A simplified method for generation of pseudo natural colours from
colour infrared aerial photos

Thomas Knudsen, Danish National Space Center, Juliane Maries Vej 30, DK-2100 Copenhagen @, tk@spacecenter.dk
Brian Pilemann Olsen, Kort- & Matrikelstyrelsen, Rentemestervej 8, DK-2400 Copenhagen NV, bpo@kms.dk

Abstract indices). This robustness, in turn, may also result in a
more complete detection of the mapping objects (Knud-

In spite of their high potential for automated discrim- sen and Olsen, 2003, 2002; Petzold and Walter, 1999;
ination between vegetation and human made object§Valter, 2000).
colour-infrared (CIR) aerial photos have not been in Hence, colour-infrared (CIR) aerial photos, which in-
widespread use for traditional photogrammetric mapclude a red (R), a green (G), and a near-infrared (N)
ping. This is probably due to their awkward colour rep-channel have greater potential for automated mapping
resentation invalidating the visual analytical experiencehan traditional (RGB) colour photos with a R, G, and
of the stereo analysts doing the actual registration of thelue (B) channel. CIR photos do, however, look dra-
topographical data. matically different from RGB photos, making them hard

In this paper, we present a method for generatingo interpret by a human analyst trained in RGB photo
pseudo natural colour (PNC) representations from ClRnterpretation. This implies that an algorithm for com-
photos. This enables the combination of automated vegauting an CIR based approximation to an RGB photo is
etation discrimination with traditional manual mapping of great potential value, bridging the gap between CIR
methods. based mapping-automation and traditional mapping in

The method presented is a dramatic simplification othe years until the newer full four-channel (NRGB) dig-
a recently published method, going from a 7 step to a 2tal airborne scanners (e.g. Leberl et al., 2003; Z/I Imag-
step procedure. The first step is a classification of the ining, 2003) begin to dominate the photogrammetric mar-
put image into 4 domains, based on simple thresholdinget.
of a vegetation index and a saturation measure for each Since the CIR images contain R and G channels, in
pixel. In the second step the blue colour component igprinciple all we need in order to generate an RGB image
estimated using tailored models for each domain. Greeis an estimate of the B channel. To achieve this, Knudsen
and red colour components are taken directly fron th€2003) published this empirical expression for synthetic
CIR photo. B channel estimation:

The visual impression of the results from the 2 step
method is only slightly inferior to the original 7 step

method. The implementation, however, is much sim—rhe gerivation of the expression fB was based on a
pler, and the logical foundation more straightforward. simple linear regression and was intended as the basis
d for a more complete procedure for computing pseudo
" natural colour (PNC) approximations from CIR photos.
This procedure (Knudsen, 2005) took the form of 7 steps
of gradually refined approximation, which in a slightly
1 Introduction revised version may be reiterated as:

Bs=0.70xG+0.24x R-0.14x N
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. 1. getcolour-infrared photo
In attempts to automate photogrammetric mapping, it is

important to distinguish between areas covered by vege- 2. compute synthetic blue channel from the empirical
tation (which are typically void of mapping objects) and expressiorBs

areas covered by man made materials (which are typ-
ically indicative of important mapping objects: build-
ings, roads, etc.)

Due to the high reflectivity of chlorophyll in near- 4. Restore achromatic (black-grey-white) areas de-
infrared wavelengths, this distinction can be based onal-  fined using the saturation value from the iHLS sys-
gorithms which use information from the near-infrared tem (Hanbury, 2003). These areas (typically roads)
spectral band (e.g. by thresholding of the normalized  are important landmarks for the visual navigation
difference vegetation index, NDVI or other equivalent in an image.

3. Generate first guess pseudo true colour image from
red, green and synthetic blue channels



5. Increase intensity of vegetation covered areas de- 1. sparse vegetation
fined using the infrared percentage vegetation in-

dex,IPVI =N/ (R+N) (Crippen, 1990) 2. achromatic features
6. Restore reddish and yellow-reddish colours using
the iHLS 3. everything else

7. Enhance colour saturation using the iHLS .
4. dense vegetation

while this step-by-step method in a very direct way

outlines the major differences between RGB and CIRsuch that in case of ambiguities, where a pixel is as-
recordings, and pinpoints the requirements for manuasigned to more than one class (which can happen due
mapping, we shall show below that an implementationto the morphological filtering), the pixel will eventually
wise much simpler way of obtaining almost identical re-be reconstructed as a class with better overall skill factor

sults is possible. than the sparse vegetation and achromatic classes.
For the RGB reconstruction of the vegetation classes,
the B value is taken from th8s model. The R and
2 Method 3

G values are taken from the CIR image, but amplified
slightly to increase the contrast between a vegetation
ackground and anapping objec{e.g. a building) in

e foreground.

For the RGB reconstruction of the achromatic class,

R, G, and B channels are assigned the value of the light-

1. vegetation ness (L) channel from the iHLS transformation. This
eliminates any remaining traces of colour information
in the achromatic pixels.
3. red-tile buildings For the RGB reconstruction of theverything else

We can outline the two first of these (and an approxima—dass’ the B value is taken from tBg model, while the

tion to the third) by using thresholding of IPVI and the Rand G values are taken from the CIR image.
saturation (S) component from the iHLS transformation
of the CIR image:

Closer inspection of the algorithm outlined above show
that most of the efforts are based on representation (%
three different main components of urban and suburban
surfaces:

2. achromatic features

1. if IPVI > T, andS < Tg assume sparse vegetation 3 Results and discussion

if IPVI > T, andS> Tg assume dense vegetation The results presented in figure 1 are based on a RGB re-
construction withT, = 0.5 andTg = 0.1. It is seen that
the reconstruction of vegetated and achromatic areas are
if IPVI < T, andS> Tg assume red-tile buildings comparable for the old and the new algorithm. In the
o o case of red tile roofs, the situation is a little more com-
in this way, we have subdivided the space spanned byjex: in the case of well saturated colour areas, the old
(IPVI,S) into four domains defined by two thresholds 4)gorithm, with its colour saturation enhancement step,
T, andTs. Two of these domains represent different de-tares slightly better with respect to ensuring a clear de-
grees of vegetation, one represents achromatic featurgheation between building and background. In the case
while the last represents everything else. The latter mays |ow saturation, the results are more ambibguous: for
be a quite poor approximation to the class laeelttile  {he test area in the left column, the old algorithm catches
buildings assigned above. We will, however, demon-mgre of the low saturation roofs than the new algorithm
strate below that it is a quite good approximation {0 ajoes—for the test area in the right column it is the other
group of pixels that can be treated in the same way a§ay round. For much practical work, the observed dif-

The threshold based classification outlined above re-

sults in a set of four masks; one for each class label. To

reduce clutter, the masks are cleaned up using morpho- )

logical filtering (cf. e.g. Haralick et al., 1987). Thevege-4 Conclusion

tation/achromatic classes, which are typically large-area

features, are filtered by morphological opening followedwWe have presented an update and simplification of a

by closing. Theeverything elselass, which is typically pseudo natural colour algorithm. The old algorithm of-

more sparse, is filtered in the reverse order. fers slihtly better results—especially in the case of low
Due to the higher probability of correctly classifying colour saturation and red tile roofs. The new algorithm

dense than sparse vegetation, the reconstruction is casffers a major implementation simplification and a more

ried out in the following order firm logical foundation.

2.
3. if IPVI < T, andS< Tgassume achromatic features
4.



Figure 1: Top row: original CIR photos; center row: pseudo natural colours from old algorithm lower row: pseudo
natural colours from new algorithm.



References F. Leberl, M. Gruber, M. Ponticelli, S. Berndgger, and

R. Perko. The UltraCam large format aerial digital

Robert E. Crippen. Calculating the vegetation index camera system. IRroceedings of the ASPRS Annual
faster. Remote Sensing of EnvironmeB#:71-73, Convention, Anchorage, USA, 20@®03.

1990.
Bettina Petzold and Volker Walter. Revision of topo-

Allan Hanbury. A 3D-polar coordinate colour repre-  graphic databases by satellite images. In Manfred
sentation well adapted to image analysis. In J. Bi- Schroeder, Karsten Jacobsen, Gottfried Konecny, and
gun and T. Gustafsson, editofBroceedings of the  Christian Heipke, editorsSensors and mapping from
Scandinavian Conference on Image Analysis, 2003 space 1999age 9, Hanover, Germany, 1999. ISPRS.
volume 2749 ofLecture Notes in Computer Science
pages 804_811, Ber"n Heide'berg New York, 2003V0|ker Wa.lter. The deSign and imp|ementati0n Of an au-
Springer Verlag. tomated system for revision of topographic databases.

In Thomas Knudsen, editdProceedings of the semi-

Robert M. Haralick, Stanley R. Sternberg, and Xinhua nar on remote sensing and image analysis techniques
Zhuang. Image analysis using mathematical morphol- for revision of topographic databaseNational Sur-
ogy. [EEE Transactions on Pattern Analysis and Ma-  vey and Cadastre—Denmark, Technical Report no.

chine IntelligencePAMI-9(4):532-550, July 1987. 13, pages 7-14, Copenhagen, Denmark, 2000. Na-
— . tional Survey and Cadastre—Denmark. ISBN 87-
Thomas Knudsen. “true” colour presentation of subur- 7866-227-3

ban areas from colour-infrared aerial photos. Tech-
nical Report 20, Kort & Matrikelstyrelsen, Copen- 7/ Imaging. Z/l imaging digital mapping camera

hagen, Denmark, 2003. URittp://research. (DMC), 2003. URLhttp://www.ziimaging.
kms.dk/~thk/pubs/ : com/productPages/dmc.htm . last visited
2003-12-03.

Thomas Knudsen. Pseudo natural colour aerial imagery
for urban and suburban mappingternational Jour-
nal of Remote Sensing005. (in press).

Thomas Knudsen and Brian P. Olsen. Automated
change detection for updates of digital map databases.
Photogrammetric Engineering & Remote SensB®
(11):1289-1296, November 2003.

Thomas Knudsen and Brian Pilemann Olsen. Detection
of buildings in aerial photos for semi-automated re-
vision of map databaseslnternational Archives of
Photogrammetry, Remote Sensing and Spatial Infor-
mation ScienceXXXIV(3B):120-125, 2002.



