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ABSTRACT:

With China’s first stereo imaging satellite ZY-3’s successful launch and two satellites networking operation, space remote sensing
becomes an important means of data acquisition for survey and mapping, and geographic information updating in China.The
updating period of 4D products in China is shortened by one third, the geographic information updating capability was improved
more than 2 times.After more than eight years of stable and continued earth observation, ZY-3 statellites data coverage has gradually
achieved more than half of the earth land which enables the overseas service for global geospatial application. Focusing on the
Chinese domestic mapping applications and services, the data of ZY-3 and other domestic land observation satellites can be real-time
pushed and distributed across China through the satellite cloud service platform, and worldwide for facilitating the "Belt and Road"
initiative, which is promoted through the GEOSS as well for global application.

This paper presents the overseas geometric accuracy evaluation and validation of ZY-3 satellites images, which was carried out
systematically for the first time abroad and complements with China’s mapping evaluation practices to provide a comprehensive
technical guidelines for global mapping application. The direct location accuracy of ZY-3 satellites sensor corrected image products
were further evaluated and verified cooperating with the University of Vienna, Austria. The location deviations in mountain area and
in flat area were analyzed and compared to check the deviation pattern and validate their consistency with the results in
China.Utilizing China’s ZY-3 satellites images ranging from 2012-2018, the DSM was generated automatically based on a semi-
global optimization method (Yue et al. 2016) using self-developed software SDP without ground control points but using SRTM data
as elevation reference to improve the geometric accuracy.The result shows the elevation accuracy of DSM is 3.19m(RMSE),
satisfying the local requirement for 10m interval contour mapping.The planar accuracy of DOM generated without ground control
points utilizing ZY-3 satellites images within 2012-2015 is 2.46m(RMSE).With 128 orthorectified aerial photo slots provided by
NGD of Laos as reference,The planar accuracy of the DOM generated utilizing ZY-3 satellites images from 2016-2018 is
1.65m(RMSE), which can satisfy the local 1:25000 planar accuracy requirement and overlay with the local 1:2000 transportation
data exactly.The overseas geometric accuracy evaluation and validation of ZY-3 satellites images provides a systematic and practical
guidance for future global applications by complementing with china’s experience, which would be beneficial to overseas users in
acknowledging the usage of ZY-3 satellites data and help to promote it’s global applications.

*Corresponding author

1. INTRODUCTION

With China’s first stereo imaging satellite ZY-3’s successful
launch and two satellites networking operation, space remote
sensing becomes an important means of data acquisition for
survey and mapping, and geographic information updating in
China.The updating period of 4D products in China is
shortened by one third, the geographic information updating
capability was improved more than 2 times.Utilizing ZY-3
satellites images, China’s national 2m Ground Sample Distance
(GSD) Digital Orthorectified Image (DOM) and 15m/10m grid
Digital Surface Model (DSM) database has been constructed,
which was updated annually and biennially to meet various
needs for high precision geo-information products. ZY-3
satellites play a significant role in providing high accuracy
geoinformation data for national major surveying and mapping
projects. After more than eight years of stable and continued
earth observation, ZY-3 satellites data coverage has gradually
achieved more than half of the earth land which enables the

overseas service for global geospatial application. Focusing on
the domestic mapping applications and services, the data of
ZY-3 and other domestic land observation satellites can be real-
time pushed and distributed across China, and even worldwide
through the satellite cloud service platform for facilitating the
"Belt and Road" initiative, which is promoted through the
GEOSS as well for global applications.

ZY-3 satellites image with three independent cameras looking
at forward, nadir, and backward respectively with 2.1m Ground
Sample Distance (GSD) nadir images, and the interior
orientation accuracy is less than one pixel after calibration. ZY-
3 02 satellite enhanced the forward and backward GSD from
3.6m of ZY-3 01 to 2.6m and reset the nadir and multispectral
cameras to look at the same angle in order to improve image
fusion quality through the optimized design. The multi-spectral
camera image with a 5.8m GSD and four spectral bands
including blue, green, red and near infrared, the registration
accuracy of multispectral bands is less than 0.15 pixels. The
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objects’ spectral characteristics can be acquired simultaneously
together with the terrain topography for the environmental and
ecological applications, such as wetland and grassland
environment monitoring (Wang et al., 2015; Zhang, 2016; Zhao
et al., 2018; Kovacs et al., 2018). Moreover, Digital Surface
Models (DSM) of the study area can be generated
simultaneously with an accuracy, in terms of Root Mean
Square Error (RMSE), 1.5–4.2 m in flat area, 3.9–6.9 m in
urban area, and 5.7–8.2 m in mountain area, which proves to
be better than Shuttle Radar Topography Mission (SRTM)
(Fratarcangeli et al., 2016). The DSM generated from triplet
view images ensure the stable high accuracy and good quality
especially in mountainous areas (Xue et al., 2015) through the
triplet imaging advantage of ZY-3 satellites to efficiently
eliminate the blunders with more detail compared with two
view images especially in steep terrain area, which is important
for terrain correction of the multi-spectral images and can
effectively improve the accuracy of biomass estimation (Gao et
al., 2014; Yang et al., 2015).

Through the multi-constrained block adjustment without
ground control points, the planner accuracy of ZY-3 satellites
images can be better than 10m(RMSE), and the vertical
accuracy can be better than 5m(RMSE)(Angelo, 2013; Tang et
al., 2015; Gong et al., 2017; Wang et al., 2017).The planar
accuracy of ZY-3 satellites image products can be further
improved to within 3m(RMSE), and the elevation accuracy
can be within 2m(RMSE) with a few ground control points
introduced to meet the requirements of China’s 1:50,000 or
even larger scale like 1:25,000 mapping with the performance
even better than SPOT, ALOS et.al(Gong et al., 2017; Liu et al.,
2012; Pan et al., 2013; Tang et al., 2015; Toutin, Cheng, 2003;
Wang et al., 2014; Wang et al., 2017; Xu et al., 2017; Zhang et
al., 2014).The vertical accuracy of ZY-3 satellites stereo
images, especially in the plain area, can be significantly
improved using ICESat/GLAS, ZY-3 02 laser altimeter and
SRTM etc data as elevation reference.

This paper presents the overseas geometric accuracy evaluation
and validation for ZY-3 satellites images. The first overseas
systematic geometric accuracy evaluation and validation of
ZY-3 satellites images was conducted through cooperating with
the University of Vienna, Austria and National Geographic
Department (NGD), Ministry of Home Affairs of Lao PDR.,

which was carried out with the accuracy evaluation of primary
location and DSM/DOM generation separately abroad and
complements with China’s mapping evaluation results to
provide a comprehensive technical guidelines for global
mapping applications.

2. OVERSEAS GEOMETRIC ACCURACY
EVALUATION OF ZY-3 SATELLITES IMAGES

2.1 Primary Location Accuracy Evaluation of ZY-3
Satellites Images in Austria

In order to further verify the overseas location accuracy of ZY-
3 satellites sensor corrected image products, the University of
Vienna, Austria, uses the open-government 30 centimeter
resolution aerial images as the checking data, selects dense and
evenly distributed total 1,1670 checkpoints in 100 square
kilometers mountains area shown in Region of Interest (ROI) A
and 2,600 checkpoints in 80 square kilometers flat area shown
in ROI B respectively to evaluate the primary location accuracy
of ZY-3 nadir image.One scene of ZY-3 02 satellite nadir
image in August 8, 2016 covering the test sites was chosen for
image direct location accuracy evaluation. The two sites
location in the scene of ZY-3 nadir image is shown in Figure 1.

The location deviations distribution and the normalized
histogram of the mountain and flat test sites are shown in
Figure 2 and 3 separately.Comparing the deviations distribution
of two sites, we can see that the deviation pattern in x direction
is different. Comparing with each other, the most deviations in
mountain area show negative with higher magnitude while
positive in flat area.While both the deviations in y direction
show negative with different magnitude indicating possible
systematic deviations which can be further excluded through
further block adjustment processing for the improvement of
images’ location accuracy.The deviations of two sites are
shown against with the images in Figure 4, the obvious
systematic deviations tendency was observed. From the
normalized histogram of the deviations in two sites shown in
Figure 3, we can see that most deviations in mountain area are
higher with the median value of about 25m than those in flat
area, with the median value of about 15m, the overall situation
is consistent with most of the results in China (Zhang, 2014;
Tang et al., 2015; Gong et al., 2017).

Figure 1. The two sites for image direct location accuracy evaluation in Austria

ROI B

ROI A
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Figure 2. The deviations pattern of checking points

Figure 3. The normalized histograms of the euclidean deviations of checking points

Figure 4. The regional distribution of the deviations of checking points

(a) The mountain area A (b) The flat area B

(a) The mountain area A

(b) The flat area B(a) The mountain area A

(b) The flat area B
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2.2 Geometric Accuracy Evaluation of ZY-3 Satellites
Images for DSM and DOM Generation in Lao PDR

In order to systematically evaluate the overseas mapping
potential of ZY-3 satellites data, the DSM and DOM were
generated covering most territory of Laos and the geometric
accuracy was validated through collaborating with National
Geographic Department (NGD), Ministry of Home Affairs of
Lao P. D. R.The study area covers about 230,000 square
kilometers in Laos , which is 1,050 kilometers long from north
to south, 500 kilometers wide from east to west and only 105
kilometers wide in the narrowest area. The overall terrain is
high in the north and low in the south. The north is neighbored
with the western plateau in Yunnan, China. The steep mountain
rises above the plateau at the highest altitude of 2820 meters.
The plateau is 2,000-2,800 meters high above the sea level. The
terrain altitude declines from the north to the south of Vientiane.
The eastern part is the Changshan Mountain on the border of
Laos and Vietnam, which inclines toward the Mekong Valley
and forms a plateau, while the western part is the plain area
along the Mekong River. Mountainous and plateau areas
account for 80% of the country's whole territory, and the
national forest coverage rate is around 50%.

Due to the limited budgets and human resources, the first
version of local 1:50,000 base maps were almost finished by
NGD with the help of foreign countries. For large scale
mapping, only 0.5m resolution digital aerial photo covering
Laos 92% territory was available for map production, which
was acquired in different years, that is 2011 for southern part,
2013 for middle part and 2015 for northern part separately. Due
to the fast urban development and intense economic activities,
there is a pressing need to update the geoinformation data for
local sustainable planning and development.

2.2.1 Methodology of DSM and DOM Generation

Due to the local tropical and subtropical climate, most time is
rainy season, it is difficult to get clear satellite images without
clouds covering the whole territory within short time, we even
can not get one clear satellite image for some area in Laos
southern part during eight years of ZY-3 operation period. For
DSM and DOM generation in difficult optical imaging area, the
multi-temporal images even with large area clouds covering
were used to generate one whole DSM without blunder holes
and clear DOM through automatic clouds detection and
repatching using corresponding tie points matching technique of
stereo images based on photogrametric methodology to ensure
the geometric accuracy within multi-temporal images in order to
improve the utilization efficiency of the satellites images for
mapping production.The overall workflow is shown is Figure 5.

Cloud image patching is implemented by replacing images with
thick cloud cover with overlapped images without cloud cover.
The premise of this substitution method for removing clouds is
fulfilled through the high precision geometric registration
between the image to be patched and the clear substitute image,
it is possible to ensure that the geometrical accuracy of the
repaired image will not be significantly decreased as much as
possible, which can be used for surveying and mapping
production. This research will use the Rational Function Model
of ZY-3 satellites images to establish the relationship of the
geometric transformation between the image to be repaired and
the substitute image. Extracting image corresponding points in
the overlay area, performing block adjustment to make the
image corresponding point intersect at the same ground point to
establish the correspondence relationship between the image

points to be patched - ground points of DSM - the substitute
image points, and extracting the DSM with the clear substitute
stereo images to realize image patching. A method of automatic
integrated processing of multi-temporal satellite images with
thick clouds for DSM and DOM generation is proposed for this
research, through the cloudy images area detection and the
precise location of clear image in the object and image space to
realize thick clouds automatic detection and patching, this
method can realize seamless mosaic between the processing
images.

Figure 5. The workflow of automatic DSM and DOM
generation with multi-temporal images for clouds removal

2.2.2 Geometric Accuracy Evaluation

The DSM was generated automatically based on the proposed
method using a semi-global optimization strategy (Yue et al.,
2016) without ground control points but using SRTM data as
elevation reference to improve the elevation accuracy.The DSM
with 10m grid generated using self-developed software SDP
utilizing China’s ZY-3 satellites images ranging from 2012-
2018 in order to cover most of the Laos territory is shown in
Figure 6. The most area of the overall DSM shows quite smooth
with terrain detail in 10m grid using the proposed multi-
temporal images patching technique.

In order to systematically evaluate the geometric accuracy of
the Laos DSM generated from ZY-3 satellites images, the dense
and evenly distributed 131 GPS checking points provided by
NGD were used to validate the elevation accuracy. The result is
shown in Table 1, the vertical accuracy of the DSM is 3.19
m(RMSE) as shown in the table, and the maximum is within
10m, which proves the stable consistency with most of the
practices in China and satisfy the local elevation requirement
for 10m interval contour mapping in Laos and 1:50,000 scale
mapping in China.

Automatic clouds detection and
clear image area determination

Tie points selection

Image block adjustment

Image radiometric adjustment

Regional DSM patching with
clear stereo images

DOM image patching
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Figure 6. The DSM generated utilizing ZY-3 satellites images in
2012-2018 and the distribution of 131 GPS checking points

No of CPs RMSE(m) MaxEr(m) MinEr(m)
131 3.19 7.47 -8.56
Table 1.The elevation accuracy of DSM

The DOMs were generated automatically using ZY-3 satellites
images ranging from 2012-2015 without GCPs and 2016-2018
with aerial photo plots as references to provide a new version
for Laos mapping application. The two versions were compared
to check the variation in planar accuracy. The DOM generated
without ground control points utilizing ZY-3 satellites images
within 2012-2015 is shown in Figure 7. In general we can see
the image in most of the study area is clear utilizing the
proposed DOM generation methodology.The color balance of
the DOM in the right down area is not so good and manual
adjustment need to be fulfilled in order to improve it as a whole
for map production.

The planar accuracy of DOM generated without ground control
points within 2012-2015 is 2.46m using 128 0.5m GSD
orthorectified aerial photo plots provided by NGD as checking
data.The statistics are shown in Table 2 with the two version
planar accuracy comparison. The deviations distribution is
shown in Figure 8. We can see that there still exits systematic
errors need to be further excluded for accuracy improvement.
With 128 orthorectified aerial photo slots provided by NGD of
Laos as planar reference, the DOM was generated utilizing ZY-
3 satellites images from 2016-2018. The planar accuracy is
improved to 1.65m(RMSE) as listed in Table 2, which can
satisfy the local 1:25000 planar accuracy requirement.The
image can overlay with the local 1:2000 transportation line
graph data exactly shown in Figure 9.

Figure 7. The DOM mosaic generated utilizing ZY-3 satellites
images from 2012-2015

Figure 8. The planar errors of the 223 checking points

DOM Version No of CPs RMSE_X(m) RMSE_Y(m) RMSE_XY(m)

2012-2015 223 1.89 1.57 2.46
2016-2018 226 1.19 1.13 1.65
Table 2. The planner accuracy comparison of the DOMs

Checking points
Planar errors
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Figure 9. The DOM in Vientiane overlaid with the 1:2000
transportation line graphs provided by NGD

3. CONCLUSION AND DISCUSSION

Through the overseas evaluation of image’s direct location
accuracy of sensor corrected nadir image in Austria and the
overall performance of ZY-3 satellites images for DOM and
DSM generation in Laos, its potential for local 1:50,000 and
1:25,000 mapping is demonstrated and validated for global
geographic information application. The evaluation and
validation results show stable consistency with China’s
mapping practices. In general, the images overall quality is
good or even better than most of the optical satellites with
similar configurations (Li,Wang, 2012; Jiang et.al, 2014; Li
et.al, 2014; Xu et.al, 2012).

In order to improve the map production of optical satellites for
difficult imaging area with large thick clouds like Laos,the
proposed DSM/DOM generation method with automatic
patching can be used utilizing multi-temporal satellites images
based on photogrammetric stereo images matching to ensure the
geometric accuracy of DOM and DSM products. For DSM
generation, the multi-view stereo images of ZY-3 satellites have
technical advantages to achieve high accuracy especially for the
highly varied terrain of mountainous area like Laos.Taking
SRTM as a elevation constraint without ground control points,
the elevation accuracy of DSM generated from ZY-3 satellites
stereo images can be effectively improved to meet with the
requirements of the elevation accuracy of local mapping
applications.

Using laser altimeter data of satellites such as ICESat/GLAS,
ZY-3 02 and GF-7, the elevation measurement accuracy of ZY-
3 satellites stereo images can be effectively improved, satisfying

the need for high precision mapping applications outside China.
ZY-03 03 satellite would carry laser altimeter to improve ZY-3
images’ geometric performance automatically without GCPs
which will become one important research question for the
overseas applications. ZY-3 satellites stereo images can be used
to timely obtain 3D terrain information of the research area for
the high precision terrain correction of the multi-spectral images
which can effectively improve the accuracy of biomass
estimation,which acknowledged the potential for more precise
applications in natural resource monitoring and management.

The overseas service nodes of the satellite remote sensing cloud
service platform for ZY-3 and other Chinese domestic high-
resolution satellites data distribution, have been expanded in 17
countries outside China in order to promote China’s satellites
remote sensing technique, data and geographic information
services for gradually strengthening practical cooperation along
the Belt and Road region (for the website please refer to:
http://sasclouds.com). Through the satellite based geographic
information technology cooperation within the BRICs and GEO,
we can contribute to advance the implementation of the GEOSS
ten-year implementation plan and promoting the international
application and service of ZY-3 satellites.With these efforts,
more practices on ZY-3 images performance evaluation and
validation can be carried out in the future to guide and
consolidate the global applications.
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