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1. Introduction

The thermionic injection of electrons over the barrier in the metal-oxide-semiconductor
Field Effect Transistors imposes a fundamental limitation to the steep transition. Thus electro-
statically, a new device to provide steep slope and high drive current is the need of the time in
order to improve the energy efficiency of the circuits [1], [2]. Over the last decade, the journey of
Tunneling FETs (TFETS) for improving the drive capability and the subthreshold slope (SS) has
directed to the proposal of many new device architecture. An optimization of device architecture
and source/channel/drain material and doping /is being strongly pursued [3]. The two main
tunneling mechanism are as follows: one is lateral (point) tunneling, whereby the tunneling takes
place between in parallel to the gate. Other one is line (vertical) tunneling, whereby the tunneling
is perpendicular to the gate [4]. In later case the area of cross section for tunneling is increased
which improves the drive current and SS. The analog and digital application of TFETs are
extensively being explored due to its unique saturation characteristics [5], [6]. Recently, tunnel
FETs for internet-of-things applications have been successfully demonstrated experimentally [7].
The focus of research on TFETSs is mostly concentrated on the drive currents and steep slopes.

The role of interface traps and quantum confinements have also been well addressed [8], [9].

The main concern of TFET based analog circuits is to identify the drain current saturation
voltage (Vpsart) of the device to bias the circuits properly. The architecture of the point and line
tunneling devices are different in nature and hence the associated physics behind the drain
current saturation is also different. The saturation in both the point and line TFETS occur at a
constant difference between the gate and drain bias. Till now, the estimation of Vpsat for TFETs
are being made as the voltage required to reach 90-95% of the maximum drain current [10], [11].
These methods are merely rough estimation of Vpsar and are not physics based. The correct
estimation of Vpsar also provides the trends of analog performance parameters in saturation
regimes. A few researchers have discussed the saturation in point TFETs but the saturation of
drain current in line TFETs have not been addressed. Moreover, the device design parameters
strongly affects the saturation characteristics, especially the value of Vpsat. So there is a need of
device/circuit design guidelines using TFETs. The influence of saturation voltages on the analog

circuit performance is also yet to be discussed analytically.



The impact of body bias on the drain current modulation has been addressed for point
TFETSs [12], [13], but its implication to drain current saturation and analog performance need to
analyzed. Further the modulation of drain current in case of line TFETS is also required to be
evaluated, due to its different gate capacitances and tunneling mechanism. The value of body
bias to attain maximum drain current should also be modeled for TFET devices. Although a large
number of analytical models and SPICE level models have been demonstrated for group 1V and
[11-V based hetero and homo junction TFETS [14]. However, a compact analytical model for
epitaxial layer based line TFET [15] device is also not presented comprehensively. Lastly there
is a great need of small signal model for TFETS, so that the values of vital analog performance

parameters can be predicted for different device design parameters.
2. Problem Statement

In light of the extensive literature survey, this thesis work reports the physics behind the
drain current saturation in point and line TFETs and their implications to analog circuit design.
Presently, the TFETSs based analog circuits are either arbitrarily biased or a rough approximation
is being used. For instance, the drain voltage at which the drain current attains 90-95% of its
maximum values, is being used as the saturation voltage. Therefore, we present the extraction
method for Vpsat for TFETS, so that biasing of analog circuit can be done properly. The
device/circuit performance in soft and deep saturation regimes is also discussed in our work.
Since, the Line TFETS exhibit high drive current as compared to their point TFET counterparts,
thus most of our work is targeted for line TFETS. The impact of body bias on the epitaxial layer
based line TFETs are also presented comprehensively. Lastly, the influence of gate-source
overlap length on the vital small signal parameter is reported. Specific objective to provide

systematic design methodology for TFETs based analog circuits are as under:

e The drain current of the point TFETs saturates for a constant difference between the gate
(Ves) and drain (Vps) bias. Initially, with the increasing drain bias, the conduction band
energy difference between the channel and drain remains constant. After certain Vps, this
difference starts to increase [16]. Further, the difference between the valance band energy

of source and conduction band energy of channel saturates at a specific drain voltage. We



have address this issue and also proposed a phenomenological approach to extract the
Vpsart of point TFETS.

e The drain current saturation with Vps for epitaxial layer based line TFET has not been
addressed. The impact of drain bias on tunneling is different when compared to point
TFET. This is because of different band-to-band tunneling mechanism in both the
devices, therefore the gate capacitances are also different [17]. The saturation voltage are
strongly influenced by the device design parameters, thus a device/circuit design
guideline is presented in this work. The variation of vital analog device/circuit parameters
of line TFETS also need to be evaluated.

e The critical role body bias in analog circuits have been addressed in literature. In
conventional MOSFET the body bias modulates the threshold voltage. For point TFETS,
the body bias modulates the drain current [12] due to change in the electric field at the
tunneling ‘junction. The availability of states for tunneling plays a critical role in
determining the drain current. This issues is addressed in our work. Further, the role of
various device design parameters on the drain current modulation and model for Vesart
are also required to be addressed systematically.

e Theoretically, the drain current should increased linearly with the increasing gate-source
overlap length in line TFETSs [18]. However, a sub-linear increase is observed in the drain
current [15]. The physics behind the above said effect is not explained properly. Further,
a gate-source overlap length aware small signal model for line TFET is required for
analog circuit analysis, so that, the prediction of small signal model parameters can be

made easily. This issue is also addressed in our work for saturation regime operation.
3. Thesis Organization

This thesis is based on the objectives discussed above. This thesis is consisted of total seven
chapters. Each chapter begin with the introduction, problem statement and motivation behind
the respective study. Thereafter, the simulation framework is discussed in details. This is
followed by the analysis and interpretation of results. The novelty of the work is also drawn in

the conclusion section.



Chapter 1 provides the need of steep slope devices for low power application. This
chapter outlines the basic working principal of Tunnel FETs and potential application area.

Thereafter, a summary of each chapter is also presented at last.

Chapter 2 presents an extensive literature review of the TFETS, starting from its origin
to the recent advancement. This also discuss that how the junction and material engineering are
the major driving force behind obtaining the steep slope. The potential applications and

limitation of TFETS are also discussed in this chapter.

Chapter 3 deals with a thorough explanation of the physics behind the drain current
saturation in point tunneling based TFETs. A well calibrated simulation deck is used to carry out
numerical simulation using Sentaurus TCAD tool of Synopsys Inc.. An approach to define the
soft and deep saturation condition is also presented for the first time. We propose a systematic
methodology to identify the soft and deep saturation voltages of the device, hence a method to
extract the Vpsat is also presented. This in turn facilitates the analog designer, to bias the analog
circuit in the appropriate regime. A common source amplifier biased in the soft and deep
saturation regime is also demonstrated. Further, the impact of source/drain doping and gate
length on Vpsart is also presented with the reasoning. The validation of proposed method is done

against the experimental data.

Chapter 4 explains the saturation in drain current for a line tunneling based TFETSs. The
device under consideration is an epitaxial layer TFET, whereby the tunneling occurs normal to
the gate. The physics of saturation is different from the point tunneling devices as the tunneling
mechanism is different and hence the gate capacitances are also different. As compared to point
TFET, the area of cross section for tunneling is effectively increased in line TFETs. The
saturation of drain current is explained for the first time. Then, a method to extract the Vpsat for
line tunneling TFETSs is also proposed for the first time. We also propose the guidelines for line
TFETSs based device/circuit design. The variation of Vpsat with vital device design parameters
like overlap length, doping and thickness of epitaxial layer is also presented with appropriate
physics based reasoning. The behavior of vital analog performance parameter with the device

design parameters are also explained.



Chapter 5 presents a comprehensive study about the impact of reverse and forward body
biasing on the epitaxial layer based line TFETs. The modulation of drain current with body bias
is mainly due to the modulation of the available states for tunneling. A physics based explanation
of the above said effect is also validated by a mathematical model based on the potential balance
equation. The variation in Vgsat (the voltage at which the drain current maximize) with gate and
drain bias is also explained with our model. The behavior of vital analog performance parameter
with the reverse and forward body bias is also examined in detail. Further, the impact of body
biasing on the VpsaT is also examined from the perspective of analog circuit design.

Chapter 6 explains the behavior of drain current with change in the gate-source overlap
length in line TFETSs. Thereafter, the impact of gate-source overlap length on the vital small
signal parameters are discussed. An empirical model to predict the trends of small signal
parameter with overlap length in saturation regime, is also presented. The main cause behind the
sub-linear increase in drain current with the gate -source overlap length is the lateral electric field

induced by the drain. This causes the drain current to exhibit a sub-linear change.

Chapter 7 presents the major finding of the thesis. The conclusions are drawn on the
basis of results obtained through TCAD simulations and physics based models. The future scope

of the current study is also proposed for the perspective readers.
References

[1] A.M. Ionescu and H. Riel, “Tunnel field-effect transistors as energy-efficient electronic
switches,” Nature, vol. 479, no. 7373, pp. 329-337, 2011.

[2] A.C.Seabaugh and Q. Zhang, “Low-voltage tunnel transistors for beyond CMOS logic,”
in Proceedings of the IEEE, 2010, vol. 98, no. 12, pp. 2095-2110.

[3] D.E.Nikonov and I. A. Young, “Uniform methodology for benchmarking beyond-CMOS
logic devices,” in Technical Digest - International Electron Devices Meeting, IEDM,
2012.

[4] C.Huetal., “Prospect of tunneling green transistor for 0.1V CMOS,” in Technical Digest
- International Electron Devices Meeting, IEDM, 2010, vol. 38, no. June 2009, pp. 178—
179.

[5] D. Esseni, M. Guglielmini, B. Kapidani, T. Rollo, and M. Alioto, “Tunnel FETs for
ultralow voltage digital VVLSI circuits: Part i - Device-circuit interaction and evaluation at
device level,” IEEE Trans. Very Large Scale Integr. Syst., vol. 22, no. 12, pp. 2488-2498,



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2014.

B. Sedighi, X. S. Hu, H. Liu, J. J. Nahas, and M. Niemier, “Analog Circuit Design Using
Tunnel-FETs,” Circuits Syst. | Regul. Pap. IEEE Trans., vol. 62, no. 1, pp. 3948, 2015.

Q. Huang et al., “First foundry platform of complementary tunnel-FETS in CMOS
baseline technology for ultralow-power IoT applications: Manufacturability, variability
and technology roadmap,” Technical Digest - International Electron Devices Meeting,
IEDM, vol. 2016-Febru. p. 22.2.1-22.2.4, 2015.

X. Y. Huang et al., “Effect of interface traps and oxide charge on drain current
degradation in tunneling field-effect transistors,” IEEE Electron Device Lett., vol. 31, no.
8, pp. 779-781, 2010.

Q. Smets et al., “Impact of field-induced quantum confinement on the onset of tunneling
field-effect transistors: Experimental verification,” Appl. Phys. Lett., vol. 105, no. 20,
2014.

B. Rajamohanan et al., “0.5 v supply voltage operation of
In0.65Ga0.35As/GaAs0.4Sb0.6tunnel FET,” IEEE Electron Device Lett., vol. 36, no. 1,
pp. 20-22, 2015.

C. Wu, R. Huang, Q. Huang, C. Wang, J. Wang, and Y. Wang, “An analytical surface
potential model accounting for the dual-modulation effects in tunnel FETs,” IEEE Trans.
Electron Devices, vol. 61, no. 8, pp. 2690-2696, 2014.

A. Guo, P. Matheu, and T. J. K. Liu, “SOI TFET ION/IOFF enhancement via back
biasing,” IEEE Trans. Electron Devices, vol. 58, no. 10, pp. 3283-3285, 2011.

M. L. Fan, V. P. H. Hu, Y. N. Chen, C. W. Hsu, P. Su, and C. Te Chuang, “Investigation
of backgate-biasing effect for ultrathin-body 111-V heterojunction tunnel FET,” IEEE
Trans. Electron Devices, vol. 62, no. 1, pp. 107-113, 2015.

D. Esseni, M. Pala, P. Palestri, C. Alper, and T. Rollo, “A review of selected topics in
physics based modeling for tunnel field-effect transistors,” Semiconductor Science and
Technology, vol. 32, no. 8. 2017.

A. M. Walke et al., “Fabrication and analysis of a Si/Si0.55Ge0.45 heterojunction line
tunnel FET,” IEEE Trans. Electron Devices, vol. 61, no. 3, pp. 707715, 2014.

L. De Michielis, L. Lattanzio, and A. M. Ionescu, “Understanding the superlinear onset of
tunnel-FET output characteristic,” IEEE Electron Device Lett., vol. 33, no. 11, pp. 1523—
1525, 2012.

I. A. Fischer et al., “Silicon tunneling field-effect transistors with tunneling in line with
the gate field,” IEEE Electron Device Lett., vol. 34, no. 2, pp. 154-156, 2013.

A. S. Verhulst, D. Leonelli, R. Rooyackers, and G. Groeseneken, “Drain voltage
dependent analytical model of tunnel field-effect transistors,” J. Appl. Phys., vol. 110, no.
2,2011.



BIBLIOGRAPHY

10.

11.

12.

13.

14.

15.

16.

17.

18.

Abdelfattah, R. and Nicolas, J.M. (2002).Topographic SAR interferometry formulation for
high precision DEM generation.IEEE Transactions on Geoscience and Remote Sensing, 40
(11), 2415-2426.

Agram, P.S. and Zebker, H. (2009). Sparse two dimensional phase unwrapping using
regular grid method. IEEE Geoscience and Remote Sensing Letters, 6 (2), 327-331.

Agram, P.S. (2010).Persistent scatterer interferometry in natural terrain.Ph.D. Thesis,
Department of Electrical Engineering, Stanford University, pp. 163.

Amelung, F., Jonsson, S., Zebker, H. and Segall, P. (2000). Widespread uplift and
‘trapdoor’ faulting on Galapagos volcanoes observed with radar interferometry. Nature, 407,
993-996.

Anbalagan, R. (1993). Environmental hazards of unplanned urbanization of mountainous
terrains: A case study of a Himalayan town.Quarterly Journal of Engineering Geology, 26,
179-184.

Anbalagan, R., Chakraborty, D. and Kohli, A. (2008).Landslide hazardzonation (LHZ)
mapping on meso-scale for systematic town planning in mountainous terrain.Journal of
Scientific & Industrial Research, 67, 468-497.

Assessment of environmental degradation and impact of hydroelectric projects during the
June 2013, Disaster in Uttarakhand. The Ministry of Environment and Forests, Government
of India, April 2014.

Auden, J.B. (1942). Geological report on hill slide of Nainital.Unpublished Report of
Geological Survey of India, Calcutta.

Balzter, H., Rowland, C.S. and Saich, P. (20007). Forest canopy height and carbon
estimation at Monks wood national nature reserve, UK, using dual wavelength SAR
interferometry.Remote Sensing of Environment, 108(3), 224-239.

Bamler, R. and Just, D. (1993). Phase statistics and decorrelation in SAR interferograms.
Proceedings of the International Geoscience and Remote Sensing Symposium, Tokyo,
Japan, 980-984.

Bamler, R. and Hartl, P. (1998).Synthetic aperture radar interferometry.Inverse Problems,
14 (4), 1-54.

Barra, A., Monserrat, O., Mazzanti, P., Esposito, C., Crosetto, M. and Mugnozza, G.S.
(2016).First insights on the potential of Sentinel-1 for landslides detection.Geomatics,
Natural Hazards and Risk, 7(6), 1874-1883.

Bartarya, S.K., Mazari, R.K. and Virdi, N.S.(2003). Bhimgoda slide of August 24, 1994 in
the Siwalik rocks near Haridwar: A success story of landslide control measures. Natural
Hazards (Earthquake and Landslides): Challenges, Prospects and Social Dimensions with
focus on the State of Uttaranchal, 155-167.

Bechor, N.B.D and Zebker, H. (2006).Measuring two-dimensional movement using a single
INSAR pair. Geophysical Research Letters,33 (1), L16311.

Berardino, P., Fornaro, G., Lanari, R. and Sansosti, E. (2002). A new algorithm for surface
deformation monitoring based on small baseline differential SAR interferograms. IEEE
Transaction on Geoscience and Remote Sensing, 40 (11), 2375-2383.

Berardino, P., Costantini, M., Franceschetti, G., lodice, A., Pietranera, L. and Rizzo, V.
(2003).Use of differential SAR interferometry in monitoring and modelling large slope
instability at Maratea (Basilicata, Italy), Engineering Geology,68, 31-51.

Bhasin, R. K., Grimstad, E., Larsen, J.O., Dhawan, A.K., Singh, R., Verma, S.K. and
Venkatachalam, K. (2002).Landslide hazards and mitigation measures at Gangtok, Sikkim
Himalaya. Engineering Geology,64, 351-368.

Bhattacharya, A., Arora, M.K. and Sharma, M.L. (2012). Usefulness of synthetic aperture
radar (SAR) interferometry for digital elevation model (DEM) generation and estimation of
land surface displacement in Jharia coal field area. Geocarto International, 27, 57-77.

191



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bhattacharya, A., Vige, M., Arora, M.K., Sharma, M.L. and Bhasin, R.K. (2013).Surface
displacement estimation using multi-temporal SAR Interferometry in a seismically active
region of the Himalaya. Georisk: Assessment and Management of Risk for Engineered
Systems and Geohazards, 7 (3), 184-197.

Bhattacharya, Arora, M.K., Sharma, M.L. A., Vige, M., and Bhasin, R.K. (2014).Surface
displacement estimation using space-borne SAR interferometry in a small portion along
Himalayan Frontal Fault. Optics and Lasers in Engineering, 53, 164-178.

Bovenga, F., Wasowski, J., Nitti, D.O., Nutricato, R. and Chiaradia, M.T. (2012).Using
COSMO/SkyMed X-band and ENVISAT C-band SAR interferometry for landslides
analysis.Remote Sensing of Environment, 119, 272-285.

Bulmer, M. H., Petley, D. N., Murphy, W. and Mantovani F. (2006). Detecting slope
deformation using two-pass differential interferometry: Implications for landslide studies on
earth and other planetary bodies.Journal of Geophysical Research, 111, E06S16.
Calderhead, A.l., Martel, A., Alasset, P.J.,, Rivera, A. and Garfias, J. (2010). Land
subsidence induced by groundwater pumping, monitored by D-InSAR and field data in the
Toluca Valley, Mexico. Canadian Journal of Remote Sensing, 36(1), 9-23.

Calo, F., Ardizzone, F., Castaldo, R., Lollino, P., Tizzani, P., Guzzetti, F., Lanari, R.,
Angeli, M.G., Pontoni, F. and Manunta, M. (2014). Enhanced landslide investigations
through advanced DINnSAR techniques: The lvancich case study, Assisi, Italy.Remote
Sensing of Environment, 142, 69-82.

Carnec, C., Massonnet, D. and King, C. (1996).Two examples of the application of SAR
interferometry to sites of small extent. Geophysical Research Letters, 23, 3579-3582.

Carnec, C. and Fabriol, H. (1999). Monitoring and modeling land subsidence at the Cerro
Prietogeothermal field, Baja California, Mexico, using SAR interferometry. Geophysical
Research Letters, 26, 1211-1214.

Carnec, C. and Delacourt, C. (2000). Three years of mining subsidence monitored by SAR
interferometry, near Gardanne, France. Journal of Applied Geophysics, 43, 43-54.

Chen, F. and Lin, H., (2011).Multi-baseline differential SAR interferometry analysis of
Lantau Highway, Hong Kong, using ENVISAT ASAR data. Remote Sensing Letters, 2(2),
167-173.

Cigna, F., Bianchini, S. and Casagli, N. (2013). How to assess landslide activity and
intensity with persistent scatterer interferometry (PSI): The PSl-based matrix
approach.Landslides, 10(3), 267-283.

Catani, F., Farinaa, P., Morettia, S., Nicob, G. and Strozzi, T. (2005). On the application of
SAR interferometry to geomorphological studies: Estimation of landform attributes and
mass movements. Geomorphology, 66, 119-131.

Chakraborty, D. (2008). Landslide hazard evaluation of hill slopes around Naini Lake,
Nainital, India,Ph.D. thesis, Indian Institute of Technology, Roorkee(India).

Chatterjee, R.S., Fruneau, B., Rudant, J.P., Roy, P.S., Frison, P.L., Lekhera, R.C., Dadhwal,
V.K. and Saha, R. (2006). Subsidence of Kolkata (Calcutta) City, India during the 1990s as
observed from space by differential synthetic aperture radar interferometry (D-INSAR)
technique.Remote Sensing of Environment, 102 (1-2), 176-185.

Ciampalini, A., Raspini, F., Lagomarsino, D., Catani, F. and Casagli, N. (2016). Landslide
susceptibility map refinement using PSINSAR data. Remote Sensing of Environment, 184,
302-315.

Colesanti, C., Ferretti, A., Novali, F., Prati, C. and Rocca F., (2003a). SAR monitoring of
progressive and seasonal ground deformation using the permanent scatterers technique.lEEE
Transaction on Geosciences and Remote Sensing, 41, 1685— 1701.

Colesanti, C., Ferretti, A., Prati, C. and Rocca, F., (2003). Monitoring landslides and
tectonic motions with permanent scatterers technique. Engineering Geology, 68, 3-14.
Costantini, M. (1998). A novel phase unwrapping method based on network programming.
IEEE Transactions on Geoscience and Remote Sensing, 36(3), 813-821.

Costantini, M. and Rosen, P. (1999).A generalized phase unwrapping approach for sparse
data.Proceedings of the International Geoscience and Remote Sensing Symposium,
Hamburg, Germany, 267-269.

192



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Crosetto, M. (2002).Calibration and validation of SAR interferometry for DEM
generation.ISPRS Journal of Photogrammetry & Remote Sensing, 57, 213— 227.

Crosetto, M., Monserrat, O., Devanthéry, N., Cuevas-Gonzélez, M., Barra, A., Crippa, B.
(2016).Persistent scatterer interferometry using Sentinel-1 Data.The International Archives
of the Photogrammetry, Remote Sensing and Spatial Information Sciences, XLI-B7, XXIII
ISPRS Congress, 12—-19 July 2016, Prague, Czech Republic.

Cumming, I.G. and Wong, F.H. (2005).Digital Processing of Synthetic Aperture Data:
Algorithm and Implementation. 6™ edition, Artech House Publishers, Boston,USA, 2005
Dai, K., Li, Z., Tomas, R.,Liu, G., Yu, B., Wang, X., Cheng, H., Chen, J. and Stockamp, J.
(2016).Monitoring activity at the Daguangbao mega-landslide (China) using Sentinel-1
TOPS time series interferometry. Remote Sensing of Environment, 186, 501-513.

Darvishi, M., Schldgel, R., Kofler, C., Cuozzo, G., Rutzinger, M., Zieher, T., Toschi, I.,
Remondino, F., Mejia-Aguilar, A., Thiebes, B. and Bruzzone, L. (2018). Sentinel-1 and
ground-based sensors for continuous monitoring of the Corvara landslide (South Tyrol,
Italy).Remote Sensing, 10, 1781, 1-19.

Delacourt, C., Allemand, P., Squarzoni, C., Picard, F., Raucoules D. and Carnec C.
(2003).Potential and limitation of ERS-differential SAR interferometry for landslide studies
in the French Alps and Pyrenees.Proc. of Fringe, Frascati, Italy

DMMC. (2011). Slope instability and geo-environment issues of the area around Nainital;
Disaster Mitigation and Management Centre, Dehradun,
India.http://dmmc.uk.gov.in/files/pdf/Nainital Environmental Degradation.pdf.

Dwivedi, R., Varshney, P., Tiwari, A., Singh, A.K. and Dikshit, O. (2014).Assessment of
slope stability wusing PS-InNSAR technique.The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, XL-8, 35-38, ISPRS
Technical Commission, VIII Symposium, 35-38.

Dwivedi, R., Varshney, P., Tiwari, A., Narayan, A.B., Singh, A.K., Pallav, K. and Dikshit,
0. (2015).Monitoring of landslides in Nainital, Uttarakhand, India: Validation of PS-InSAR
results.Joint Urban Remote Sensing Event (JURSE), Lausanne.

Dwivedi, R., Narayan, A.B., Tiwari, A., Dikshit, O. and Singh, A.K., (2016). Multi-
temporal SAR interferometry for landslide monitoring.The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-BS,
XXII1 ISPRS Congress, 12-19 July 2016, Prague, Czech Republic.

Dietrich, R., Metzig, R., Korth, W. and Perlt, J. (1999). Combined use of field observations
and SAR interferometry to study ice dynamics and mass balance in Dronning Maud Land,
Antarctica. Polar Research, 18(2), 291-298.

Eldhuset, K., Andersen, P.H., Hauge, S., Isaksson, E. and Weydahl, D.J. (2003). ERS
tandem InSAR processing for DEM generation, glacier motion estimation and coherence
analysis on Svalbard.International Journal of Remote Sensing, 24 (7), 1415-1437.

Farina, P., Colombo, D., Fumagalli, A., Marks, F. and Moretti, S., (2006). Permanent
Scatterers for landslide investigations: outcomes from the ESA-SLAM project. Engineering
Geology, 88, 200-217.

Ferretti, A., Prati, C. and Rocca, F. (1999). Non uniform motion monitoring using the
permanent scatterers technique.In Proceedings of Second International Workshop on ERS
SAR Interferometry, FRINGE99, Liege, Belgium, 10-12"" November, 1-6.

Ferretti, A., Prati, C. and Rocca, F. (2000).Nonlinear subsidence rate estimation using
permanent scatterers in differential SAR interferometry.IEEE Transaction on Geoscience
and RemoteSensing, 38 (5), 2202-2212.

Ferretti, A., Prati, C. and Rocca, F. (2001).Permanent scatterers in SAR interferometry.IEEE
Transaction on Geoscience and Remote Sensing, 39 (1), 8-20.

Ferretti, A., Fumagalli, A., Novali, F., Prati, C., Rocca, F., Rucci, A. (2009).The second
generation PSINSAR approach: SqueeSAR. Fringe 2009, ESA-ESRIN, Frascati.

Ferretti, A., Fumagalli, A., Novali, F., Prati, C., Rocca, F., Rucci, A. (2011). A new
algorithm for processing interferometric data-stacks: SqueeSAR. IEEE Transaction on
Geoscience and Remote Sensing. 49, 3460-3470.

193


http://dmmc.uk.gov.in/

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Fruneau, B., Achace, J. and Delacourt, C. (1996).Observation and modelling of the Sant-
Etienne-de Tinée landslide using SAR interferometry.Tectonophysics, 265, 181-190.
Fujiwara, S., Nishimura, T., Murakami, M., Nakagawa, H., Tobita, M. and Rosen, P.A.
(2000).2.5-D surface deformation of M6.1 earthquake near Mt Iwate detected by SAR
interferometry.Geophysical Research Letters, 27(14), 2049-2052.

Gabriel, A. K. and Goldstein, R. M. (1988). Crossed orbit interferometry: theory and
experimental results from SIR-B. International Journal of Remote Sensing, 9 (5), 857-872.
Gabriel, A. K., Goldstein, R. M. and Zebker, H. A. (1989).Mapping small elevation changes
over large areas: Differential radar interferometry. Journal of Geophysical Research, 94
(B7),9183-9191.

Gatelli, F., Monti-Guarnieri, A., Parizzi, F., Pasquali, P., Prati, C. and Rocca, F. (1994).The
wavenumber shift in SAR Interferometry. IEEE Transactions on Geoscience and Remote
Sensing, 32 (4), 855-865.

Gens, R. and Genderen Van, J. L. (1996). Review article SAR interferometry-issues,
techniques, applications. International Journal of Remote Sensing, 17 (10), 1803-1835.
Gens, R. (2003). Two-dimensional phase unwrapping for radar -interferometry:
Developments and new challenges. International Journal of Remote Sensing, 24 (4), 703-
710.

Ghiglia, D. C. and Romero, G.A. (1996). Minimum LP-norm two-dimensional phase
unwrapping. Journal of the Optical Society of America A, 13(10), 1999-2013.

Ghiglia, D.C. and Pritt, M.D. (1998). Two-dimensional phase unwrapping: Theory,
algorithms and software. Wiley-Interscience, New-York, ISBN: 10:0471249351, pp. 498.
Gili, J.A., Corominas, J. and Rius, J. (2000).Using global positioning system techniques in
landslide monitoring. Engineering Geology, 55, 167-192.

Goldstein, R.M. and Werner, C.L. (1998). Radar interferogram filtering for geophysical
applications. Geophysical Research Letters, 25 (21), 4035-4038.

Goldstein, R.M., Zebker, H.A. and Werner, C.L. (1988a). Satellite radar interferometry:
Two dimensional phase unwrapping.Radio Science, 23 (4), 713-720.

Goldstein, R. M., Engelhardt, H., Kamb, B. and Frolich, R. M. (1993). Satellite radar
interferometry for monitoring ice sheet motion: Application to an Antarctic ice stream.
Science, 262, 1525-1530.

Goldstein, R.M.  (1995).  Atmospheric  limitations to  repeat-track  radar
interferometry.Geophysical Research Letters, 22 (18), 2517-2520.

Graham, L.C. (1974). Synthetic interferometer radar for topographic mapping.Proceedings
of IEEE, 62, 763-768.

Gray, A. L. and Farris-Manning, P. L. (1993).Repeat-pass interferometry with airborne
synthetic aperture radar. IEEE Transactions on Geoscience and Remote Sensing, 31 (1),
180-191.

Gray, A. L., Mattar, K. E. and Kooj, M. W. A. Vander. (1995). Cross-track and along-track
airborne interferometric SAR at CCRS.Proceedings of the Seventeenth CanadianSymposium
on Remote Sensing, Ottawa, 232-236.

Gupta, V., Asthana, A.K.L. and Mazari, R.K. (2013). Slope instability and risk assessment
of the Mansa Devi Hill near Haridwar township, Uttarakhand. International Journal of
Fundamental & Applied Research, 1, 37-47.

Gupta, V., Bhasin, R.K, Kaynia A.M., Tandon R.S., and Venkateshwarlu B. (2016).
Landslide Hazard in the Nainital township, Kumaun Himalaya, India-the case of Sept 2014,
Balia Nala landslide. Natural Hazards, 80 (2), 863-877.

Gupta, V., Tandon R.S., Venkateshwarlu, B., Bhasin, R.K. and Kaynia A.M. (2017).
Accelerated mass movement activities due to increased rainfall in the Nainital township,
Kumaun Lesser Himalaya, India. Zeitschrift fur Geomorphologies, 61 (1), 29-42.

Guzzetti, F., Manunta, M., Ardizzone, F., Pepe, A., Cardinali, M., Zeni, G., Reichenbach, P.
and Lanari, R. (2009). Analysis of ground deformation detected using the SBAS-
DInSARtechnique in Umbria, Central Italy. Pure and Applied Geophysics, 166(8-9), 1425-
1459.

194



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Hanssen, R.F. (2001). Radar Interferometry: Data interpretationand error analysis. Kluwer
academic publishers, Dordrecht,326 pp.

Hanssen, R. and Bamler, R. (1999).Evaluation of interpolation kernels for SAR
Interferometry.IEEE Transactions on Geoscience and Remote Sensing, 37 (1), 318-321.
Hartl, P.H., Thiel, K.H., Wu, X., Doake, C.H. and Sievers, J. (1994).Application of SAR
interferometry with ERS-I in the Antarctic.Earth Observation Quarterly, 43, 1-4.

Herland, E.A. (1995). SAR interferometry with ERS-1 in forested areas.Proceedings of the
International Geoscience and Remote Sensing Symposium, Florence, Italy, 202-204.

Hilley, G.E., Burgmann, R., Ferretti, A., Novali, F. and Rocca, F. (2004).Dynamics of slow
moving landslides from permanent scatterer analysis.Science, 304 (5679), 1952-1955.
Holland, T.H. (1897). Report on the geological structure and stability of hill slopes around
Nainital. Miscellaneous Publication, Geological Survey of India, Calcutta, 85 pp.

Hooper, A., Zebker, H.A., Segall, P. and Kampes, B. (2004).A new method for measuring
deformation on volcanoes and other natural terrains using INSAR persistent scatterers.
Geophysical Research Letters, 31 (23), L23611.

Hooper, A. (2006).Persistent scatterer radar interferometry for crustal deformation studies
and modeling of volcanic deformation.Ph.D. Thesis, Stanford University.

Hooper, A., Segall, P. and Zebker, H. (2007).Persistent scatterer INSAR for crustal
deformation analysis, with application to Volcan Alcedo, Galapagos. Journal of
Geophysical Research, 112, B07407.

Hooper, A. (2008). A multi-temporal INSAR method incorporating both persistent scatterer
and small baseline approaches.Geophysical Research Letters, 35, L16302.

Hukku B.M., Srivastava, A.K. and Jaitle, G.N. (1974).Evolution of lakes around Nainital
and the problem of hillside instability.Himalayan Geology, 4, 516-531.

Jaitle, G.N. (1980). Progress report on geotechnical investigations carried out for the
instability of slopes around Nainital lake, District Nainital, Uttar Pradesh.Unpublished
Report of Geological Survey of India, Calcutta.

Jayaprasad, P., Narender, B., Pathan, S.K. and Ajai. (2008). Generation and validation of
DEM using SAR Interferometry and differential GPS supported by multispectral optical
data.Journal of Indian Society of Remote Sensing, 36, 313-322.

Jayaprasad, P.,Rajak, D. R., Singh, R. K., Oza, S. R., Sharma, R. and Kumar, R. (2014). Ice
calving and deformation from Aantarctic ice margins using RISAT-1 circular polarization
SAR data. International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, XL-8, 525-529.

Kampes, B. M. (2006). Radar Interferometry Persistent Scatterer Technique, 1% Ed.;
Springer: Dordrecht,the Netherlands.

Karslia, F., Yalcina, A., Atasoya, M., Demira, O., Reisa, S. and Ayhana, E.,
(2004).Landslide assessment by using digital photogrammetric techniques. XX" ISPRS
Congress Technical CommissionVII, July 12-23, 2004, Istanbul, Turkey.

Knedlik, S., Loffeld, O., Hein, A. and Arndt, C. (1999).A novel approach to accurate
baseline estimation.Proceedings of the International Geoscience and Remote Sensing
Symposium, Hamburg, Germany, 254-256.

Ketelaar, G., Marinkovic, P. and Hanssen, R. (2004). Validation of point scatterer phase
statistics in multi-pass INSAR. European Space Agency, (Special Publication).

Ketelaar, V. B. H. (2008). Monitoring surface deformation induced by hydrocarbon
production using satellite radar interferometry.Ph.D. Thesis, Delft Institute of Earth
Observation and Space Systems.

Klees R. and Massonnet, D. (1999). Deformation measurements using SAR interferometry:
Potentials and limitations. Geologieen Mijnbouw, 77, 161-176.

Kyriou, A. and Nikolakopoulos K. (2018). Assessing the suitability of Sentinel-1 data for
landslide mapping. European Journal of Remote Sensing, 51(1), 402-411

Kwoh, L.K., Chang, E.C., Heng, W.C.A. and Hock, L. (1994). DTM generation from 35-
day repeat pass ERS-1 interferometry.Proceedings of the International Geoscience and
Remote Sensing Symposium, Pasadena, CA, USA.4, 2288-2290.

195



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

Lanari, R., De Natale, G., Berardino, P., Sansosti, E., Ricciardi, G.P., Borgstrom, S.,
Capuano, P., Pingue, F. and Troise, C. (2002). Evidence for a peculiar style of ground
deformation inferred at Vesuvius volcano. Geophysical Research Letters, 29 (9), 1292-1296.
Lanari, R., Casu, F., Manzo, M., Zeni, G., Berardino, P., Manuta, M. and Pepe, A. (2007).
An overview of the small baseline subset algorithm: A DINSAR technique for surface
deformation analysis. Pure and Applied Geophysics, 164 (4), 637-661.

Lanari, R., Berardino, P., Bonano, M., Casu, F., Manconi, A., Manuta, M., Manzo, M.,
Pepe, A., Sansosti, E., Solaro, G., Tizzani, P. and Zeni, G. (2010). Surface displacement
associated with the L’Aquila 2009 Mw 6.3 earthquake (central Italy): New evidence from
SBAS-DInSAR time series analysis. Geophysical Research Letters, 37 (L2), 309-314.
Lanari, R., Lundgren, P., Manzo, M. and Casu, F., (2004). Satellite radar interferometry
time series analysis of surface deformation for Los Angeles, California. Geophysical
Research Letters, 31, L23613.

Lanari, R., Mora, O. and Manunta, M., (2004).A small-baseline approach for investigation
deformations on full-resolution differential SAR Interferograms. IEEE Transaction on
Geosciences and Remote Sensing, 42(7), 1377-1386.

Landslide Hazard,Geological Survey of India,
www.portal.gsi.gov.in/pls/.../url/.../GSI_STAT LANDSLIDE HOME

Lauknes, T.R. (2004). Long-term surface deformation mapping using small baseline
differential SAR interferogram. Master’s Thesis, Department of Physics and Technology,
University of Tromso, pp. 52.

Lauknes, T.R., Piyush Shanker, A., Dehls, J.F., Zebker, H.A., Henderson, I.H.C. and
Larsen, Y. (2010).Detailed rockslide mapping in northern Norway with small baseline and
persistent  scatterer interferometric SAR time series methods.Remote Sensing of
Environment, 114 (9), 2097-2109.

Lauknes, T.R. (2010a). Rockslide mapping in Norway by means of interferometric SAR
time series analysis. Ph.D. Thesis, Department of Physics and Technology, University of
Tromso, pp. 72.

Li, F. and Goldstein, R. (1990). Studies of multi baseline spaceborne interferometric
synthetic aperture radars. IEEE Transaction on Geoscience and Remote Sensing, 28 (1), 88—
97.

Liu, G., Buckley, S.M., Ding, X., Chen, Q. and Luo, X. (2009). Estimating spatio-temporal
ground deformation with improved persistent scatterer radar interferometry.IEEE
Transactions on Geoscience and Remote Sensing, 47(9), 3209-32109.

Liu, P., Li, Z., Hoey, T., Zhang, J., Zeng, Q. and Muller, J.P.(2013). Using advanced INSAR
time series techniques to monitor landslide movements in Badong of the Three Gorges
region, China. International Journal of Applied Earth Observation and Geoinformation, 21,
253-264.

Lyons, S. and Sandwell, D. (2003). Fault creep along the Southern San Andreas from
interferometric synthetic “aperture radar, permanent scatterers, and -stacking.Journal of
Geophysical Research, 108, B1- 2047, ETG 11.

Madsen, S.N., Zebker, H.A. and Martin, J. (1993). Topographic mapping using radar
interferometry: Processing techniques. IEEE Transaction on Geoscience and Remote
Sensing, 31 (1), 246-256.

Madsen, S.N., Martin, J.M. and Zebker, H.A. (1995).Analysis and evaluation of the
NASA/JPL TOPSAR across-track interferometric SAR system.IEEE Transaction on
Geoscience and Remote Sensing, 33 (2), 383-391.

Manfred, F.B. and Granica. (1995). SAR data as tools for geo-hazard applications.
Environmental Assessment of Geological Hazards, Hrsg. European Space Report, S. 104-
119, 3 Abb., 6 Tab.; Minchen (European Space Report), 1995.

Manfred F. B. and Sebastian W. (2007). Multi-parametric cartographic visualization of
Glacier Rheology, The Cartographic Journal, 44(4), 304-312

Manfred, F.B. (2013).Detailed-Scale mapping of soil moisture and landslide-proneness
using spaceborne sensors. International Kick-off Workshop on Advancing a Nexus
Approach, Dresden, Germany, 11-12 November, 2103

196



117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Massonnet, D. and Rabaute, T. (1993). Radar interferometry: Limits and potential. IEEE
Transactions on Geoscience and Remote Sensing, 31 (2), 455-464.

Massonnet, D., Rossi, M., Carmona, C., Adragna, F., Peltzer, G., Feigl, K., and Rabaute, T.
(1993b).The displacement field of the Landers earthquake mapped by radar
interferometry.Nature, 364, 138-142.

Massonnet, D. (1993a). Displacement fields mapped by radar interferometry.Proceedings of
the CRCM '93, Kobe, Japan, 139-145.

Massonnet, D. (1994). Giving an operational status to SAR interferometry.Proceedings of
the First Workshop on ERS-I Pilot Projects, Toledo. Spain, 379-382.

Massonnet, D. and Feigl, K.L. (1995).Satellite radar interferometric map of the coseismic
deformation field of the M=6.1 Eureka Valley, California earthquake of May 17, 1993.
Geophysical Research Letters, 22, 1541-1544.

Massonnet, D., Briole, P., and Arnaud, A. (1995a).Deflation of Mount Etna monitored by
spaceborne radar interferometry. Nature, 375, 567-570.

Massonnet, D., Holzer, T., and Vadon, H. (1997). Land subsidence caused by the East Mesa
geothermal field, California, observed using SAR interferometry. Geophysical Research
Letters, 24, 901-904.

Milillo, P., Cigna, F., Perissin, D., Salzer, J., Lundgren, P., Fielding, E., Burgmann, R.,
Biondi, F., Milillo, G. and Serio C. (2016). Structural health monitoring of engineered
structures using a space-borne synthetic aperture radar multi-temporal approach: from
cultural heritage sites to war zones. SAR Image Analysis, Modeling, and Techniques XVI,
Proceeding of SPIE, 10003, 100030N -

Millis, S.W., Ho, AN.L, Chan, EK.K, Lau, KW.K. and Sun, HW. (2008).
Instrumentation and real time monitoring of slope movement in Hong Kong. The
12"International Conference of International Association for Computer Methods and
Advances in Geomechanics (IACMAG), 1-6 October, 2008, Goa, India.

Min, H.E. and Feng, H.E.X. (2008).An InSAR baseline estimation method using Kalman
filter. Journal of Remote Sensing, 12 (1), 23-27.

Mirzaee, S., Motagh, M., Akbari, B., Wetzel, H.U. and Roessner, S.(2017). Evaluating three
INSAR time-series methods to assess creep motion, case study: Masouleh landslide in north
Iran. ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, Volume 1V-1/W1, 2017 ISPRS Hannover Workshop, 6-9 June 2017, Hannover,
Germany, 223-228.

Mittal, S. K., Singh, M., Kapur, M. and Shamshi, M. K. (2008). Design and development of
instrumentation for landslide monitoring and issue an early warning.Journal ofScientific &
Industrial Research, 67, 361-365.

Mittal, S. K., Dhingra, S. and Sardana, S. K. (2011). Analysis of data using neuro-fuzzy
approachrecorded by instrumentation networks installed at Mansa Devi (Haridwar) landslide
site.Journal ofScientific & Industrial Research, 70, 25-31.

Moccia, A. and Vetrella, S. (1992). A tethered interferometric synthetic aperture radar
(SAR) for a topographic mission. IEEE Transactions on Geoscience and Remote Sensing,
30 (1), 103-109.

Monti-Guarnieri, A., Parizzi, F., Pasquali, P., Prati, C. and Rocca, F. (1993). SAR
interferometry experiments with ERS-1. Proceedings of the International Geoscienceand
Remote Sensing Symposium, Tokyo, Japan, 991-993.

Monti-Guarnieri, A., Prati, C. and Rocca, F. (1993a).SAR interferometric quick-
look.Proceedings of the International Geoscience and Remote Sensing Symposium, Tokyo,
Japan, 988-990.

Mora, O., Mallorqui, J.J. and Duro, J. (2002). Generation of deformation maps at low
resolution using differential interferometric SAR data. Proceedings of the International
Geoscience andRemote Sensing Symposium, Westin Harbour castle, Toronto, Canada. 5,
2696-2698.

Mora, O., Mallorqui, J.J. and Broquetas, A. (2003). Linear and nonlinear terrain deformation
maps from a reduced set of interferometric SAR images. IEEE Geoscience and Remote
Sensing Letters, 3(4), 551-554.

197



135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Mora, P., Baldi, P., Casula, G., Fabris, M., Ghirotti, M., Mazzini, E. and Pesci, A.
(2003).Global Positioning Systems and digital photogrammetry for the monitoring of mass
movements: Application to the Ca’ di Malta landslide (Northern Apennines, Italy).
Engineering Geology, 68, 103-121.

Moreira, J., Schwabisch, M., Fornaro, G., Lanari, R., Bamler, R., Just, D., Steinbrecher, D.,
Breit, H., Eineder, M., Franceschetti, G., Geudtner, D. and Rinkel, H. (1995). X-SAR
interferometry: Firstresults. IEEE Transactions onGeoscience and Remote Sensing, 33 (4),
950-956.

Nagler, T., Rott, H. and Kamelger, A. (2002).Analysis of landslides in Alpine areas by
means of SAR interferometry.IEEE International Geoscience and Remote Sensing
Symposium, 24-28 June 2002, Toronto, Canada, 1, 198-200.

Naithani, A. K. (1999).The Himalayan Landslides. Employment News, 23(47), 1-2, 20-26
February, 1999.

Nautiyal, S.P. (1949). A note on the stability of certain hillsides in and around Nainital,
Uttar Pradesh. Unpublished Report of Geological Survey of India, Calcutta.

Nengwu, M., Chen, W., Li S., Zheng, M., Ping, H., Jin, Z., Wu, W. and Li, T.
(2012).Landslide monitoring by PS-InSAR along Qing river.Second International Workshop
on Earth Observation and Remote Sensing Application, June 8-11, 2012,Shanghai, China.
Necsoiu, M., McGinnis, R.'N. and Hooper, D. M. (2014). New insights on the Salmon Falls
Creek Canyon landslide complex based on geomorphological analysis and multi-temporal
satellite INSAR techniques. Landslides, 11, 1141-1153.

Nikolakopoulos, K. and Kyriou, A. (2015). Preliminary results of using Sentinel-1 SAR data
for DSM generation. European Journal of Geography, 6(3), 52—68.

Nutricato, R., Bovenga, F. and Refice, A. (2002).Optimum interpolation and resampling for
PSC identification.International Geoscience and Remote Sensing Symposium (IGARSS), 6,
3626-3628.

Oldham, R.D. (1880). Note on the Nainital Landslide 18.9.1880.Geological Survey of India,
13,277-281.

Onn, F. and Zebker, H.A. (2006). Correlation for interferometric synthetic aperture radar
atmospheric phase artifacts using time series of zenith wet delay observations from a GPS
network. Journal of Geophysical Research, 111, (B9), 102-118.

Pande, R.K. and Pande, N. (2008).Nainital:A landslide town of Uttarakhand (India).
Disaster Prevention and Management, 17 (4), 478-487.

Parcharidis 1., Foumelis M. and Kourkouli P., (2010). Slope instability monitoring by space-
borne SAR interferometry: Preliminary results from Panachaico mountain (Western
Greece), 12"International Congress, Bulletin of the Geological Society of Greece, Patras,
Perissin, D., Prati, C., Rocca, F. and Wang, T. (2009).PSInSAR analysis over the three
Gorges Dam and urban areas in China. 2009 Joint Urban Remote Sensing Event, Shanghai,
China

Perissin, D. and Wang, T. (2012).Repeat-Pass SAR Interferometry with Partially Coherent
Targets.IEEE Transactions on Geoscience and Remote Sensing, 50,271-280.

Perski, Z., Wojciechowski, T. and Borkowski, A. (2010). Persistent scatterer SAR
interferometry applications on landslides in Carpathians (Southern Poland). Acta
Geodynamicaet Geomaterialia. 3(159), 1-7.

Prati, C. and Rocca, F. (1990).Limits to the resolution of elevation maps from stereo SAR
images. International Journal of Remote Sensing, 11 (12), 2215-223.

Qin, X., Liao, M., Yang, M. & Zhang, L. (2017). Monitoring structure health of urban
bridges with advanced multi-temporal INSAR analysis. Annals of GIS, 23(4), 293-302
Rajakumar, P., Sanjeevi, S., Jayaseelan, S. and Isakkipandian, G. (2007).Landslide
susceptibility mapping in a hilly terrain using remote sensing and GIS. Journal of the Indian
Society of Remote Sensing, 35 (1), 22-33.

Ramasamy, S.M., Palanivel, K., Basha, S., Md. S.K., Muthukumar, M., Reddy, L.K,
Kumanan, C.J. and Singh, B. (2010). Geological complexities, landslide vulnerabilities and
possible mitigation, Tirumala hills, India.Slope Stability- Natural and Manmade slope vaya
education of India,(Ed).Singh, T.N., Allied Publishers, 166- 181.

198



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Rao, Y.S., Rao, K.S., Venkataraman, G., Khare, M. and Reddy, C.D. (2003). Comparison
and fusion of DEMs derived from INSAR and optical stereo techniques. Third ESA
International Workshop on ERS SAR Interferometry, Dec 1-5, Frascati, Italy.

Rao, Y.S., Venkataraman, G., Rao, K.S., and Snehmani, A. (2004). SAR Interferometry for
DEM generation and movement of Indian Glaciers. IEEE International Geoscience and
Remote Sensing Symposium, 20-24 September 2004, Anchorage, AK, 2, 1128-1131.

Rao, K.S., Naidu, M.G., Sakalley, J., Phalke, S. and Aljassar, H.K. (2005). Study of DEMs
derived from ERS-1/2 SAR and SRTM data. Journal of the Indian Society of Remote
Sensing, 33 (2), 267-276.

Raventds, J., Arroyo, M., Guerra, A.M.C., Conde A., Salva, B. and Garcia, M. (2017).The
use of INSAR data to monitor slope stability of dams and water reservoirs.85" Annual
Meeting of International Commission on Large Dams, July 3-7, 2017, Prague, Czech
Republic.

Richards, J.A. (2009). Remote Sensing with Imaging Radar.Springer Heidelberg Dordrecht,
London, 1° Edition, pp. 361.

Righini, G., Pancioli, V. and Casagli, N. (2012).Updating landslide inventory maps using
persistent scatterer interferometry (PSI).International Journal of Remote Sensing, 33(7),
2068-2096.

Rosen, P., Werner, C., Fielding, E., Hensley, S., Buckley, S., and Vincent, P. (1998).
Aseismic creep along the San Andreas Fault northwest of Parkfield, CA measured by radar
interferometry. Geophysical Research Letters, 25(6), 825-8.

Rosen, P., Hensley, S., Joughin, I.R., Li, F.K., Madsen, S.N., Rodriguez, E. and Goldstein,
R.M. (2000).Synthetic aperture radar interferometry. Proceedings of IEEE, 88 (3), 333-382.
Rott, H., Scheuchi, B., Siegel, A. and Grasemann, B. (1999). Monitoring very slow slope
movements by means of SAR interferometry: A case study from a mass waste above a
reservoir in the Otztal Alps, Austria. Geophysical Research Letters, 26 (11), 1629-1632.
Rott, H. (2004). Requirements and applications of satellite techniques for monitoring slope
instability in Alpine areas.Workshop on Risk Mitigation of Slope Instability.ltaly.

Rott, H. and Nagler, T. (2006).The contribution of radar interferometry to the assessment of
landslide hazards.Advances in Space Research, 37(4), 710—-719.

Sandwell, D.T. and Price, E.J. (1998). Phase gradient approach to stacking interferograms.
Journal of Geophysical Research, 103 (B12), 30183-30204.

Sansosti, E., Lanari, R., Fornaro, G., Franceschetti, G., Tesauro, M., Puglisi, G. and Coltelli,
M. (1999).Digital elevation model generation using ascending and decending ERS-1/ERS-2
tandem data. International Journal of Remote Sensing, 20 (8), 1527-1547.

The SAR-Guidebook. (2007). CREASO GmbH, Sarmap, SARscape®, Switzerland
(Personal Communication).

Saraf, A., & Das, J., Biswas, A., Rawat, V., Sharma, K. and Yazdana, S. (2012). SAR
interferometry in post-seismic ground deformation detection related to the 2001 Bhuj
earthquake, India. International Journal of Remote Sensing, 33,1296-1308

Sarychikhina, O., Glowacka, E., Mellors, R. and Vidal, F.S. (2011). Land subsidence in the
Cerro Prieto Geothermal Field, Baja California, Mexico, from 1994 to 2005: An integrated
analysis of DInSAR, leveling and geological data. Journal of Volcanology and Geothermal
Research, 204(1-4), 76-90.

Satyabala, S. P. and Bilham. R. (2006). Surface deformation and subsurface slip of the
28"March 1999 Mw=6.4 west Himalayan Chamoli earthquake from InSAR
analysis.Geophysical Research Letters,33, L23305.

Satyabala, S. P. (2016). Spatiotemporal variations in surface velocity of the Gangotri
glacier, Garhwal Himalaya, India: Study using synthetic aperture radar data.Remote Sensing
of Environment, 181,151-161.

Sawvaidis, P.D. (2003).Existing landslide monitoring systems and techniques. Engineering
Geology, 68, 242-258.

Scharroo, R. and Visser, P. (1998). Precise orbit determination and gravity field
improvement for the ERS satellites. Journal of Geophysical Research, 103(C4), 8113-8127.

199


http://www.springerlink.com/content/?Author=K.+S.+Rao
http://www.springerlink.com/content/?Author=Manisha+G.+Naidu
http://www.springerlink.com/content/?Author=Jyoti+Sakalley
http://www.springerlink.com/content/?Author=Santosh+Phalke
http://www.springerlink.com/content/?Author=H.+K.+Aljassar

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Schmidt, D. A. and Burgman, R. (2003).Time-dependent land uplift and subsidence in the
Santa Clara valley, California, from a large interferometric, synthetic aperture radar
dataset.Journal of Geophysical Research, 108 (B9), 8534-8543.

Shah, P.N., Uniyal, A.,Goswami, P.K., Kumar, V., Jadaun, S.P.S. and Chandra, R. (2012).
Landslide hazard zonation and management in parts of Nainital and Almora Districts of
Kumaun Himalaya using remote sensing and GIS techniques. Indian Landslides, 5(1), 23-
34.

Shanker, P. and Zebker, H. (2007).Persistent scatterer selection using maximum likelihood
estimation.Geophysical Research Letters, 34, L22301.

Shiping, S. (2000).DEM  generation using ERS-1/2 interferometric SAR
data.Photogrammetry and Remote Sensing, XXXIII (B4), 963-970.

Singh, K., Stussi, N., Keong, K.L. and Hock, L. (1997).Baseline estimation in
interferometric SAR.Proceedings of the International Geoscience and Remote Sensing
Symposium, Singapore, 454-456.

Singh, L. P., Van Westen, C. J., Champati, P. K. and Pasquali, P., (2005). Accuracy
assessment of INSAR derived input maps for landslide susceptibility analysis: A case study
from the Swiss Alps. Landslides, 2005, 2, 221-228.

Singhroy, V. and Molch K. (2004).Characterizing and Monitoring Rockslides from SAR
Techniques. Advances in Space Research, 33, 290-295.

Skolnik, M. L. (2001). Introduction to radar systems. Third Edn. 1221. Avenue of the
Americas, New York, NY 10020: Tata McGraw-Hill.

Small, D., Werner, C. L. and Ndesch, D. (1993).Baseline modelling for ERS- SAR
Interferometry.Proceedings of the International Geoscience and Remote Sensing
Symposium,Tokyo, Japan, vol-3, 1204-1206.

Small, D. (1998).Generation of digital elevation models through spaceborne SAR
Interferometry. Ph.D. Thesis, Remote Sensing Laboratories, Department of Geography,
University of Zurich.

Squarzoni, C., Delacourt, C. and Allemand, P. (2003). Nine years of spatial and temporal
evolution of the La Valette landslide observed by SAR interferometry. Engineering
Geology, 68, 53-66.

Srivastava, A.K. (1967). Third progress report on the stability of hill slopes around
Nainital.Report of Geological Survey of India, Calcutta.

Srivastava, H. S., Patel, P., Manchanda, M. L. and Adiga, S. (2003).Use of multi-incidence
angle RADARSAT-1 SAR data to incorporate the effect of surface roughness in soil
moisture estimation.|EEE Transactions on Geoscience and Remote Sensing, 41(7), 1638-
1640.

Srivastava, H. S., Patel, P., Sharma, Y. and Navalgund, R. (2009). Large-area soil moisture
estimation using multi-incidence-angle RADARSAT-1 SAR data. IEEE Transactions on
Geoscience and Remote Sensing, 47(8), 2528-2535.

Strozzi, T. and Wegmuller, U. (1999). Land subsidence in Mexico citymapped by ERS
differential SAR interferometry. Proceedings of the International Geoscience and Remote
Sensing Symposium, Hamburg, Germany, 4, 1940-1942.

Teleaga, D., Poncos, V. and Lichtenegger, J.,(2009). DINSAR applications for deformation
monitoring. Proc. ‘Fringe 2009 Workshop’, Frascati, Italy, 30 November - 4 December
2009.

Tobita, M., Murakami, M., Nakagawa, H., Yarai, H., Fujiwara, S. and Rosen, P.A. (2001).
3-D surface deformation of the 2000 Usu eruption measured by matching of SAR
images.Geophysical Research Letters, 28(22), 4291-4294.

Tokunaga, K. (1998). DEM generation Using JERS-1 SAR Interferometry.lAPRS
Commission 1V Symposium on GIS-Between Visions and Applications, Stuttgart, Germany,
32(4), 625-628.

Tong, X. and Schmidt, D. (2016).Active movement of the cascade landslide complex in
Washington from a coherence-based InSAR time series method.Remote Sensing of
Environment, 186 (2016) 405-415.

200



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Ulaby, T., Moore, R.K. and Fung, A.K. (1982). Microwave Remote Sensing.Volume-II,
Addison-Wesley.

Ulander, L. M. H., Dammert, P. B. G. and Hagberg, J. O. (1995). Measuring tree height
using ERS-I SAR interferometry. Proceedings of the International Geoscience and Remote
Sensing Symposium, Florence, Italy, 2189-2191.

Usai, S. and Klees, R. (1999). SAR interferometry on very long time scale: A study of the
interferometric characteristics of man-made features. IEEE Transaction on Geoscience and
Remote Sensing, 37 (4), 2118-2123.

Usai, S. (2003).A least-squares database approach for SAR interferometric data.lEEE
Transaction on Geoscience and Remote Sensing, 41 (4), 753-760.

Hagberg, J. O. and Ulander, L. M. H. (1993).0n the optimization of interferometric SAR for
topographic mapping.IEEE Transactions on Geoscience and Remote Sensing, 31 (1), 303-
306.

Valdiya, K.S. (1988). Geology and Natural Environment of Nainital Hills, Kumaun
Himalaya. Gyanodaya Prakashan, Nainital

Vietmeier, J., Wagner, W. and Dikau, R. (1999). Monitoring moderate slope movements
(landslides) in the southern French Alps using differential SAR interferometry. Proceedings
of 2" International Workshop on ERS SAR Interferometry, FRINGE99, Liege, Belgium,
1999.

Vyas, S.P. and Steven, M.D. (1995). ERS-1 SAR for leaf area index (LAI) prediction.
Proceeding of Remote Sensing Society One Day Student Meeting, 29"March 1995, Dept. of
Geography, University of Leicester, UK, 146-152.

Vyas, S.P., Steven, M.D., Xu, H., Milnes, M. and Jaggard, K.W. (1995a). ERS-1 SAR for
sugar beet yield prediction. Proceeding of Second ERS Applications Workshop, London,
UK, 403-405.

Vyas, S.P., Steven, M.D. and Jaggard, K.W. (1996). Comparison of SPOT and SAR
estimates of canopy cover in sugar beet. Proceedings of the 22"Annual Conference of the
Remote Sensing Society, 11-14 September, Durham, UK, 614-622.

Wackernagel, H. (1998). Multivariate Geostatistics: An Introduction with Applications. 2nd
Edition, Springer, Berlin, 291 p.

Wasowski , J., Casarano, D., Lamanna, C., Bovenga, F., Berardino, P., Manzo, M., Pepe, A.,
Zeni, G. and Lanari, R. (2007).A comparative analysis of DINSAR results achieved by the
SBAS and SPINUA techniques: The Maratea valley case study, ltaly.Proc. ‘ENVISAT
Symposium 2007°, Montreux, Switzerland23-27 April 2007.

Wegmuller, Urs. and Werner, C. L. (1995). Farmland monitoring with SAR
interferometry.Proceedings of the International Geoscience and @ Remote Sensing
Symposium, Florence, Italy, 544-546.

Wegmuller, Urs., and Werner, C. (1997). Gamma SAR processor and interferometry
software.Third ERS Scientific Symposium, 17-21 March 1997, Florence, Italy, 1687-1692.
Wegmuller, Urs., Werner, C., Strozzi, T. and Wiesmann, A. (2005). ERS-ASAR integration
in the interferometric point target analysis.Proceedings of Fringe 2005 Workshop, ESA-
ESRIN, 28 November—2 December, 2005, Frascati.

Wegmuller, Urs, Werner, C., Strozzi, T., and Raetzo, H. (2008).Slope stability monitoring
using space-borne repeat pass SAR interferometry, 13"FIG Symposium on Deformation
Measurement and Analysis, May 12-15, 2008, Lisbon.

Wegmuller, Urs., Santoro, M., Werner, C., Strozzi, T., Wiesmann, A. and Lengert, W.
(2009). DEM generation using ERS-ENVISAT interferometry.Journal of Applied
Geophysics, 69 (1), 51-58.

Werner, C., Wegmduller, Urs., Strozzi, T. and Wiesmann, A. (2003). Interferometric point
target analysis for deformation mapping.Proceedings of the International Geoscience and
Remote Sensing Symposium, Toulouse, France, 7, 4362-4364.

Werner, C., Wegmiiller, Urs., Wiesmann, A. and Strozzi, T. (2003a). Interferometric point
target analysis with JERS-1 L-band SAR data.Proceedings of the International Geoscience
and Remote Sensing Symposium, Toulouse, France, 7, 4359-4361.

201



213.

214.

215.

216.

217.

218.

2109.

220.

221.

222.

223.

Williams, S., Bock, Y., Fang, P. (1998). Integrated satellite interferometry: tropospheric
noise, GPS estimates and implications for interferometric synthetic aperture radar products.
Journal of Geophysics Research, 103.

Wright, P. and Stow, R. (1999).Detecting mining subsidence from space.International
Journal of Remote Sensing, 20 (6), 1183-1188.

Xiang, Z., Wang, K. and Liu, X. (2009).A model-spectrum-based flattening algorithm for
airborne single pass SAR interferometry.IEEE Geoscience and Remote Sensing Letters, 6
(2), 307-311.

Zebker, H. A. and Goldstein, R. M. (1986).Topographic mapping from interferometry
synthetic aperture radar observations.Journal of Geophysical Research, 91 (B5), 4993-4999.
Zebker, H. A., Madsen, S. N., Martin, J., Wheeler, K. B., Miller, T., Lou, Y.,
Alberti.G.,Vetrella, S. and Cucci, A. (1992).The TOPSAR interferometric radar topographic
mapping instrument. IEEE Transactions on Geoscience and Remote Sensing, 30 (5),933-
939.

Zebker, H. A., and Villasenor, J. (1992).Topographic mapping from ERS-I and SEASAT
radar interferometry.Proceedings of the International Geoscience andRemote Sensing
Symposium, Houston, Texas, 387-388.

Zebker, H. A., Werner. C. L., Rosen, P. A. and Hensley, S. (1994b). Accuracy of
topographic maps derived from ERS-I interferometric radar. IEEE Transactions on
Geoscience and Remote Sensing, 32 (4), 823-836.

Zebker, H. A., Rosen, P. A., Goldstein, R. M., Gabrier, A. and Werner, C. L. (1994a). On
the derivation of coseismic displacement fields using differential radar interferometry: The
Landers earthquake. Journal of Geophysical Research, 99 (B10), 19617-19634.

Zebker, H.A., Rosen, P.A. and Hensley, S. (1997). Atmospheric effects in interferometric
synthetic aperture radar surface deformation and topographic maps. Journal of Geophysical
Research, 102 (B4), 7547-7563.

Zhang, L., Ding, X. and Lu, Z. (2011). Ground settlement monitoring based on temporarily
coherent points between two SAR acquisitions. ISPRS Journal of Photogrammetry and
Remote Sensing, 66(1), 146-152.

Zhang, L., Ding, X. and Lu, Z. (2011a). Modeling PSINSAR Time Series without phase
unwrapping. IEEE Transaction on Geoscience and Remote Sensing, 49(1), 547-556.

202



	Synopsys
	SYNOPSIS
	Submitted in partial fulfilment of the

	requirements for the award of the degree
	DOCTOR OF PHILOSOPHY

	by
	MANOJ KURI
	CENTRE OF EXCELLENCE IN DISASTER MITIGATION AND MANAGEMENT
	INDIAN INSTITUTE OF TECHNOLOGY ROORKEE


	Bibliography
	158. Raventós, J., Arroyo, M., Guerra, A.M.C., Conde A., Salva, B. and Garcia, M. (2017).The use of InSAR data to monitor slope stability of dams and water reservoirs.85th Annual Meeting of International Commission on Large Dams, July 3–7, 2017, Pragu...
	160. Righini, G., Pancioli, V. and Casagli, N. (2012).Updating landslide inventory maps using persistent scatterer interferometry (PSI).International Journal of Remote Sensing, 33(7), 2068–2096.




