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This report is based on the premnise than thess twn lises of development sowards
imternational cooperation and exclonge teprecnt teo comvergent aspects nf the
samg probdem, and misg e opreatend ws complonentany,

The author is pleased to aekaowledge the helplol seggestions of mang of his
colleagues in the preparation of this repor, This effort was fonded By the National
Acrnnantics and Space Admisisndion, soder Grant No, NCR 440022210,

L Philosophy of the Propascd Standards

We desire to establish sorme minsmam exireria [ae 1he pramanent peccrling,
rataleguing, and ransmision of the lser moging data, This enguires 2 somewhat
ifferent, nwore comprehensive approach o datz recording aped proservation ton
hias Erequenily been the case in the past, The sigual generation and deteciion
devices, corpbined with the level of precision atininable in the sherrvations, dictate
that mere parmmeters be prewrved. Feis ala imporiant o aveid emeil ambignitics,
o example, the abservations are time delass Docs e e delay chwk rene at
the same rate a4 the clock thae measires the epoch of ohservation? Both rges are
necesiany for application of the dota, By presciting standanks for datn decoisen
taion, we do oot propose 1o apeeily wxactly what information i 0 be pecoeded,
s i wlist way de do the recording, but sather 4o slate minhaion goidelins Toe
what date seem to be required 1o insnse that the Taser measires can be made o
satisfy their cnormous potential.

I addition te the general documentation criteria, we propese some very specific
standasds for (he trapsmision of dala between institationg ne their deposition in
prbdic data cemters, The need for machine-readable jormars seems self-evhilend
Efficient we of machine-readable data from varions snurees regquites the estahlish-
ment o nniform standands insofar e this @ possible, Sfnce a similar exercice foe
bren undestaken for optical and eadar obsesvations, it seems unreasonable o plarsasn
the present goal al fmitio, We proposs, therefore, o maximize the conrpafhilin
of pur data transmision formnis with those of O'Handley * 1t §s 10 be Boped that
these Tormats will provide the batis for o mors comprehensive endilieation by the
Tnformuation Burean on Astronnmical Bphemerides,

We Dave alevady implicd that there should exiot multiple clasifications of data
standarnds, since complete archival docsmentalion is nor custamanily necessary 19
or glemipedd by the wser of astrometsie dara, Tt seces do be convenient to disciminue
thire categorics, 1o be described in deasil in subsequent sections of this mepart, The
eategores can he considered as approsimating the Tunctions of joaumal prhlicaticn,
pubdic deposition, and archive dota, respeetively. Thesr mepresent three Ievels of
detadl, correrponding to different purpmses o whirh the data may e applicd.

In their present form, these propasils are intended as firsonder approsimartions,
evolved from expecicnee within the laser propram amd from the disussions held
within Working Group 1 daring the Mth Plenary Mecting, As further experience
i gainend, sorme modifieations will sureby follaw,

* g it

£t

3 Redweed Data Set
The Mredviecd data st will enmsicg of sofficions infomation e sty the
reipiremnen s ol won-retical application. sech data as sne mih poibli=h in
seiendifie joramal. The S reeompmeaded for fuchiies are
Epnchy of chaprviation, wad I awseiog:
Chhserved tine alelay, mochificd by correvtions f gorenctie Akl cleetrenie
calilaration eletays and Tar ehe atiwvpherie refre ton ey
Syatens rime delay peralution;
Telescope and reflecior identificating ;
Tiane buse wlentification Tor el epoeh aml tie el
These data, which are cortainly adeguate for many prr s, are eaily aponm-
mandated an o standand Bcolema ponched cand. 4 pregured card frmai s
specified in Appendic O

b Astrometeie Tata Set
Tlais category is of nioat eriteal inferest Tro (e shtsedpsint ol setione application
of the data, and B orepresms e daza which we prreprer ol ronstitote the
stamilard greoping for degesition fn o prolie ehibs eenter or pelilieaiion comparmble
b oheervtary anpuls. Here we most histinguish Between data peovided for cach
olecevition and mlice data reovnlad 2t most once Tor earh tns, hot which age
mecided for higleconfidence nse of glee aras
Euch olucscation \
Epoch of ebservation, and its meaniog;
Observee e delay, unedlected by any carreciions:
Obcervatinnal wncenainty, with & deseription of it boies
Chnwvimeteis data ()
Tebewenpe and sellecror ddeniification:
Tk base identification for botl epach amid e delay,
Earh muin
Cieck calibration daia;
Flesironic amd gesmetric calibrotion dlass 80 e sshtracted from the obsers
vation
Avmesplerie data {tenprtone, prossire, bumiching, seefig, wind speedys
Lazrs parsmatess (enerry, pobe fenpth, feequency i
Dletector parameters (ot nates, inherent reselutioe, tange Eate eteactire )
Kurmbor of shots per ru,
Chiee
Station deseription;
Neomimal telescope eoordinaes;
Preeiie separations between transnitter and secelver, i appropriate:
Refation of primary mireor position 1o Bxed pefercnes b,

* Al measierement of rebative i dits noeonsideeed deisrable far thoae Bcations foe
which a vimple aralylic asdel i pot adegiai 6 arcoint for selif eargi e,
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A separition can e based o coneadenitings o appdication. Cmstonmarily, e
Al the data i nanmseeomnd ACCHEARY croptires only vertaie of e it A ranventismal
earil fovmat is proposd for these date o Appendis € The arlier frepms parmie
rither Tiner-seale sednetion of 1he o rvations or teocylstion of eenfichomer fevels
Atk nncertainty estingites, A soeond macline-teaulable o i paespoacil foe flaeae
data The prineipal viesee claimed for the Torniats is thit we [Weuse innreclinely
ber begine wsing thes in transmissions of lunar ranging data from the MeDanald
CHuservatony,

3. Bystem Data Se

Euch of the data-tabing orzanieaationm will wis b mantin s e e lsige {iles,
Tupsirally observaniey logs whicl will eratain all ol o fnformarion ermtaineed i
the “astromersic dae ser for that rbervatory, B gl sach ackelitimal b s
mwight e wsedul i ewal ating syt pedormanee, Fhis nEigh fnlanle sk fhate
meters a3 leer heam divergence, satiad aned speerral fiher wiillh, Fifter/laser
wavelrnnth matehing, etc, "Fhis seemms 1o be 4 parely local matter of il impact on
the astrometrie use af the e delays, and thus this eategory does ot lie within
the scope of the present teport. Cne will sete thet e MeDonald formans
(Appeadin G will inchnde some of these Jgems,

6. Distribution Mechanisms

Central to the cntine purpose of iy repaart B ihe precept that Suli tiliztgon
of thess sdrometric dala of unprecedvnted precision can saly ocenr it daga e
el cenventently avalable outside (he ariginiing eI o, inderd ouside
the country nf origin, Te may be adwmitted thar eaeh OlArIVIBE o may wish
b restrict aceess to their own data for some speeilied time. T4 s Farther understood
that, particularly in the carly stages of am observationa prearran, the sharreation )
ideniifieation problem | snise filtering} may not permin adberenee o intended
elistribution seledyfes. Nonetheless, Bt seems senambiguners and unsspuall gt
ome wechanism for general and open distritation of the dan need be encdogsed
in principle and, insofar a9 possible, adlicred toin prisice

COSPAR has provisded fur opra repusitarics of space scienee data in e netwnrk
of World Data Centers, whese chister inchides the Handling of UpErciie gaiting)
elservations... of great soicntific valie” There can he po uestion s 1he fuaer
ohatryntinng satisly this descriptinm, We propose than Weaking Grop 1 wwe the
WIS to arcept the reapowribility of serving ms o local point for the disemination
of these data, We further prreprse that all luse Liser mnging faciities in conmt i
whime Navional Sciemtilie Institutions adhere 10 COSPAR he wrgrd 1 e 1o
suinnit theie ebeervations, i e form of aslromctei ot wte, vither fo e WHLT
direcily or s naional data ceaters that cxerein free mechange with the WEHDS (e
the US National Space Seience Tasa Center). Each group should alo be free
to make other distribution amangements as well, inclrding acees o pedured dars
i or system data sels as they see fit,

i)

I aadehitienn ey making exphicst disrralinssig Artangeinends, the g g i
watints sliiled b el by repider (g ATty seigly e AT Tof i tionn
HNarri vn Asttamieriicl Eydiesnericho, Tw e reslvenits e of g w frrrieds
nnfainiliar wirtly ph COSRPAR omivationn, Tr i PresmeE gl gl CORTAR
st ives i e Tilegamatiog Burean saginication will praowie ranndinaliog
hetwers the Tunetion nf he Reereion sl thie wishes af CORPAN \'l.’i-rlsirpg Grroup 1,
. Weis has alan supgested that the COSPAR UGG Comral Buseas for Satefline
Gieodesy be Sept informed of availa e il

Appenadis A
Newes an Sebected Dara Toens

FEpeck o} shierpatiog

Swatems iay be clesigned with ciiier the eaumniodon thaee o (he 1rereplion fime
e epewh referenee, In VPV cibde, the appeaprate L mar Ty rxplicitly
avaitable, Ta addition, i reeeption fime is s, this et B ohoroed rereption
time, rather than predic e
Eseevational saccriainty

This paramwter §s smewhar wihjertive amed fur g given odrervation, My b
revised ex post facte, Tts maipimiemn value is the shat-Ineshior teseles e, ot anay

b much Righer if electronic or other operating probles oxise i (e ot rving

VLT \

Elertronic delay

Thie vrpresenis the time dhelay dn the deteesiog cirenitey, which does not relare
ter i ilistanee,
Genmeiric delap

Tire ohservations will need v e redieed dopewnn i she Tight path fed
trlative 4 il telrwngue pier, The geameiric calibasion delay 1 pires ms the ol
tighi path From shae peant o the fomt face of the laser, il the qanal light path
From the fixed gaint 1o the degector, Far bistatic nperation, @ fixed poinl refebee
i required separtely for feeiver IFansmifieer,
Neminal felereape coardivates

Thee shenld refer to the fixer peint{s) et ahove. The aonisal coartlingies
shondd b fas seardy ae pracrieall the best svailable euibge of 1he coonlingrrs
relative o the Earth's reater of s, alang witly desrripeinn of the method of
tetermination, Sphevical roocdinates are 1o L rarefermdl b rectangmlar, Asirono.
el eoordimates {including sacdial disiamce} way be miven if mome Aot
data e ot availnhiy, :
FPrimary mirror

Some tebew g desiyns reseive the primary mirror 1 des e M spre (ol
refative to o fieed point sweh as the interseetion of e sation aves. Nigh-acouaey
diseussinn of ehservations fram such telesenpes will reipuive it sach mestion be
taken into accourt,
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Appendix B
Proposed Standard Codes and Units

Epoel of oliwersation
Fhe standard unit i the Julian Date, with decimal fraction,

Obsereed dime delay
The stssslard onit is the secomnd.

CMservational wuceniainty
The standaed unit is the panoswseond.

Blectronic and gesweiric delays

The standard uait = the nanesecond,
Telereape identification

This will consist of three distines eodes: one for 1he observitory, one ro imdicate
whetlier the sydem nses o single eelescope of soparate wansmitier and resiver,
and =« third 1o idensify distine: telescope oeaions in case different aTTangements
have been wsed a2 single site. The wial eode reiquines five digits,

Far the hasic observatory code, we progrse adberence 1o the establizhed thiee-
digit code used by the TAY Minor Planet Center The center is willing to awign
eodes o presenily unlisted alservatosivs in o fachion consistent with past practice,

The nember of tebeseopes used conld serve as 4 mne-digit ewde by jtself, bot we
find it eonvenient from external eonsiderations 1o propose that o ane-digit code
distimguish two characteristics, The fourth digit of the alservitery eode specifies
either a single teleeope (maniatic) opertion o separate transmitter and reesiver
(bistatic) operation, and it also specifies if the epocly cefers o ransmission or
reception time, according o the following 1ahle:

Momostatic Bistatic
Transmit 1 2
Heceivr 3 4

Finally, each ohservatoey will he rupnnsﬂ‘;ﬁ.- i:m'rrquul'gning A ome-ligin code (097,
the fifth digit of the obecrmtany code, specifying distinct sites on the p:r:miu-;:.
One may note that a changeover from monoatatie o bistic aperations necd not
affect this digit, av that change may be aceommodated umambigunusty by the
preceding digit code,

Reflectar identifivation
A one-digit code shoukd sulfies for this parameter, with the digin assigned in
the order of emplacement, as follows
0 = Apalle 11 [Trauquilitg Fnse}
I = Lana I7 {Tmbrinm]
T~ Apnilo 14 (Fra Manrn)
3~ Apolle 15 {Halley)
iher numbers will be asigned s new pellectors are activaged.
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Trewr bare sdenfification

We amume thnt obseevation epoch will alames he cfencd g0 5 time base
availalde in real time, regardless of the watne of the cleeration The spatem
LY is included For the sake af E“"""'U'F rven thragh ane does pat rapeel i
b vises] Tor Lsey efwervations, The time defay will alwavs be byesed an an oscillator
frequency, bir we ot allose for the possibilitg of 2 non-standard frequeney. The
propemed eodes wre
= UTO
- uro
AL (UENO)
AT (BRI
- WSER ateauic tine
= noaestarpdend frequency

=N a1
|

ok ealibrarion
The standard wnits are miczoseeomls fepacht and hestz (Tregqnonry )

;".I'mm_pfl e data
The standard wnits aee: for temperature, Creldin degrees
Tre pereszure, millilses
for humiding <& aaturation
for secing, arc seocomds
Ter wind epocd, kmihoee
For the presest porpose, oo distinetion accd Be made hepwern 905 and 1007
ey,

Lager pavantefers
e standand unies are joules {energy) amd anmeconds (palse fengthd full widdh
betwesn the hall-prwer poines,

Telescope voordinates
The standard vnits are; for mdial distance, km
for Jossitude, doprres can
B Tativache, deprres north
frr rectangnlar conedinates, km

Appendis
Praposed Standard Papched Card Formas

Stamdard formats are prcented bebae for the tramsmsiodes of sediecd  and
astromnetsic Taser data vin $0volueme pusched capds, Some of e deraifs of the
formateing were cheen [ compuatibilitg with present nsage of ciher dara familias
0 the author, This i particalarly 1roe of the placement and tield size of eertain
dlata, such as hody identificr, cpoch, and olservatory rode,
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Recueed data

22405
27

H

29

3

342

4347

AR-51:
i

3750

fir o2
2.

a7
-T2
TI-R0;

Cal. 1:
2-0;
521

cared

= Iy [HECR

S T Ny debeatidies o

Epnch f elwervation { Julian dute with 11 decimal digit fractiog,
deaimal iwplivd following ol 119

CHesrivatary conle

Blank {wear veeedd

Relleetos code

— IS0 passech, ohservaninn Ingu|

Epsral tinme Lase

Twnway time by Cavonds, docial iniplicd following col, 42,
Y elerinnad eigie fretion)

DHservational precision ratiate Praneweennds, decimal mplicd
frflamaing cnf. 45)

Redractiun delay remaved from alserefon

Blantke {riest ysed

= -1 {ideatifics relieed dakal

Biank {mot s}

Froguency offser of thme delay cliek Tram nominal nste, 1§ Col,
67 =5, affut is Trom AT fparts in 10

Timie delay time Bise

Blank fmon e}

Yeor, month, day

Astromerric dar eard

Col,  1-47:
18-5%;
341t
-6
B3
F3-pi

Tebeatical with roddpced foarmie

Electeanic delny (manedeconds, decimal Jiaplicd Folbowing el 52}
Germetric delay (nanoseconds, decimal implied fnllawing eol. 57)
Identical with redieed format

Avmospheric presowe Tmbars, decimal implied after eal, 11}
Tebemtical with redduced format

Operational enviesnment data card

Cal. 1z
2:
514

152
1622
-5
2G-27:
28—y
-3
3254
35-37:

= A 00 poneli

Obeervanery code (it 3 digirs)

Jelian date brginaing mn itrmeated to 3 decinal digis, decimal
daplieed Toflwing cob. 11}

Blash (not oaed)

Cluck rpoch offeet feec) o be added o clock reading

Temparatues L ]

Hunvidity (45 satueation)

Wind spesed {kmhr)

Sering (0.1 arr oser)

Bk {not used)

laser evergy (0,0 josde)

Uil WR M
%45
Fie-H3:
4054 -
S
H5-57:
-2
[EX TN
il 8
[EH I
Fa-1E:

laar Taveganes | 101" 1)

prrlae benpthe (0E mpeer )
rreealuling {1k BN )
plitemnbiplies dack coum [k
Mot ermen) pate (k113

Srar connt cate {kFlry
Calibration star ilentifientjrn
Filtet spechal widib (et Aj
Filier spmatial wirlth (0,1 wee aric )
Huombee of shnta this pon

¥ear, month, day




