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 Lunar limb data  

   

are needed for  

 

grazing occultation predictions  

occultation observation reductions  

solar eclipse observation reductions  
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Grazing occultation profiles
   

do decide whether an observer will  

see multiple , two  or none  
contacts at his site  

 
 



Important limb models  

Watts Charts  

ACLPPP 

MOONLIMB  

Kaguya  

LRO 
 

to be discussed later in that lecture é 
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The competence of IOTA   
in the field of limb models  

Members developing and using limb models:  

D. W. Dunham, M. Soma, D. Herald,  

E. Riedel, D. B¿ttner 
 

Have a long time experience with lunar limb 
profiles.  

There is a long lunar limb profile 
tradition within the IOTA.  
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Usage of profile models  

Wattós Charts:  

HMNAO, ACLPPP, OCCULT, LOW  

ACLPPP : INT4, GRAZEREG  

MOONLIMB : GRAZEREG, LOW  

Kaguya : GRAZPREP, M.Soma, OCCULT  

LRO : M. Soma  
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Displaying limb profiles  

ÅSolid lines  

ÅPseudo graphic (by text characters)  

ÅSingle limb  points  

ÅSingle surface  points  

 

to be discussed later in that lecture é 



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 Á steps in Axis Angle)  
 

Digitised by HMNAO in 1970  
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Profile measuring 
machine by C.B. Watts  

Profile from a single 
lunar photography  
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Usage of Watts data for graze predictions at HMNAO  
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Usage of Watts data for graze reductions at HMNAO (Example 1)  
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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 in the so called óCassini regionsô) 
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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  
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ACLPPP 

is the abbreviation for  
 

Automatic Computer Lunar  

Profile Plotting Program  
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History of ACLPPP  
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firstly described  in 
ON, Vol. I, No. 5, p. 46  
August 1975  

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



ACLPPP and IOTA  

Foundation of IOTA firstly mentioned in  

ON, Vol. I, No. 4, p. 27, April 1975  

 

ACLPPP is as old as IOTA  
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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  
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Example for an original ACLPPP graze prediction  
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------- +------- +------- +------- +------- +------- +------- +------- +------- +------  

           - 2 MIN.       - 1 MIN.       0 MIN.      +1 MIN.       +2 MIN.       

+----------- +------------- +------------ +------------ +------------- +-----------  

IE          I             I            I            I             I          E  

IE          I             I            I            I             I         oE  

IEE         I             I            I            I             I         xE  

I E         I             I            I            I             I        xo  

I  E        I             I            I            I             I        x   

I  E        I             I            I            I             I        o   

+3" - E------- I ------------- I ------------ I ------------ I ------------- I ------  6 KM 

I   EE      I             I            I            I             I      EEo   

I    E      I             I            I            I             I      E     

I     E     I             I            I            I             I  xx E o    

I     EE    I             I            I            I             I xx xE o    

Io     EE   I             I            I            I             I   xx       

I       E   I             I            I            I             I x x   o    

Io      EE  I             I            I            I             IxxEE   x    

I o      EE I             I            I            I             IxEE    x    

+2" ------- E- I ------------- I ------------ I ----- oo----- I ------------- xooo ---  4 KM 

I o        EI             I            I    oo ooo  I             oE o         

I  oooo     E             I            I    o    oo I            xo     xx     

I     oo    EE            I            I   o      o I            Eo   o xo     

I       o   I E           I            I   o       oI           xoI   o        

I           I EE          I            I  o         o          Eo I     o      

I       o   I  EE         I            I o          o         EEo I   o o      

I       o   I   EE        I        ooooooo          Io       EE   I    oo      

I        o  I    EE       I     oooo   I            Io      EExxo I            

+1" --------- I ----- EE------ I ---- oo------ I ------------ I - o---- EE- xo -- I ------  2 KM 

I        o  I       E     I   oo       I            I o   E o oo  I            

I         o I        EE   I  oo        I            I ooEE oooo   I            

I         oooo        EE  I  o         I            I  oooo       I            

I           I o        EE I  o         I            I EEoo        I            

I           I            EE o          I            EE            I            

I           I o           ooo          I          EEE             I            

I           I         o   o EEE        I        EEE I             I            

I           I        o oooI    EEE     I     EEE    I             I            

+0" --------- I - o----- o--- ooI ------- EEEEEEEEEEE------- I ------------- I ------  0 KM 

I           I       o     I            I            I             I            

I           I  o    o     I            I            I             I            

I           I      o      I            I            I             I            

I           I  o  oo      I            I            I             I            

I           I   o o       I            I            I             I            

I           I   oo        I            I            I             I            

I           I             I            I            I             I            

I           I             I            I            I             I            

+1" --------- I ------------- I ------------ I ------------ I ------------- I ------  2 KM 

+----------- +------------- +------------ +------------ +------------- +-----------  

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  
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The Kubo ï 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 incorporated by Reinhold B¿chner 
(IOTA/ES)  
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The MOONLIMB profile model  
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Comprehensive IOTA/ES project by Dietmar B¿ttner 
 

First profile model based on total and  grazing 
occultations  
 

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

Calculated using modern lunar ephemerides and 
star positions (LE 405, Hipparcos)  
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More on MOONLIMB  
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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  
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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  
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are derived from lunar probe data  
 

based on laser altitude 
measurements  
 

Lunar probes Kaguya  and  

Lunar Reconnaissance Orbiter  



Limb models from  
lunar probe data   
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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  
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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  
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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  
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have been derived by  

Mitsuru Soma (firstly) and by  

David Herald during the last years  
 

Available:  

Graze reductions (M. Soma)  

Program OCCULT (only Kaguya)  

Program GRAZPREP (Kaguya)  
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Comparison of graze reductions with  

Watts data (left) and Kaguya data (right)  

by M. Soma  
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Comparison of 
graze reductions 
with Watts data 
(bottom) and 
Kaguya data (top) 
by  

M. Soma  
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Usage of Kaguya data in GRAZPREP by E. Riedel since 2011  
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Graze reduction with high res Kaguya data in OCCULT  
by D. Herald  


