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Lunar limb data

are needed for

grazing occultation predictions
occultation observation reductions
solar eclipse observation reductions



Grazing occultation profiles

do decide whether an observer will

see multiple , two or none
contacts at his site



Important Imb models

Watts Charts
ACLPPP
MOONLIMB
Kaguya

LRO

t o be discussed | ater | I



The competence of IOTA
In the field of limb models

Members developing and using limb models:
D. W. Dunham, M. Soma, D. Herald,
= Ri edel |, D . Bettner

Have a long time experience with lunar limb
profiles.

There Is a long lunar limb profile
tradition within the IOTA.



Usage of profile models

Watt os Charts
HMNAO, ACLPPP, OCCULT, LOW
ACLPPP : INT4, GRAZEREG
MOONLIMB : GRAZEREG, LOW

Kaguya : GRAZPREP, M.Soma, OCCULT
LRO : M. Soma



Displaying limb profiles

A Solid lines

A Pseudo graphic (by text characters)
A Single limb points

A Single surface points

to be discussed later in that lecture e



The famous and historical
Watts Charts

The first comprehensive lunar limb model
Published by Chester B. Watts of USNO in 1963

Derived from earth based photographic exposures
In the pre -computer age (!)

Consisted of 1800 charts (0.2 A steps in Axis Angle)

Digitised by HMNAO in 1970



Profile measuring
machine by C.B. Watts

Profile from a single
lunar photography
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The machine p:uuud on page 94 drew these profiles from two moon photographs taken a few minutes apart with the
vale- Columbia 27-inch refractor. The traces have been slightly turned about their midpoints to make rornp.srason
easier; note the slight differences. All illustrations are courtesy U. S. Naval Observatory.
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The limb-correction chart described in the text refers to an area near the
moon’s south pole. The southern limb is never illuminated at times when
the moon has a large southerly libration in latitude. For this reason, the
vertical scale of this chart is largely limited to north (4) librations. The huge
task of comniling the 1.800 charts from nearly half a million measures was
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Usage of Watts data for graze predictions at HMNAO




Usage of Watts data for graze reductions at HMNAO (Example 1)



Usage of Watts data for graze reductions at HMNAO (Example 2)



Some limitations of the
Watts Charts

Offset between centers of mass and figure

Offset between axis angle and rotation axis of the
Moon

Partly incomplete behind the lunar pols due to the
geometry of illumination

(gaps I n the so call ed

OCas s |



The ACLPPP

First introduced in 1975 by Berton Stevens of IOTA
Combination of Watts and occultation data

Included lunar limb data from real lunar grazing
occultation observations for the first time

Intended to fill the gaps in the Cassini regions and to
Improve the accuracy



ACLPPP

IS the abbreviation for

Automatic Computer Lunar
Profile Plotting Program



History of ACLPPP

Berton Stevens {Chicago) has nearly
completed the computer program which
will read the new 1imb correction

cards generated at USNO, and print
predicted profiles. We expect to have
it tn operation in time for the pre-
dictions for the second half of 1975,
An explanation of the new profiles is
planned for the next issue.

firstly mentioned In
ON, Vol. I, No. 4, p. 33
April 1975

THE AUTOMATIC COMPUTER LUNAR
PROFILE PLOTTING PROGRAM (ACLPPP)

Berton Stevens, Jr,

1. Gbjectives of program.

The ACLPPP is meant to be the final
step in automating graze predictions.
It also for the first time incorpor-
ates a large amount of (assini data
and other corrections inte the final
profiles, Manual plotters either did
not have the data, or often neglected

them or applied them incorrectly.

firstly described In
ON, Vol. I, No. 5, p. 46
August 1975



ACLPPP and IOTA
Occuttation J) Newstetter

yolume I, Number & May, 1975
fdited and Published for I. 0. 7. A. by H. F. DaBoll at 6 N 106 White Oak Lane, saint Charles, I114nois 60174, U. 5. A.

INTERNATIONAL OCCULTATION Consequently, we are forming a dues-
TIMING ASSOCIATION supported organization, called Inter-
national Occultation Timing Assocla-

David W. Dunham tion {JOTA). MOST OBSERYERS WILL HAVE

Foundation of IOTA firstly mentioned in
ON, Vol. I, No. 4, p. 27, April 1975

ACLPPP is as old as IOTA



More on ACLPPP

Introduced an new pseudo graphic format for
profile display

First basis for the world wide successful grazing
occultation prediction service of IOTA

Adopted to be used by E. Riedel with his new PC
software GRAZEREG in 1993 after the shutdown of
the main frame computers at the USNO

Continued by M.Soma until the Kaguya era



PROFILE FOR xxx% D. BUETTNER U, CHEMNITZ, GERMANY XXx IOTA ACLPPP, 90 DEC. VERSION
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DATE 4/20/1991 TIME 20 HR 50 MIN, UT, LIBRATIONS — LAT 0.55 ¥% VALUABLE xx
STAR ZC 1143 PREPARED BY VERSION 80K LONG 2.67 %% ECLIPSE %%
NORTHERN LIMIT GRAZE VPC - 0.694 SEC P.A. AT STD. LONG. 21.300 xx% RANGE %%
CENTRAL GRAZE HWATTS ANGLE 16.41 HEIGHT - =0.670 SEC CUSP ANGLE 13.3 N PLOTTED BY H.J. BODE
LONGITUDE 351 27.4 HPS - 1.851 DEG/MIN POS ANGLE 21.580 PROFILE FOR D. BUETTNER
LATITUDE 53 0.7 VPS - 0.35 SEC/KM DISTANCE TO LIMIT 59 KM CHEMNITZ, GERMANY
EMPIRICAL CORRECTIONS PER DWD 12/17/73 DWD 10/23/74

DOUBLE, STAR, CODE - K

COMPONENT MAG. SEPERATION POS. ANGLE VERTICAL SHIFT HORIZONTAL SHIFT

PRIMARY 7.60 0 0.02 SEC. 0.05 KM. -0.09 SEC. OF TIME

SECONDRY 7.60 0 10 90 -0 " SEC. =0.05 KM, 0.09 SEC. 0™ TIME

Example for an original ACLPPP graze prediction
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ACLPPP format in
GRAZEREG by
E. Riedel




Some limitations of ACLPPP

Pseudo graphic with limited resolution of profile
display

Accuracy of profile points partly rather poor due to
some uncertain observations and stepwise
historical development over about 30 years

No complete coverage of the entire polar regions
due to limited number of observations



The Kubo 1 Watts profiles

An intermediate stage, used by GRAZEREG
Profile data completely based on Watts charts

Corrected for offset between mass and figure
center

Corrections based on an analysis of lunar
occultation observations (by Y.Kubo, Japan)

Corrections 1 ncorporated
(IOTA/ES)



The MOONLIMB profile model

Comprehensive | OTA/ ES project

First profile model based on total and grazing
occultations

Using all available observations collected at HMNAOQO,
ILOC and by the IOTA

Calculated using modern lunar ephemerides and
star positions (LE 405, Hipparcos)



Lunar Limb Profile from QOccultation observations

LONGLIE: 00 +/-05°
LAT LIE: 70+ /- 08

199 profile points

150.0 157.5 1E5.0 1725 180.0

Data computed and plotted with MOOMLIKME ¢ LIMBYIEW 1.2 by D. Biittner, IOTA/ES

187.5

17.8.2003




More on MOONLIMB

Several versions from 1996 up to 2007

Related to the center of mass like
the ephemerides

quite independent from Watts charts



Some limitations of MOONLIMB

Limited to the polar regions

Incomplete coverage of all possible combinations of
librations and axis angles due to limited number
of occultation observations

Accuracy of limb points depends on the quality of
the observations , quality assessment of the
observations was partly difficult in spite of
comprehensive efforts in MOONLIMB



Lunar limb models
today

are derived from lunar probe data

based on laser altitude
NEESEERIS

Lunar probes Kaguya and
Lunar Reconnaissance Orbiter



Limb models from
lunar probe data

do use a very large number of
single topographic points

The profiles are the results of
complex and comprehensive
calculations with 3 -D-geometry



Large number of single
topographic points

Very large data files
A lot of computing time

That means for the user:

limitations for the download
via web and for the use on
desktop computers



Some numbers on the
amount of data

The most detailed data from the
Kaguya Time Series:

168 files
total volume of 1.7 GByte
10.340.710 data points

LRO data are even more extended



Limb models from
Kaguya and LRO

have been derived by
Mitsuru Soma (firstly) and by
David Herald during the last years

Avallable:

Graze reductions (M. Soma)
Program OCCULT (only Kaguya)
Program GRAZPREP (Kaguya)



Graze of ZC 2366 on 20081004 Basis = 99F
Libration -0.1 5.79 (deg)

Graze of 2C 2366 on 20081004 Basis = 99F
Libraticn -0.1 5.79 (deg)

Comparison with Watts data Comparison with Kaguya—-LALT data
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Height above lunar mean limb

Comparison of graze reductions with
Watts data (left) and Kaguya data (right)
by M. Soma



Graze of ZC 2366 on 20020217

Comparison of S L
graze reductions

with Watts data
(bottom) and
Kaguya data (top)
by

M. Soma

Comparison with Kaguya LALT data

Height above lunar mean limb

Graze of ZC 2366 on 200920217 Basis = 99F
Libration 4.1 5.68 (deg)

Comparison with Watts data
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GRAZPREP 2.6, IOTA/ES

Usage of Kaguya data in GRAZPREP by E. Riedel since 2011



Graze reduction with high res Kaguya data in OCCULT
by D. Herald



