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Abstract

Many archeological sites and cultural heritage in Iraq have suffered from disappearance as a result of climate factors and
human interventions. In this study, principal component analysis (PCA) was used to interpret the dual-polarimetric ALOS
image for the purpose of identifying the archeological remnants in the site of Tulul al-Ukhaidir. The results led to the
identification of 21 potential sites, four of them in the right shoulder of Wadi Al-Abyadh (white valley), and 17 in the left
shoulder. Nine sites were appeared as not covered and clearly visible after comparing them with the recent high-resolution
image and the field observations, which were in the form of hills containing scattered stone remains, brick walls, and the
remains of ancient archeological structures, whereas 12 sites nominated as potential archeological remains, which were
completely covered with loose sand. 3D ground penetrating radar (GPR) investigation was performed in site P5 using a
250 MHz shielded antenna covering an area of 9 × 42.5 m, in order to verify the results of ALOS imagery and to characterize
and depict the potential subsurface of the buried objects. The results of the GPR survey revealed a number of anomalies
interpreted as demolished walls appeared on shallow depths begin approximately 0.15 to 0.3 m below surface, continue
down to various depths, and have a width ranging from 0.5–5 m. One of the important anomalies that has been
distinguished is the fence (sur) at a depth of about 0.2 m and it has a width reach of 7 m.

Keywords

ALOS PALSAR Principal component analysis 3D GPR Ukhaidir fortress Qasr Bani Muqatil Wadi Al-Abyadh 
This is a preview of subscription content, log in to check access.

Notes

Acknowledgments

The authors would like to extend their thanks and gratitude to the Japan Aerospace Exploration Agency (JAXA) for
providing the ALOS and DSM data as part of the user agreement.

References

Alani AM, Aboutalebi N, Kilic G (2013) Application of ground penetrating radar (GPR) in bridge deck monitoring and
assessment. J Appl Geophys 97:45–54.  https://doi.org/10.1016/j.jappgeo.2013.04.009
(https://doi.org/10.1016/j.jappgeo.2013.04.009)

CrossRef  (https://doi.org/10.1016/j.jappgeo.2013.04.009)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Application%20of%20ground%20penetrating%20radar%20%28GPR%29%20in%20bridge%20deck%20monitoring%
20and%20assessment&author=AM.%20Alani&author=N.%20Aboutalebi&author=G.%20Kilic&journal=J%20Appl%20Geo
phys&volume=97&pages=45-54&publication_year=2013&doi=10.1016%2Fj.jappgeo.2013.04.009)

Al-fares W, Bakalowicz M, Guérin R, Dukhan M (2002) Analysis of the karst aquifer structure of the Lamalou area (Hérault,
France) with ground penetrating radar. J Appl Geophys 51(2):97–106.  https://doi.org/10.1016/S0926-9851(02)00215-X
(https://doi.org/10.1016/S0926-9851(02)00215-X)

CrossRef  (https://doi.org/10.1016/S0926-9851(02)00215-X)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Analysis%20of%20the%20karst%20aquifer%20structure%20of%20the%20Lamalou%20area%20%28H%C3%A9rault
%2C%20France%29%20with%20ground%20penetrating%20radar&author=W.%20Al-

https://link.springer.com/
https://link.springer.com/journal/12518
https://link.springer.com/journal/12518/11/4/page/1
mailto:zaidoon.taha@live.com
http://orcid.org/0000-0002-0234-0872
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs12518-019-00272-9
https://doi.org/10.1016/j.jappgeo.2013.04.009
https://doi.org/10.1016/j.jappgeo.2013.04.009
http://scholar.google.com/scholar_lookup?title=Application%20of%20ground%20penetrating%20radar%20%28GPR%29%20in%20bridge%20deck%20monitoring%20and%20assessment&author=AM.%20Alani&author=N.%20Aboutalebi&author=G.%20Kilic&journal=J%20Appl%20Geophys&volume=97&pages=45-54&publication_year=2013&doi=10.1016%2Fj.jappgeo.2013.04.009
https://doi.org/10.1016/S0926-9851(02)00215-X
https://doi.org/10.1016/S0926-9851(02)00215-X
http://scholar.google.com/scholar_lookup?title=Analysis%20of%20the%20karst%20aquifer%20structure%20of%20the%20Lamalou%20area%20%28H%C3%A9rault%2C%20France%29%20with%20ground%20penetrating%20radar&author=W.%20Al-fares&author=M.%20Bakalowicz&author=R.%20Gu%C3%A9rin&author=M.%20Dukhan&journal=J%20Appl%20Geophys&volume=51&issue=2&pages=97-106&publication_year=2002&doi=10.1016%2FS0926-9851%2802%2900215-X


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 2/8

fares&author=M.%20Bakalowicz&author=R.%20Gu%C3%A9rin&author=M.%20Dukhan&journal=J%20Appl%20Geophys
&volume=51&issue=2&pages=97-106&publication_year=2002&doi=10.1016%2FS0926-9851%2802%2900215-X)

Al-Hussaini MB (1966) Investigation, maintenance and removal of debris for the third and fourth seasons. Sumer 22(1):79–
94
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Investigation%2C%20maintenance%20and%20removal%20of%20debris%20for%20the%20third%20and%20fourth%
20seasons&author=MB.%20Al-Hussaini&journal=Sumer&volume=22&issue=1&pages=79-94&publication_year=1966)

Al-Janabi K (1977) Archaeological investigations near Ukhaidir. Sumer 33(1):119–125
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Archaeological%20investigations%20near%20Ukhaidir&author=K.%20Al-
Janabi&journal=Sumer&volume=33&issue=1&pages=119-125&publication_year=1977)

Al-Khersan EH, Al-Ani JMT, Abrahem SN (2016) Integrated GPR and ERT as enhanced detection for subsurface historical
structures inside Babylonian houses site, Uruk City, southern Iraq. Pure Appl Geophys 173(3):963–982.
 https://doi.org/10.1007/s00024-015-1162-2  (https://doi.org/10.1007/s00024-015-1162-2)
CrossRef  (https://doi.org/10.1007/s00024-015-1162-2)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Integrated%20GPR%20and%20ERT%20as%20enhanced%20detection%20for%20subsurface%20historical%20struct
ures%20inside%20Babylonian%20houses%20site%2C%20Uruk%20City%2C%20southern%20Iraq&author=EH.%20Al-
Khersan&author=JMT.%20Al-
Ani&author=SN.%20Abrahem&journal=Pure%20Appl%20Geophys&volume=173&issue=3&pages=963-
982&publication_year=2016&doi=10.1007%2Fs00024-015-1162-2)

Al-Zaidi AR (2012) Ukhaidir fortress: a study in the light of investigations, excavations and archaeological maintenance. Al-
Ameed. Journal 1(2):539–592
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Ukhaidir%20fortress%3A%20a%20study%20in%20the%20light%20of%20investigations%2C%20excavations%20and
%20archaeological%20maintenance.%20Al-Ameed&author=AR.%20Al-
Zaidi&journal=Journal&volume=1&issue=2&pages=539-592&publication_year=2012)

Andreadis A, Benelli G, Binazzi C, Garzelli A (1996) Segmentation of multispectral SAR images for archaeological studies.
Proceedings in SPIE's 1996 international symposium on optical science, engineering, and instrumentation, vol 2818, pp
210–214.  https://doi.org/10.1117/12.256095  (https://doi.org/10.1117/12.256095)

Annan AP, Cosway SW, Redman JD (1991) Water table detection with ground penetrating radar. In: SEG technical program
expanded abstracts 1991. Society of Exploration Geophysicists, pp 494–496.  https://doi.org/10.1190/1.1888793
(https://doi.org/10.1190/1.1888793)

Benson AK (1995) Applications of ground penetrating radar in assessing some geological hazards: examples of groundwater
contamination, faults, cavities. J Appl Geophys 33(1-3):177-193
CrossRef  (https://doi.org/10.1016/0926-9851(95)90040-3)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Applications%20of%20ground%20penetrating%20radar%20in%20assessing%20some%20geological%20hazards%3A
%20examples%20of%20groundwater%20contamination%2C%20faults%2C%20cavities&author=A.%20Benson&journal=J
ournal%20of%20Applied%20Geophysics&volume=33&issue=1-3&pages=177-193&publication_year=1995)

Böniger U, Tronicke J (2010) Improving the interpretability of 3D GPR data using target–specific attributes: application to
tomb detection. J Archaeol Sci 37:360–367.  https://doi.org/10.1016/j.jas.2009.09.049
(https://doi.org/10.1016/j.jas.2009.09.049)

CrossRef  (https://doi.org/10.1016/j.jas.2009.09.049)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Improving%20the%20interpretability%20of%203D%20GPR%20data%20using%20target%E2%80%93specific%20att
ributes%3A%20application%20to%20tomb%20detection&author=U.%20B%C3%B6niger&author=J.%20Tronicke&journal
=J%20Archaeol%20Sci&volume=37&pages=360-367&publication_year=2010&doi=10.1016%2Fj.jas.2009.09.049)

Carbonel D, Rodríguez-Tribaldos V, Gutiérrez F, Galve JP, Guerrero J, Zarroca M, Roqué C, Linares R, McCalpin JP, Acosta
E (2014) Investigating a damaging buried sinkhole cluster in an urban area (Zaragoza city, NE Spain) integrating multiple
techniques: geomorphological surveys, DInSAR, DEMs, GPR, ERT, and trenching. Geomorphology 229:3–16.
 https://doi.org/10.1016/j.geomorph.2014.02.007  (https://doi.org/10.1016/j.geomorph.2014.02.007)
CrossRef  (https://doi.org/10.1016/j.geomorph.2014.02.007)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Investigating%20a%20damaging%20buried%20sinkhole%20cluster%20in%20an%20urban%20area%20%28Zaragoz
a%20city%2C%20NE%20Spain%29%20integrating%20multiple%20techniques%3A%20geomorphological%20surveys%2C
%20DInSAR%2C%20DEMs%2C%20GPR%2C%20ERT%2C%20and%20trenching&author=D.%20Carbonel&author=V.%20
Rodr%C3%ADguez-
Tribaldos&author=F.%20Guti%C3%A9rrez&author=JP.%20Galve&author=J.%20Guerrero&author=M.%20Zarroca&autho
r=C.%20Roqu%C3%A9&author=R.%20Linares&author=JP.%20McCalpin&author=E.%20Acosta&journal=Geomorphology
&volume=229&pages=3-16&publication_year=2014&doi=10.1016%2Fj.geomorph.2014.02.007)

Chen F, Masini N, Yang R, Milillo P, Feng D, Lasaponara R (2015) A space view of radar archaeological marks: first
applications of COSMO-SkyMed X-band data. Remote Sens 7(1):24–50.  https://doi.org/10.3390/rs70100024
(https://doi.org/10.3390/rs70100024)

CrossRef  (https://doi.org/10.3390/rs70100024)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=A%20space%20view%20of%20radar%20archaeological%20marks%3A%20first%20applications%20of%20COSMO-
SkyMed%20X-
band%20data&author=F.%20Chen&author=N.%20Masini&author=R.%20Yang&author=P.%20Milillo&author=D.%20Fen
g&author=R.%20Lasaponara&journal=Remote%20Sens&volume=7&issue=1&pages=24-
50&publication_year=2015&doi=10.3390%2Frs70100024)

Chen F, Jiang A, Tang P, Yang R, Zhou W, Wang H, Lu X, Balz T (2017) Multi-scale synthetic aperture radar remote sensing
for archaeological prospection in Han Hangu pass, Xin'an China. Remote Sens Lett 8(1):38–47.
 https://doi.org/10.1080/2150704X.2016.1235812  (https://doi.org/10.1080/2150704X.2016.1235812)
CrossRef  (https://doi.org/10.1080/2150704X.2016.1235812)

http://scholar.google.com/scholar_lookup?title=Analysis%20of%20the%20karst%20aquifer%20structure%20of%20the%20Lamalou%20area%20%28H%C3%A9rault%2C%20France%29%20with%20ground%20penetrating%20radar&author=W.%20Al-fares&author=M.%20Bakalowicz&author=R.%20Gu%C3%A9rin&author=M.%20Dukhan&journal=J%20Appl%20Geophys&volume=51&issue=2&pages=97-106&publication_year=2002&doi=10.1016%2FS0926-9851%2802%2900215-X
http://scholar.google.com/scholar_lookup?title=Investigation%2C%20maintenance%20and%20removal%20of%20debris%20for%20the%20third%20and%20fourth%20seasons&author=MB.%20Al-Hussaini&journal=Sumer&volume=22&issue=1&pages=79-94&publication_year=1966
http://scholar.google.com/scholar_lookup?title=Archaeological%20investigations%20near%20Ukhaidir&author=K.%20Al-Janabi&journal=Sumer&volume=33&issue=1&pages=119-125&publication_year=1977
https://doi.org/10.1007/s00024-015-1162-2
https://doi.org/10.1007/s00024-015-1162-2
http://scholar.google.com/scholar_lookup?title=Integrated%20GPR%20and%20ERT%20as%20enhanced%20detection%20for%20subsurface%20historical%20structures%20inside%20Babylonian%20houses%20site%2C%20Uruk%20City%2C%20southern%20Iraq&author=EH.%20Al-Khersan&author=JMT.%20Al-Ani&author=SN.%20Abrahem&journal=Pure%20Appl%20Geophys&volume=173&issue=3&pages=963-982&publication_year=2016&doi=10.1007%2Fs00024-015-1162-2
http://scholar.google.com/scholar_lookup?title=Ukhaidir%20fortress%3A%20a%20study%20in%20the%20light%20of%20investigations%2C%20excavations%20and%20archaeological%20maintenance.%20Al-Ameed&author=AR.%20Al-Zaidi&journal=Journal&volume=1&issue=2&pages=539-592&publication_year=2012
https://doi.org/10.1117/12.256095
https://doi.org/10.1190/1.1888793
https://doi.org/10.1016/0926-9851(95)90040-3
http://scholar.google.com/scholar_lookup?title=Applications%20of%20ground%20penetrating%20radar%20in%20assessing%20some%20geological%20hazards%3A%20examples%20of%20groundwater%20contamination%2C%20faults%2C%20cavities&author=A.%20Benson&journal=Journal%20of%20Applied%20Geophysics&volume=33&issue=1-3&pages=177-193&publication_year=1995
https://doi.org/10.1016/j.jas.2009.09.049
https://doi.org/10.1016/j.jas.2009.09.049
http://scholar.google.com/scholar_lookup?title=Improving%20the%20interpretability%20of%203D%20GPR%20data%20using%20target%E2%80%93specific%20attributes%3A%20application%20to%20tomb%20detection&author=U.%20B%C3%B6niger&author=J.%20Tronicke&journal=J%20Archaeol%20Sci&volume=37&pages=360-367&publication_year=2010&doi=10.1016%2Fj.jas.2009.09.049
https://doi.org/10.1016/j.geomorph.2014.02.007
https://doi.org/10.1016/j.geomorph.2014.02.007
http://scholar.google.com/scholar_lookup?title=Investigating%20a%20damaging%20buried%20sinkhole%20cluster%20in%20an%20urban%20area%20%28Zaragoza%20city%2C%20NE%20Spain%29%20integrating%20multiple%20techniques%3A%20geomorphological%20surveys%2C%20DInSAR%2C%20DEMs%2C%20GPR%2C%20ERT%2C%20and%20trenching&author=D.%20Carbonel&author=V.%20Rodr%C3%ADguez-Tribaldos&author=F.%20Guti%C3%A9rrez&author=JP.%20Galve&author=J.%20Guerrero&author=M.%20Zarroca&author=C.%20Roqu%C3%A9&author=R.%20Linares&author=JP.%20McCalpin&author=E.%20Acosta&journal=Geomorphology&volume=229&pages=3-16&publication_year=2014&doi=10.1016%2Fj.geomorph.2014.02.007
https://doi.org/10.3390/rs70100024
https://doi.org/10.3390/rs70100024
http://scholar.google.com/scholar_lookup?title=A%20space%20view%20of%20radar%20archaeological%20marks%3A%20first%20applications%20of%20COSMO-SkyMed%20X-band%20data&author=F.%20Chen&author=N.%20Masini&author=R.%20Yang&author=P.%20Milillo&author=D.%20Feng&author=R.%20Lasaponara&journal=Remote%20Sens&volume=7&issue=1&pages=24-50&publication_year=2015&doi=10.3390%2Frs70100024
https://doi.org/10.1080/2150704X.2016.1235812
https://doi.org/10.1080/2150704X.2016.1235812


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 3/8

Google Scholar  (http://scholar.google.com/scholar_lookup?title=Multi-
scale%20synthetic%20aperture%20radar%20remote%20sensing%20for%20archaeological%20prospection%20in%20Han
%20Hangu%20pass%2C%20Xin%27an%20China&author=F.%20Chen&author=A.%20Jiang&author=P.%20Tang&author=
R.%20Yang&author=W.%20Zhou&author=H.%20Wang&author=X.%20Lu&author=T.%20Balz&journal=Remote%20Sens
%20Lett&volume=8&issue=1&pages=38-47&publication_year=2017&doi=10.1080%2F2150704X.2016.1235812)

Comer DC (2008) Wide-Area, Planning Level Archaeological Surveys Using SAR and Multispectral Images. In: Proceedings:
IEEE International Geoscience and Remote Sensing Symposium (IGARSS), pp 45–47.
 https://doi.org/10.1109/IGARSS.2008.4778788  (https://doi.org/10.1109/IGARSS.2008.4778788)

Confuorto P, Plank S, Novellino A, Tessitore S, Ramondini M (2016) Implementation of DInSAR methods for the
monitoring of the archaeological site of Hera Lacinia in Crotone (southern Italy). Rend Online Soc Geol It 41:231–234.
 https://doi.org/10.3301/ROL.2016.136  (https://doi.org/10.3301/ROL.2016.136)
CrossRef  (https://doi.org/10.3301/ROL.2016.136)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Implementation%20of%20DInSAR%20methods%20for%20the%20monitoring%20of%20the%20archaeological%20si
te%20of%20Hera%20Lacinia%20in%20Crotone%20%28southern%20Italy%29&author=P.%20Confuorto&author=S.%20P
lank&author=A.%20Novellino&author=S.%20Tessitore&author=M.%20Ramondini&journal=Rend%20Online%20Soc%20
Geol%20It&volume=41&pages=231-234&publication_year=2016&doi=10.3301%2FROL.2016.136)

Conyers LB, Cameron CM (1998) Finding buried archaeological features in the American southwest: new ground-
penetrating radar techniques and three-dimensional mapping. J Field Archaeol 25(4):417–430.
 https://doi.org/10.1179/009346998792005252  (https://doi.org/10.1179/009346998792005252)
CrossRef  (https://doi.org/10.1179/009346998792005252)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Finding%20buried%20archaeological%20features%20in%20the%20American%20southwest%3A%20new%20ground
-penetrating%20radar%20techniques%20and%20three-
dimensional%20mapping&author=LB.%20Conyers&author=CM.%20Cameron&journal=J%20Field%20Archaeol&volume=
25&issue=4&pages=417-430&publication_year=1998&doi=10.1179%2F009346998792005252)

Daniels DJ (1996) Surface penetrating radar. Electronics & Communication Engineering Journal 8(4):165–182.
 https://doi.org/10.1049/ecej:19960402  (https://doi.org/10.1049/ecej%3A19960402)
CrossRef  (https://doi.org/10.1049/ecej%3A19960402)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Surface%20penetrating%20radar&author=DJ.%20Daniels&journal=Electronics%20%26%20Communication%20Eng
ineering%20Journal&volume=8&issue=4&pages=165-182&publication_year=1996&doi=10.1049%2Fecej%3A19960402)

Doolittle JA, Collins ME (1995) Geomechanics abstract site investigation and field observation structural and geotechnical
mapping: use of soil information to determine application of ground penetrating radar. J Appl Geophys 33:101–108.
 https://doi.org/10.1016/0926-9851(95)90033-0  (https://doi.org/10.1016/0926-9851(95)90033-0)
CrossRef  (https://doi.org/10.1016/0926-9851(95)90033-0)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Geomechanics%20abstract%20site%20investigation%20and%20field%20observation%20structural%20and%20geote
chnical%20mapping%3A%20use%20of%20soil%20information%20to%20determine%20application%20of%20ground%20
penetrating%20radar&author=JA.%20Doolittle&author=ME.%20Collins&journal=J%20Appl%20Geophys&volume=33&pa
ges=101-108&publication_year=1995&doi=10.1016%2F0926-9851%2895%2990033-0)

Dossi M, Forte E, Pipan M (2018) Quantitative analysis of GPR signals: transmitted wavelet, amplitude decay, and
sampling-related amplitude distortions. Pure Appl Geophys 175(3):1103–1122.  https://doi.org/10.1007/s00024-017-1752-2
(https://doi.org/10.1007/s00024-017-1752-2)

CrossRef  (https://doi.org/10.1007/s00024-017-1752-2)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Quantitative%20analysis%20of%20GPR%20signals%3A%20transmitted%20wavelet%2C%20amplitude%20decay%2
C%20and%20sampling-
related%20amplitude%20distortions&author=M.%20Dossi&author=E.%20Forte&author=M.%20Pipan&journal=Pure%20
Appl%20Geophys&volume=175&issue=3&pages=1103-1122&publication_year=2018&doi=10.1007%2Fs00024-017-1752-2)

Ekes C, Takacs P, Neducza B (2014) Condition assessment of critical infrastructure with GPR. In: Proceedings: The 15th
International Conference on Ground Penetrating Radar, Brussels, Belgium, pp 430–434.
 https://doi.org/10.1109/ICGPR.2014.6970460  (https://doi.org/10.1109/ICGPR.2014.6970460)

El-Baz F, Robinson CA, Al-Saud T (2006) Radar images and geoarchaeology of the eastern Sahara. In: Wiseman J, El-Baz F
(eds) Remote sensing in archaeology, New York, pp 47–69.  https://doi.org/10.1007/0-387-44455-6_2
(https://doi.org/10.1007/0-387-44455-6_2)

Elfadaly A, Attia W, Qelichi M, Murgante B, Lasaponara R (2018) Management of cultural heritage sites using remote
sensing indices and spatial analysis techniques. Surv Geophys 39(6):1347–1377.  https://doi.org/10.1007/s10712-018-9489-
8  (https://doi.org/10.1007/s10712-018-9489-8)
CrossRef  (https://doi.org/10.1007/s10712-018-9489-8)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Management%20of%20cultural%20heritage%20sites%20using%20remote%20sensing%20indices%20and%20spatial
%20analysis%20techniques&author=A.%20Elfadaly&author=W.%20Attia&author=M.%20Qelichi&author=B.%20Murgant
e&author=R.%20Lasaponara&journal=Surv%20Geophys&volume=39&issue=6&pages=1347-
1377&publication_year=2018&doi=10.1007%2Fs10712-018-9489-8)

ESA (2015) ALOS PALSAR Orthorectification Tutorial. http://step.esa.int/main/doc/tutorials/
(http://step.esa.int/main/doc/tutorials/). Accessed Dec 2017

Finster B, Schmidt J (1976) Sasanidische und frühislamische Ruinen im Iraq, Tulul al Uhaidir, Erster vorl¨aufiger
Grabungsbericht. Baghdader Mitteilungen 8:57–150
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Sasanidische%20und%20fr%C3%BChislamische%20Ruinen%20im%20Iraq%2C%20Tulul%20al%20Uhaidir%2C%20
Erster%20vorl%C2%A8aufiger%20Grabungsbericht&author=B.%20Finster&author=J.%20Schmidt&journal=Baghdader%
20Mitteilungen&volume=8&pages=57-150&publication_year=1976)

Finster B, Schmidt J (2005) The origin of ‘desert castles’: Qasr Bani Muqatil, near Karbala, Iraq. Antiquity 79(304):339–
349.  https://doi.org/10.1017/S0003598X00114139  (https://doi.org/10.1017/S0003598X00114139)

http://scholar.google.com/scholar_lookup?title=Multi-scale%20synthetic%20aperture%20radar%20remote%20sensing%20for%20archaeological%20prospection%20in%20Han%20Hangu%20pass%2C%20Xin%27an%20China&author=F.%20Chen&author=A.%20Jiang&author=P.%20Tang&author=R.%20Yang&author=W.%20Zhou&author=H.%20Wang&author=X.%20Lu&author=T.%20Balz&journal=Remote%20Sens%20Lett&volume=8&issue=1&pages=38-47&publication_year=2017&doi=10.1080%2F2150704X.2016.1235812
https://doi.org/10.1109/IGARSS.2008.4778788
https://doi.org/10.3301/ROL.2016.136
https://doi.org/10.3301/ROL.2016.136
http://scholar.google.com/scholar_lookup?title=Implementation%20of%20DInSAR%20methods%20for%20the%20monitoring%20of%20the%20archaeological%20site%20of%20Hera%20Lacinia%20in%20Crotone%20%28southern%20Italy%29&author=P.%20Confuorto&author=S.%20Plank&author=A.%20Novellino&author=S.%20Tessitore&author=M.%20Ramondini&journal=Rend%20Online%20Soc%20Geol%20It&volume=41&pages=231-234&publication_year=2016&doi=10.3301%2FROL.2016.136
https://doi.org/10.1179/009346998792005252
https://doi.org/10.1179/009346998792005252
http://scholar.google.com/scholar_lookup?title=Finding%20buried%20archaeological%20features%20in%20the%20American%20southwest%3A%20new%20ground-penetrating%20radar%20techniques%20and%20three-dimensional%20mapping&author=LB.%20Conyers&author=CM.%20Cameron&journal=J%20Field%20Archaeol&volume=25&issue=4&pages=417-430&publication_year=1998&doi=10.1179%2F009346998792005252
https://doi.org/10.1049/ecej%3A19960402
https://doi.org/10.1049/ecej%3A19960402
http://scholar.google.com/scholar_lookup?title=Surface%20penetrating%20radar&author=DJ.%20Daniels&journal=Electronics%20%26%20Communication%20Engineering%20Journal&volume=8&issue=4&pages=165-182&publication_year=1996&doi=10.1049%2Fecej%3A19960402
https://doi.org/10.1016/0926-9851(95)90033-0
https://doi.org/10.1016/0926-9851(95)90033-0
http://scholar.google.com/scholar_lookup?title=Geomechanics%20abstract%20site%20investigation%20and%20field%20observation%20structural%20and%20geotechnical%20mapping%3A%20use%20of%20soil%20information%20to%20determine%20application%20of%20ground%20penetrating%20radar&author=JA.%20Doolittle&author=ME.%20Collins&journal=J%20Appl%20Geophys&volume=33&pages=101-108&publication_year=1995&doi=10.1016%2F0926-9851%2895%2990033-0
https://doi.org/10.1007/s00024-017-1752-2
https://doi.org/10.1007/s00024-017-1752-2
http://scholar.google.com/scholar_lookup?title=Quantitative%20analysis%20of%20GPR%20signals%3A%20transmitted%20wavelet%2C%20amplitude%20decay%2C%20and%20sampling-related%20amplitude%20distortions&author=M.%20Dossi&author=E.%20Forte&author=M.%20Pipan&journal=Pure%20Appl%20Geophys&volume=175&issue=3&pages=1103-1122&publication_year=2018&doi=10.1007%2Fs00024-017-1752-2
https://doi.org/10.1109/ICGPR.2014.6970460
https://doi.org/10.1007/0-387-44455-6_2
https://doi.org/10.1007/s10712-018-9489-8
https://doi.org/10.1007/s10712-018-9489-8
http://scholar.google.com/scholar_lookup?title=Management%20of%20cultural%20heritage%20sites%20using%20remote%20sensing%20indices%20and%20spatial%20analysis%20techniques&author=A.%20Elfadaly&author=W.%20Attia&author=M.%20Qelichi&author=B.%20Murgante&author=R.%20Lasaponara&journal=Surv%20Geophys&volume=39&issue=6&pages=1347-1377&publication_year=2018&doi=10.1007%2Fs10712-018-9489-8
http://step.esa.int/main/doc/tutorials/
http://scholar.google.com/scholar_lookup?title=Sasanidische%20und%20fr%C3%BChislamische%20Ruinen%20im%20Iraq%2C%20Tulul%20al%20Uhaidir%2C%20Erster%20vorl%C2%A8aufiger%20Grabungsbericht&author=B.%20Finster&author=J.%20Schmidt&journal=Baghdader%20Mitteilungen&volume=8&pages=57-150&publication_year=1976
https://doi.org/10.1017/S0003598X00114139


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 4/8

CrossRef  (https://doi.org/10.1017/S0003598X00114139)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=The%20origin%20of%20%E2%80%98desert%20castles%E2%80%99%3A%20Qasr%20Bani%20Muqatil%2C%20near
%20Karbala%2C%20Iraq&author=B.%20Finster&author=J.%20Schmidt&journal=Antiquity&volume=79&issue=304&pag
es=339-349&publication_year=2005&doi=10.1017%2FS0003598X00114139)

Francis BY (2017) Encyclopedia of cities and sites in Iraq, vol 1. E-Kutub Ltd 596 p
Google Scholar  (https://scholar.google.com/scholar?
q=Francis%20BY%20%282017%29%20Encyclopedia%20of%20cities%20and%20sites%20in%20Iraq%2C%20vol%201.%2
0E-Kutub%20Ltd%20596%20p)

Gaballah M, Grasmueck M, Sato M (2018) Characterizing subsurface archaeological structures with full resolution 3D GPR
at the early dynastic foundations of Saqqara necropolis, Egypt. Sens Imaging 19:23.  https://doi.org/10.1007/s11220-018-
0209-8  (https://doi.org/10.1007/s11220-018-0209-8)
CrossRef  (https://doi.org/10.1007/s11220-018-0209-8)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Characterizing%20subsurface%20archaeological%20structures%20with%20full%20resolution%203D%20GPR%20at
%20the%20early%20dynastic%20foundations%20of%20Saqqara%20necropolis%2C%20Egypt&author=M.%20Gaballah&a
uthor=M.%20Grasmueck&author=M.%20Sato&journal=Sens%20Imaging&volume=19&pages=23&publication_year=2018
&doi=10.1007%2Fs11220-018-0209-8)

Gaber A, Koch M, Griesh MH, Sato M (2011) SAR remote sensing of buried faults: implications for groundwater exploration
in the Western Desert of Egypt. Sens Imaging 12:133–151.  https://doi.org/10.1007/s11220-011-0066-1
(https://doi.org/10.1007/s11220-011-0066-1)

CrossRef  (https://doi.org/10.1007/s11220-011-0066-1)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=SAR%20remote%20sensing%20of%20buried%20faults%3A%20implications%20for%20groundwater%20exploration
%20in%20the%20Western%20Desert%20of%20Egypt&author=A.%20Gaber&author=M.%20Koch&author=MH.%20Gries
h&author=M.%20Sato&journal=Sens%20Imaging&volume=12&pages=133-
151&publication_year=2011&doi=10.1007%2Fs11220-011-0066-1)

Gaber A, Koch M, Griesh MH, Sato M, El-Baz F (2013) Near-surface imaging of a buried foundation in the Western Desert,
Egypt, using space-borne and ground penetrating radar. J Archaeol Sci 40(4):1946–1955.
 https://doi.org/10.1016/j.jas.2012.12.019  (https://doi.org/10.1016/j.jas.2012.12.019)
CrossRef  (https://doi.org/10.1016/j.jas.2012.12.019)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Near-
surface%20imaging%20of%20a%20buried%20foundation%20in%20the%20Western%20Desert%2C%20Egypt%2C%20usi
ng%20space-
borne%20and%20ground%20penetrating%20radar&author=A.%20Gaber&author=M.%20Koch&author=MH.%20Griesh&
author=M.%20Sato&author=F.%20El-Baz&journal=J%20Archaeol%20Sci&volume=40&issue=4&pages=1946-
1955&publication_year=2013&doi=10.1016%2Fj.jas.2012.12.019)

Gaber A, Soliman F, Koch M, El-Baz F (2015) Using full-polarimetric SAR data to characterize the surface sediments in
desert areas: a case study in El-Gallaba plain, Egypt. Remote Sens Environ 162:11–28.
 https://doi.org/10.1016/j.rse.2015.01.024  (https://doi.org/10.1016/j.rse.2015.01.024)
CrossRef  (https://doi.org/10.1016/j.rse.2015.01.024)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Using%20full-
polarimetric%20SAR%20data%20to%20characterize%20the%20surface%20sediments%20in%20desert%20areas%3A%20
a%20case%20study%20in%20El-
Gallaba%20plain%2C%20Egypt&author=A.%20Gaber&author=F.%20Soliman&author=M.%20Koch&author=F.%20El-
Baz&journal=Remote%20Sens%20Environ&volume=162&pages=11-
28&publication_year=2015&doi=10.1016%2Fj.rse.2015.01.024)

Gade M, Kohlus J, Kost C (2017) SAR imaging of archaeological sites on intertidal flats in the German Wadden Sea.
Geosciences 7(4):105.  https://doi.org/10.3390/geosciences7040105  (https://doi.org/10.3390/geosciences7040105)
CrossRef  (https://doi.org/10.3390/geosciences7040105)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=SAR%20imaging%20of%20archaeological%20sites%20on%20intertidal%20flats%20in%20the%20German%20Wadd
en%20Sea&author=M.%20Gade&author=J.%20Kohlus&author=C.%20Kost&journal=Geosciences&volume=7&issue=4&pa
ges=105&publication_year=2017&doi=10.3390%2Fgeosciences7040105)

Gao Z, Shao Y, Gong H, Liu L, Yuan M (2012) Archaeological study on Qiemo ancient city using SAR remote sensing data.
In: Proceedings of 9th European conference, EUSAR, 2012, pp 649–652
Google Scholar  (https://scholar.google.com/scholar?
q=Gao%20Z%2C%20Shao%20Y%2C%20Gong%20H%2C%20Liu%20L%2C%20Yuan%20M%20%282012%29%20Archaeol
ogical%20study%20on%20Qiemo%20ancient%20city%20using%20SAR%20remote%20sensing%20data.%20In%3A%20Pr
oceedings%20of%209th%20European%20conference%2C%20EUSAR%2C%202012%2C%20pp%20649%E2%80%93652)

Gould PG, Burtenshaw P (2014) Archaeology and economic development. Publ Arch 13:3–9.
 https://doi.org/10.1179/1465518714Z.00000000075  (https://doi.org/10.1179/1465518714Z.00000000075)
CrossRef  (https://doi.org/10.1179/1465518714Z.00000000075)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Archaeology%20and%20economic%20development&author=PG.%20Gould&author=P.%20Burtenshaw&journal=Pub
l%20Arch&volume=13&pages=3-9&publication_year=2014&doi=10.1179%2F1465518714Z.00000000075)

Holm A, Burnside D, Mitchell A (1987) The development of a system for monitoring trend in range condition in the arid
shrublands of Western Australia. Australian Rangeland Journal 9(1):14–20
CrossRef  (https://doi.org/10.1071/RJ9870014)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=The%20development%20of%20a%20system%20for%20monitoring%20trend%20in%20range%20condition%20in%2
0the%20arid%20shrublands%20of%20Western%20Australia&author=A.%20Holm&author=D.%20Burnside&author=A.%
20Mitchell&journal=Australian%20Rangeland%20Journal&volume=9&issue=1&pages=14-20&publication_year=1987)

Horn C, Hunter, ECD (2012) Christianity in the Late Antique near East. In: Potts DT (ed) A Companion to the Archaeology
of the Ancient Near East. Blackwell Publishing Ltd, pp 1095–1112.  https://doi.org/10.1002/9781444360790.ch58
(https://doi.org/10.1002/9781444360790.ch58)

https://doi.org/10.1017/S0003598X00114139
http://scholar.google.com/scholar_lookup?title=The%20origin%20of%20%E2%80%98desert%20castles%E2%80%99%3A%20Qasr%20Bani%20Muqatil%2C%20near%20Karbala%2C%20Iraq&author=B.%20Finster&author=J.%20Schmidt&journal=Antiquity&volume=79&issue=304&pages=339-349&publication_year=2005&doi=10.1017%2FS0003598X00114139
https://scholar.google.com/scholar?q=Francis%20BY%20%282017%29%20Encyclopedia%20of%20cities%20and%20sites%20in%20Iraq%2C%20vol%201.%20E-Kutub%20Ltd%20596%20p
https://doi.org/10.1007/s11220-018-0209-8
https://doi.org/10.1007/s11220-018-0209-8
http://scholar.google.com/scholar_lookup?title=Characterizing%20subsurface%20archaeological%20structures%20with%20full%20resolution%203D%20GPR%20at%20the%20early%20dynastic%20foundations%20of%20Saqqara%20necropolis%2C%20Egypt&author=M.%20Gaballah&author=M.%20Grasmueck&author=M.%20Sato&journal=Sens%20Imaging&volume=19&pages=23&publication_year=2018&doi=10.1007%2Fs11220-018-0209-8
https://doi.org/10.1007/s11220-011-0066-1
https://doi.org/10.1007/s11220-011-0066-1
http://scholar.google.com/scholar_lookup?title=SAR%20remote%20sensing%20of%20buried%20faults%3A%20implications%20for%20groundwater%20exploration%20in%20the%20Western%20Desert%20of%20Egypt&author=A.%20Gaber&author=M.%20Koch&author=MH.%20Griesh&author=M.%20Sato&journal=Sens%20Imaging&volume=12&pages=133-151&publication_year=2011&doi=10.1007%2Fs11220-011-0066-1
https://doi.org/10.1016/j.jas.2012.12.019
https://doi.org/10.1016/j.jas.2012.12.019
http://scholar.google.com/scholar_lookup?title=Near-surface%20imaging%20of%20a%20buried%20foundation%20in%20the%20Western%20Desert%2C%20Egypt%2C%20using%20space-borne%20and%20ground%20penetrating%20radar&author=A.%20Gaber&author=M.%20Koch&author=MH.%20Griesh&author=M.%20Sato&author=F.%20El-Baz&journal=J%20Archaeol%20Sci&volume=40&issue=4&pages=1946-1955&publication_year=2013&doi=10.1016%2Fj.jas.2012.12.019
https://doi.org/10.1016/j.rse.2015.01.024
https://doi.org/10.1016/j.rse.2015.01.024
http://scholar.google.com/scholar_lookup?title=Using%20full-polarimetric%20SAR%20data%20to%20characterize%20the%20surface%20sediments%20in%20desert%20areas%3A%20a%20case%20study%20in%20El-Gallaba%20plain%2C%20Egypt&author=A.%20Gaber&author=F.%20Soliman&author=M.%20Koch&author=F.%20El-Baz&journal=Remote%20Sens%20Environ&volume=162&pages=11-28&publication_year=2015&doi=10.1016%2Fj.rse.2015.01.024
https://doi.org/10.3390/geosciences7040105
https://doi.org/10.3390/geosciences7040105
http://scholar.google.com/scholar_lookup?title=SAR%20imaging%20of%20archaeological%20sites%20on%20intertidal%20flats%20in%20the%20German%20Wadden%20Sea&author=M.%20Gade&author=J.%20Kohlus&author=C.%20Kost&journal=Geosciences&volume=7&issue=4&pages=105&publication_year=2017&doi=10.3390%2Fgeosciences7040105
https://scholar.google.com/scholar?q=Gao%20Z%2C%20Shao%20Y%2C%20Gong%20H%2C%20Liu%20L%2C%20Yuan%20M%20%282012%29%20Archaeological%20study%20on%20Qiemo%20ancient%20city%20using%20SAR%20remote%20sensing%20data.%20In%3A%20Proceedings%20of%209th%20European%20conference%2C%20EUSAR%2C%202012%2C%20pp%20649%E2%80%93652
https://doi.org/10.1179/1465518714Z.00000000075
https://doi.org/10.1179/1465518714Z.00000000075
http://scholar.google.com/scholar_lookup?title=Archaeology%20and%20economic%20development&author=PG.%20Gould&author=P.%20Burtenshaw&journal=Publ%20Arch&volume=13&pages=3-9&publication_year=2014&doi=10.1179%2F1465518714Z.00000000075
https://doi.org/10.1071/RJ9870014
http://scholar.google.com/scholar_lookup?title=The%20development%20of%20a%20system%20for%20monitoring%20trend%20in%20range%20condition%20in%20the%20arid%20shrublands%20of%20Western%20Australia&author=A.%20Holm&author=D.%20Burnside&author=A.%20Mitchell&journal=Australian%20Rangeland%20Journal&volume=9&issue=1&pages=14-20&publication_year=1987
https://doi.org/10.1002/9781444360790.ch58


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 5/8

CrossRef  (https://doi.org/10.1002/9781444360790.ch58)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Christianity%20in%20the%20Late%20Antique%20near%20East&author=Cornelia.%20Horn&author=Erica%20C.%2
0D..%20Hunter&pages=1095-1112&publication_year=2012)

Hunter ECD (1998) Syriac ostraca from Mesopotamia. Oriens Christianus Analecta 256:617–639
Google Scholar  (https://scholar.google.com/scholar?
q=Hunter%20ECD%20%281998%29%20Syriac%20ostraca%20from%20Mesopotamia.%20Oriens%20Christianus%20Anal
ecta%20256%3A617%E2%80%93639)

Imposa S, Grassi S, Patti G, Boso D (2018) New data on buried archaeological ruins in Messina area (Sicily-Italy) from a
ground penetrating radar survey. J Archaeol Sci Rep 17:358–365.  https://doi.org/10.1016/j.jasrep.2017.11.031
(https://doi.org/10.1016/j.jasrep.2017.11.031)

CrossRef  (https://doi.org/10.1016/j.jasrep.2017.11.031)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=New%20data%20on%20buried%20archaeological%20ruins%20in%20Messina%20area%20%28Sicily-
Italy%29%20from%20a%20ground%20penetrating%20radar%20survey&author=S.%20Imposa&author=S.%20Grassi&aut
hor=G.%20Patti&author=D.%20Boso&journal=J%20Archaeol%20Sci%20Rep&volume=17&pages=358-
365&publication_year=2018&doi=10.1016%2Fj.jasrep.2017.11.031)

JAXA (2015) ALOS World 3D – 30m (AW3D30) Version 2.1
Google Scholar  (https://scholar.google.com/scholar?
q=JAXA%20%282015%29%20ALOS%20World%203D%20%E2%80%93%2030m%20%28AW3D30%29%20Version%202.
1)

Kasapoğlu, N G (2011) Synthetic aperture radar feature selection for dual polarized ScanSAR data. Proceedings of 5th
international conference on recent advances in space technologies - RAST2011, Istanbal, pp 370–374.
 https://doi.org/10.1109/RAST.2011.5966858  (https://doi.org/10.1109/RAST.2011.5966858)

Koyama CN, Liu H, Takahashi K, Shimada M, Watanabe M, Khuut T, Sato M (2017) In-situ measurement of soil permittivity
at various depths for the calibration and validation of low-frequency SAR soil moisture models by using GPR. Remote Sens
9(6):580.  https://doi.org/10.3390/rs9060580  (https://doi.org/10.3390/rs9060580)
CrossRef  (https://doi.org/10.3390/rs9060580)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=In-
situ%20measurement%20of%20soil%20permittivity%20at%20various%20depths%20for%20the%20calibration%20and%2
0validation%20of%20low-
frequency%20SAR%20soil%20moisture%20models%20by%20using%20GPR&author=CN.%20Koyama&author=H.%20Liu
&author=K.%20Takahashi&author=M.%20Shimada&author=M.%20Watanabe&author=T.%20Khuut&author=M.%20Sato
&journal=Remote%20Sens&volume=9&issue=6&pages=580&publication_year=2017&doi=10.3390%2Frs9060580)

Leucci G, De Giorgi L, Di Giacomo G, Ditaranto I, Miccoli I, Scardozzi G (2016) 3D GPR survey for the archaeological
characterization of the ancient Messapian necropolis in Lecce, South Italy. J Archaeol Sci Rep 7:290–302.
 https://doi.org/10.1016/j.jasrep.2016.05.027  (https://doi.org/10.1016/j.jasrep.2016.05.027)
CrossRef  (https://doi.org/10.1016/j.jasrep.2016.05.027)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=3D%20GPR%20survey%20for%20the%20archaeological%20characterization%20of%20the%20ancient%20Messapia
n%20necropolis%20in%20Lecce%2C%20South%20Italy&author=G.%20Leucci&author=L.%20Giorgi&author=G.%20Giac
omo&author=I.%20Ditaranto&author=I.%20Miccoli&author=G.%20Scardozzi&journal=J%20Archaeol%20Sci%20Rep&vo
lume=7&pages=290-302&publication_year=2016&doi=10.1016%2Fj.jasrep.2016.05.027)

Linck R, Fassbinder WE (2011) Multipol-SAR-survey of the UNESCO world heritage site Palmyra (Syria). In proceedings of
international conference on archaeological prospection. Istanbul: Archaeology and Art Publications, 2011, pp 21–24
Google Scholar  (https://scholar.google.com/scholar?
q=Linck%20R%2C%20Fassbinder%20WE%20%282011%29%20Multipol-SAR-
survey%20of%20the%20UNESCO%20world%20heritage%20site%20Palmyra%20%28Syria%29.%20In%20proceedings%2
0of%20international%20conference%20on%20archaeological%20prospection.%20Istanbul%3A%20Archaeology%20and%
20Art%20Publications%2C%202011%2C%20pp%2021%E2%80%9324)

López FB, Virto NR, Manzano JA, Garcia-Madariaga J (2018) Tourism sustainability in archaeological sites. Journal of
Cultural Heritage Management and Sustainable Development 8(3):276–292.  https://doi.org/10.1108/JCHMSD-09-2016-
0051  (https://doi.org/10.1108/JCHMSD-09-2016-0051)
CrossRef  (https://doi.org/10.1108/JCHMSD-09-2016-0051)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Tourism%20sustainability%20in%20archaeological%20sites&author=FB.%20L%C3%B3pez&author=NR.%20Virto&a
uthor=JA.%20Manzano&author=J.%20Garcia-
Madariaga&journal=Journal%20of%20Cultural%20Heritage%20Management%20and%20Sustainable%20Development&v
olume=8&issue=3&pages=276-292&publication_year=2018&doi=10.1108%2FJCHMSD-09-2016-0051)

MALÅ (2005) XV monitor for ProEx and X3M with Ethernet communication: operating manual version 1.5
Google Scholar  (https://scholar.google.com/scholar?
q=MAL%C3%85%20%282005%29%20XV%20monitor%20for%20ProEx%20and%20X3M%20with%20Ethernet%20comm
unication%3A%20operating%20manual%20version%201.5)

Milwright M (2010) Early Islam and late antiquity. In: An introduction to Islamic archaeology. Edinburgh University Press,
pp 24–43
Google Scholar  (https://scholar.google.com/scholar?
q=Milwright%20M%20%282010%29%20Early%20Islam%20and%20late%20antiquity.%20In%3A%20An%20introduction
%20to%20Islamic%20archaeology.%20Edinburgh%20University%20Press%2C%20pp%2024%E2%80%9343)

Monnier S, Camerlynck C, Rejiba F, Kinnard C, Feuillet T, Dhemaied A (2011) Structure and genesis of Thabor rock glacier
(northern French Alps) determined from morphological and ground penetrating radar surveys. Geomorphology 134:269–
279.  https://doi.org/10.1016/j.geomorph.2011.07.004  (https://doi.org/10.1016/j.geomorph.2011.07.004)
CrossRef  (https://doi.org/10.1016/j.geomorph.2011.07.004)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Structure%20and%20genesis%20of%20Thabor%20rock%20glacier%20%28northern%20French%20Alps%29%20det
ermined%20from%20morphological%20and%20ground%20penetrating%20radar%20surveys&author=S.%20Monnier&au

https://doi.org/10.1002/9781444360790.ch58
http://scholar.google.com/scholar_lookup?title=Christianity%20in%20the%20Late%20Antique%20near%20East&author=Cornelia.%20Horn&author=Erica%20C.%20D..%20Hunter&pages=1095-1112&publication_year=2012
https://scholar.google.com/scholar?q=Hunter%20ECD%20%281998%29%20Syriac%20ostraca%20from%20Mesopotamia.%20Oriens%20Christianus%20Analecta%20256%3A617%E2%80%93639
https://doi.org/10.1016/j.jasrep.2017.11.031
https://doi.org/10.1016/j.jasrep.2017.11.031
http://scholar.google.com/scholar_lookup?title=New%20data%20on%20buried%20archaeological%20ruins%20in%20Messina%20area%20%28Sicily-Italy%29%20from%20a%20ground%20penetrating%20radar%20survey&author=S.%20Imposa&author=S.%20Grassi&author=G.%20Patti&author=D.%20Boso&journal=J%20Archaeol%20Sci%20Rep&volume=17&pages=358-365&publication_year=2018&doi=10.1016%2Fj.jasrep.2017.11.031
https://scholar.google.com/scholar?q=JAXA%20%282015%29%20ALOS%20World%203D%20%E2%80%93%2030m%20%28AW3D30%29%20Version%202.1
https://doi.org/10.1109/RAST.2011.5966858
https://doi.org/10.3390/rs9060580
https://doi.org/10.3390/rs9060580
http://scholar.google.com/scholar_lookup?title=In-situ%20measurement%20of%20soil%20permittivity%20at%20various%20depths%20for%20the%20calibration%20and%20validation%20of%20low-frequency%20SAR%20soil%20moisture%20models%20by%20using%20GPR&author=CN.%20Koyama&author=H.%20Liu&author=K.%20Takahashi&author=M.%20Shimada&author=M.%20Watanabe&author=T.%20Khuut&author=M.%20Sato&journal=Remote%20Sens&volume=9&issue=6&pages=580&publication_year=2017&doi=10.3390%2Frs9060580
https://doi.org/10.1016/j.jasrep.2016.05.027
https://doi.org/10.1016/j.jasrep.2016.05.027
http://scholar.google.com/scholar_lookup?title=3D%20GPR%20survey%20for%20the%20archaeological%20characterization%20of%20the%20ancient%20Messapian%20necropolis%20in%20Lecce%2C%20South%20Italy&author=G.%20Leucci&author=L.%20Giorgi&author=G.%20Giacomo&author=I.%20Ditaranto&author=I.%20Miccoli&author=G.%20Scardozzi&journal=J%20Archaeol%20Sci%20Rep&volume=7&pages=290-302&publication_year=2016&doi=10.1016%2Fj.jasrep.2016.05.027
https://scholar.google.com/scholar?q=Linck%20R%2C%20Fassbinder%20WE%20%282011%29%20Multipol-SAR-survey%20of%20the%20UNESCO%20world%20heritage%20site%20Palmyra%20%28Syria%29.%20In%20proceedings%20of%20international%20conference%20on%20archaeological%20prospection.%20Istanbul%3A%20Archaeology%20and%20Art%20Publications%2C%202011%2C%20pp%2021%E2%80%9324
https://doi.org/10.1108/JCHMSD-09-2016-0051
https://doi.org/10.1108/JCHMSD-09-2016-0051
http://scholar.google.com/scholar_lookup?title=Tourism%20sustainability%20in%20archaeological%20sites&author=FB.%20L%C3%B3pez&author=NR.%20Virto&author=JA.%20Manzano&author=J.%20Garcia-Madariaga&journal=Journal%20of%20Cultural%20Heritage%20Management%20and%20Sustainable%20Development&volume=8&issue=3&pages=276-292&publication_year=2018&doi=10.1108%2FJCHMSD-09-2016-0051
https://scholar.google.com/scholar?q=MAL%C3%85%20%282005%29%20XV%20monitor%20for%20ProEx%20and%20X3M%20with%20Ethernet%20communication%3A%20operating%20manual%20version%201.5
https://scholar.google.com/scholar?q=Milwright%20M%20%282010%29%20Early%20Islam%20and%20late%20antiquity.%20In%3A%20An%20introduction%20to%20Islamic%20archaeology.%20Edinburgh%20University%20Press%2C%20pp%2024%E2%80%9343
https://doi.org/10.1016/j.geomorph.2011.07.004
https://doi.org/10.1016/j.geomorph.2011.07.004
http://scholar.google.com/scholar_lookup?title=Structure%20and%20genesis%20of%20Thabor%20rock%20glacier%20%28northern%20French%20Alps%29%20determined%20from%20morphological%20and%20ground%20penetrating%20radar%20surveys&author=S.%20Monnier&author=C.%20Camerlynck&author=F.%20Rejiba&author=C.%20Kinnard&author=T.%20Feuillet&author=A.%20Dhemaied&journal=Geomorphology&volume=134&pages=269-279&publication_year=2011&doi=10.1016%2Fj.geomorph.2011.07.004


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 6/8

thor=C.%20Camerlynck&author=F.%20Rejiba&author=C.%20Kinnard&author=T.%20Feuillet&author=A.%20Dhemaied&j
ournal=Geomorphology&volume=134&pages=269-279&publication_year=2011&doi=10.1016%2Fj.geomorph.2011.07.004)

Neal A (2004) Ground-penetrating radar and its use in sedimentology: principles, problems and progress. Earth Sci Rev
66(3–4):261–330.  https://doi.org/10.1016/j.earscirev.2004.01.004  (https://doi.org/10.1016/j.earscirev.2004.01.004)
CrossRef  (https://doi.org/10.1016/j.earscirev.2004.01.004)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Ground-
penetrating%20radar%20and%20its%20use%20in%20sedimentology%3A%20principles%2C%20problems%20and%20pro
gress&author=A.%20Neal&journal=Earth%20Sci%20Rev&volume=66&issue=3%E2%80%934&pages=261-
330&publication_year=2004&doi=10.1016%2Fj.earscirev.2004.01.004)

Negri S, Leucci G, Mazzone F (2008) High resolution 3D ERT to help GPR data interpretation for researching archaeological
items in a geologically complex subsurface. J Appl Geophys 65:111–120.  https://doi.org/10.1016/j.jappgeo.2008.06.004
(https://doi.org/10.1016/j.jappgeo.2008.06.004)

CrossRef  (https://doi.org/10.1016/j.jappgeo.2008.06.004)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=High%20resolution%203D%20ERT%20to%20help%20GPR%20data%20interpretation%20for%20researching%20ar
chaeological%20items%20in%20a%20geologically%20complex%20subsurface&author=S.%20Negri&author=G.%20Leucci
&author=F.%20Mazzone&journal=J%20Appl%20Geophys&volume=65&pages=111-
120&publication_year=2008&doi=10.1016%2Fj.jappgeo.2008.06.004)

Oikonomidis D, Pavlides S (2017) Geological mapping of Santorini volcanic island (Greece), with the combined use of
Pleiades 1A and ENVISAT satellite images. Arab J Geosci 10:175.  https://doi.org/10.1007/s12517-017-2972-6
(https://doi.org/10.1007/s12517-017-2972-6)

CrossRef  (https://doi.org/10.1007/s12517-017-2972-6)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Geological%20mapping%20of%20Santorini%20volcanic%20island%20%28Greece%29%2C%20with%20the%20comb
ined%20use%20of%20Pleiades%201A%20and%20ENVISAT%20satellite%20images&author=D.%20Oikonomidis&author=
S.%20Pavlides&journal=Arab%20J%20Geosci&volume=10&pages=175&publication_year=2017&doi=10.1007%2Fs12517-
017-2972-6)

Oliver CJ, Quegan S (1998) Understanding synthetic aperture radar images. Artech house, Norwood, mass, USA
Google Scholar  (https://scholar.google.com/scholar?
q=Oliver%20CJ%2C%20Quegan%20S%20%281998%29%20Understanding%20synthetic%20aperture%20radar%20image
s.%20Artech%20house%2C%20Norwood%2C%20mass%2C%20USA)

Panosa MI (2012) Historical and archaeological heritage and its social transfer: contributions and challenges. Int J Humanit
Soc Sci 2(22):146–151
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Historical%20and%20archaeological%20heritage%20and%20its%20social%20transfer%3A%20contributions%20and
%20challenges&author=MI.%20Panosa&journal=Int%20J%20Humanit%20Soc%20Sci&volume=2&issue=22&pages=146-
151&publication_year=2012)

Pipan M, Baradello L, Forte E, Prizzon A, Finetti I (1999) 2-D and 3-D processing and interpretation of multi-fold ground
penetrating radar data: a case history from an archaeological site. J Appl Geophys 41(2–3):271–292.
 https://doi.org/10.1016/S0926-9851(98)00047-0  (https://doi.org/10.1016/S0926-9851(98)00047-0)
CrossRef  (https://doi.org/10.1016/S0926-9851(98)00047-0)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=2-D%20and%203-
D%20processing%20and%20interpretation%20of%20multi-
fold%20ground%20penetrating%20radar%20data%3A%20a%20case%20history%20from%20an%20archaeological%20site
&author=M.%20Pipan&author=L.%20Baradello&author=E.%20Forte&author=A.%20Prizzon&author=I.%20Finetti&journ
al=J%20Appl%20Geophys&volume=41&issue=2%E2%80%933&pages=271-
292&publication_year=1999&doi=10.1016%2FS0926-9851%2898%2900047-0)

Richards JA (2013) Spectral domain image transforms. In: Remote Sensing Digital Image Analysis. Springer, Berlin,
Heidelberg, pp 161–201.  https://doi.org/10.1007/978-3-642-30062-2  (https://doi.org/10.1007/978-3-642-30062-2)
CrossRef  (https://doi.org/10.1007/978-3-642-30062-2)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Spectral%20domain%20image%20transforms&author=JA.%20Richards&pages=161-201&publication_year=2013)

Samet R, Çelik E, Tural S, Şengönül E, Özkan M, Damcı E (2017) Using interpolation techniques to determine the optimal
profile interval in ground-penetrating radar applications. J Appl Geophys 140:154-167
CrossRef  (https://doi.org/10.1016/j.jappgeo.2017.04.003)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Using%20interpolation%20techniques%20to%20determine%20the%20optimal%20profile%20interval%20in%20gro
und-
penetrating%20radar%20applications&author=Refik.%20Samet&author=Ertu%C4%9F.%20%C3%87elik&author=Serhat.%
20Tural&author=Erkan.%20%C5%9Eeng%C3%B6n%C3%BCl&author=Merve.%20%C3%96zkan&author=Emre.%20Damc
%C4%B1&journal=Journal%20of%20Applied%20Geophysics&volume=140&pages=154-167&publication_year=2017)

Sandmeier KJ (2008) Reflexw 5.0 Manual. Sandmeier Software: Karlsruhe, Germany
Google Scholar  (https://scholar.google.com/scholar?
q=Sandmeier%20KJ%20%282008%29%20Reflexw%205.0%20Manual.%20Sandmeier%20Software%3A%20Karlsruhe%2
C%20Germany)

Stewart C (2017) Detection of archaeological residues in vegetated areas using satellite synthetic aperture radar. Remote
Sens 9(2):118.  https://doi.org/10.3390/rs9020118  (https://doi.org/10.3390/rs9020118)
CrossRef  (https://doi.org/10.3390/rs9020118)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Detection%20of%20archaeological%20residues%20in%20vegetated%20areas%20using%20satellite%20synthetic%20
aperture%20radar&author=C.%20Stewart&journal=Remote%20Sens&volume=9&issue=2&pages=118&publication_year=2
017&doi=10.3390%2Frs9020118)

Tapete D (2018) Remote sensing and geosciences for archaeology. Geosciences 8(2):41.
 https://doi.org/10.3390/geosciences8020041  (https://doi.org/10.3390/geosciences8020041)
CrossRef  (https://doi.org/10.3390/geosciences8020041)

http://scholar.google.com/scholar_lookup?title=Structure%20and%20genesis%20of%20Thabor%20rock%20glacier%20%28northern%20French%20Alps%29%20determined%20from%20morphological%20and%20ground%20penetrating%20radar%20surveys&author=S.%20Monnier&author=C.%20Camerlynck&author=F.%20Rejiba&author=C.%20Kinnard&author=T.%20Feuillet&author=A.%20Dhemaied&journal=Geomorphology&volume=134&pages=269-279&publication_year=2011&doi=10.1016%2Fj.geomorph.2011.07.004
https://doi.org/10.1016/j.earscirev.2004.01.004
https://doi.org/10.1016/j.earscirev.2004.01.004
http://scholar.google.com/scholar_lookup?title=Ground-penetrating%20radar%20and%20its%20use%20in%20sedimentology%3A%20principles%2C%20problems%20and%20progress&author=A.%20Neal&journal=Earth%20Sci%20Rev&volume=66&issue=3%E2%80%934&pages=261-330&publication_year=2004&doi=10.1016%2Fj.earscirev.2004.01.004
https://doi.org/10.1016/j.jappgeo.2008.06.004
https://doi.org/10.1016/j.jappgeo.2008.06.004
http://scholar.google.com/scholar_lookup?title=High%20resolution%203D%20ERT%20to%20help%20GPR%20data%20interpretation%20for%20researching%20archaeological%20items%20in%20a%20geologically%20complex%20subsurface&author=S.%20Negri&author=G.%20Leucci&author=F.%20Mazzone&journal=J%20Appl%20Geophys&volume=65&pages=111-120&publication_year=2008&doi=10.1016%2Fj.jappgeo.2008.06.004
https://doi.org/10.1007/s12517-017-2972-6
https://doi.org/10.1007/s12517-017-2972-6
http://scholar.google.com/scholar_lookup?title=Geological%20mapping%20of%20Santorini%20volcanic%20island%20%28Greece%29%2C%20with%20the%20combined%20use%20of%20Pleiades%201A%20and%20ENVISAT%20satellite%20images&author=D.%20Oikonomidis&author=S.%20Pavlides&journal=Arab%20J%20Geosci&volume=10&pages=175&publication_year=2017&doi=10.1007%2Fs12517-017-2972-6
https://scholar.google.com/scholar?q=Oliver%20CJ%2C%20Quegan%20S%20%281998%29%20Understanding%20synthetic%20aperture%20radar%20images.%20Artech%20house%2C%20Norwood%2C%20mass%2C%20USA
http://scholar.google.com/scholar_lookup?title=Historical%20and%20archaeological%20heritage%20and%20its%20social%20transfer%3A%20contributions%20and%20challenges&author=MI.%20Panosa&journal=Int%20J%20Humanit%20Soc%20Sci&volume=2&issue=22&pages=146-151&publication_year=2012
https://doi.org/10.1016/S0926-9851(98)00047-0
https://doi.org/10.1016/S0926-9851(98)00047-0
http://scholar.google.com/scholar_lookup?title=2-D%20and%203-D%20processing%20and%20interpretation%20of%20multi-fold%20ground%20penetrating%20radar%20data%3A%20a%20case%20history%20from%20an%20archaeological%20site&author=M.%20Pipan&author=L.%20Baradello&author=E.%20Forte&author=A.%20Prizzon&author=I.%20Finetti&journal=J%20Appl%20Geophys&volume=41&issue=2%E2%80%933&pages=271-292&publication_year=1999&doi=10.1016%2FS0926-9851%2898%2900047-0
https://doi.org/10.1007/978-3-642-30062-2
https://doi.org/10.1007/978-3-642-30062-2
http://scholar.google.com/scholar_lookup?title=Spectral%20domain%20image%20transforms&author=JA.%20Richards&pages=161-201&publication_year=2013
https://doi.org/10.1016/j.jappgeo.2017.04.003
http://scholar.google.com/scholar_lookup?title=Using%20interpolation%20techniques%20to%20determine%20the%20optimal%20profile%20interval%20in%20ground-penetrating%20radar%20applications&author=Refik.%20Samet&author=Ertu%C4%9F.%20%C3%87elik&author=Serhat.%20Tural&author=Erkan.%20%C5%9Eeng%C3%B6n%C3%BCl&author=Merve.%20%C3%96zkan&author=Emre.%20Damc%C4%B1&journal=Journal%20of%20Applied%20Geophysics&volume=140&pages=154-167&publication_year=2017
https://scholar.google.com/scholar?q=Sandmeier%20KJ%20%282008%29%20Reflexw%205.0%20Manual.%20Sandmeier%20Software%3A%20Karlsruhe%2C%20Germany
https://doi.org/10.3390/rs9020118
https://doi.org/10.3390/rs9020118
http://scholar.google.com/scholar_lookup?title=Detection%20of%20archaeological%20residues%20in%20vegetated%20areas%20using%20satellite%20synthetic%20aperture%20radar&author=C.%20Stewart&journal=Remote%20Sens&volume=9&issue=2&pages=118&publication_year=2017&doi=10.3390%2Frs9020118
https://doi.org/10.3390/geosciences8020041
https://doi.org/10.3390/geosciences8020041


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 7/8

Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Remote%20sensing%20and%20geosciences%20for%20archaeology&author=D.%20Tapete&journal=Geosciences&vol
ume=8&issue=2&pages=41&publication_year=2018&doi=10.3390%2Fgeosciences8020041)

Thabit JM, AL-Banna AS, Al-Rahim AM (2019) Mapping subsurface archaeological features using ground penetrating radar
in the ancient city of Ur, Iraq. Archaeological Research in Asia 17:149–160.  https://doi.org/10.1016/j.ara.2018.11.004
(https://doi.org/10.1016/j.ara.2018.11.004)

CrossRef  (https://doi.org/10.1016/j.ara.2018.11.004)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Mapping%20subsurface%20archaeological%20features%20using%20ground%20penetrating%20radar%20in%20the
%20ancient%20city%20of%20Ur%2C%20Iraq&author=JM.%20Thabit&author=AS.%20AL-Banna&author=AM.%20Al-
Rahim&journal=Archaeological%20Research%20in%20Asia&volume=17&pages=149-
160&publication_year=2019&doi=10.1016%2Fj.ara.2018.11.004)

Ulaby F T, Elachi C (1990) Radar Polarimetric for Geoscience Application. Artech House, Boston,Mass, USA
Google Scholar  (https://scholar.google.com/scholar?
q=Ulaby%20F%20T%2C%20Elachi%20C%20%281990%29%20Radar%20Polarimetric%20for%20Geoscience%20Applicati
on.%20Artech%20House%2C%20Boston%2CMass%2C%20USA)

ULR1 (2013) https://www.arcgis.com/home/item.html?id=8651e4d585654f6b955564efe44d04e5
(https://www.arcgis.com/home/item.html?id=8651e4d585654f6b955564efe44d04e5). Accessed Mar 2019

Urban TM, Leon JF, Manning SW, Fisher KD (2014) High resolution GPR detection of late Bronze Age architecture
Kalavasos-Ayios Dhimitrios, Cyprus. J Appl Geophys 107:129–136.  https://doi.org/10.1016/j.jappgeo.2014.05.020
(https://doi.org/10.1016/j.jappgeo.2014.05.020)

CrossRef  (https://doi.org/10.1016/j.jappgeo.2014.05.020)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=High%20resolution%20GPR%20detection%20of%20late%20Bronze%20Age%20architecture%20Kalavasos-
Ayios%20Dhimitrios%2C%20Cyprus&author=TM.%20Urban&author=JF.%20Leon&author=SW.%20Manning&author=K
D.%20Fisher&journal=J%20Appl%20Geophys&volume=107&pages=129-
136&publication_year=2014&doi=10.1016%2Fj.jappgeo.2014.05.020)

Vasile V (2019) Caring and sharing: the cultural heritage environment as an agent for change. In: Proceedings in business
and economics. Springer, Cham.  https://doi.org/10.1007/978-3-319-89468-3  (https://doi.org/10.1007/978-3-319-89468-
3)
CrossRef  (https://doi.org/10.1007/978-3-319-89468-3)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Caring%20and%20sharing%3A%20the%20cultural%20heritage%20environment%20as%20an%20agent%20for%20c
hange&author=V.%20Vasile&publication_year=2019)

Wara-Aswapati P (1995) An archaeological application of synthetic aperture radar (SAR) in Thailand. Geocarto Int
10(3):65–69.  https://doi.org/10.1080/10106049509354501  (https://doi.org/10.1080/10106049509354501)
CrossRef  (https://doi.org/10.1080/10106049509354501)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=An%20archaeological%20application%20of%20synthetic%20aperture%20radar%20%28SAR%29%20in%20Thailand
&author=P.%20Wara-Aswapati&journal=Geocarto%20Int&volume=10&issue=3&pages=65-
69&publication_year=1995&doi=10.1080%2F10106049509354501)

Xu L, Li J, Shu Y, Peng J (2014) SAR image denoising via clustering-based principal component analysis. IEEE Trans Geosci
Remote Sens 52(11):6858–6869.  https://doi.org/10.1109/TGRS.2014.2304298
(https://doi.org/10.1109/TGRS.2014.2304298)

CrossRef  (https://doi.org/10.1109/TGRS.2014.2304298)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=SAR%20image%20denoising%20via%20clustering-
based%20principal%20component%20analysis&author=L.%20Xu&author=J.%20Li&author=Y.%20Shu&author=J.%20Pe
ng&journal=IEEE%20Trans%20Geosci%20Remote%20Sens&volume=52&issue=11&pages=6858-
6869&publication_year=2014&doi=10.1109%2FTGRS.2014.2304298)

Zakeri H, Yamazaki F, Liu W (2017) Texture analysis and land cover classification of Tehran using polarimetric synthetic
aperture radar imagery. Appl Sci 7(5):452.  https://doi.org/10.3390/app7050452  (https://doi.org/10.3390/app7050452)
CrossRef  (https://doi.org/10.3390/app7050452)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Texture%20analysis%20and%20land%20cover%20classification%20of%20Tehran%20using%20polarimetric%20synt
hetic%20aperture%20radar%20imagery&author=H.%20Zakeri&author=F.%20Yamazaki&author=W.%20Liu&journal=App
l%20Sci&volume=7&issue=5&pages=452&publication_year=2017&doi=10.3390%2Fapp7050452)

Zhao W, Forte E, Pipan M, Tian G (2013) Ground penetrating radar (GPR) attribute analysis for archaeological prospection.
J Appl Geophys 97:107–117.  https://doi.org/10.1016/j.jappgeo.2013.04.010
(https://doi.org/10.1016/j.jappgeo.2013.04.010)

CrossRef  (https://doi.org/10.1016/j.jappgeo.2013.04.010)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Ground%20penetrating%20radar%20%28GPR%29%20attribute%20analysis%20for%20archaeological%20prospectio
n&author=W.%20Zhao&author=E.%20Forte&author=M.%20Pipan&author=G.%20Tian&journal=J%20Appl%20Geophys
&volume=97&pages=107-117&publication_year=2013&doi=10.1016%2Fj.jappgeo.2013.04.010)

Zhao W, Forte E, Levi ST, Pipan M, Tian G (2015) Improved high-resolution GPR imaging and characterization of
prehistoric archaeological features by means of attribute analysis. J Archaeol Sci 54:77–85.
 https://doi.org/10.1016/j.jas.2014.11.033  (https://doi.org/10.1016/j.jas.2014.11.033)
CrossRef  (https://doi.org/10.1016/j.jas.2014.11.033)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Improved%20high-
resolution%20GPR%20imaging%20and%20characterization%20of%20prehistoric%20archaeological%20features%20by%2
0means%20of%20attribute%20analysis&author=W.%20Zhao&author=E.%20Forte&author=ST.%20Levi&author=M.%20P
ipan&author=G.%20Tian&journal=J%20Archaeol%20Sci&volume=54&pages=77-
85&publication_year=2015&doi=10.1016%2Fj.jas.2014.11.033)

Zhao W, Forte E, Pipan M (2016) Texture attribute analysis of GPR data for archaeological prospection. Pure Appl Geophys
173(8):2737–2751.  https://doi.org/10.1007/s00024-016-1355-3  (https://doi.org/10.1007/s00024-016-1355-3)

http://scholar.google.com/scholar_lookup?title=Remote%20sensing%20and%20geosciences%20for%20archaeology&author=D.%20Tapete&journal=Geosciences&volume=8&issue=2&pages=41&publication_year=2018&doi=10.3390%2Fgeosciences8020041
https://doi.org/10.1016/j.ara.2018.11.004
https://doi.org/10.1016/j.ara.2018.11.004
http://scholar.google.com/scholar_lookup?title=Mapping%20subsurface%20archaeological%20features%20using%20ground%20penetrating%20radar%20in%20the%20ancient%20city%20of%20Ur%2C%20Iraq&author=JM.%20Thabit&author=AS.%20AL-Banna&author=AM.%20Al-Rahim&journal=Archaeological%20Research%20in%20Asia&volume=17&pages=149-160&publication_year=2019&doi=10.1016%2Fj.ara.2018.11.004
https://scholar.google.com/scholar?q=Ulaby%20F%20T%2C%20Elachi%20C%20%281990%29%20Radar%20Polarimetric%20for%20Geoscience%20Application.%20Artech%20House%2C%20Boston%2CMass%2C%20USA
https://www.arcgis.com/home/item.html?id=8651e4d585654f6b955564efe44d04e5
https://doi.org/10.1016/j.jappgeo.2014.05.020
https://doi.org/10.1016/j.jappgeo.2014.05.020
http://scholar.google.com/scholar_lookup?title=High%20resolution%20GPR%20detection%20of%20late%20Bronze%20Age%20architecture%20Kalavasos-Ayios%20Dhimitrios%2C%20Cyprus&author=TM.%20Urban&author=JF.%20Leon&author=SW.%20Manning&author=KD.%20Fisher&journal=J%20Appl%20Geophys&volume=107&pages=129-136&publication_year=2014&doi=10.1016%2Fj.jappgeo.2014.05.020
https://doi.org/10.1007/978-3-319-89468-3
https://doi.org/10.1007/978-3-319-89468-3
http://scholar.google.com/scholar_lookup?title=Caring%20and%20sharing%3A%20the%20cultural%20heritage%20environment%20as%20an%20agent%20for%20change&author=V.%20Vasile&publication_year=2019
https://doi.org/10.1080/10106049509354501
https://doi.org/10.1080/10106049509354501
http://scholar.google.com/scholar_lookup?title=An%20archaeological%20application%20of%20synthetic%20aperture%20radar%20%28SAR%29%20in%20Thailand&author=P.%20Wara-Aswapati&journal=Geocarto%20Int&volume=10&issue=3&pages=65-69&publication_year=1995&doi=10.1080%2F10106049509354501
https://doi.org/10.1109/TGRS.2014.2304298
https://doi.org/10.1109/TGRS.2014.2304298
http://scholar.google.com/scholar_lookup?title=SAR%20image%20denoising%20via%20clustering-based%20principal%20component%20analysis&author=L.%20Xu&author=J.%20Li&author=Y.%20Shu&author=J.%20Peng&journal=IEEE%20Trans%20Geosci%20Remote%20Sens&volume=52&issue=11&pages=6858-6869&publication_year=2014&doi=10.1109%2FTGRS.2014.2304298
https://doi.org/10.3390/app7050452
https://doi.org/10.3390/app7050452
http://scholar.google.com/scholar_lookup?title=Texture%20analysis%20and%20land%20cover%20classification%20of%20Tehran%20using%20polarimetric%20synthetic%20aperture%20radar%20imagery&author=H.%20Zakeri&author=F.%20Yamazaki&author=W.%20Liu&journal=Appl%20Sci&volume=7&issue=5&pages=452&publication_year=2017&doi=10.3390%2Fapp7050452
https://doi.org/10.1016/j.jappgeo.2013.04.010
https://doi.org/10.1016/j.jappgeo.2013.04.010
http://scholar.google.com/scholar_lookup?title=Ground%20penetrating%20radar%20%28GPR%29%20attribute%20analysis%20for%20archaeological%20prospection&author=W.%20Zhao&author=E.%20Forte&author=M.%20Pipan&author=G.%20Tian&journal=J%20Appl%20Geophys&volume=97&pages=107-117&publication_year=2013&doi=10.1016%2Fj.jappgeo.2013.04.010
https://doi.org/10.1016/j.jas.2014.11.033
https://doi.org/10.1016/j.jas.2014.11.033
http://scholar.google.com/scholar_lookup?title=Improved%20high-resolution%20GPR%20imaging%20and%20characterization%20of%20prehistoric%20archaeological%20features%20by%20means%20of%20attribute%20analysis&author=W.%20Zhao&author=E.%20Forte&author=ST.%20Levi&author=M.%20Pipan&author=G.%20Tian&journal=J%20Archaeol%20Sci&volume=54&pages=77-85&publication_year=2015&doi=10.1016%2Fj.jas.2014.11.033
https://doi.org/10.1007/s00024-016-1355-3


2019/ 11/ 24 Identification of archeological sites threatened with obliteration using space-borne and ground penetrating radars data in site of Tulul al-Ukhaidir, Iraq | SpringerLink

https://link.springer.com/article/10.1007/s12518-019-00272-9 8/8

© 2019 Springer Nature Switzerland AG. Part of Springer Nature.

Not logged in Not affiliated 185.181.55.6

CrossRef  (https://doi.org/10.1007/s00024-016-1355-3)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Texture%20attribute%20analysis%20of%20GPR%20data%20for%20archaeological%20prospection&author=W.%20
Zhao&author=E.%20Forte&author=M.%20Pipan&journal=Pure%20Appl%20Geophys&volume=173&issue=8&pages=2737
-2751&publication_year=2016&doi=10.1007%2Fs00024-016-1355-3)

Copyright information

© Società Italiana di Fotogrammetria e Topografia (SIFET) 2019

About this article

Cite this article as:
Abdulrazzaq, Z.T., Thabit, J.M. & Al-Khafaji, A.J. Appl Geomat (2019) 11: 401. https://doi.org/10.1007/s12518-019-00272-9

Received 31 December 2018
Accepted 23 May 2019
First Online 08 June 2019
DOI https://doi.org/10.1007/s12518-019-00272-9
Publisher Name Springer Berlin Heidelberg
Print ISSN 1866-9298
Online ISSN 1866-928X

About this journal
Reprints and Permissions

Personalised recommendations

Powered by:Want recommendations via email? Sign up now

1. Biosorption of direct black dye by cassava root husks: Kinetics, equilibrium, thermodynamics and mechanism assessment
Scheufele, Fabiano Bisinella… Kroumov, Alexander Dimitrov
Journal of Environmental Chemical Engineering (2019)

2. PREDICTING ACID ROCK DRAINAGE FROM A NICKEL MINE WASTE PILE AND METAL LEVELS IN SURROUNDING
SOILS
Kanda, Artwell… Gwenzi, Willis
Environmental Engineering and Management Journal (2018)

3. Development of fiber-reinforced polypropylene with NaOH pretreated rice and coffee husks as fillers: Mechanical and
thermal properties
Yiga, Vianney Andrew… Bonten, Christian
Journal of Thermoplastic Composite Materials (2019)

https://www.springernature.com/
https://www.springernature.com/
https://doi.org/10.1007/s00024-016-1355-3
http://scholar.google.com/scholar_lookup?title=Texture%20attribute%20analysis%20of%20GPR%20data%20for%20archaeological%20prospection&author=W.%20Zhao&author=E.%20Forte&author=M.%20Pipan&journal=Pure%20Appl%20Geophys&volume=173&issue=8&pages=2737-2751&publication_year=2016&doi=10.1007%2Fs00024-016-1355-3
https://www.springer.com/journal/12518/about
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&copyright=Societ%C3%A0+Italiana+di+Fotogrammetria+e+Topografia+%28SIFET%29&author=Zaidoon+Taha+Abdulrazzaq%2C+Jassim+Muhammad+Thabit%2C+Ammar+Jasim+Al-Khafaji&issueNum=4&contentID=10.1007%2Fs12518-019-00272-9&endPage=412&publicationDate=2019&startPage=401&volumeNum=11&title=Identification+of+archeological+sites+threatened+with+obliteration+using+space-borne+and+ground+penetrating+radars+data+in+site+of+Tulul+al-Ukhaidir%2C+Iraq&imprint=Societ%C3%A0+Italiana+di+Fotogrammetria+e+Topografia+%28SIFET%29&publication=1866-9298
http://recommended.springernature.com/recommended/
https://recommendations.springernature.com/recommended/#email-signup
https://recommended.springernature.com/v2364/redirect/cpp7z88ayEKAwRNzdADjpWSBi3bkzWB6r4GyDAznSvC1IsDBlCzoZpfYhibULA16drCujCauiU-N-jkJIYUKHUQHYR01aDwkRK2o4pUgnB6vUps4nBwjnYOk3yF_d2jcELzgtsxhomFpNl586v0pOzm9fFuAcK1W8bz7-m_XdYpE246-sJt7nHUHprrQNmKXgO8sZOz7mIJROhYcE2l4hXvmDfMDGZ-oL3VsxboJDskltuM_GqeuyiTS5owK1hfWbibruK6PDegAJLce-QDzgX3RXEhPUCbPnw_Ddawo0Ybzs1vfKNVCHIKTHFAcHa6s6JwiIbrhQIT25Xtdl7UKEuhs0wxqRyWv8rmRCNCxpxW0wE4Xc3cUAehDS6XhbeYBtDjYRTL9Wl1nlvPvsB6x2Vogwyx6jAhs5YS-5NAbhHxBMCsG5GxVy5bCZ3gmRjMQtv1cqBpvWJdd4IYvF7r1ZRNrLL-6726I8pEJOkRbXkW2Q6XMgl4cy6wWKJ-E4Hh7dYwIKdonKMeJbXK7qkDSjfXPXU2RMcKIxICufMnE7S-SSQ0PbKhOCfgS84rsOPKJOz1wJJnSeJLXPLlgkdVPXOg2g4LUS1Q4nqc0GGpe_ChPX7Lmt0_nqL6CCNR06GtK3_0qfVzTQWRsR8l9AxMSukXP6AjxaVf2bmKn3htTwPehHHu_YGzSn-Cwe9eydKDYAsc8fYUMqGZOl2ybN_nvf7f8MwtGVOryv7SI3v2JDpmcxAVMDudPDs2mK5O9MK6F1VQ1dLUBops2yHpRLRUZCCuV4J2KRf-ZRmZ6760dJ8OYztNmnzK3-6sz7ytSXTkwv4D26B0SgkLFOKTHt-aJwciR6YHl7VfLDI4iUwRBrtY2cFhsTTRmmkHqYu8rCeD7d45PAtUyETQsrPnw1p4cC-1xIkwaOuxEeZIYe_3Skw-Lp9btrF66xTaG3arb7cb1IT4LjBIL36kGMUTC8rbtnd42nEE0TMp1FJXzlOkRa5gnaqDToCJBjUQuHSs1bUBojOYb5dvr5GHbyGu9Gj9sjWa0E0C7GMkSRfB3t3H-9AwrNLKTxajnM2cpEy9eFyOV0TpeG1shg8hgHyZqqoKOCTAsqTd59GJl-ilKLDOquMM%3D
https://recommended.springernature.com/v2364/redirect/cpp7z88ayEKAwRNzdADjpWSBi3bkzWB6r4GyDAznSvC1IsDBlCzoZpfYhibULA16op1Y1cR1JYHyEIx_OLvKFtlrHjHKPLF2Ecw9aLGxXQ9Nzpdsrb2wvqJrccXOxFGDWGYFrjzlvHCyIYdpw04J71nCx8PdMWfaVim1unaK8Ae9lzrhJcApb-XLDtYPKACzWsgmrav7rBZgYsyaow4KEhf45jY8d0fKcFUu-IwkqLyfpRlbYe6IecmhjNrU_JzO-Kx1fGtXI2FAPA2jGuOdwaqp3Zlt2C359_ehX9OxZ8y8Xi3UTRiIsGgRxOt_Zl4c8sd55lV_UxcA95TjdYRohAXOhxGdhjNYRjboZIz50Mu61gfeK3aSimp67tVAae0GOHHPMtnwY-hE6YxWx3zX0ZjzeOR752N0mz5BI5swlaCesnRSdl2mcmzjqj_E0saKZt4ZoZAo5yAi40-2B8XzvpuhbPtjNKVvOcAGQvsEfOqeTfCUdtxcIfH1M3FQiGNVYJ8c-d-N-wbs__xt1gZoQm18TG6bdDsxFbt9cvt8Uf-CJSISqo0mPN_uSLmyJkWWE5KOLLQ1aWZb-ETVh7gNAWyPCReUybLtilEYSCLQQ9L-PbV_XvR-W0jU_FYWL4uQTHmmFF72-IQtf9NIuN8Rd_4x0L9Yw9R0027kGZ4Yfd1HzxUmO9pfVSH3qSnWUbfTXPhIhwwhQeqM-p9V7L5cOUyEZOfFC4gJZQv0kn0zBPEpXhmE9R9eMP4HfgCo-3R5bqIAjgy5_aE4ShgML_l5FjTprFT46I_Y36O8IKA5J36TBbqTUcXpye-xlW0M2dzp_gBmRLR8dpx2lwT6oIQK5BpS2EZZzVcQ9TSDtz4J78CzCewT60_6gBWBHqCAPBQxbn9a8LBuq9mrwloPgXxZ6NMvDmzrDu5fjPljQxahjttVN0J_hDZtJQyY-XaMFeR9h7l2-bmJ3GiGzH5kYqjZHTb-cnGhwyroGHP5hPz8anIIW2YL5MIfamtqnOT4t-Aad1kW3_OBmt4QiFXEL0Q8VBHi8t7B5edvAdQ0PI4TEwTmMCnHG7_0yR2zY6bNdSm8uI-65O4IjI2CK7dE7anbDS0TUbnFYHNjHQcpC1hW8z8%3D
https://recommended.springernature.com/v2364/redirect/D520D3fUATo_5G-TvE0FcNA5WK4buBmQLg_pFVQe76x-jYzteZptsQbnBFcqSnPj-TiMk1syizGmxO8VbGtMbJGy92J2M1mdevWFNo_ZFKIYU0hCy6bF8XFLz_3T1yQhamihn14fbeS0kXTKIzComLalUp4CCtc6EmxEsAmHZAnFgtP-R1vsFnOsmcNMrH01S7ji1KELlo1lFMlT0jLibV02888erSLAvPEm1CzUZveTpg4XcNvjqANf0eUS73bvfwlE-PyjFRN8pUpg5dxMahcy2nEBg-b74PeNGi6U9v-ag8tIS-tYYaOBelX2UEZfWIK8FXKpVb3HVgz8DOWUzoqMEcCLqicTr2yh6MBFxhHyQMQnFk9NkNjx2C6qKHI8NZVy6DLLofeFrYSUA0A0FYTUawNPn9kBqsJRkXx7BvgvHIhEsGK9xGh89KGFNYNhptup8FU4fqKr6g8Uq7vUPN5_FjMxsBUEcXZ-lWCZs0CcsEmVsgtz6CckT45s_dfRNqDMVwe6snFJHUV8pcEo6GsCOWkYEy67S_UlMwRi5ntTr6Bl8sxfT4oMUHvcrnQTxgF4Xbk-o6dgvA9OKU1nR2lbGogDDUiHBZ7i66eJjC1rBNudGKNfsfTq7EXnmOC5yGvw-lcYiDqgzKDCAF30jIG_YisQF9dRs1AoproX8yDEhhMNIw68YgJd3fluqcigXA38c6remKDND7-te_Q6HgcZiCDOktIULKJWKt0N_qFB_SR4OuS-M0B8OcKcyupqJFRnwDdBesLsZZvu6mEh__eeyoqeC0oCvBZAGAtoCHNEJ9Qjlt0TjoLzLXRErJtZGV1_GL2LEG4ewVXD7x5_1qPKYPcPjJUIybB_XQWhVD42GE087b853MJiSj6LkOO_HxTFeo7marHx2PgeEm9Fmgkw5OwXcrS1q8zCPYWsMCFSQLVqc5CzL7ppnQgvvN_GXug30QYhf6ggw7NltragfzCpcWUFa_9GNkX0HuxarZyZw1UNENflT3YGDBPDmGnRC0yedS0vuIJ4ubl8_fY4S9ZprRLZRQkIuts9Iyj8bZcJW0v-_ekp7bhKygu9JL9rEdTz2SquQMrhcRmRkzAWxrlS76rtKwOn2t9YFjpe5OA%3D

