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Figure 1.  Schematic diagrams of underwater 
imaging model (a) and light absorption (b).

Due to complicated physical property of underwater 
image environment, underwater images suffer from 
color distortion and contrast degradation when 
light travels in water.

1. Introduction

Figure 4. Enhanced and zoomed-up results of different methods.

Table 1. Average metrics on 50 underwater images

Figure 3. The flowchart of the proposed method.

3. Proposed Method

① A variational retinex model with multi-order gradient priors of reflectance and illumination is proposed for 
underwater image enhancement, which captures fine-scale and complete structures of underwater images.
② L1 norm is accurate to model multi-order gradients of the reflectance, since its multiorder gradients are more 
sparse than those of the illumination. L2 norm is used to model multi-order gradients of the illumination, since its 
multiorder gradients are smoother than those of reflectance. 
③ A complex underwater enhancement issue is turned into simple subproblems that their convergence proof is 
provided, and an efficient alternating optimization method is derived to address them, along with fast pixel-wise 
operations and no extra underwater prior knowledge.

5. Conclusion

4. Results

Figure 2. Average multi-order gradient histograms 
of reflectance (a-c) and illumination (d-f) on 100 
high quality underwater images. (a)(b) and (d)(e): 
average histograms of first-order gradients of 
reflectance and illumination at horizontal and 
vertical directions. (c) and (f): average histograms of 
second-order  g rad ien t s  o f  r e f l ec tance  and 
illumination. 

Note that multi-order gradient histograms of the 
reflectance (a-c) are more sparse than those of 
the illumination (d-f). Meanwhile, take one image 
for example, it is observed that first-order (j-k) and 
second-order (l) gradients of the illumination are 
relative smoother than first-order (g-h) and 
second-order (i) of the reflectance.

2. Motivation 
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