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 While Persistent Scatterer Interferometry (PSI) with Sentinel-1                 

(S-1) C-band data is feasible for most dams, some lack sufficient 

PS point coverage, limiting monitoring capabilities 

 Electronic Corner Reflectors (ECR) can be deployed to enhance 

PSI measurement reliability on PS-deficient dams [1-4] 

 Why using ECRs instead of passive CRs?  

 Smaller, lighter, and less conspicuous on public buildings 

 Ideal for installation on objects with a challenging shape 

 Covers ascending and descending tracks with a single unit 

 Objectives of this study: 

 Verification and validation of dam deformations with PSI               
using ECRs 

 

INTRODUCTION 

STUDY SITE 

 3 embankment dams + 2 gravity dams in North Rhine-Westphalia, 

Germany, equipped with pendulum systems, and trigonometric 

measurement points etc.  

 Example Site: Möhne Gravity Dam (crest length: 650 m) [5] 

 ECR installed on a cantilever in the middle of the dam (Fig.1) 

DATA & METHODS 

CONCLUSION 

 ECRs could enhance MT-InSAR measurement reliability and accuracy on PS-deficient dams 

 Comparison to pendulum data revealed fair agreement with the ECR PS time series; errors were far below the critical accuracy requirements for             

concrete dams; however, ECRs won‘t replace pendulum systems, where available, since their accuracy is still one order of magnitude higher 

 Benefits and challenges of ECRs should be carefully evaluated prior to purchase 

 Future work may consider small, low-cost passive corner reflectors as emerging alternatives to ECRs  

SAR Data:   

 32 Sentinel-1A IW scenes 

from 02/24 to 02/25  

In Situ Data:   

 Pendulum Data (daily) 

 Trigonometric Data 

(biannually) 
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ECR  

Manufacturer MetaSensing (IT) 

Dimensions (cm) 60 x 40 x 25 

Weight (kg) ~10 

Frequency C-band 

Coverage Asc + Desc Orbits 

Table 1 

Characteristics of the ECR devices used in this study.  

Figure 2 

Characteristics of the Möhne Dam. (A) Dam wall with its location in the jurisdiction of the Ruhrverband in wes-

tern Germany on a digital orthophoto [5,7], EPSG: 25832. (B) The dam’s downstream side as seen from the com-

pensatory pond. The location of the pendulum system (i.e., the position of the ECR) is marked with a green dot. 

(C) Cross section of the gravity dam [5].  

Figure 1 

ECR devices, installed on a cantilever to monitor the deformations of a gravity dam (left) and on a concrete base 

on the crest of an embankment dam (right).  

Methodology: 

1. Checking the signal stability of the ECR devices over time 

 Analysis of the mean ECR backscatter using a Boxcar filter 

2. PS processing using snap2stamps + StaMPS 

3. Comparison to In Situ Data using descriptive statistics                            

     (R2, RMSE etc.)  

RESULTS 

DISCUSSION 

Challenges in ECR Installation and Deployment: 

 Validation of PS deformations is challenging since LOS values are 

not directly comparable to in situ data measured in the radial di-

rection of the dam crest 

 On dam walls, visibility of the ECR signal could only be guaranteed 

by installing an elaborate cantilever  

 Sidelobe-PS points as artifact of a strong signal backscatter 

 High acquisition costs compared to passive CRs 

 Operation via electricity or solar panels must be guaranteed 

Benefits of Using ECRs for Dam Monitoring: 

 Capability of monitoring dams with insufficient „natural“ PS‘s by 

providing a strong, coherent radar target 

 Improve signal-to-noise ratio in the PS time series 

 Millimeter-scale accuracy for deformation monitoring 

 Errors are far below the critical accuracy requirements for 
dam monitoring (< 5 mm) [6] 

 Enable long-term monitoring over several years 

 Can serve as in situ reference to validate „natural“ PS points 

A B C 

Figure 3 

Characteristics of the Möhne ECR over a 2-year observation period: (A) Amplitude image of the Möhne Dam. The signal of the ECR is marked with a red circle (https://apps.sentinel-hub.com/eo-browser/). (B) Signal backscatter in the 

ascending direction. (C) Signal backscatter in the descending direction. Backscatter values are given in Dezibel (dB). Negative values indicate the backscatter at the ECR position before installation, positive values during ECR deployment. 

Mean = +6.9 dB Mean = +12.2 dB 

Figure 5 

ECR deformation analysis on the Möhne Dam spanning from February 2024 to Februa-

ry 2025: (A) Look direction of the Sentinel-1 satellite in the ascending trajectory (blue) 

and descending orbit (red) [7], EPSG: 25832. The location of the ECR device is shown 

as a green dot. (B) ECR deformation in the ascending (blue) and descending  direction 

(red). The pendulum data is shown in green. (C) Correlation plot between descending 

deformation values and the pendulum data. For PS analysis, the last 32 SAR scenes of 

the time series were utilized due to the ECR‘s first deployment in February 2024. 

 Fair correlation with the pendulum data in descending direction (R2 = 0.7); RMSE is far below 

the critical accuracy requirement for concrete dams (i.e., 5 mm) [6] 

3.) PS Time Series and Comparison to Pendulum Data: 

 High stability of the ECR signal; mean backscatter in the descending direction is significantly higher than in the ascending orbit 

1.) ECR Signal Stability — Backscatter Analysis: 

2.) Positional Accuracy of the ECR-PS Points: 

 Distance to the true ECR location in the 

descending direction (7.5 m) lower than in 

the ascending orbit (17 m) 

 Accuracy of the ECR PS‘s in line with the S-1 

pixel footprint: 2.3 x 13.9 m (ra x az)  

Figure 4 

Distance (in m) between the location of the ECR-PS points in the ascending 

direction (blue) and the descending direction (red) compared to the true loca-

tion of the ECR device (green) [7], EPSG: 25832. 
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