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Automated Image Registration Based on
Pseudoinvariant Metrics of Dynamic
Land-Surface Features

Chintan A. Shah, Yongwei Sheng, and Laurence C. Smith

Abstract Accurate assessment of land-cover/land-use change
is essential for understanding the impacts of global change and
necessitates the use of satellite data. Satellite change detection
requires large volumes of multitemporal images to be precisely
registered. Image registration is particularly dif cult in dynamic
(i.e., rapidly time varying) landscapes since the changes them-
selves interfere with the process of tie-point identi cation. Despite
the existence of sophisticated registration algorithms, it is still
problematic to register images acquired over such areas due to a
dearth of stable features. Hence, we propose an automated image
registration method using tie points derived from pseudoinvariant
features (PIFs) and apply the method to register satellite images
for hydrologic change detection in the Arctic, where abundant
shallow lakes dominate the landscape but change signi cantly over
time. A key to the method is the identi cation of shape-stable
lakes as PIFs, which preserve their geometric shape even though
the shorelines may migrate signi cantly. The proposed method
automatically identi es PIFs based on scale-invariant shape de-
scriptors and employs their center points for establishing the reg-
istration model. Our method thus consists of water-body feature
extraction, PIF detection based on feature shape criteria, and
image registration using tie points derived from the PIFs. The ap-
proach is used to register 1978 and 2000 Landsat images in Alaska,
where lakes dominate the landscape and change signi cantly
over time. The performance of the proposed approach is evalu-
ated quantitatively, and a high subpixel registration accuracy of
0.66 pixel at Enhanced Thematic Mapper Plus resolution (i.e.,
19 m) is achieved. A comparative evaluation indicates that the
proposed approach outcompetes the conventional manual tie-point
selection method and automated image registration techniques
based on fast Fourier transform.

Index Terms Centroid, invariant moments, lake dynamics,
land-cover/land-use change, multitemporal image analysis, precise
registration, pseudoinvariant feature (PIF).
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I. INTRODUCTION

NVIRONMENTAL monitoring of the Earth’s surface re-

quires detecting changes using multitemporal remotely
sensed images. Change detection techniques quantify surface
features’ radiometric and/or spatial changes over time and
involve a pixel-by-pixel comparison of multitemporal images
acquired over the same ground area at different time instances.
Therefore, it is essential for the multitemporal images to be
spatially registered to each other [1]. When multitemporal
images are not precisely registered, the residual misregistration
presents a source of error, known as the “registration noise” [2],
which greatly influences change detection accuracy [3].

Traditionally, image registration relies on manual selection
of tie points (i.e., control points). The performance of manual
registration techniques depends on the accuracy of tie-point
selection from the image pair to be registered. Linear features
and feature intersection points are often ideal candidates for
tie points. However, when the number of image pairs to be
registered is large, human intervention becomes impractical,
necessitating the use of automated image registration tech-
niques. A significant amount of research has been focused on
the development of sophisticated multitemporal image registra-
tion algorithms [4]-[9]. However, it still remains challenging
to obtain precise registration of multitemporal remote sensing
images [5], [10], particularly in dynamic landscapes [4]. Hence,
this paper particularly focuses on automated image registration
for change detection in dynamic landscapes.

Automated image registration techniques may be classified
into two broad categories: 1) area based and 2) feature based
[7]. Area-based matching techniques employ metrics [8], [11]
to measure the similarity between two images in terms of their
radiometric characteristics. Sum of absolute differences, nor-
malized cross correlation, and mutual information are examples
of widely used similarity metrics. However, their performance
is limited by various factors, including atmospheric degrada-
tions, illumination effects, and sensor response differences in
multitemporal images, necessitating the use of scene-to-scene
radiometric normalization [5], [12]. In contrast, feature-based
methods that use points, edges, and contours are relatively
less sensitive to such effects. Hence, feature-based registration
techniques establish correspondence between images without
the need for scene normalization [13], [14].

The performance of current registration algorithms is limited
in dynamic landscapes where land cover changes dramatically
[4]. A good example of such environments is the Arctic and
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(a) Color composite image formed by MSS and ETM+ NIR images displayed as the red and green channels, respectively. Stable lakes appear black, and

stable land appears yellow. New (or expanded) lakes appear red, whereas vanished (or shrunk) lakes appear green. (b) and (c) Close visual inspection of subimages
reveals a misregistration offset of 2-3 pixels, as indicated by the red and green edges on the opposite lake banks.

sub-Acrctic, characterized by vast area, few man-made features,
and numerous shallow ponds, lakes, and wetlands. They come
and go in response to seasonal and annual climate cycles.
Scientific interest in these environments is at an all-time high,
owing to their acute sensitivity to global climate change [15].
Lakes and their shorelines are the primary features that are
visible in satellite images of lake-rich Arctic environments.
However, neither of these features can be assumed to be
temporally stable. Lakeshores are quite dynamic, subject to
changing water balance, shoreline erosion, tapping, and emer-
gent vegetation growth, preventing their use as matching prim-
itives. Feature-based algorithms that use lakeshores as feature
primitives are therefore unsatisfactory. Hence, Sheng et al. [4]
proposed the use of stable lakes with an area change of 3%

or less and employed the centroids of these stable lakes as tie
points for automated image registration. However, it still may
not be possible to find a sufficient number of stable lakes, par-
ticularly when environmental conditions have changed dramat-
ically, e.g., a wet or dry year. Hence, this paper introduces the
concept of pseudoinvariant features (P1Fs)—Ilakes that have not
undergone significant changes in shape over time—and, thus,
uses both stable and dynamic lakes for image registration. The
proposed method includes procedures of water-body extraction,
PIF detection based on feature shape criteria, and image regis-
tration using tie points derived from the PIFs. The approach
is then employed to register Landsat images for lake change
detection in the Yukon flats region of Alaska, where lakes
dominate the landscape and change significantly over time.
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