PFG 2/2015, 0173-0185
Stuttgart, April 2015

Report

Georeferencing Multi-source Geospatial Data Using
Multi-temporal TerraSAR-X Imagery: a Case Study in
Qixing Farm, Northeast China

QuANYING ZHAO, CHRisToPH HUTT, VicToriA I. S. Lenz-WiepemanN, Cologne, YuxiN
Miao, Beijing, China, Fei Yuan, Mankato, MN, USA, Fusuo ZHanG, Beijing, China

& Geora BareTH, Cologne

Keywords: georeferencing, spatial inconsistency, multi-source data, TerraSAR-X, topographic
vector data, optical remote sensing imagery

Summary: Geodata, including optical remote
sensing (RS) images and topographic vector data,
can be collected from multiple sources such as sur-
veying and mapping agencies, commercial data ac-
quisition companies, and local research institutes.
These multi-source data have been widely used in
past RS and geographic information system (GIS)
studies in various applications. However, spatial
inconsistencies inherent in the multi-source data
require accurate georeferencing to be applied. This
is challenging for study sites with limited accessi-
bility and few reference maps. To address this chal-
lenge, this paper proposes an approach for generat-
ing ground control points (GCPs) using TerraSAR-
X (TSX) data. In a case study, TSX images were
used to georeference multi-source data covering
the Qixing Farm in Northeast China. First, a stack
of five multi-temporal TSX images were processed
into one reference image to retrieve GCPs. These
were then used to georeference the other datasets
including Huanjing (HJ), Landsat 5 (LS 5), FOR-
MOSAT-2 (FS-2), and RapidEye (RE) satellite im-
ages, as well as topographic vector datasets. Identi-
fying tie points in the multi-source datasets and the
corresponding GCPs in the TSX reference image
enables georeferencing without field measure-
ments. Finally the georeferencing accuracies for
the optical RS images were assessed by using inde-
pendent check points. Good results were obtained
for the HJ, LS 5, FS-2 and RE images, with an ab-
solute error of 7.15 m, 6.97 m, 8.94 m and 10.52 m,
respectively. For the topographic vector datasets,
ideal visual results were achieved, attri-
butable to the rubber sheeting algorithm. These re-
sults demonstrate that the TSX reference image is
suitable for georeferencing multi-source data accu-
rately and cost-efficiently. The developed proce-
dure can be applied in other study regions and is
especially valuable for data-poor environments.
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Zusammenfassung: Georeferenzierung von Ras-
ter- und Vektordaten aus unterschiedlichen Quel-
len mit Hilfe von multitemporalen TerraSAR-X-
Aufnahmen — eine Fallstudie der Qixing-Farm im
Nordosten Chinas. Fir rdumliche Analysen kom-
men Geodaten wie Fernerkundungsdaten und topo-
graphische Vektordaten zum Einsatz, die von di-
versen Einrichtungen, u.a. Vermessungsdmtern,
kommerziellen  Geoinformations-Dienstleistern
und Forschungsinstituten bereitgestellt bzw. bezo-
gen werden. Diese aus unterschiedlichen Quellen
stammenden Daten (Multidaten) werden fiir zahl-
reiche Anwendungen in Fernerkundungs- und GIS-
Studien genutzt. Jedoch beinhalten diese Daten
rdumliche Ungenauigkeiten, die zunichst eine pri-
zise Georeferenzierung erforderlich machen. Die-
ses stellt vor allem fiir Untersuchungsgebiete mit
eingeschrankter Zugénglichkeit und nicht verfiig-
baren Referenzdaten eine Herausforderung dar.
Dieser Artikel erklért, wie Passpunkte aus Daten
des Radarsatelliten TerraSAR-X (TSX) fiir die Geo-
referenzierung von Multidaten generiert werden
konnen. In einer Fallstudie der Qixing-Farm im
Nordosten Chinas wurden fiinf multitemporale
TSX-Radarbilder zu einem Referenzbild zusam-
mengefiigt, um mit hoher Genauigkeit Passpunkte
abzuleiten. Diese Passpunkte dienen der Georefe-
renzierung mehrerer Multidaten aus diversen Quel-
len, welche sowohl Huanjing (HJ)-, Landsat 5
(LS 5)-, FORMOSAT-2 (FS-2)-, und RapidEye
(RE)-Satellitenbilder als auch topographische Vek-
tordaten umfassen. Die Identifizierung derselben
Passpunkte in dem TSX-Referenzbild und in den
Multidaten diverser Quellen ermoglicht eine genaue
Georeferenzierung ohne im Geldnde aufgenommene
Messdaten.  Die  Genauigkeit der  Geo-
referenzierung fur die optischen Satellitenbilder
wurde durch unabhéngige Kontrollpunkte bewertet.
Es wurden gute Ergebnisse fiir die HJ-, LS 5-, FS-2-
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und RE-Satellitenbilder mit absoluten Fehlern von
7,15 m, 6,97 m, 8,94 m bzw. 10,52 m erzielt. Fiir die
Georeferenzierung der topographischen Vektorda-
ten wurden optimale visuelle Resultate erzielt, wel-
ches dem eingesetzten ,,Rubber Sheeting Algo-
rithm* zuzuschreiben ist. Diese Ergebnisse de-
monstrieren die Eignung der aus TSX-Daten abge-

leiteten Passpunkte, um Multidaten verschiedener
Quellen genau und kosteneffizient zu georeferen-
zieren. Das entwickelte Verfahren kann auf andere
Untersuchungsregionen {ibertragen werden und ist
besonders wertvoll fiir Gegenden mit schlechter
Verfiigbarkeit von Referenzdaten.

1 Introduction

Data quality plays a critical role in geodata re-
lated research (BaretH 2009). To ensure data
quality, georeferencing becomes a manda-
tory and crucial task. In this paper, datasets
from different sources, each characterized by
their unique attributes and properties, are re-
ferred to as multi-source data. Compared to
single-source data, multi-source data can pro-
vide adequate information with different spa-
tial and temporal resolutions, map scales, and
spectral properties (L1 2010, WALDHOFF et al.
2012). Multi-source data provided by various
governmental bureaus or non-governmental
organizations such as local research institu-
tions or special research groups may vary in
many interpretation aspects and in terms of
(spatial) data quality. Both geographic infor-
mation system (GIS) and remote sensing (RS)
data carry plenty of geospatial information but
with different nature and content and with dif-
ferent semantics (WEis et al. 2005). The inte-
gration of RS and GIS is emerging as a new
research field (ZHANG 2010). GOMEZ-CANDON
et al. (2012) indicated that the locational er-
rors in high resolution images, e.g. GeoEye-1
images, affect the delineation of the input pre-
scription map which is a core problem for the
implementation of site-specific agricultural
management strategies. WEBER et al. (2008)
confirmed that coregistration errors between
imagery and field sites led to remarkable er-
rors in landscape classification, particularly
when the size of the target site was similar to
the image pixel size. Moreover, in some cas-
es, such as in China, detailed topographic data
(1:5,000 — 1:25,000) with high spatial accura-
cy may not be accessible due to data sharing
and management policies or lack of surveying
and mapping activities (BARETH & Yu 2004).
Because of heterogeneous qualities, the inte-
gration and georeferencing processes for mul-

ti-source data are indispensable, complex and
highly dependent on the purpose of the study.

A variety of methods for multi-source data
integration and georeferencing have been de-
veloped in the past decades to eliminate spa-
tial inconsistencies in multi-source datasets.
For example, a Markov random field model
was applied to merge images from multiple
sensors for a land use classification (SOLBERG
et al. 1996). A statistical approach to match re-
lational features was introduced by WALTER &
Fritscu (1999). An iterative closest point al-
gorithm was implemented to match features
using a spatially precise map as the reference
(voN GOssELN & SESTER 2004). Empirical and
theoretical methods were implemented by
Uskery et al. (2009) for integrating the national
maps of the United States with different scales
and resolutions in vector and raster datasets.
In addition, several automatic approaches
have been developed to compute the imagery-
to-vector conversion (Wu et al. 2007), identify
control point pairs from images using vector
datasets as the glue layers (CHEN et al. 2000),
conflate vector maps to high resolution image-
ry (Song et al. 2009), or georeference image
sequences in real-time (CHor & LEE 2012).

In recent studies, Synthetic Aperture Ra-
dar (SAR) imagery has been used to quanti-
fy the spatial inconsistencies of geodata and
to collect ground control points (GCPs) for
georeferencing. SAR sensors are all-weather
and day-night active microwave sensors that
collect information of the targets according
to the signal transport time between the sen-
sor position and the terrain height. They have
the potential to provide images with very high
geometric accuracy (AGER & BRESNAHAN 2009,
RopriGuez et al. 2006). In particular, the Ger-
man TerraSAR-X (TSX) satellite launched in
2007 is equipped with a highly flexible phased
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array antenna for SAR Stripmap, ScanSAR,
and Spotlight operations (MITTERMAYER &
RuncGe 2003). An overall ground accuracy of
less than 1 m has been demonstrated when the
images are projected to a precise terrain height
(AGer & BrEsnaHAN 2009, Korpk et al. 2010,
Nonaka et al. 2008). Therefore, the TSX prod-
ucts can be used to generate topographic maps
and create accurate orthoimagery products
(BAaDURSKA 2011, REINARTZ et al. 2011, SCHNEI-
DER et al. 2009).

To further explore the potential capabil-
ity of TSX imagery as a source for locating
GCPs and subsequently to georeference multi-
source data characterized by varying proper-
ties and accuracies over a large area, a feasible
and robust method which takes the advantage
of the high spatial resolution and high geomet-
ric accuracy of TSX imagery is introduced.
The main specific objectives are (i) to geo-
reference topographic vector data from mul-
tiple sources; (ii) to improve the georeferenc-
ing results of Huanjing (HJ), Landsat 5 (LS 5),
FORMOSAT-2 (FS-2), and RapidEye (RE)
satellite images; and (iii) to assess the accura-
cy of georeferenced datasets and to evaluate if
the results are highly dependent on the spatial
accuracy of the TSX imagery.

2 Study Area and Data

2.1 Study Area

The Sanjiang Plain (SJP), located in North-
east China, is an alluvial plain formed by the
Songhua River, the Heilong River and the
Wausuli River. The topography is fairly flat
with a slope of < 0.012°. With an area of ap-
proximately 11 million ha, it is an important
wetland area and ecosystem in China. Some
wetland sites in this area have been designat-
ed for the list of wetlands of international im-
portance (WANG et al. 2006). In addition, the
SJP is the largest food base of China, where
52 national-owned farms are located. The cli-
mate is temperate sub-humid, with a mean an-
nual precipitation of 500 mm — 600 mm (80%
of it occurring between May and September),
and an average temperature of 21 °C — 22 °C

in July and ~ -18 °C in January. Nowadays,
single season crops of paddy rice, soybean and
maize are mainly planted in this area.

The study site Qixing Farm (47.2 °N,
132.8 °E), which covers an area of approxi-
mately 120,000 ha, is located in the central
part of the SJP (Fig.1). As of 2010, 62% of
the study site was arable, dominated by three
quarters of paddy rice and one quarter of dry-
land (Zuanc 2012). In the paddy rice fields,
rainfed and irrigation systems simultaneously
exist. To improve the growing conditions of
agricultural crops, shelter forests were planted
in the late 1980s, primarily to reduce the speed
of ground wind (Liu & Znao 1996).

2.2 Data Description

A time series of five TSX images (stripmap,
VV-polarisation, incidence angle ~ 35°, rela-
tive orbit 88, descending) was taken within
44 days from June 24 to August 7 of 2009
(see Tab.1). These five stripmap images in
the basic Single Look Slant Range Complex
(SSC) form with intensity and phase infor-
mation for each pixel in slant range geometry
were used to create a TSX reference image.
The orbit precision was set to ‘science’, which
means that the satellite position during image
acquisition is calculated with an error of less
than 20 cm in a post processing step (Fritz &

& Heilong River ¢ .

7] Qixing Farm
W Sanjiang Plain
- Rivers

# National Boundary Hella
Duta Sources

NGCC, Berg, China, 2011

Qixing Mod. Agr. D, Center, 2000
Map Author G Zhao, 2014

Fig.1: Location of the study area Qixing Farm
in Northeast China.
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ENeper 2013). This post processing drama-
tically increases the positional accuracy and
thereby the image potential for generating
GCPs (Korrk et al. 2010).

The Qixing Farm field boundary file was
produced by the Qixing Modern Agriculture
Development Center. This GIS layer was giv-
en in Universal Transverse Mercator (UTM)
coordinate reference system, zone 53 N. It
provides the information on crop field bound-
aries, irrigation wells, water drainages, and
shelter forests edges at a fine field unit scale.
However, this dataset did not line up with any
of the other datasets in our project. The incon-
sistency was nonsystematic in distance or di-
rections (Fig. 3). An offset of more than 200 m
between this dataset and the TSX images was
identified in the northwest part, whereas in the
southeast part the shift was more than 300 m
in the opposite direction.

The public version of the 1:250,000 topo-
graphic vector dataset was produced by the
National Geomatics Center of China (NGCC).
This dataset includes multiple layers of ad-
ministration boundaries, settlements, rail-
ways, roads, hydrological information, and
landscapes. However, as BARETH & Yu (2004)
indicated, the spatial accuracy is not as high as
expected. Therefore, a refined georeferencing
of the public version is needed in this study.

The HJ, LS 5, FS-2, and RE satellite images
were acquired from 2009 to 2012 in the grow-
ing season. The agricultural constructions,
e.g. irrigation channels and raised ridges, for
paddy rice in the study area are the same year

by year and the field boundaries are mostly
stable. Therefore, one TSX reference image
can be used in multiple years. The detailed in-
formation of the RS data is listed in Tab. 1.

3 Methods

3.1 Workflow of Georeferencing
Multi-source Datasets

The schematic workflow of multi-source data
georeferencing is shown in Fig.2. There are
mainly four steps involved: (1) pre-processing
of the multi-temporal TSX images to gener-
ate one single reference image; (2) selection of
GCPs from the processed TSX imagery and
corresponding tie points from optical RS im-
ages or topographic vector maps; (3) reduc-
ing locational errors by recursively reselect-
ing GCPs and corresponding tie points until
achieving low positional error (PE) values or
satisfactory visual results; (4) generating geo-
referenced datasets by image resampling or
GIS data matching. Steps 1 and 2 are the key
steps of this approach, which highly affect the
quality of the GCP interpretation and conse-
quently the final results.

We decided to use the PE because it is im-
plemented in the software that we used and
because the documentation of the individual
error of every point proves best the efficiency
of the proposed method. The standard devia-
tion (Std.) that characterizes the overall error
is also given be as a comparison (Tab. 2).

Tab. 1: Characteristics of the RS images (az = azimuth, along track, rg = range, across track).

Satellite Pixel Spacing Bands Acquisition Projection Cloud Processing
(m) Date Cover (%)  Level
TSX 1.89 (az) x - June 24, July WGS 84 -- SsC
1.57 (rg) 5,16,27, Aug. UTM 53N
7,2009
HJ(CCD2) 30 x30 4 June 29,2012  WGS 84 0 2
UTM 53 N (subset)
LS5 30 x 30 7 Aug. 26,2011  WGS 84 0 1T
UTM 52N (subset)
FS-2 2 x 2 (PAN) 5 July 6, 2009 Geographic 0 1A
(Lat/Lon)
RE 5x35 5 May 19,2012  WGS 84 0 3A

UTM 53 N
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3.2 Creation of the Reference Image
from TSX Stripmap Acquisitions

A stack of five TSX stripmap images was
used to create the reference image. Radar im-
age processing was performed using the Next
ESA SAR Toolbox (NEST) distributed under
the GNU General Public License. To meet the
requirement of a geocoded image in which
the precise outlines of objects are identifi-
able, certain pre-processing techniques were
applied. First the ‘complex pixel value’ were
used to calculate an amplitude image repre-
senting the strength of radar backscatter for
each radar pixel cell. During the following

‘range Doppler terrain correctio’, the eleva-
tion data from the Space Shuttle Topography
Mission (SRTM) in a spatial resolution of 3
arc-seconds served to transform the radar im-
ages from slant range geometry into the UTM
coordinate reference system. Pixel spacing of
the resultant geocoded product was set to 2 m
to minimize spatial information loss, and to
meet the file requirements of a manageable
product. The main drawback of the SAR im-
age with regard to the visible interpretation is
the speckle effect which is an inherent noise of
all radar images, often called grainy salt and
pepper noise. To reduce this effect, a mean im-
age of the five geocoded images was calculat-

Multi-temporal
TerraSAR-X images

!

Preprocessing

!

Optical RS data TerraSAR-X reference ~_ Topographic
image vector data
= Selection of GCPsand _ _ _ _ | Selection of GCPs and
g corresponding tie points corresponding tie points
g| @
= w l
© o
> e v
w =
o = Evaluation of Map adjustment
‘I';:ﬂ § GCPs (rubber sheeting algorithm)
[=]
2 lLow PE values
v
Validation based on Visual analysis Not satisfying

check points
lLow PE values

Image resampling

}

Georeferenced
optical RS images

of results

Ideal

. Georeferenced
topograp_hlc vector data

Fig.2: Georeferencing workflow of the multi-source geospatial data, PE = positional error.
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ed and a 3x3 mean speckle filter applied. The
radiometric resolution was reduced from 16
bits to 8 bits. Therefore, the data size was con-
siderably reduced. Likewise, the image repre-
sentation speed was dramatically increased.
In spite of a radiometric information loss dur-
ing this procedure, the processed TSX refer-
ence image provides sufficient information for
human interpreters to clearly define unambig-
uous GCPs with a high spatial resolution. Ab-
solute radiometric calibration was not needed
in this process as all five images have the same
calibration constants, and moreover, the quan-
titative analysis of the backscattered signal
was not the focus of this study. The resultant
greyscale radar image was almost speckle-
free and the shapes of all objects necessary in
this research could be identified.

3.3 Georeferencing of Topographic
Vector Data

Georeferencing of the topographic vector data
was based on a rubber sheeting algorithm.
The rubber sheeting, alternatively called rub-
ber sheet, algorithm is one of the earliest and
the most common computer cartogram algo-
rithms (ToBLER 2004). This technique derives
its name from the logical analogy of stretching
apiece of rubber to fit over some objects (CoBB
et al. 1998). During the process, map areas are
subdivided into triangular-shaped regions and
local adjustments are applied on each single
region. After that, each triangle either enlarg-
es or shrinks iteratively toward its ideal size
without changing the topology of the map
(GiLLMaN 1985, DouGenik et al. 1985). An it-
erative math-physical cartogram algorithm for
continuous area was proposed by DOUGENIK et
al. in 1985. This algorithm was recently im-
proved by implementing an auxiliary quadtree
structure in the process (Sun 2013a, 2013b).
In this study, the rubber sheeting tool of
ArcGIS 10.1 was used to transfer the topogra-
phic vector data. Approximately 600 reference
points, evenly distributed over the entire area
of Qixing Farm, were selected as georeferenc-
ing points from the TSX reference image. As
REINARTZ et al. (2009) proposed, the selection
of reference points from the TSX image is not
always a straightforward procedure. Based on

our experience, corresponding points were
selected according to following rules: (i) Se-
lect points in the TSX reference image that are
located at the intersection of the paddy field
ridges, rural road edges, canopy crossings of
different crops, or corners of artificial wa-
ters, which are in all cases clearly identifiable
and unchanged during the 3 year-period from
2009 to 2012. (ii) Avoid elevated objects such
as forest edges or tall buildings due to their
systematic locational errors such as foreshor-
tening, layover, and shadowing, induced by
the radar imagery acquisition procedure. (iii)
Select only points that have a corresponding
(tie) point in the vector dataset, e.g. the Qi-
xing Farm boundary data with line intersec-
tions and corners. A similar process was ap-
plied to the topographic GIS data provided by
the NGCC.

3.4 Georeferencing of Optical RS
Data

Multiple optical RS aforementioned data were
also selected to demonstrate the georeferenc-
ing process based on the TSX reference im-
age. In particular, image subsets covering the
Qixing Farm were created for the HJ and LS 5
satellite data. All optical satellite images were
georeferenced according to these main steps:
First, all satellite images were reprojected into
the UTM WGS 84 system to obtain an over-
view of the data inconsistencies. Second, a set
of control points was selected from the TSX
reference image based on the aforementioned
rules. Consequently, the corresponding points
have to match the objects which can be clear-
ly identified in the optical RS imagery in this
case. Third, in order to improve the trans-
formation model and to minimize the errors
caused by the manual measurement, GCPs
and corresponding tie points were updated it-
eratively by eliminating the points with high-
est PEs and selecting additional control points
until the residual errors fell below the maxi-
mum allowed value. The decision if a PE value
was too high depended on the spatial resolu-
tion of the image to be georeferenced. For ev-
ery single GCP, the maximum allowed value
was within the subpixel range. Finally, a cer-
tain number of independent points were de-
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fined as check points to evaluate the accuracy
of the transformation. During the validation
process, the GCPs were used to calculate the
transformation model while the check points
were used to evaluate the errors in the geomet-
ric transformation independently.

In our case, the PE is the horizontal distance
between the input location of a GCP and the
transformed location of the same GCP. The
PE was calculated according to (CONGALTON &
GRrEEN 2008).

PE =+JAX? +AY? 6}

where AX and AY are the positional differenc-
es between the reference point and the corre-
sponding image or map position in the Xand ¥
directions, respectively.

4 Results

41 Georeferencing Results of
Topographic Vector Data

After the georeferencing based on the rubber
sheeting algorithm, the georeferenced vec-
tor data of the Qixing Farm field boundaries
(cyan) sufficiently fit to the new field bound-
aries which are clearly detectable in the TSX
image. The problem of nonsystematic spa-
tial inconsistency was well overcome and the
shape of the vector graphics was preserved
(Fig. 3). Similar results were also obtained for
the topographic data provided by the NGCC.

Fig. 3: Field boundary data, before (yellow) and after (cyan) the georeferencing; red arrows in the
left figure show the vector force of the rubber sheeting procedure. Background data in the right

figure: TSX reference image.

Tab. 2: Accuracy of the selected GCPs (PE = positional error, Std. = standard deviation).

Satellite Pixel Size Imagery/subset Number PE PE PE Std.
(resampled)  spatial of control (average) (max.) (min.) (m)
(m) extension (km) points  (m) (m) (m)

HJ (CCD2) 30x30 55 %55 100  12.66 27.39 1.87 6.70

LSS 30 x 30 48 x 68 220  9.04 16.63 0.59 3.85

FS-2 2 x2(PAN) 30 x28 143 343 5.91 0.3 1.35

RE 5x5 24 x 24 64  4.09 9.36 0.60 2.12
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4.2 Georeferencing Results of
Optical RS Data

Optical RS data were georeferenced accord-
ing to the method described in the previous
sections. Tab.2 shows the relevant informa-
tion of the selected GCPs.

After recursively selecting control points,
the final PEs were less than half a pixel for
both the HJ (CCD2) and LS 5 images, and
nearly one pixel for the FS-2 and RE images.
Fig. 4 shows the georeferencing results visu-
ally. The ground features from each of the im-
ages fit well. The roads match properly in all

images and the paddy field block boundaries
are ideally aligned to each other in the higher
resolution images (TSX, FS-2 and RE).

4.3 Spatial Accuracies of the
Georeferenced Optical RS Data

To evaluate the spatial accuracies of the geo-
referenced optical RS data, independent check
points covering the whole scene were created
and their spatial parameters were analyzed.
To capture the maximum PE results, the check
points were located in the areas where the

Fig.4: An example of georeferenced multi-source RS images in comparison to the TSX image.
From left to right: 1st row: FS-2, TSX, LS 5, HJ, RE; 2" row: LS 5, HJ, RE, FS-2, TSX; 3 row: RE,
FS-2, TSX, LS 5, HJ; 4" row: TSX, LS 5, HJ, RE, FS-2; 5" row: HJ, RE, FS-2, TSX, LS 5.
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Tab. 3: Accuracy of the independent check points.
Satellite Pixel Size Imagery/ Number of PE PE PE Std.
(resampled) subset spatial ~ check points  (average)  (max.) (min.))  (m)
(m) extension (m) (m) (m)
(km)
HJ (CCD2) 30x30 55 %55 20 3.29 8.05 1.81 1.55
LS5 30 % 30 48 x 68 34 3.11 6.48 1.80 1.11
FS-2 2x2 30 x 28 30 5.08 7.44 1.07 1.89
RE 5x5 24 x 24 10 6.66 8.42 4.08 1.21

GCP density was relatively low. The results
were summarized in Tab. 3. The average PEs
of the check points were at a sub-pixel value
(slightly more than 0.1 pixel) in the HJ (CCD2)
and LS 5 images. Accuracies of 2.5 pixels and
1.3 pixels were achieved for the FS-2 and RE
imagery, respectively. The average PE values
for all four types of satellite images ranged
from 3.11 m to 6.66 m.

5 Discussion

5.1 Analysis of the Anticipated
Spatial Error in the Processed
TSX Reference Image

The geometric distortion of SAR imagery
products can be caused by three components
(CurLANDER & McDonougH 1991): (i) sensor/
platform instability and signal propagation ef-
fects, (ii) terrain height, and (iii) processor in-
duced errors. The uncertainties embedded in
the SSC products comprise only the first type
of error, which is less than 1 m (Nonaka et al.
2008, Fritz & EINEDER 2013). The second type
of errors comes from the SRTM DEM dataset.
RopriGuez et al. (2006) found that the abso-
lute height error of the SRTM in Eurasia was
less than 6.2 m; whereas in the SJP study site,
where the topography is fairly flat, the abso-
lute error was less than 2 m according to the
SRTM THED (terrain height error data) prod-
uct.

Hence, the target range location error (AR)
determined by the terrain height estimation
can be calculated using (2) (CURLANDER & Mc-
Donouah 1991):

AR = Ah/tann, )

where A/ is the height (DEM elevation) esti-
mation error (2 m) and # is the location inci-
dence angle (35° in this study). Therefore, the
AR for this study was calculated as 2.86 m.
The processor induced error is process depen-
dent and is denoted as Ad,. The overall abso-
lute spatial error of the projected TSX imag-
ery can therefore be calculated by these three
components, with the result of (3.86 + Ad) m.
Where the processor induced error Ad, during
TSX image processing can be assumed to be
infinitely small.

5.2 Quantified Spatial Accuracy of
the Georeferenced Datasets

Considering all spatial inconsistent sourc-
es, the overall absolute error of the georefer-
enced datasets can be estimated. The overall
errors of the georeferenced optical RS data,
which is equal to the sum of the PE in Tab. 3
and the geometric distortion of the TSX im-
age (3.86 m), were 7.15 m, 6.97 m, 8.94 m, and
10.52 m for HJ, LS 5, FS-2, and RE satellite
images, respectively. Dar & KHorraM (1998)
found that a registration error of less than one-
fifth of a pixel should be achieved to detect
90% of the true changes. Hence, the registra-
tion results for the HJ (CCD2) and LS 5 im-
ages can support a change detection analysis
with a spatial error close to 10%.

In surface arca estimation, OzpOGAN &
Woobcock (2006) noted that spatial errors
are dependent on both RS image resolution
and the field size because of ‘the distribu-
tion of subpixel proportions’, especially when
the field size is similar to or less than the RS
data resolution. In this study, the results of
the FS-2 and RE images processing are suf-
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ficient for field-unit level analysis since the
size of each field block unit is typically larger
than 5,000 m2. The field block is the smallest
area of a farm management unit and is con-
sidered as the primary scale for management
decisions. The high accuracies for the HJ and
LS 5 image processing are also beneficial for
studies at the farmer-unit level, as a farmer’s
crop field is generally larger than 20 ha. Fig. 5
provides a visual result of datasets from mul-
tiple sources over the entire area of the Qixing
Farm.

5.3 Feasibility of the Approach

In this study, topographic vector datasets and
optical RS images from multiple sources were
georeferenced using GCPs derived from the
TSX reference image without the need for la-
bour intensive field work. The creation of the
TSX reference image and its use to locate ac-
curate GCPs is critical, because it not only de-
termines the precision of the results but also
the feasibility of this method.

I8 Legend

Qixing Farm Boundary
Railway

Road

TerraSAR-X Image Frame

i ]
RapidEye Image

Dala sources:

NGCC, Beljing, China, 2011;
Q.MAD.C., China, 2008,
DLR, Garmany, 2012;
AD.S. - G.l, Germany, 2009
Map Auhu:}n Q.Zhao

| e—
0 -] 10

—

Fig.5: Georeferenced multi-source data for the study area of Qixing Farm.
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Although many studies (Sowmya & TrIN-
DER 2000, SouN & DowmaN 2007, REINARTZ et
al. 2009) have attempted to extract geometric
features, e.g. GCPs, automatically from satel-
lite images, there is a lack of reports on auto-
matic methods for georeferencing multi-sour-
ce data. Automatic feature extraction methods
have limited applicability due to their complex
parameterization and strict condition require-
ments (Cosa et al. 1998). Moreover, automatic
methods for integrating GIS data and satellite
imagery are rare.

The strategy proposed in this study showed
that for each dataset, different GCPs were re-
quired due to the diverse characteristics of the
multi-source data. Manual procedure meets
this requirement and ensures the spatial accu-
racy. Although the high resolution TSX imag-
ery supplies a sufficient number of GCPs, the
selection of the GCPs and their corresponding
tie points is never straightforward. There is
still a need to establish the criteria for select-
ing reference points systematically. Another
drawback of this method is its inefficiency in
processing a large number of datasets. How-
ever, the proposed method still is especially
valuable for data-poor environments lacking
reference data.

6 Conclusions

This study provides an applicable and cost-
effective approach for georeferencing multi-
source data with different characteristics and
non-systematic spatial inconsistencies. It is an
especially beneficial technique for large study
sites with limited accessibility and reference
maps. The results demonstrated the feasibil-
ity of using TSX imagery to accurately geore-
ference multi-source datasets without in-situ
GCP data collection. By using the mean of five
TSX images and the mean filter, a speckle-free
reference image was generated. This proved
to be critical for locating sufficient GCPs suc-
cessfully. The PEs of the check points were
less than 0.2 pixel for the 30 m resolution im-
ages (HJ and LS), approximately 2.5 pixels for
the FS-2 images, and 1.3 pixels for the RE im-
ages. The overall errors were nearly less than
10 m for all four types of images. The discrep-
ancies among each pair of the TSX and GIS

data were only assessed visually, which dem-
onstrates a need for further study.
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