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Introduction:  Lunar Topophotomaps generated

using the Metric (200m contours and 10-20m spatial

resolution) and Panoramic (20-10m contours and 1-2m

spatial resolution) cameras on board Apollo’s 15, 16,

and 17 together cover ~20% of the lunar surface [1].

However few of these maps have been converted into

digital elevation models (DEMs) [2]. The two existing

methods of paper map to DEM conversion  involve

either manual digitizing tables, or the use of contour

map raster to vector digitization packages / companies.

The former is both slow and labour intensive and may

take an operator a week or more to correctly digitize all

the contours on one map sheet The latter can be expen-

sive, is not fully automated, and is usually intended for

maps with a plain background, not photomaps. We

describe a low cost software package, LTM D (Lunar

Topographic Map Digitizer) that will enable conven-

tional A4 sized flat bed scanners to transfer lunar topo-

graphic maps (1:50,000-1:10,000) into DEMs with a

high degree of automation. This abstract describes the

characteristics of the lunar topographic maps, the

methods that we are using to digitize these maps, and

the progress made to date.

Contour Characteristics:  In all cases the contours

are coloured red and hence relatively simple to extract

from the background grey photographic image, black

crater names, and longitude and latitude grid lines (Fig.

1). Tick marks are sometimes present on contours to

indicate the slope directions. Contour heights are align-

ed along the contours and are used very sparingly.

Contours may become dashed (supplementary contour

or half the standard contour interval) or even stop in

regions that the original stereo photogrammetry work-

ers were unable to resolve a surface e.g. shadows, satu-

rated white areas of the film, o r surface areas devoid of

texture. Contour height labels may also cause breaks in

the contour. Where contours become very dense (e.g.

on the slopes of crater walls), contour intervals may

change (e.g. from 20 m intervals to 100 m intervals).

The 100 m contour intervals on such maps have a

slightly thicker line width. Final ly, in addition to the

contours, red spot height values may also be available

to designate peaks or depressions.

Method:  Because lunar contour maps are in the

range of A1 to A2 in size, scanning with an A4 scanner

requires several overlapping A4 sections. Our test

maps were scanned at 150dpi resolution in colour and

stored as PNG 24bit images with ~50% lossless com-

pression. At the present stage of the project, the

mosaicking of the extracted contours from each A4 tile

has to be developed, but the steps up  to this stage are

as follows:

Affine transform.  It is unlikely that a user could

hold an A1 or A2 sized map perfectly square on the

scanner. Therefore it is necessary to remove alignment,

scaling and offsets using the affine transform. The grid

line intersections on the map can be selected whilst the

scanned map is displayed in a graphical user interface

(GUI) window, and the longitude and latitude values

typed in manually. These registration points will en-

sure that the resulting extracted contours will be cor-

rectly registered in the final mosaic. The affine trans-

formed area should only be applied to the region of the

map within the grid squares to avoid extrapolation er-

rors.

Figure 1 Close up of lunar contours, slope tick

marks, spot heights and grid lines

Extraction of contours.  A combination of edge

detection using the Roberts Cross operator [3] and col-

our channel difference thresholding are used to sepa-

rate the red coloured contours from the grey scale

mapbase and the black grid lines. It is possible to  sepa-

rate the red height numbers from the contours because

the former have white borders (unsharp masking) and

stand out more strongly than the contours of the same

colour after edge detection. Two remaining stages in

contour extraction involve skeletonization [4] (or thin-

ning) of the contours to ensure that the contours are

close to one pixel thick, and line following. Tick marks

will be removed using a corner detection filter and by

looking for right angled splitting along a contour dur-

ing line following. 

Correcting Contours. Inevitably detected contours

may appear non-continuous and this may be for one of

four reasons: 1) section of contours were not automati-

cally detected in dark areas of the map, 2) the contours

on the original map were dashed to illustrate uncer-

tainty, 3) some contours on the original map were left

incomplete, 4) height numbers break the contours. A

line following algorithm is currently used to predict

where a broken contour will go to and attempt to find

the nearest joining contour. However this is not a ro-

bust method and may sometimes connect to adjacent

height contours, thus requiring manual intervention.

Graphical User Interface. Manual assignment of

contour heights and additional corrections are per-
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formed with a GUI window/mouse by clicking on the

appropriate contour and keying in a height. 

DEM Generation. Two different methods of inter-

polation have been used to produce a DEM : Inverse

Distance Weighting (IDW) and Ordinary Kriging (OK)

[5]. Although the IDW is simple to understand and im-

plement, it resulted in contour-like artifacts in the re-

sulting DEM.  OK, which utilizes a variogram model

to estimate the weigh ts of known points involved in the

calculation of an interpolated point, produces a much

smoother DEM (Figs 2  and 3). 

Figure 2 A shaded relief perspective view of the 6

km diameter lunar crater Hadley (25.5N, 2.8E). 

Discussion:  Work that remains to be completed

includes improved algorithms for contour completion,

automatic height assignment using optical character

recognition, optical character recognition of spot

heights, and the automated mosaicking of adja-

cent/overlapping scanned A4 map sections. Concern-

ing errors in contour height assignment, we note that

this causes unnaturally steep edges in the resulting

DEM and this may provide a means of automatically

detecting such errors. It is hoped that the software, al-

though unlikely to be fully automated, will reduce the

time and cost involved in digitizing lunar topographic

maps. In the present configuration, for a 15x15cm area

it takes 30 sec to automatically find contours and re-

move numbers, then 10-15 min to click on contours

manually and assign heights, and then 5 min for the

DEM generation. Assuming a worse case of 15 min for

the manual assignment of heights, then  a Lunar

Topophotom ap  at 1:50,000 scale ,  with ~22

0.25x0.25deg grid cells could be digitized in ~8 hours.
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Figure 3 Perspective view of the 6 km diameter lu-

nar crater Hadley (25.5N, 2.8E) with photomap

overlay. 100m index contours on the steep interior

slopes with 20m intermediate contours on the gentl-

er slopes close to the top of the rim.
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