
A low-cost passive corner reflector design for SAR and InSAR applications

S. Azadnejad a,*, A. Trafford a,b, F. O'Loughlin a,b, E.P. Holohan b,c, B. Dashwood d, A. White d,  
J. Chambers d, S. Donohue a,b

a UCD School of Civil Engineering, University College Dublin, Dublin, Ireland
b SFI Research Centre in Applied Geosciences (iCRAG), University College Dublin, Dublin, Ireland
c UCD School of Earth Sciences, University College Dublin, Dublin, Ireland
d British Geological Survey, Keyworth, United Kingdom

A R T I C L E  I N F O

Edited by Jing M. Chen

Keywords:
SAR
InSAR
Landslide
Corner reflectors
Low-cost materials

A B S T R A C T

Passive corner reflectors, made typically of metal plates, are widely used as point targets in synthetic aperture 
radar (SAR) and SAR interferometry (InSAR) applications. Drawbacks of such corner reflectors include: (i) high 
cost, especially when many reflectors are required for monitoring purposes; (ii) creation of localised ground 
motion in soft or unstable soils; and (iii) attractiveness for thieves. We tested several lower-cost and lighter 
weight materials for making corner reflectors. A cubic trihedral corner reflector, made of 2 mm thick aluminium 
plates, served as a standard. It was compared to corner reflectors built from 10 mm thick multiwall poly
carbonate sheets covered with: (a) nothing; (b) c. 0.1 mm thick aluminium tape; or (c) aluminium-bearing 
metallic paint. In Sentinel-1 SAR backscatter imagery, the corner reflectors made of aluminium and poly
carbonate sheets covered with aluminium tape (PC-AT) were equally visible. In contrast, the plain polycarbonate 
sheet and the polycarbonate sheet with aluminium paint were invisible. Scanning electron microscope (SEM) 
analysis of tape microstructure showed a well-distributed and dense layer of aluminium particles, which provides 
good dielectric response and high visibility in SAR imagery. Furthermore, a PC-AT corner reflector installed on 
an active landslide site yielded not only highly coherent pixels, but also displacement time series that were 
closely correlated with temporal variations of in-situ ground properties, such as soil moisture and matric suction. 
In terms of material cost and weight, the PC-AT corner reflector is approximately 94% cheaper and 71% lighter 
than the aluminium corner reflector, based on current market prices in Ireland. These low-cost, light-weight PC- 
AT corner reflectors are thus suitable for operational use in SAR- and InSAR-based monitoring.

1. Introduction

Corner reflectors are artificial installations at specific locations that 
reflect radar or other electromagnetic waves towards their emission 
source (Xia et al., 2022; Sarabandi and Chiu, 1996; Van Zyl and Jakob., 
1990). There are two types of corner reflector: passive Corner reflectors, 
which lack electronics, and active Corner reflectors, so-called electronic 
CR (ECR) or compact transponders (CAT), which have electronic parts to 
amplify the incoming signals before being transmitted (Volakis and 
Volakis, 2007).

The use of corner reflectors was first aimed at the calibration of 
synthetic aperture radar (SAR) systems (Sarabandi and Chiu, 1996; 
Spencer, 1944; Van Zyl and Jakob., 1990). Corner reflectors have a high 
and stable radar cross section (RCS) and a well-defined scattering centre. 
Consequently, they are easily detectable in the image, which makes 

them suitable for SAR radiometric (Huang et al., 2022; Mishra et al., 
2014; Schwerdt et al., 2017), geometric (Esposito et al., 2019; Gisinger 
et al., 2020; Jiao et al., 2023; Yang et al., 2020), and polarimetric 
calibration (Kumar et al., 2022; Tan and Hong, 2016; S. Wang et al., 
2020).

Corner reflectors and transponders are also used for SAR interfer
ometry (InSAR) datum connection and geodetic integration (Collilieux 
et al., 2022; Czikhardt et al., 2021; Gruber et al., 2022; Kalia et al., 2017; 
P. Mahapatra et al., 2018; Papco et al., 2024). InSAR datum connection 
is a process to transform spatially-relative InSAR displacement estimates 
(local datum) to a standard terrestrial reference frame (global datum) (P. 
Mahapatra et al., 2018). Corner reflectors or transponders have been 
integrated with Global Navigation Satellite System (GNSS) antennas to 
provide precise, absolute positioning in the global reference frame (P. 
Mahapatra et al., 2018). Corner reflectors are commonly used as point 
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targets in the monitoring of ground motion by Time-series InSAR (TS- 
InSAR) techniques (Ferretti et al., 2007; Qin et al., 2013; Talib et al., 
2022). Such techniques provide a time-series of ground motion at mm- 
scale precision from a set of SAR images, and are widely used in 
various environmental monitoring applications (Saeed Azadnejad et al., 
2024; Fu et al., 2025; Hrysiewicz et al., 2024; S. Zhao et al., 2024; C. 
Zhou et al., 2025). However, their use is challenging in areas of low 
interferometric coherence, which may be characterised by dense vege
tation, snow, or glaciers (S Azadnejad et al., 2020; Michele Crosetto 
et al., 2016). One response to this challenge is to use computational 
approaches to increase the density of coherent points in InSAR analysis 
(S Azadnejad et al., 2023; S Azadnejad et al., 2025; Navneet et al., 2017; 
Y. Zhang et al., 2022). Another response is to deploy corner reflectors as 
artificial coherent scatters to obtain more localised but potentially more 
reliable measurement points (Darvishi et al., 2018; Friedt, 2024).

Corner reflectors have been already installed and tested places for 
different InSAR applications such as monitoring slope stability and 
landslide motion (Bovenga et al., 2017; M Crosetto et al., 2013; Guido 
Luzi et al., 2022; Schlögel et al., 2017; Shi et al., 2015; Singleton et al., 
2014; Xia et al., 2022), tracking glacier flow and stability of snow 
covered sites (Friedt, 2024; Jauvin et al., 2019; Kaushik et al., 2022; G 
Luzi et al., 2020; Qiao et al., 2024), subsidence of mining areas (Gama 
et al., 2017; Pawłuszek-Filipiak et al., 2023; X.-m. Xing et al., 2013), 
highways and railways (Kelevitz et al., 2022a; X. Xing et al., 2018; X.M. 
Xing et al., 2016; Zhu, 2011) and other processes causing ground motion 
(Boukhemacha et al., 2021; Dheenathayalan et al., 2017; Rohmer et al., 
2015; Talib et al., 2022; Xu Wang et al., 2024).

Passive corner reflectors are usually made of aluminium plates, with 
a large size with respect to radar wavelength (Doerry and Brock, 2009; 
Guido Luzi et al., 2022). For example, a triangular trihedral corner 
reflector should typically have an inner leg length of at least 1.5 m in 
order to be visible across the SAR frequency spectrum (X-, C-, and L- 
band) (Garthwaite, 2017). One significant drawback of using metal 
corner reflectors for InSAR applications is their high cost, especially 
when a large number of reflectors are required for monitoring purposes 
(Guido Luzi et al., 2022; Guido Luzi et al., 2021). In addition, heavy and 
bulky corner reflectors can cause localised ground motion, particularly 
in soft or unstable soils (Garthwaite, 2017; Jauvin et al., 2019). More
over, metal corner reflectors are attractive targets for metal thieves, as 
they are often deployed in remote places and are difficult to secure.

Active transponders and electronic corner reflectors, with their 
compact and lightweight design, provide an effective solution to the size 
and weight challenges of passive metal corner reflectors (P.S. Mahapatra 
et al., 2013). However, due to the need for electronics, amplification, 
and power supply, they are generally more costly than passive corner 
reflectors (Garthwaite, 2017; Guido Luzi et al., 2021; P.S. Mahapatra 
et al., 2013). Despite some efforts to develop low-cost active corner 
reflectors, their price is still too high compared to passive corner re
flectors (Guido Luzi et al., 2022; Guido Luzi et al., 2021; Guido Luzi 
et al., 2025).

In recent years, there have also been attempts to propose solutions to 
address the limitation of heavy and bulky passive metal corner re
flectors. For instance,(Dheenathayalan et al., 2017) explored the use of 
small corner reflectors. They recommended the installation of a set of 
such CRs (c. 30 cm) in a pattern (like an arrow, for example) over an area 
of several 100 m2 to enable their identification in the images. Signal 
processing techniques were also applied to improve the signal quality. 
However, the use of small corner reflectors presents several challenges: 
(i) their low signal-to-clutter ratio (SCR) would limit their applicability 
for medium-resolution SAR images from missions like Sentinel-1, (ii) the 
requirement to install multiple corner reflectors in a structured 
arrangement increases costs and labour for fabrication and deployment, 
and (iii) their deployment in specific patterns to enhance visibility may 
not always be practical in real-world applications.

To reduce material usage, researchers have proposed simplified 
aluminium corner reflector designs, such as triangular trihedral, 

trimmed square and rectangular and small semi-circular dihedral corner 
reflectors (Li et al., 2012; Guido Luzi et al., 2022; Qi et al., 2025; Xia 
et al., 2022). While these designs partially address the drawbacks of 
heavy and bulky corner reflectors, but their reduced size limits effec
tiveness for medium-resolution imaging. In addition, the high cost of 
aluminium still remains a barrier for large-scale deployment.

Therefore, a compromise solution needs to be taken for operational 
monitoring. The main objective of this paper is to investigate the use of 
alternative materials – multiwall polycarbonate sheets with various 
coatings - for making large, lightweight and cost-effective passive corner 
reflectors. In this regard, the visibility and backscattering properties of 
such materials when constructed into a corner reflector are assessed by 
using Sentinel-1C-band SAR images. To investigate its role on radar 
reflectivity, the microstructure of these materials was analysed using a 
scanning electron microscope (SEM). Field assessment of corner 
reflector performance was carried out at initially at a stable ground 
control site and subsequently at a site with known ground movement 
issues. Ultimately, we show that corner reflectors made of multiwall 
polycarbonate sheets with aluminium tape perform as well as corner 
reflectors made of aluminium metal plates, and so represent a viable 
low-cost, low weight design for operational InSAR-based ground motion 
monitoring.

2. Materials and methods

2.1. Design and development of corner reflectors

A cubic trihedral corner reflector was designed and assembled to 
carry out our analysis and investigations (Fig. 1a). The overall structure 
of this corner reflector is inspired by (Czikhardt et al., 2021). The design 
of our corner reflector consists of three plates set orthogonal to each 
other; two lower plates measure 1500 × 750 mm and a third plate sitting 
half-way along these plates and at right angles to them measures 750 
mm × 750 mm. Once orientated correctly in the field, this corner 
reflector design works for both ascending (east-north-east looking) and 
descending (west-southwest looking) satellite orbits.

Corner reflectors are typically mounted on concrete pillars that are 
anchored into the ground (Czikhardt et al., 2021; Friedt, 2024; Yu et al., 
2013). However, high levels of labour and cost are needed for such 
installation approaches. In this study, a simple method for deploying 
corner reflectors is proposed, where our corner reflector is attached to a 
four-legged supporting frame (Fig. 1b) that is driven into the ground.

2.2. Corner reflectors materials

A corner reflector made of 2-mm-thick aluminium plates serves as a 
baseline for our analysis (Fig. 2a). It is compared to corner reflectors 
built from (a) 10 mm thick multiwall polycarbonate sheets (Fig. 2b), (b) 
multiwall polycarbonate sheets covered by c. 0.1 mm thick aluminium 
tape (Fig. 2c), and (c) multiwall polycarbonate sheets coated with 
metallic paint layer approximately 1 mm thick (Fig. 2d). For simplicity, 
the corner reflectors are referred to in terms of their materials as 
Aluminium (AL), PolyCarbonate (PC), PolyCarbonate sheets covered 
with Aluminium Tape (PC-AT), and PolyCarbonate sheets coated with 
Aluminium Paint (PC-AP) throughout the remainder of the paper.

When comparing materials based on cost per square metre, it was 
found that polycarbonate was roughly 94% cheaper than aluminium in 
terms of material cost per square metre. In addition, polycarbonate is 
significantly lighter, weighing about 1.5 kg/m2 compared to alumin
ium's 5.4 kg/m2—making it approximately 71% lighter. It is important 
to note that the relative price of aluminium and polycarbonate may vary 
by location and over time, and the comparison presented here corre
sponds to market rates in Ireland at the time of submission.
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2.3. On-site installation of corner reflectors

2.3.1. Stable site – UCD rosemount
To assess their SAR response, corner reflectors made of different 

materials were set up at a low SAR reflectivity site - the Rosemount 
Environmental Research Station at University College Dublin (Fig. 3b). 
The corner reflector was fixed to the four-legged support frame using 
screws. Each leg of the frame was driven 30 cm into the ground by 
hammering, and the frame was levelled after installation. The frame was 
set at 1 m above ground level to minimise unwanted ground reflections 
(Fig. 3c). The corner reflector and frame were orientated east-west, such 
that the middle upright plate was aligned north-south (Fig. 3d). The 
same frame was used for all corner reflectors (Fig. 3d-g).

2.3.2. Unstable site – Hollin Hill
After testing the visibility and response of the corner reflectors in 

Sentinel-1 images of a stable area, one AL corner reflector and one PC- 
AT corner reflector (i.e. one of each) were installed at the Hollin Hill 
Landslide Observatory (Fig. 4). This landslide site is located between 
longitudes 0.962◦ - 0.958◦W and latitudes 54.1100◦ - 54.115◦N, about 2 
km southeast of the village of Terrington in North Yorkshire in the UK 
(Fig. 4b). The Hollin Hill site has been used as a landslide research site 
for testing a range of geophysical characterisation and monitoring 
methods for more than twenty years (Chambers et al., 2011; Uhlemann 
et al., 2017; Wacquier et al., 2021). The hillside has a slope angle of 
c.12◦, with landslides extending for many hundreds of metres along the 
valley; the distance between the top of the slope and the valley floor is 
approximately 200 m (see Fig. 4c, d). The style of movement transitions 

from rotational sliding, which forms a set of arcuate headwall scarps at 
the upper end, through to translational sliding in the mid-section and 
finally to a set of four slump-like lobes at its toe. Failure occurs within a 
20–30 m thick, formation of fissile mudstone and siltstone (the Whitby 
Mudstone Formation of Jurassic age), which gently dips to the North, 
and outcrops through the centre of the landslide area (Chambers et al., 
2008; Jenkins et al., 2006).

The study area has pockets of dense vegetation within fenced en
closures, which presents a challenge for InSAR analysis due to the lack of 
natural coherent pixels. To overcome this, six square trihedral corner 
reflectors made of three orthogonal but trimmed aluminium plates, each 
with 0.7 m edge length and a thickness of 3 mm, were previously 
installed by the British Geological Survey (BGS) in July 2019 to monitor 
ground motions related to the landslide and to ground settlement (see 
Fig. 4b, e, f) (Kelevitz et al., 2022b). They were all orientated towards 
the ascending satellite viewing geometry.

To avoid interference between the previously-installed and newly- 
installed corner reflectors, our corner reflectors (the AL and PC-AT – 
installed 12-05-2024) were located several 10s of metres to the east of 
the pre-existing corner reflector array (see Fig. 4b, g, i). The same 
installation procedure as the UCD Rosemount site was followed. The legs 
of the frame housing the corner reflector were driven c. 300 mm into the 
ground. Drainage holes (5 mm diameter) were drilled into the bases of 
the corner reflectors to prevent the build-up of water during heavy 
rainfall.

At both corner reflector locations, soil moisture sensors and matric 
suction sensors (Fig. 4h) were installed at the same date (12-05-2024) in 
the shallow subsurface to support interpretation of the derived ground 

Fig. 1. 3D schematic of the corner reflector design. The design comprises: (a) the orthogonal plates, (b) the four-legged supporting frame.

Fig. 2. Images of corner reflectors of various materials as tested in this study. The prototype corner reflectors were made of (a) aluminium plates, (b) multiwall 
polycarbonate sheets, (c) multiwall polycarbonate sheets covered by aluminium tape, or (d) multiwall polycarbonate sheets coated with aluminium paint.

S. Azadnejad et al.                                                                                                                                                                                                                             Remote Sensing of Environment 338 (2026) 115372 

3 



motion time-series from InSAR analysis. A METER Group Terros 12 soil 
moisture sensor was paired with a METER Group Terros 21 soil water 
potential (matric suction) sensor, and both were installed at 0.5 m below 
ground level at each location. A second pair of soil moisture and matric 
suction sensors was installed at 1 m below ground level at each location. 
Both sensor types also record soil temperature at each of these depths. 
The sensor data were used to assess changes in soil properties at these 
depth levels that may affect the ground movement – e.g. due to 
shrinking and swelling of the clay soils.

2.4. Radar cross section of corner reflectors

The Radar Cross Section (RCS) is a measure of a target's ability to 
reflect radar signals towards a radar system (Graham and Harris, 2003). 
It is influenced by different factors such as the physical properties of the 
target (e.g., size, geometry, and material properties) and the radar sys
tem's characteristics (e.g., incidence angle, frequency, and polarization) 
(Ullah et al., 2024).

Corner reflectors should have dominant and insensitive RCS 
compared to the surrounding environment. The expected RCS value of 
corner reflectors of different shapes can be simulated analytically by 
using the formulas listed in Table 1, assuming they are made of metal 
(Qin et al., 2013).

For example, in our case, the expected RCS of a metal square trihe
dral, with an inner length of L = 0.75 m, in Sentinel-1 images with 
λ=0.056 m, is 3803.646 m2, equivalent to 35.8 dBm2 in logarithmic 
measure (i.e., 10log10).

2.5. SAR and InSAR processing

2.5.1. SAR intensity processing
Essential InSAR pre-processing steps, which include co-registration, 

merging, geocoding and cropping, are carried out using the InSAR Sci
entific Computing Environment (ISCE) software package on Sentinel-1 
SLC data. The Sentinel-1 tracks covering the UCD Rosemount and Hol
lin Hill test sites are shown in Fig. 3 and Fig. 4, respectively.

The Sigma Nought (σ◦ ) and Beta Nought (β◦ ) backscattering co
efficients are calculated from the pre-processed SLC images as follows 
(Miranda et al., 2015): 

σ◦ =
|DN|

2

Aσ
2 (1) 

β◦ =
|DN|

2

Aβ
2 (2) 

where DN is digital number or amplitude of the pixel. In the case of SLC 
data, amplitude of the pixel is defined as DN =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
I2 + Q2

√
, where I and Q 

are the real and imaginary parts of the backscattered complex signal 
respectively. Aβ and Aβ are calibration factors that are usually given in 
metadata of SAR imagery products in Single Look Complex (SLC) 
format.

The measured RCS coefficient is then estimated from the Beta 
Nought images using the ‘Peak’ estimation method as follows (Czikhardt 
et al., 2021; Gray et al., 2002; Ulander, 1991): 

Fig. 3. Overview of SAR satellite imaging geometry and corner reflector installation at the stable UCD Rosemount test site. (a) Footprints of ascending (paths 1 and 
103) and descending (paths 23 and 125) Sentinel-1 images that cover the location of CR (marked with a yellow triangle). θ is the local incidence angle. (b) Close-up 
view of the control site in Rosemount Environmental Research Station, University College Dublin, where the CRs were installed and tested. (c) A four-legged table 
was anchored into the ground and levelled horizontally at a height of 1 m above the ground. (d) The AL corner reflector was installed on 28-11-2023. (e) The PC 
corner reflector was installed on 02-02-2024. (f) The PC-AT corner reflector was installed on 13-02-2024. (g) The PC-AP corner reflector was installed on 08-03-2024. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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RCS ≈ β◦ ×ΔazΔr (3) 

where Δaz and Δr are the azimuth and slant range pixel resolutions 
respectively.

The measured RCS of corner reflectors may vary from the ideal 
(theoretical) value due to unavoidable inherent fabrication errors. 
Comparing the observed RCS with the theoretical RCS is thus important 
for validating the performance of deployed corner reflectors under real- 
world conditions.

2.5.2. InSAR processing
The overall process workflow, including InSAR preprocessing and 

InSAR time series analysis, is shown in Fig. 5. All SLC images were 
coregistered and resampled to a common reference image using the 
ISCE. The coregistered SLCs are loaded into the Miami Phase Linking 
software in Python (MiaplPy (Mirzaee and Amelung, 2022)) package to 
generate the input format of SARvey software, an open-source InSAR 
package for local-scale ground motion detection (Piter et al., 2024). The 
SARvey is then applied to perform InSAR time series analysis. 

Fig. 4. Overview of SAR satellite imaging geometry and corner reflector installation at the unstable Hollin Hill test site. (a) Footprints of ascending (paths 59 and 
132) and descending (paths 81 and 154) Sentinel-1 images over Hollin Hill landslide observatory (marked with a black triangle). (b) High resolution (10 cm) 
orthophoto (RGB) image of the Hollin Hill test site derived based on data acquired during the 06 July 2024 campaign. The blue triangles show the locations of six 
corner reflectors installed in July 2019 by British Geological Survey (BGS). The red triangles indicate the location of the AL and the PO-AT corner reflectors installed 
on 12-05-2024. (c) Digital Surface Model (DSM) of the Hollin Hill test site derived based on data acquired during the 06 July 2024 campaign. The DSM data was 
generated by BGS from drone-based LiDAR surveys using a DJI Zenmuse L1 sensor mounted on a DJI Matrice 300 RTK platform. (d) Profile of elevation along the 
specific section of the landslide, indicated by the white arrow in (c). (e) and (f) are example pictures of the BGS corner reflectors. (g) Indicates a photo of the AL 
corner reflector (h) Soil moisture and soil suction measurements are noted using ZL6 Data logger attached to each corner reflector. (i) Depicts a photo of the PO-AT 
corner reflector. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Interferograms are generated based on a small temporal baseline 
network. A set of first-order points were selected based on the temporal 
phase coherence approach (F. Zhao and Mallorqui, 2019), with a tem
poral coherence higher than 0.9. Potential outliers among the first-order 
points are identified and removed based on temporal unwrapping 
coherence within the spatial network (Piter et al., 2024). Phase 
unwrapping in time and space was carried out on the first-order points 
(Bioucas-Dias and Valadao, 2007; Boykov and Kolmogorov, 2004). The 
interferogram network is inverted to retrieve the displacement time 
series of the first-order points. The atmospheric phase screen (APS) is 
estimated from the displacement time series of the first-order points. A 
second-order points are also selected during this step based on a lower 
threshold (here defined as 0.8) on the temporal phase coherence 
computed for the selection of the first-order points. The estimated APS is 
interpolated to the location of the second-order points. The second-order 
points are added to the first-order points to densify the final set of points. 
The displacement time series are finally retrieved by unwrapping phases 
of the final set of points (Piter et al., 2024).

Independent displacement time series of the ascending and 
descending datasets are combined to derive vertical (up–down) and 
horizontal (east–west) components of ground motion. InSAR phase ob
servations represent the projection of the 3-D displacement vector onto 
the radar line-of-sight (LoS) direction (Hanssen, 2001). This projection, 
dLoS, in a Cartesian east, north, up coordinate system is defined as 
(Hanssen, 2001): 

dLoS = [sinθsinα sinθcosα cosθ ] dENU (4) 

where dENU = [dedndu]
Tis the 3D displacement vector in east, north, and 

up direction, respectively. θ and α are the local incidence angle and local 
azimuth angle.

A decomposition of the LoS displacement vector into three orthog
onal directions would require at least three independent LoS observa
tions from significantly different viewing geometries (Brouwer and 
Hanssen, 2023; Qi et al., 2025). When only two LoS observation sets (i. 
e., ascending and descending) are available, this problem is typically 
handled under the assumption of negligible north-south motions 
(Fuhrmann and Garthwaite, 2019; Hanssen, 2001; Pepe et al., 2016). 
Therefore, this problem can be simplified as follows (Czikhardt et al., 
2021; Ketelaar, 2009): 

[
dasc
ddsc

]

= A.
[

du
de

]

;A =

[
cosθasc sinθascsinαasc
cosθdsc − sinθdscsinαdsc

]

(5) 

3. Results and discussion

3.1. Visibility and RCS of corner reflectors in Sentinel-1 backscatter 
intensity imagery

The first experiment was to visually check the Sentinel-1 SAR in
tensity images to see if the corner reflectors could be identified (Fig. 6
and Fig. 7). As shown in Fig. 3, the first (AL) and the last (PC-AP) corner 
reflector types were installed at the UCD control site on 28-11-2023 and 
08-03-2024, respectively. Sentinel-1 images, in ascending (paths 1 and 
103) and descending (paths 23 and 125) orbits, acquired from August 
2023 to March 2024 were therefore assessed for this test phase. The SAR 
images before and after installation are analysed for each of the four 
orbits. Sigma Naught values at the corner reflector location are low in 
the pre-installation images (Fig. 6b and Fig. 7b) with average values, 
computed in a 3 × 3 pixel window, of − 10.3 and − 11.3 dB for ascending 
(path 103) and descending (path 125) orbits, respectively.

After the installation of the AL corner reflector, the SAR intensity 
values increase markedly to +11.7 and + 12.5 dB for 103 and 125 orbits, 
respectively, at the corner reflection's location. (Fig. 6c and Fig. 7c). 
Note that 10–12 pixels in the SAR images are brightened by the presence 
of the aluminium corner reflector. These pixels represent a ground area 
of c. 500 m2 – i.e. much greater than the <1 m2 ground area occupied by 
the corner reflector. This phenomenon of ‘bleeding’ or ‘spilling over’ of 
the strongly reflected radar signal into the surrounding pixels is typical 
of an effective corner reflector (dominant radar scatterer).

The polycarbonate-only corner reflector type (PC) was not detected 
in Sentinel-1 images (Fig. 6d and Fig. 7d). Average Sigma Naught values 
of − 10.8 dB and − 13.8 dB, for orbits 103 and 125, respectively, were 
measured at the corner reflector location during this type's occupancy of 
the test site. These values are in line with background levels for the test 
site, which indicates that the polycarbonate sheets are transparent to 
Sentinel-1 radar signals.

In contrast, the corner reflector type made of polycarbonate plates 
covered with aluminium tape (PC-AT) was highly visible in the SAR 
images. The backscatter intensity values at the location of the corner 
reflector were significantly increased to +10.2 dB and + 10.5 dB (Fig. 6e 
and Fig. 7e) while this corner reflector type was present there. This 
confirms that the transparency of the polycarbonate sheets to radar 
signals can be counteracted by adding a very thin conductive layer, such 
as aluminium tape.

Finally, the corner reflector type made of polycarbonate plates 
covered with aluminium paint (PC-AP) was not visible in Sentinel-1 
images (Fig. 6f and Fig. 7f). Sigma Naught values of − 11.9 dB and −
12.6 dB for orbits 103 and 125, were measured at the location of the 
corner reflector while this type was present. This result shows that the 
radar signal passes through or reflects poorly off the aluminium paint, 
such that – at least as applied in this study – it's addition to the poly
carbonate plates did not yield an effective corner reflector.

The time series of apparent RCS values at the corner reflector loca
tion for Sentinel-1 images shows a clear increase in RCS values after 
installation of the AL and PC-AT corner reflectors. The average RCS 
values of the AL and the PC-AT reflectors are 31.7 dBm2 and 30.6 dBm2, 

Table 1 
Theoretical RCS of the most common corner reflectors, where w and h 
are the width and length of the rectangle, λ is the wavelength of the 
transmitted radar signal, and L is the inner/side length of the corner 
reflector.

Type of corner reflectors Maximum RCS (m2)

Rectangular dihedral 8πw2h2

λ2

Triangular trihedral 4πL4

3λ2

Square trihedral 12πL4

λ2

Circular trihedral
15.6πL4

λ2

Fig. 5. Processing workflow for estimating InSAR displacement time series using ISCE, MiaplPy, and SARvey packages.
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respectively, which are 11–15% less than the theoretical value of 35.8 
dBm2. Since the design (roughness and shape), the installation process, 
and the installation location are the same, the difference in materials 
could be the main reason for the observed variation in the RCS values 
between the aluminium plate and aluminium tape.

Although the RCS values of the PC-AT corner reflector are slightly 
lower than the AL corner reflector, they seem to be more consistent over 
time (see Fig. 8). To investigate this, the correlation between the RCS 
values in ascending (paths 1 and 103) and descending (paths 23 and 
125) orbits is plotted for the nearest dates (see Fig. 9). The correlation 
between the RCS values of the PC-AT corner reflector in ascending and 
descending orbits is higher than the AL corner reflector. As shown in 
Fig. 9, the PC-AT data (black and green markers) demonstrate a stronger 
and more consistent correlation of RCS values between ascending and 
descending orbits compared to the AL data (red and blue markers). This 
indicates that the PC-AT corner reflector is less affected by differences in 

acquisition geometry.

3.2. SEM analysis of corner reflectors materials

A microstructure analysis was carried out by using SEM on samples 
of the aluminium paint and the aluminium tape to see how the 
aluminium is organised in those materials at the micron scale. The aim 
of this test was to investigate why the aluminium paint, unlike the 
aluminium tape, fails to reflect radar signals back to the satellite. The 
results of the SEM analysis are provided in Fig. 10.

With the same level of magnification, SEM images reveal a relatively 
uniform particle size distribution for the aluminium tape. In addition, 
the tape contains considerably finer particles than the coarser particles 
observed in the paint.

Corner reflectors are usually made of high electrical conductive 
materials in order to provide strong backscattering in SAR images 

Fig. 6. Ascending-view visibility of tested corner reflectors in SAR backscatter intensity images. (a) Google map view of the area where the corner reflectors were 
installed (Google, Landsat / Copernicus / ©2024 TerraMetrics / ©2024 Airbus / ©2024 Maxar Technologies / IBCAO). The red circle shows the location of the 
installed corner reflector. Sigma Naught values expressed in dB on (b) 18-11-2023 before installation of the corner reflectors, (c) 30-11-2023 after installation of the 
AL corner reflector, (d) 10-02-2024 after installation of the PC corner reflector, (e) 22-02-2024 after installation of the PC-AT corner reflector, (f) 17-03-2024 PC-AP 
corner reflector. The Sigma Naught values were computed on Sentinel-1 images in ascending orbit (path 103). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)

Fig. 7. Descending-view visibility of tested corner reflectors in SAR backscatter intensity images. (a) Google map view of the area where the CRs were installed 
(Google, Landsat / Copernicus / ©2024 TerraMetrics / ©2024 Airbus / ©2024 Maxar Technologies / IBCAO). The red circle shows the location of the installed CR. 
Sigma Naught values expressed in dB on (b) 20-11-2023 before installation of the corner reflectors, (c) 02-12-2023 after installation of the AL corner reflector, (d) 12- 
02-2024 after installation of the PC corner reflector, (e) 24-02-2024 after installation of the PC-AT corner reflector, (f) 19-03-2024 PC-AP corner reflector. The Sigma 
Naught values were computed on Sentinel-1 images in descending orbit (path 125). (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.)
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(Corona et al., 2000; Garthwaite, 2017; Mianroodi et al., 2016; Zheng 
et al., 2018). Aluminium foil/tape is a high electrical conductivity and 
low magnet permeability material (Ch and Shivamurthy, 2022; Luís 
et al., 2025; Silva et al., 2024; Y. Zhou et al., 2024). Therefore, the 
aluminium tape, with smooth and dense layer of aluminium particles, 
provide high electrical conductivity, resulting in a strong backscattering 
in SAR images. On the other hand, the aluminium paint with this large 
dispersion of aluminium particles within epoxy resin (visible as dark 
spaces between particles) may provide some degree of electrical con
ductivity, but it is insufficient to effectively reflect radar signals. This is 
because epoxy resin is non-conductive and significantly reduces elec
trical conductivity of aluminium paint (Krajewski et al., 2022; Lee and 
Kim, 2021; Xinyue Wang et al., 2023; W. Zhang et al., 2025).

3.3. Monitoring Hollin Hill landslide using corner reflectors

In the last experiment, the performance of the AL and PC-AT corner 

reflectors was assessed in an InSAR application to an area of unstable 
ground. Sentinel-1 images in ascending (path 132) and descending 
(paths 81) orbits, collected from May 2024 to Jan 2026, were used to 
analyse the backscattering and RSC of these corner reflectors. The AL 
and PC-AT corner reflectors were again both successfully detected in 
images acquired from the ascending and descending orbits (Fig. 11b and 
c). It was also observed that the BGS corner reflectors were only visible 
in the ascending pass as they were oriented towards the ascending 
geometry.

The two-year time series (Fig. 11d) reveals very high and relatively 
consistent backscatter amplitude, despite extreme weather events (e.g., 
minimum air temperature (mean, 30 min): − 6 ◦C, wind speed (mean, 30 
min): 17 m/s, maximum air temperature (mean, 30 min): 30 ◦C, daily 
rainfall 46 mm; historic climate data from the COSMOS weather station 
at the Hollin Hill landslide https://cosmos.ceh.ac.uk/). These results 
confirm the reliability of the reflector for long-term monitoring in 
challenging environmental conditions.

The backscatter amplitude values of the AL and PC-AT corner re
flectors in the descending orbit are lower than those in the ascending 
orbit (Fig. 11d). Specifically, the average backscatter amplitude values 
for the AL and PC-AT corner reflectors in the ascending orbit are 60 dB 
and 61.27 dB, respectively. In the descending orbit, they are 57.23 dB 
and 56.99 dB, respectively. Since the Hollin Hill landslide is located on a 
south-facing slope (see Fig. 4c and d) the lower backscatter amplitude 
values in the descending orbit might be attributed to the orientation of 
the slope (Schaufler et al., 2018).

The backscatter amplitude values of the AL and PC-AT corner re
flectors were compared with those of the BGS corner reflectors (Fig. 12). 
Since the BGS corner reflectors were orientated towards the ascending 
geometry (Kelevitz et al., 2022b), the comparison is conducted exclu
sively for the ascending (path 132) orbit. The mean backscatter ampli
tude values of our corner reflectors are higher than those of the BGS 
corner reflectors. The percentage difference between the mean back
scatter amplitude value of our corner reflectors and lowest/highest 
mean backscatter amplitude values of the BGS corner reflectors is 
approximately 7% to 10%. The higher backscatter amplitude values of 
the AL and PC-AT corner reflectors are attributed to their larger size 
(0.75 m vs. 0.7 m) and differences in design, as the BGS corner reflectors 
were made using trimmed square plates.

Another difference observed was that our corner reflectors show 
smaller fluctuations, i.e., lower standard deviation values, compared to 
the BGS corner reflectors. This might be due to the different installation 
approaches used for our corner reflectors and the BGS corner reflectors. 
As shown in Fig. 4e and f, the BGS corner reflectors are just being placed 

Fig. 8. Time series of measured Radar Cross Section (RCS) of the corner reflector location from Sentinel-1 images. Shown are data from in ascending (paths 1 and 
103) and descending (paths 23 and 125) orbits. The black vertical dashed lines represent the date of installing the corner reflectors of various material types, 
including Aluminium (AL), PolyCarbonate (PC), PolyCarbonate sheets covered with Aluminium Tape (PC-AT), and PolyCarbonate sheets coated with Aluminium 
Paint (PC-AP).

Fig. 9. Correlation between the RCS values in ascending (paths 1 and 103) and 
descending (paths 23 and 125) orbits for the nearest dates. The data points are 
colour-coded to distinguish comparisons: red and blue represent AL corner 
reflector, with red for RCS values in descending path 125 vs. its nearest date in 
ascending path 103 and blue for descending path 23 vs. its nearest date in 
ascending path 01. Black and green represent PC-AT corner reflector, with black 
for descending path 125 vs. its nearest date in ascending path 103 and green for 
descending path 23 vs. its nearest date in ascending path 01. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web 
version of this article.)
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on the ground. In such situations, the undesired secondary reflections 
from the clutter can interfere with the corner reflector reflection. This 
indicates that proper installation is important to minimise external 
influences.

After assessing the backscattering of the AL and PC-AT corner re
flectors, their performance in monitoring ground motion is assessed in 
relation to the Hollin Hill landslide. Line-of-sight (LOS) ground motion 
related to the landslide is measured for both ascending and descending 

Fig. 10. SEM micrographs for (a) aluminium tape, and (b) aluminium paint.

Fig. 11. Visibility of corner reflectors in SAR backscatter imagery of the unstable test site. (a) Area of interest in InSAR analysis for both descending (green rectangle) 
and ascending (red rectangle) orbits. Map of mean amplitude from SLC data in (b) ascending (path 132) and (c) descending (path 81) orbits over Hollin Hill landslide 
observatory. The BGS corner reflectors (1–6) are only seen in the ascending orbit as they were all oriented towards the ascending geometry. (d) Time series of 
backscatter amplitude of the AL corner reflector in ascending (red circles) and descending (black circles) and the PC-AT corner reflector in ascending (blue circles) 
and descending (green circles) orbits. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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orbits based on interferograms with small temporal baselines (see 
Fig. 13).

Figure 14depicts the LOS displacement time-series of the AL and PC- 
AT corner reflectors for both ascending and descending orbits.

As illustrated in Fig. 14a and Fig. 14c, the general displacement trend 
of the AL corner reflector exhibits a similar pattern in both in ascending 
and descending orbits but with different amplitudes of change. Two 
drops can be seen in the time series during summer 2024 and summer 
2025, reaching approximately − 16 mm and − 40 mm in the ascending 
time series, compared to − 10 mm and − 24 mm in the descending ob
servations, respectively. Similarly, the PC-AT corner reflectors show 
similar temporal trends in both in ascending and descending orbits 
(Fig. 14b and Fig. 14d), but again with differing magnitudes. In the 
ascending, downward displacements of approximately − 19 mm in 
summer 2024 and − 50 mm in summer 2025 are observed, whereas the 
corresponding values in the descending time series are limited to about 
− 11 mm and − 19 mm, respectively.

The systematic differences between ascending and descending 
displacement magnitudes suggest that the observed ground motion is 
not purely vertical but includes a horizontal motion component. A 
comparison between the AL and PC-AT corner reflectors indicates that 
their displacement time series follow a similar trend up to summer 2025. 
After this period, however, an upward motion is observed in both 
ascending and descending displacement time series of the PC-AT 
reflector (Fig. 14b and Fig. 14d). This upward motion, however, is not 
observed for the AL reflector (Fig. 14a and Fig. 14c).

The LOS measurements derived from the ascending and descending 

orbits are then decomposed into vertical (up-down) and horizontal 
(east-west) components. Fig. 15a and Fig. 15b indicate the up-down and 
east-west displacements associated with the AL and PC-AT corner re
flectors over time.

As illustrated, a sharp downward displacement is observed during 
summer 2025 in the up-down displacement time series of both corner 
reflectors. This drop corresponds to displacements of − 40 mm and − 45 
mm in the AL and PC-AT corner reflectors, respectively. During summer 
2024, the up-down displacement time series of the corner reflectors 
show smaller magnitudes of − 16 mm and − 18 mm. Horizontal east
ward motions are also observed during summer 2024 and summer 2025 
in the east-west displacement time series of both corner reflectors. In the 
AL corner reflector, the maximum eastward motion is 6 mm and 17 mm 
in summer 2024 and summer 2025, respectively. The corresponding 
values for the PC-AT corner reflector are 9 mm and 24 mm.

The vertical ground motion in both AL and PC-AT corner reflectors 
was then compared with the measurement obtain from the in-situ soil 
suction and soil moisture sensors (Fig. 16a-d).

As illustrated in Fig. 16a-d, noticeable changes in suction and water 
content were, recorded during the summer and autumn periods of both 
2024 and 2025. Time series of precipitation and temperature data 
(Fig. 16e) confirm dry spells, characterised by minimal precipitation, in 
both summers. The summer/autumn of 2025 (June to October) was 
comparatively dry when compared to the equivalent period in 2024, 
resulting in substantially higher soil suction and lower water content at 
both shallow (0.5 m) and deep (1 m) sensors across the slope (Fig. 16a- 
d). As expected, the shallower suction sensors exhibited greater suction 
than those at depth.

The more variable response observed by the shallow suction and 
water content sensors in summer 2025, is likely associated with the 
location of these sensors on the slope. This section of the slope lies close 
to the backscarp and is therefore more susceptible to the development of 
tension cracks, particularly during dry periods. Such features can facil
itate rapid infiltration following rainfall events, leading to a quicker 
reduction in suction and corresponding increase in water content at 
shallow depth compared with other parts of the slope.

The periods of higher suction (and lower water content), in both 
2024 and 2025, correspond closely to a high magnitude of downward 
displacement recorded by InSAR. Maximum downward ground motion 
of − 16 mm in summer 2024 and − 40 mm in summer 2025 are observed 
in the displacement time-series of the AL corner reflector. The corre
sponding values in the displacement time-series of the PC-AT corner 
reflector are − 18 mm and − 45 mm. The more pronounced suction 

Fig. 12. Time series of backscatter amplitude of the corner reflectors. Mean 
and STD indicate the average and the standard deviation of the time series, 
respectively.

Fig. 13. Network of interferograms used for estimation of Hollin Hill ground motion in (a) ascending (path 132) and (b) descending (path 81) orbits.
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response at PC-AT is accompanied by a larger magnitude of downward 
displacement, indicating site-specific sensitivity to moisture loss.

A significant rainfall event on 26 September 2024 led to a swift re
covery of suction and moisture levels to their pre-drying conditions. 
Similarly, a substantial rainfall event occurred on 20 September 2025, 
which also triggered a reduction in suction and partial recovery of soil 
moisture. The displacement time-series of the AL and PC-AT corner re
flectors show consistent behaviour with these hydrological patterns. In 
summer 2024, a clear upward (recovery) displacement is observed 
following the late-September rainfall. In contrast, as of January 2026, 
the recovery in ground motion following the significant displacements 
observed in summer/autumn 2025 is incomplete, and this is particularly 
evident in the displacement record of the AL corner reflector, suggesting 
that permanent slope movement has occurred.

Overall, these results suggest that the observed vertical motion 
measured at the corner reflectors are predominantly associated with the 
shrinkage and swelling of the soil, caused by soil moisture variations 
during the dry and wet periods. The slope material, Whitby mudstone, is 
known to be susceptible to moisture-related volume change (Hobbs 
et al., 2012).

3.4. Error analysis of experimental data

An assessment of both random and systematic errors was conducted 
to evaluate the reliability of the corner reflector measurements. Random 
errors were quantified by analysing temporal fluctuations in the time 
series of RCS and backscatter intensity. As shown in Fig. 11d and Fig. 12, 

all reflectors exhibit some degree of variability; however, the magnitude 
of this variability differs between reflector types. The PC-AT corner 
reflector consistently exhibits lower temporal variability compared to 
the BGS corner reflectors. Specifically, the standard deviation of the RCS 
time series for the PC-AT reflector is approximately 9–47% lower than 
lowest/highest standard deviation of the BGS reflectors (Fig. 12). The 
aluminium reflector shows a similar level of stability to the PC-AT, 
indicating that the aluminium tape coating does not introduce addi
tional noise relative to a solid aluminium surface.

Systematic differences in backscatter intensity were evaluated by 
comparing measurements from ascending and descending Sentinel-1 
orbits. As can be seen in Fig. 11d, the backscatter intensity values of 
the PC-AT in the descending orbit are lower than those of the ascending 
orbit. To check if this difference represents a systematic bias, Sentinel-1 
Ground Range Detected (GRD) data from all available ascending (paths 
132 and 59) and descending (paths 81 and 154) orbits, covering the PC- 
AT corner reflector, were analysed using the Google Earth Engine plat
form (Gorelick et al., 2017). Fig. 17 depicts the time series of backscatter 
intensity for the PC-AT in the ascending (paths 132 and 59) and 
descending (paths 81 and 154) orbits.

The local incidence angle of the PC-AT in the available orbits, along 
with the statistical metrics of the time series shown in Fig. 17, are 
summarised in Table 2.

A difference of approximately 2.3–3.9 dB is observed between the 
mean intensity values of the ascending and descending orbits. The re
sults indicate that this offset is primarily controlled by acquisition ge
ometry rather than reflector performance. The statistics presented in 

Fig. 14. The LOS displacements time-series of the pixel containing (a) the AL corner reflector in ascending (path 132), (b) the PC-AT corner reflector in ascending 
(path 132), (c) the AL corner reflector in descending (path 81), (d) the PC-AT corner reflector in descending (path 81), derived from Sentinel-1 images for the period 
of May 2024 to Jan 2026.

Fig. 15. Up-down and east-west displacements time series of the pixel containing (a) the AL corner reflector, and (b) the PC-AT corner reflector for the period of May 
2024 to Jan 2026.
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Table 2 further show that random variability in backscatter intensity 
(quantified by the standard deviation) is generally higher at steeper 
local incidence angles. Specifically, the highest standard deviations 
(0.75 dB) occur at the steepest angle (43.2◦). This indicates that 

measurements taken at steeper viewing geometries (higher local inci
dence angles) are more sensitive to random noises.

3.5. Limitations of the research

This study serves as a proof-of-concept, with field testing limited to 
two sites: a stable, level-ground test site (UCD Rosemount) and an active 
landslide (Hollin Hill). However, the performance of the PC-AT reflector 
under other challenging monitoring scenarios remains to be evaluated. 
Conditions such as dense vegetation, snow cover, or extreme weather 
may affect both long-term durability and radar response.

The performance evaluation was conducted using C-band Sentinel-1 
data. The effectiveness of the PC-AT design at other common SAR fre
quencies (e.g., X-band and L-band) remains untested. Since radar 
wavelength influences penetration depth, scattering mechanisms, and 
sensitivity to surface roughness, further investigations are required to 
substantiate the performance of the PC-AT corner reflector at different 
wavelengths.

The study focused on a cubic trihedral design with a fixed size (inner 
leg length of 0.75 m). Other reflector types, such as dihedral or trian
gular trihedral, were not tested. For instance, applying the PC-AT ma
terial to simplified designs (such as trimmed square and rectangular and 
small semi-circular dihedral corner reflectors) proposed in prior 
research (Li et al., 2012; Guido Luzi et al., 2022; Qi et al., 2025; Xia 
et al., 2022), could further optimise cost and deployment ease, partic
ularly for dense networks or challenging terrains.

Overall, while the proposed low-cost PC-AT corner reflector design 
shows strong potential for operational InSAR monitoring, further long- 

Fig. 16. Comparison of InSAR-derived up-down displacement time-series with soil suction and volumetric water content (VWC). InSAR-derived up-down 
displacement versus matric suction for (a) the AL corner reflector, and (b) the PC-AT corner reflector. InSAR-derived up-down displacement versus VWC for (c) the AL 
corner reflector, and (d) the PC-AT corner reflector. (e)Variation of precipitation and soil moisture temperature at the location of the AL and PC-AT corner reflectors. 
Precipitation data obtained from the COSMOS weather station at the Hollin Hill landslide.

Fig. 17. Time series of backscatter intensity for the PC-AT corner reflector in 
ascending (paths 132 and 59) and descending (paths 81 and 154) orbits.

Table 2 
Geometric characteristics of Sentinel-1 SAR acquisitions (e.g., local incidence 
angles) over the PC-AT corner reflector for ascending (paths 132 and 59) and 
descending (paths 81 and 154) orbits. Mean and standard deviation of back
scatter intensity from May 2024 to December 2025 are also provided for each 
dataset.

Orbit (path) Local incidence angle Mean intensity Std intensity

Ascending (132) 38.7◦ 5.64 dB 0.67
Ascending (59) 30.1◦ 5.17 dB 0.59
Descending (81) 43.2◦ 1.70 dB 0.75
Descending (154) 35.3◦ 2.90 dB 0.65
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term, multi-site, and multi-frequency validation is recommended to fully 
characterise its robustness and limitations.

4. Summary and conclusions

In this study, polycarbonate plates coated with aluminium paint or 
tape were investigated as potential low-cost and lightweight materials 
for making cost-effective passive corner reflectors. This investigation 
included: (1) assessing their visibility and backscattering properties in 
Sentinel-1 SAR images; (2) analysing the microstructure of these mate
rials; and (3) evaluating their performance in monitoring earth move
ments via InSAR at an active landslide site. The materials were 
incorporated into the same corner reflector design, consisting of three 
orthogonal plates: two lower plates measuring 1500 × 750 mm, and a 
third plate (750 × 750 mm) mounted perpendicularly across them. This 
geometry ensures functionality for both ascending and descending 
Sentinel-1 orbits. For ease of deployment, the corner reflectors were 
mounted on a four-legged table driven into the ground, offering a low- 
cost alternative to traditional concrete foundations.

The main findings of the study are as follows: 

i. Polycarbonate plates coated with a thin but continuous metallic 
layer, such as aluminium tape, are highly reflective of C-band 
SAR signals and form suitable materials for the construction of 
passive corner reflectors. For the same corner reflector design, the 
performance of such plates in terms of SAR reflectivity is close to 
that solid aluminium plates.

ii. According to the SEM analysis, the density and uniformity of 
aluminium particles in the aluminium-bearing materials are 
identified as influential parameters in SAR reflectivity. The 
smooth and dense layer of aluminium particles in aluminium tape 
results in a strong backscattering in SAR images. A thin coat of 
aluminium paint, with large dispersion of aluminium particles 
within an epoxy resin, fails to reflect radar signals.

iii. The thickness of aluminium plates is not a significant factor in the 
SAR reflectivity of a corner reflector. Even a very thin but 
continuous aluminium layer, such as in aluminium tape, can 
produce backscattering comparable to that of thick aluminium 
plates. Increasing the plate thickness only adds to the cost and 
weight of the corner reflectors without greatly enhancing 
reflectivity.

iv. The PC-AT corner reflectors are also as effective as aluminium- 
only plates for InSAR-related applications. At the Hollin Hill 
landslide test site, a clear temporal correlation is observed be
tween InSAR ground motion and soil suction and soil moisture 
over time for both corner reflector types. Meteorological and soil 
temperature data indicate that the InSAR-defined downward 
motion corresponded to the drying (shrinkage), while subsequent 
upward motion is associated with the wetting (swelling) of the 
soil.

v. The PC-AT corner reflectors are thus suitable as a lower-cost, 
lighter-weight alternative to solid aluminium corner reflectors 
for operational use in SAR- and InSAR-based monitoring.
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Schlögel, Romy, Thiebes, Benni, Mulas, Marco, Cuozzo, Giovanni, Notarnicola, Claudia, 
Schneiderbauer, Stefan, Crespi, Mattia, Mazzoni, Augusto, Mair, Volkmar, 
Corsini, Alessandro, 2017. Multi-temporal X-band radar interferometry using corner 
reflectors: application and validation at the Corvara landslide (Dolomites, Italy). 
Remote Sens. 9 (7), 739.

Schwerdt, Marco, Schmidt, Kersten, Ramon, Núria Tous, Klenk, Patrick, Yague- 
Martinez, Nestor, Prats-Iraola, Pau, Zink, Manfred, Geudtner, Dirk, 2017. 
Independent system calibration of sentinel-1B. Remote Sens. 9 (6), 511.

Shi, Xuguo, Zhang, Lu, Balz, Timo, Liao, Mingsheng, 2015. Landslide deformation 
monitoring using point-like target offset tracking with multi-mode high-resolution 
TerraSAR-X data. ISPRS J. Photogramm. Remote Sens. 105, 128–140.

Silva, Alberto S., Sousa, Mário E.S., Braga, Eduardo M., Reis, Marcos A.L., 2024. 
Morphological and doping effects on electrical conductivity of aluminum metal 
substrate through pulsed electrodeposition coating of Cu-MWCNT. Metals 14 (9), 
1060.

Singleton, A., Li, Z., Hoey, T., Muller, J.-P., 2014. Evaluating sub-pixel offset techniques 
as an alternative to D-InSAR for monitoring episodic landslide movements in 
vegetated terrain. Remote Sens. Environ. 147, 133–144.

Spencer, Roy C., 1944. Optical Theory of the Corner Reflector. Radiation Laboratory, 
Massachusetts Institute of Technology.

Talib, Oliver-Cabrera, Shimon, Wdowinski, Sarah, Kruse, Tonian, Robinson, 2022. 
Detection of sinkhole activity in West-Central Florida using InSAR time series 
observations. Remote Sens. Environ. 269, 112793.

Tan, Hong, Hong, Jun, 2016. Calibration of compact polarimetric SAR images using 
distributed targets and one corner reflector. IEEE Trans. Geosci. Remote Sens. 54 (8), 
4433–4444.

Uhlemann, Sebastian, Chambers, Jonathan, Wilkinson, Paul, Maurer, Hansruedi, 
Merritt, Andrew, Meldrum, Philip, Kuras, Oliver, Gunn, David, Smith, Alister, 
Dijkstra, Tom, 2017. Four-dimensional imaging of moisture dynamics during 
landslide reactivation. J. Geophys. Res.: Earth Surf. 122 (1), 398–418.

Ulander, I.M.H., 1991. Accuracy of using point targets for SAR calibration. IEEE Trans. 
Aerosp. Electron. Syst. 27 (1), 139–148.

Ullah, Muhammad Ubaid, Latef, Tarik Bin Abdul, Othman, Mohamadariff, 
Hussein, Mousa I., Alkhoori, Hamad M., Yamada, Yoshihide, Kamardin, Kamilia, 
Khalid, Raheela, 2024. A progression in the techniques of reducing RCS for the 
targets. Alex. Eng. J. 100, 153–169.

Van Zyl, J., Jakob., 1990. Calibration of polarimetric radar images using only image 
parameters and trihedral corner reflector responses. IEEE Trans. Geosci. Remote 
Sens. 28 (3), 337–348.

Volakis, John Leonidas, Volakis, John Leonidas, 2007. Antenna engineering handbook, 
vol. 1755. McGraw-Hill, New York. 

Wacquier, Loris, Whiteley, J., Gunn, D., Dashwood, B., Chambers, J., Watlet, A., 
Trafford, A., Donohue, S., 2021. Time-lapse monitoring of moisture induced 
landslide using surface waves at Hollin Hill landslide obsevatory. In: NSG2021 27th 
European Meeting of Environmental and Engineering Geophysics.

Wang, Suyun, Chen, Kun-Shan, Sato, Motoyuki, 2020. Performance of SAR polarimetric 
calibration using hybrid corner reflectors: numerical simulations and experimental 
measurements. IEEE J. Select. Top. Appl. Earth Observ. Remote Sens. 14, 440–451.

Wang, Xinyue, Yang, Zhoudong, Wang, Boya, Chen, Wei, Zhang, Guoqi, Zhang, Jing, 
Fan, Jiajie, Liu, Pan, 2023. Effect of epoxy resin addition on properties and corrosion 
behavior of sintered joints in power modules serviced offshore. J. Mater. Res. 
Technol. 25, 6593–6612.

Wang, Xu, Wang, Mingnian, Jiang, Ruolan, Jiani, Xu, Li, Bingtian, Wang, Xiao, 
Jianle, Yu, Pengfei, Su, Liu, Chaopeng, Yang, Qianru, 2024. Structural deformation 
monitoring during tunnel construction: a review. J. Civ. Struct. Heal. Monit. 14 (3), 
591–613.

Xia, Zhuge, Motagh, Mahdi, Li, Tao, 2022. Performance analysis of dihedral corner 
reflectors for slope movements: a case study from Aniangzhai landslide in China. 
IEEE Geosci. Remote Sens. Lett. 19, 1–5.

Xing, Xue-min, Zhu, Jian-jun, Wang, Yong-zhe, Yang, Ya-fu, 2013. Time series ground 
subsidence inversion in mining area based on CRInSAR and PSInSAR integration. 
J. Cent. South Univ. 20 (9), 2498–2509.

Xing, Xue Min, Yuan, Zhi Hui, Chen, Li Fu, 2016. Highway deformation monitoring 
based on CRInSAR technique. In: 2016 IEEE International Geoscience and Remote 
Sensing Symposium (IGARSS).

Xing, Xuemin, Wen, Debao, Chang, Hsing-Chung, Chen, Li Fu, Yuan, Zhi Hui, 2018. 
Highway deformation monitoring based on an integrated CRInSAR algorithm — 
simulation and real data validation. Int. J. Pattern Recognit. Artif. Intell. 32 (11), 
1850036.

Yang, Mengshi, Dheenathayalan, Prabu, López-Dekker, Paco, van Leijen, Freek, 
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