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ABSTRACT:

In Australia, Landsat imagery is currently used in a number of regional and national monitoring projects to provide maps of the
extent and change in area of perennia vegetation. Data continuity is critical to maintain these monitoring programs. China-Brazil
Earth Resource Satellite (CBERS) is one potential data source for replacement of Landsat imagery. CBERS program is an earth
observation satellite series similar to Landsat. On-board sensors include CCD camera, IRMSS (infrared MSS) and WFI (Wide Field
Imager). Geoscience Austraia, in cooperation with China Centre for Resources Satellite Data and Application (CRESDA),
conducted afirst test reception of CBERS datain 2006. This paper describes technical evaluations of CBERS data in the context of
the Australian Greenhouse Office (AGO) vegetation monitoring program. Three CBERS datasets were provided by CRESDA. The
first dataset covers the surrounding area of Guangzhou, China, and contains 5-band images from CCD sensor at 19.5m resolution and
4-band image from IRMSS sensor at 78m resolution. The second dataset, probably the first CBERS image for Australia, is a 3-band
CCD image of Fraser Idand, Queensland; however it was heavily covered by clouds. The third dataset contains two scenes (3-band
images from CCD sensor) in the Land Monitor project region in Western Australia. The evaluation process focused on two aspects:
the geometric accuracy, and the spectral properties for forest/non-forest discrimination. Other data pre-processing issues investigated
include radiometric calibration, matching between CCD and IRMSS bands. Preliminarily results are presented and discussed. Some
issues found during the investigation are also discussed. The experimenta results suggest that with enough control points and
properly chosen ortho-rectification models, CBERS CCD data can be ortho-rectified and aligned with other satellite data such as

Landsat TM. Other recommendations for adopting CBERS data for applications are also given.

1. INTRODUCTION

In Australia, Landsat imagery is currently used in a number of
regional and national monitoring projects. However, the future
of Landsat imagery is not assured. Both Landsat 5 and Landsat
7 are estimated to run out of fuel around 2010. With the
looming gap in Landsat data continuity it is timely to consider
the issues involved in using data from other sensors to continue
these monitoring programs. In the context of the Australian
Greenhouse Office (AGO) Land Cover Change Program
(LCCP) (http://www.greenhouse.gov.au/ncas), this paper
describes the issues on CBERS geometric and radiometric
aspects, and quantifies the effects of using CBERS images to
produce forest cover maps. Other aternatives to Landsat data
that are being considered by AGO are SPOT 4 and Landsat 7
SLC-off images (Furby & Wu, 2006) and the Indian Remote
Sensing satellites (IRS).

Most important aspects of the forest cover mapping program
were considered during various evaluation stages, including
ortho-rectification, radiometric calibration and thresholding to
produce forest cover maps. Unless indicated otherwise in the
text, al processing was performed according to the standard
methodology for the Land Cover Change Program as described
in Furby (2006).

The structure of this paper is organised as follows: Section 2
gives abrief introduction of CBERS series. Section 3 describes
the CBERS datasets obtained and used for evaluation. In
Sections 4 and 5, various aspects and problems of geometric
rectification and radiometric calibration of CBERS data will be
discussed, a new approach for CBERS radiometric calibration
is described and results are presented. Results of thresholding
to produce forest cover maps are given in Section 6. Finally,

Section 7 presents some findings and recommendations for
using CBERS data for monitoring the extent and changein area
of perennial vegetation.

2. CBERSBACKGROUND

China has joined forces with the Brazilian government to de-
velop a series of earth-observing satellites launched by Long
March rockets from China. Their program goes by the name of
CBERS (China-Brazil Earth Resources Satellites); CBERS se-
riesis caled ZY 1 (ZY is abbreviated from Zi Yuan, which
means resources) series in China. CBERS 01, the first in
CBERS series, was launched on October 14, 1999 and CBERS
02 was launched on October 21, 2003. CBERS 02 is still op-
erational, although exceeding its design life. A replacement sat-
ellite, called CBERS 02B, is going to be launched in 2007.
CBERS 03 and 04 are to be launched in the near future. The
CBERS series demonstrates China's capability of developing
earth resources satellite and satellite application products. The
more than 280,000 images received are concentrated mainly
over China and Brazil, and are not generally available to other
nations.

CBERS 02 is technically identical to CBERS 01. The first two
CBERS satellites carry on-board a multi-sensor payload with
different spatial resolutions. The three sensors are: 1) Wide
Field Imager (WFI) (900km swath; 258m resolution; 2 bands);
2) Infrared MSS (IRMSS) (120km swath; 78m resolution; 4
bands including thermal); and 3) Charge Coupled Device
(CCD) (120km swath; 19.5m resolution; 5 bands). Figure 1
shows the detailed sensor comparison between CBERS and
Landsat TM.
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Figure 1. Sensor bandwidth comparison between CBERS and
Landsat TM.

3. CBERSIMAGE DATASETS
3.1 CBERS Guangzhou Dataset

A CBERS scene was provided by CRESDA (unless indicated
otherwise in the text, CBERS refer to CBERS 02 CCD image).
This dataset covers the surrounding area of Guangzhou, China,
and contains 5-band images from CCD sensor and 4-band
image from IRMSS sensor. Figures 2 and 3 show the
composed images from CCD and IRMSS sensors, respectively.

Figure 2. CBERS scene of path 372 row 74, acquired on
December 1, 2004, Guangzhou, China. The scene
data contains 5 CCD bands, however the above
picture only shows bands 4, 3 and 2, represented by
red, green and blue colours, respectively.

Figure 3: CBERS scene of path 372 row 74, acquired on
December 1, 2004, Guangzhou, China. The scene
data contains 4 IRMSS bands; however, the above
picture only shows bands 3, 2 and 1, represented by
red, green and blue colours, respectively.

3.2 CBERSQLD Dataset

In late 2004, CRESDA planned a special mission to acquire
some CBERS data for Australia. To our knowledge, the
CBERS 02 scene of path 319 row 128 (Fraser Island,
Queendand), provided by CRESDA, was the firss CBERS
dataset for Australia. It was acquired on December 3, 2004 (see
Figure 4). Due to the on-board data storage limitations, the
scene only contains CCD bands 4, 3 and 2. Unfortunately, this
scene was heavily covered by clouds at the acquisition time and
therefore was not considered for our evaluation purpose.

Figure 4: CBERS scene of path 319 row 128 (Fraser Island,
Queensland), acquired on December 3, 2004. The
scene contains CCD bands 4, 3 and 2 (represented
by red, green and blue colours, respectively).



3.3 CBERSWA Dataset

In January 2005, through negotiation with CSIRO, CRESDA
planned the second mission to acquire some CBERS data in
Western Australia, for part of the region covered by the Land
Monitor project (http://www.landmonitor.wa.gov.au).  Four
consecutive CBERS scenes from row 132 to row 135 in path
358 were acquired on February 7, 2005. Due to the on-board
data storage issue, this dataset only contains CCD bands 4, 3
and 2 (represented by red, green and blue colours in Figure 5,
respectively). The row 132 and row 133 scenes are nearly
cloud-free (shown in Figure 5) while row 134 and row 135
were heavily covered by clouds and therefore were not
considered for evaluation purpose.

Figure 5. CBERS WA dataset (combined two scenes of row
132 and row 133 at path 358), acquired on February
7, 2005, in the Land Monitor project region,
Western Australia. The scene contains CCD bands
4, 3 and 2 (represented by red, green and blue
colours, respectively).

4. CBERSORTHO-RECTIFICATION
4.1 CBERSWA Dataset

The CBERS WA dataset provided by CRESDA is map-
orientated which makes it difficult to apply orbital modelling
techniques in order to establish the rigorous geometric
relationship between provided images and the ground truth.
The Rational Polynomia Function (RPF) model was used for
ortho-rectification instead of using the rigorous orbital
modelling method.

The 2005 Land Monitor data was used as the base image to
collect the ground control points (GCP) and match to the
CBERS images. The base image used was mosaicked mainly
from two Landsat 5 TM scenes. Mullewa (path 113, row 80)
and Moora (path 113, row 81). By a coincidence, these two
Landsat TM scenes were acquired on February 9, 2005, only
two days after the CBERS scenes. The Digital Elevation Model
(DEM) from the Land Monitor project was used for ortho-
rectification.

More than 100 well distributed GCPs were collected for each
CBERS scene and the RPF model fitting results for each scene
show a good agreement. The RMS (root mean squares) errors
are less than 25m for both the easting and northing directions
(Table 1).

Table 1: RMS errors of RPF model fitting for CBERS scenes
(unit: pixel, CCD pixd sizeis 19.5m)

CBERS | GCP RMS X RMSY

Scene Pixel | Metre | Pixel | Metre

Mullewa | 104 | 1.1 21 0.6 12

Moora 113 | 11 21 0.5 10

Statistical analysis between the ortho-rectified CBERS image
and the Landsat 5 TM base image was carried out using
correlation matching to locate 29 check GCPs in these two
images. RMS errors for best 90% of 29 check GCPs with
correlation coefficients larger than 0.85 are 23m in the easting
direction and 11m in the northing direction, which is less than
one pixel of the Landsat 5 TM base image. Thisis of the same
order of magnitude as obtained for Landsat TM to Landsat TM
ortho-rectifications.

A visua inspection was conducted by manually checking
overlays of the two images (TM image Band 4 as the red
channdl and CBERS band 4 as the green channel). The yellow
colour should be dominant if both images are matched
perfectly, while red or green colour indicates there are some
misalignments between ortho-rectified CBERS and TM base
images. The misalignment is less than one pixel (25m) over
most of the area. Figures 6(a), (b) and (c) show the good
alignment on the composed image in three enlarged areas (see
boxes A, B and C in Figure 5). However, the misalignment in
some areas exceeds the limits set by both Land Monitor and
AGO projects (normally less than 25m). For example, Figures
6(d) shows the mis-registration is around two pixels (50m).

Further improvement could be made if the path-oriented images
are provided and the rigorous orbital model techniques are

applied.
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Figure 6: Four zoomed areas on the composed image (TM
image Band 4 as the red channel and CBERS band 4
asthe green channel). (a), (b) and (c) show the good
alignment on the composed image in three enlarged
areas (see boxes A, B and C in Figure 5), while (d)
shows the mis-registration of around two pixels.

4.2 CBERS Guangzhou Dataset

The purpose of CBERS Guangzhou dataset evaluation is to
investigate the alignment issue of CBERS data between its
CCD bands and its IRMSS bands. Registration process was
carried out in two steps:
1. The CCD image was registered and ortho-
rectified to areference image, and
2. The IRMSS image was registered and ortho-
rectified to the ortho-rectified CCD image.

The reference image in Step 1 is an ortho-rectified Landsat 7
ETM+ image which was downloaded from the Globa Land
Cover Facility (GLCF) website
(http://glcf.umiacs.umd.edu/datal). The reference image was
acquired on September 14, 2000 and can be identified by path
122 and row 44. The DEM used for ortho-rectification is the
Shuttle Radar Topography Mission (SRTM) DEM
(http://seamless.usgs.gov/) with post-processing applied by the
authors. Both datasets are freely available.

The CBERS Guangzhou dataset provided by CRESDA is also
map-orientated which makes it difficult to apply orbital
modelling techniques. RPF model was used for ortho-
rectification.

Forty-one well distributed GCPs were collected from the CCD
image and matched to the reference image. 53 well distributed
GCPs were collected from the IRMSS image and matched to
the ortho-rectified CCD image. The RPF model fitting residual
errors for both CCD and IRMSS images are listed in Table 2.

Table 2: RMS errors of RPF model fitting for CBERS sensors
(unit: pixel, CCD pixel size is 19.5m, IRMSS pixel

sizeis 78m)
CBERS | GCP | RMS X RMSY
Sensor Pixel | Metre | Pixel | Metre

CCD 41 17 33 13 25
IRMSS | 53 04 31 0.3 23

Statistical analysis between the ortho-rectified CCD image and
the ortho-rectified IRMSS image was carried out using
correlation matching to locate 63 check GCPs in these two
images. RMS errors for best 90% of 63 check GCPs with
correlation coefficients larger than 0.85 are 42m in the easting
direction and 37m in the northing direction, which is about two
third of an IRMSS pixel size.

Visua inspection confirms the statistical analysis results in
majority areas. Figure 7 shows a zoomed region on the
composed image (CCD and IRMSS combined image).
However, it is unknown how this amount of shift affects forest
cover mapsif the combined data (CCD with IRMSS) istried.

Figure 7: Zoomed area on the composed image (CCD image
Band 3 as the red channel and IRMSS band 2 as the
green channel. IRMSS image pixel resolution was
resampled from 75minto 25m).

5. CBERSRADIOMETRIC CALIBRATION

The standard calibration process for both the Land Monitor
project and AGO LCCP consists of three distinct steps:
top-of-atmosphere and Bi-directional Reflectance
Distribution Function (BRDF) corrections;
invariant target atmospheric check/correction; and
terrain-illumination correction, if required.

CRESDA provides the necessary parameters for applying the
top-of-atmosphere corrections to the CBERS images using the
current procedure with dlight modifications. However, a new
approach is required in applying the BRDF corrections to the
CBERS images.

CBERS WA dataset was chosen for radiometric calibration
evaluation. Terrain-illumination correction is not applied to the
South West region of WA in either the Land Monitor project or
the AGO LCCP as the area is relatively fla. Only top-of-
atmosphere and BRDF corrections were applied for CBERS
WA dataset.

5.1 CBERSRadiometric Calibration Approach

Given a base image (ortho-rectified and radiometricaly
calibrated) and an ortho-rectified CBERS image, a new BRDF
calibration model is proposed from an early model developed
by Wu (2006). Assuming there are enough overlapping regions



between the base image and a CBERS image, the BRDF
calibration model can be written as:

v=a,+tka tka, - (9- 9,) M
where
k,, K, are the two BRDF kernels for the CBERS

image, which can be caculated once necessary kerne
parameters are provided,

a, @, A, ae the kernel coefficients for the
CBERS image,
g isthe CBERS image band value, {, is the base

image band value, and
V isthefitting residuals for observation.

Some commonly used BRDF kernels considered are Ross
Thick, Ross Thin, Roujean, Li Sparse and Li Dense. Image
geometric view angles need to be calculated in order to apply
these BRDF kernels. Most BRDF kernels are the functions of
image geometric view angles related to the centres of the
imaging sensor and solar direction. A detailed description of
the relationship between image and space, and the procedures to
calculate image view angles are provided by Wu (2006).

Once enough samples (usually in the order of tens of thousands)
are collected, this model can be fitted in different ways such as
the least squares techniques. A robust S-estimate technique was
employed to estimate the kernel coefficients (Campbell et a,
1998).

It is worth mentioning that though this model is applied to
CBERS images, it can be easily modified to applicable to other
satellite images and aerial images. For example, SPOT 4
images were BRDF calibrated to Landsat TM base images using
this model (Furby and Wu, 2006).

The practical approach consists of three consecutive steps as
follows:

1. Due to the nature of CBERS CCD sensor imag-
ing (push-broom scanning), each scanline has its
own solar zenith and azimuth angles and view
zenith and azimuth angles. These angles are ac-
curately calculated using the photogrammetric
method which utilises: i) satellite positions at
different scanlines; ii) each pixel®location (lon-
gitude and latitude) and; iii) time, date and or-
bital data;

2. Severa kernel models (one kernel mode or a
combination of two kernels mode) can be chosen
and modelled using samples taken within the
vegetation and bush areas. The linear coeffi-
cients of these models are estimated using a ro-
bust S-estimate technique (Campbell et a,
1998); and

3. CBERS images are then corrected using the ker-
nel coefficients.

5.2 CBERSCalibration Results

In the CBERS BRDF calibration experiment, the forest/non-
forest masks are available and the samples are collected within
the forest areas only. Roujean and Li Dense were chosen as the

two kernels. Histogram comparison shows there are significant
improvements (matched to the base image) after applying
BRDF calibration to the CBERS image (Figure 8). However,
there is more work required to assess the BRDF calibration,
more adjacent CBERS images are required to further analyse
the BRDF calibration model for CBERS data.

Figure 8: Histograms of the subtracted image (the base image is
subtracted by the CBERS image) before and after
applying the BRDF calibration to the CBERS WA
dataset. The first row shows the histograms of the
subtracted image before applying the BRDF
calibration to the CBERS image. The second row
shows the histograms of the subtracted image after
applying the BRDF calibration to the CBERS
image. Subtracted bands 4, 3 and 2 (Landsat TM
equivalent) are represented by red, green and blue
colours, respectively.

6. THRESHOLDING ISSUES
6.1 CBERSWA Dataset

Forest cover probability images were created using the index-
threshold methods of AGO LCCP. The index derivation is
based on discriminant analysis procedures applied to selected
training sites. Here these were applied to the TM image (6
bands), the CBERS image in which only 3 bands are available
and to the 3 CBERS-equivaent bands from the TM image. As
expected, reduction of TM bands from 6 to 3 reduces overall
discrimination and discrimination forest vs non-forest
‘contrasts’. LCCP indices for this region include Landsat TM
band 5 or 7 for this reason. Site ordination plots showed
similar patterns for CBERS and equivalent 3-band TM data;
forest and non-forest sites are generadly separable, but some
sites which are well separated using 6 TM bands, are in an
‘overlap region’ using the three bands. Despite its nominal
19.5m resolution, the CBERS image is ‘blurry’ in comparison
with the same Landsat bands (Figure 9), indicating a coarser
effective resolution.

Figure 9 compares the forest cover products and imagery for a
small sample in the CBERS WA dataset area, produced derived
common indices and comparable thresholds. This area was
chosen as it is relatively chalenging, having thin perennial
vegetation (below the LCCP threshold) and fine spatial
features. Forest cover extent maps derived from Landsat 5 TM
and CBERS are displayed together in green and red respectively
in the bottom row of Figure 9. Where these products coincide,



the display appears yedlow (forest) or black (non-forest). Red
and green shows where the CBERS and 3-band TM derived
forest maps disagree. The red areas appear largely to be aresult
of the coarser effective resolution of CBERS.

Figure 9: Top Left: Landsat 5 TM image, bands 4, 3, 2 in
RGB. Top Right: CBERS image, bands 4, 3, 2 in
RGB (equivalent to TM bands 432). Bottom row:
Overlay of forest extent maps for Landsat 5 TM
(red) and CBERS (green).

7. CONCLUSIONS

This paper explores some potentials of using CBERS data,
mainly from the geometric rectification and radiometric
calibration aspects. The preliminary results from experiments
using the CBERS WA and Guangzhou datasets are
encouraging. However, there are more aspects need to be
investigated for the CBERS data if it is to be used in Land
Monitoring project and AGO LCCP.

The CBERS WA dataset demonstrates that map-oriented
CBERS CCD images can be registered to the base image
(Landsat 5 TM), with apparently satisfactory RMS error.
However, in some areas, mis-registration error is greater than
Land Monitor or LCCP standards. It is likely that orbita
models applied to path-oriented image CBERS data will
improve the registration, and this should be investigated. In
conjunction with the proposed BRDF calibrated model, CBERS
WA dataset can be radiometrically calibrated to the Landsat 5
TM base, and the thresholding analysis shows that the forest
cover map derived using limited CBERS bands is comparable
to the forest cover map derived using Landsat 5 TM equivalent
bands. The coarser effective spatial resolution would create
some issues if CBERS products are used to extend existing
Landsat TM monitoring programs.

The registration results from the CBERS Guangzhou dataset
show that it is possible to register the CBERS CCD image and

its companion IRMSS image (both IRMSS and CCD images
were acquired simultaneously). The misalignment errors are
42m in the easting direction and 37m in the northing direction,
which is about two thirds of an IRMSS pixel size.

During both CBERS WA and Guangzhou datasets ortho-
rectification experiments, only the RPF model was applied due
to the CBERS images provided being map-oriented. Further
improvement could be expected if the path-oriented images are
provided and the rigorous orbital model techniques are applied.

In the context of monitoring programs, accurate registration is
critical. IRMSS data was not available for the Australian study
area, and the potential and effect of its additional spectral bands
have not yet been evaluated. This should be carried out
following examination of results from orbita modelling
registration.

The following areas are recommended for CBERS further
investigation:

1. Evauate more CBERS images from ortho-rectification and
terrain illumination aspects, particularly in mountainous
areas,

2. further study the issues surrounding the fusion between
CCD and IRMSS data, including the forest cover maps de-
rived from combined CCD and IRM SS bands,

3. Apply the rigorous orbital model techniques to CBERS
path-oriented images from CCD and IRMSS,

4. further study on the proposed BRDF calibration model,
especially the optimal kernel’s choice, and

5. The accuracy of the change products from ‘mixed’ sensor
time series analysis (e.g. CBERS and Landsat TM).
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