
21 June 2026

POLITECNICO DI TORINO
Repository ISTITUZIONALE

GIMP Retinex and Underwater Imaging / Sparavigna, A.C.. - ELETTRONICO. - (2017).
Original

GIMP Retinex and Underwater Imaging

Publisher:

Published
DOI:

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2965732 since: 2022-06-05T09:30:34Z

HAL



HAL Id: hal-01507308
https://hal.archives-ouvertes.fr/hal-01507308

Preprint submitted on 12 Apr 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

GIMP Retinex and Underwater Imaging
Amelia Carolina Sparavigna

To cite this version:

Amelia Carolina Sparavigna. GIMP Retinex and Underwater Imaging. 2017. �hal-01507308�

https://hal.archives-ouvertes.fr/hal-01507308
https://hal.archives-ouvertes.fr


 

 

GIMP Retinex and Underwater Imaging 
 

Amelia Carolina Sparavigna 

Politecnico di Torino 
 

Abstract In this paper we show and discuss some examples of the use of a Retinex filter provided by  GIMP, 

the GNU image manipulation program for X window systems, for enhancing the images obtained by  

underwater photography. The tool  seems suitable for applications in the processing of images recorded 

during the underwater automated surveying made by drones. 
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Introduction 
In some previous papers [1-4], we have discussed the use of the Retinex filter of GIMP, the GNU image 

manipulation program for X window systems, for enhancing the images recorded in foggy conditions and in 

night scenes. Since the GIMP Retinex filter is able to increase the visibility of objects in the abovementioned 

cases, such as in other circumstances [5-7], it is quite possible that it can be useful also for the underwater 

imaging. Here we will show some examples of the use of GIMP Retinex applied to images recorded in 

underwater conditions. 

As stresses in [8], underwater exploration has become more active in recent years, with increasing 

applications, to name a few, in the studies of the marine life, for underwater engineering, search and 

rescue, and for the mapping of the seabed. In underwater exploration we have a vision that, due to the 

scattering and absorption effects which are giving hazing and bluish effects, results with low contrast, blur, 
and color variations [8,9]. On these premises, it seems that a Retinex filtering can help us for enhancing the 

quality of underwater images, as it is able to enhance the images of foggy and night scenes. Actually, 

several references exist which are discussing some Retinex algorithms for such a purpose [10-14]; other 

methods for enhancing the underwater images are given in Ref. [15-34]. 

Before the discussion of the GIMP Retinex applied to underwater imaging, let us shortly remember the 

features of Retinex tools.  

 

Retinex filters 

Of the Retinex filtering, let us shortly remember the following. Retinex methods for image processing had 
been developed to solve some experimental observations. These experiments concerned the fact that it is 

easy to find discrepancies between an image that we have recorded by a camera and the real scene that we 

have observed. The reason is the following: humans are able to see details both in the shadows and in the 

nearby illuminated areas, whereas a photograph of the same scene is showing either the shadows as too 

dark or the bright areas as overexposed [35]. 

Modelled on the peculiar features of the human vision, which are quite different from those of the 

recording devices [35-37], several algorithms of image processing had been developed to simulate the 

human ability of adapting to adverse conditions. These algorithms are known as Retinex algorithms. The 

first of them was conceived by Edwin H. Land, an American scientist and inventor, best known as co-

founder of Polaroid Corporation. As explained in Ref.35, through the years, Land evolved several models, 
until the last that he proposed in 1986.  The term “Retinex” was coined by Land himself, combining the 

words “retina” and “cortex”, to indicate the results of his researches. These researches tell that the human 

colour perception is involving all levels of vision processes, from the retina to the cerebral cortex. 

Several Retinex approaches exist [38-43]: the single-scale Retinex (SSR), the multiscale Retinex (MSR), and, 

for colour images, the MultiScale Retinex with Colour Restoration (MSRCR). Among MSRCR we find the 

GIMP Retinex, a freely available tool developed by Fabien Pelisson [44]. The resulting image of this filter 

can be adjusted selecting different levels, scales and dynamics. 

There are three “levels”. The “uniform” level tends to process both low and high intensity areas fairly; the 

“low” level  “flares up” the lower intensity areas on the image;  the “high” level tends to “bury” the lower 



 

 

intensity areas in favor of a better rendering of the clearer areas of the image. The “scale” determines the 

depth of the Retinex scale. Minimum value is 16, a value providing gross, unrefined filtering. Maximum 

value is 250. Optimal and default value is 240. A “scale division” determines the number of iterations in the 

multiscale Retinex filter. The minimum required and recommended value is three. The “dynamic” slider 
allows adjusting colour saturation contamination around the new average colour (default value is 1,2). 

 

Examples of the use of GIMP Retinex 

Images concerning scuba diving 

Let us consider an underwater scene, depicted in the Figure 1. The original image is compared to the 

filtered images, with Uniform (U), High (H) and L (low) levels. In the Figure we see two different choices of 

the parameters. Let us note that, in this case, an overall effect of the filtering exists: it is that of enhancing 

the red tones. In the case of the example proposed in the Figure 2, the red tones are only slightly 

accentuated. Let us note that the use of the Retinex filter allows to see the details of the scuba divers and 

of the chain. Of course, other approaches for enhancing these images are possible. In the Figure 3 for 
instance, we used two other filters from GIMP on the original image of the Figure 2: by visual comparison 

we can conclude that the Retinex filter is giving a better result, in particular for the rendering of the 

environment where scubas are operating. 

 

      
Figure 1: In the left image, we can see the original picture (top/left) and the results of the GIMP Retinex 

filtering for  Uniform (U),  High (H)  and  Low (L)  levels, for  the  parameters  having the default values 

(Scale = 240; Scale division = 3; Dynamic slider = 1,2). (Original image, Courtesy jpatokal user of the 

wikitravel.org/en/User for Wikipedia). In the right image, we see again the original image and the results of 

the GIMP Retinex filtering for the three levels, in the case of  parameters having values  (Scale = 240; Scale 
division = 7; Dynamic slider = 3,0). 

 

 

Figure 2: Original image on the left and the Low  level filtered image on the right, for the parameters having 

the default values (Scale = 240; Scale division = 3; Dynamic slider = 1,2). (Original image from flickr, 

Courtesy gingio for Wikipedia). 

 



 

 

 
Figure 3: On the left we can see image we can obtain using the  “Equalize” command in the “Colors” menu 

of GIMP, applied to the original image of the Figure 2. This command “automatically adjusts the brightness 

of colors across the active layer so that the histogram for the Value channel  is as nearly flat as possible, 

that is, so that each possible brightness value appears at about the same number of pixels as every other 
value. … Sometimes “Equalize” works very well to enhance the contrast in an image, bringing out details 

which were hard to see before. Other times, the results look very bad”, as told in 

https://docs.gimp.org/en/gimp-layer-equalize.html. On the right, we can see the effect of the GIMP 

Cartoon filter, which modifies the image so that it looks like a cartoon drawing.  

 

 
Figure 4: Original image on the left and the Low level filtered image, for the parameters having  values 

(Scale = 240; Scale division = 6; Dynamic slider = 2,0). (Courtesy University of Athens for  Wikipedia). 

 

It is clear from the Figure 4, that, in some cases, we are working as in a foggy scene [1,3]. The turbidity of 

the water is acting like the fog, diffusing the light and reducing the contrast. On the same basis, the GIMP 

Retinex is able to enhance the visibility of the underwater scene. 

 

Marine Life 

We can apply the GIMP Retinex for the study of the underwater images of the marine life. 
 

 
Figure 5: Original image and a detail of it enhanced using the Low  level filtered image, for the parameters 

having values (Scale = 240; Scale division = 8; Dynamic slider = 4,0). (Original image, Courtesy  Kurzon and 

Taragui for Wikipedia). We can see the eye and the skin covered with  warts and bumps. 

 

In the Figure 5 we are showing the picture of a whale (humpback whale). The individuals of this species are 

identified by the varying patterns on the tail flukes. In fact, the humpback whales have patterns of black 

and white pigmentation and scars on the underside of their tails that are unique to each whale [45]. Other 



 

 

marks are scars, warts and bumps, pigmentation patterns or albinism, deformities, algal films or the shape 

and position of external features such as the dorsal fin [46]. Therefore photographic catalogues of whales 

exist and are maintained according to their marks [47]. The Figure 5 is showing that the use of GIMP 

Retinex can help in the identification of the individual by enhancing the visibility of the bumps on the skin. 
Other examples of the use of GIMP Retinex for the imaging of marine life are given in the Figures 6 and 7. 

We can see that it is possible to detect the presence and count the individuals in the background of the 

picture (Figure 7).  

 

 
Figure 6: The crystal jelly. On the left, the original image. In the middle the Low level filtered image for 
parameters (Scale = 240; Scale division = 3; Dynamic slider = 0,0),  and on the right, for parameters (Scale = 

240; Scale division = 3; Dynamic slider = 2,5). (Original image Courtesy Mnolf for Wikipedia). 

 

 
Figure 7: Aurelia jellyfishes. On the left, the original image and, in the right, the Low level filtered image for 

parameters (Scale = 250; Scale division = 7; Dynamic slider = 3,0). (Original image Courtesy Alexander 

Vasenin for Wikipedia). On the right, the Low level filtered image is given for parameters (Scale = 250; Scale 

division = 7; Dynamic slider = 0,0).  

 

Shipwrecks  

The underwater wreck photography is difficult because of the large size of the subject and the limited light. 
In this case, a “black and white photography” is often preferred, because it is emphasizing the forms and 

the contrast, giving the possibility for enhancing the details in the wreck. Here some examples are given of 

the use of GIMP Retinex for an original colour image and for the same converted into grey tones.  

 

  
Figure 8: The wreck of the Severance. On the left, the original image and, on the right, the Low level filtered 

image for parameters (Scale = 250; Scale division = 8; Dynamic slider = 3,0). (Original image Courtesy Viv 

Hamilton for Wikipedia). 



 

 

  
Figure 9: As in the case of the Figure 3, we show the results of the use of the “Equalize” command in the 

“Colors” menu of GIMP (left) and of the GIMP Cartoon filter (right). In fact, the image on the right is clearly 

showing that the rigging of the wreck.   
 

The Figure 8 shows, also in this case,  that the Retinex filter is increasing the presence of red tones. The 

same happens if we use the “Equalize” command in the “Colors” menu of GIMP, as shown by the Figure 9. 

Actually, in the exploration of a shipwreck,  the colour tones seem being not so relevant, because it is the 

presence of structures and other details which are important to give information about the wreck. 

Therefore, let us consider the original image of the Figure 8 and convert it into a grey-level image. The 

GIMP Retinex is working also on the images converted into grey tones and the result of the filter applied to 

the grey-tone image is remarkable (see the Figure 10).  

 

  

Figure 10: On the left, the original image has been converted into grey tones. On the right, the Low level 
filtered image for parameters (Scale = 250; Scale division = 8; Dynamic slider = 2,5). (Original image 

Courtesy Viv Hamilton for Wikipedia). 

 

 Figure 11: Histogram of the original image in grey 
tones, from 0 to 255 (Figure 10, left).  

  Figure 12: Histogram of the filtered image (Figure 
10, on the right). 



 

 

In the Figures 11 and 12 we have the histograms of the two images in the Figure 10. The histograms are 

quite different, and therefore also the entropies of the images are different, being greater that of the 

filtered image [4].  

 
 

 
Figure 13:  On the shipwreck of the Yubae Maru. On the left the original image, in the middle the grey tone 

image and on the right the Low level filtered image for parameters (Scale = 240; Scale division = 8; Dynamic 

slider = 1,8). (Original image Courtesy from Article: MacLeod, I. D. (2016) In-situ Corrosion Measurements 

of WWII Shipwrecks in Chuuk Lagoon, Quantification of Decay Mechanisms and Rates of Deterioration. 
Front. Mar. Sci. 3:38. DOI: 10.3389/fmars.2016.00038). 

 

 

 

 
Figure 14: A shipwreck in the Tallinn Bay. Up/left, the original image and, on the right, the Low level filtered 

image for parameters (Scale = 250; Scale division = 8; Dynamic slider = 3,0).  The same for the image in grey 

tones (Original image Courtesy Tuukritööde OÜ for Wikipedia). 

 

 

Two other examples are proposed in the Figures 13 and 14. Figure 13 shows the result of the GIMP Retinex 
applied to an image of a research paper published in the Frontiers in Marine Science. The research work 

concerned in-situ corrosion measurements of WWII shipwrecks in Chuuk Lagoon. In this place, more than 



 

 

65 shipwrecks and 250 aircraft were sunk during two main bombing raids. As told by [48], “the bunker fuel 

kept inside on-board storage tanks does present a real conservation management crisis”. For this reason, 

an evaluation of corrosion rates is fundamental for the preservation of the local environment.  

 

Underwater engineering. The engineering services, which are constituting a part of the underwater 

engineering, are mainly based on the works of the engineer divers. These divers have the capacities and 

knowledge needed to plan and execute the underwater operations concerning the specific engineering 

area. An example of engineering area which is requiring the engineer divers, is that of the  civil 

infrastructures below water  needing inspection and maintenance. In the case of underwater engineering 

works, a Retinex filtering of images could be useful for a detailed surveying of the structures and of the site 

of operations. In particular, the filtering of the images could be involved in a preliminary survey made by 

automated or remotely controlled devices, such as the underwater drones. In fact, the examples proposed 

above, and the others given in Figs. 15  and 16 for images in grey tones, seem evidencing that GIMP Retinex 

could be used to enhance the images recorded in preliminary surveying operations, to help the engineers in 
the planning of the following operations of the divers. 

 

 

 

Figure 15:   Up/left, the original image and, on the right, the Low level filtered image for parameters (Scale 

= 240; Scale division = 6; Dynamic slider = 2,0).  The same for the image in grey tones (Original image 

Courtesy TPSDAVE, https://pixabay.com/it/tuffatore-immersioni-subacquee-nuoto-85913/). 

 
 

  
Figure 16:   Up/left, the original image and, on the right, the Low level filtered image for parameters (Scale 

= 240; Scale division = 6; Dynamic slider = 2,0).  The same for the image in grey tones (Original image 

Courtesy TPSDAVE, https://pixabay.com/it/mare-ocean-acqua-subacquea-luce-86425/). 
 

References 

[1] Sparavigna, A. C. (2015). Retinex filtering and thresholding of foggy images. PHILICA.COM Article 

number 511. 

[2] Sparavigna, A. C., & Marazzato, R. (2015). Effects of GIMP Retinex Filtering Evaluated by the Image 

Entropy. arXiv preprint arXiv:1512.05653. 

[3] Marazzato, R., & Sparavigna, A. C. (2015). Retinex filtering of foggy images: generation of a bulk set with 
selection and ranking. arXiv preprint arXiv:1509.08715. 

[4] Sparavigna, A. C., & Marazzato, R. (2016). Evaluation of GIMP Retinex Filtering of Images by Means of 

the Shen++Max Shannon Entropy Finder. <hal-01308434> 



 

 

 [5] Sparavigna, A. C. (2015). GIMP Retinex for enhancing images from microscopes. International Journal of 

Sciences, 4(6), 72-79. DOI: 10.18483/ijsci.758 

[6] Sparavigna, A. C. (2015). An image processing approach based on Gnu Image Manipulation Program 

GIMP to the panoramic radiography. International Journal of Sciences, 4(5), 57-67. DOI: 10.18483/ijsci.721 
[7] Sparavigna, A. C., & Marazzato, R. (2017). The GIMP Retinex Filter Applied to the Fabric Fault Detection. 

International  Journal of Sciences, 6(03), 106-112. DOI: 10.18483/ijSci.1227 

[8] Shu Zhang,  Ting Wang,   Junyu  Dong,  & Hui  Yu  (2017).  Underwater  image  enhancement  via  

extended multi-scale Retinex, Neurocomputing, Available online 16 March 2017, DOI: 

10.1016/j.neucom.2017.03.029 

[9] Sahu, P., Gupta, N., & Sharma, N.  (2014). A survey on underwater image enhancement techniques. Int. 

J. Comput. Appl., 87 (2014), pp. 19–23. DOI: 10.5120/15268-3743 

[10] Fu, X., Zhuang, P., Huang, Y., Liao, Y., Zhang, X. P., & Ding, X. (2014). A retinex-based enhancing 

approach for single underwater image. In Image Processing (ICIP), 2014 IEEE International Conference on 

(pp.4572-4576). IEEE.  DOI: 10.1109/icip.2014.7025927 
[11] Zhang, K., Jin, W. Q., Su, Q., & Wang, X. (2011). Multi-scale retinex enhancement algorithm on 

luminance channel of color underwater image. Infrared Technology, 3, 1003-1006. 

[12] Joshi, K. R., & Kamathe, R. S. (2008, July). Quantification of retinex in enhancement of weather 

degraded images. In Audio, Language and Image Processing, 2008. ICALIP 2008. International Conference 

on (pp. 1229-1233). DOI: 10.1109/icalip.2008.4590120 

[13] Mirza, N. M., Al–Zuky, A. A. D., & Dway, H. G. Enhancement of the Underwater Images Using Modified 

Retinex Algorithm. Al-Mustansiriyah Journal of Science, 24(5), 511-518.  

[14] Alex Raj, S. M., &  Supriya, M. H. (2015). Underwater image enhancement using single scale retinex on 

a reconfigurable hardware. 2015 International Symposium on Ocean Electronics SYMPOL. DOI: 
10.1109/sympol.2015.7581166 

[15]  Iqbal, K., Abdul Salam, R., Osman, M., & Talib, A. Z. (2007). Underwater Image Enhancement Using An 

Integrated Colour Model. IAENG International Journal of Computer Science, 32(2), 239-244.   

[16] Wang, H. B., Dong, X., Shen, J., Wu, X. W., & Chen, Z. (2013). Saliency-based adaptive object extraction 

for color underwater images. In Applied Mechanics and Materials, 347, 3964-3970. Trans Tech Publications.    

[17]  Xinnan, S. D. L. Q. F., & Guanying, H. (2010). Underwater Image Enhancement Algorithm Based on 

Contourlet Transform and Multi-Scale Retinex [J]. Laser & Optoelectronics Progress, 4, 010. 

[18] Vasilescu, I., Detweiler, C., & Rus, D. (2011). Color-accurate underwater imaging using perceptual 

adaptive illumination. Autonomous Robots, 31(2-3), 285.   DOI:  10.15607/rss.2010.vi.003 

[19] Chiang, J. Y., & Chen, Y. C. (2012). Underwater image enhancement by wavelength compensation and 
dehazing. IEEE Transactions on Image Processing, 21(4), 1756-1769. 

[20] Schettini, R., & Corchs, S. (2010). Underwater image processing: state of the art of restoration and 

image enhancement methods. EURASIP Journal on Advances in Signal Processing, 2010(1), 746052. 

[21] Hitam, M. S., Awalludin, E. A., Yussof, W. N. J. H. W., & Bachok, Z. (2013, January). Mixture contrast 

limited adaptive histogram equalization for underwater image enhancement. In Computer Applications 

Technology (ICCAT), 2013 International Conference on (pp. 1-5). DOI: 10.1109/iccat.2013.6522017 

[22] Yang, H. Y., Chen, P. Y., Huang, C. C., Zhuang, Y. Z., & Shiau, Y. H. (2011). Low complexity underwater 

image enhancement based on dark channel prior. In Innovations in Bio-inspired Computing and 

Applications (IBICA), 2011 Second International Conference on (pp. 17-20). DOI: 10.1109/ibica.2011.9 

[23] Singh, B., Mishra, R. S., & Gour, P. (2011). Analysis of contrast enhancement techniques for underwater 
image. International Journal of Computer Technology and Electronics Engineering, 1(2), 190-194. 

[24] Hou, W., Gray, D. J., Weidemann, A. D., Fournier, G. R., & Forand, J. L. (2007). Automated underwater 

image restoration and retrieval of related optical properties. In Geoscience and Remote Sensing 

Symposium, 2007. IGARSS 2007. IEEE International (pp. 1889-1892). DOI: 10.1109/igarss.2007.4423193 

[25] Kumar Rai, R., Gour, P., & Singh, B. (2012). Underwater image segmentation using CLAHE  

enhancement and thresholding. International Journal of Emerging Technology and Advanced Engineering, 

2(1), 118-123. Available at http://www.ijetae.com/files/Volume2Issue1/IJETAE_0112_23.pdf 

[26] Petit, F., Capelle-Laize, A. S., & Carre, P. (2009). Underwater image enhancement by attenuation 

inversion with quaternions. In Acoustics, Speech and Signal Processing, 2009. ICASSP 2009. IEEE 

International Conference on (pp. 1177-1180). DOI: 10.1109/icassp.2009.4959799 



 

 

[27] Yussof, W. N. J. H. W., Hitam, M. S., Awalludin, E. A., & Bachok, Z. (2013). Performing contrast limited 

adaptive histogram equalization technique on combined color models for underwater image enhancement. 

International Journal of Interactive Digital Media, 1(1), 1-6. 

[28] Andono, P. N., Purnama, I., & Hariadi, M. (2013). Underwater image enhancement using adaptive 
filtering for enhanced SIFT-based image matching. Journal of Theoretical & Applied Information 

Technology, 52(3), 392-399. 

[29] Ancuti, C., Ancuti, C. O., Haber, T., & Bekaert, P. (2012). Enhancing underwater images and videos by 

fusion. In Computer Vision and Pattern Recognition (CVPR), 2012 IEEE Conference on (pp. 81-88). DOI: 

10.1109/cvpr.2012.6247661 

[30] Serikawa, S., & Lu, H. (2014). Underwater image dehazing using joint trilateral filter. Computers & 

Electrical Engineering, 40(1), 41-50. DOI: 10.1016/j.compeleceng.2013.10.016 

[31] Prabhakar, C. J., & Kumar, P. U. (2012). An image based technique for enhancement of underwater 

images. arXiv preprint arXiv:1212.0291. 

[32] Çelebi, A. T., & Ertürk, S. (2012). Visual enhancement of underwater images using Empirical Mode 
Decomposition. Expert Systems with Applications, 39(1), 800-805. DOI: 10.1109/siu.2012.6204554 

[33] Padmavathi, G., Subashini, P., Kumar, M. M., & Thakur, S. K. (2010). Comparison of filters used for 

underwater image pre-processing. International Journal of Computer Science and Network Security, 10(1), 

58-65. 

[34] Trucco, E., & Olmos-Antillon, A. T. (2006). Self-tuning underwater image restoration. IEEE Journal of 

Oceanic Engineering, 31(2), 511-519. DOI: 10.1109/joe.2004.836395 

[35] Barnard, K., & Funt, B. (1999). Investigations into multi-scale Retinex, in Colour Imaging: Vision and 

Technology, L. MacDonald, Ed. and M. Ronnier Luo. Ed., John Wiley and Sons, pp. 9-17. ISBN: 

9780471985310 
[36] Zhixi Bian, & Yan Zhang (2002). Retinex image enhancement techniques: Algorithm, application and 

advantages, EE264 final project report for Image Processing and Reconstruction. 

[37]  Jobson, D.J., Rahman, Z., & Woodell, G.A. (1997). A Multi-Scale Retinex for bridging the gap between 

colour images and the human observation of scenes, IEEE Transactions on Image Processing 6(7):965-976. 

DOI: 10.1109/83.597272 

[38] Land, E.H. (1986). An alternative technique for the computation of the designator in the Retinex theory 

of color vision, Proc. Nat. Acad, Sci. 83:3078-3080. PMCID: PMC323455 

[39] Land, E.H. (1983). Recent advances in Retinex theory and some implications for cortical computations, 

Proc. Nat. Acad. Sci. 80:5163-5169. PMCID: PMC384211 

[40] Land, E. H. (1986). Recent advances in Retinex theory, Vis. Res. 26:7-21. DOI: 10.1016/0042-
6989(86)90067-2 

[41] Land, E. H. (1959). Experiments in color vision, Scientific American, May Issue, 285-298. 

[42] Land, E. H. (1959). Color vision and the natural image, Proc. of the National Academy of Sciences 

45(1):115–129. PMCID: PMC222521 

[43] Jobson, J., Rahman, Z., & Woodell, G.A. (1997). Properties and performance of a center/surround 

Retinex, Image Processing IEEE Transactions on 6(3):451-462. DOI: 10.1109/83.557356 

[44] Fabien Pelisson, GIMP Retinex,  http://www-prima.inrialpes.fr/pelisson/MSRCR.php 

[45] Stellwagen Bank Sanctuary. Identifying Individual Humpback Whales. Retrieved 8 April 2017, at 

http://stellwagen.noaa.gov/sister/pdfs/sbnms_fs_id_2011_1.pdf 

[46] Katona, S.K., & Whitehead, H.P. (1981). Identifying humpback whales using their natural markings. 
Polar Record, 20, 439–444. DOI: 10.1017/s003224740000365x 

[47] Vv. Aa. Wikipedia, https://en.wikipedia.org/wiki/Humpback_whale 

[48] MacLeod, I. D. (2016) In-situ Corrosion Measurements of WWII Shipwrecks in Chuuk Lagoon, 

Quantification of Decay Mechanisms and Rates of Deterioration. Front. Mar. Sci. 3:38. DOI: 

10.3389/fmars.2016.00038 


