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The In-orbit Calibration Method Based on
Terrain Matching with Pyramid-search for the
Spaceborne Laser Altimeter

Xinming Tang, Junfeng Xie Xiaoming Gao, Fan Mo, Wanwan Feng and Ren Liu

Abstract—The ZiYuan 3-02 (ZY3-02) satellite represents the
first satellite equipped with a laser altimeter for earth observation
in China. This laser altimeter serves as an experimental payload
for land elevation measurement. The ranging and pointing bias of
the laser altimeter would change due to the launch vibration,
variations in the space environment, or other factors, which is one
of the most important factors affecting the geometric accuracy of
a laser altimeter. This paper proposed amn in-orbit calibration
methed based on terrain matching with pyramid-search for this
spaceborne laser altimeter. First, we used published digital
terrain data as a reference to match with stripes of a peint cloud
obtained by the geometric location model of the laser altimeter;
then, the optimal matching terrain could be determined by a
pyramid search. Finally, the pointing bias of the laser altimeter
was calibrated. Using Advanced Land Observation Satellite
Digital Surface Model (AW3D20) with a 30-m grid size as a
reference for calibration and validation. After calibration, the
systematic error was effectively eliminated. The elevation
accuracy of the laser altimeter was improved from more than 100
m to 3 m approximately, and the algorithm efficiency with
pyramid search was improved by 10 times at least. The
experimental result demonstrates the proposed method is an
effective means to calibrate the current spaceborne laser
altimeters.

Index Terms—ZY3-02 laser altimeter, pyramid-search, terrain
matching, pointing bias

I. INTRODUCTION

The ZY3-02 spaceborne laser altimeter can be used for high
resolution optical stereoscopic mapping "™, and provides a
significant technological method to improve the geometric
accuracy of satellite image data. especially in elevational
direction ™71 The ranging and pointing bias of the laser
altimeter would change due to launch vibrations. variations in
the space environment or other factors. so the elevation

This paper was substantially supported by the NMational Namral Science
Foundation of Chma (Project Nos. 41301525 and 415 , No. 41771360),
the High Fesclution Remote Sensing, surveving and mapping Application
Program (MNo.l), the Authenticity WValidation Technology of Elevation
Accuracy of GF-7 Laser Altimeter (Wo. 42-V20A11-2001 2), and active
and passive composite mapping and application technology with wisible,
infrared and laser sensers (No. D040106). The anthors would like to thank the
Japan Aerospace Exploration Agency (JAXA) for providing ATOS data. as
well the anonymous reviews for their constmctive comments and suggestions.
Corresponding author-Junfeng Xie.

accuracy of laser footprint will decline B Thus, in-orbit
geometric calibration 1s necessary for this laser altimeter.

Many researchers had studied calibration methods in depth,
including the ground detector method FH'M the airborne
infrared camera method 1'%, the terrain matching method™™],
and the satellite maneuver method™. Chinese high resolution
satellites generally have emploved a large platform with a
three-axis affitude stabilization mode, which only swing the
platform 1n the roll direction, so the satellite attitude maneuver
method cannot be applied. An arrbome infrared camera has
difficulties svnchronously capturing the laser spot. and the
success rate is low. The calibration method with ground
detectors has high cost because this method requires a large
number of infrared detectors and much manpower for field
work. The in-orbit calibration method based on terrain
matching with pyramid-search for satellite laser altimeter is
proposed 1n this paper. The proposed method uses published
Digital Surface Model(DSM) productas the reference terrain
data and optimal pointing can be obtamed by matching terrain
with pyramud-search.

II. SPACEBORNE LASER. ALTIMETEF. CALIBEATION BASED ON
PYRAMID SEARCH TERRAIN MATCHING

A The Geometric Calibration Model of Spacebarne Laser
Altimeters
The laser altimeter geometric model is P

(X (AX Y (cosScosa’

spot . e
T = |5 +RERZ|[AL, | +a0)
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\ ! '
W TRE AR )
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¥
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where;
the International
X

Zrwe g the location of the laser footprint in
Terrestrial Reference Frame (ITRF);

\ s Jmwr 15 the position of the satellite mass center in ITRF;

IORF . . . -
Fen jg the rotation matrix of the satellite body coordinate
system to the International Celestial Reference Frame (ICRF);
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The Influence of JPFEG 2000 Coding Parameters on Remote Sensing Image
Compression Quality

LIN Yaoyac"*, TANG Xinming”, XUE Yucai’, AI Bo'
{1-College of Geomatics, Shandong University of Science and Technology, Qingdao 266590, China;
2. Satellite Surveying and Mapping Application Center, National Administration of Surveying, Mapping and
Geoinformation, Beijing 100048, China!

Abstract: Discrete Wavelet Transform (DWT! and EBCOT coding are the core technology of JPEG 2000 standard-
Adjusting their coding parameters has an important impact on image compression performance- In this paper.
the compressed image is compared with the original remote sensing image- The influence of the different coding
parameters on the quality of the reconstructed images is analyzed by a large number of experiments. and the suitable
range of the coding parameters under different compression ratios is given- The experimental results show that, when
the image is compressed at mediuvm and low ratio, a lower number of wavelet transform level'2 or 3) and a smaller
code-block s1zel8=8 or 16+16) can be used to encode the image; when the image is subjected to higher compressed
ratio, it is necessary to set a higher number of wavelet transform level(4 or 5! and a bigger code-block size(32x32) to
obtain a higher reconstruction quality of the image- The relevant conclusions provide a technical basis for parameters
selection of the image compression practice-

Key words: JPEG 2000; wavelet transform levels; coding block size; remote sensing image compression quality
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Research Progress on Land Cover Classification
Application of Satellite Laser Altimetry Data

QUAN Xuefeng'** , TANG Xinming"® . LI Guoyuan® , LIU Zhao® . XUE Yucai®
(1. Lanzhou Jiastong University, Lanzhou 730070, China;
2, Land Satellite Remote Sensing .J1|‘*J plication Center MNR, H.a.-'_'i ing 100048, Chinas

3. Gansu Provincial Engineering Laboratory for National Geographic State Monitoring , Lanzhou 730070, China

Abstract: This paper analyzes the progress of land cover elassification by satellite laser altimetry data and satellite laser
a'|l1'm::.lry data with other data sources, and surmmarizes the a(l\-‘anlagcs and (|1'53(|\.-'z-mlagr,:5 of waveform treatment and land cover
classification method, The application prospects of various methods in different areas are analyzed,and the deficiencies in the
present study are summarized, The researches show that the waveform characteristic parameter method and curve matching
rm;.l}\od }\a Vi ]owr:.r g‘]a:a:u‘fl‘g‘all‘g)n ACCUrAcy w}m‘.n l}\::rr;. are more t.'ﬂ't.:gorllt.‘.:i-- Ihr:. t;ornhllnz-clll;)n of wavg‘.form 1nal:;}n'ng nu;.l}\g)(l an(l
support vector machine method has higher classification aceuracy. when there are few eategories, and the method 15 more
accurate in urban classification, Tn this [Ja[Jt::r.lhr,: land cover classification methods of the satellite laser a]l'inu:lry‘ data are also
summarized . in order to [Jrow'(lt:. a reference for the ﬂ[J[JHt;alion of the domestic Gaoferr? satellite laser H]I'iTTlL‘.lTY data in the land
cover classification,

Kl:_\' words ; satellite laser a]ll‘nu:.lry; full waveform data; land cover classification: multisource remote :a::n:ﬂ'ng classifications

aceuracy evaluation
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Zhai H R, Tang X M, Wang G H, & al. 2019 Impact of impervious surface expansion on tropospheric N0, column density in Chinese megacities [ . Acta
Scientise Circumstantise, 39 (3) 1797808
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Impact of impervious surface expansion on tropospheric NO, column density in

Chinese megacities

ZHAT Haoran™®, TANG Xinmingm’. ., WANG Guunglluiz, LI .ﬁuyuz, XING Liwei™?
I. Geomatics College, Shandong University of Science and Technology, (Hingdao 266590
2. Satellite Surveying and Mapping Application Center, National Administration of Surveying, Mapping and Geoinformation, Beijing 100048

3. Institute of Agricultural Information, Chinese Academy of Agricultural Sciences, Beijing 100031

Abstract ! We used Ozone monitoring instrument (OMI) data to genermte the topospheric NOy column density (TroNid, ) of 7 Chinese megacities from
2015 to 2007 and analyzed the characteristics of spatial and temporal distribution of TmNO,. We also explomed the correlation between TroNO, and the
impervious surface of megacities. The results showed that® (1) Tropospheric NO4 column density of all 7 megacities increased first and then decreased,
whose region with high value expanded firstly and then contracted or disappesred. There are significant cyclical changes in the concentration of each
cityduring the year. And density of TroN(), in winter is always higher than that in summer. [P] Comparing with 2005, Impervious surface area of each
megacity in 2017 expanded 1.2~2 times, and the expansion appeared from city center to the periphery. While the spatial distribution and expansion trend
of impervious surface are highly correlated with the density of TroNO,. [EY] Tropospheric N0, column density were highly positively cormelated with the
impervious surface coverage (13C), and the distribution of cold and hot spots were consistent. The tropospheric NO, column density of unstressed,
stressed, impacted and degmded municipality incressed in turn. The normalized TroNO, index showed an upward trend on the region where impervious
surface expansion happened. (8 Natural conditions, economic industrial structure, exhaust emission, major games and velated policies were closely related
to the tropespheric NO, column density.

Keyvwords: megacity: tropospheric N0, column density fimpervious surface: correlation : expansion
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Thoughts about Land and Sea Satellite Laser Altimetry

TANG Xinming'. LI Guoyuan®#*
(1, Land Satellite Remote Sensing Application Center, Ministry of Natural Resources. Beijing 100048, Chinas
2. Key Laboratory of Space Active Opto-electronics Technology, Chinese Academy of Sciences. Shanghat 200083,
Chinas: 3, College of Geography and Environment, Shandong Normal University, Jinan 250014, Shandong, China)

Abstract: The development of land-sea satellite laser altimetry is an important choice to adapt to the new
situation and meet the new needs., The demands in various aspects are analyzed. including the data acquisition of
high precision elevation control points. the estimation of forest biomass. the surveying and mapping of shallow
water topography and island reel topography, the monitoring of tripolar regional elevation and so on, A preliminary
idea of developing a new multi-beam laser altimetry technology is put forward, and the several key technical issues,
including highly precise pointing determination, dynamic adjustment of range gate width and so on, are discussed,

Keywords: satellite laser altimetry; precise pointing determination; elevation surveying; land and sea surveying
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Abstract

ZY3-02 is the first Chinese earth-observation satellite equipped with a laser
altimeter, designed to assist stereo-image mapping elevations. Launch vibrations,
the space environment and other factors, both expected and unexpected, cause bias
in the designed ranging and pointing of the laser altimeter, influencing its height
measurement accuracy. This paper proposes an in-orbit geometric calibration
model which considers this bias as unknown systematic errors. The unknown
parameters were calibrated by the minimum ranging error principle using laser
spot geolocation data captured by a ground-based laser detector array. Based on
precise orbit and attitude data, the precise geolocation information of the laser
footprints could be obtained. Validation experiments show that the elevation
precision of the laser altimeter can reach I m.

2018 The Authors
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Development Status and Trend of Satellite Mapping

TANG Xmming HU Fen

(Satellite Surveying and Mapping Application Center, NASG Beijing 100048, China)

Abstract Satellite mapping i1s an important approach to obtain geographic information and provide
geographic information services based on various kinds of surveying and mapping satellites. The capability and
application level of satellite mapping are direct reflection of the earth observation ability of a country. On the
basis of analyzing the development status of satellite mapping both at home and abroad, this paper summarizes
the technical breakthrough and applications of ZY-3 mapping satellite. And then the paper gives an outlook of
the follow-up development and technological difficulties of China's surveying and mapping satellites, based on
the practical application requirements and focusing on the developing areas of weakness and blank.

Key words mapping satellites; satellite mapping; technology status; application; developing trend
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Abstract

This paper proposes a stereo-image block-adjustment algorithm without
ground control points (GCPs) by adopting a Shuttle Radar Topography Mission
(SRTM) digital elevation model (DEM) as a height assistant. Using dense, evenly
distributed tie points on images used in the block adjustment, the initial height
values of tie points are derived directly from the SRTM DEM. In the subsequent
block-adjustment iterative computation, the height correction value for tie points is
rigorously restricted by the SRTM DEM elevation. A total of 509 ZY-3 satellite
stereo-images across 190 000 km® of China’s Hubei Province were used for this
block-adjustment experiment. The results show that the vertical root mean square
errors (RMSEs) are improved from 7-2 to 2-3 m without GCPs, while the RMSEs
in flat and mountainous terrain are improved to 1-5 and 2-8 m, respectively,
Sulfilling the vertical accuracy requirement of China’s 1:25 000 scale mapping.

Kevyworbs: block adjustment, rational function model (RFM), Shuttle Radar
Topography Mission (SRTM), stereo-imagery, without ground control points

INTRODUCTION

CUrrenTLY, Temole sensing and mapping satellites are moving toward higher geometric
precision and spatial resolution, stronger data acquisition and faster data processing abilities
(Navulur etal., 2013). Satellite imagery from, for example, the French SPOT-5/-6/-7,
Chinese ZY-3, Japanese ALOS and Indian Cartosal-1 has become the primary data source
for the production of 1:50000 and 1:25 000 scale geographic information products in
relevant countries. To reduce the use of ground control points (GCPs), minimise mapping
costs, improve mapping efficiency and, especially, perform high-accuracy mapping in areas
where GCPs are difficult to obtain, carrying out 1:50000 and 1:25 000 scale mapping
applications without GCPs has been the ideal goal for many satellite image users.

2018 The Authors
The Photogrammetnic Record © 2018 The Remote Sensing and Photogrammetry Society and John Wiley & Sons Lud
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Hybrid Geometric Calibration Method for Multi-platform Spaceborne SAR Tmage
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LU Guannan'?, TANG Xinming®, Al Bo',LI Tao® ,CHEN Qianfu’

1. Co”g-gr:. of Gr:g_)nlal'ir;s.Shan(long Univr:.r:aily of Science and Tr.-.r;hno]ogy. Qing(lao 266590, China: 2, Satellite Sur\-'r:.ying
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Abstract: Geometric calibration is able to provide high-accuracy geometric coordinates of spaceborne SAR image
through accurate geometric parameters in the Range-Doppler model by ground control points (GCPs). However. it
is very difficult to obtain GCPs that covering largescale areas. especially in the mountainous regions,In addition.
the traditional calibration method is only used for single platform SAR images and can’t support the hybrid
geometric calibration for multplatform images, To solve the above problems.a hybrid geometrie calibration
method for multplatform spaceborne SAR images with sparse GCPs is proposed in this paper First, we calibrate
the master image that contains GCPs,Secondly . the point tracking algorithm is used to obtain the tie points (TPs)
between the master and slave images, Finally. we calibrate the slave images using TPs as the control points,We
take the Beijing-Tianjin-Hebei region as an example to study SAR image hybrid geometrie calibration method
using 3 TerraSAR-X images.3 TanDEM-X images and 5 GF-3 images covering more than 235 kilometers in the
north-south direction.Geometric calibration of all images is completed using only 5 GCPs, The GPS data extracted
from GNSS receiver are used to assess the plane accuracy after calibration. The results after geometric calibration
with sparse GCPs show that the geometric positioning accuracy is 3 m for TSX/TDX images and 7.5 m for GF-3
images,

Key words: SAR image; geometric calibration; R-D model; multi-platform ; GF-3
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The objective of this research is to optimize the Alpha approximation model for soil meisture retrieval using multitemporal SAR
data. The Alpha model requires prior knowledge of soil meisture range to constrain soil moisture estimation. The solution of the
Alpha model is an undetermined problem due to the fact that the number of observation equations is less than the number of
unknown parameters. This research primarily focused on the optimization of Alpha model by employing multisensor and
multitemporal SAR data. The disadvantage of the Alpha model can be eliminated by the combination of multisensor SAR data.
The optimized Alpha model was evaluated on the basis of a comprehensive campaign for soil moisture retrieval, which acquired
multisensor time series SAR data and coincident field measurements. The agreement between the estimated and measured soil
moisture was within a root mean square error of 0.08 cm®/cm® for both methods. The optimized Alpha model shows an obvious
improvement for soil moisture retrieval. The results demonstrated that multisensor and multitemporal SAR data are favorable for

time series soil moisture retrieval over bare agricultural areas.

1. Introduction

Soil moisture is an essential parameter controlling many
biophysical processes that impact water, energy, and carbon
exchanges at the land-atmosphere interface. Synthetic ap-
erture radar (SAR) is one of the most promising techniques
for measuring surface soil moisture at moderate-to-high
spatial resolution required by hydrological, meteorologi-
cal, ecological, and agricultural applications [1-3]. However,
accurate soil moisture retrieval from SAR data is still
achallenging task due to the fact that the radar backscatter is
influenced by multiple parameters such as soil dielectric
constant (related to soil moisture), surface roughness, and
vegetation conditions [4-10]. Therefore, soil moisture re-
trieval from SAR data is an ill-posed problem, and thus, it
requires either prior knowledge of vegetation and soil
surface parameters or multiple configuration SAR data. The
multitemporal [11, 12], multi-incidence angle [13-15],
multipolarization [16-19], and multifrequency [20] SAR

data are increasingly applied for soil moisture retrieval to
avoid using less observations than the number of unknown
parameters [21, 22].

The availability of SAR data characterized by short re-
peating cycles such as Radarsat-2, Sentinel-1, ALOS-2,
Cosmo-SkyMed, and TerraSAR-X/TanDEM-X provides
possible alternatives for monitoring soil moisture change at
fine spatial scales through change detection methods [23].
The rationale of such approach is that temporal changes of
surface roughness and vegetation take place at longer
temporal scales than soil moisture changes [24-27].
Therefore, time series SAR data acquired with short repeat
cycles are expected to obtain the soil moisture change. A
change detection method referred to as the Alpha approx-
imation model was initially developed under a simplified
theoretical assamption [28], being that the ratio of two
consecutive backscatter measurements could be approxi-
mately represented as the squared ratio of corresponding
Alpha coefficients. The Alpha approximation model has

83



FasE Wm12m USRI 14 Vol.46. No.12
2017 412 A Acta Geodaetica et Cartographica Sinica December, 2017

Bl Sche st AE B or BB BRI =S 02 B2 o I R R BT S e e [T ] A, 2017, 46 (12) . 1939-1049, DOT,10,11947 /5. AGCS,
2017.20170174.
i Guoyuan, Tang Xinming, Analysis and Validation of ZY-3 02 Satellite Laser Altimetry Data[J7]. Acta Geodaetica et
Cartographica Sinica,2017,46(12),1939-1949, DOI;10,11947 /1. AGCS.2017.20170174,

RE=ZS 2 EHAXLNSRBESHSWIE

# 7t:]'2'3 s}%%ﬁ'ﬁﬂ 1.2.3

1. FE 002 Hh (5 B ) TR I 22 157 F bt o BT 100048 2, GRid 22 i 5 o s Rl 2 2 L i1 b 2830
4300795 3. VL3 MR {E B9 U 2% 5 0] HH B R) A0 87 vl - Y09 B AT 210023

Analysis and Validation of ZY-3 02 Satellite Laser Altimetry Data

LI Guoyuan®??*, TANG Xinming!''%*
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Geographical Information Resource Development and Application,Nanjing 210023, China

Abstract: ZY-3 02 sotellite loaded with Chinese first earth observing satellite laser altimeter.and has been
launched successfully on 30th May. 2016, In this paper. the theoretical accuracy of the laser altimeter is
analyzed. and several experimental areas are used to verify the actual accuracy. At the same time. the
application of the laser altimetry data in the field of space-borne photogrammetry is tested. The laser
altimetry theoretical accuracy of ZY-3 02 satellite in the flat area (slope less than 2 degrees) is about
0.85 m and 14.2 m in the elevation and planimetry direction.respectively. The effective laser altimetry data
account for about 23.89% .and near the calibration field the elevation accuracy is 0.89 msand planimetry
accuracy is about 14.76 m. Moreover, the verified elevation accuracy is 1.09 m in the North China by high
precision DSM terrain data. and loser footprint points accuracy on the surface of the Bohal inland sea is
about 0.47 m. When the laser foot print point is used as elevation control point.the elevation accuracy of the
ZY-3 02 satellite stereo images in Shaanxi Weinan can be increased from 11.54 m to 1.50 m without GCPs.
Although ZY3-02 satellite laser altimeter is just a test.the results proved that the domestic satellite laser
altimetry data can effectively improve the stereo images without GCPs.which will be valuable in the global
mapping project. It is suggest that operational laser altimeter equip on the next satellite of ZY-3 serials.
Key words: ZY-3 02 satellite;satellite laser altimetry; accuracy analysis:global mapping
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Integration of ZY3-02 Satellite Laser
Altimetry Data and Stereo Images for
High-Accuracy Mapping

Guoyuan Li, Xinming Tang, Xiaoming Gao, Xia Wang, Wenfeng Fan, Jiyi Chen, and Fan Mo

Abstract

Integration of satellite laser altimetry data and stereo images
without ground conirol points (GCPs) is an attractive method
for global mapping. In this paper, we propose a new strategy
of integrating Ziyuan3-02 (zy3-0z2) satellite stereo images and
laser altimetry data using a rigorous sensor model (RsM] with
laser ranging constraint under the synchronized and rational
function model (RFM] with laser elevation constraint under
the non-synchronized capture for high-accuracy mapping
without GCPs. Four experimental regions in China are selected
to validate the method. The results show that the Zvi-0z satel
lite laser altimetry data can be used to improve the elevation
accuracy of stereo images to better than 3.0 m without GCPs.
All of the conclusions are valuable for the development of
China’s next generation of surveying and mapping satellites.

Introduction

High=acouracy geo=location without ground control points
(GCPs) is the key aim of satellite remole sensing, which is very
important for global mapping and resource monitoring. The
zy3-n2 satellite was launched on 30 May 2016 with China's
first experimental satellite laser altimeter to validate the
elevation control point collection and accuracy improvement
of stereo images without Gops. Satellite stereo images and
laser altimetry data comprise two different types of mapping
sources. The former, namely high-resolution satellite images
(HRSIs), have been widely used and researched with a few GCPs
(Grodecki and Dial, 2003; Tong et al.,2010; Teo,2011; Pablo,
2013; Pan, 2016); the latter, has rarely been implemented for
Earth observation, except for the Ice Cloud and Land Elevas-
tion Satellite (1Cksat), which carried the first laser altimeter,
the Geo=science Laser Altimeter System (GLAS), for monitoring
ice sheets, estimating biomass, and obtaining land elevation
control points (Abshire ef al.,2005; Schutz et al.,2005; Cara-
bajal et al.,2010; Wang ef al.,2011). However, ICEsat was just
loaded with a laser altimeter but not slereo cameras.
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What's more, although many satellitebased laser altim=
eters have been launched, including the Lunar Orhiter Laser
Altimeter (LOLA) on the Lunar Reconnaissance Orhiter (LrO),
the Mars Orbiter Laser Altimeter (MO1LA) on the Mars Global
Surveyor (MGs), all of them just observe other planets rather
than the Earth, Therefore, the zv3-02 satellite maybe the first to
be able to observe the Earth using a laser altimeter and stereo
cameras synchronously.

For Earth observation, some researchers have focused on
the ICEsat laser data to improve the accuracy of InSAR or stereo
images. In order to measure the surface changes on Byrd
Glacier, Schenk et al. (2005) proposed a method of matching
the terrain features extracted from ICEsat laser altimetry data
and aerial or satellite images that depended on the terrain
characteristics and the density of laser points. DongChen et
al. (2009]) combined the GLAS altimetry data and Advanced
Spaceborne Thermal Emission and Reflection Radiometer (AS-
TER] stereo images in the Antarctic region to generale maps.
The method used the GLAS data as an elevation relerence only
for medinm-resolution satellite images (MRrSIs). Wendleder
et al. (2016) eliminated the long-wave height error of the
Shuttle Radar Topography Mission (SRTM) DSM using the 1CEsat
laser altimeter points on flat and non-vegetated areas as a
control source, which has been applied for global mapping.
Highsresolution global DsMs from ALOS PRISM named AwaDzo
[denoting ALos World 3D, 30 m) were generated by viewing
the ICEsat laser points as an elevalion control (Takaku ef al.,
2014). While the above papers considered GLAS data that were
not obtained at the same time as the InSAR or stereo images
as an elevation control, the zyz-2 satellite can capture laser
and stereo images synchronously. Moreover, the aim of the
Z¥3 series satellites is 1:50 000 scale mapping without Gcps,
50 it is valnable to research and validate whether the laser
altimetry data from Zyz-02 can improve the mapping accuracy
of slereo images withoul ground control data. Using GLAS dala
of ICEsat as an elevation control to improve the elevation accu-
racy of the zva-01 satellite stereo images by the rational func-
tion model (REM) was validated in our precoding papers (Li
et al., 2016a, 2016b). In this paper, the combined adjustment
using RFM with laser elevation constraint or RSM with laser
ranging constraint is comprehensively implemented for Zya-oz
satellite stereo images and laser altimetry data to improve the
elevation accuracy of slereo images withoul GCPs,

The organizalion of the rest of this paper is as [ollows. In
the next Section, the methodology of combining the zya-z2
satellite laser altimetry data and stereo images is proposed,
followed by the experimental data and material; next, the
results are described. The experimental results are discussed,
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Abstract: There are many problems in existing reconstruction-based super-resolution algorithms,
such as the lack of texture-feature representation and of high-frequency details. Multi-scale detail
enhancement can produce more texture information and high-frequency information. Therefore,
super-resolution reconstruction of remote-sensing images based on adaptive multi-scale detail
enhancement (AMDE-SR) is proposed in this paper First, the information entropy of each
remote-sensing image is calculated, and the image with the maximum entropy value is regarded
as the reference image. Subsequently, spatio-temporal remote-sensing images are processed using
phase normalization, which is to reduce the time phase difference of image data and enhance
the complementarity of information. The multi-scale image information is then decomposed
using the Ly gradient minimization model, and the non-redundant information is processed by
difference calculation and expanding non-redundant layers and the redundant layer by the iterative
back-projection (IBF) technique. The different-scale non-redundant information is adaptive-weighted
and fused using cross-entropy. Finally, a nonlinear texture-detail-enhancement function is built to
improve the scope of small details, and the peak signal-to-noise ratio (PSNR) is used as an iterative
constraint. Ultimately, high-resolution remote-sensing images with abundant texture information are
obtained by iterative optimization. Real results show an average gain in entropy of up to 0.42 dB
for an up-scaling of 2 and a significant promotion gain in enhancement measure evaluation for an
up-scaling of 2. The experimental results show that the performance of the AMED-5R method is better
than existing super-resolution reconstruction methods in terms of visual and accuracy improvements.

Keywords: remote-sensing image; super-resolution reconstruction; multi-scale deposed; adaptive
detail enhancement

1. Introduction

We address the problem of generating a high-resolution (HR) image given multiple
low-resolution (LR) images [1,2]. At present, this is a research hotspot in the remote-sensing
image processing field. In the super-resolution reconstruction technology applied in optical satellite
remote-sensing image processing, homologous or heterogeneous sequences of remote-sensing images
with the same area are used for super-resolution (SR} reconstruction to improve image spatial

Sensors 2018, 18, 498; doi:10.3390 / s18020498 www.amdpi.com/ journal / sensors
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Abstract: Precise InSAR is a new inwelligent photogrammetric technology using the automatic imaging and
processing means, [t becomes the most efficient  satellive surveving-and-mapping  { SASM ) way  that uses
interferometric phase o create global digital elevation madel (DEM) with higleprecision. In this paper, we
proposed the systematic InSAR technologies applied in SASM Three key technologies are proposed. They are
calibration technology.s data processing technology and the pos=processing technologies, Firstly, we need 1w
calibrate the geometric and interferomertric parameters including azimuth tme delay, range vme delay,
atmospheric delay as well as baseline errors. Secondly.we have to use the calibrated parameters 1o create precise
DEM One of the important procedures in data processing is the phase constant determination, Finally»we improve
the quality of DEM by jointly using block-adjustment method, long-and-short baseline combination method as
well as descending-and-ascending data merge method, We use 6 TanDEM-X data that covers Shansd o carry out
the experiment, The root-mear-square error of final DEM is 5,07 m in the mountinous regions, And the area with
low coherence is 0.8 km®, The accuracy meets the accuracy of China domestic SASM standard at 1 # 50 000 and
even the 1@ 25 000 measurement scales,

Key words, InSAR;global mapping;calibration; poseprocessing ; DEM
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Impact Analysis of InNSAR Spatio-temporal Baseline on DEM Accuracy
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Abstract: InSAR is an important method of acquiring global DEM.However, the InSAR topographic mapping processing is affected by

various interferometric factors.in which baseline is one of the most important elements. We quantitatively analyzed the effect of spatio—

temporal baseline in InSAR topographic mapping, and analyzed 40 TerraSAR-X images of Tianjin which composed T80 interferograms

after image processing. The experimental results show that the larger spatial baseline is,the higher the accuracy of elevation is, and there

is a power function relationship. There is a linear function relationship between temporal baseline and aceuracy of elevation, and great

temporal baseline comes low aceuracy of elevation. Thereforesin the process of topographic mapping, it is necessary to use the longest

spatial baseline as long as the coberence is ensured , while ensuring a short temporal baseline in order to eliminate time decorrelation.

This paper provides technical reference for the configuration design of homemade SAR satellite.

Key words: InSAR: spatial baseline; time baseline; DEM accurmey
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Abstract: Successfully launched on 30 May 2016, ZY3-02 is the first Chinese surveying and mapping
satellite equipped with a lightweight laser altimeter. Calibration is necessary before the laser altimeter
becomes operational. Laser footprint location prediction is the first step in calibration that is based
on ground infrared detectors, and it is difficult because the sample frequency of the ZY3-02 laser
altimeter is 2 Hz, and the distance between two adjacent laser footprints is about 3.5 km. In this paper,
we build an on-orbit rigorous geometric prediction model referenced to the rigorous geometric model
of optical remote sensing satellites. The model includes three kinds of data that must be predicted:
pointing angle, orbit parameters, and attitude angles. The proposed method is verified by a ZY3-02
laser altimeter on-orbit geometric calibration test. Five laser footprint prediction experiments are
conducted based on the model, and the laser footprint prediction accuracy is better than 150 m on
the ground. The effectiveness and accuracy of the on-orbit rigorous geometric prediction model are
confirmed by the test results. The geolocation is predicted precisely by the proposed method, and
this will give a reference to the geolocation prediction of future land laser detectors in other laser
altimeter calibration test.

Keywords: ZY3-02 laser altimeter; geometric calibration; footprint location prediction; rigorous
geometric prediction model; peinting angle prediction; orbit prediction; attitude prediction

1. Introduction

Elevation measurement accuracy is a major evaluation element of surveying and mapping
satellites, and elevation accuracy is a very important factor in surveying and mapping products,
such as a digital orthographic model (DOM), digital elevation model (DEM), digital surface model
(DSM), etc., [1-3]. A high-resolution remote sensing, surveying, and mapping satellite system can
deliver high precise image products with precise auxiliary data, such as satellite attitude and orbit
data. Surveying and mapping satellite always has a small base-to-height ratio less than 1, so elevation
measuring accuracy will be a bottleneck in satellite photogrammetry [4,5]. In the past, we could apply
ground control points (GCPs) or ground elevation control points to reduce elevation error of satellite
image products when the covered area was small, but now we cannot apply this method to global
surveying and mapping [6,7]. Thus, we should take some actions to improve elevation accuracy of
satellite image products, and meet the demands of highly-precise global surveying and mapping.

Sensors 2017, 17, 2165; dei: 10,3390,/ 517 102165 www.mdpi.com/journal /sensors
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Vertical Accuracy Effect Verification for Satellite
Imagery With Ditferent GCPs

Ping Zhou, Xinming Tang, Zhenming Wang, Ning Cao, and Xia Wang

Abstract—This letter expands the block adjustment method
by, respectively, adopting high-precision global positioning sys-
tem (GPS) points, geoscience laser altimeter system (GLAS)
data, and Shuttle Radar Topography Mission (SRTM)-digital
elevation model (DEM) as vertical control data. Block adjust-
ment experiments were conducted with these control data, with
388 ZY-3 satellite stereo image pairs across over 18600 km?
of land in Hubei province of China utilized as experimental
images and 180 GPS points as checkpoints. The experimental
results obtained show that, with the adoption of 23 GPS points
as control points, the horizontal root-mean-square error (RMSE)
and vertical RMSE of the ZY-3 image improved from
10.97 to 5.72 m and from 7.12 to 1.65 m, respectively. Further-
more, with the adoption of 326 GLAS data points as vertical
control points, the vertical RMSE of the ZY-3 images of the
flat terrain areas and mountain terrain areas improved to
169 and 3.62 m, respectively, Through block adjustment con-
strained by SRTM-DEM, the vertical RMSE of the ZY-3 images
was 144 m for flat terrain areas and 3.05 m for mountain terrain
areas, respectively. The vertical accuracy of the satellite images

cas significantly enhanced, especially on the flat terrain area,
when GLAS and STRM-DEM were wvsed for vertical comtrol
block adjustment, which is similar to the vertical accuracy of
block adjustments adopting GPS points as control.

Index Terms—Block adjustment, geoscience laser altimeter
system (GLAS), ground control points (GCPS), Shuttle Radar
Topography Mission (SRTM), vertical accuracy.

I. INTRODUCTION

URRENTLY. satellite images have become one of the

main data sources for production and updating of various
scale geographic information products. However, owing to var-
ious factors, various errors are introduced during the satellite
imaging procedure, which leads to inaccurate direct position-
ing of the ground target. Block adjustment of satellite images
is the main method used to improve the geometric precision
of images. Block adjustment of satellite images is primarily
conducted using either of two approaches: block adjustment
based on the rigorous imaging geometric model [1] or block
adjustment based on the rational function model (REM) [2].
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High-precision ground control points {GCPs), such as global
positioning system (GPS) points acquired by field measure-
ment, are the most common horizontal and vertical control data
for block adjustment, and can significantly improve the geo-
metric accuracy of satellite images [3], [4]. However, because
of the large imaging range of satellite imagery, the cost
and time of acquiring high-precision GCPs is relatively high
and long, while GCPs can scarcely be obtained in some
poor natural condition areas. Therefore, the available public
geographic information data are good alternatives to high-
precision GCPs for vertical assistance of block adjustment.
In 2003, the ICESat satellite equipped with the geoscience
laser altimeter system (GLAS) was launched by the United
States to obtain high-precision laser altimetry data. Two billion
laser points were collected before it ceased operation in
October of 2009. GLAS data can be divided into 15 categories
of standard data products (GLADI-GLA1S5) [5], among which
GLAS4 is the land elevation data records of the average ele-
vation value of the ground footprint, which is 70 m in diameter,
corresponding to each laser pulse. The horizontal accuracy
and vertical accuracy of the GLAS data are 10 m and 15 cm,
respectively, for flat terrain [6]. The GLAS data were used
as vertical control for ZY-3 satellite block adjustment by
Li et al [7]. which enhanced the vertical accuracy to
about 3 m. The Shuttle Radar Topography Mission (SETM)
program, spearheaded by the United States in 2000, flew
the Space Shuttle Endeavor onboard, equipped with C-band
spaceborne imaging radar and X-band synthetic aperture
radar, to acquire the regular grid of digital elevation
model (DEM) products between 56 °S and 60 °N. The
SRTM-DEM has two resolutions: 3" (approximately 90 m)
and 1" (approximately 30 m). The nominal absolute vertical
accuracy is 16 m (LE90) and the absolute horizontal accuracy
is 20 m (CE20) [8]. According to the research on the global
range SRTM-DEM data accuracy by worldwide scholars,
the vertical root-mean-square error (RMSE) can reach 2-5 m
on flat terrain [9], [10]. I’ Angelo and Reinartz [11] proposed
a method to obtain a 3-D point cloud through the forward
intersection of satellite stereo image pairs and matching
the 3-D point cloud with SRTM-DEM., which is used as the
control data, to obtain the affine RFM correction parameters
of the stereo image. Their proposed method significantly
improved the horizontal accuracy and wvertical accuracy of
CARTOSAT-1 images.

This letter first proposed and designed a block adjustment
method that adopts GLAS and SRTM-DEM data as vertical
control. Then, employing 388 ZY-3 satellite stereo image pairs
across 19000 km? of Hubei province in China, we conducted

1545-598X © 2017 IEEE. Personal use is permitted. but republicationfredistribution requires IEEE permission.
See httpe/fwwow.igee.org/publications_standards/publications/rightsfindex.html for more information.
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On-orbit geometric calibration of satellite laser altimeter using
ground-based IR detectors

Li Guoyuan'#?, Tang Xinming'®, Fan Wenfeng', Dou Xianhui', Ma Yue®

(1. Satellite Surveving and Mapping Application Centre, National Administration of Surveving, Mapping and Geoinformation,
Beijing 100048, China: 2. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and

Application, MNanjing 210025, China; 3. School of Electronic Information, Wuhan University, Wuhan 43007%, China)

Abstract: High precision on—orbit geometric calibration is an indispensible step for space —borne laser
aliimeter, and which is the foundation for effective application. Considering the geometric calibration
method of foreign Geo—science Laser Altimeter System (GLAS) loaded on Ice cloud and land Elevation
Satellite (ICESat), an algorithm of satellite laser altimeter geometric calibration was proposed, which used
the ground infrared detectors to capture the laser signal transmitted from the satellite. Experiment was
carried out using ZY3 -02 satellite, which was equipped with domestic first laser altimeter for earth

observation. The result shows that the ground infrared detectors can effectively capture the laser signal
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ZY3-02 Laser Altimeter On-orbit Geometrical Calibration and Test

TANG Xinming' .XIE Junfeng"?,FU Xingke' .MO Fan',LI Shaoning® ,DOU Xianhui'

1. Satellite Surveying and Mapping Application Center. NASG, Bejjing 100048, China; 2. School of Surveying, Mapping
and Geoinformation Secience, Liaoning Technology University, Fuxin 123000, China; 3, State Key Laboratory of

Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 43007%, China

Abstract: ZY3-02 is the first satellite equipped with a laser altimeter for earth observation in China , This laser
altimeter is an experimental payload for land elevation measurement experiment. The ranging and pointing bias of
the laser altimeter would change due to the launch vibration. the space environment difference or other factors,
and that could bring plane and elevation errors of laser altimeter. In this paper, we propose an orrorbit geometric
calibration method using a ground-based electro-optical detection systern based on the analysis of ZY3-02 laser
altimeter characteristic. and this method constructs the rigorous geometric calibration model . which consider the
pointing and ranging bias as unknown systematic errorss and the unknown parameters are calibrated with laser
spot’s location captured by laser detectors and the minimum ranging error principle, With the ALOS-DSM dats
as reference, the elevation accuracy ol the laser altimeter can be improved from 100 — 150 meters before
calibration to 2~ 3 meters alter calibration when the terrain slope is less than 2 degree, With several ground
control points obtained with RTK in laser footprint for validation. the absolute elevation precision of laser
altimeter in the {lat area can reach about 1 meter after the calibration, The test results demonstrated the
effectiveness and leasibility of the proposed method.

Key words: ZY3-02 satellite; laser altimeter; elevation predsion; geometdce calibration; ground-based
laser detection
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Footprint Location Prediction Method of ZY 302 Altimeter

TANG Xinming', XIE Junfeng'®, MO Fan', ZHU Guangbin', DOU Xianhui', ZHANG Qiang®, LI
Guoyuan' .OUYANG Sida?
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University, Wuohan 4300759, China

Abstract: Orrorbit geometre ealibration is an essential way to improve plane and elevation accuracy of laser
altimeter data, and the laser {ootprint location prediction is a prerequisite for calibration based on land infrared
detector, This paper builds a laser footprint location prediction model for China’s first space-borne laser altimerer
carried by ZY302, which refers to the satellite optical camera rgorous geometry imaging model. The model
takes full account of the law of pladform movement. and correlates laser emission center with ground lootpring
point, We get the precise predicted laser pointing by Pyramid terrain matching, ephemerisby acceleration
prediction, and attdtude by frequency analysis, The laser footprint location can be predicted, This laser footpring
location prediction model were successfully applied in the calibration test of the laser altimeter on ZY3-02
satellite, and the maximum error between the predicted location and real footprint location obtained by wriggered
detectors is less than 150 m. which proves the validity of the proposed model. The proposed method provides the
precise poincto-point prediction {rom satellite 1o ground for Chinese remote sensing satellite. and offers a
technological support for the space-borne laser alimeter calibration in future,

Key words, laser altimeter; laser lootprint; rigorous geometric positioning prediction model; pointing prediction;
orbit prediction; attitude prediction
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Technology and Applications of Surveying and Mapping for ZY-3 Satellites
TANG Xinming . WANG Hongyan,ZHU Xiaoyong

Satellite Surveying and Mapping Application Center { SASMAC), Mational Admimstration of Surveying, Mapping and
Geoinformation, Beijing 100048, China

Abstract: This paper svstematically summarizes the research and development of technology and product since
the launch of the ZY-3 surveying and mapping satellite-as well as the data application.Based on the introduction
about satellite system technical parameters. this paper deseribes the processing methods about radiation
correction . attitude post processing ., geometric calibration and imaging geometric model. and introduces the project
realization in the past 5 years. The application of the data is summarized and analyzed.and the development
prospect of the mapping satellite is brielly expected,

Key words: the satellite ZY-3;processing method;data application
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Spaceborne InSAR Topographic Surveying and Mapping Error

Sources Analysis

LI Tae, TANG Xinming, GAOQ Xiasming, CHEN Qianfu

(Satellite Surveying and Mapping Application Center, National Administration of Surveying, Mapping and Geoinformation, Beijing 100048, China)

Abstract © Synthetic aperture radar interferometric is one of the most efficient methods in global surveving and mapping (sam)
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domestic SAR =atellites fail te provide interferograms operationally. Then we provide the error sources given the interferometric
geometry. The firstdevel emor sources of [nSAR are defined as master srhital emvor, slant range emor, haseline vector emor as well as
umwrapped phase eror, The ermor sources are decomposed so that the errors of the seconddever are revealed and analyzed in the paper.
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On-orbit geometric calibration of satellite laser altimeter using
ground—based IR detectors

Li Guoyunan'®, Tang Xinming'?, Fan Wenfeng', Dou Xianhui', Ma Yue®
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Beijing 100048, China: 2. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and

Application, Nanjing 210023, China; 3. School of Electronic Information, Wuhan University, Wuhan 43007%, China)

Abstract: High precision on-orbit geometric calibration is an indispensible step for space —borne laser
altimeter, and which is the foundation for effective application. Considering the geometric calibration
method of foreign Geo—science Laser Altimeter System (GLAS) loaded on Ice cloud and land Elevation
Satellite (ICESat), an algorithm of satellite laser altimeter geometric calibration was proposed, which used
the ground infrared detectors to capture the laser signal transmitted from the satellite. Experiment was
carried out using ZY3 (2 satellite, which was equipped with domestic first laser altimeter for earth

observation. The result shows that the ground infrared detectors can effectively capture the laser signal
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ABSTRACT:

After GLAS (Geo-science Laser Altumeter System) loaded on the ICESat (Ice Cloud and land Elevation Satellite). satellite laser
altimeter attracts more and more attention.  ZY3-02 equipped with the Clunese first satellite laser altimeter has been successfully
launched on 30% May, 2016. The geometric calibration is an important step for the laser data processing and application. The method
to calculate the laser pointing angle error based on existed reference terrain data is proposed in this paper. The public version terrain
data, such as 90m-SETM and 30m-AW3D30, can be used to estimate the pointing angle of laser alimeter. The GLAS data with
simulated pointing error and actual ZY3-02 laser altimetry data is experimented to validate the algorithm. The conclusion will be

usefil for the foture domestic satellite laser altimeter.
1. INTRODUCTION

ZY3-02 satellite was successfully launched on 3" May, 2016,
which has equipped with the first satellite laser altimeter of
China for earth observing. The laser altumeter on the ZY3-02
satellite was designed to validate the acquisition of the global
high accuracy elevation control points and the possibility of
stereo images accuracy improvement without GCPs (Ground
Control Pomnts) (Tang, et al. 2016).. The on-orbit geometric
calibration of satellite laser altimeter 15 a basic and
indispensible for the effective application of altimetry data,
especially in order to be used as control points. Some
researchers presented vartety geometric calibration methods for
GLAS (Geo-science Laser Altimeter System) loaded on the
ICESat (Ice Cloud and land Elevation Satellite) (Rowlands et al,
2000; Luthcke et al, 2000, 2002; Schutz, 2001; Martin et al.
2005; Sirota et al, 2005, Magruder et al, 2005), which
contained maneuvering flight on the ocean, mfrared imaging the
ground footprint of GLAS laser points during the night . laying
the ground detectors to capture the laser signal or waveform
matching. According to the above calibration result, the
accuracy of GLAS laser pointing angle could reach to better
than 1.5", and the ranging accuracy was better than 10cm
which ensured the absolute elevation accuracy of 15cm on the
flat terrain finally (Schutz et al. 2005; Wang et al, 2011). For
ZY3-02 satellite laser altimeter. the pointing angle has some
deviation between the truth and the measurement in the
laboratory, which can not meet the demand of high accuracy
laser data processing and the field experiment of layving ground
detectors whose position should has little error calculated by the
laser pointing angle value. So, the on-orbit geometric
calibration to improve the accwracy of the pointing angle is
urgent and very important for the next step of data processing or
field experiment.

As early as a few years ago, scholars used the public version or
the existed version of terrain reference data to evaluate or
compensate the satellite image orientation parameters. Jeong et
al (2012) used 90m grid global DEM to orent the high
resolution satellite images and mmprove the images geometric
accuracy. Kim, et al (2011) used the 3 dimensional similarity
transform to compensate the attitude of the satellite and the

*  Comresponding auther: igy@sasmac.cn

orbit parameter based DEM matching and rigorous sensor
model, and improved the mapping accuracy of high resolution
satellite image without GCPs. Zhou, et al (2016) pointed out
that using SETM 90m data can effectively improve ZY3 images
without the control points, especially with better elevation
accuracy. Moreover, matching the existed terrain data for
orientation or position in cruise missile. underwater position
and other fields have also been widely used( Fao et al. 2016).
Affected by the measurement conditions and the precision of
the instrument, gravity environment, vibration and other factors,
the pointing angle error of ZY3-02 satellite laser altimeter is
nen-ignorable, which has distinet effect on both the planimetry
and the elevation accuracy of the ground footpnint. Tlus paper
proposes the ZY3-02 satellite laser pointing angle coarse
calibration method based on the terrain matching, and the fine
calibration needs other method, such as the ground detectors
with high accuracy position measured by RTE-GPS. The
sumulated expenment derived from GLAS data and the true
ZY3-02 satellite laser altimetry data is carried out and validated.
In Section 2, the methodology 15 presented, and the experiment
and analysis is implemented in Section 3. At last, the conclusion
and firture research work is remarked in Section 4.

2. METHODOLOGY

Considering that the satellite laser altimeter footprint points
should be 1n agreement with the actual terrain profile, this paper
uses the terrain matching to estimate the laser peinting angle,
achieve the systematic deviation of laser pointing angle without
other data and predict the initial footprint position for future
field experiment effectively. The satellite laser altimetry data 13
a series of discrete points located on the ground along the track
of the satellite and the coordinates of laser footprint points can
be expressed as Eq.1. according to the referenced paper about
ZY3-02 satellite (Tang, et al, 2016).
pi(x.y.2)=f(p.dp.6.2) eV
(x.p.z) is the coordinate of the laser footprint pints.
(phg’ p.8.a) is the laser ranging, ranging deviation and laser

pointing angle. when the distance from satellite to the ground is
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ABSTRACT:

The Ziyuan-3 (ZY-3) satellite, as the first civilian high resolution surveying and mapping satellite in China. has a very important role
in national 1:50,000 stereo mapping project. High accuracy digital surface Model (DSMs) can be generated from the three line-array
images of ZY-3, and ZY-3 DSMs of China can be produced without using any ground control points (GCPs) by selecting SRTM
(Shuttle Radar Topography Mission) and ICESat/GLAS (Ice, Cloud, and land Elevation Satellite, Geo-science Laser Altimeter
System) as the datum reference in the Satellite Surveying and Mapping Application Center, which is the key mstitute that manages
and distributes ZY-3 products. To conduct the vertical accuracy evaluation of ZY-3 DSMs of Cluna, three representative regions
were chosen and the results were compared to ICESat/GLAS data. The expenimental results demonstrated that the root mean square
error (EMSE) elevation accuracy of the ZY-3 DSMs was better than 5.0 m, and it even reached to less than 2.5 m in the second
region of eastern China. While this work presents preliminary results, it is an important reference for expanding the application of
ZY-3 satellite imagery to widespread regions. And the satellite laser altimetry data can be used as referenced data for wide-area DSM
evaluation.

1. INTRODUCTION
Table 1. The basic parameters of the ZY-3 satellite (Tang. X[ et

Digital surface model (DSMs) plays a very important role in al, 2012; Li, 2012)

many fields mcluding hydrology, disaster monitoring, terrain

. . o P t Numb
analysis, and so forth. The Ziyuan-3 (ZY-3) satellite 15 the first ?@e = :lm =
civilian surveying and mapping stereo satellite of China, and it Altitade 305 km
was launched on 9 Jan. 2012. The ZY-3 has three line-array Mission duration 5 years
panchromatic CCD (charge coupled device) cameras and a Repeat peried 59 days

multi-spectral camera, and the following geometric resolutions Panchromatic: nadir, 2.1 m: Backward and

are panchromatic: 2.1 m for nadir, 3.5 m for backward and
forward, and 58 m for mmlti-spectral modes. Detailed
information about ZY-3 is presented in Table 1. The mam
objective of ZY-3 is to obtain high resolution stereo images and
generate national 1:50,000 digital elevation models (DEMs) and
digital ortho maps (DOMs). The ZY-3 DSMs of China are
derived from ZY-3 stereo images without ground control points
(GCPs) and cover the entire country with a 15 m infterval gnd;
WGSB4+EGMO6 15 used as height reference datum. The
accuracy, especially the vertical accuracy of China’s ZY-3
DSMs, is crucial for the use of the DSMs in wvarious
applications, and such knowledge needs to be dissermnated
rapidly to meet the demands for such products. In this letter, the
preliminary vertical accuracy in three regions was evaluated by
comparing the results to select GLAS (Geo-science Laser
Altimeter System) data loaded mnto the ICESat (Ice, Cloud, and
land Elevation Satellite) dataset and some lugh accuracy GCPs;
ICESat was launched in 2003 and ended its mission in 2009,
and during this time, it obtamed global high accuracy height
data spaced at 170 m along the tracks and 5185 ki across the
tracks (Schutz, B.E.et al .2005; Wang, X et al.2011; Zwally,
H.J.et al.2002).

" Corresponding author: ligy@sasmac en

S

Image resolution . . -
forward, 3.5 m; Multi-spectral: 5.8 m

Swath width Approximately 52 km * 52 km

Wavelength 0.5-0.8 um
Geo-location No GCPs: Planimetry 10 m; Height 3 m
ACCUTACY With GCPs: Planimetry 3 m; Height 2 m

GCP, ground contrel points.

Li (2012) and Tang et al (2012) performed some geometric
accuracy assessments during the ZY-3 on-orbit testing period
and the preliminary results were aftractive. Wang et al. (2014)
implemented systematic geo-location validation studies of ZY-3
data and the results validated that ZY-3 can obtain planimetric
and vertical accuracy values of 10 m and 5m without GCPs,
respectively. d'Angelo (2013) evaluated the performance of ZY-
3 during DSM and ortho-photo generation on two scenes east of
Munich and the overall root mean square error (BMSE)
between the ZY-3 DSM and LIDAR (Light Detection and
Ranging) reference products was found to be 2.0 m. Tang et
al(2015) evaluated the overall vertical RMSE of DSMs
produced without GCPs in the Shanxi Province of northern
China and derived an overall value of 5.56 m; flat terrain was
associated with a smaller RMSE (4.37 m) than mountainous
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The Shadow Detection Algorithm Based on HSI
Color Space for ZY -3 Satellite

XU De —zheng"™*, TANG Xin— ming’, ZHU Xiao — yong™, DENG Xiao — yuan®
(1. Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China:2. Satellite Surveying and Mapping
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Geographic State Monitoring, Lanzhou 730070, China 4. State Key Laboratory of Information Engineering
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Abstract Due to the lack of light radiation on centain areas of remole senzing image, inevilably there will be ashadow. Shadow means
loss of image information, and shadow detection for remole sersing image is of greal significance in the recognition of surface features
and image matching, This paper mainly introduces the shadow detection Algorithm based on HIS color zpace. According to the charae—
teristics of high tone amd low brightness, the shadow of remote sensing image is detected, combined with Otsu method 1o caleulate opti-
mal threshold of ratio image. And besides, the impact of plants and some non = shaded areas is excluded by caleulating the optimal
threshold for the G component in the RGB color space. In the meantime, the program is completed by using the remote sensing image
af the domestic h'lgh resolution ZY =3 zatellite in different seazons and different solar eevation uuglt:s of the same areas. The Expr.rl—
mental results show that, the method based on HIS color 2pace shadow detection can ||u'u:|sdy amd r:ffm:['lvcl_r detect the shadow 'uuug‘.,
and can 1|iaa['mguiaah between trees, rivers and the other dark uhjr.(:ls.

Key words Jshadow detection  Otzu algorithm © HIS color space: ZY —3zatellite images
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Application of Two — pass D — InSAR in Monitoring Jining
Mining — induced Subsidence

LV Guan — nan'*, TANG Xin — m[ngf, GAQD Teng —fei’, WU Xiang — }'11!

(1. College of Geomatics, Shandong University of Science and Technology, Qingdao 266590, China: 2. Satellite
Surveying and Mapping Application Center, National Administration of Surveying, Mapping and
Geoinformation of China, Beijing 100048, China: 3. Wenyang Gypsum Mine of
Shandong Xinguo Coal Co. Ltd. , Feicheng 271606, (:hina)

Abstract: D - InSAR {differential interferometry svothetic aperture radar) has been widely vsed in monitoring mining - induced sub-
sidence. Considering the collected leveling — measured data, two ALOS PALSAR images covering Dongtan mine area of Jining from
2000 01 = 10 1o 2000 —02 =25 were processed to monitor mining — induced sulsidence based on CGAMMA, and the external DEM is
125 million DEM. Finally, a series of mape such as orginal differential intedferogram, enhanced differential intedferogram, coherence
images and subsidence image are obtained, at the same time, the subsidence, the distribution and the subsidence area of Donglan
mine area are counted and analyzed during the imaging period, then the reliability and accurmey of D — InSAR monitored results are
compared and verified with leveling — measured subsidence at nearest time interval. All of research results show that twe —pass D - In-
SAR can be effectively used to monitor the mining — induced subsidence.,
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ABSTRACT:

ZY-3 is the first civilian high resolution stereo mapping satellite, which has been launched on 9th. Jan. 2012. The aim of ZY-3
satellite 15 to obtain lugh resolution sterec 1mages and support the 1:30000 scale national surveying and mappmg. Although ZY-3
has very high accuracy for direct geo-locations without GCPs (Ground Centrol Points), use of some GCPs 15 still indispensible for
high precise stereo mapping. The GLAS (Geo-science Laser Altimetry System) loaded on the ICESat (Iee Cloud and land Elevation
Satellite), which 1s the first laser altimetry satellite for earth observation. GLAS has played an important role in the monitoring of
polar ice sheets, the measunng of land topography and vegetation canopy heights after launched in 2003, Although GLAS has ended
in 2009, the derived elevation dataset still can be used after selection by some criteria.

In this paper. the ICESat/GLAS laser altimeter data is used as height reference data to improve the ZY-3 height accuracy. A selection
method is proposed to obtain high precision GLAS elevation data. Two strategies to improve the ZY-3 height accuracy are
introduced. One 15 the conventional bundle adjustment based on EFM and bias-compensated model, in which the GLAS footprint
data 15 viewed as height control. The second is to correct the DSM (Digital Surface Model) straightly by simple block adjustment,
and the DSM 15 derrved from the ZY-3 stereo imaging after freedom adjustment and dense image matching. The experimental result
demonstrates that the height accuracy of ZY-3 without other GCPs can be improved to 3.0 meter after adding GLAS elevation data.

What’s more, the companson of the accuracy and efficiency between the two strategies 1s implemented for application.

1. INTRODUCTION

Using satellite images without GCPs (Ground Control Points)
to realize global mapping s an  aftractive am  for
photogrammetry researchers. As the first civilian high
resolution stereo mapping satellite, ZY-3 has plaved an
important role in the obtaining high accuracy stereo umages to
support the 1:50000 scale national surveying and mapping. Li
(2012) and Tang et al. (2012) performed some geometric
accuracy assessments during the ZY-3 on-orbit testing period
and the preliminary results were attractive. Wang et al. (2014)
has implemented systematic geo-location validation studies of
ZY-3 data and the results vabidate that ZY-3 can obtam
planimetric and vertical accuracy values of 10 m and 5m
without GCPs (Ground Control Points), respectively. D'Angelo
(2013) evaluated the ZY-3 performance for DSM and ortho-
photo generation on two scenes east of Munich, and the overall
EMSE between ZY-3 DSM and LIDAR reference 15 2.0 m.
Tang et al. (2015) evaluated the overall vertical RMSE of DSM
without GCPs was 5.56m. Cao et al. (2015) examined the
geometric calibration and valbdation of the ZY-3's CCD linear
array sensors. Although ZY-3 has very high accuracy for direct
geo-locations without GCPs (Ground Control Points), use of
some GCPs is still indispensible for high precise stereo
mapping. especially in order to improve the elevation accuracy.

ICESat (Ice Cloud and land Elevation Satellite) is the first laser
altimetry satellite for earth observation, on which GLAS(Geo-

*  Corresponding author: txmig@sasmac.cn

science Laser Altimetry System) was loaded (Zwally et al.,
2002). After launched. ICESat/GLAS has obtammed many laser
altimeter data, which has been widely used m polar 1ce sheets
monitering, vegetation heights measurement and canopy
evaluation, and land elevation surveying (Schutz et al. 2005;
Wang et al.. 2011). Because of the full-waveform acquisition
equipment, high-precision data-processing zalgomthms, and a
precise  satellite-attitude  and  orbat-determination  device,
ICESat-1/GLAS data have very hugh vertical accuracy. Some
researchers have carefully compared the height accuracy of
GLAS data with more accurate data such as that from airborne
laser scanning (Martin et al, 2005; Kurtz et al., 2008) and
global navigation satellite system (GNSS) measurements
(Fricker et al., 2005; Wen et al., 2011). In some flat regions, the
elevation accuracy of GLAS footprnint points can reach to dm
even cm level, which can be used as elevation control. Atwood
et al. (2007) showed that ICESat-1/GLAS data can be selected
as GCPs to support DEM generation from InSAR data.
Gonzalez et al. (2010) presented some criteria for GLAS point
selection as height references for TanDEM-X DEM generation.
Arefi and Reinartz. (2011) used the ICESat laser altimetry to
correct the systematic height errors of ASTER global digital

elevation models and obtained sigmificant improvement. Li et al.

(2016) introduced the GLAS footprint as elevation control
points for ZY-3 satellite images stereo adjustment to improve
the elevation accuracy.

This contribution has been peer-reviewed.
doi-10.5194/isprsarchives-XLI-B1-37-2016 37
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Abstract

ZY-3 is the first Chinese civilian high-resolution stereo-mapping satellite,
designed for 1:50 000 scale mapping. Although ZY-3 has a very high accuracy
for direct image geolocation without ground control points (GCPs), the use of
some GCPs is still indispensable for stereo mapping. A novel method is
proposed whereby spaceborne Geoscience Laser Altimeter Syvstem (GLAS) laser
altimetry datasets are viewed as generalised height comtrol points to support a
ZY-3 block adjustment. This method separates planimetric and height control,
integrating the latter with GLAS data such that, without other GCPs, the vertical
accuracy of ZY-3 images can be improved significantly. Both flar and
mountainous terrain were selected to evaluate the proposed method. The results
show that by adding two GLAS height control points for a single image, or
spaced every 50km in the along-track (orbital) direction for block images, the
vertical accuracy can satisfy the requirements of 1:50 000 scale mapping, thus
reducing the need for field surveying. Additionally, the method will be valuable
for integrating spaceborne laser altimetry data and optical images for global
mapping without any GCPs.

KEeyworDps: block adjustment, GLAS, height control point, laser altimetry, ZY -3

INTRODUCTION

SATELLITE PHOTOGRAMMETRY AND LASER ALTIMETRY are lwo imporlant techniques that can be
used to obtain three-dimensional geospatial information. However, due to the employment
of optical stereo-mapping methods, errors can occur in the data caused by satellite-attitude
and orbit-measurement inaccuracies, camera distortion and other sources. These errors affect

© 2016 The Authors
The Photogrammetric Record © 2016 The Remote Sensing and Photogrammetry Society and John Wiley & Sons Lid
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SRTM-zided Stereo Image Block Adjustment without Ground Control Points
ZHOU Ping, TANG Xinming,CAQ Ning, WANG Xia, L] Guoyuan, ZHANG Heng
Satellite Surveying and  Mapping  Application Center, National Administration of  Surveying, Mapping and

Creonnformation H:,tijir)g 100048, China

Abstract: With regard 1o the feature that the vertical precision of SRTM(shuttle radar twopography mission) data
in the flat terrain area is much higher than its nominal precsion. it is proposed that a stereo block adjustment
algorithm without ground control by adopting SRTM data as elevation constraint, In order to improve overall
vertical accuracy of the image. by constructing & wide local area network and setting intensive connecting points,
SRTM is set as the initial vertical value of connecting points, In the process of adjustment caleulaton, ground
height of connecting points distributing in the flat terrain area is made sure to rigorously approach to vertical
accuracy of SRTM, Through the experiment employing ZY=-3 triple linear array stereo satellite images cover
across all of Hubei provinces the werification results prove that the method is effective, The height root mean
square errors(RMSEs ol ZY-3 stereo images is improved [rom 7, 2 m to 2, 0 m without ground control, and the
RMSEs of flat areas and mountain areas improved 1o 1. 44 m and 3. 0 m respectively, which fulfills the elevation
accuracy requirernent of national 1+ 25 000 seale mapping applications,

Kev words: SRTM; ratonal function model; stereo image; block adiustment; witout ground control points
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The Rigorous Geometric Model of Satellite Laser Altimeter and Preliminarily

Accuracy Validation

TANG Xinming'*, LI Guoyuan'*,GAO Xiacming®.CHEN Jiy#

1. School of Resource and Environmental Sciences, Wuhan University, Wuhan 430079,China; 2. Satellite Surveying
and Mapping Application Cenier. National Administration of Surveying. Mapping and Geoinformation, Beijing
100048, China

Abstract. It has been paid attention to improving the elevation accuracy of satellite stereo images aided
by laser altimeter. The GFT satellite scheduled to launch in 2018 will be equipped with optical stereo
cameras and a laser altimeter. ICESat (lce. Cloud. and land Elevation Satellite) with GLAS(Gecrscience
Laser Altimeter System) is the first and still only laser altimeter satellite for earth observation until now. In
this paper. the comprehensively analysis about the rigorous geometric model and accuracy analysis of
laser altimeter is presented. The error induced by laser pointing aberration and mounting is proposed. and
the data processing workflow of ICESat/GLAS from level 0 to level 2 is introduced. What's more. the geo-
location accuracy between this paper and GLAS product is compared and the model is validated by the
result that the accuracy based on the model is about 3 cm and 11 cm in the horizontal and vertical
direction. respectively. The laser altimeter data loaded on the ZY3-02 satellite has been processed and
validated preliminarily. The conclusion of this paper is valuable and can be viewed as reference for the
subsequent domestic laser altimeter satellites.

Key words: space-borne laser altimeter; rigorous geometric model; data processing: accuracy validation
Foundation support: The National Science Foundation for Young Scientists of China (MNo.41601505); The
Special Fund for High Resolution Images Surveying and Mapping Application System(No. AH1601-8}; The
National Fund for Basic Surveying and Mapping (No.2016K J0204)
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A Study on the Prediction Method of Effective Imagery Coverage
Cycle in Surveying Area for Optical Satellites

WANG Hui - bing™*, TANG Xin - ming"*, YE Fang — hong', OUYANG Si —da’, YANG Chao'
(1. Satellite Surveying and Mapping Application Center, NASG, Beijing 100830, China: 2. Jiangsu Center for

Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing 210023, China)

Abstract: Based on the caleulation of the satellites orbits and passes, integrating with the spatio — temporal historical statistics of the
seasonal cloud COVETAZE and the historical data ill'l]lJi(i(Jg |'i|F|i|lliliI_\ of the satellite, this research |i|'\|'lup|'d a [l(l'lJil'IiiK] madel of effec—
tive .lrllilgl'[.\ coverage of the mizssion area. The model [I[“[HL\I'IJ l|.\ thiz paprer answered the |]|J|'.»~Iinu.- related to effective -lr!JilF,I'[} COVEF—
age efficiency and itz data acquiring time cyele, providing supportz in the decizion — making process regarding data acquisition, pro—
duction and application, which conducted a solution to the uncertainty of the effective imagery coverage time cyvele caused by the
clowds especially in the large scale mission areas during the data acquiring of the optical saellites,
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SPH analysis of dam-break flood routing

Abstract: Normally traditional GIS uses norsource flood or source {lood in fulfilling the damrbreak
{lood process simulation, these methods ignore the physics and dynamies factors in the process of [lood
routing. the simulation results of timeliness and reliability are poor. also the effect of expression is rela-
tively simple, Aiming at this problem. the 3D dynamic visualization and analysis of danm-break flood rou-
ting was realized combining with the smooth particle hydrodynamics (SPH) method and GIS technology in
this papers the I’Jﬂrle]E data ruode]ing and h‘pﬂti(‘rtemporﬂ] modi.-e]ing tt-echnology were researched based on
the huge amounts of multidimensional spatio-temporal sequence of {luid particles generated by smooth par-
ticle hydrodynamics Finally, the 3D dynamie visualization and analysis of dam-break flood routing were
realized in the independent development of the system. and the application effect was good,

Key words: dam-break {lood; smooth particle hydrodynamics (SPH); GIS; spatio-temporal model-
ing: 3D dynamic visualization
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veying and Mapping Application Center. NASG. Beijing 101300, China; 2. School of Earth Sciences.
Chengdu University of Technology. Chengdu 610058, China)
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Research on Separation of Snow and Cloud in ZY-3

Images Cloud Recognition
LI Tengteng, TANG Xinming, GAD Xiaoming

ME HAER=S2EIEHFELTIN TP ZS T4 BNEE, BH TS F 25 ih FSETH BT 55 E
MAoRARFLOFEENZEHEAE. BEATRISHL A Z TR ETOS 0, T XHARESE. SR E
ML EFEENGEREABISAAERICE EHESTH AERETZSHHE. H ARSI Fh TS R4
HFIEEFESEHIRIOHNATHE. TLRANFEFEILEIRARNTE. ARSI ERENRENER. 2HE

RER=SEEEBRERAZT NP -RAANZSHERE.

FEH RS SRR RS REL LR TR A B4R TS THR N

i E S P237 Wit FriAE B

Wit s DEERBE MITUESAEN.
HUMEEEESEY, S5, DEERE Gtk
WEMNATHRERE. ARRELEN RS
N HERESEMMEEBFRNS E. EL,
ZHEARVTIEEEEGLMEUEE, ¥
TEEZENER LEE24Z=(LNES) BFE
i ERTILEEER G LEENER, BltzmE
BEREENEN. MEEMHHNXE2EERAR
XSS E. ETRBG, SERANEBEE,
EARASRIHMERMTEEA, T AIEHER
HEY, ZEFRESS AE=S2ECLEERY
B EEEMAEEEMEE NIRRT AREEE =
EiRETE.

AFMASSERBRLNZMNSHEE, B
AR EETEMNASESENLIEBEFENFE. T
BB SN. NELEEE. METES
FiER N E T X 6 £ SORSE, FRERE
EEZRBNEHRENoER TS AsNEN.
TiES EllSARRBERTEETRE
= SUBSENSEE AN ITHE BET—
METFAOREEN e EMAET AR A
. FESY adeeRBn kSRR EE, BT
BXIEE O, 2 H TR F T ERSENLKSIE
AAE, ﬁ)ﬁiﬂﬁ’m;}%[ﬁ&ﬁﬂﬁ HMEMAE.
&% U it 4347 NOAA/AVHRR BRIP T

i A 20050112

Hemy: Elﬁﬂ*‘iﬂmf"@.ﬁﬁﬁﬂﬂ*‘ﬂ#ilﬁ
fE&R fr: 008 (1988

WEEHE 4940911 (2016) 02-0046-04

LI E, S S S A TN E . SHIE BT
HNE SANEF HFRESEGAEHEE &
EERFNNE. U R4 TENFREE
hzmaﬁ KiEE R, FLEA MODIS HIBHKETE
|, 2HT—MERNSEZRNEE HTFAR
ZELEERYR, REERST N RIBIHES R
TEE4E MESEXEERGNEREE.

— HBE=SEEFRZTSHEREN

. BR=SE£ERBRELETHS

AE=ZSNLIERRER—FRAEHHEE
UFNEIE, F2012£1 A9 BAMEH. &I
ERANEMELEFBESHERINGE, AF 1: 50000
IENEREX LA REMEEBEESRNESTHM
B URFRELABEASSMNT . AEE=
SEEFELTLRH, KFNEME R, KEE
RGN RAE MEMZHARN, LEEFEET
B, BEMR E, Zah Kb HER . BiE, ETH
218, ME1 R SEHENEE, AREEE
Wi REEE{LR, NE 2 PR B, RE=ZSEE
IEEG LN EETER EEECSHNIARSIE.
WM TIRSI T ER, 43 51 2 57 2 A0 fl b 4 A% )1 5 4
&, i sl SRR EET MR, i kS$
ZHEES 0%~ 100%, IZEL = . o R HEH . H1HE
3MHESEZTEABME AARIXNRNT

LB T Iﬁﬁ’r%’.?ﬂ‘] FIE R WAR AL TE 515 B4RE. E-mail : 956138898@ qq.com

111



Geometric Accuracy Analysis Model of the
Ziyuan-3 Satellite without GCPs

Xinming Tang, Ping Zhou, Guo Zhang, Xia Wang, and Hongbo Pan

Abstract

The ZiYuan-3 satellite (Z¥-3) was China's first civilian stereo
mapping satellite designed to meet the 1:50 000 scale map-
ping requirements. We analyzed main error sources influenc-
ing the geometric accuracy of the -2 images, and the error
propagation rules of these error sources in image production.
Accuracy estimation models of Zv-3 images without ground
control points (GcPs) were deduced and the theoretical geo-
metric accuracy of £Y-3 images was obtained. Without GCPs,
556 Z¥-3 panchromatic nadir images covering 3,500,000 km?*
of the Chinese mid-west region and 12 Zy-z sterec image pairs
covering 14,000 km?* around Taiyuan of China were used for
planar and vertical accuracy verification, respectively. The
experimental results confirmed the correctness of the accu-
racy estimation model for zy-3 images. The accuracy results
obfained through the model and experiment showed that
without GCPs, the geometric accuracy of the Z¥-3 images satis-
fied the Chinese stereo mapping requirements for 1:50 000
scale topographic maps.

Introduction

Geometric accuracy assessment of high-resolution space
satellite images (HRSIs) has become increasingly important in
recent years. Many research institutions as well as experts and
scholars have conducted research on geometric analysis and
validation of satellite images. Grodecki et al. (2002) quantified
the geometric accuracy of the lkonos camera using large stereo
image blocks with and without ground control, thus validating
both exterior and interior orientation calibrations. Bouillon ef
al. (2006) reviewed various evaluations of the SPOTS HRS and
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the Reference 3D products. Tadono ef al. (2007) described the
updated results of sensor calibration and product validation
for the PRISM onboard the ALOS. Aguilar et al. (2007) used four
different 3D geometric correction models to correct the Cuick-
Bird satellite basic imagery, and evaluate its accuracy. Habib
et al. (2007) dealt with comparative analysis of positioning
accuracy of approxunate and rigorous sensor models for high-
resolution i imaging satellites. Li et al. (2009) investigated the
relationship between three-dimensional (3D) geopositioning
accuracy and stereo imaging geometry using Ikonos images.
Dolloff et al. (2010) assessed the 3D positional extraction ac-
curacy based on 50 overlapping and contiguous stereo pairs
of WorldView-1 imagery covering approximately 50,000 km?,
Agugiaro et al. (2012) evaluated the accuracy of GeoEye-1 and
WorldView-2 using control data in the Trento testfield in Italy
and a DM developed from airborne lidar acquisition. Tang ef
al. (2012) proposed a Zy-3 satellite image geometry model us-
111g virtual ocD line-array 1rnag1ug and evaluated the geomet-
ric accuracy of the first orbit imagery of the zv-3 satellite. Pan
et al. (2013) introduced the details of Zy.a's sensors, geometrlc
model and products and used three zy-a triplet stereo images
to evaluate the accuracy of bundle adjustment. Wang ef al.
(2014) briefly described the principle of Zv-a satellite on-orbit
calibration and selected ten regional zy-3 data for validation of
the geometric positioning accuracy of the image.

The ZiYuan-3 (zv-3) Surveying and Mapping Satellite, the
first domestic stereo mapping optical satellite in China, was
launched on 09 January 2012, The satellite carries one multi-
spectral time delay and integration charge-coupled device (TDI
ccp) camera and three high-resolution panchromatic TDI ccD
cameras that point forward, backward, and toward the nadir
(Figure 1). The forward and backward cameras are arranged at
inclinations of +22° from the nadir camera to obtain a base-to-
height ratio (B/H) of 0.87. The forward and backward cameras
have a spatial resolution of 3.5 m and 52.3 km ground swath,
while the nadir camera has a spatial resolution of 2.1 m and
51.1 km ground swath. The multispectral camera has a spatial
resolution of 5.8 m and 51.0 km ground swath.

The zv-3 satellite is mainly used for mapping and revising
1:50 000 scale topographic maps and geographic information
products. At present, Zy-a satellite images have been ap-
plied widely to the production of 1:50 000 scale cartographic
products in China using a moderate number of ground control
points (GCPs). However, to reduce the mapping costs, enhance
its efficiency, and especially perform high-accuracy map-
ping in areas of difficult control data acquisition, the direct
use of Zy-3 images for 1:50 000 scale topographic mapping
without GCPs is the best choice. The premise for achieving
this target is that the geometric accuracy of image without
GCPs must meet the mapping requirements for 1:50 000 scale
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Verification of ZY-3 Satellite Imagery Geometric
Accuracy Without Ground Control Points

Xinming Tang, Ping Zhou, Guo Zhang, Xia Wang. Yonghua Jiang, Li Guo, and Shuhan Liu

Abstract—The Ziyuan-3 (ZY-3) satellite was designed to satisfy
1:50000 scale mapping requirements. This study uses 556 images
obtained by ZY-3, from June 1 to October 31, 2013, covering an
area of 3500000 km? in midwestern China. A total of 900 check
points measured by a global positioning system were also used to
conduct the planar accuracy verification, The experimental results
show that the ZY-3 nadir sensor calibration images achieved a
planar root mean square error (RMSE) of 10.8 m without the use
of ground control points (GCPs). In addition, the verification of
vertical accuracy employed 12 ZY-3 stereo image pairs distributed
over an area of 14 000 km? around Taiyuan in the Shanxi Province
of China, and a Digital Elevation Model with 0.5-m vertical accu-
racy was used for reference and validation. The vertical accuracy
of forward interaction and stereo-extracted Digital Surface Model
(DSM) from the stereo images were both validated without GCPs.
The experimental results demonstrate that the overall vertical
RMSE of the forward intersection was 6.58 m: it was 5.21 and
7.07 m for flat and mountainous terrain, respectively. Moreover,
the overall vertical RMSE of DSM was 5.56 m: it was 4.37 and
5.69 m for flat and mountainous terrain, respectively. It can be
seen from the experimental results of planar and vertical aceuracy
verification that ZY-3 imagery is able to satisfy the requirements
of 1:50000 topographic mapping in China without using GCPs.

Index Terms—Geometric accuracy, ground control points
(GCPs), rational function model (REM}, Ziyuan-3 (ZY-3) satellite.

I. INTRODUCTION

HE Ziyuan-3 (ZY-3) satellite is the first civilian stereo

mapping satellite in China and was designed to meet the
1:530000 scale mapping requirements, which correspond to the
planar and vertical root mean square errors (RMSEs) of less
than 25 and 6 m, respectively [1]. Accuracy verification is an
essential task to support the application of satellite-retrieved
data, and research evaluating the applicability and accuracy

Manuscript received December 29, 2014; revised March 11, 2015 and
June 14, 2015; accepted June 20. 2015. Date of publication July 15, 2015;
date of current version August 7, 2015, This work was supported by the Public
Science Research Program of Surveying, Mapping and Geo-information of
China under Grant 201412007 and Grant 201512022,

X. Tang and P. Zhou are with the School of Resource and Environmen-
tal Science, Wuhan University, Wuhan 430079, China, the Satellite Survey-
ing and Mapping Application Center, National Administration of Surveying,
Mapping and Geo-information, Beijing 100044, China, and also with the
Jiangsu Center for Collaborative Innovation in Geographical Information Re-
source Development and Application, Nanjing 210023, China (e-mail: zhoup @
sasmac.cn).

G. Zhang and Y. Jiang are with the State Key Laboratory of Information
Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China.

X. Wang, L. Guo, and 8. Liv are with the Satellite Surveying and Mapping
Application Center. National Administration of Surveying, Mapping and Geo-
information, Beijing 100044, China.

Color versions of one or more of the figures in this paper are available online
at hitpelfieesxplore.ieee. org.

Digital Object Identifier 10.1109/LGRS.2015.2450251

verification of ZY-3 satellite images has been gradually devel-
oping. A large number of researchers have suggested that the
use of an appropriate number of ground control points (GCPs)
can produce images with planar and vertical RMSEs of 2-3 m
and 1.5—4 m, respectively, which meet the requirements for both
1:50000 and 1:23000 scale stereo mapping [2]-[4].

To reduce mapping costs, enhance mapping efficiency, and
achieve high-precision mapping in the west of China, where it is
difficult to acquire ground control data, the use of ZY-3 images
without the GCPs for 1:50000 scale mapping may be necessary
in some instances. It is therefore necessary to conduct a general
validation of ZY-3 image-based mapping without GCPs. Some
researchers have carried out a preliminarily validation of the
geometric accuracy of ZY-3 images without using GCPs [3],
[4]. However, in these accuracy verification experiments, the
number of experimental images was usually less than three.
Furthermore, the acquisition times of the experimental images
were very close to the satellite launch date; all experimental
images were generally obtained within one year following the
launch. In addition, the terrain types for these experimental
areas were mainly limited to plains and hills. Overall, previous
experiments undertaking the geometric accuracy verification of
ZY-3 satellite images have substantial limitations.

The ZY-3 sensor calibration (SC) image [3] 1s alevel-1 image
product that is similar to the SPOTS Level 1A product [3] and
Worldview-2 basic product [6]. It makes use of a rational func-
tion model (RFM). Due to insufficient experimental images and
verification data, it is not possible to simultaneously verify both
the planar and the wertical accuracy in the same experimental
area. Therefore, n this letter, verification is divided into two
distinet parts for the planar accuracy verification and the verti-
cal accuracy verification, and the SC image is used as the exper-
imental data in both. Although these two experimental areas are
independent, there is no obvious difference for the processing-
related methods and steps with the synchronous verification
of planar and vertical accuracy in the same experimental area.
The experimental results can therefore be representative of the
planar accuracy and vertical accuracy of ZY-3 images.

A large number of ZY-3 nadir panchromatic images, cov-
ering large areas of complex terrain, were used to validate
the planar accuracy with high-precision check points (CKPs)
measured by a global positioning system (GPS). Meanwhile,
for the vertical accuracy verification, 12 forward and backward
stereo image pairs were selected from typical terrain types,
and a high-accuracy Digital Elevation Model (DEM) was used
as the verification data. The vertical accuracy verification of
forward intersection and the Digital Surface Model {(DSM)
generated from the experimental images was conducted. The

1545-598X @ 2015 IEEE. Personal use is permitted. but republication/redistribution requires IEEE permission.
See http:fwww.iges.org/publications_standards/publications/rights/index.html for more information.
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Transgenic Eimeria mitis expressing
chicken interleukin 2 stimulated
higher cellular immmune response in
chickens compared with the
wild-type parasites

Zhuoran Li"2¥, Xinming Tang'#, Jingxia Suo'2, Mel Qin'2, Guangwen YIn'=,
Xianyong Liut2+ and Xun Suoi24*

! State Kay Laboratory of Agrobictechnology, China Agricultunal University, Bafing, China, 2 National Animal Protozoa
Laboratory, Collage of Vitarinary Msadicine, China Agricuttural Uniersity, Sejing, China, 3 The High School attachsd to
Tainghus Univarsity, Bajing, China, ¢ Kay Laboratory of Animal Epidemiclogy and Zoonosis of Ministry of Agriculture, China
Agricuttural University, Bejiing, China

Chicken coccidiosis, caused by Eimeria sp., occurs in almost all poultry farms and
causes huge economic losses in the poultry industry. Although this disease could be
controlled by vaccination, the reduced feed conservation ratio limits the widespread
application of anticoccidial vaccines in broilers because some intermediate and/or low
immunogenic Bimerda sp. only elicit partial protection. It is of importance to enhance
the immunogenicity of these Eimeria sp. by adjuvants for more effective prevention
of coccidiosis. Cytokines have remarkable effects on the immunogenicity of antigens.
Interdeukin 2 (IL-2), for example, significantly stimulates the activation of CD8+ T cells
and other immune cells. In this study, we constructed a transgenic Eimera mitis line
(EmIChIL-2) expressing chicken IL-2 (ChIL-2) to investigate the adjuvant effect of ChiL-
2 to enhance the immunogenicity of E. mitis against its infection. Stable transfected
EmiChIL-2 population was obtained by pyrimethamine selection and wverified by PCR,
genome walking, western blotting and indirect immunoflucrescence assay. Cellular
immune response, E. mitis-specific IFN-y secretion lymphocytes in the peripheral
blood mononuclear cells, stimulated by EmiChIL-2 was analyzed by enzyme-linked
immunospot assay (ELISPOT). The results showed that EmiChIL-2 stimulated a higher
cellular immune response compared with that of the wild-type parasite infection in
chickens. Mareover, after the immunization with EmiChIL-2, elevated cellular immune
response as well as reduced cocyst output were observed These results indicated that
ChiIL-2 expressed by Eimeria sp. functions as adjuvant and IL-2 expressing Eimeria
parasites are valuable vaccine strains against coccidiosis.

Keywords: transgenic Eimeria mitis, chicken interleukin 2, reproductive potential, cellular immune response,
ELISPOT
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Abstract: Attitude data, which is the important data strongly correlated with the geometric
accuracy of optical remote sensing satellite images, are generally obtained using a real-time
Extended Kalman Filter (EKF) with star-tracker and gyro data for current high-resolution
satellites, such as Orb-view, IKONOS, Quickbird,Pleiades, and ZY-3.We propose a forward-
backward Unscented Kalman Filter (UKF) for post-processing, and the proposed method
employs UKF to suppress noise by using an unscented transformation (UT) rather than an
EKF in a nonlinear attitude system. Moreover. this method makes full use of the collected
data in the fixed-interval and computational resources on the ground, and it determines
optimal attitude results by forward-backward filtering and weighted smoothing with the raw
star-tracker and gyro data collected for a fixed period. In this study. the principle and
implementation of the proposed method are described. The post-processed attitude was
compared with the on-board attitude, and the absolute accuracy was evaluated by the two
methods. One method compares the positioning accuracy of the object space coordinates

with the post-processed and on-board attitude data without using ground control points
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Response analysis of haze/particulate matter pollution to Land Use/Cover in Beijing. TANG Xin-ming', LIU Hao®™,
LI Jing®, XIE Zhi-ying®, ZHAO Wen-hui* (1.Satellite Surveying and Mapping Application Center, National
Administration of Surveying, Mapping and Geo-information, Beijing 100830, China; 2.Academy of Disaster Reduction
and Emergency Management, Beijing Normal University, Beijing 100875, China; 3.Lanzhou Jiaotong University,
Lanzhou 730070, China: 3.Beijing Municipal Environmental Monitoring Center, Beijing 100048, China). China
Environmental Science, 2015,35(9): 2561~2569

Abstract: Land-Use/Cover Change (LUCC) has direct or indirect effects on particulate matter pollution. To quantitatively
evaluate the correlation between particulate matter pollution and land use in terms of temporal variation and spatial
distribution, long-term meteorological data, land use data, measured particulate concentration data and remote sensing
images, as well as the GIS spatial analysis methods and canonical correlation analysis methods were used to perform
guantitative evaluation of the correlation between the number of haze days and land use change in Beijing, as well as the
effects of local land use types on spatial distribution of particle pollution. The results showed that: (1) In respect of
temporal variation, from 1996 to 2008, the number of haze days in Beijing presented a significant negative correlation
with ecological land and agricultural land, with the correlation coefficients being —0.574 and —0.592 respectively, but
presented a significant positive correlation with construction land, residential settlements and industry and mining, and
transportation land, with the correlation coefficients being 0.595, 0.609, and 0.590 respectively; from 1989 to 2012, the
number of haze days in urban areas of Beijing presented good responding relationship with the variation trend of
ecological land, agricultural land, and construction land, in which the expansion of urban areas has significant effect on
the number of haze days, and the coverage of built-up areas presented a significant positive correlation with the number of
haze days, with the correlation coefTicient being 0.876. (2) In terms of spatial distribution, the concentration of particulates
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Spatial Frequency Based Remote Sensing Radiative Response Modeling
and Its Geometry Correlation Research

ZHAO Shihn'', TANG Xinming®, YIN Dan®, HAO Shengvong®, DOU Xianhui*, HU Yuan®

1. Zatellite Surveying and Mapping Application Center, NASG, Beijing 101300; 2. School of Physics, Peking University,
Betjing 100871; 3. Space Star Aerospace Technelogy Applications Co., Ltd, Beijing 100086; ¥ E-mail: zhacshihu§@aliyun.com

Abstract Following the optical remote sensing imaging mechanism and combining image spatial spectrum, MTF
{modulation transfer function) and SNE (signal noise ratio) models together organically, a novel spatial frequency
based radiative respond modeling (SFRR) is presented which has definite physical meaning. SFRR has two
breakthrough points, one is reducing the comprehensive radiative model’s dependence on the complicated earth
object’s spectral and reflectance; the other is establishing the theory basis of radiative and geometric quality
correlation modeling. In geometric positioning accuracy expeniments, the ZY3 satellite’s forward and backward
stereo images are used to produce multilevel MTF degrade and noised simulation images. By automatic registering
the forward and backward images, the Root-Mean-Square error of matched points is computed to judge the
correlation between SFER and geometric posifioning accuracy, which proves that SFRE model has good
correlation with geometric guality. The research will be helpful for optical remote sensing system optimizing,
remote sensing image processing and applying.

Key words remote sensing; imaging model; MTF; SNE.; guality evaluation
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Abstract: High-quality inner FoV (Field of View) stitching is currently a prerequisite step
for photogrammetric processing and application of image data acquired by spaceborne TDI
CCD cameras. After reviewing the technical development in the issue, we present an inner
FoV stitching method based on sensor geometry and projection plane in object space,
in which the geometric sensor model of spaceborne TDI CCD images is used to establish
image point correspondence between the stitched image and the TDI CCD images, using an
object-space projection plane as the intermediary. In this study. first, the rigorous geometric
sensor model of the TDI CCD images is constructed. Second, principle and implementation
of the stitching method are described. Third. panchromatic high-resolution (HR) images
of ZY-1 02C satellite and triple linear-array images of ZY-3 satellite are utilized to validate
the correctness and feasibility of the method. Fourth, the stitching precision and geometric
quality of the generated stitched images are evaluated. All the stitched images reached the
sub-pixel level in precision. In addition, the geometric models of the stitched images can be
constructed with zero loss in geometric precision. Experimental results demonstrate the
advantages of the method for having small image distortion when on-orbit geometric

calibration of satellite sensors is available. Overall, the new method provide a novel solution
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i E AR=SIELSZEEWRAIGINEIE, F2012F1 A9 B45. D8 LRE&GE TR GPS
ErHl. FBIEEWE O MR, BT IEF N REANEEHEEERER, RE 0 MHEME (ESNKH
6B HAR=ZSIE#HTTRHEEHN, DEAEEENEHEEN N 4. 95em. FIADEHANE (SLR) W
HIR B CPS ERME BH T THE, BEHEERAT 4o, TREEGREE. SRFH ZEHHEETSHSHE
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Precise Orbit Determination for the ZY 3 Satellite Mission
Using GPS Receiver

ZHAO Chun-mei’ , TANG Xill—"lillgz
(1. Chinese Academy of Surveying and Mapping, Beijing 100830, China:
2. Satellite Surveying and Mapping Application Center, NASG, Beijing 100830, Chins)

Abstract 1 The ZY 3 satellite launched on January 9, 2012, is China’ s first civilian mapping satellite. The satellite is
equipped with GPS double frequency receivers made in China. Based on the satellite dynamics principle and the hatch
processing mode, the orhit of ZY3 satellite are determined from zero-difference GPS measurements by use of the reduced
dynamics methods in this article. The data are length is 30h, with overaps of 6 hours. The result reveals that the orhit
determination accuracy of overlapping arcs i around 5 em. Compared with SLR data, the distance biases between the

satellite and SLR stations are abouwt 4em excluding the station system bias. So, the ZY 3 satellite orbit determination

accuracy can meet the satellite mission requirement.

Key words: ZY3 satellite: GPS: Reduced-dynamics: SLR: Orbit determination
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On-orbit Test and Application Analysis of ZY-3 Satellite

TANG Xinming, XIE Junfeng

(Satellite Surveying and Mapping Application Center of SBSM, Beijing, 100830, China)

Abstract: As the first civil high—resolution three—line array stereo mapping satellite, ZY -3 satellite has been
operating on orbit more than one year, and the satellite image products are widely used in surveying and mapping
and related fields. This paper mainly illustrates the satellite operation and application status, and proposes a
preliminary purpose for the future development of the subsequent optical mapping satellites.

Key Words: ZY-3; Surveying and Mapping Satellite; Application Status; Subsequent Satellite
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The design and implementation of surveying and mapping
three-dimensional image data search system
based on separate pyramid model

LI Dong-ying"?, TANG Xin-ming’. YAN Hao-wen', WANG Huai®
(1. School of Math, Physics & Software Engineering., Lanzhou Jinotong Universitv, Lanzhou 730070, Chinas2. Satellite Survey-
g and Mapping Application Center, SBSM, Beijing 100830, China)

Abstract; Aiming at the current situation of the three-dimensional image data search. the problems and
countermmeasures in mapping application are provided, Firstly. an overall framework is built for the search
system based on surveying and mapping application {or the three-dimensional remote sensing image data,
Secondly. the separate pyramid model is used to process the mapping three-dimensional remote sensing
image data and makes hybrid grid index to them. Lastly. different algorithms are used to achieve a multi-
use search system accort]ing to the different demands based on B/S structure hy using the ArcSDE. the
related components of the Orcale, Tomeat network technology VS, NET2005(C # ) and AE, ete,

Key words; three-dimensional image; surveying and mapping application; search system; separate pyramid

model
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Triple Linear-array Imaging Geometry Model of Ziyuan-3 Surveying Satellite and Iis
Validation

TANG Xinming' » ZHANG Guo™ . ZHU Xiaoyeong' » PAN Hongbo® » JIANG Yonghua® « ZHOU Ping's WANG Xia's. GUO LI

1. Satellite Surveying and Mapping Application Center, Mational Administration of Surveying, Mapping and Geo-information,
Baijing 100830,China; 2, State Kay Laboratory of Information Enginearing in Survaying, mapoing and Remote Sansing, Wuhan
University, Wuhan 4300759,China

Abstract : The Ziyuan-3 (ZY-3) surveying satellite is the first civilian high-resolution stereo mapping satellite of
China. Its cbjective is criented to plot the 1 @ 50 000 and 1 * 25 000 topographic maps, Comparing with foreign
commercial mapping satellite imagery, the establishment of cur own imaging geometry model is the core technical
problem for different products and various applications of ZY-3 surveying satellite, This paper analyses the key
problem on precision geometry processing based on the overall design, and proposes the ZY-3 surveying satellite
imaging geometry model with the technolegy of virtual CCD line-array imaging. In addition, this paper utilizes the
first orbit imagery of ZY-3 satellite with coverage of the region of Dalian. and produces forward. backward and
nadir cameras calibration products, Different ground contrel points are selected for the block adjustment experiment,
and the digital surface model (DSM), digital erthe map (DOM) are generated, The accuracy is validated by check
points, It can be seen from the experiment that the planar and vertical accuracy are better than 3 meters and 2
meters, respectively, The experiment demonstrates the effectiveness of Z¥-3 surveying satellite imaging geometry model,
Key words : Ziyuan-3 surveying satellite; imaging geometry model; virtual CCD array; block adjustment;
space intersection
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Development and Status of Mapping Satellite Technology
TANG Xinming' XIE Junfeng' ZHANG Guo®

(1 Satellite Surveying and Mapping Application Center, Beijing 100830, China)

(2 Wuhan University, Wuhan 430079, China)

Abstract Mapping satellite is a fundamental component of high resolution earth observation system ,whose
remote zensors and applications develop rapidly. In the paper.the technical characteristics of remote sensing
satellites on surveying and mapping are analyzed and summarized ,and the design and ground application of the
first China’s eivil stereo—mapping satellite (ZY =3} are hriefl y introduced. And the development ideas for China’s
future mapping satellite are proposed according to the domestic development requirements.

Key words mapping satellite; ZY -3 satellite; high resolution earth observation system;development ideas
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Present Situation and Development of Surveying and
Mapping Satellites in China
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Abstract: Satellite surveying and mapping has got greal emphasis in realm of remole sensing
and GIS in China. However, compared with international leading level, China still has to
make great efforts to cut off the distance in science. ZY =3, as the first civil surveying and
mapping satellites, will be launched in due Dec. 2011, which will play significant mle in
China for topographic mapping, remote sensing and GIS. In this paper, a draft plan on
mapping satellite development during 12-5 period is proposed for State Bureau of Surveying
and Mapping of China. The plan describes geveral kinds of mapping satellite that should be
made in the near future. During the best period of satellite surveying and mapping, we should
explore the roads of independent research, develop satellite mapping technique, and provide
the better services precisely, in time with high reliability for national economy and social
harmaony.
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Research on Algorithm of Shelter Assignment Based on Capability Limitation and

Optimization of the Travel Cost
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1. School of Resources and Environment. Wohan University, Wohan 430079, China: 2. Mapping Satellite Data Application Center. SB-
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Abstract : According 1o the residence evacuation plan for the city emergency . an algorithm for distributing the shelter for
vietim or spatial disaster cell is proposed based on shift insertion method. Considering the uneven distribution of the resi-
dents in space and the capability limitation of each shelter. the proposed algorithm minimizes the total travel cost and
keeps the spatial service continuity of each shelter with capability constraint, As a result, it can provide the scientific basis
and the decision support for emergency evacuation, Comparative experiments under different constraints have evaluated
the algorithm’s availability and feasibility, Moreover, applications in enginesring projects also prove the excellent practi-
cal utilities,

Key words ;algorithm; capability limitation; shelter; city emergency: decision support
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Topological relations are one of the most important aspects in GIS modeling. The topological relations
between crisp spatial objects have been well identified. However, the topological relations between
fuzzy spatial objects need more investigation. This paper deals with building a special fuzzy topological
space for fuzzy sets. Based on it, a formal definition of simple fuzzy region is given. A 4 = 4-intersection
and furthermore a 5 = 5-intersection approach are proposed for the formalism of topological relations,
Finally 152 topological relations between two simple fuzzy regions are identified based on the 4 » 4-
intersection approach in R
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1. Introduction

It is well known now that GIS is a tool that can store, retrieve,
analy ze and display the information related to spatial distribution.
How to model spatial features is an essential question in GIS. An
important issue is to understand the relationships between these
spatial features. Of all the relationships topological relations play a
fundamental role in GIS modelling. A query such as “who are my
neighbours” belongs to this scope. Several approaches have been
proposed to identify topological relations between crisp spatial
objects. Corbett (1979) introduced the algebraic topological
structure for cartographic modelling. Allen(1983)identified thirteen
topological relations between two temporal intervals. The break-
through on topological relations between spatial objects was made
by the well-known 4-intersection and the 3 x 3-intersection
approach proposed by Egenhofer and Franzosa (1991). A lot of
research has been donebased on this aspect (Egenhofer and Herring,
1990a,b; Herring, 1991; Egenhofer et al, 1994a,b; Egenhofer and
Franzosa, 1994; Oosterom, 1997 ; Molenaar, 1998; Chen etal.,2001).
On the other hand, Kainz et al. (1993 ) investigated the topological
relations from the aspect of poset and lattice theory. Randell et al.
(1992) described topological relations by use of their RCC (Region
Connection Calculus) theory, which is based on logic.

However, spatial objects are not always crisp. There are many
fuzzy objects in reality, such as downtown area, forest and grassland.
Since 1965 Zadeh introduced fuzzy set theory it has been widely
researched theoretically and successfully applied in many fields

* Corresponding author. Tel.: +86 10 63881366,
E-mnail address: tang@asmacen (X, Tang).

0303-2434/% - see front matter © 2010 Elsevier BV. All rights reserved.
doi: 10.1016/].jag.2010.01.004

such as automatic control (Zadeh, 1965). Burrough and Frank (1996)
pointed out, if soil types are represented as crisp objects with crisp
boundaries, the transition from one type of soil to another is totally
lost, which cannot reflect the reality. When spatial phenomena are
generalized by the crisp form, their quantitative information is lost.
In reality, some concepts should not be considered ascrisp objects at
all (for example, mountains, oceans, the Yangtze River delta,
coastline) since their boundaries are totally indeterminate. Fisher
(1996) provided a good example of fuzzy objects by the analysis of
land cover classificationonsatellite images. Fuzziness isactually the
essence of many natural phenomena.

Fuzzy spatial object modelling has been emphasised for more
than ten years. Many researches such as Cheng et al. (1997), Cross
and Firat (2000) have done a lot of researches on fuzzy modelling.
In China, the second-round large scale land investigation has been
launched. In many cases, it is very difficult to determine where the
boundary should be located. For example, when we draw the
boundary between waste land and river, it is very difficult to judge
whether the boundary is precise or not on the SPOT image. Under
many circumstances, we admit it could be better to consider the
boundary as a zone (Fig. 1). Sometimes, it is also very difficult to
draw the boundaries between forest and bush, between bush and
grassland, between wasteland and grassland.

Like the importance of topological relation for spatial objects in
conventional GIS, modelling topological relations between fuzzy
spatial objects is important when we represent fuzzy spatial
objects in GIS. For example, when we query the overlap
information or adjacency of two fuzzy spatial objects, the
relationship between these objects should be investigated based
on the topological structure. In this aspect, several methods have
been proposed for modelling fuzzy spatial objects and their
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Potent@a] app Jication of partcle hased sinulatons
n reseworr secury managan ent

Yang P ng ? Tang X im ng ShiShaoyit W u X jao]jang

(! Schoo] of Resources and Env omm en @] Science W uhan Un versity Wuhan 4379 Ching
@ Chinese A cademy of SurveYing and MapPpPing Beijing 100039 China
(* CSROM ah@natical and mpmatpn Scences W anbkeY WA 6013 Australig

Abstract In order © mode] te movanent pogress m case of risks such as dan co]lapse and coasta]
nundaton particle-based sinulationmetpds includng the discree elanentmehod and snoohed particle
h¥dodynanics which have specific advantages in mode]in€ compex freedinensional enviomn enta] flug
and Parteulate flows are ajopted as an effective way 10 jlbswmate envirommenta] applications possiblV
happening i the rea] worl]l The teory of these methads and heir relative advantages conpared wih
tragd ithna] me Hods are discusse] Exanples of3 ) flows on realistic PogmphY includng fe flooding of a
river valle¥ as a resultof a dan collapse and coasta] immngdation hY a tunam j are intuoduce]  [ssues e hed o
validatpn and duality data avajpbility are also discusse] The results show that the sinujations provide a
valuahle nsight o a given sjpatjon or he securiy managanent of resevoir dans Validatpn can only he
perforned where hoth the initial and fial states can he verY wel] clarmacterized

K e¥ words geoph¥sical sinujatpns  particle hased sinujatpnm ethods discrete elanentm ethod  snoothed
Particle hYdradynan jcg  dan_hreaks

Many piohlams m Jage facilites auch as great dJam nvove the Jaige scal movament o f solids and {luids
They are ofen mregupr mn thewr tining  diffcult © opserve and measure nvo e multiPle Pes of Physical
Processes on a hioad mnge of spatial and tanpora] scafs angd can he catastoPhe i their consequences  CoampPu
tationa| mode|ng can Play an mporantole hoth N helPng © understangd fenanue of the fundameng] processes
mvole] and n Predicth® detailed oucanes of varous pes o fevents n specific peatbng An exanpl of e
msights that can he gamed fran these findamen @] Pprocesses s the role of §year concentratjion i the Jower re
gons of Jands[ides leading 0 Jower thanexpected hasa| fretion ang  therehy  allow ng€ the anama pus mn out
ohswed n jong nnoout lands|des

Parte]e hased mode]ing methods have specific advantages over taditpnal £ry ormesh hased continuum
methods or these tvpes of pohms Twomethods that am particularly we || suited ame snoothed Particle hydm
dynanjcs ¢ SPH) for modelng fpwing fluid and defom ng solid materjals  and discrete e janent mode]ing
(DEM) for he flow of particuite so]gds SPH was orignally developed i the|gyg s 10 © Ve canpressihle astio.
Physical problans”  Many applications nvolving free surface flows have heen solved using fe SPH method
since then  Some exanpPles mefude a dam and the Eenemtpn of awave n wo Jdinemsions n Monaghan  high
Pressure  grav ity diecasting and ingot castind??

DEM was froduced hy Cundall and Stack © sinulae sjow defomation o f mnujar solidk!  Since then it
has heen successfu]l used n modelng geoPhysica| apPlications such as pndslides and ice {low¥'  DEM has
been successfu]ly apPlicd © many industra] and m n ng applications such as dragine excavawors hallm i[k and
many goups or sijo fillpg aswellas for a wide sekction of pdustria] applications as n  Jeany®®

1 ParticleBased Cam putationa [M ethods

Partelehasedmode]ngmethods ame a very genera] ¢ pss of Lagmngian canputationa] technidues or sinula
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Design of IBS based on Java technology

s ER S Rptn o TR D EHE D U 4

WANG SHENGXIAO TANG XINMING FAN ZHAO

WE-FRAEMEERFS(IB)RED GSs RAMAMNERA A2 — ERMEMEREBRERFM T ENERGENLS
. ZETUENRFHACANIARERT FHEEMNGEERS . RICERE T ET Java FA SRR F 500 0 B AHER,
FEE LTl T T GVL 9 MR 5 A G S R M A AR 5 A R S A S IR

Jo§# 17 LBS; J2EE:J2ME:GML

B 545 TP208 TCERPRAR Y- A

Abstract:Location- based service (IBS) is one of the most promusing application directions of GIS.It 15 the synthesis of the geograph-
ic information system. the commmumication technology and the computer technology. IBS will be one of important information service

i the dmly life. This paper puts forward an integrated frame of ILBS based on Java technology.

It also discusses nmlti- source data

fusion technology based on GML on server and mplementation techniques of Geo- information service on client.

Key words:LBS J2EE J2ME, GML
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Implementation of mobile termination location-based service system

LIU Lin*, TANG Xin-ming’, LI Wan-wu*, XIAO Cheng-gang’, LIU Dong-gin'*
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Abstract: The necessity and the feasibility of the mobile termination LBS (location-based services) are analyzed, the basic content of
mobile termination service system is outlined, the architecture frame of the mobile termination LBS 1s designed, and the mode of realizing
three key parts is presented including the client side, the server end and the third party content and the geomobility server in the system

for mobile termunation LBS. At the end it locks forward to the application future of the mobile termination location-based service system.
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Abstract Fuzness & an niemal pmperty of spatil objects How tomodel fizzness of a spatl object 5 amam task of

next genemton G IS This paper poposes bas v fuzzy spatial object types based on fuzzy wpology. These object types are the

natural extensbn of current non-fuzzy spatial ob pet types A fazzy cell con plex strucure is defined Hrmodelng fizzy re-

ginsg

lines and ponts Furhemore fzzy topologral relatbns between these fuzzy spatinlob pets are fom alized based on

the 9-mnlesecton appwach. Thismodel can be mplanented for G IS appliatons due to its scientific theory basis.

Keywords GI3 fuzy wpobgial relations
[REFES] P223 DR A

1 Introduction

In Geogmphic Informaton Systan ( GI1S) natuml phenon e
na are usuall modeled as spatnl features nehidng points  ares
orpokgms Genemlly these features are modeled based on the
cell compkx or sinplical complex stucure mathem atvally
Thi stucture has been applied n conm ercnlG IS sofiw ae wide-
ly and successfully ( such asArG IS ete). Curentl hese fea
wms aw mepresented noersp (non—fuzzy) points  arcs or pol-

gons That is  these featumes have a  detem nate
boundary. How ever namral phenom ena are not abvays as crisp
as spatil objects descrbed in conventonal G IS data models
M any dhjects have a fuzzy boundary n natue such as down bwn
amas mountans soildstrbution grasslands and forests These
objets have a commaon characteristic that they have no clear
boundaries [ 1] [ 9] . How tomodel hese fizzy obpets & a
Several efforts have been

such as [ 3] [ 4]

sinificant topic n GIS applicatons
made for repesentation of fuzzy dbpets
[13].

On topological relatbns between fuzzy spatnl objpels  sew
emlmodels have been pwoposed b tack b the topobgical relatons
14-16 18].
Felive ilentified 44 relations akebmicall betveen fuzzy objects

betw een fuzzy wegons [ 5-6 Clamentni and Di

by use of he well-known 9- mtesection approach proposed hy

TEE B BH W (1966-), 5, 2005
EHEPENEF 2 RE EEAR 5HEA N
N, B Twente University ff £, #ff
Fog, AW, L R R

N e b B e £ S AR A R sk
wEH SR EE, WTASEDY R R
BRI

ks B ER; . 2005508+03

fuzzy spatial objects
Bz &E4S1 1009-2307( 2006) 0064-05

Egenhofer and Franzosa [ 7], Egenhofer and Shama [ 8]. 46
e latons w ere identified by use of Cohn and Gotts “egg-yok m o
el which & based on bgic Tang and Kainz [ 16] ilen tified 152
elatons bewveen sinple fizzy wgons na fuzzy topolagical
space of R* by use of the 4X 4- ntersection approach which is
the extension of the 9- ntesecton appwach They also dentified
44 elatbns betw een fuzzy sinpk megims n general fuzzy ppole-
gical space of R? by use of 9- niersection m atrix.

Hovever fuzzy objects mclude not onl regons but also
Ines and pomts The topological relatins betveen different
kinds of feaures should be revealal.

Ths paper establshes a fuzzy bpobgral stucture for fuzzy
spatial objects and nvestigates ther topobgical mlatins The
stmcture of he paper & as folbws A fier he ntroducton oferisp
cell complx  fuzzy cell is defined Sectin 3 is he fomalim of
a fuzzy cell can plex stucture inwhich the prinitives are fuzzy 0
—cells

datbn of fazzy spatil objects Section 5 analyses the relatbns

I-celk and 2-cells Secton 4 is themodel for accomm o~
betveen fuzzy wgibns  lnes and ponts Secton 6 & the conchr-

500
2 Cell camplex and topological relation models

21 Cell and cell complex

The stuctures of smplex and simplical compkx and
( erisp) cell and cell compkx n akebmic topobgy have been o
dopted by alost all GBS sofware brmodelng spatnl ob pets
W e briefly reviev the cell and cell complex strucure for discus
son. An n— cell ¢ & a space that is homeomomphic to an
( open) unit n— disk of he Euclilean space R", where an open
unitn— diskD" is the set of all pontsx of R" HHirwhih he nom
I lxl <1 [10][12]

( them minalO- dinensonalobject), a 1- cell is the Ink he

. By defnitim a 0- cell 5 anode

Wween wo (lislhrl 0- l't-ll',_ and a 2— cell is the amwa l!e-'s{:ri_]eil
by a chsed sequence ofnon— mtersectng 1- cells

A cell comp kx is defined by an. nductve wag Start fum a

Suppl
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Our Mission

ISPRS Working group 4 aims to promote the development of new methodologies and technigques
related to parameter design and simulation of space borne optical system, geometnc/radiometric
calibration and validation of optical satellite sensors and other systems such as LIDAR

To reach this purpose, the WG organizes/co-organizes spec essions, workshops or symposiums
to exchange the latest progress in the related res2arch areas, and participates, contributes in several
academic events organized by ISPRS or other communities
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