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 1. Roles of space technologies 
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UNESCO Properties 

Global Geopark 

1031 669 120 



• Heritage is our legacy from the past, what we live 
with today, and what we pass on to future 
generations. Our cultural and natural heritage are 
both irreplaceable sources of life and inspiration.  

 

• World Heritage sites belong to all the peoples of the 
world, irrespective of the territory on which they are 
located.  

World Heritage 



Cultural Heritage: Having at one time referred exclusively to the monumental 

remains of cultures, heritage as a concept has gradually come to include new categories 
such as the intangible, ethnographic or industrial heritage.  

Heritage 

Natural Heritage Cultural Heritage Mixed Heritage 



Number ever 
increasing 

 

Various 
characteristics 

Observation difficulty 

Calling for new technologies 

World Cultural 

Heritage sites 

Situations and challenges 

Spatial scale, categories, 

evolution, impacts, etc. 



 4. Opportunities and prospects 

 

Space technology is a technology that is related to entering, and retrieving objects or life 

forms from space.  
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Space technology for archaeology & 

cultural heritage monitoring 

 

Detection & discovery 

Archeological analysis 

Monitoring &  

evaluation 

Virtual reality (VR) &  

smart management 

Chaco Canyon 

Sialk Mounds 

Great Wall 

Maya ruins 

Roman Theatre 

Domus Tiberiana 

Angkor 

Fo Xiangge 

Great Wall 



Great Wall detection in Sui and Ming Dynasties using SIR-C/X SAR data, PI of NASA 

project, Plaut appraised it as one of third discoveries of Geoscience 

1.1 Detection & discovery  



                                                          

Ancient city reconstruction of 

Maya civilization 

3D landscape of Maya 

ruins 

Ancient ruins interpreted using DSM, water 

system and roads canbe identified 

Field validation 

Discovery of Maya ruins using LiDAR 

(Chase et al., 2010, 2011) 



1.2 Archeological analysis 

Agriculture&community in Chaco Canyon: Revisiting Pueblo Alto(emergent 
social complexity in prehispanic North America) 

 

W.H. Wills & W.B. Dorshow, 2012  
 



M. Berberian, et al., 2012 
 

Archeoseismicity and environmental crises at the Sialk Mounds, 
Central Iranian Plateau, since the Early Neolithic 
 



1.3 Monitoring & evaluation 

Survey of the Roman Theatre of Aosta by a portable stereo active vision 
system 

A.Balsamo, et al., 2006 



D. Tapete et al., 2012 

Integrating GBInSAR and laser-based remote sensing for monitoring structural 
deformation of Domus Tiberiana 

 

Structure scanning 

 GBInSAR deformation monitoring 



Angkor site monitoring 

TerraSAR-X （2011-2013） ALOS PALSAR（2006-2011） 

Land 

subsidence 

Flood 



Digital documentation for 

conservation of Fo Xiang Ge 

(Tower of Buddhist Incense)  

1.4 Documentation & conservation  



Great Wall 



 2. Archaeological prospections: 

case studies 

 



 China-Italian bilateral cooperation 
project 

This project is led by (ancient Rome, Hongcun village and Silk road):  

common Italian and Chinese interests in obtaining advances, operative   

tools and technologies for the protection and enhancement of cultural 

heritage with particular reference to sites included in the UNESCO list. 

 

complementary skills which characterize the Italian and Chinese 

researchers involved in the current proposal with particular reference to 

the CNR (Italy Research Council) and the CAS 

 

the opportunity to share and use satellite data of Italian and Chinese 

space agencies 

 

the extraordinary cultural heritage witnesses of ancient civilizations in 

both countries  

Prof. Fulong Chen Prof. Nicola Masini 
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      Silk Road is the witness of the Chinese prosperous 

civilization and the friendship between East and West. 

As an important component of the Silk Road 

economic belt, nowadays, archaeology for the Silk 

Road is confronted with challenges considering the 

diversity of its surrounding environmental and 
anthropogenic impacts. 
Mediterranean climate  

Humid and semi humid monsoon 

climate 

Continental arid climate 

Site archaeology along Land Silk Road 



Five capital cities assemble around Luoyang city, including Erlitou ancient 

city of Xia (3900 BP), Yanshi ancient city of Shang (3600 BP), ancient city 

of Zhou (2600 BP), Han-Wei ancient city (1900~1500 BP) and capital city 

of Sui-Tang dynasty (1300-1100 BP). 

2.1 Ancient Luoyang city—eastern original section 



Case study: Han-Wei ancient city (1900~1500 BP) 

In 25 AD, Luoyang was declared 

the capital of the Eastern Han 

Dynasty on November 27 

by Emperor Guangwu of Han.For 

several centuries, Luoyang was 

the focal point of China. 

 

In 493 AD the Northern Wei 

Dynasty moved its capital 

from Datong to Luoyang and 

started the construction of 

the rock-cut Longmen Grottoes.   

http://en.wikipedia.org/wiki/Emperor_Guangwu_of_Han
http://en.wikipedia.org/wiki/Northern_Wei_Dynasty
http://en.wikipedia.org/wiki/Northern_Wei_Dynasty
http://en.wikipedia.org/wiki/Datong
http://en.wikipedia.org/wiki/Rock-cut_architecture
http://en.wikipedia.org/wiki/Rock-cut_architecture
http://en.wikipedia.org/wiki/Rock-cut_architecture
http://en.wikipedia.org/wiki/Longmen_Grottoes


Satellite-aerial-ground remote sensing archaeology 
 

Ancient Luoyang city 

Archaeological marks, including 

shadow, crop, soil and damp signs on 

the optimal selected SAR acquisitions 

Hotspot can be identified 

taking advantage of the 

synoptic observation 

capability of spaceborne RS 
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20 scenes of Cosmo-SkyMed SAR data from 

spring to Autumn seasons in 2013 

Phenology of winter wheat 

Time series 

crop marks 





Qian Guoxiang courtesy 2003 Aerial photograph (1952) processed 
using LISA indices 

Statistical spatial autocorrelation on Corana and aerial photographs： 
Moran’s index I, Geary’s C (global); Local indicators of spatial autocorrelation, 
denoted as LISA, are: Local Moran’s I, Local Geary’s C and Getis-Ord Local Gi. 

4
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0

 m
 

3700 m  

Luo River 

http://en.wikipedia.org/wiki/Moran's_I
http://en.wikipedia.org/wiki/Geary's_C


Left: RGB of Getis, Geray and Moran computed using lag 1 of aerial photographs. 
Right: Pleiades acquired in 2013 that shows the excavation and reconstruction of 
the study area as it appears today. 

Declined size of the 
capital city in Northern 

Wei Dynasty 

Statistical spatial autocorrelation 



Case study: Sui-Tang ancient city (1300-1100 BP) 

Graph of Luoyang city in Sui-Tang 

Dynasties (Restored), Dingding Gate 

is marked by the arrow. 



Dingding Gate on the summed average SAR image 

Topological features on SAR image has been enhanced, owing to the 

suppression of speckle noise 

Linear feature with 

amp. anomalies 

Suspected feature in rectangle shape 



ERT surveys in Dingding Gate of Sui-Tang capital city 

UAV mission 



Layer  Depth ( 
cm) 

Colour, Aspect Cultural deposits (Chen Liangwei et al, 2004) Resistivity  
(ohm*m) 

I 55-180 brown and soft from the Jin and Yuan dynasties and continuing up to 
modern times 

14-25 

II 40 yellowish-brown, 
including large 
chunks of red clay 

from the Song Dynasty. Porcelain shards as well as broken 
architectural fragments from the Tang and Song. At the 
bottom of this layer, archeologists discovered remains from 
the late Tang and Northern Song gates and road surfaces 

25-35 

III 50-65 yellowish-brown 
and contains a fair 
amount of sand 

porcelain shards and architectural remnants dating from 
Tang dynasty. At the bottom of the third layer, remains of 
the gate from the early and late middle Tang period along 
with traces of rammed earth from the late Sui and early 
Tang gate were found. 

30-45 

Chen Liangwei, Li Yongqiang, Shi Zishe, and Xie Xinjian, Excavation Report on the Dingding Gate. Chinese Archaeology, vol. 6, 2004, pp. 87-94 

Archaeological layer and observed anomaly of geophysical parameters 



ERT for identification of archaeological layers 

High electric resistivity 
-walls？ 

Ancient river channel? 

road 

50m 

Reconstruction of  buried linear relics 



2002 

2006 

2010 

2014 



3D landscape of Dingding gate derived by the UAV mission 



The barrier system of the pass is comprised by the gate and outer 

defensing walls extending north to the Han warehousing ruin 

(approaching to the Yellow River) and south to the Sanguan ruin, 

as highlighted by the red rectangle and dotted-lines. 

Diagram of the multi-scale SAR data 

processing for archaeological 

prospection in Han Hangu Pass. 

Case study: Xin’an Han Hangu Pass (~2000 BP) 



Identification of outer 

defensing walls combined 

temporal averaged 

PALSAR with DEM data 

of TanDEM CoSSC. (b) 

the north stretching walls 

identified by temporal-

averaged PALSAR 

imagery, (c) the location of 

the south stretching walls 

interpreted from the DEM  



Identification of monuments by VHR Staring Spotlight TerraSAR imagery. (a) red 

subzone of ‘A’ with important monuments; (b) dotted blue line of ‘B’ indicating the 

outer wall in the south and (c) purple circle of ‘C’ indicating a beacon-tower ruin. 

Photos in (b) with relics of rammed earth wall and (c) with the beacon tower remain 

were obtained during the field campaign in June 2016.  



Electromagnetic prospecting in the site of Hangu Pass 

Sub-site 3 

Sub-site 1 Sub-site 2 



Magnetic susceptibility of the sub-site 1; 

several ashhole and/or kilns remains were 

detected with a depth approximately 4m  

Electrical resistivity 

tomography (ERT) in the 

sub-site 1, the southern city 

wall as well as the settlement 

region were detected. 



The electromagnetic anomalies linked to the ancient settlement 

buried with a depth of 3-5 m were detected in the sub-site 2.  



Ancient road (dating 

back to 2000 years) 

with a width of 4-5 m 

and a depth of 4 m in 

the sub-site 3 was 

detected by the ERT 

measurements  



Site Satellite Acquisition Polarization Incidence 

Yumen 

Frontier 

Pass 

TerraSAR-X  Stripmap: 23 Sep., 2012, descending; 28 Apr., 2013, ascending VV 40° 

Spotlight: 6 Oct. 2014, descending HH 22° 

Sentinel-1 17 Oct. 2014 VV 39° 

PALSAR FBS: 30 Mar. 2008, 31 Dec. 2008, 21 Feb. 2011 HH 34° 

FBD: 28 Jun. 2007, 30 Sep. 2008, 6 Oct. 2010 HH/HV 

Niya ruins Cosmo-SkyMed 18 Mar., 2015 HH 29° 

Sentinel-1 22 Mar., 2015 VV 39° 

PALSAR 4 July, 2007, 19 Aug. 2007  HH/HV 34° 

Taklimakan desert  

2.2 A pilot archaeological assessment of SAR data for the  

Land Silk Road locating in an arid-sandy environment  

Yumen Frontier Pass with 

emerging archaeological 

traces 

 

Niya ruins with 

subsurface remains. 



Data processing methodology 
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Great Wall in Han 
dynasty disappear in 
both images, 
demonstrating the 
penetration capability 
of PLASAR is limited in 
this arid region with 
Yardang geological 
condition (compacted 
deposit surface layer 
with low porosity). 
However, more 
experiments are 
required for a 
comprehensive  
quantitative evaluation 

Great wall in Han dynasty 

Disappeared region 

Case study: Yumen Pass 



The linear archaeological feature of Han Great Wall were reflected more clearly on 

the ascending acquisition than on the descending one; this is probably due to the 

parallel flight path of the ascending acquisition compared with the direction of the 

Han Great Wall  

SAR Imaging geometry——Ascending vs. Descending 



    

(a) Spotlight; (b) Stripmap. It indicates that higher resolution image is preferred 

for the identification of archaeological features referring to the high-resolution 

image from Google Earth (c). (d) photos of the pass and Han Great Wall from 

field investigations.  

Resolution——TerraSAR Spotlight (1m) VS. Stripmap (3m) 



Performance assessment of X-, C- and L-band SAR data (filtered by a 3×3 pixel enhanced 
Lee operators) in detection of Han Great Wall and Yumen Frontier Pass; (a) X-band 
Stripmap TerraSAR with a spatial resolution of 3m, (b) L-band PALSAR with a spatial 

resolution of 8 m and (c) C-band Sentinel-1 with a spatial resolution of 20 m. 

Principles to select the optimal bands——X\C\L-SAR is sharpening 

the backscattering contrast between archaeological features and the 

surrounding landscape 



High coherence was observed in the 

rectangular man-made relic (Yumen Pass) 

caused by the invariable backscattering; 

in contrast, only partial linear 

archaeological features can be identified, 

e.g. Han Great Wall in (a) interpreted by 

the backscattering variation between two 

interferometirc acquisitions and the 

decline impact induced by the coherence 

data processing. In the image ratio (b), 

we lose infos. For the multi-date average 

(c) and RGB composites (d), both the 

rectangular and linear shape 

archaeological features were clearly 

observed. The speckle noise has been 

mitigated in (c) by temporal averaging, 

and archaeological relics showed as a 

grey-scale due to the invariable 

backscattering in multi-temporal 

acquisitions. 



Case study: Niya ruins  



Cosmo-SkyMed VV              Sentinel-1 VV                    PALSAR HH                Optical imagery 

A linear feature was detected on the C-band Sentinel-1 data 
caused by the strong dihedral backscattering 



Interpretation of ancient flood fortifications (highlighted by pink lines) uses 

thematic archaeological layer (black patches) and TanDEM-X DEM data 

West 

height(

m) 

East 

height(m) 

Differ

ence(

m) 
1259.0 1263.9 4.9 
1258.6 1264.2 5.6 
1258.2 1262.2 4.0 
1259.1 1262.5 3.4 
1259.2 1260.8 1.6 
1259.5 1260.7 1.2 
1258.2 1261.3 3.1 
1254.8 1256.4 1.6 

Aver. Difference=3.18 m 



 3. Heritage monitoring: 

case studies 

 



• Up to 2015, there are 
totally 48 world 
heritage sites in China; 
top 2 in the world, only 
less than Italy (51 
items) 

 

• China is one of the 
famous countries in 
aspects of heritage 
diversities 

 
 

 

Natural 

hazards 

Human 

activities 

Sustainability of WH is facing challenges 

Great country in WH 

numbers & diversities 

 Great country in 

WH conservation 



Tapete et al., 2012 

Satellite SAR data: 
ENVISAT/ASAR 

ALOS-PALSAR(1-2) 

RADARSAT(1-2) 

TERRASAR-X 

COSMO-SKMED 

 

Spatial resolution: 
1m ~ 30 m 

 

Accuracy of inversion 
cm/mm 

 

deficiencies： 
Unfavorable in dense 

vegetation or rugged terrain 

regions 

The motion anomalies of heritage site could be detected by MT-InSAR to issue 

an early-warning alarm as well as for the smart management of heritage site 



 

Feasibility analysis of MT-InSAR for cultural heritage sites 

 



20090104 

20090120 

20090410 

20090613 

20090715 

20090731 

20091019 

20091120 

20091206 

20100123 

20100224 

20100312 

20100328 

20100515 

20100531 

20100718 

20100803 

20100904 

20100920 

20101006 

20 scenes 

COSMO-SKYMED 

Heritage site and monuments risk monitoring and preventive diagnosis by the 

enhanced MT-InSAR proposed 

3.1 Case study: Summer Palace 



MT-InSAR combining 

PS & DS 

DS PS 

Backscattering 

Temporal coherence 

Persistent Scatterer (PS), stable and strong backscattering with high 

coherence, w.r.t. artifical features and rocks, etc. 

Distributed Scatterer (DS): homogenous regions with uniform land 

cover, demonstrating similar backscattering and moderate coherence; 

e.g. bare surface, sparse vegetated land, etc. 



Diagram of data processing taking 

advantage of merits of PS and DS points 

Identification of DS regions 

（1）N magnitude values： 

 

（2）multi dimensional normal distribution 

 

 

 

 

 

 

（3）KS/AD testing： 

 

 

 

Phase optimization: 
 

 

 

 







 



)ˆˆ(minargˆ
1

CCH 




LBFGS (Limited memory Broyden–Fletcher–Goldfarb–Shannon) algorithm was adopted, which is a popular 

optimization algorithm in the familiar of quasi-Newton methods and has great advantages in dealing with large 

nonlinear problems due to its efficiency and lower consumption of computer memory. 

Advanced MT-InSAR proposed 



-14mm/a 5mm/a 

83 interferograms 

PS 

DS 

Stable in global nonetheless scattered 
with local-scale instabilities 

 

 

 

   



Tingyingguan 

Cracks 

1 

 

2 

3 

1 Qingkexuan site 

2 Hancunyuan site 

3 Qiwangxuan site 

DS/PS(mm/a) 

4 

4 Chongcuiting 

Back-slope of Wanshou Mount (this component of the 

mountain was artificially consolidated) 

Close to the subway station 



2008 

2009 

2010 

DS/PS(mm/a) 

Impacts from the construction in 2009-2010: East Gate of the site 

Construction regions 

(2009-2010) 

Villa   Ancient buidings 



YulanTang 

Wenchangge 

Renshoudian 

DS/PS(mm/a) 



Langruting 

Stable 

Bafang dock 

2009 2012 

DS/PS(mm/a) 

Island 1 

Island 2 

Island 3 

Decline of water level of 

Kunming Lake in the 

period of 2009.01-2010.10? 



Summary 

 Away from subsidence cores of Beijing, the surface surrounding 
Summer Palace is general stable; nonetheless local-scale 
instability occurs caused by civil constructions 

 Character of motions in the site: 
 Ruins in the north slope of Wanshou Mount were moving (Impacts from 

subway line 4 with a distance less then 100 m, and/or the instability from 
component the artificial hill?) 

 Monuments nearby the east gate is sinking, with measured values  generally 
from 2-3mm/a (maximum value as high as 6mm/a). Is it caused by the civil 
constructions in the period of 2008-2010？ 

 Dykes and docks as well as monuments in lake islands is sinking.  Caused by 
the decline of lake water-level in the period of 2008-2010? Is this 
phenomenon linked to the construction of subway line 4?  

    

 
 

 



3.2 Case study: Angkor site 

46 scenes of Stripmap TerraSAR data (3 m 

ground resolution) acquired in the span of 

February, 2011 to December, 2013 were 

used for the flood hazard evaluation and 

deformation time series analysis 

Advantages of Remote Sensing: large-scale, objective, high resolution 



 

A two-scale InSAR approach combining PSInSAR and Tomo-

PSInSAR was developed 

 

PSInSAR: 
In order to mitigate outliers from infrastructure constructions and farming activities, 

the point-like targets of buildings and ancient monuments were the focus for the 

PSInSAR procedure. PSInSAR measures the movements, including motion 

velocity and accumulated time series motions with reference to the first 

acquisition, in the slant sight of radar observed. The PSInSAR prototype (Ferretti 

et al., 2000) with S-estimator and ridge regression were applied.  

 

Tomo-PSInSAR: 
Taking unfavorable shadowing/layover on SAR images and the occurrence of 

sparse spatial density of PS points into account ,  the Tomo-PSInSAR was 

applied for the structural instability monitoring and defect diagnosis. Tomo-

PSInSAR overcomes this limitation due to its capability for separation of multiple 

PS points in overlaid layover areas. To improve the computational efficiency of 

sparse matrices, we developed an enhanced, compressed sensing algorithm 

based on weighted L1 norm and Tucker decomposition model for super-resolution 

tomographic imaging.  

 



An overview of the 

TerraSAR/TanDEM-X SAR 

data spatial coverage 

highlighted by the pink 

rectangle and the area 

within the Angkor World 

Heritage site highlighted by 

the green rectangle where 

detail studies reported were 

undertaken (Shuttle Radar 

Topography Mission data 

courtesy). Black circle 

indicates the location of 

NOT_015 well with 

groundwater level 

measurements in the period 

of 2009-2014. 

Uncovers the decline of Angkor monuments 



There is no land 

subsidence hole 

caused by underground 

water exploitation in 

2011-2013 

 

Mild uplift trends of 

ground surface occur in 

areas near water 

reservoirs (Barays) due 

to the rehabilitation of  

ancient hydraulic 

system since 2005 

 

Local government 

and  APSARA made an 

optimal site selection 

for the public pumping 

wells (a safe distance 

away from the heritage 

core area)  

 
Deformation field derived by PSInSAR 



Tomo-PSInSAR derived 

annual deformation rates in 

ancient temples of (a)Preah 

Khan, (b)Bayon, 

(c)Ph.Bakheng, (d)Ta 

Prohm, (e)Angkor Wat and 

(f)Bakong. Spatial motion 

heterogeneities are evident 

due to the enhanced PS 

targets extracted.  



Structural motion anomaly on Angkor Wat by Tomo-PSInSAR 

-4~+4 mm/a Introducing motion heterogeneity 



Validation of Tomo-PSInSAR derived motions utilizing the PS heights 

confirmed by the field verifications undertaken in 2014; (a) precise height 

estimation on Angkor Wat with temple-mountain shapes, marked by the white 

rectangle; (b) scatter-plot of estimated heights compared with the ground-truth 

on the terrace gallery, indicating a consistent trend supported by a significant 

correlation coefficient of 0.820 with a standard deviation of 0.44 m. 

From statistical analysis, an accuracy of motion up to 1 mm/a was derived. 



A positive correlation between groundwater levels (NOT_015), 

precipitation, and the Tomo-PSInSAR motion trend (ranging from -1.9 

mm to +2.0 mm) can be observed; a mild rise and more stable 

groundwater table was detectable in Angkor Wat region after the 

optimization of water management by APSARA although facing to a 

decrease trend of annual precipitation in 2009-2013 (i.e. 1648.4 mm in 

2009 regularly drops to 1037 mm in 2013).  



The deterioration model shows that an entire rigid motion was 

prevalent in the early stages immediately after the temples had been 

constructed; however, the long-term material decay triggers 

structural instability which in turn aggravates the decay processes. 

As irregular and fragmentary motions become dominant, cracks and 

fissures in the monuments grow leading to severe structural 

instabilities and the potential final collapse.  

Irregular structural 

motion anomalies 

caused by the 

seasonal variations of 

the groundwater table 

is the main driving 

force for the 

monument collapse 

instead of the decline 

of groundwater table. 



 

In summary: 
 

Using the two-scale monitoring scheme comprising 

PSInSAR and Tomo-PSInSAR, the factors that could result in 

the potential decline and eventual collapse of monuments in 

Angkor site were illustrated by the detection of quantitative  

pre-cursor movement anomalies.  

 

It is now clear that water pumping either by public or private 

does not cause an immediate region-wide surface subsidence 

threatening the sustainability of monuments in the period of 

2011- 2013; instead, imperceptible influence from seasonal 

variations of the groundwater table is a contributory factor to 

the long-term deterioration function as illustrated by our model. 



 4. Integration & promotion 
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MT-InSAR for cultural heritage risk monitoring & preventive diagnosis 
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4.1 Software development 



4.2 Framework of satellite-ground ST for archaeology 

Satellite                                      UAV                           Geophysical prospecting 



古建监测 Water quality         meteorological environment          geology             monument instability 

4.3 Sensor-network for CH monitoring & management 



HIST 

     Atlas of remote 

sensing for UNESCO 

properties  in Asia ? 

     Representative pilot 

project from 

environmental aspect 

for WH 

     Representative pilot 

project for natural 

reserves & geoparks 

     Other projects for UNESCO 

properties using space technology, 

e.g. Database establishment 

                         …… UN countries 

Cooperation!!! 

Supporting!!! 

4.4 International cooperation 



Thanks！ 


