr.and to 
either of the two central command decoders for pro- 
cessing; this, sends the command to the addressed sub- 
system command decoder for execution. 

Figure 29 shows how the 4-digit octal number that 
forms the command word is translated into the 24-bit 
binary form that represents the 24-pulse wavetrain sent 
to the spacecraft. When the spacecraft is receiving a di- 

rect command, the central decoder performs a comple- 
ment check', on the address and. command bits as a 
condition for e n t F  into the correct system decoder. If 
the complement fails to check, a command reject signal 
is generated and telemetered back to Earth. If the com- 
mand is correctly transmitted and received, a command 
enable signal goes to Earth while the central decoder 
routes the command to the spacecraft's subsystem decoder, 
signified by the address portion of the command (See Fig. 
29.) The subsystem decoder then initiates the spacecraft 
response called out by the command portion of the 
24-pulse wa\Tetrain. 

If the central decoder receives a quantitative command 
it perfonns a compienient check on the address d!, 
generating a command enable or reject signal to the 
Earth. Since the magnitude bits are not complement 
checked, they are telemetered to Earth for verification. 

'In a binary digital system, the complement of a one is a zero and 
\ice versa. The complement check is the spacecraft's method of 
verifying that the command as received is complete and in the 
correct forni. 
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WORD ADDRESS PORTION COMMAND PORTION 
SY NCH RO NIZA- 
TlON SIGNAL COMPLEMENT ADDRESS COMMAND 

GROUP 
COMPLEMENT 

ASS1 GNED 
SIGNIFICANCES "B IT "POSIT IONN~~.  
OF PULSES 

I 2 3 4 5 ( 6 '  1 1 . 1  7 ;  81 9 1 O ~ l l ~ 1 2 ~ 1 3 ~ 1 4  15~16~17118~19  20;21122123124 

NONE ARlTHMETl CAL 
EQU I VALENT 

I I 1  I I I I  I I I  

EXAMPLE: 
COMMAND 
WORD 0531 

Fig. 29. Bit structure of a direct command word 

The central decoder routes a correctly checked qiiantita- 
tivc command to the flight control subsystem decoder 
for dcwding and storagc and generates confirmation of 
correct storage to Earth. 

The interlock command is a special command used in 
conjunction with certain direct commands related to 
critical functions and all quantitative commands. The 
ptirposc~ of the interlock command is (1) to prevent 
iinintentional execution of critical direct commands in- 
cluding such irrevocable actions as firing of squibs, 
midcourse motor lxirn, etc. and (2) to ensure that im- 
proper magnitudes are not stored. The transmission of 
critical direct commands must lie preceded by the inter- 
lock command bcforc the spacecraft will accept the 
command. 

Fill-in words have a format similar to that of direct 
commands; howc~ver, they violate the complement 
check, and therefore do not entcr the subsystem decoders. 

B. Command System Functions and Procedures 

Thc S i r r t ; q o r  Command Systcm i v  the means wliercby 
tlic SFOII and the siipporting tcchnical tcams, locatecl in 
thc SFOF, maintain continuous control of thc spacecraft 
throughout space opcrations. Aftcr the SFOD has ap- 
pro\wl thc scwling of a cominand and whcm he has been 
atlviwd that the DSS has scnt the desired command and 
that tlic spacecraft has responded correctly, this confir- 
mation closes the Command System loop. 

The three alternatives used to carry out the Command 
System functions after a command decision has been 
made are graphically described in Fig. 30. 

Alternative 1 is the usual procedure, used whenever 
the required command sequence exists on a pre-prepared, 
prc-verified tape at the DSIF Station. In this situation, an 
SFOF command message goes to the DSS over a voice 
communication link. The CDC operator starts the com- 
mand tape reader searching for the individual command 
or the command sequence for display. The SOC reads 
back the displayed information to the SFOF from where, 
in turn, oral notification is sent to the DSS as to whether 
or not the information is correct. If it is, the CDC opera- 
tor executes the command (or command sequence). The 
OSDP routes the executed command by teletype to the 
SFOF-DPS for real-time display and confirmation. 

Alternative 2 is used when there are no pre-prepared 
command tapes a t  the DSS for a certain command situa- 
tion. In this case, all command messages are prepared by 
the Suroe!/or Command Preparation (SCP) and Com- 
mand Verify/Transmit (CVT) computer programs in 
tlic SFOF, transmitted to the DSS over teletype lines, and 
rcccived by the OSDP, which generates an output cOm- 
mand tape for use by the CDC command subsystem. Tele- 
type lines carry the returning command messages to the 
SFOF for verification by the CVT system. As verified 
commands are executed by the CDC operator, they are 
returned by teletype to the SFOF for confirmation by 
the CVT system, 
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PREPARATION I TRANSMISSION AND I CDC COMMAND SYSTEM ENTRY I RETURN TRANSMISSION I VERIFICATION/ 
CONFIRMATION 

I 
REPRODUCTION 

I I I 
I 

ORlGlNATED I 
SFOF 

IDSlF 

I PEI 
ORIGINATED 

VOICE VOICE 

READER 

READER 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I  
I 
I 

OLJTPUT 

;FOP 

I 

I , I  , -6 DISPLAYS 1.3 A VOICE I+{ VOICE 1 
COMMAND 

I , I %  
TTY TTY 

PRINTER KEYBOARD/ ,c 
AND/OR I C TAPE 

' 
1 - 

REPEQFORATOR~ , READER 
I 

I I I 
I 
I 

1 A VERIFICATION OF SEQUENCE NUMBERS 

! C VERIFICATON OF COMMAND MESSAGES 

AND KEYBOARD-ENTERED COMMANDS I -ALTERNATIVE I 
B CONFIRMATION OF EXECUTED COMMANDS ' 2 - ALTERNATIVE 2 1 3 -  ALTERNATIVE 3 

I 

Fig. 30. Surveyor Command System alternatives 

Alternative 3 is used in situations for which there are 
no =re-prepared command tapes and Alternative 2 can- 
not be used. Alternatives 3 and 1 differ only in the use 
of the CDC manual keyboard instead of the command 
tape reader for incoming command messages. However, 
a combination of the two alternatives is possible when 
the desired command sequence is a minor variation of 
a sequence existing on a pre-prepared tape. This tape 
can be entered in the CDC and special or changed com- 
mands entered on the CDC manual keyboard as required 
(Fig. 31). 

The typical CDC installation at the DSIF Stations is 
illustrated in Fig. 38, which shows the Johannesburg, 
South -4frica. cre\v operating their CDC during a test. 

1. Command Verification 

The command verification process is designed to en- 
sure that commands are properly handled by the Com- 
mand System prior to their transmission to the spacecraft. 
This is accomplished by checking and rechecking each 

command message at every point where an error or mis- 
take could occur. When the Alternative 2 method is 
used in the handling of commands, the CVT system 
is used for the verification process at the SFOF. The DSS 
return-transmitted command message enters the SFOF- 
DPS through direct electrical interface with the tele- 
type link and is stored in the DPS disk file. The CVT 
system verifies DSIF Station instructions contained in 
the command message and command portions by corn- 
paring the returning and original messages bit by bit. 
( In  a similar manner, the C \T  computer program com- 
pares major and minor sequence command tapes pre- 
prepared before launch with those pre-stored sequences 
C O ~ ~ Z I C I I ?  to the SCP and CL'T programs.) The CYT svs- 
ten1 then notifies all SFOF user areas whether or not the 
command messages are identical. If any errors are found, 
they are printed out in the 1/0 console areas and in the 
SPAA. and are specifically identified in English language 
displays in the technical areas. The CVT system dis- 
plays errors that are disco\ ered during the comparison 
of pre-prepared command tapes in the manner described 
for errors it finds in the command portion of a command 
message. 
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Fig. 31. CDC manual keyboard 

SFOF personnel may bypass the CVT system and 
perform verification by visually comparing transmitted 
and return-transmitted teletype printouts. In all instances, 
however, a teletype tape comparator performs a tape 
comparison. 

When voice communication is used for verification, 
SFOF and DSIF personnel orally compare the transmit- 
ted command message information. 

2. Command Confirmation 

The command confinnation process at the SFOF estab- 
lishes that the correct command or series of commands 
was executed by the DSIF Station, that the quantitative 
commands were properly stored in the spacecraft, and that 
the spacecraft responded correctly to the direct commands. 

As the spacecraft-received commands are returned to 
the SFOF, they enter the DPS 7044 computer for subse- 
quent real-time display on a teleprinter in the SPAA. 
The 7044 computer also routes the incoming commands 
to the DPS disk file for later access by 7094 computer 
user programs. When operating in the 7094 computer, the 
CVT computer program transforms the commands to 
binary numbers and compares them, sequence by se- 
qucnce, with a glossary of pre-stored sequences. This 
program identifies errors found during the confirm a t’ ion 
process in the same way that it does when identifying 
c’rrors found during command message verification, ex- 
ccpt that the individual commands arc given DSS-assigned 
time tags. Commands returning from n DSS for confir- 
mation are also written on magnetic tape for processing 
by the SFOF-DPS in nonreal time, if desired. 

To confirm correct storage of quantitative commands 
in the spacecraft, the SFOF receives returning informa- 
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Fig. 32. CDC at DSS 51 

tion from the DSIF Stations over either high-speed data c r a f t  response  to  w,,ic.. 
line or telet) pe, but not over both simultaneously. Quan- 
titative command information is routed through the 
SFOF-DPS (Telemetry Processing Station and 70.24 cam- 
puter if return-transmitted over high-speed data line, or 
through the 7034 computer only if return-transmitted by 
Tn-1 and is displayed in real time by a scries of status 
display lights located in the SP4>4. After it has been con- 
firmed that the quantitati\Te command has been correctly 
stored, the spacecraft is then ready for the direct cain- 
mand, which defines and initiates the particular space- 

t h e  prev ious ly  rece ived  
quantitati\xe command applies. 

There are two methods of command confirmation 
that do not require full use of the DSIF and SFOF Data 
Processing Systems described pre\.iously. DSIF personnel 
may read command information from the automatic 
coininand printer and/or series of CDC status display 
lights and relay this information to the SFOF either 
orally or b!~ a manually prepared TTY message for com- 
parison. 
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SFOF k SFOF k- 

IV. MISSION OPERATIONS SYSTEM TEST PROGRAM 

C 
MOS 

The final welding of the major elements of the MOS 
into a functional whole is accomplished by the test pro- 
gram. A master program comprising three basic cate- 
gories of tests is used to train all mission personnel and 
to verify that the equipment and operational capabilities 
of the MOS are adequate to accomplish the Surveyor 
mission. In order to define and verify these capabilities, 
the Space Flight Operations Test Plan, EPD-234, was 
established. This test plan covers in detail all operational 
testing activities of the hlOS. The first category is the 
Class A facility internal tests, which establish that sup- 
port facilities function propcq-ly within themselves. 

INTERNAL 
TECHNICAL AREA 
TRAINING TESTS 

Class R functional compatibility tests ensure that the 
Enrth-bascd facilities are fiinctionally compatible with 
the spacecraft and with each other. Class C operational 
tests ensure that all rleincnts of the hIOS operate to- 
gether, with simiilatcd spacecraft data, to demonstrate 
readincw to support an actual space operation. The rc- 
lationship of the tllrce classes of tests is illustrated in 
Fig. 33. 

TRACKING AND ~ OPERATIONAL ~ INTERNAL FUNCTIONAL 
VERI FlCAT ION COMPATIBILITY TELEMETRY READINESS 

TESTS TESTS DATA TESTS TESTS 

A. Class A Facility Internal Tests 

Class A Facility Internal Tests are composed of Class 
A-1, operational training exercises, and Class A-2, veri- 
fication tests. The tests are designed to ensure that 
Surveyor mission support equipment, computer pro- 
grams, and personnel within a facility (any DSIF Station 
or the SFOF) have the required capability and are pre- 
pared to support subsequent tests. While these tests are 
generally internal to a facility, some extra-facility sup- 
port may be required to allow a realistic evaluation of 
thc interfaces as seen from inside the facility in which the 
test is being conducted. Simulated mission data for Class 
A tests is generated in the SFOF, utilizing the PDP-1 
coinpi ter. 

1. Class A-1 Operational Training Tests 

Class A-1 operational training tests begin in the SFOF 
and in each I X I F  facility cwly in the testing program. 
Thcy provide mission personncxl with the opportunity 
and time to Iwcome completely familiar with their func- 

I I 't 
MISSION- 

INDEPENDENT 
TESTS 

PROGRAM 
INTEGRATION AND 
CERTIFICATION 

4 FUNCTIONAL D541: 

COMPATIBILITY 

SFOF/DSIF 
COMMAND 

PROCEDURE i TESTS 

SFOF/DSIF 
INTEGRATION 

TESTS 

INTEGRATION AND 
CERTIFICATION 

NOT PART OF MOS TEST PROGRAM 

CLASS A FACILITY INTERNAL TESTS 

CLASS B FUNCTIONAL COMPATIBILITY TESTS 

CLASS C OPERATIONAL TESTS 

Fig. 33. Relationship of MOS tests 
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tions, working areas, equipment, methods of communi- 
cation, and internal interfaces. TWO classes of tests 
must be successfully completed before DSIF facilities can 
start Class -4-1 training exercises. One class, the DSN 
mission-independent tests, includes acquisition training 
with test spacecraft. The other, DSIF equipment tests, de- 
termines that the CDC, system tester, S-band receiving 
and transmitting equipment, SCTV-GDHS, and DSIF in- 
strumentation are functionally compatible. 

DSIF operational training tests, conducted within the 
DSIF Stations under the direction of the individual Sta- 
tion Manager, provide an organized training program 
for the DSIF crews in preparation for Class B and Class C 
tests. Interfaces outside the station are simulated with 
test data packages. These tests also permit. to the extent 
possible, the evaluation of existing Detaiied Operating 
Procedures and the stating of requirements for proce- 
dures not in existence. 

2. Class A-2 SFOF Internal Verification Tests 

These SFOF internal tests verify the capability of the 
integrated mission operations groups, computer pro- 
grams, and equipment within the SFOF to control a 
Surljeyor mission. The SPAC and SSAC tests are held in 
real time; the FPAC test is conducted in both real and 
nonreal time. The SFOF integration verification test ex- 
ercises all SFOF personnel, equipment, computer pro- 
grams, procedures, and operations techniques through- 
out an entire simulated mission. 

a. Computer program integration, checkout, and certi- 
fication. Computer program integration is the process of 
inserting a user program into the software emironment 
of the SFOF system and making those changes necessary 
for the program to be compatible with the system. Pro- 
gram certification tests verify the operational status of 
the user programs for the mission. For each program. a 
test specification defines a series of cases exercising all 
options and interfaces with other computer programs. 
Successful completion of the test leads to program certi- 
fication, the last step in the development of a Surceyor 
computer program. 

The on-site data processing program checkout assem- 
bIes and checks the various options of the Surce!yor 
on-site computer program (SOCP) in order to find and 
correct program errors. The OSDP integration process, 
performed first at Coldstone, then simultaneously at Jo- 
hannesburg and Tidbinbilla. consists of inserting SOCP 
into a checked-out hardware en\.ironment and verifying 
both the hardware/soft\vare interfaces and the program 

options. Upon completion of program integration, train- 
ing of DSN operators begins. 

B. Class B Functional Compatibility Tests 

Class B functional compatibility tests verify that the 
separate elements of the Sirrijeyor MOS can perform to- 
gether in accordance with the functional requirements 
specified, and that these requirements are compatible 
with the actual spacecraft data configuration. During 
these tests, the MOS is exercised under a variety of con- 
ditions determined by the combinations of commutator 
modes, bit rates, command sequences, communications 
capabilities, equipment configurations, etc., which could 
occur during standard and certain nonstandard space 
operations. Class B tests also verify that all Sirrr;e!yor 
DSS h~d\.v?re and software interfaces are compatible 
by demonstrating acceptable h4OS functional perform- 
ance. It is not necessary that the teyts be performed in 
real time, nor is rigid adherence to operational proce- 
dures required; however, the use of data from a space- 
craft or facsimile is involved. Figure 34 shows the 
Suroeyor at DSS 11 during a Class I3 test. Successful 
accomplishment of the Class R tests verifies that the 
MOS is functionally capable of supporting the Surljeyor 
mission. 

C. Class C Operational Tests 

Following the satisfactory completion of their Class €3 
tests, all facilities participating in the mission are re- 
quired to establish their operational readiness through 
the series of Class C tests. These tests are designed to ex- 
ercise the personnel, hardware, and software to the maxi- 
mum extent feasible, within the limitations of a simulated 
mission. The intent of this series of tests is to progrec- 
sively increase personnel proficiency and demonstrate 
their operational readinesq. The series begins with single- 
station tests and culminates with a total-system dress 
rehearsal. The test philosophy emphasizes the standard 
operating procedures. The personnel are exercised in the 
resolution of problems created by the insertion of simu- 
lated malfunctions or failures of the spacecraft and of 
the Ea~th-bised eqivipment. including communication 
line$. 

Each of the C l a s ~  C tests consists of serially arranged 
truncated mission segments, chosen to achieve the stated 
objectives. The mission segments selected are: 

Phase 1 Launch minus 60 mill to approximately 
launch plus 3 hr, beginning with the ini- 
tiation of spacecraft telemetry transmission 
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~ ~~ 

Fig. 34. Surveyor during test at DSS 11  
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from AFETR to the SFOF and ending with 
the completion of final Real Time Comput- 
ing Center activities at AFETR. This phase 
includes spacecraft acquisition and tracking 
by DSS 51 or DSS 72 (Ascension Island), as 
appropriate. 

Phase ZZ Launch plus 3 hr to launch plus 11 hr; com- 
pletion of Phase I to the end of DSS 51 or 
DSS 62 (Madrid, Spain) first view period. 

Phase ZZZ Launch plus 11 hr to launch plus 19 hr, be- 
ginning with spacecraft acquisition by DSS l l  
and ending with the successful completion of 
midcourse maneuver and Sun and star reac- 
qui~ition Sufficient time is included to re- 
cycle one time in the event of a midcourse 
maneuver abort prior to thrust execution. 
(This phase may include DSS 42 participa- 
tion.) 

Phosel\’ Retro maneuver minus 7 hr to touchdown 
plus 33 min, beginning with spacecraft ac- 
quisition by DSS 11 (or DSS 42) or initiation 
of the fifth orbit determination, whichever 
comes first, and ending with completion of 
the first post-landing spacecraft engineering 
assessment. 

Phase 1’ Touchdown plus 33 min to touchdown plus 
3 hr  for Mission A (this period will be longer 
for subsequent missions), beginning with 
the completion of Phase IV and ending with 
the conclusion of planned lunar post- 
landing activities. 

The standard flight operations sequence used for the 
Class C tests is the SSE, Section V of the Space Flight 
Operations Plan, EPD-1S0, retised for each successi1.e 
mission. A &pica1 schedule for the Class C tests is pre- 
sented in Fig. 35. 

?“ne Ciass C tests represeet the rillmination of the 
xzzy ma:: hours invwted in preparation for an actual 
space flight. A s  such, and because this series of tests gives 
a pre\Tiew of each actual mission. a more extensive de- 
scription than that devoted to Class A and €3 tests is 
warranted. 

1. SFOF/DSS 11 Integration Test (C-1.1) 

The primar). objective of this test is to exercise SFOF 
and U>S IL personnrl in :hc execution of a midcourse - - - -  _ _  

WEEKS PRIOR TO LAUNCH 

8 7 6 5  

3-  I .  I SFOF/DSS II INTEGRATION 
(18.5 hr OVER TWO DATES) 

c- 1 .2, SFOF/OSS 51 ETR INTEGRATION 

c- I .3, SFOF/OSS 42 INTEGRATION 

(17.5 hr EACH)  

(15.5 h r )  

C-3.0 SFOF/DSIF/ETR INTEGRATION 
(32 hr  OVER TWO DATES,TWICE 

C - 5 . 0  SFOF/DSIF/ETR OPERATIONAL 
READINESS (32 hr OVER TWO 
DATES) 

Fig. 35. Typical Class C test schedule 

m~zecver, a terminal descent, and post-landing lunar 
operations including a full TV sequence. The test en- 
compasses Phases 111, IV, and V. Figure 36 presents the 
test profile and participation required of each major 
organizational element. 

The Phase I11 portion of the test will terminate with 
the successful completion of the midcourse maneuver and 
Sun and star reacquisition. 

Phases IV and V are performed on the second day fol- 
lowing Phase I11 in order to allow the computation of 
the ncw trajectory defined by the Phase I11 midcourse 
maneuver and the preparation of new data to be used 
in Phase IV. 

Spacecraft or Earth-based equipment malfunctions or 
failures may be injected into this test a t  the discretion of 
the Test Coordinator. 

2. SFOF/DSS 51/AFETR Integration Test (C-1.2) 

The objective of this test is to exercise the SFOF, 
AFETR, and DSS 51 personnel in prelaunch, launch, and 
early flight activities, emphasizing AFETR interactions 
with FPAC and SPAC and SFOF/DSS 51 tracking and 
mmrnand activities. This test is performed twice: once. 
to exercise a normal flight profile from launch minus 
1 hr to the successful completion of star acquisition azc! 
verification, and the second time to exercise the SFOF 
and DSS 51 in the execution of an early midcourse. This 
test encompasses Phases I and II. 

Phase I is performed twice on the first test date, but 
only once on the second. The generalized test profile and 
participation requirements are shown in Fig. 37. 
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Fig. 37. Typicai C- i  .2 test pcir%cipsr!icn 
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3. SFOF/DSS 42 Integration Test (C-1.3) 

The primary objective of this test is to train DSS 42 
personnel and exercise the SFOF/DSS 42 interface in 
the execution of critical mission phases for which they 
are normally expected to provide a backup capability to 
DSS 11. 

The test profile duplicates that of test C-1.1 with 
DSS 42 substituted for DSS 11, except that no post-landing 

TV sequence (Phase V) is performed. The test profile and 
participation requirements are shown in Fig. 38. 

4. SFOF/DSIF/AFETR Integration Test (C-3.0) 

The objective of this test is to exercise the total MOS 
in a simulated mission, emphasizing the sequential and 
simultaneous interactions between the SFOF and all 
DSIF Stations and AFETR. This is the final phase of 
training the SFO personnel for the mission. This tcst is 
a combination of tests C-1.1 and C-1.2, except that Phase I 
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will be performed only once and DSS 42 will participate 5. SFOF/DSIF/AFETR Operational Readiness Test 
during its appropriate view period. ((2-5.0) 

The objective of this test is to provide a final pre- 
flight Lrerification and demonstration of the adequacy 
of personnel proficiency and ground equipment capa- 
bility to meet the requirements of the mission. This test 

This test may include spacecraft or ground equipment 
malfunctions, a t  the discretion of the Test Coordinator. 
The test profile and participation requirements are 
shown in Fig. 39. 

TEST TIME/ 
MISSION TIME, hr 

MISSION CONTROL 

FPAC 

SPAC 

SSAC 

DATA PROCESSING 

COMMUNICATIONS 

SUPPORT 

DSlF OPERATIONS 

AFETR 

DSS 51 

DSS It 

DSS 42 

START I TEST 

is similar to the C-3.0 test (Fig. 39). 

I T E E F U P T  I I RESUME END 
TEST 

CQUlSlTlON e 
Fig. 39. Typical C-3.0 and C-5.0 test participation 
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(DOWN-LINK) 
SPAC 

V. SPACE OPERATIONS 

- 

This section describes the MOS in its dynamic mode 
during a typical Szrrocyor mission. The mission descrip- 
tion presented chronologically follows the events planned 
to take place during a normal mission and which are 
recorded in tlie Space Flight Operations Plan as the 
SSE. Since the MOS must maintain a continuous knowl- 
edge of the location of the spacecraft, monitor the per- 
formance of its subsystems, and command the spacecraft 
to perform according to the SFOP, a two-way communi- 
cation betweclii the MOS and the spacecraft is continu- 
ously maintained tlirougliorit tlie mission. Knowledge of 
tlic flow and natiirc of thcw communications is a prc- 
requisite to a clear undcrstanding of what takes place 
during the mission. 

(DOWN-LINK) ' * 

The lxisic communications are dividable into two cate- 
gories: (1) signals passing bctween the MOS and the 
spacccraft and (2) communications required betwcwi, 
among, and within the Earth-Bascd facilities used by the 
140s. Figure 40 is a simplificd diagram of the up- and 
down-links of signals passing to and from the spacecraft 
after it has scparatetl from tlic Ccntrrrrr sccond stage. 

SSAC 

The Earth-lxiscd coiiimunications, comprised of tcle- 
type, high-spcd data lincs, and voice lincs, comwct tlic 

SPACECRAFT 

1 _ _ _ - -  
MISSION OPERATIONS ' SYSTEM 

I 
I -  

I 
PAYLOAD SUBSYSTEM DATA I 71 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

IS1 I 

Fig. 40. Basic communication flows 

SFOF to AFETR and to the DSIF Stations. The teletype 
lines are standard commercial two-way lines used for 
transmission of tracking data, administrative traffic, and 
for carrying MOS instructions between the SFOF and the 
other facilities. High-speed data lines are used for 
the transmission of telemetry data to the SFOF. 

Thcw arc ovcr tcn independcnt voice networks com- 
bined to form tlie Operational Voicc, Communications 
System (OVCS) scniing the Stirvqor Project personnel 
within tlic SFOF. These nc>tworks can l)e connected to 
similar voice networks in the other mission-involved 
facilities by inclans of tlic voice lines between the com- 
munication centers of the SFOF and those of the respec- 
tive facilities. Acccss to the OVCS is provided to key 
hIOS persoiincl within the SFOF through the communi- 
cations and control consoles locatecl in the operational 
and tcchnical arms. One such console is shown in Fig. 
41. Othvr operational pcrsoiinel are provided voice net- 
work instruments which allow thcm to use the OVCS. 
Tlic majority of tlic: voicc networks is used for adminis- 
tratiw opcmtional traffic, c.g., relaying instructions, ap- 
provals, and rcyxting conditions. One voicc network, 
known as tlw command nct, is rcwwecl for the handling 
of commands. This is a two-way circuit among the iii- 
dividuals rcspoiisible for commanding the spacecraft 
and a one-way (listen only) circuit for those who need 
only to follow tlic command oper a t '  ions. 

Fig. 41. OVCS console 
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The additional communication line existing between 
the SFOF and the Goldstone DSS, the micro-wave link, 
is used to relay spacecraft engineering telemetry and 
television data a t  high transmission rates. 

Communications involved most directly with the MOS 
activities are more easily seen by tracing the tracking 
and telemetry data through the SFOF, specifically 
through the technical support areas. Obviously the 
FPAC, SP.4C. and SSAC activities are integrated during 
a mission; however, for purposes of clarity, the descrip- 
tions of their handlinq of the incoming data are treated 
separately in the following paragraphs. 

A. Communications iiowiiig To crrd From the 
FPAC 

One of the first datum of importance to he received 
by the FPAC is the actual liftoff time announced over 
the voice ne t  from AFETR and later confirmed by tele- 
type. This datum and subsequent AFETR-acquired raw 
tracking data (received over the TTY lines) are used 
by the TPG as the computer input in punched card form. 
The output of the computer is printed in page form by 
the bulk-printer in the FPAA. Copies of this printout go 
to the orbit determination group (ODG) to be used in 
their program. 

The raw tracking data, gi\ ing the position and \.elocity 
of the spacecraft, is actually a prodiict of the data pro- 
cessing done at the DSIF Stations after two-way lock is 
achieved. Two-way lock occurs after the following con- 
ditions are obtained. First, the DSS transmitter signal, 
reaching the spacecraft, causes the spacecraft transmitter 
to operate at a frequency that is shifted by a fired ratio 
from the received frequency. The DSS receiver then 
phase-locks on the spacecraft transmitted signal. This set 
of conditions constitutes two-m-ay lock. The amount of 
frequency shift at the DSS, which is in addition to 
the fixed translation in the spacecraft. is a measure of the 
relati1.e veIocit]l. between the DSS and the spacecraft and 
is displa)-ed on the DSS equipitlent in terms nf cycles of 
frequency shift in ii doi:i:!er cniintinrr period. This 
number. together with antenna pointing angles and 
Creenuich \lean Time. is transmitted o\.er the telet)-pe 
data line to the FPAA i n  the SFOF. Here the data is 
printed out 011 one of the telet>-pe printers and is used as 
input for the orbit determination program ODPS. 

The tracking data thus obtained is uyed to form the 
pidic:ior,s se!it tn the DSIF Stations instructing them 
where to point their antennas to pick t i p  the spacecralt's 

signal at the beginnins of their next view period. The 
orbit of the spacecraft is determined by the FPAC 
Group's analysis of the tracking data. 

In preparation for the midcourse maneuver. the FPAC 
Group computes the trajectory of the spacecraft a num- 
ber of times, refining the computation as more tracking 
data becomes available. From this computation, a mid- 
course maneuver is determined that will redirect the 
spacecraft to the desired lunar landing site. The FPAC 
Group, in agreement with the SFOD and the SPAC and 
SSAC Directors, deterniines the commands necessary to 
achie\-e the desired maneuver and gives this information 
to the SPA4C Group. 

3) ii si:ni!zr proccss. the flight path adjustment re- 
quired during the terminal descent phase oi the rrlissioi< 
is derived. After the spacecraft has landed, the FPAC 
Group again analyzes the tracking data to determine as 
closely as possible the exact point of touchdown. 

B. Communications Flowing To and From the 
SPAC 

To enable the SPAC to can?; out their functions. a 
continuous flow of telemetry data is receilred which con- 
tains information on the performance and condition of 
the spacecraft. Instruments in the spacecraft measure the 
significant conditions of the t a i o u s  subsystems. These 
measurements then are comlked by the tclecommunica- 
tims subqystem into a complex time- and frequency- 
multiplexed siqnal which is telemetered to the SFOF via 
the DSIF. The incoming data is processed and distributed 
as depicted in the wmmary manner illustrated in Fig. 32. 

The PA sub-group of the SP-4C maintains a constant 
watch over all spacecraft SulxyCitenis. If incoming data 
shows an out-of-tolerance condition, or if deviations 
from the SSE are indicated, the P-1 suh-Lgroup forms a rec- 
ommendation for the corrective action required: this 
recommendation is passed to the CP sub-group hich 
gcnerates the command meswge that will effect the neces- 
sar!. change. 

The numlier of tclenietr) data channels operating sim- 
ultaneously during the mission is controlled by com- 
mands generated b y  the SP.lC Croup. The channels 
required depend on the phase of the mission. i\t least 
one channel, hoivc>\w, is a h a y s  a commutntcd channel 
that samples a nuniher of sensors in  sequence. There are 
se\;en commutated chann~~ls, as sholvn in Table 9. Trans- 
:?iittrd in digital form. the commutated data, after being 
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Fig. 42. Information flow from spacecraft to users during space operations 

processed in the DPS, is printed out on the appropriate 
page printers or teletype printers. Analog data, such as 
accelerometer and strain gage information, is plotted 
on one of the analog recorders in the SPAA. Signals that 
indicutc whether the landing gear is locked or the on-off 
condition of various equipment are binary and actuate 
appropriate status light displays in the SPAA. Scenes of 
the SPAA are shown in Fig. 43. 

From time to time, commands arc sent to change tlic 
rate at  which the spacecraft transmits digital data. The 
commutators can be operated, on command froin the 
SFOF, at any of the following bit ratcs: 17K6, 
1375, 550, 1100, and 4400 bits/stc. A s  the spacecraft 
gets closer to the Moon, the Earth-received signal 1 p  
comes weaker and the bit rate must lie reduced to main- 
tain a usable signal-to-noise ratio when transmitting 
at  low power. This relationship is shown, for the trans- 

mitter low power and omnidirectional antcmxi com- 
bination, in Fig. 44. This is, of course, the limiting case. 
\Vhen TV pictures are being transmitted or other lunar 
surface operations are taking place, or during high activ- 
ity periods of the transit phase, the transmitter high- 
power mode, with or without the high-gain antenna, 
may be used. 

C. Communications Flowing To and From the 
SSAC 

Telemetry data rclative to the TV subsystem is sent to 
the SSAC Group, which is primarily concerned with thcx 
survey TV. In preparation for the midcourse and termi- 
nal descent maneuvers, the SSAC Group also provides 
the FPAC and SPAC Groups with landing site priorities 
based on payload and mission objective considerations. 
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Data 

Commutator 

Mode 1 

Commutator 

Mode 2 

Commutator 

Mode 3 

Commutator 

Mode 4 

Cruise phase 

commutator 

(Mode 5) 

lhrust phase 

Commutator 

(Mode 6 )  

TV commutator 

(Mode 7) 

l ibrat ion 

jhock absorber 

data 

;yro speed 

Table 9. Content of telemetry signals from spacecraft 

Source 

Flight control, propulsion 

Flight control, propulsion, 

approach TV, AMR, RADVS 

Inertial guidance, approach 

TV, AMR, RADVS, 

vernier engines 

Temperatures, power status, 
--'-----.,":rs+;nn. ICIC_C"II..,." . 

Flight control, power status, 

tern pe ra t u re 

Flight control, power status. 

AMR, RADVS, vernier 

engine conditions 

Survey TV camera 

Accelerometers 

Strain gages 

Inertial guidance unit 

Significance 

Provides data required for midcourse maneuver 

Provides data required for retro descent 

Provides data required for vernier descent 

Provides data required for miscellaneous transit 

and lunar surface operations 

Provides data required during cruise mode to 

determine general spacecraft status 

Provides data required for backup of Modes 1, 2, 

and 3 during thrusting maneuvers 

Provides frame identification while survey TV 

is  operating 

Indicates vibrations due to booster engine, main 

retrorocket, and vernier engine firings and 

mechanical shock during landing 

Measures strain on landing gear due to ianding 

shock 

indicates change in  a?i!l.de of spacecraft 

One s u n q  W camera will be carried by each Surceyor. 
Under the direct control of the SSAC Group, T\.' pic- 
tures of the lunar terrain will be taken from the lloon's 
surface. Commands generated by the SSAC - TelPAC 
sub-group, a t  the direction of the SFOD, are s tn t  to 
controi the T-- camera. Utik- '---  llls :he extensive com- 
mand capability, the operators control the camera in pan 
and tilt, in focal length of lens as well as focus, in 
exposure, and in filter color. 

The members of the TSAC sub-group will e\.aluate the 
T\' pictures as they appear on the monitors in the SSAA 
and will prepare mosaics of the video frames. They will 
also make prelimiiiar). reai-time aIialysis of thc t ~ p o g x -  

Number o f  
points 

sampled 

100 

100 

50 

100 

120 

120 

16 

a 

3 

3 

Form 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Analog 

Digital 

Analog 

Comments 

Modes 1,2,3, and 4 used 

one at a time on com- 

mand per SSE 

Used on command per 

SSE 

Used on command per 

SSE 

Frame ID alternates with 

analog video signals 

Samples are sequential 

for pitch, roll, and yaw 

axes 

phy. geology. and other characteristics of the lunar sur- 
face. 

D. Standard Sequence of Events 

The activities of the I\ii)S duriiig space ~ p e r ~ t i o n s  fn!- 
low the SSE u~iie.s~ ibis is i;iee!::deri hy act~ial  conditions. 
This series of e\.ents comprises the nominal 66-hr transit 
flight to the Xloon and the subsequent surface opera- 
tions (illustrated in the foldout at the back of this Tech- 
nical Ylemorandum). 

The Atlas booster engine cuts off and is jettisoned 
shortly after launch. Sometime before the Atlas SLIS- 

tainer and vernier engines bum out, commands from 
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r-- I Fig. 43. SPAC activities in SPAA 
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NOTE: 
TRANSIT TIME SCALE SHOWS, IN HOURS, 
THE INTERVAL BETWEEN THE TIME THE 
SPACECRAFT REACHES l0,OOO krn (IO4) 
AND WHEN IT IS AT THE MOON 

TRANSIT TIME, hr 
0.5 8 2266 

I I 
LUNAR RANGE- 

I 
- 4400 

I 

(LOW-POWER 
OMNI-ANTENNA) 

------ 
--- 

IO' 102 io3 lo4 I o3 106 

RANGE, krn 

Fig. 44. Telemetry bit rate versus range (low power, 
omnidirectional antenna) 

the Centaur programmer will initiate the ejection of the 
spacecraft shroud. After the Atlas sustainer and vernier 
engmes have burned out, the Centaur (with the Swceyor 
spacecraft attached) separates from the Atlas. Then the 
Cctztaur engines ignite. A t  the conclusion of this bum 
the Centaur (with the spacecraft attached) is injected 
into the transit trajectory. On command from the Centaur 
programmer, the spacecraft landing gear and omnidirec- 
tional antenna extend, the spacecraft transmitter switche5 
from low to high power, and the Surceyor spacecraft 
separates from the Centaur. This occurs approximately 
12 min after liftoff at  an altitude of approximately 90 nm 
for direct ascent trajectories. The Centaur telemetry sys- 
tem reports these events to the AFETR ground receivers. 

After separation, the SFOD takes over command of 
the spacecraft (Fig. 45). The ensuing space flight opera- 
tions are controlled entirely by the 310s personnel in 
the SFOF and DSIF Stations. 

Immediately following the separation event. the solar 
panel automatically extends to its flight position and 
the cold gas attitude jets rotate the spacecraft about its 
roll ads until the Sun conies within the field of \.iew of 
the Sun sensor. The jets stop the rotation when the 
spacecraft is aligned with the Sun and stabilize the space- 
i.lafi in the pitch and yaw ayes. Tliib dctiiity is CGZ- 

pleted about the time that the spacecraft comes within 
view of the Johannesburg Station, DSS 51, which is ap- 
proximately 12 min after injection. 

At DSS 51, in anticipation of the rise of the spacecraft 
over the local horizon, the antenna is aligned in the pre- 
dicted direction and scans that area of the sky. To estab- 
lish the communication link, the DSS must locate the 
signal from the spacecraft and tune the DSS receiver 
to lock onto this signal. This condition is known as 
one-way lock. During this period the spacecraft will be 
transmitting telemetry data. The DSS begins the two-way 
lock procedure by tuning its transmitter until the space- 
craft recek-er locks to the DSS signal, causing the shift in 
the frequency as explained previously. The reception by the 
DSS of this change in frequency of the Spacecraft sig- 
nal verifies that two-way lock has been achieved. 

Once lock is established between the DSS and the 
spacecraft, commands (either fill-in or actual) may be 
sent each 0.5 sec. If more than 0.5 sec passes dur- 
ing which the spacecraft does not receive a command, 
automatic circuits change the combination of receiver 
and central command decoder that is handling commands 
from the DSS. Thus, a failure of either a receiver or a 
decoder, or even one of each, would not impair the mis- 
sion. 

Once DSS 51 has acquired the spacecraft, the SPAC 
Group initiates the major command seqiience that sets 
the spacecraft's transmitter to low power, turns off ac- 
celerometers and solar panel control circuits, obtains 
spacecraft system status information by interrogating 
Commutator llodes 1, 2, 3, and 4, and, finally, leaves 
the spacecraft transmitting the status information of the 
cruise phase commutator in the low-power transmitter 
state. Ii'henever a DSS is tracking the spacecraft, the 
DSS relavs the telemetry data it received to the PA 
sub-group of the SPAC Group, and transmits tracking 
data to the FPAC Group. The DSS also records on mag- 
netic tape all of the spacecraft's transmissions for later 
anaiysis at the SFOF. 

\\'bile the SPAC Group examines incoming telem- 
etry reports a d  analyzes the spacecraft performance with 
the aid of computer programs, the FPAC Group deter- 
mines the spacecraft's flight path. As tracking data ar- 
ri\-es, first from Johannesburg and then from the other 
stations as the mission progresses, the FPAC Group deter- 
mines, with progressively greater accuracy, the actual 
tmjpctc~,, nf t!?? -1 cnar('rmft .--_ - - -  
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- 

Fig. 45. Space flight events 

Approximately 6 hr  after launch, it is necessary that 
the spacecraft roll attitude be established. This is accom- 
plished by first rolling the spacecraft a t  least one revo- 
lution to make a star map which will indicate star 
magnitude versus roll angle. Then, as the spacecraft con- 
tinues to roll, the command is given for it to lock onto 
Canopus, a first magnitude star near the south celestial 
pole. The Canopus sensor, by directing discharges from 
attitude jets, establishes and maintains the desired roll 
attitude. 

The spacecraft then cruises with its attitude fixed 
and controlled with respect to the Sun and to Canopus, 
providing a known, precise three-axis orientation. The 
transmitter operates at  low power in the transponder 
mode to permit continuous two-way doppler tracking. 
The telecommunications subsystcm transmits engineering 
data through onc of the omnidirectional antennas at  a 
rate commanded from Earth; the rate selected is consistent 
with the signal-to-noise ratio a \~~ i l ab le  at the ground re- 
ceivers. 

With the Sun lock achieved, the solar panel converts 
solar energy into electrical power. The total electrical 

load for a typical mission is greater than the power 
available from solar energy conversion; therefore, the 
main battery will not be fully charged at  the time of 
landing. 

At intervals during this first cruise phase, the SPAC 
Group interrogates the spacecraft at  1100 I,its/sec in 
Modes 1, 2, and 4, using the high-power transmitter as 
required, then returns thc spacecraft’s transinission to ;I 

lower bi t  ra te  and  low power,  The FPAC Group, 
during this phase, makes a series of orbit dctermina- 
tions to  resolve the  actual pa th  of the  spacecraft .  
\Vhen this is resolved, the FPAC computes the mid- 
course maneuver adjustment required to place the space- 
craft on the desired lunar intercept trajectory (Fig. 46). 
The SPAC Group, with thc FPAC Group, grncratcts thc 
appropriate command message for the maneuver. 

The midcourse maneuver sequence begins approximately 
15 hr after launch with the DSS 11 transmission of the 
quantitative roll command to the spacecraft. This time- 
magnitude command is stored in the spacecraft’s flight 
control programmer and is telemetered back to the DSS 
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for verification. Upon verification, the spacecraft is sent 
the direct command to execute the roll maneuver that 
initiates the midcourse sequence. Normally, two maneu- 
vers (roll and pitch or roll and yaw) are required to 
orient the spacecraft before applying thrust with the ver- 
nier engine. The second maneuver (pitch or yaw) is per- 
formed in a manner similar to the first. These maneuvers 
must be accomplished one at a time, since the flight con- 
trol programmer can store only one magnitude command 
at a time. 

Once the spacccraft has been oriented, the necessary 
velocity correction is made by quantitative and direct 
commands which cause the spacecraft vcrnier engines to 
thrust at a constant acceleration of 0.1 Earth g for the 
commanded time. It should be noted that both the mag- 
nitude commands and critical direct commands, such as 
“thrust execute,” must 1x1 immediately preceded by an 
interlock command to enable> the spacecraft to act upon 
the command that fol I ows. 

\\’hen the vernier engines are shut off, the spacecraft 
is commanded to reacquire the Sun and Canopus, eithcxr 
by performing attituck mantuvcrs of the same magnitude 
as those that initiatcd thr midcoursc sequence but in thc 
opposite direction, or by acquiring the Sun and Canopus 
in the same manner as it did during the initial cruise 
phase. 

The spacecraft, on its maneuver adjusted trajectory, 
enters the second cruise phase which extends to approxi- 
mately GO hr after launch. The SPAC Group continues 
to monitor, cvaluatc, and control the operation of the 
various sulystcms aboard the spacecraft. The FPAC 
Group, by pcrforming a number of separatc determina- 
tions, asccrtains thcx spacecraft’s prcwiit flight path. 
Rased on the new trajcctory, the FPAC Group computes 
tlw tcrminnl mnncuvcr rcquircd, and the SPAC Group 
convcrts this information to a command message. Trans- 
mission of this mcssagc to thc spacecraft starts approxi- 
mately 27 min 1)c)forc. touchdown and rcw~lts in the 
spicecraft’s changing its cruisc. phase attitudc to its termi- 
nal phnsc. postturc.. This cliangc positions th(1 spacecraft 
so that its landing gcw is facing the hloon and the thnlst 
axis of th,. m;iin rcatro cmginc is aligncd with thc drscent 
path of thc sp;icclcraft. 

A rctro-scyiicwcc time dclay is then s e t  into the space- 
craft prograninic’r l y  Earth command about 14.5 niin 
lwforc. main wtro -ignition ( 16.5 min before ton&- 
clown). \\‘lien the spacc~craft/h.loon slant range is approxi- 
mately GO mi, the AMR puts a lunar altitude datuin 

into the programmer approximately 10 sec before main 
retro-ignition. Then the vernier engines ignite about 
1 sec prior to main retro-ignition to permit the vernier 
engine thrust to stabilize. 

Approximately 40 sec after ignition of the main retro 
engine, during which time the spacecraft is controlled to 
an inertial reference provided by integrating gyros, burn- 
out occurs and the vcrnicr thrust increases. At main retro 
engine burnout, the retro engine is automatically ejec- 
ted. The spacecraft, as would be seen from the Moon a t  
this particular time, is shown in Fig. 47. As the spacecraft 
approaches and passes the 1000-ft mark, commands sent 
by the DSS at Goldstone select Commutator Mode 3 and 
turn on the landing gear strain gage circuits, approxi- 
mately 13 sec before touchdown, and the scale factor of 
the RADVS automatically changes to provide a higher 
degree of sensitivity. \Vhen the spacecraft reaches an alti- 
tude of 13 ft above the surface of the Moon, the engines 
automatically cut off and the spacecraft falls free the 
remaining distance. Touchdown nominally occurs ap- 
proximately 2 min and 13 sec after the main retro engine 
is ignited; during this period, the velocity of the space- 
craft has 1,een reduced from approximately 9OOO ft/sec 
to approximately 5 ft/sec. 

Immediately after the spacecraft has landed, the SPAC 
Group sends a series of commands to prepare the space- 
craft for lunar surface operations. To consenre electrical 
power, the first commands transmitted from Goldstone 
turn off the RADVS, thc flight control electronics, the 
engineering cruise phase commutator, and the strain 
gages; the commands also lock the landing gear and 
vcnt the vcrnicr engine system. 

Having determined the thermal, powcr, and positional 
constraints on the spacecraft’s performance, and that it 
is operating normally, the SPAC Group can now com- 
mand the spacecraft to transmit at high power using the 
highest bit rate. 

From this point on, the primary user of the spacecraft 
and its subsystems will be the SSAC Group. The SSAC 
Group will u s e  the sunley TV camera to take one or more 
pictures of the area surrounding one of the landing gear 
pads using tlic 200-lincx mode and an omni-antenna. This 
first sequence of TV pictures should be eomplcted some 
25 min after touchdown. Then the SPAC Group conducts 
the first post-landing engineering assessment. The cruise 
phase commutator is commanded on, the bit rate changed 
to 1100 bits/sec, and the spacecraft is exercised through 
a series of commands. This completes the SSE for Mis- 
sion A, at a nominal 40 min after touchdown. 
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Fia. 47. Surveyor, as seen from the Maan during finnl rjeccpnt phcce 
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At this point a series of optional sequences will be 
considered, and selection will be made in real time 
based upon the condition of the spacecraft after landing. 
The number of optional sequences, and the extent of the 
MOS capability to execute them, will be increased for 
each succeeding mission starting with 16 optional se- 
quences for Mission A, all of which will have been care- 
fully designed and analyzed, and most of which will have 
been exercised to a t  least a limited extent. 

Using the TV Command Generation Computer Pro- 
gram, the SSAC Group can control the TV cam- 
era on the Moon from their area of the SFOF. The 
program will interpret mnemonic abbreviations of English 
language commands, converting them to a form suitable 
to operate the camera. In this way the SSAC Group can 
control the azimuth and elevation at which pictures are 
taken, the focus, exposure, and filter used, and other 
variables. When the spacecraft is in view of the Goldstone 
DSS, each picture, accompanied by its frame identifying 
information, may be shown on the CCTV monitors in 
the SFOF in virtually real time. Polaroid prints are avail- 
able in less than 0.5 min, as well as quick-look pictures 
for mosaic presentations; multiple prints of any Tv 
frame are available in about 30 min. 

Under the power and temperature constraints man- 
aged by the SPAC Group, the MOS team will operate 
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the survey TV camera as long as the spacecraft systems 
and lighting conditions permit. 

E. Post-Mission Operations 

When the spacecraft has completed its mission on the 
Moon, the functions of the MOS, it would seem, would 
also be concluded. This is the case insofar as the immedi- 
ate mission; however, the second major phase of MOS 
work is just ready to begin. During the approximately 
3 days of space flight and the several days of lunar sur- 
face operations, all telemetry reaching the DSIF Sta- 
tions, all commands sent, all nonstandard operations that 
were necessary (in short, every detail of the mission) 
were recorded on magnetic tape or film. These records 
are shipped to the SFOF to serve as the basis for the 
thorough post-mission analysis of the flight. During 
the weeks following the mission, these data records are 
carefully reviewed by the MOS teams. By analyzing the 
significant events of the mission, the decisions made 
and their effects, the mission experience gained can be 
applied to the next Surveyor space flight and lunar sur- 
face operations. This empirical knowledge is used to op- 
timize succc,eding Surveyor missions toward achieving the 
broad goals of the Surveyor Project-advancing the fron- 
tiers of man’s knowledge of his nearest celestial neigh- 
bor, while preparing the way for manned landings on 
the Moon. 
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ABBREVIATIONS 

The following abbreviations are used throughout this 
Technical Memorandum and are included for reference. 

AFETR 

AGC 

AGCM 

ASIR 

ASFOD 

CCTV 

CDC 

CP 

CPPN 

cs 

CI'T, CYTS 

DAPFS 

DDP-24 

DOP 

DPC-4 

DPES 

DPPE 

DPS 

DES 

DSIF 

DSN 

DSS 

DSS 11 

DSS 42 

DSS 51 

Air Force Eastern Test Range 

Automatic Gain Control 

AGC Calibration (Computer Program 
3lnemonic) 

Altitude Marking Radar 

.4ssistant Space Flight Operations 
Director 

Closed-Circuit Television 

Command and Data Handling Console 

Command Preparation ( Sub-Group of 
SPAC Group) 

Telecommunications (Computer 
Program Mnemonic) 

Computing Support ( Sub-Group of 
FPAC Group) 

Command Verifyflransmit (Computer 
Program Mnemonic) 

Booster 5lodel (Computer Program 
Slnemonic; Same as DPES) 

Model Designation of a Computer 
Control Co. digital computer 

Detailed Operating Procedures 

Data Processing Control Area 

Booster Model (Computer Program 
Slnemonic; Same as D-4PFS) 

Data Processing Project Engineer 

Data Proce.ssing System 

 did Zecw ery Subsystem 

Deep Space Instrumentation Facilie 

Deep Space Setwork 

Deep Space Station 

Goldstone Pioneer DSIF Station 

Tidbinbilla DSIF Station 

Johannesburg DSIF Station 

- 

DSS 62 

DSS 72 

ECPO 

EDRS 

EPD 

EPllS 

FXI 

FPAA 

FPAC 

GCS 

GSFC 

HPPS 

HSDL 

I/O 

IB l l  

XIAC 

54,4G 

51CD 

I lCR 

IICSS 

?.!OS 

SiSB 

SITGS 

SASA 

SASCOII 

SSP  

Xladrid DSIF Station 

Ascension Island Station 

Engineering Computer Program 
Operations ( Sub-group of SPAC Group) 

Engineering Data Reduction (Computer 
Program Mnemonic) 

Engineering Planning Document 

Engineering Programs Submonitor 
(Computer Program Mnemonic) 

Frequency-Modulated 

Flight Path Analysis Area 

Flight Path Analysis and Command 
Group 

Ground Communication System 

Goddard Space Flight Center 

Sitrceyor Trajectory Processor 
(Computer Program hlnemonic) 

High-speed Data Line 

Input/Output 

International Business Ilachines 

l\laneuver Analysis and Command 
(Computer Program Mnemonic) 

Iianeuver analysis group (Sub-group of 
FPAC Group) 

llission Control Directive 

\fission Control Room 

Sledia Conversion Subsystem of the 
SCK-GDHS 

?.!ission Operatinns system? 

iiission Status Board 

llidcourse Xlaneu\-er Analysis (Computer 
Program llnemonic) 

Sational Aeronautics and Space 
.4dministration 

SASA Ii70rld-\I'ide Communication 
Setwork 

Sonstandard Procedure 
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OD 

ODG 

ODG, ODGX 

ODP, ODPX 

OPM 

OSDP 

OSFR 

ovcs 

PCM 

PA 

PD 

PDP-1 

PDP-4 

PE 

PLAS 

PM 

P\VR 

RADVS 

SCAT 

SCP 

SCTV-GDI-IS 

S FO 

SFOD 

SFOF 

AB BR EVI AT1 0 N S (Con t'd) 

Orbit Determination 

Orbit Determination Group ( Sub-group 
of FPAC Group) 

Orbit Data Generator (Computer 
Program Mnemonic) 

Utility Orbit Determin a t' ion 
(Computer Program Mnemonic) 

Operating Procedures Manual 

On-Site Data Processor 

On-Site Film Recording 

Operational Voice Communic a t' ion 
System 

Pulse-Code-Modulated 

Performance Analysis ( Sub-group of 
SPAC Group) 

Project Document 

Model Designation of Digital Equipment 
Corporation Digital Computer 

Model Designation of Digital Equipment 
Corporation Digital Computer 

Project Eigineer 

Post-Landing Attitude Determination 
(Computer Program Mnemonic) 

Phase-Modulated 

Power Management (Computer 
Program Mnemonic) 

Radar A41timeter and Doppler Velocity 
Sensor 

Spacecraft Analysis Team (Sub-group 
of SPAC Group) 

Sziruciyor Command Preparation 
(Computer Program Mnemonic) 

Spacecraft Television Ground Data 
Handling System 

Space Flight Operations 

Space Flight Operations Director 

Space Flight Operations Facility 

SFOP 

SFOS 

SOC 

SOCP 

SOP 

SPAA 

SPAC 

SSAA 

SSAC 

SSE 

T&DA 

TDA 

TDAS 

TDP, TDPX 

TelPAC 

TI3 M 

TIM 

TIRS 

TPG 

TPS 

TR JX 

TR\V 

TSAC 

Space Flight Operations Plan 

Space Flight Operations System 

Surveyor Operations Chief 

Szirccyor On-Site Computcr Program 
(Computer Program Mnemonic) 

Standard Operating Procedure 

Spacecraft Performance Analysis Area 

Spacecraft Performance Analysis and 
Command Group 

Space Science Analysis Area 

Space Science Analysis and Command 
Group 

Standard Sequence of Events 

Tracking and Data Acquisition 

Tracking Data Analysis (Sub-group of 
SPAC Group) 

Tracking and Data Acquisition System 

Tracking Data Processor (Computer 
Program Mnemonic) 

Television Performance Analysis and 
Command (Sub-group of SSAC Group) 

Thermal Management (Computer 
Program Mnemonic) 

Tracking Instruction Manual 

TV I D  Response Xlonitor (Computer 
Program Mnemonic) 

Trajectory Prediction Group ( Sub-group 
of FPAC Group) 

Telemetry Proccxssing Station (Also a 
Computer Program Mnemonic) 

Trajectory (Computer Program 
Mnemonic) 

Tapc Read/\Vrite (Computer Program 
Mnemonic) 

Television Science Analysis and 
Command (Sub-group of SSAC Group) 
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Teletype 

Television 

n7 Command Generation (Computer 

AB BREVI AT1 ON S (Con t’d) 

VHF 

7044 

7094 

TTY 

Tv 

n7cs 

Very High Frequency 

Model Designation of an International 
Business Machines Digital Computer 

Model Designation of an International 
Business Machines Digital Computer 
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INJECTION INTO 

POWERED PHASE 

FIRE ATLAS 
RETROROCKETS 

UNLESS OTHERWISE NOTED 
\ \ \ \ \ \ \ \  



POST-SEPARATION EVENTS 
DEPLOYMENT OF SOLAR PANEL 

INITIATED BY SEPARATION 
SENSING SWITCHES 

AUTOMATICALLY AFTER 
SEPASATION 

SUN SEARCH INITIATED 

ATTITUDE JETS (SEARCH IN SWI 
YAW, THEN PITCH UNTIL BP 
SPACECRAFT LONGITUDINAL 
AXIS POINTED TOWARD SUN) 

ACQUISITION BY JOHANNESBURG DSlF 
GROUND STATION (WHEN IN VIEW1 
WITH ENSUING TRAJECTORY AND 
SPACECRAFT PERFORMANCE 
EVALUATIONS 

3LOWDOWN INiTlATED 

ER 



VELOCITY 
C099ECTIO 

SURVEYOR COAST 
(SUN OSIENTED, 
RATE STABILIZED 
IN ROLL! 

MIDCOURSE MANEU 

ATTITUDE ORIENTATION 
PHASE ( -12 rnm) - 

H SURVEYOR TRANSMITTER 
: TO LOW POWER 

I 

CANOPUS SEARCH SEQUENCE 
INITiATED BY CSIc COMM4ND 

SPACECRAFT ROLLED ABOUT 
LONGITUDINAL AXIS a Y  ATTITJDE 
JETS UNTIL CANOPUS 4CQU 9ED 
BY SENSOR (DISTINCTION MADE 
BY MAGNITUDE OF STAR 
BRIGHTNESS 1 

LOCK-ON MAINTAINED BY CANOPUS 
SENSOR ERROR SIGYALS 

VERIFICATION OF CANOPUS 
ACQUISITION PERFOQMEG ay 
COMMANDING OYE 09 MOQE 360-deg 
ROTATIONS IN ROLL DURING WHICH 
TELEMETERED CAYOPJS SEVSOR 
OUTPUTS ASE USED TO GENERATE 
STAR MAP COR COMPARISDY TO 
STAVCIARD STAR MAPS FO3 THAT D4TE 

I GOLDSTONE 3SIF 
COMMANDS 
MAGNITUDE OF 
ROLL CHANGE / 
REQUIRED 

EXECUTE ROLL 
M4NEUVER USING 
ROLL GYRO 
TORQUING AND 
4TTITUDE JETS 

COMMAND REQUIRED 
MAGNITUDE OF 
D l T U  (05 Y4W) 
ATTITUDE CHANGE 

(OR YAW) MANEUVER 
IN MANYER SIMILAR 
TO 360-deg ROLL 

EXECUTE PITCH 

COMl 
THi 

EX€( 
cog 
us1 
EN! 
THI 
INE 
HOL 



hV 

TONE DSlF COMMANDED 
ENCES (-40 min) 

DING) ( i  1 REVERSING 
MARKING RACAR MIDCOURSE 

ORIENTATION (7&-40+10 sec) 
(COMMAND) 
SEQUENCE, THRUST BIAS LEVEL 

O R ,  (FOR RETROFIRE SIGNAL 

INITIAL COMMAND RETRO-!SNITION 
SUN/STAR DELAY TIME (?&-6 mtn) 
(SEARCH) 
4COUISITION 
SEQUENCE 

AMR TRIGGEF 

GENERATED 

VERNIER ENC 

PHASE) 
(.?)REPEATING 

iGNlTiON 
TURN OK ALTITUDE (r,Gb,-i S e C )  

MARKING RADAR POWER 
(7 jGN-5 min) 




