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1. Background & feasibility analysis
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1.1 Motivation
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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.

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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Uniform capabilities of SAR--penetration
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Resolution is determined by

A, = Synthetic Aperture
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From DINSAR to MT-InSAR Q/J

RADI

DInSAR limiting factors:
» reflectivity changes
» atmospheric disturbances

By using:
* long temporal series of SAR data
identification of:
» coherent radar targets:
the Permanent Scatterers (PS)

where atmospheric effects can be
estimated and removed
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Table 1. The main characteristics of differential radar interferometry for deformation anomaly monitoring in cultural heritage sites.
Monitoring of
Characteristics Approaches Deseription . Slow Rapid
Site Monument . .
Deformation  Deformation
applicable to heritage sites with an
Persistent Scatterers SAR PP g , , o
abundance of structures and archaeological recommended feasible recommended limited
Interferometry (PS-InSAR) ,
remains on the ground
applicable to heritage sites in non-urban
Small Baseline SAR PP e o . -
areas characterized by bare soil, debris recommended limited recommended limited
Interferometry (SB-InSAR) , ,
concentrations and non-cultivated land
Space-borne differgntial  Combined MT-InSAR presented |applicable to heritage sites in both
radar interferomgtry by Hooper in 2008 [15] urban and non-urban areas, especially
in archaeological sites characterized
g . recommended feasible recommended limited
by a low density of exposed structures
SqueeSAR . .
on the ground or archaeological remains
widely spread over rural landscapes
Differential SAR Tomography applicable to cultural heritage sites with , .
_ . , feasible recommended recommended limited
(D-TomoSAR) a large density of vertical structures
d-Based SAR rform static meas ts fi
, . Qne-ase periorm siatic me.i‘:uremen ," c?r limited recommended feasible recommended
Ground-based differential Interfsegmet “InSAR)  structural deformation monitoring
radar interferomet erform dynamic measurements, such L . L
& GB-InRAR P Y limited recommended only for dynamic monitoring

as structural vibration monitoring
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2. Archaeological prospection
2.1 Han-Wei ancient city (1900~1500 BP)

TXERE - e 2 3

Ancient Luoyang city

Hotspot can be identified
taking advantage of the
synoptic observation

capability of satellite RS L ——
Archaeological marks, including shadow, crop, soil and

damp signs on the optimal sel@l SAR ac Ii(':sgtsi%ns
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Diagram of the multi-scale SAR data
processing  for archaeological
prospectionn HanHanguPass
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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‘rﬁ

as highlighted by the red rectangle and dolieeis. www.radi.cas.cn
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(N34.74°,E112.16°) (N34.74°,E112.18°)

l(a)

|dentification of outer defensing
walls combined temporal
averaged PALSAR with DEM
data of TanDEM CoSS(b) the
north stretching walls identified
by temporalaveraged PALSAR
imagery,(c) the location of the
south stretching walls interpreted
from the DEM
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(N34.729°,E112.161°)

® ©

|dentification of monumentsby VHR Staring Spotlight TerraSAR imagery (a) red
subzoneof 6 Awith importantmonuments(b) line 6 Biradicatingthe outerwall in the
southand(c) circle 6 driicatinga beacortowerruin. Photosn (b) rammedearthwall
and(c) thebeacorntowerremainobtainedduringthefield campaignn June2016
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2.3 The Western Regions

U Yumen Frontier Pass with
emerging archaeological traces

8 aklimei'ﬁk“anﬁdes |

Sl =" U Niya ruins with subsurface
# A& remains.
Site Satellite Acquisition Polarization Incidence
Yumen TerraSAR-X Stripmap: 23 Sep, 2012 descending 28Apr., 2013 ascending | VV 40°
Frontier Spotlight: 6 Oct. 2014 descending HH 22°
Pass Sentinetl 170ct. 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 | CosmoSkyMed 18 Mar., 2015 HH 29
Sentinell 22Mar., 2015 \AY 39
PALSAR 4 July, 2007, 19 Aug. 2007 HH/HV 34

A pilot archaeological assessment SAR data for the Land Silk Road
locating in an arid-sandy environment




1) Case study: Yumen Pass (~2000 BP)
SAR Imaging geometry: Asc vs. Des Principles to select the optimal bands
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e , i

(N40.337°,E93.858°) (N40.337°,E93.874°) (N40.337°,E93.858°) (N40.337°E93.874°) AR
(N40.32°,E93.85°) (N40.32°,E93.88°)

(a) (b) (a) (b)

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