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In this supplementary material, we provide additional in-
formation to reproduce our work. The source code is pro-
vided alongside the supplementary material, and we are
going to provide the official repository. This supplemen-
tary material is divided into the following sections: Dataset
Visualization (Section 1), Detection performance per cor-
ruption (Section 2), Activation map analysis (Section 3),
WiSE-ODzg: Ablation study on A (Section 4), Perfor-
mance over different corruption levels (Section 5), Results
on real-shit M3FD dataset (Section 6), Qualitative results
different levels of severity (Section 7), and Additional De-
tails Benchmark (Section 8).

1. Dataset Visualization

In this section, we provide additional visualization of each
corruption for both datasets: LLVIP-C in Figure | and
FLIR-C in Figure 2. Here, we wanted to highlight how
strong the severity level of 5 is for FLIR-C, which can de-
stroy the whole image, for instance, for the Frost corruption.

2. Detection performance per corruption

In this section, we expanded our evaluation of the bench-
mark per corruption. In the main manuscript, we provided
the results per corruption for Faster R-CNN with a sever-
ity level of 5 for LLVIP-C. Here, we provide the additional
results for the FCOS (Table 1) and RetinaNet (Table 2)
for LLVIP-C, FCOS (Table 3) and RetinaNet (Table 4) for
FLIR-C with severity level of 2. We further provide some
plots for Faster R-CNN with FLIR-C with all severity levels
from 1 to 5, as well as additional per-class evaluation.

3. Activation map analysis

In this section, we provide more plots with the grad-cam
activations. Here, we divided into three figures due to space
constraints: Figure 5, Figure 6, and Figure 7. In many
cases, the WiSE-OD ;g had a person detected on average,

Table 1. AP5o performance over the perturbations for LLVIP-
C with severity level 5 for FCOS.

LLVIP-C
Zero-Shot FT LP LP-FT WiSE-ODzs  WiSE-ODp
Gaussian Noise 55.03+0.07 6232+596 73.63+0.09 6446+042 83.68+0.67 81.78+0.08
Shot Noise 43.83+£0.36 58.75+548 66.05+1.98 59.34+0.08 80.55+0.81 80.00 +0.59

Impulse Noise 51.60+0.17 6526+531 6898+0.04 6506+021 8586+0.53 8521095

Defocus Blur 33.67+0.00 80.30x1.90 78.14£0.00 76.47+0.00 87.74+0.68 88.77+0.00
Motion Blur 15.09+0.34 7887+1.09 70.67+021 67.88+£0.25 84.32+0.76 84.06+0.01
Zoom Blur 01.28+£0.00 20.13£2.95 18.75+0.87 14.01£0.00 31.47+296 30.27 +0.00
Snow 3737025 33.17+274 4572+031 4242+025 69.72+1.83 70.94+0.38
Frost 3533+0.07 60.18+1.17 53.68+1.07 48.67+037 7633+1.12 7494147
Fog 5552+0.13 69.47+4.86 85.08+0.02 8124+0.19 89.49+0.56 90.45+0.05
Brightness 36.46+£0.00 55.69+298 65.16+£0.00 6588+0.00 82.52+0.90 82.84+0.00
Contrast 42.04£0.00 00.64+0.74 56.61+0.21 49.36+0.00 2345+4.15 20.26+0.00
Elastic transform 43.02£0.09 9296+0.57 83.77+0.15 83.65+0.22 93.97+038 93.67+0.03
Pixelate 02.14£0.00 88.12+£0.65 5520+0.00 54.17+0.00 89.43+0.90 88.50+0.00
JPEG compression  53.22+0.00 90.53+1.18 73.40+0.00 71.14£0.00 92.59+0.40 91.71+0.00
mPC 36.11 61.17 63.91 60.26 76.50 75.95

Table 2. AP5o performance over the perturbations for LLVIP-
C with severity level 5 for RetinaNet.

LLVIP-C
Zero-Shot FT LP LPFT  WiSEODzs WiSE-OD.p
Gaussian Noise ~ 52.52£021  70.55+823 66.70+0.19 6632025 82.63+3.59 88.10+0.07
Shot Noise 4470£022  64.02+10.87 S57.85+0.13 59.03+0.17 78.94+4.68 78.14 % 1.53

48.17£0.19 73.01+6.68 66.97+1.82 67.78+0.08 84.19+3.05 86.53+1.95
43.13+£0.00 7538+871 71.92+0.00 73.08+0.20 84.31+3.89 88.45+0.00

Impulse Noise
Defocus Blur

Motion Blur 18.79+£0.07 71.69+9.38 62.14+0.15 63.62+0.17 79.92+4.78 78.59+3.16
Zoom Blur 01.61 £0.00 12.73+3.63 09.21£0.00 09.93+0.55 21.02+5.04 16.92 +0.00
Snow 35544034 3648+11.52 56.68+0.14 5519%0.18 71.09+552 72.05+4.35
Frost 36.52+0.06 57.94+6.50 53.83+0.26 5347032 7535+381 78.60+1.74
Fog 58.48+0.21 6531+£6.58 83.18+0.27 8228+0.06 85.07+292 84.11+0.12
Brightness 39.03+0.00 54.83+£834 69.76+1.69 70.79+0.00 82.41£1.89 80.70 +0.00
Contrast 49.09£0.00 0099+0.00 52.12+£0.00 5461276 13.90+1.79 13.64+1.58
Elastic transform 37.37+0.04 93.05+£127 7689£0.07 77.56+1.20 94.52+0.07 94.18+0.09
Pixelate 03.86+0.00 8882+197 4835+0.00 49.68+0.00 85.68+2.38 89.83+0.00
JPEG compression 5624 +0.00 91.09+1.73  69.68 £0.00 7232293 92.67+1.14 9171 +£0.00
mPC 37.50 61.13 60.37 61.11 73.69 74.39

which is shown by the red highlighted part of the images.

4. WiSE-OD;: Ablation study on \

In this section, we expanded our ablation study. In the Table
5, we have the full study for Faster R-CNN with LLVIP-
C and in Table 6 for FLIR-C, as well as the FCOS in Ta-
ble 7 and RetinaNet in Table 8. As mentioned in the main
manuscript, the A = 0.5 has a good performance under cor-
ruption without having to tune the )\ over a validation set,
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Figure 1. All the 14 corruptions types from [1], adapted to our LLVIP-C benchmark with severity of 5.

so it is a good choice for most of the cases; for being better 5. Performance over different corruption levels

in a specific corruption, we could tune the . ) )
In this section, we measured the per AP5q performance for

Faster R-CNN, FCOS, and RetinaNet over different corrup-
tion severity levels for the benchmark. Here, we focus on
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Figure 2. All the 14 corruptions types from [1], adapted to our FLIR-C benchmark with severity of 5.

Zero-Shot, FT and WiSE-OD 2 g for most of the corruptions
on LLVIP-C illustrated in Figure 8 and Figure 9, and for
FLIR-C in Figure 10 and Figure 11.



Gaussian / Faster R-CNN / FLIR (IR) Gaussian / Faster R-CNN / FLIR (IR) Gaussian / Faster R-CNN / FLIR (IR)

60 —e— Zero-shot 30 —e— Zero-shot —e— Zero-shot
—~ WISE-ODzs —~ WISE-ODzs 30 —~ WiSE-ODzs
50 FT 25 FT FT
25
40 20
= = =20
IS S X
230 215 Y
o o <15
< < €
20 10 10
10 5 5
0 0 [
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Corruption Severity Corruption Severity Corruption Severity
Gaussian / Faster R-CNN / FLIR (IR) (Per Class)
person car truck
& WiSE.0Ds
20 u 175 o
150
B - -
g :
S e tw
s E100 8
g0 & 50 %
10
s 25
o 00 o
1 2 3 a 5 1 2 3 a 5 1 2 3 a 5
Corruption Severity Cormuption Severity Corruption Severity
Brightness / Faster R-CNN / FLIR (IR) Brightness / Faster R-CNN / FLIR (IR) Gaussian / Faster R-CNN / FLIR (IR)
80 —e— Zero-shot 45 —e— Zero-shot —e— Zero-shot
~— WiSE-ODzs ~~ WIiSE-ODzs 30 ~— WiSE-ODzs
T 40 T T
70 25
35
= = =20
9 60 9 30 9
2 225 2 15
o a <
< 50 < £
20
10
40 15
5
10
30 0
5
1 2 4 5 1 2 3 4 5 1 2 3 4 5
Corruption Severity Corruption Severity Corruption Severity
Brightness / Faster R-CNN / FLIR (IR) (Per Class)
person car truck
50 - wseons |, 55"
s I
gv g® Eas
P g %
S EE £
i " £
%, % £
15 10 2
10 )
1 2 H 3 H 1 2 3 a 5 1 2 3 a 5
Corruption Severity Cormuption Severity Corruption Severity
Contrast / Faster R-CNN / FLIR (IR) Contrast / Faster R-CNN / FLIR (IR) Contrast / Faster R-CNN / FLIR (IR)
80 —e— Zero-shot —e— Zero-shot —e— Zero-shot
—— WiSE-ODzs 40 —— WiSE-ODzs — WiSE-ODzs
70 T T 40 T
60
30
= = ~ 30
S g 8
2 o o
3 40 - <
o o
< <20 £ 20
30
20 10 10
10
1 2 4 5 1 2 3 4 5 1 2 3 4 5
Corruption Severity Corruption Severity Corruption Severity

Contrast / Faster R-CNN / FLIR (IR) (Per Class)

person

car
50 = wiseonss | %0 E
Fr
a0
30
20
10
1 3 5

2 3 3
Corruption Severity

truck

AP per class (%)

AP per class (%)
AP per class (%)

2 a 2 3 3
Corruption Severity Corruption Severity

Figure 3. Robustness analysis under Gaussian noise, brightness, and contrast corruptions on FLIR/Faster R-CNN. Top rows: APsg,
AP75, and mAP vs. corruption severity (1-5) for Zero-Shot (ZS), Fine-Tuning (FT), and WiSE-OD. Bottom rows: Per-class AP for person,
car, and truck under each corruption type. Results show that WiSE-OD consistently reduces degradation compared to ZS and FT baselines.



Defocus / Faster R-CNN / FLIR (IR) Defocus / Faster R-CNN / FLIR (IR) Defocus / Faster R-CNN / FLIR (IR)

—e— Zero-shot 35 —e— Zero-shot 3 —e— Zero-shot
60 —B— WiSE-ODzs —B— WiSE-ODzs —B— WiSE-ODzs
FT FT FT
30 30
50
25 25
F40 S 8
s PN s
2 e g%
o 30 o
< <15 E 5
20 10 10
10 5 5
1 2 4 5 1 2 3 4 5 1 2 3 4 5
Corruption Severity Corruption Severity Corruption Severity
Defocus / Faster R-CNN / FLIR (IR) (Per Class)
person car truck
s = wiseonzs | 00 s1in
a0 L )
175
g F1s0 g™
g% g s §®
M T 00 3=
2, 3 g
% ¥ s E
1 50 15
10 25 10
s 5
1 2 3 a 5 1 2 3 a 5 1 2 3 a 5
Corruption Severity Cormuption Severity Corruption Severity
Pixelate / Faster R-CNN / FLIR (IR) Pixelate / Faster R-CNN / FLIR (IR) Pixelate / Faster R-CNN / FLIR (IR)
0 —e— Zero-shot 35 —e— Zero-shot —e— Zero-shot
8- WiSE-ODzs 8- WiSE-ODzs 35 —8- WISE-ODzs
60 T 30 T T
30
50 25
25
X 40 X 20 x
< [ <5
2 2 o
o o
Z 30 15 €15
20 10 10
10 5 5
0 0 0
1 2 4 5 1 2 3 4 5 1 2 3 4 5
Corruption Severity Corruption Severity Corruption Severity
Pixelate / Faster R-CNN / FLIR (IR) (Per Class)
person car truck
o 8- WiSE-0Dz6 50| ®
35 il 2
%0 - a0
3 510 5
35 & &2
£ % &
10 s
s 10
° iz 0
1 2 H 3 H 1 2 3 a 5 1 2 3 a 5
Corruption Severity Cormuption Severity Corruption Severity
Snow / Faster R-CNN / FLIR (IR) Snow / Faster R-CNN / FLIR (IR) Snow / Faster R-CNN / FLIR (IR)
50 20.0
—e— Zero-shot —e— Zero-shot —e— Zero-shot
—— WISE-ODzs 175 8- WiSE-ODzs —— WISE-ODzs
40 FT FT 20 FT
15.0
F30 s 125 a®
3 2100 Y
a o <é
<20 < s 10
5.0
10 5
25
0.0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Corruption Severity Corruption Severity Corruption Severity
Snow / Faster R-CNN / FLIR (IR) (Per Class)
person car truck
2 3
-8 WisE-0Dz6
o 2 »
20
10
g g g
21 ) 7
2 E £20
210 g° g1s
£ <4 1w
5
2 s
o
1 H 1 5 1 5

2 3 3 2 3 a 2 3 3
Corruption Severity Corruption Severity Corruption Severity

Figure 4. Robustness analysis under defocus blur, frost, and snow corruptions on FLIR/Faster R-CNN. Top rows: APso, AP75, and
mAP vs. corruption severity (1-5) for Zero-Shot (ZS), Fine-Tuning (FT), and WiSE-OD. Bottom rows: Per-class AP for person, car, and
truck under each corruption type. Results show that WiSE-OD consistently reduces degradation compared to ZS and FT baselines.
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Figure 5. Activation map analysis for zero-shot COCO pre-train Faster R-CNN detector, the WiSE-OD zs and FT detector on IR
for LLVIP-C dataset. In red are the GTs, and for the WiSE-OD 2 s, the models are able to activate the features that represent a person for
such corruptions (Part 1 with 5 of the 14 corruptions).

Motion Blur

6. Qualitative comparison on M3FD under ad- and indoor environments. Each row corresponds to a spe-
verse conditions cific condition, while the columns compare RGB inputs, in-

Figure 12 illustrates qualitative results on the M3FD dataset
under challenging conditions, including fog, night, rain,
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Figure 6. Activation map analysis for zero-shot COCO pre-train Faster R-CNN detector, the WiSE-OD s and FT detector on IR
for LLVIP-C dataset. In red are the GTs, and for the WiSE-OD s, the models are able to activate the features that represent a person for
such corruptions (Part 2 with 5 of the 14 corruptions).

frared (IR) counterparts, and detection outputs from Zero- WIiSE-OD provides more reliable detections across all ad-
Shot (ZS), Fine-Tuning (FT), and WiSE-OD. As shown, verse settings, capturing objects that are often missed or
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Figure 7. Activation map analysis for zero-shot COCO pre-train Faster R-CNN detector, the WiSE-OD s and FT detector on IR
for LLVIP-C dataset. In red are the GTs, and for the WiSE-OD z s, the models are able to activate the features that represent a person for

such corruptions (Part 3 with 4 of the 14 corruptions).

mislocalized by ZS and FT. This highlights the effective-
ness of WiSE-OD in improving robustness and consistency
under real-world degradations.

7. Qualitative results different levels of severity

Figure 13 presents visual examples of synthetic corruptions
applied to LLVIP infrared images, specifically fog, bright-
ness, and contrast perturbations. Each row corresponds to
one corruption type, while columns represent increasing
severity levels from 1 to 5. As the severity increases, the im-
ages exhibit progressively stronger degradations, such as re-

duced visibility in fog, oversaturation in brightness, and loss
of detail in contrast. These examples illustrate the range of
challenging conditions used to evaluate model robustness.

8. Additional Details Benchmark

For the our benchmark, follows the 14 corruption types and
severities of the ImageNet-C [1]/COCO-C [2] protocol. Be-
low, we detail the corruptions.

Gaussian Noise: This corruption adds Gaussian-distributed
noise with zero mean and severity-dependent standard
deviation.  The severity levels correspond to o =
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Figure 8. APs5o performance for all detectors over different corruption severity levels for Gaussian Blur, Shot Noise, Impulse Noise,
Defocus Blur, Motion Blur and Zoom Blur. For each perturbation, we evaluated different levels of corruption for the Zero-Shot, WiSE-
ODzgs, and FT models for LLVIP-C.
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Figure 9. AP5o performance for all detectors over different corruption severity levels for Snow, Frost, Fog, Brightness, Contrast,
Elastic Transform. For each perturbation, we evaluated different levels of corruption for the Zero-Shot, WiSE-ODz s, and FT models for
LLVIP-C.
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Figure 10. AP5( performance for all detectors over different corruption severity levels for Gaussian Noise, Shot Noise, Impulse
Noise, Defocus Blur, Motion Blur. For each perturbation, we evaluated different levels of corruption for the Zero-Shot, WiSE-ODz s, and

FT models for FLIR-C.

{0.08,0.12,0.18,0.26,0.38}, where higher values intro-
duce stronger random pixel fluctuations and increasingly
degrade the image.

Shot Noise: This corruption simulates sensor-related Pois-
son noise, where severity controls the Poisson rate param-
eter. The values are A\ = {60, 25,12, 5,3}, with lower A
producing higher variance and more pronounced noise. At
higher severity, images appear grainier and more distorted.

Impulse Noise: This corruption applies salt-and-pepper
noise by randomly flipping pixel values to black or white
with a given probability. The severity levels are p =
{0.03,0.06,0.09,0.17,0.27}, indicating the fraction of cor-
rupted pixels. Increasing severity corresponds to a higher
proportion of corrupted pixels, making the degradation pro-
gressively stronger.

Defocus Blur. This corruption mimics camera defocus
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Figure 11. AP5o performance for all detectors over different corruption severity levels for Snow, Frost and Fog. For each perturbation,
we evaluated different levels of corruption for the Zero-Shot, WiSE-OD zg, and FT models for FLIR-C.

Table 3. AP5¢ performance over the perturbations for FLIR-C
with severity level 2 for FCOS.

Table 4. AP5¢ performance over the perturbations for FLIR-C
with severity level 2 for RetinaNet.

FLIR-C FLIR-C

Zero-Shot FT LP LP-FT WiSE-ODzs WIiSE-OD.p Zero-Shot FT LP LP-FT WiSE-ODzs WIiSE-OD.p
Gaussian Noise 23.65+£0.16 2476+244 3289+041 31.78+1.07 3853+147 3835+120 Gaussian Noise 25.61+£0.20 2647+3.14 3334+038 31.44+052 3431+283 33.09+0.26
Shot Noise 17.63+£0.26 1539+ 1.80 27.41£0.17 2510£0.12 2785+1.06 30.10£0.43 Shot Noise 19.36 £0.06 16.95+£2.60 2549+026 24.16+026 24.15+242 29.00+£0.85
Impulse Noise 14.12+£0.23 11.34+£0.88 20.93+£053 18224005 21.07+125 23.10£0.19 Impulse Noise 14.82+£0.17 1590+1.98 18.58+028 19.12+028 21.77+1.50 24.58+0.37
Defocus Blur 19.23+£0.00 44.40+1.40 33.08£0.00 3227+032 48.14+1.00 48.75£0.85 Defocus Blur 19.30£0.00 46.15+£1.86 31.28+£0.00 30.62+0.00 4474+1.61 4843+0.63
Motion Blur 20.77+£021 43.17+1.44 3395+0.62 3358+0.31 4565+1.29 48.20+0.50 Motion Blur 20.05+0.16 4596+3.97 2939+0.11 3028+0.16 4291+290 50.99+0.23
Zoom Blur 6.73+0.00 1532+0.14 11.81+£0.00 11.17+0.00 1544+0.52 16.38+0.54 Zoom Blur 07.05+£0.00 1599+1.06 1048+0.00 10.55+0.00 1540032 16.03 +0.00
Snow 8294032 07.63+131 1232+0.18 13.04+022 1250£1.08 11.42+0.14 Snow 07.91£0.16 08.34+1.84 09.29+0.08 09.54+0.34 11.09+1.44 1280+ 1.38
Frost 19.23£0.26 30.80+0.69 28.14+0.27 27.60£0.35 3568+0.55 36.37+0.69 Frost 17.63£0.32 3390+3.17 2481034 2431+044 33.02+241 36.32+031
Fog 51.56+0.07 70.56+0.41 63.60+0.53 62.12+0.14 7439+0.84 7279 +0.26 Fog 48.95+0.13 7048040 60.61£0.11 60.32+0.11 7246+0.50 74.75+ 1.09
Brightness 5843+0.00 69.69+1.05 6479£0.00 64.78+0.00 7559094 73.02+0.17 Brightness 56.74£0.00 70.06+0.30 61.90+0.00 63.21£0.00 7480056 7452+1.18
Contrast 50.28+0.00 70.41£0.96 62.97+0.10 61.36+0.00 73.99+0.69 73.02+0.33 Contrast 47.50+0.00 70.75+0.38 59.36+0.00 59.94+0.00 71.89+043 74.44+0.48
Elastic transform 3676048 64.18+0.74 54.62+£0.82 5240+0.75 68.95+0.52 66.47+0.32 Elastic transform 3427+034 6563+0.54 50.84+0.50 49.74+042 68.19+0.54 68.58+1.09
Pixelate 3265£0.00 51.74+0.86 4558+0.00 47.96+0.00 59.03+0.09 57.42+0.00 Pixelate 3252£0.00 5552+121 4584+0.00 4596+0.00 57.66+0.30 59.29 +0.00
JPEG compression 4471 £0.00 55.63+0.96 5290+0.00 52.61+0.00 63.03+0.74 59.33+0.00 JPEG compression  44.10+0.00 55.89+0.86 52.80+0.00 51.23£0.00 6257+1.02 62.71+0.00
mPC 28.85 41.07 38.92 38.14 47.13 46.76 mPC 28.27 42.71 36.71 36.45 45.35 47.53

by convolving the image with a disk kernel of increas-
ing radius. The severity levels are defined as (r,a) =
{(3,0.1), (4,0.5), (6,0.5), (8,0.5), (10,0.5)}, where r is
the kernel radius and « the aliasing blur factor. Larger radii
correspond to stronger out-of-focus effects, leading to sig-
nificant loss of image sharpness at higher severity.

Motion Blur. This corruption simulates the ef-
fect of camera or object motion during exposure
by applying a blur kernel with random orientation.
The severity levels are parameterized as (r,0) =
{(10,3),(15,5), (15,8), (15,12), (20,15)}, where r con-

trols the blur radius and o the smoothing strength. Higher
severity corresponds to longer and stronger motion streaks,
significantly reducing image clarity.

Zoom Blur. This corruption simulates the effect of zoom-
ing a camera lens while capturing an image, producing ra-
dial streaks that blur the scene outward from the center. The
severity levels are defined by different zoom factor ranges:

[1,1.11], [1,1.16], [1,1.21], [1,1.26], [1,1.31],

with progressively larger step sizes. Higher severity intro-
duces stronger zoom distortions, reducing image sharpness



Table 5. Ablation of \ over LLVIP-C dataset for Faster R-CNN. Where A = 0.0 represents the zero-shot model, A = 0.5 represents
default WiSE-ODzs and \ = 1.0 represents the fine-tuning model. For LLVIP-C, the severity level is 5.

Test Set IR (Dataset: LLVIP-C)

90 =00) 6(A=01) 06A=02) 6A=03) 06A=04) 6A=05) 06A=06 6A=07) 0A=08) 6A=09) 0K=1L10)
Original 7121 £0.02 90.88+0.12 93.88+0.28 95.16+0.10 95.73+£0.15 96.06+0.22 96.03+0.29 9588+0.33 9541+0.60 94.72+0.53 93.68 +0.86
Gaussian Noise 59.24 +0.07 83.30+0.26 86.52+0.40 87.13+0.50 87.34+0.15 86.68+0.44 8504+1.02 8237+194 7847+343 7339+544 67.46+745
Shot Noise 51.48£0.14 80.36+0.15 83.86+0.70 8549+0.60 86.00+0.16 8526+0.50 83.47+1.19 80.54+2.08 7642+3.74 71.03+5.67 6483779
Impulse Noise 56.62+0.07 82.52+0.23 86.93+0.65 88.47+0.83 8890+0.32 88.54+0.33 87.09+0.89 84.64+1.73 80.94+2.70 76.78+4.21 71.32+6.33
Defocus Blur 47.90+0.08 8235+0.29 88.41+031 89.78+0.61 90.22+0.78 89.74+0.98 88.89+1.54 87.42+2.19 8585+2.55 83.41+3.10 80.48+3.60
Motion Blur 26.39+0.23 71.73+0.89 81.10+0.44 85.01+0.23 86.54+0.49 86.81+0.71 8630122 84.99+156 83.24+1.70 8090+2.21 78.32+3.18
Zoom Blur 02.47+£0.02 20.59+£0.62 2797+0.62 28.10+£1.23 26.04+2.00 22.83+244 19.69+2.18 17.03+£2.09 1446+1.82 12.63+1.72 11.18+1.56
Snow 33.65+0.01 59.62+0.70 67.67+0.77 70.10+£0.36 69.55+1.04 6597+190 59.54+256 50.03+3.09 38.50+2.61 2535+3.58 13.46+445
Frost 33.25+0.38 63.68+0.18 72.31+0.23 7545+031 7636+0.33 75.87+0.39 73.83+027 7041+£0.37 65.10+0.57 57.51+1.79 47.32+345
Fog 59.60 £0.10 85.74+0.04 89.79+043 90.17+0.96 88.01+1.99 8451+380 7878+6.13 72.14+8.00 6447+9.62 57.25+10.1 50.90+ 10.0
Brightness 41.77+£0.03 7537+0.17 82.38+0.17 84.12+020 84.07+0.58 82.10+1.20 7820+197 71.94+2.81 62.81+3.16 49.92+449 3536+6.97
Contrast 4748 £0.04 5836+1.99 50.59+4.48 3473+582 2025+448 10.57+3.82 04.99+2.13 0225+1.17 00.77+0.31 00.33+0.47 00.00 +0.00
Elastic transform 5242 +0.18 84.78+0.42 89.92+0.51 92.67+027 94.10+0.05 94.72+0.07 94.94+0.11 94.92+0.17 9432+0.34 93.73+0.36 92.41+0.93
Pixelate 03.95+0.01 4241+1.64 6627+3.14 76.01+3.53 81.29+3.70 85.06+3.32 87.01+291 88.18+2.82 88.97+235 88.75+239 87.69+2.67
JPEG compression 5722 +0.02 82.36+0.73 87.87+0.89 90.49+1.05 9195+1.11 9259+1.22 92.62+125 9242+120 91.86+138 90.53+147 8893+1.69
mPC 40.96 69.51 75.82 76.98 76.47 75.08 72.88 69.94 66.15 61.53 56.40

Table 6. Ablation of A over FLIR-C dataset for Faster R-CNN. Where A = 0.0 represents the zero-shot model, A\ = 0.5 represents
default WiSE-OD~s and A = 1.0 represents the fine-tuning model. For FLIR-C, the severity level is 2.

Test Set IR (Dataset: FLIR-C)

O(A=00) O6(A=01) 6A=02) O6A=03) OA=04) 6A=05 6A=06) 6A=07) 6A=08) HA=09) 6\=1.0)

Original 65.52+0.07 7351+0.14 7749%0.10 79.74+0.10 80.87+0.09 8220+0.07 81.31+0.17 80.95+026 80.18=0.11 79.03£0.09 77.57+0.24
Gaussian Noise 31214029 3894+ 177 42.62+2.92 44.05+3.60 44.11+431 4249+448 40.60+4.35 37.88+4.13 34.85+385 3143+3.37 28.07+291
Shot Noise 2526+0.12 3153+ 1.55 3391298 33.86+4.03 32.81+4.12 3045+3.96 27.89+3.63 2481325 21.88+293 1879£252 1573205
Impulse Noise 17.69£0.03 2294+ 1.52 2485+226 2500270 24.15+264 2251+278 21.18+2.89 1895+249 1696+2.17 1515233 13224227
Defocus Blur 25324022 3737+ 181 4457+240 49.45+237 5230£201 5408+1.74 5499+138 5533%1.10 5500+098 54.01£0.64 52.47+0.99
Motion Blur 2501025 3424+135 40.63+2.17 4517+238 4875+217 51.03+2.16 53.19+2.13 5396200 53.85+2.19 5329+218 51.71+2.12
Zoom Blur 08.98+0.05 11.77+049 13.72+097 1520101 16.10+1.01 1693100 17.69+1.10 18.02+1.11 1832+1.09 1824+094 17.97%0.90
Snow 09.84 £0.14 1339+ 1.37 1455+2.07 1519260 1485269 13.94+266 1273+2.68 1147+259 10.36+2.48 08.99+225 07.86+2.01
Frost 21.96£0.50 29.17+1.92 3337239 3598+287 37.34£3.17 37.97+3.63 37.71£3.59 37.22+3.82 3647+4.00 35.17+445 33.87+4.69
Fog 5636+0.28 6720+ 1.18 7217086 75.52+0.67 77.56+0.97 78.68+124 7885+1.00 7871123 78.11+149 7692+1.12 73.61+0.06
Brightness 64412026 7192051 7568+0.19 7560+0.13 79.09+049 79.72+035 79.53+0.96 78.56+1.28 77.79%124 7654%133 75.18+0.99
Contrast 54594004 66.11+079 7138095 7478+1.19 77.03£090 7836+1.06 78.62+1.12 7836099 78.02+1.09 76.87+1.15 75.47+1.29
Elastic transform ~ 41.88 £0.24 5593 +0.47 6389037 68.62+039 71.71£0.79 7339+040 73.66+041 7337025 72.51+058 71.51£042 69.68+ 1.15
Pixelate 38.67+0.11 49.47+1.66 5523+237 5837+252 60.02+£270 61.12+3.13 60.93+343 60.12+4.13 58.87+458 57.14+560 5491+621
JPEG compression 5024 0.14  59.12+0.61 63.21£0.56 65.59+0.63 66.55+0.80 66.65+0.89 66.12+148 64.94+1.84 63.27+236 60.63+239 57.55+3.04
mPC 33.67 42,07 46.41 48.74 50.16 50.52 50.26 49.40 48.30 46.76 44.80

and creating the illusion of rapid inwards or outwards mo-
tion.

Fog. This corruption simulates the effect of at-
mospheric fog by blending the image with fractal
noise patterns of varying intensity and smoothness.
The severity levels are parameterized as (a,f) =
{(1.5,2),(2,2),(2.5,1.7),(2.5,1.5), (3.0,1.4) }, where «
controls the fog density and /3 the fractal decay rate. Higher
severity produces denser fog, reducing scene contrast and
obscuring objects, particularly in the background.

Brightness. This corruption modifies the overall in-
tensity of an image by linearly adjusting pixel values.
The severity levels correspond to additive shifts ¢ =
{0.1,0.2,0.3,0.4,0.5}, where larger values progressively
brighten the image. At higher severities, the scene becomes
overexposed, washing out details.

Saturate. This corruption changes the saturation of an im-

age in HSV color space, either reducing it toward grayscale
or amplifying color intensity. The severity levels are defined
as (o, 8) = {(0.3,0),(0.1,0),(2,0),(5,0.1),(20,0.2)}.
where « controls saturation scaling and S adds variabil-
ity. Low severity reduces colors, while high severity creates
oversaturated, unnatural-looking images.

Pixelate. This corruption reduces image resolution and
then upscales it back, producing blocky artifacts that mimic
low-quality image compression. The severity levels are
¢ = {0.6,0.5,0.4,0.3,0.25}, where smaller values corre-
spond to lower effective resolution. Higher severity leads to
coarser pixelation and significant loss of fine details.

Elastic Transform. This corruption applies random elas-
tic deformations by perturbing pixel coordinates with
smoothed displacement fields. The severity levels are con-
trolled by o = {0.05,0.085,0.1,0.12}, which scales the
deformation intensity relative to image size. At higher



Table 7. Ablation of )\ over FLIR-C dataset for FCOS. Where A = 0.0 represents the zero-shot model, A\ = 0.5 represents default
WISE-ODzs and A = 1.0 represents the fine-tuning model. For FLIR-C, the severity level is 2.

Test Set IR (Dataset: FLIR-C)

90 =00) 6(A=01) 06A=02) 6A=03) 06A=04) 6A=05) 06A=06 6A=07) 0A=08) 6A=09) 0K=1L10)
Original 59.90+0.00 69.17+0.00 73.37+0.70 7592+0.61 7642+0.00 77.82+0.00 76.13+0.70 75.64+1.17 73.84+0.00 73.18+1.00 71.78+1.27
Gaussian Noise 23.65+0.16 3587+0.60 39.92+0.34 4094+0.69 4021+1.22 3853+1.47 3649+158 3392+1.84 31.18+1.93 27.93+220 24.76+244
Shot Noise 17.63 £0.26 2836+0.75 31.61+0.30 31.49+0.15 30.10+£0.62 27.85+1.06 2541+1.18 2297+138 2049+146 1795+1.66 1539+1.80
Impulse Noise 14.12+£0.23 2248 +£0.30 2423+0.54 23.70+0.82 2294+1.06 21.07+1.25 19.60+093 17.57+0.84 1550+0.70 13.98+0.97 11.34+0.88
Defocus Blur 19.23 +£0.00 32.58+0.60 3997+0.61 4429+1.13 46.66+1.10 48.14+1.00 48.96+1.24 4892+1.33 47.87+1.58 46.38+1.54 44.40+1.40
Motion Blur 20.77£0.21 31.73+0.59 37.81+0.69 41.68+1.03 44.17+143 4565+1.29 46.54+090 46.60+0.96 46.01+1.07 4490+1.19 43.17+1.44
Zoom Blur 06.73£0.00 11.12+£0.35 13.23+043 1427+£0.52 1494+£0.54 1544+0.52 1570+£0.51 1589+0.18 16.06+0.19 1591+0.15 1532+0.14
Snow 08.29+0.32 11.98+0.26 13.57+0.41 13.62+0.71 13.19£1.05 12.50+1.08 11.63+1.20 1085+1.26 09.83+1.24 08.73+1.22 07.63+1.31
Frost 19.23+£0.26 28.62+0.65 32.77+0.39 34.68+0.25 3533+0.38 3568+0.55 3544+0.77 3487+0.89 3396+0.73 32.55+0.68 30.80+0.69
Fog 51.56 £0.07 63.39+0.15 68.76+0.18 72.17+0.55 73.84+0.71 7439+0.84 7445+085 7336+140 72.63+1.28 7142+1.25 70.56+0.41
Brightness 5843 +£0.00 67.75+0.15 72.80+042 7520+£0.50 75.88+0.88 75.59+094 7473+090 73.78+1.00 72.72+1.04 71.21+1.10 69.69 £ 1.05
Contrast 50.28 £0.00 62.55+0.12 68.03+0.30 71.68+0.53 73.50+0.67 73.99+0.69 73.83+1.02 7328+1.39 7275+1.12 71.68+1.15 70.41+0.96
Elastic transform 36.76 £ 0.48 53.13+0.82 61.25+0.88 65.65+0.70 67.93+0.34 6895+0.52 68.84+0.48 68.30+0.81 67.21+1.01 6596+1.01 64.18+0.74
Pixelate 32.65+0.00 4553+0.92 52.09+0.78 5586+0.74 57.68+0.95 59.03+0.09 57.56+0.54 57.57+0.67 5631+0.63 5436+0.82 51.74+0.86
JPEG compression  44.71 £0.00 55.25+0.38 59.69+£0.05 62.18+0.29 63.13+0.58 63.03+0.74 6249+045 61.14£036 59.44+034 5737+0.64 55.63+0.96
mPC 28.85 39.31 43.98 46.24 47.10 47.13 46.54 45.64 44.42 42.88 41.07

Table 8. Ablation of A over FLIR-C dataset for RetinaNet. Where A = 0.0 represents the zero-shot model, A\ = 0.5 represents
default WiSE-OD~s and A = 1.0 represents the fine-tuning model. For FLIR-C, the severity level is 2.

Test Set IR (Dataset: FLIR-C)

O(A=00) O6(A=01) 6A=02) O6A=03) OA=04) 6A=05 6A=06) 6A=07) 6A=08) HA=09) 6\=1.0)

Original 58.46+0.00 67.08+022 71.71£032 7493+0.15 7638+0.62 7734+0.05 77.00£0.19 7688001 76.08+0.15 74.35+030 73.38+0.89
Gaussian Noise 2561 £0.20 32.69+0.58 3532+0.84 3581+174 3533+£247 3431+283 3328+292 31.93+3.02 30.34+3.13 2858+3.11 2647+3.14
Shot Noise 1936 £0.06 25.03+0.61 26.67+046 2640+127 2548+202 24.15+£242 2278+253 2143241 1998+253 1843£263 16.95+2.60
Impulse Noise 14.82£0.17 2028+0.66 22.12+0.18 2272054 21.78+137 2177150 20.62+1.79 19.08+1.54 17.98+193 1696+2.15 1590198
Defocus Blur 1930 £0.00 29.18+0.55 35.62+0.32 39.61£0.79 42.52+127 4474+1.61 4650+ 1.67 47.22+177 4746+181 47.04+184 46.15+1.86
Motion Blur 2005£0.16 2699+0.15 3206046 36.34+121 39.83+£232 4291+290 45.13+3.39 4675+3.63 47.25+387 46.89+3.94 4596+3.97
Zoom Blur 07.05+0.00 1004026 1199040 1325026 1443028 1540032 1607052 1643065 1652081 1637093 1599+ 1.06
Snow 07.91£0.16 09.65+025 10.62+0.40 11.12£0.85 1129+121 11.09+144 10.83+1.73 1040191 09.79+1.88 09.06+1.91 0834+ 1.84
Frost 17.63£032 23.01+0.57 2644+096 2927+155 3140+195 33.02+£241 34.19+259 3495+2.84 3491+3.13 3453+3.04 33.90£3.17
Fog 4895+0.13 58.32+038 64254024 6823+025 70.96+045 7246+050 7324+026 73.41+045 7288+024 71.92+028 70.48+0.40
Brightness 56.74£0.00 65.14+027 69.99+039 72.90+028 7443+0.64 7480+0.56 74.84+0.55 7402040 73.09+0.11 71.80£0.16 70.06+0.30
Contrast 47.50+£0.00 56.81+0.50 62.87+0.31 67.26+0.07 70.04£023 71.89+043 72.81£0.27 73.09+020 72.80+0.10 71.94=0.12 70.75+0.38
Elastic transform 3427 £0.34 4818 £0.94 57.07+0.64 6239047 6590£029 68.19+0.54 69.25+0.68 69.51+044 68.86+053 67.56+0.53 65.63+0.54
Pixelate 32524000 41.93+0.67 4802074 5227+0.66 5546+047 57.66+0.30 58.83+0.15 59.10+040 58.58+0.58 57.48+0.82 5552+ 121
JPEG compression  44.10£0.00 5289 +0.51 57.47+047 60.21£0.60 61.79+0.86 62.57+1.02 6233+0.77 61.31£0.63 59.89+0.65 58.10+0.54 55.89+0.86
mPC 2827 35.72 40.03 42.69 4433 4535 4576 4561 45.02 44.04 4271

severity, the images exhibit stronger local distortions, bend-
ing and warping objects in ways similar to elastic transfor-
mations seen in real-world imaging artifacts.
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Figure 12. Qualitative comparison on M3FD under adverse conditions. Rows: fog, night, rain, indoor. Columns: RGB, IR, Zero-Shot
(ZS), Fine-Tuning (FT), and WiSE-ODzs.
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Figure 13. Examples of fog, brightness, and contrast perturbations at different severity levels for LLVIP. Each column shows the
effect of increasing corruption severity (1-5) on infrared images. Rows: fog, brightness, and contrast. Higher severities introduce stronger
degradations, simulating real-world challenging conditions.



