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Å Space technology for Archaeology 

satellite remote sensing Historical aerial images Geophysical prospection 

A solution of spaceborne-aerial-ground remote sensing for archaeology 



Å Cultural heritage monitoring & conservation 

A two-scale synthetic aperture radar (SAR) interfereometry (InSAR) 

monitoring scheme for the preventive diagnosis of monuments in the Angkor 

World Heritage site 



Outline 

üBackground and feasibility analysis 

 

üArchaeological prospection  

 

üCultural Heritage conservation 

 

üProspects: technology integration and promotion 



1. Background & feasibility analysis 
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1.1 Motivation 



What should we do? 

Natural 

influence 

Human 

induced 

Earthquake 

Landslides 

Flood 

Forest fire 

Global change 
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----------------------------

Resource exploitation 

Deforestation 

Land encroachment 

Hydroelectric project 

Pollution 

Urbanization 

Uncontrolled tourism 
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Challenges 

What makes the concept of World Heritage 

exceptional is its universal application. World 

Heritage sites belong to all the peoples of the world, 

irrespective of the territory on which they are 

located. 
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Detection Conservation Management 

Radar is one of solutions 



Vegetation, surface roughness, soil properties 

(moisture and dielectric constant) 

Penetration capability for canopy (top) and subsurface (bottom) 

Uniform capabilities of SAR--penetration 

1.2 Feasibility analysis 



Uniform characteristics of polarization SAR data for archaeology 



 

 

 

 

 

 

 
 

Uniform capabilities of SARðphase (interferometry) 



Crop mark 

Shadow & soil marks 

Backscattering 

anomalies 

Marks in optical imagery 1) For archaeology 
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Resolution is determined by 

o Pulse bandwidth along the slant range direction 

o Along-track synthetic aperture length in the azimuth 

direction 

o Baseline aperture in the elevation direction 

ground range 
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azimuth 

B: pulse bandwidth 

ɚ: carrier wavelength 
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SAR Resolution Cell 

Tomographic Res. Cell 
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TomoSAR imaging ė access 3D structure of illuminated media 

o Measurement principle = Radar illumination 

from multiple points of view  

ground range 



MT-InSARė Risking monitoring 
and preventive diagnosis of 
heritage properties 

2) For monitoring of heritage properities 



Principle of DInSAR 

1st acquisition 
R1 

2nd acquisition 

ȹt = 35 days (ENVISAT) 

R2 

ȹR 

Unstable surface 

Spatial-temporal decorrelations APS errors (cm) 

Height error due to inaccurate 

reference DEM applied 



fD

From DInSAR to MT-InSAR 



Unfavorable geometric 

distortion and imaging 



Resolve the layover 

effects and enhance 

the PS measurement 

for the structural  

instability  monitoring 

&  evaluation 

From MT-InSAR to 4D/5D TomoSAR 
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4D/5D TomoSAR 





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 satellite RS 

2.1 Han-Wei ancient city (1900~1500 BP) 

2. Archaeological prospection 
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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 





2.2 Xinôan Hangu Pass (~2000 BP) 

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. 



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 óAô with important monuments; (b) line óBô indicating the outer wall in the 

south and (c) circle óCô indicating a beacon-tower ruin. Photos in (b) rammed earth wall 

and (c) the beacon tower remain obtained during the field campaign in June 2016.  



Ashholes with a depth of 4-6m 

Ancient road in Han dynasty was 

discovered with a depth of 4-5 m 
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Validated by geoarchaeology 



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  

A pilot archaeological assessment SAR data for the Land Silk Road 

locating in an arid-sandy environment  

üYumen Frontier Pass with 

emerging archaeological traces 

 

üNiya ruins with subsurface 

remains. 

2.3 The Western Regions  



    

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

SAR Imaging geometry: Asc vs. Des Principles to select the optimal bands 

1) Case study: Yumen Pass (~2000  BP) 



2) Case study: Niya ruins (~2000 BP)  


