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Figure 1. Imaging results under atmospheric turbulence with dif-
ferent exposure-time. Short-exposure (e.g., | ms) primarily ex-
hibits turbulence-induced tilt due to effectively frozen instanta-

neous turbulence states. In contrast, long-exposure (e.g., 40 ms)

integrates multiple turbulent states over time, resulting in signifi-

cantly stronger blur.
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[1] Schwartzman A, Alterman M, Zamir R, et al. Turbulence-induced 2d correlated image distortion[C]//2017 IEEE international conference on computational photography (ICCP). IEEE, 2017: 1-13.
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Figure 2. Overview of the proposed exposure-time-dependent turbulence synthesis pipeline. The exposure-time 7 is treated as a continuous
input parameter to both the ET-MTF and blur-width field formulations. By systematically varying 7, our pipeline generates turbulence-
degraded images with physically consistent blur characteristics from the input tilt image.
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Figure 3. Comparison of MTF formulations at short and long-
exposure limits. ET-MTF shows a smooth evolution of the MTF as
exposure-time varies between the short and long-exposure limits.
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Figure 4. Temporal evolution of turbulence degradation under HJ (%) = H ( J (x AL ))
Taylor’s frozen-flow hypothesis in video synthesis. We construct an ! 0 L
extended turbulence degradation field along the wind direction v,.
Temporal correlation between frames is achieved by displacing this
field over time using the shift -f‘;;—wt




Table 1. Parameter sampling ranges for ET-Turb dataset generation. Notation: [a, b] denotes uniform sampling from continuous interval;

{vi,...

, Ur, } denotes uniform sampling from discrete set. All 12 configurations are sampled with equal probability.

Distance (m) Focal length (m) F-number Cc? o m~2%/ %) Height (m) Wind speed (m/s) Exposure-time (ms)
(30.100] 0.1.0.3] {2.8,4} [50,300] {4,50} [1,3] [0.5,8]
{2.8,4,5.6} [200,500] {100,200} [3,5] [0.5,8]
[100,200] 0.2.0.5] {2.8,4,5.6} [5,50] {200,400} [1,4] [1,20]
{2.8,4,5.6,8} [20,100] {4,50} [2,6] [0.5,10]
200,400] 0.3.0.5] {2.8,4,5.6,8} [2,30] {50,100} [2.5] [1,20]
{4,5.6,8,11} [10,40] {10,50} [3,6] [1,20]
[400,600] [0.4.0.75] {4,5.6,8,11} [1,20] {50,150} [3,5] [2,40]
{5.6,8,11,16} [10,30] {10,100} [4,7] [1,20]
(600,800] 0.6.0.8] {5.6,8,11,16} [1,15] {100,300} [3,7] [2,40]
{8,11,16,18} [2,20] {50,200} [4,8] [2,40]
(800.1000] [0.8.1] {8,11,16,18} [0.5,10] {10,100} [5.9] [2,40]
{11,16,18,24} [1,20] {4,50} [6,10] [1,20]
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(a) Captured by Canon EOS-1D Mark IV [1]
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(b) Captured by Nikon D750 [4]
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(c) Captured by Nikon Coolpix P1000 [8]

Figure 1. ET-Turb-Real Dataset Composition: Multi-Camera Systems and Diverse Scene Distribution. Real-world turbulence data is
collected across three different imaging devices, providing comprehensive coverage of diverse environmental and anthropogenic scenes:

urban landscapes, entertainment venues, industrial infrastructure, traffic scenarios, and commercial establishments.



Table 2. Quantitative comparison of turbulence mitigation models trained on different synthetic datasets and evaluated on real turbulence
data. Models trained on ET-Turb dataset achieve consistently lower NIQE and BRISQUE scores (lower is better), confirming superior
realism and generalization capability compared to TMT-Dynamic [50] dataset and ATSyn-Dynamic [49] dataset.

TSR-WGAN [23] TMT [50] DATUM [49] MambaTM [51]
NIQE | BRISQUE| NIQE| BRISQUE| NIQE| BRISQUE| NIQE.| BRISQUE |
TMT-dynamic [50]  4.231 52.502 4.361 58.581 4.219 54.921 4217 55.062
ATSyn-dynamic [49]  4.224 54.462 4.483 59.707 4.308 59.126 4.247 56.876
ET-Turb 4.190 50.981 4.221 56.691 4.204 54.070 4212 55.050

Training Dataset

(a) Input (b) TMT-dynamic [50] (¢) ATSyn-dynamic [49] (d) ET-Turb

Figure 5. Visual comparison of turbulence mitigation results on real data for MambaTM [51] models trained on different synthetic datasets.
Models trained on ET-Turb dataset produce sharper and more natural restorations with fewer artifacts compared to those trained on
TMT-Dynamic [50] dataset and ATSyn-Dynamic [49] dataset.



Table 3. Ablation study on exposure modeling strategies within
the ET-Turb synthesis pipeline. Comparing fixed (7 = 1ms),
binary (MTFsgng), and continuous (MTFgr) exposure formulations
demonstrates that continuous modeling yields the best perceptual
quality on MambaTM [51].

Exposure Strategy NIQE | BRISQUE |
ET-Turb (7 = 1ms) 4.355 55.457
ET-Turb (MTFgr) 4.212 55.050

(a) Input (b) T = 1ms (c) MTFsg1E (d) MTFgt

Figure 6. Visual ablation study on exposure modeling strategies for real turbulence restoration. The continuous ET-MTF formulation
produces more natural textures and stable structures compared to fixed or binary exposure approaches.
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Figure 8. Text recognition accuracy on the turbulence-text

dataset [54], evaluated using ASTER [44].




