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1. Global sensitivity analysis

This section contains a detailed description of the results that support the GSA discussion in
Sections 4.1 and 4.2 of the article. Figures 1 and 2 display the convergence of Main Effects and
Total Effects estimated using original image similarity distributions as provided by similarity metrics.
Figures 3 and 4 show results obtained after centering y distributions, which we found to be a critical
step.

Afterwards, 5 presents individual ME and TE results for every scenario and every similarity
metric considered. This figure extends the results summarized in Figure 4 of the article.

Remote Sens. 2019, xx, 5; d0i:10.3390/rsxx010005 www.mdpi.com/journal /remotesensing


http://www.mdpi.com/journal/remotesensing
http://www.mdpi.com
https://orcid.org/0000-0002-8872-1106
https://orcid.org/0000-0003-1094-2184
https://orcid.org/0000-0002-0620-6371
https://orcid.org/0000-0002-2985-3635
https://orcid.org/0000-0002-7053-3959
http://dx.doi.org/10.3390/rsxx010005
http://www.mdpi.com/journal/remotesensing

Remote Sens. 2019, xx, 5

2Dcorr

10 10° 109
Sample size

SMI

0

= -20
= -40
-60

10* 10° 10°
Sample size

NMI

0
o5
=
1@
1.5 44

10* 10° 10°
Sample size

(a) Scenario 1

2Dcorr

10> 10°
Sample size
IMSD
[=0.5
=

0
-0.5

10 10° 106

Sample size

10* 10° 10°
Sample size

SMI
0

§—50
-100 p\m
-150

10* 10° 10°
Sample size

10* 10° 10°
Sample size

(b) Scenario 2

x
ty

2Dcorr

Sample size
IMSD

10* 10° 10°
Sample size

SMI

NMI

10* 10° 10°
Sample size

(c) Scenario 4

rotation freq
scaling time

20f15

2Dcorr

104 10° 106
Sample size
IMSD
3|
=0.5
0
10 10° 108

Sample size

SMI

10* 10° 10°
Sample size

10* 105 10°
Sample size

(d) Scenario 5

Figure 1. Variance-based global sensitivity analysis index convergence. Main Effects (ME) estimated

with original model output (Y) distributions. Average values (solid lines) and confidence bounds

(dashed lines) were estimated through bootstrapping with 500 resamples.
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Figure 2. Variance-based global sensitivity analysis index convergence. Total Effects (TE) estimated

with original model output (Y) distributions. Average values (solid lines) and confidence bounds

(dashed lines) were estimated through bootstrapping with 500 resamples.
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Figure 3. Variance-based global sensitivity analysis index convergence. Main Effects (ME) estimated
with centred model output (Y) distributions. Average values (solid lines) and confidence bounds
(dashed lines) were estimated through bootstrapping with 500 resamples.
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Figure 4. Variance-based global sensitivity analysis index convergence. Total Effects (TE) estimated

with centred model output (Y) distributions. Average values (solid lines) and confidence bounds
(dashed lines) were estimated through bootstrapping with 500 resamples.
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Figure 5. Global sensitivity indices of image similarity metrics to the six considered parameters. Third
column displays the difference between main and total effects, indicative of the degree of parameter

coupling.
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2. Local sensitivity analysis

Local sensitivity analysis was applied to gain further insight into the individual response of
studied image similarity metrics to different parameters. This section extends the results summarized
in section 4.3 of the article.
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Figure 6. Local response of MI-based metrics to independent camera movement components under
idealized conditions, i.e., when each video frame is compared to the stable version of itself. Values
averaged along each video sequence. Camera movement components are: translation in X direction
(Ty), translation in Y direction (Ty), rotation (f) and scaling.
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Figure 7. 3D representation of the evolution with time of MI-based metrics response to individual

camera movement components under idealized conditions.
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Figure 8. 3D representation of the evolution with time of MI-based metrics response to individual
camera movement components under idealized conditions.
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Figure 9. 3D representation of the evolution with time of MI-based metrics response to individual

camera movement components under idealized conditions.
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Figure 10. 3D representation of the evolution with time of MI-based metrics response to individual

camera movement components under idealized conditions.



Remote Sens. 2019, xx, 5

12 0f 15

1 Scenario 1 Scenario 1 1 Scenario 1 1 Scenario 1
0.5 0.5
0.5 0.5
~ N
0 0
-20 0 20 -20 0 20 -20 0 20 80 100 120
T. (%) T,(%) 0(deg) Scaling(%)
1 Scenario 2 1 Scenario 2 1 Scenario 2 1 Scenario 2
0.5 0.5 : 0.5 0.5 :
0 (e — Ob=——" . o——
-20 0 20 -20 0 20 -20 0 20 80 100 120
T, (%) T,(%) 0(deg) Scaling(%)
1 Scenario 3 Scenario 3 1 Scenario 3 1 Scenario 3
0.5 0.5 0.5 0.5
| — o— L ="
-20 0 20 -20 0 20 -20 0 20 80 100 120
T, (%) T,(%) 0(deg) Scaling(%)
1 Scenario 4 Scenario 4 Scenario 4 1 Scenario 4
05 jk' 0.5 \ 0.5 H 0.5 jk
o | AN I\ AN
-20 0 20 -20 0 20 -20 0 20 80 100 120
T.(%) T,(%) b(deg) Scaling(%)
Scenario 5 Scenario 5 Scenario 5 1 Scenario 5
I\ | |
0.5 I\ 0.5 0.5 JL 0.5 /K
AN A oL oL ]
-20 0 20 -20 0 20 -20 0 20 80 100 120
T, (%) T, (%) 0(deg) Scaling(%)
1 Scenario 6 Scenario 6 1 Scenario 6 1 Scenario 6
0.5 /\ 0.5 /\ 0.5 /K 0.5 /\
0 0 0 ‘4—— 0
-20 0 20 -20 0 20 -20 0 20 80 100 120
T, (%) T,(%) 0(deg) Scaling(%)
2Dcorr —— 1-IMSD NMI

Figure 11. Metric response to independent camera movement components under idealized conditions,
i.e., when each video frame is compared to the stable version of itself. Values averaged along each
video sequence. Camera movement components are: translation in X direction (Ty), translation in Y
direction (T}), rotation (¢) and scaling. 1-IMSD is displayed for consistency with the rest of metrics.
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Figure 12. Metric response to independent camera movement components under real conditions, i.e.,
when each video frame is compared to the stable version of the previous frame. Values averaged along
each video sequence. Camera movement components are: translation in X direction (Ty), translation in
Y direction (Ty), rotation (0) and scaling. 1-IMSD is displayed for consistency with the rest of metrics.
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Figure 13. Metric value dispersion under real conditions, i.e., when each video frame is compared

to the stable version of the previous frame. Output standard deviation, computed along each video

sequence, provides a quantitative assessment of how robust each metric is in front of natural image

dissimilarities and recording conditions.
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Figure 14. Bland—-Altman plots comparing metric behavior under real and idealized conditions. Black
dots are individual random samples along each studied scenario; red solid lines indicate mean bias; red
dashed lines represent Limits of Agreement (LoA); red dotted lines represent 95% confidence intervals
for estimated bias and LoA. Wide LoA are representative of significant sensitivity to changes in the

reference frame used for registration.
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