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Abstract 
 

 
Fish-cage dysfunction in aquaculture installations can trigger significant negative conse-

quences affecting the operational costs. Low oxygen levels, due to excessive fooling, lead to de-
creased growth performance and feed efficiency. Therefore, frequent periodic inspection of 
fish-cage nets is required, but this task can become quite expensive with the traditional means 
of employing professional divers that perform visual inspections at regular time intervals. The 
modern trend in aquaculture is to take advantage of IT technologies with the use of a small-
sized, low-cost Autonomous Underwater Vehicle (AUV), permanently residing within a fish cage 
and performing regular video inspection of the infrastructure for the entire net surface. In the 
present study, we explore specialized image processing schemes to detect net holes of multiple 
area size and shape. These techniques are designed with the vision to provide robust solutions 
that take advantage of either global or local image structures as to provide efficient inspection 
of multiple net holes. 
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ɼʶ˒ʱ˂ʰʽˇ м : ɳʽˋʰʴ˖ʴʺ 
 

 

мΦм ɼʾ˄ʹˍˊˇ 
 

ɶ ˃ʹ˔ʰ˄ʽˁʺ ˈˊʰˋʹ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ h ˉˈ ˍʰ ˉ˂ʷˇ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˉʶʵʾʰ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ˄ˈʹˋʹˌΦ 

ɳʾ˄ʰʽ ʷ˄ʰˌ ˁ˂ʱʵˇˌ ʽʵʽʰʾˍʶˊʰ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ˇˌ ˋˍˇ˄ ˇˉˇʾˇ˄ ˇʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ ʰ˄ˍʽ˃ʶπ
ˍ˖ˉʾˋˇˎ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˍˇˎ ˋˏʴ˔ˊˇ˄ˇˎ ˁˈˋ˃ˇˎΦ ʅˁˇˉˈˌ ˍʹˌ ʶʾ˄ʰʽ ʹ ʰ˄ʰˉʰˊʰʴ˖ʴʺ, ˃ʷˋ˖ ʰ˂ʴˇˊʾʻ˃˖˄, 
ˍʹ̩ h ʾˋʻʹˋʹ ̩̱ ʹˌ ʰ˄ʻˊ˗ˉʽ˄ʹˌ ˈˊʰˋʹˌΦ 

ɴ˄ʰ̩ ʰΩ̄ ˍˇˎˌ ʲʰˋʽˁˇˏˌ ˍˇ˃ʶʾˌ ˋˍˇˎˌ ˇˉˇʾˇˎ ̩ʷ˔ʶʽ ʵʽʶʽˋʵˏˋʶʽ  ʹ ˃ʹ˔ʰ˄ʽˁʺ ˈˊʰˋʹ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈπ
˄ʽʰ ʶʾ˄ʰʽ ˁʰʽ ˇʽ ʽ˔ʻˎˇˁʰ˂˂ʽʷˊʴʶʽʶˌΦ ɮˎˍʷˌ ʰˉˇˍʶ˂ˇˏ˄ ˋʺ˃ʶˊʰ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˍʰ˔ˏˍʶˊʰ ʰ˄ʰˉˍˎˋˋˈ˃ʶπ
˄ˇˎˌ ˁ˂ʱʵˇˎˌ ˍʹˌ ʸ˖ʽˁʺˌ ˉʰˊʰʴ˖ʴʺˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ʃʰʴˁˈˋ˃ʽˇ ʁˊʴʰ˄ʽˋ˃ˈ ʆˊˇ˒ʾ˃˖˄ όFAOύ ˃ʷ˔ˊʽ ˍˇ 
нлол ˉʱ˄˖ ʰˉˈ ˍˇ ср҈ ˍ˖˄ ʰ˂ʽʶˎˍʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ʻʰ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˎʵʰˍˇˁʰ˂˂ʽʷˊʴʶʽʰΦ 

ɶ ɳ˂˂ʱʵʰ ˍʰ ˍʶ˂ʶˎˍʰʾʰ нр ˔ˊˈ˄ʽʰ ʷ˔ʶʽ ʰ˅ʽˇˉˇʽʺˋʶʽ ˍˇ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍˇˎ ɳ˂˂ʹ˄ʽˁˇˏ 
ʰˊ˔ʽˉʶ˂ʱʴˇˎˌ ˃ʶ ˍˇ˄ ˉ˂ʷˇ˄ ʵˎ˄ʰ˃ʽˁˈ ˍˊˈˉˇΦ ɳˁˍʽ˃ʱˍʰʽ  ˈˍʽ ˍˇ со҈ ˍʹˌ ʶʴ˔˗ˊʽʰˌ ˉʰˊʰʴ˖ʴʺˌ ʰ˂ʽʶˎˍʽπ
ˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˎʵʰˍˇˁʰ˂˂ʽʷˊʴʶʽʰ [1], ˃ʁ ˍʰˍˊʷˉˇ˄ˍʰˌ ʷˍˋʽ ˍˇ ˄ˁ˂ʱʵˇ ˋʶ ʷ˄ʰ˄ ʰˉˈ 
ˍˇˎˌ ˍʰ˔ˏˍʶˊʰ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ˇˎˌ ˍʹˌ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ˉʰˊʰʴ˖ʴʺˌ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ˄ ʷ˄ʰ˄ 
ʰˉˈ ˍˇˎˌ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁˇˏˌ ʴʽʰ ˍʹ˄ ʶʴ˔˗ˊʽʰ ˇʽˁˇ˄ˇ˃ʾʰΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˉʰˊʰˍʹˊʺʻʹˁʶ ˃ʶʴʱ˂ʹ ˋˍˊˇ˒ʺ 
ˉˊˇˌ ˍʽˌ ʽ˔ʻˎˇˁʰ˂˂ʽʷˊʴʶʽʶˌ ώ2ϐ ʹ ˇˉˇʾʰ ʰ˄ʱʴˁʰˋʶ ˍˇ ˋ˔ʶˍʽʸˈ˃ʶ˄ˇ ʰ˄ʻˊ˗ˉʽ˄ˇ ʵˎ˄ʰ˃ʽˁˈ ˋʶ ˃ʽʰ ʰ˄ʰʸʺˍʹπ
ˋʹ ʰ˅ʽˈˉʽˋˍ˖˄ ˂ˏˋʶ˖˄ ˋˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˍʰ˂ʰ˄ʾʸˇˎ˄ ˍˇ˄ ˍˇ˃ʷʰΦ 

ʁʽ ˋˏʴ˔ˊˇ˄ˇ ̔˃ʷʻˇʵˇʽ ʽ˔ʻˎˇˁʰ˂˂ʽʷˊʴʶʽʰˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʹ˄ ̱ɦ ˋʹ ˍʹ ̩˃ʶˍʰ˒ˇˊʱ ̩ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ˉʰπ
ˊʰʴ˖ʴʺˌ ˃ʰˁˊʽʱ ʰˉˈ ˍʽˌ ʰˁˍʷˌΣ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˁʰˍ˂ɦ˂́˂ʰ ʵˇ˃ʹ˃ʷ˄ʰ ʴʽʰ ˍʹ ˁʰ˂ˏˍʶˊʹ ʰˉˈʵˇˋʹ ˍ˖˄ 
˃ˇ˄ʱʵ˖˄ ˉʰˊʰʴ˖ʴʺˌ ˁʰʽ ˍʹ ˃ʽˁˊˈˍʶˊʹ ʶˉʾˉˍ˖ˋʹ ˋˍˇ ˋˎ˄ˇ˂ʽˁˈ ˇʽˁˇˋˏˋˍʹ˃ʰΦ ʃʰˊˈ˂Ω ʰˎˍʱ ˉʰˊˇˎˋʽʱπ
ʸˇ˄ˍʰʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ˉˊʷˉʶʽ ˄ʰ ʶ̄ ʽ˂ˏˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʺ ˍˇˎˌ ʴʽʰ ˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ˂ʶʽπ
ˍˇˎˊʴʾʰ ˍ˖˄ ʵˇ˃˗˄Φ ɴ˄ʰ ʰˉˈ ʰˎˍʱ ʶʾ˄ʰʽ ʹ ʰˉˈʵˊʰˋʹ ˕ʰˊʽ˗˄ ʰˉˈ ˍˇˎˌ ʽ˔ʻˎˇˁ˂˖ʲˇˏˌΣ ˂ˈʴ˖ ˍʹˌ ʰ˄ʰπ
ˉˈ˒ʶˎˁˍʹˌ ˒ʻˇˊʱˌ ʺ ˂ˈʴ˖ ʰˍˎ˔ʺ˃ʰˍˇˌ. ɮˎˍˈ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˈˋˇ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰˉ˗˂ʶʽʰ ˃ˇπ
˄ʱʵ˖˄ ˈˋˇ ˁʰʽ ˍʹ ˂ʶʴˈ˃ʶ˄ʹ ζʴʶ˄ʶˍʽˁʺ ˊˏˉʰ˄ˋʹη ʰˉˈ ˍʹ˄ ʶʾˋˇʵˇ ʶˁˍˊʶ˒ˈ˃ʶ˄˖˄ ʰˍˈ˃˖˄ ˋˍˇ ˒ˎˋʽˁˈ 
ˉʶˊʽʲʱ˂˂ˇ˄Φ ɳˉʾˋʹˌ ʰʴˁʱʻʽ ˉʰˊʰ˃ʷ˄ʶʽ ˁʰʽ ʹ ʶ˄ʶˊʴʺ ˋˎ˃˃ʶˍˇ˔ʺ ˍˇˎ ʰ˄ʻˊ˗ˉʽ˄ˇˎ ˉʰˊʱʴˇ˄ˍʰΣ ˈˉ˖ˌ ˇʽ 
ʵˏˍʶˌΣ ʴʽʰ ˍˇ ˔ʶʽˊʽˋ˃ˈ ˍˇˎ ʶ˅ˇˉ˂ʽˋ˃ˇˏΦ ɳʾ˄ʰʽ ˁʱˍʽ ˉˇˎ ʰˎ˅ʱ˄ʶʽ ˍˇ ˁˈˋˍˇˌ ˁʰʽ ˍˇ ˔ˊˈ˄ˇ ʵʽʶˁˉʶˊʰʾ˖ˋʹˌ 
˃ʽʰˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ 

ɶ ˋˏ˄ʵʶˋʹ IT ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ˃ʶ ˍʽˌ ʽ˔ʻˎˇˁʰ˂˂ʽʷˊʴʶʽʶˌ ʻʶ˖ˊʶʾˍʰʽ ʰ˄ʰˉˈ˒ʶˎˁˍʹ ʴʽʰ ˄ʰ ˂ˎʻˇˏ˄ ˍʰ ˉʰπ
ˊʰˉʱ˄˖ ˉˊˇʲ˂ʺ˃ʰˍʰΦ ʇˉˇʻʰ˂ʱˋˋʽʶˌ ˁʱ˃ʶˊʶˌΣ ˊˇ˃ˉˇˍʽˁʱ ˇ˔ʺ˃ʰˍʰ ˁʰʽ ʰʽˋʻʹˍʺˊʶˌ ˋˎ˄ʵˊʱ˃ˇˎ˄ ˋˍʹ˄ 
ˁʰ˂ˏˍʶˊʹ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ʵˇ˃˗˄Σ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˁʰʽ ˃ʷˍˊʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʶ˄ʹ˃ʷπ
ˊ˖ˋʹ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ όreal time) ˍ˖˄ ˔ˊʹˋˍ˗˄ ˃ʷˋʰ ʰˉˈ ʶ˅ˎˉʹˊʶˍʹˍʷˌ όservers), ʶ˒ʰˊ˃ˇʴʷˌ όap-
plications) ̋  emails [3], [4], [5], [6], [7]. 
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https://www.sciencedirect.com/science/article/pii/S2214317314000249
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https://ieeexplore.ieee.org/document/8261525


 
7 

 

ɾʽ h˂ˏˋʹ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋˍ ́˃ʶʾ̟ˋ  ́ʰ˄ʻˊ˗ˉʽ˄ˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ʰˎˍˇ˃ʰˍˇˉˇʽπ
ʹ˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʶˉʽˍʺˊʹˋʹˌΣ ˈˉ˖ˌ ʰˎˍʺ ˍ˖˄ ʰˎˍˈ˄ˇ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ όAUVύ ˍʰ ˇˉˇʾʰ ˉʰˊʰ˃ʷ˄ˇˎ˄ 
˃ʷˋʰ ˋˍʽˌ ʵˇ˃ʷˌ, ˁʰˍʰʴˊʱ˒ˇ˄ˍʰˌ ˍˇ ˎˉˇʻʰ˂ʱˋˋʽˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɾ  ʁˍ ́˔ˊʺˋʹ ʶʽʵʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ 
(software) ʵʾ˄ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ̱́ˌ ʰˎˍˈ˃ʰˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁʰʽ ˍˇˎ ʶ˄ˍˇˉʽˋ˃ˇˏ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʶ˄ˍˈˌ ˍ˖˄ 
˃ˇ˄ʱʵ˖˄ ˉʰˊʰʴ˖ʴʺˌΣ ʴʽΩ ʰˎˍˈ ˇ ˇˊʻˈˌ ˁʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˌ ˍˊˈˉˇˌ ʰ˄ʱˉˍˎ˅ʹˌ ʰ˂ʴˇˊʾʻ˃˖˄ ʶˉʶ˅ʶˊʴʰπ
ˋʾʰˌ ˍ˖˄ ʶʽˁˈ˄˖˄ ̄ ʰʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ. 

ɳ˄ ˁʰˍʰˁ˂ʶʾʵʽ, ʹ h˄ ʱˉˍˎ˅ʹ ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ ˇʽ ˇˉˇʾʶˌ ʶˉʽ˂ˏˇˎ˄ ˍʰ ˉʰˊʰˉʱ˄˖Σ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˄ʶʽˋ˒ʷπ
ˊˇˎ˄ ˋˍˇ˄ ̫ ʴˁʰʽˊˇ ʶ˄ˍˇˉʽˋ˃ˈ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ̀ ˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ʽ˔ʻˎˇˁʰ˂˂ʽʶˊʴʶʽ˗˄Φ 

 

 

мΦн ʅˁˇˉˈˌ ʶˊʴʰˋʾʰˌ 
 

ʅˍˈ˔ˇˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶʾ˄ʰʽ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˎˉˇʻʰ˂ʱˋˋʽ˖˄ ʶʽˁˈ˄˖˄ ʰˉˈ ʵʾ˔ˍˎʰ ʽ˔ʻˎˇπ
ˁ˂˖ʲ˗˄ ˁ ʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ʶ˄ʵʶ˔ˈ˃ʶ˄˖˄ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˉʱ˄˖ ˋʶ ʰˎˍʱ όˉ˔Φ ˍˊˏˉʶˌ ˁˍ˂ˉύΦ   

ʁ̔  ʶʽˁˈ˄ʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ̄ ʶˊʽʷ˔ˇˎ˄ ʵʾ˔ˍˎʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˋ˔ʺ˃ʰˍˇˌ 
ˁʰʽ ˃ʶʴʷʻˇˎˌ. ɾʶ ʵʶʵˇ˃ʷ˄ˇ ˈˍʽΣ ˇʽ ˎˉˇʻʰ˂ʱˋˋʽʶˌ ˋˎ˄ʻʺˁʶˌ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʰ˂˂ˇʽ˗ˋʶʽˌ ˍ˖˄ ʵʽˁˍˎ˗˄, 
ˉˊˇˋˉʰʻʺˋʰ˃ʶ ˃ʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ  ˄ʰ ʶ˅ʶˍʱˋˇˎ˃ʶ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʰˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˍˇˎ 
ˉ˂ʷʴ˃ʰˍˇˌ ˁ ʱʻʶ ˒ˇˊʱ. 

ɮˁˈ˃ʹ ˉʶʽˊʰ˃ʰˍʽˋˍʺˁʰ˃ʶ ˋʶ ʶˉʾˉʶʵˇ ˉʰˊʰ˃ˈˊ˒˖ˋʹˌ ˍˇˎ ʵʽ˔ˍˎ̌ Φˏ ɳ˅ʶˍʱˋʰ˃ʶ ˍʹ˄ ˁ˂ʾˋʹ ˍˇˎ ˁʰʻ˗ˌ 
ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ˍˊˏˉʰˌ ˁʱʻʶ ˒ˇˊʱΣ ˃ʷˋ˖ ˋˎ˄ʵˎʰˋ˃ʷ˄˖  ˄ˍʶ˔˄ʽˁ˗˄ ˉʰˊʱ˂˂ʹ˂ʹˌ ˃ʶˍʰˍˈˉʽˋʹˌ όtrans-
lation) , ̄ ʶˊʽˋˍˊˇ˒ʺˌ όrotation) ˁ ʰʽ ʰ˂˂ʰʴʺ ˃ʶʴʷʻˇˎˌ όresize) ̄ ʱ˄˖ ˋʶ ˁʱʻʶ ʶʽˁˈ˄ʰΦ  

ɶ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ˍ˖˄ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˉˊˇˋˇ˃ˇʽʱʸʶʽ ˃ʶ ˍʶ˔˄ʽˁʷˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˉˊˇˍˏˉ˖˄ ˋʶ ʰπ
˄ˈ˃ˇʽʶˌ ʵˇ˃ʷˌ όpattern irregularities). ɼ˂ʰˋʽˁʷˌ ˃ʷʻˇʵˇʽ ʶ˄ˍˇˉʽˋ˃ˇˏ ʰˁ˃˗˄ (edge detection) ˈˉ˖ˌ ˇ 
ʶ˄ˍˇˉʽˋ˃ˈˌ ʰˁ˃˗˄ Canny (Canny edge detector) ʺ ˃ʽʰ ʰˉ˂ʺ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ Hough, 
ʵʶ˄ ˃ʰˌ ʵʾ˄ˇˎ˄ h ˅ʽˈˉʽˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ. 
ʁ ˁˏˊʽˇˌ ˂ˈʴˇˌ ʶʾ˄ʰʽ ˇ ʻˈˊˎʲˇˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˋˍʽˌ ˎˉˇʻʰ˂ʱˋˋʽʶˌ ʶʽˁˈ˄ʶˌ ʰˉˈ ˍˇ˄ ˔ʰ˃ʹ˂ˈ ˒˖ˍʽπ
ˋ˃ˈΣ ˍʹ˄ ˎˉˇʻʰ˂ʱˋˋʽʰ ˔˂˖ˊʾʵʰ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˎˉʱˊ˔ʶʽ ˉʱ˄˖ ˋˍˇ ʵʾ˔̱ ˎ ʺ ˍʷ˂ˇˌ ʰˉˈ ˍʽˌ ˉʰˊʰπ
˃ˇˊ˒˗ˋʶʽˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˍˇ ˉ˂ʷʴ˃ʰ ˂ˈʴ˖ ˍʹˌ ˁˎ˃ʱˍ˖ˋʹˌ ˍˇˎ ˄ʶˊˇˏΦ ɮ˄ ʶˉʽ˔ʶʽˊʺˋˇˎ˃ʶ ˄ʰ ʶπ
˒ʰˊ˃ˈˋˇˎ˃ʶ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˃ʶʻˈʵˇˎˌ ˋʶ ˃ʽʰ ˍʷˍˇʽʰ ʶʽˁˈ˄ʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʻʰ ˂ʱʲˇˎ˃ʶ ʵʶ˄ ʻʰ 
ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˉˊˇˋʵˇˁʾʶˌ ˃ʰˌΦ 
ɱʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʽˁʰ˄ˇˉˇʽʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ʰˊ˔ʽˁʱ ˃ʽʰ ˁʰ˂ʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍʹˌ ʶʽˁˈπ
˄ʰˌΣ ˗ˋˍʶ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉʱ˄˖ ˋʶ ʰˎˍʺ˄ ˄ʰ ʶʾ˄ʰʽ ʶˎʵʽʱˁˊʽˍʰΣ ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˔ˊʶʽʱʸˇ˄ˍʰʽ ˃ʷʻˇʵˇʽ 
ʽˁʰ˄ˇʾ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˄ ˍˇ ˉʰˊʰˉʱ˄˖ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˍˇ ̡h ʻ˃ˈ ˉˇˎ ˅ʶˉʶˊ˄ˇˏ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˈˉ˖ˌ ˇ 
ʻˈˊˎʲˇˌΣ ˇʽ ʰˋˎ˄ʷ˔ʶʽʶˌΣ ˇʽ ʰ˄ˇ˃ˇʽˇ˃ˇˊ˒ʾʶˌ ˁʰΦ 

ɮˉΩ ˍʹ ˋˁˇˉʽʱ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˈˊʰˋʹˌ ˁʰʽ ˍʹˌ ˕ʹ˒ʽʰˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˎˉʱˊ˔ˇˎ˄ ˉˇʽˁʾ˂ʶˌ ˉˊˇˋʶʴʴʾπ
ˋʶʽˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˉˊˇˍˏˉ˖˄ όpattern recognition) ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˄ˈ˃ˇʽ˖˄ ʵˇ˃˗˄ 
ˉʱ˄˖ ˋʶ ʶʽˁˈ˄ʶˌ. ɾʽʰ ʰˉˈ ˍʽˌ ˉˊ˗ˍʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ  ˉˇˎ ʷʴʽ˄ʰ˄ ˋˍˇ˄ ˔˗ˊˇ ʺˍʰ˄ ʰˎˍʺ ˍ˖˄ Leung & Ma-
lik ˋˍ́˄ ʶˊʴʰˋʾʰ «Detecting, localizing and grouping repeated scene elements from an image» [21]  ́
ˇˉˇʾʰ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹΣ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ˋˍʹ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ˈ˃ˇʽ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ ʵˇπ
˃˗˄ ˇʽ ˇˉˇʾʶˌ ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ ˁʱˉˇʽʰ ˉʰˊʰ˃ˈˊ˒˖ˋʹ όaffine transformation).  

https://link.springer.com/chapter/10.1007/BFb0015565
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ɾʽʰ ʱ˂˂ʹ ˉˊˇˋʷʴʴʽˋʹ ʷʴʽ˄ʶ ˋˍʹ˄ ʶˊʴʰˋʾʰ «Periodic pattern of texture analysis and synthesis based 
on texels distribution» [22] ʹ ˇˉˇʾʰ ʻʷˍʶʽ ˖ˌ ˋˍˈ˔ˇ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ ˃ʶ 
ˋˁˇˉˈ ˍʹ˄ ̀ ˏ˄ʻʶˋʹ ˁʰʽ ʶ˅ʰʴ˖ʴʺ ʶ˄ˈˌ ̄ ʽˇ ˋˏ˄ʻʶˍˇˎ ˃ˇˍʾʲˇ ˃ ʶ ˉʰˊˈ˃ˇʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ 

ɯ˂˂ʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌΣ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˉʶˊʽˇʵʽˁ˗˄ ʵˇ˃˗˄ ˃ʷˋ˖ ˍʹˌ ˍˊʽʴ˖˄ʽˁʺˌ ˃ʶπ
ʻˈʵˇˎ Delaunay (Delaunay triangulation) ʺ ˋˍʹ˄ ˁʰˍʱ ˍˈˉˇˎˌ ˋˍʰˍʽˋˍʽˁʺ ˉʶˊʽˇʵʽˁˈˍʹˍʰ ˈˉ˖ˌ ˍˇ ζNear-
regular texture analysis and manipulation» [24]. 

ʁʽ ˉʰˊʰˉʱ˄˖ ˉˊˇˋʶʴʴʾˋʶʽˌ ˈˉ˖ˌ ˁʰʽ ˋˎ˄ʰ˒ʶʾˌ ʱ˂˂ʶˌ ʶˊʴʰˋʾʶˌ ˇʽ ˇˉˇʾʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ 
ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ н  ˃ʰˌ ʶʽˋʺʴʰʴʰ˄ ˋʶ ˉˊ˗ˍʹ ˒ʱˋʹ ˋˍˇ˄ ˁˈˋ˃ˇ ˍʹˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˉˊˇˍˏˉ˖˄ όpattern 
recognition). 

ɮˊ˔ʽˁʱ ˇʽ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰˉʱ˄˖ ʶˊʴʰˋʾʶˌ, ˃ʰˌ ʲˇʺʻʹˋʰ˄ ˄ʰ ˁʰˍʰ˄ˇʺˋˇˎ˃ʶ ̱ ˇ˄ 
ˍˊˈˉˇ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʶ˄ˈˌ ˃ˇˍʾʲˇˎΣ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈπ
˃ʶ˄˖˄ ʵˇ˃˗˄ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ˈ˃ˇʽ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Φ 
ʆʷ˂ˇˌ ʹ ʽʵʷʰ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ˋˏ˄ʻʶˋʹˌ ˄ʷ˖˄ ˈ˃ˇʽ˖˄ ʵˇ˃˗˄ ʺˍʰ˄ ˁʰˍʰ˂ˎˍʽˁʺ ˋˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ 
ʵʶˏˍʶˊʹˌ ˃ʶʻˈʵˇˎ ˃ʰˌΣ ˋˍʹ˄ ˇˉˇʾʰ ˉʰˊʱʴˇˎ˃ʶ ʷ˄ʰ ˉ˂ʷʴ˃ʰ ʰˉˈ ʶˎʻʶʾʶˌ ʴˊʰ˃˃ʷˌ ˉʰˊʱ˂˂ʹ˂ʰ ˋˍˇ ˎπ
ˉʱˊ˔ˇ˄ ʵʾˁˍˎ ˍʹˌ ʁ ʽˁˈ˄ʰˌ. 

     ʂˋˇ˄ ʰ˒ˇˊʱ ˍ˗ˊʰ ˋ̱ ˇ ˋˁʷ˂ˇˌ ˍʹˌ ʰˊ˔ʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʽʰˌ ˎˉˇʻʰ˂ʱˋˋʽʰˌ ʶʽˁˈ˄ʰˌ ʷ˔ˇˎ˄ ˎˉʱˊ˅ʶʽ 
ʰ˅ʽˈ˂ˇʴʶˌ ˉˊˇˍʱˋʶʽˌ ˋˍʹ˄ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ ɳ˄ʵʶʽˁˍʽˁʱ ʰ˄ʰ˒ʷˊˇˎ˃ʶ ˍ́  ˄ʶˊʴʰˋʾʰ ζUnderwater Image En-
hancement Based on Removing Light Source Color and Dehazing» [40] ʹ ˇˉˇʾʰ ˉʰʾˊ˄ʶʽ ˎˉˈ˕ʽ˄ ˍʹˌ ˍˇ 
ʲʱʻˇˌ ˁʰʽ ˍʹ ʵʽʱ˔ˎˋʹ ˍˇˎ ˒˖ˍˈˌΣ ʰ˄ʰˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰˌ ˋˎ˄ˇ˂ʽˁʱ ˍʹ˄ ˎˉˇʻʰ˂ʱˋˋʽʰ ʶʽˁˈ˄ʰΦ 
ʃh ˊΩ ˈ˂ʰ ʰˎˍɦ ʹ h́ ˔ʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˎˉˇʻʰ˂ʱˋˋʽ˖˄ ʶʽˁˈ˄˖˄ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ˁʱʻʶ 
ʰˎˍˈ ˋˁˇˉˈ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 
 
     ɳ˄ ˍʷ˂ʹ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶˉʽˁʶ˄ˍˊ˖ʻʺˁʰ˃ʶ ˁˎˊʾ˖ˌ ˋˍʽˌ ʵˇ˃ʷˌ ˍ˖˄ ʵʽ˔ˍˎ˗˄ ˁʰʽ 
ˋˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˉʱ˄˖ ˋʶ ʰˎˍʱΦ ʃˊˇˍʶʾ˄ˇˎ˃ʶ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 
ˁʰʽ ʰ˄ʱ˂ˎˋʹˌ, ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌ ˋˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˉʱ˄˖ ˋʶ ʰ˄ˈ˃ˇʽʰ ʵˇ˃ʽˁʱ ˋˍˇʽπ
˔ʶʾʰ ˋˍˇ ʾʵʽˇ ˃ˇˍʾʲˇ. 
ɶ ˉˊ˗ˍʹ ˃ʷʻˇʵˇˌ ˉˇˎ ʰ˄ʰˉˍˏˋ̀ ˇˎ˃ʶ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰˍʰˁʶˊ˃ʰˍʽˋ˃ʷ˄˖˄ (seg-
mented) ˍ˃ʹ˃ʱˍ˖˄ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʷˋ˖ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˉˇˎ ˉʶˊʽʷ˔ʶˍʰʽ ˋˍʰ ˍ˃ʺ˃ʰˍʰ ʰˎˍʱΦ ɳ˄˗ ʹ 
ʵʶˏˍʶˊʹ ʲʰˋʾʸʶˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˃ˇˍʾʲ˖˄ ʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ˄ ˍʶ˔˄ʽˁʺ ˍˇˎ Hough transform. 

ɶ ˎˉˈ˂ˇʽˉʹ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʵʽʰˊʻˊ˗˄ʶˍʰʽ ˃ʶ ˍˇ˄ ʶ˅ʺˌ ˍˊˈˉˇΥ 

ʅˍˇ ʵʶˏˍʶˊˇ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˒ʷˊˇˎ˃ʶ ˍʹ˄ ˎˉʱˊ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ ˋˍʹ˄ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʴˏˊ˖ ʰˉˈ ˍʹ˄ 
ʶˉʽˋˁˈˉʹˋʹ ʵʽ˔ˍˎ˗˄ ʽ˔ʻˎˇˁʰ˂˂ʽʷˊʴʶʽʰˌΦ ʅˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˒ʷˊˇˎ˃ʶ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ɹˏ π
ˊ˖ h̄ ˈ ˍʽˌ ʵˏˇ ˃ʶʻˈʵˇˎˌ ˉˇˎ ˎ˂ˇˉˇʽʺˋʰ˃ʶΦ ʅˍˇ ˍʷˍʰˊˍˇ ˁʶ˒ʱ˂ʰʽˇ ˁʱ˄ˇˎ˃ʶ ˂ˈʴˇ ʴʽʰ ˍʽˌ ʵˏˇ ʵʽʰ˒ˇˊʶπ
ˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ˎ˂ˇˉˇʽʺˋʰ˃ʶΣ ʶ˄˗, ˍʷ˂ˇˌ, ˋˍˇ ˉʷ˃ˉˍˇ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˍʹˌ 
ʶˊʴʰˋʾʰˌ ˃ʰˌΦ   

 

 

 

 

 

https://link.springer.com/article/10.1007/s00371-010-0470-x
https://www.researchgate.net/profile/Yanxi_Liu/publication/2915262_Near-Regular_Texture_Analysis_and_Manipulation/links/0046351a3bc0192df2000000.pdf
https://ieeexplore.ieee.org/document/8805051
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мΦо ɼʰʽ˄ˇˍˇ˃ʾʶˌ ʶˊʴʰˋʾʰˌ 
 

ʁʽ ʵˏˇ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˃ʷʻˇʵˇʽ ˋˎ˄ʵˎʱʸˇˎ˄ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˇˉˍʽˁʺˌ ʰ˄ʱπ
˂ˎˋʹˌ ʶʽˁˈ˄˖˄Φ ɶ ˉˊ˗ˍʹ ʶˋˍʽʱʸʶʽ ˋʶ ˃ʽʰ ˍˇˉʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʷˋ˖ ˋˍʰˍʽˋˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ ˁʰʽ ʽˋˍˇπ
ʴˊʰ˃˃ʱˍ˖˄ όlocal processing)Σ ˈˉˇˎ ˍˇ ˉ˂ʷʴ˃ʰ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˃ʷˊʹ ʰˉΩ ˍʰ ˇˉˇʾʰ ʰ˄ˍ˂ˇˏ˃ʶ ˉ˂ʹˊˇ˒ˇˊʾʰ 
˃ʷˋ˖ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ ʷ˄ˍʰˋʹˌ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄Σ ʴʽʰ ˍʹ˄ ˏˉʰˊ˅ʹ ʺ ˃ʹ ˁʱˉˇʽʰˌ ʰˋˎ˄ʷ˔ʶʽʰˌ όˉ˔ ˍˊˏˉʰύΦ ɳ˄˗, 
ʹ ʵʶˏˍʶˊʹ, ˎ˂ˇˉˇʽʶʾ ˃ʽʰ ˇ˂ʽˁʺ (global) ʰ˄ʱ˂ˎ ˋʹ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ 
Hough ̫ ˔ˇ˄ˍʰˌ ˖ˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃ʶ˂ʷˍʹˌ ˍˇ ˉ˂ʷʴ˃ʰ ˖ˌ ̀ˎ ˄ˇ˂ʽˁʺ ʵˇ˃ʺ. 

ɶ ʽʵʷʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ʵˏˇ ˃ʶʻˈʵ˖˄ ˉˊˇˋʷʴʴʽˋʹˌ ʷʴˁʶʽˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇʽ ˋˎ˄ʻʺˁʶˌ ˁʱˍ˖ ʰˉˈ ˍʽˌ 
ˇˉˇʾʶˌ ʴʾ˄ʶˍʰʽ ʹ ˂ʺ˕ʹ ˍˇˎ ʲʾ˄ˍʶˇ ʺ ˍʹˌ ʶʽˁˈ˄ʰˌ ʰˉˈ ˁʱˉˇʽˇ AUV ʶʾ˄ʰʽ ʰˉˊˈʲ˂ʶˉˍʶˌΣ ʰˁˈ˃ʰ ˁʰʽ ˋˍʽˌ ˉʽˇ 
ˁʰ˂ʱ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄ʶˌ ʵˇ˃ʷˌΦ ɱ˄˖ˊʾʸˇˎ˃ʶ ˉ˖ˌ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˇʽ ˎˉˇʻʰ˂ʱˋˋʽʶˌ ʶʽˁˈπ
˄ʶˌ ˉʶˊʽʷ˔ˇˎ˄ ʻˈˊˎʲˇΣ ˋˁˇˎˉʾʵʽʰ ʺ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʷ˂˂ʶʽ˕ʹ ˒˖ˍʶʽ˄ˈˍʹˍʰˌ ˂ˈʴ˖ ˋˁʷʵʰˋʹˌΦ ɮˁˈ˃ʹ ˍʰ 
ʾʵʽʰ ˍʰ ˉ˂ʷʴ˃ʰˍʰ ˍ˖˄ ʵʾ˔ˍˎ˗˄ ˋˎ˔˄ʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰ˃ˇˊ˒˖˃ʷ˄ʰ ʺ ʰ˄ˍʶˋˍˊʰ˃˃ʷ˄ʰ ˂ˈʴ˖ ˍʹˌ ˁˎπ
˃ʱˍ˖ˋʹˌΦ 

ɲʶʵˇ˃ʷ˄˖˄ ˈ˂˖˄ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʻʶ˖ˊˇˏ˃ʶ ˉ˖ˌ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʵˏˇ ˃ʶʻˈʵ˖˄ ˇʽ ˇˉˇʾʶˌ ʶ˒ʰˊπ
˃ˈʸˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʻʰ ˃ʰˌ ʵ˗ˋʶʽ ʽˁʰ˄ʱ ˁʰʽ ʰ˅ʽˈˉʽˋˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˋˍˇ ˍʷπ
˂ˇˌ ˃ʽʰˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹˌ ʵʽʰʵʽˁʰˋʾʰˌΣ ˉʱ˄˖ ˋˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʶ˂ʷˍʹˌ, ʴ˄ ˖ˊʾʸˇ˄ˍʰˌ ˉʱ˄ˍʰ ˍʽ̩  ʵˎ˄ʰˍˈπ
ˍʹˍʶˌ ˁʰʽ ˍʽ̩  ʰʵˎ˄ʰ˃ʾʶˌ ˍʹˌ ˁʱʻʶ ˃ʽh ˌΦ 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʹ ˍˇˉʽˁʺ όlocal) ˃ʷʻˇʵˇˌ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ˃ʽʰ ˂ʶˉˍˇ˃ʶˊʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ 
ʵˇ˃ʺˌ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˃ʷˋ˖ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄˖˄ ˃ˇˍʾʲ˖˄ όˉ˔Φ ˉʰˊʱ˂˂ʹ˂˖˄ 
ʴˊʰ˃˃˗˄ύ ˁʰʽ ˋˍʹ ˋˏʴˁˊʽˋʺ ˍˇˎ.̩ ɮˎˍˈ ʶʾ˄ʰʽ ˁʱˍʽ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˃ʰˌ ʵ˗ˋʶʽ ˃ʁ  ˃ʶʴʱ˂ʹ ʰˁˊʾʲʶʽʰ ˍˇ ˋʹπ
˃ʶʾˇ ʰˋˎ˄ʷ˔ʶʽʰˌ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ, ˈˍʰ˄ ʰˎˍʺ ʷ˔ʶʽ ʵˎˋʵʽʱˁˊʽˍʰ ˋʹ˃ʶʾʰΦ ɰʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˍˇˉʽπ
ˁʺˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ʹ ˃ʶʴʱ˂ʹ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ ˍʹˌΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˃ʶˊʽʱΣ ʹ ˇ˂ʽˁʺ όglobal) ˃ʷʻˇʵˇˌ ʷ˔ʶʽ 
˃ʽʰ ˋ˔ʶˍʽˁʱ ˃ʽˁˊʺ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʴˊʺʴˇˊʹ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʶ˅ʰʴ˖ʴʺ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ˄ ˉʰˊʰ˂˂ʹ˂ʽˋ˃ˈΦ ɳ˄ʵʶʾˁ˄ˎˍʰʽ ˄ʰ ʁ˒ ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʷ˔ˇˎ˃ʶ ˁʰʻʰπ
ˊ  ̋h ˉʶʽˁˈ˄ʽˋʹ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌΦ 

ɳ˄ˍʷ˂ʶʽ ˃ ʽʰ ʶ˄ʰ˂˂ʰʴʺ ˍʹˌ ˇ˂ʽˁʺˌ (global) ˃ʶʻˈʵˇˎ ˋʶ ˃ʽʰ ʶʽˁˈ˄ʰΣ ʰˉΩ ˈˉˇˎ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˋˍʽʱˋˇˎ˃ʶ 
ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʰˊʱʻˎˊʰ ʷ˄ˍʰˋʹˌ, ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˃ʽʰ ˂ʶˉˍˇ˃ʶˊʺ ˍˇˉʽˁʺ ʵʽʶˊʶˏ˄ʹˋʹ ʰˋˎ˄ʶ˔ʶʽ˗˄ 
ˉɦ ˄˖ ˋˍʰ ˉʰˊʱʻˎˊʰ ʰˎˍʱΣ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰʵʶʾ˅ʶʽ ˃ʶ ˃ʶʴʱ˂ʹ ʰˁˊʾʲʶʽʰ ʶ˄ʵʶ˔ˈ˃ʶ˄ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ 
˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˉʱ˄˖ ˋˍˇ ɻ ʾ̝ ˍˎΦ 

ʂ˂ʰ ʰˎˍʱ ˒ʰʾ˄ˇ˄ˍʰʽ ˁʰʻʰˊʱ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ 4Σ ˈˉˇˎ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʹ ʶˉʶ˅ʺʴʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶπ
ˋ˃ʱˍ˖˄Φ 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍʹˌ MATLAB, ʁ ˄˗ ˇʽ ʶʽˁˈ˄ʶˌ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶʾ˄ʰʽ ʰ˂ʽʶˎ˃ʷ˄ʶˌ ʰˉˈ ˍˇ ʵʽʰʵʾˁˍˎˇ ˁʰʽ ˍˊʰʲʹʴ˃ʷ˄ʶˌ ˁʱˍ˖ ʰˉˈ ʱʴ˄˖ˋˍʶˌ ˋˎ˄ʻʺˁʶˌΦ 
ʃˊˇˋˉʰʻʺˋʰ˃ʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʶʽˁˈ˄ʶˌ ˇʽ ˇˉˇʾʶˌ ˄ʰ ˉʶˊʽʷ˔ˇˎ˄ ˃ʽʰ ˉˇʽˁʽ˂ʾʰ ˍˇˎ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇˎ 
ˍˇˎˌΣ ˉʶʽˊʰ˃ʰˍʽʸˈ˃ʶ˄ˇʽ ˍˈˋˇ ˋˍʹ ˒˖ˍʶʽ˄ˈˍʹˍʰΣ ˈˋˇ ˁʰʽ ˋˍʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 
ʷ˔ˇˎ˄ ˍʰ ʵʾ˔ˍˎʰΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˁʶ˂ʽ˗˄ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ʰ˂˂ʱ ˁʰʽ ˍ˖˄ ˍˊˎˉ˗˄ ˉˇˎ ʰˎˍʱ 
ˋ˔ʹ˃ʰˍʾʸˇˎ˄Φ 
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ɼʶ˒ʱ˂ʰʽˇ н : ʅˎ˄ʰ˒ʶʾˌ ʶˊʴʰˋʾʶˌ 
 

 

нΦм ɳʽˋʰʴ˖ʴʺ 
 

ɾʶ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ɹʆ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ʽ˔ʻˎˇˁʰ˂˂ʽʶˊʴʶʽ˗˄Σ ˉˊˇˋˍʷʻʹˁʶ ˃ʽʰ ˉ˂ʶʽʱʵʰ 
˄ʷ˖˄ ˍˊˈˉ˖˄  ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍ˖˄ ʵˇ˃˗˄ ˍˇˎˌ. ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍ hˊˇ˃ˉˇˍʽˁʱ ˇ˔ʺ˃ʰˍʰ ˍˏˉˇˎ ROVΩs 
(Remotely Operated underwater Vehicle), ˍʰ ʰˎˍˈ˄ˇ˃ʰ ˇ˔ʺ˃ʰˍʰ AUVΩs (Autonomous Underwater Vehi-
cle) [9], [10], ˍʰ ˉʶˊʽˋˁˇˉʽˁʱ ˇ˔ʺ˃ʰˍ hOSV (omnidirectional surface vehicle) [11ϐΣ ˇʽ ˋˍʰˍʽˁʷˌ ˁʱ˃ʶˊʶˌ, 
ˇ ̔ʰʽˋʻʹˍʺˊʶˌ ˁʰΦ ʶʾ˄ʰʽ ʽˁʰ˄ʱ ˄ʰ ˃ʶˍʰʵʾʵˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʴʽʰ ˍˇ ˄ˎˉˇʻʰ˂ʱˋˋʽˇ 
˔˗ˊˇ ˍ˖˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄. 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʶ˅ʱʴˇˎ˃ʶ ʰˉˈ ˍʰ ʲʾ˄ˍʶˇ ʶʾˍʶ ʰˉˈ online ʶʾˍʶ ʰˉˈ offline ˉ˂ʰˍ˒ˈˊ˃ʶˌ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 
ˋˏ˄ʻʶˍʰ ˂ˈʴ˖ ˍ˖˄ ʰˉˊˈʲ˂ʶˉˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˋˍˇ˄ ˎˉˇʻʰ˂ʱˋˋʽˇ ˔˗ˊˇΦ 
ɮˊˁʶˍʷˌ ʶˊʴʰˋʾʶˌ (papers) ʷ˔ˇˎ˄ ʴˊʰ˒ˍʶʾ ˉʱ˄˖ ˋˍˇ ʶ ˄˂ˈʴ˖ ʸ̋ ˍʹ˃ʰ ʶʾˍʶ ʰˎˍˈ ʷ˔ʶʽ ˄ hˁʱ˄ʶʽ ˃ ʁˍ ́ʲʶ˂π
ˍʾ˖ˋʹ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ʶʽˁˈ˄˖˄ ˈˉ˖ˌ  ́«Denoising and contrast enhancement fusion based on 
white balance for underwater images» [12] ˁʰʽ  ́« An Algorithm for Image Restoration Based on Un-
derwater Video Series» [13], ʶʾ ˍʶ ʰ ˄ˍ ̌ʶ˄ʵʽʰ˒ʷˊˇ˄ ˃ʰˌ ʶˋˍʽʱʸʶˍʰʽ ˉʱ˄˖ ˋˍʹ˄ ʰˎˍˈ˃ʰˍʹ ʰ˄ʰʸʺˍʹˋʹ 
˕ʰˊʽ˗˄ ˈˉ˖ˌ  ́«Automatic fish species classification in underwater videos: exploiting pre-trained deep 
neural network models to compensate for limited labelled data» [14], ˁʰʽ  ́«Towards automating un-
derwater measurement of fish length: a comparison of semiautomatic and manual stereoςvideo meas-
urements» [15]. ʆʷ˂ˇˌ ʰˊˁʶˍʷˌ ʰ˄ʰ˒ˇˊʷˌ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ˁʰʽ ʴʽʰ ˍˇ ʸʺˍʹ˃ʰ ˍ˖˄ ʵʽˁˍˎ˗˄ ˁʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʽπ
ˉ˂ˇˁˈˍʹˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˉʱ˄˖ ˋʶ ʰˎˍʱΦ ʁˊʽˋ˃ʷ˄ʶˌ ʰˉˈ ʰˎˍʷˌ ʰ˄ʰ˒ʷˊˇˎ˃ʶ ˉʰˊʰˁʱˍ˖ όˋˍˇ 
ˁʶ˒ʱ˂ʰʽˇ нΦнύΦ 
 
      ɾˉˇˊʶʾ ˁʰ˄ʶʾˌ ʶˏˁˇ˂ʰ ˄ʰ ˂ˇʴʽˋˍʶʾ ˉ˖ˌ ʹ ʰ˄ʰʸʺˍʹˋʹ ʰˋˎ˄ʶ˔ʶʽ˗˄/ʰ˄ˇ˃ˇʽˇ˃ˇˊ˒ʽ˗˄ ˉʱ˄˖ ˋ ʁ˃ʽʰ ʶʽπ
ˁˈ˄ʰ ʰˉˈ ˉ˂ʷʴ˃ʰ ʵʽ˔ˍˎ˗˄ ˉˊˇˋˇ˃ˇʽʱʸʶʽ ˃ ʁˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʶ˄ˈˌ ˃ˇˍʾʲˇˎ όpattern), ̱ ˇˎ ˇˉˇʾˇ ˎˍ hˋˍˇʽπ
˔ʶʾh ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ ˉʰˊʰ˃ˈˊ˒˖ˋʹΦ ɶ ˉʰˊʰ˃ˈˊ˒˖ˋʹ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʵʽʱ˒ˇˊʶˌ ˃ˇˊ˒ʷˌΣ ʶʾˍʶ ˍʹ˄ 
ˉʶˊʽˋˍˊˇ˒ʺ ˁʰʽ ʰ˄ˍʽˋˍˊˇ˒ʺ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ (rotationύΣ ʶʾˍʶ ˍʹ˄ ˃ʶˍʰˍˈˉʽˋʹ ˍˇˎ ˋˍˇ ˔˗ˊˇ όtranslation) 
ʶʾˍʶ ˍʷ˂ˇˌ ˍʹ˄ ˋˍˊʷʲ˂˖ˋʺ ˍˇˎ όstretching). ɰʱˋʁ̔ ʰˎˍʺˌ ˍʹˌ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ  ́ʵˇ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ (tex-
ture analysis) ˍʷˍˇʽ˖˄ ˃ˇˍʾʲ˖˄ ˉʰʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋ ʁʶ˒ʰˊ˃ˇʴʷˌ ˈˉ˖ˌ ʶʾ˄ʰʽ  ́ʰ˄ʰʸʺˍʹˋʹ ʰ˄ˍʽˁʶʽπ
˃ʷ˄˖˄ (object detection), ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˉˊˇˍˏˉ˖˄ όpattern recognition), ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ʶˉʽ˒ʰ˄ʶʽ˗˄ 
(surface detection) ˁ ˍ˂ˉ.  

ɶ ˉˊˇˋʷʴʴʽˋʹ ˉʱ˄˖ ˋʶ ˃ʽʰ ʶʽˁˈ˄ʰ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ˈˉ˖ˌ ˍˇ ˔ˊ˗˃ʰΣ 
ʹ ˎ˒ʺ  ̋ˍˇ ̝̀ʺ˃ʰ, ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄  ʶˊʴʰˋʾʰ «Image Features Detection, Description and Matching» 
[16]Σ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ ʵˏˇ ˍˊˈˉˇˎˌ: ɳʾˍʶ ˃ʷˋ˖ ˇ˂ʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ όglobal processing) ˈˉˇˎ ʶˋˍʽʱπ
ʸˇˎ˃ʶ ˋˍ hˁʰʻˇ˂ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʶʽˁˈ˄ʰˌΣ ʶʾˍʶ ˃ʷˋ˖ ˍˇˉʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ όlocal processing) 
ˈˉˇˎ ʶˋˍʽʱʸˇˎ˃ʶ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ʰˉΩ ˍʽˌ ˇˉˇʾʶˌ ʰ˄ʰʸʹˍˇˏ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇˉʽˁʱ ˔ʰˊʰˁˍʹπ
ˊʽˋˍʽˁʱ όkey points). 
ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʵʽʰˁˊʾ˄ˇˎ˃ʶ ʵˏˇ ʶʽˁˈ˄ʶˌΣ ˃ʶ ˍʹ˄ ˉˊ˗ˍʹ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ ʻʱ˂ʰˋπ
ˋʰ ό˃ˉ˂ʶύ ˁʰʽ ˍʹ˄ ʵʶˏˍʶˊʹ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ʵʱˋˇˌ όˉˊʱˋʽ˄ˇύΣ ˇʽ ˁʰʻˇ˂ʽˁˇʾ ˉʰˊʱ˃ʶˍˊˇʽ (global de-
scriptors) ̍ ˉ˖ˌ ˍˇ ˔ˊ˗˃ʰ ˍʹˌ ʶʽˁˈ˄ʰˌ, ʻʰ ʵ˗ˋˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˉʾ˄ʰˁʶˌ όʰˉˈ pixel) ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖π

https://www.sciencedirect.com/science/article/pii/S221431731930071X
https://core.ac.uk/download/pdf/82708971.pdf
https://ieeexplore.ieee.org/document/8604674
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11321/113210E/Denoising-and-contrast-enhancement-fusion-based-on-white-balance-for/10.1117/12.2539429.short?SSO=1
https://download.atlantis-press.com/proceedings/smont-19/55917634
https://www.researchgate.net/publication/317558591_Automatic_fish_species_classification_in_underwater_videos_Exploiting_pretrained_deep_neural_network_models_to_compensate_for_limited_labelled_data
https://academic.oup.com/icesjms/article/74/6/1690/3056949
https://link.springer.com/chapter/10.1007/978-3-319-28854-3_2
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ɳʽˁˈ˄ʰ 2.1 ɼʰʻˇ˂ʽˁʱ ˁʰʽ ʆˇˉʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˋʹΦ  
ɮˉΩ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱ Σ ˇ ˁˏˊʽˇˌ ˋˍˈ˔ˇˌ ˍ˖˄ ˍˇˉʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʶʾ˄ʰʽ ˄ʰ h˄ ʰˉʰˊʽˋˍʱ (represent) 
ˁʰʽ ˄ʰ ʶ˅ʱʴʶʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʶ ʲʱˋʹ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ, ˉʰˊʰ˃ʷ˄ˇ˄ˍʰˌ ʰ˃ʶˍʱʲ˂ʹˍˇ 
ˋʶ ʰ˂˂ʰʴʷˌ ˈˉ˖ˌ ˉ˔Φ ˇ ˒̟ ˍʽˋ˃ˈˌΦ  

 

 

 

 

 

 

    

 

 

H ˔ˊʺˋʹ ˁʰʻˇ˂ʽˁ˗˄ όglobalύ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˈˉ˖ˌ ˍˇ ˔ˊ˗˃ʰΣ ˎ˒ʺ (texture) ˁˍ˂ˉ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺπ
ˋʽ˃h ˋˍʹ˄ ˋˏʴˁˊʽˋʹ ʶʽˁˈ˄˖˄Σ ˉʰˊˈ˂ʰ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸʶʽ ʰʵˎ˄ʰ˃ʾʰ ˂ˈʴ˖ ʶˎʰʽˋʻʹˋʾʰˌ ˋˍʽˌ ʰˉˈˍˇ˃ʶˌ 
˃ʶˍʰʲˇ˂ʷˌ. [17]  
ɳ˄˗ ʰˉΩ ˍʹ˄ ʱ˂˂ʹ ˃ʶˊʽʱ ˍʰ ˍˇˉʽˁʱ όlocalύ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁʱ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˁʰʽ ˁʰˍʹʴˇπ
ˊʽˇˉˇʾʹˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ʺ ʱ˂˂˖˄ ˋˎ˃ʲʱ˄ˍ˖˄ ˉʱ˄˖ ˋʶ ˃ʽʰ ʵˇˋ˃ʷ˄ʹ ˋˁʹ˄ʺ ˍʹˌ ʶʽˁˈ˄ʰˌ, ʷ˔ˇ˄ˍʰˌ ˉʰˊʱ˂π
˂ʹ˂ʰ ˔ʰ˃ʹ˂ˈ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˁˈˋˍˇˌ [18] ˉˇˎ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁ ̍ʴʽʰ ˉ˂ʰˍ˒ˈˊ˃ʶˌ ˈˉ˖ˌ ˍʰ ˁʽ˄ʹˍʱΣ ˍʰ ˇˉˇʾʰ 
ˋˎ˄ʺʻ˖ˌ ˉʶˊʽʷ˔ˇˎ˄ ʵˎ˄ʰˍˈˍʹˍʶˌ ˔ʰ˃ʹ˂ʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌΦ   
ʃʰˊˈ˂ʰ ʰˎˍʱ ˇʽ ˋˏʴ˔ˊˇ˄ʶˌ ˃ʷʻˇʵˇʽ ˉˊˇˍʶʾ˄ˇˎ˄ ˃ʽʰ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ʺ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ˈ global ˁʰʽ local ˃ʶπ
ʻˈʵ˖˄ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˁʰ˂ˏˍʶˊ˖  ˄h ˉˇˍʶ˂ʶ̀ ˃ɦ̱˖ .˄ 

 
ʅˏ˃˒˖˄ʰ ˃ ʁˍʽˌ ʶˊʴʰˋʾʶˌ «Texture Analysis Methods ς A Review [19]  ˁʰʽ «Texture image analysis and 
texture classification methods - A review» [20] ˍ hˁˏˊʽʰ ʸʹˍʺ˃ʰˍʰ ˉˇˎ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˈˍʰ˄ ʷ˔ˇˎ˃ʶ 
ʶʽˁˈ˄ʶˌ ʰˉˈ textures ʁ ʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ 

¶ CŜŀǘǳǊŜ ŜȄǘǊŀŎǘƛƻƴ 

¶ ¢ŜȄǘǳǊŜ ǎŜƎƳŜƴǘŀǘƛƻƴ 

¶ ¢ŜȄǘǳǊŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ 

¶ ¢ŜȄǘǳǊŜ ǎȅƴǘƘŜǎƛǎ 

¶ ¢ŜȄǘǳǊŜ ǎƘŀǇŜ ŜȄǘǊŀŎǘƛƻƴ 
 

ɳ˄˗ ˇʽ ˍʷˋˋʶˊʽˌ ˁˏˊʽˇʽ ˃ʷʻˇʵˇʽ ˉˊˇˋʷʴʴʽˋʹˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˖ˌ ʶ˅ʺˌΥ 

¶ {ǘǊǳŎǘǳǊŀƭ ƳŜǘƘƻŘǎ  ό9ŘƎŜ ŦŜŀǘǳǊŜǎΣ aƻǊǇƘƻƭƻƎƛŎŀƭ ŦƛƭǘŜǊ ŜǘŎΦύ 

¶ {ǘŀǘƛǎǘƛŎŀƭ ƳŜǘƘƻŘǎ  όIƛǎǘƻƎǊŀƳΣ /ƻ-ƻŎŎǳǊǊŜƴŎŜ ƳŀǘǊƛȄΣ мǎǘκнƴŘκIƛƎƘŜǊ ƻǊŘŜǊ ǎǘŀǘƛǎǘƛŎǎ ŜǘŎΦύ 

¶ aƻŘŜƭ ς ōŀǎŜŘ ƳŜǘƘƻŘǎ  ό!w ƳƻŘŜƭΣ wŀƴŘƻƳ ŦƛŜƭŘǎ ƳƻŘŜƭǎ ŜǘŎΦύ 

¶ ¢ǊŀƴǎŦƻǊƳ ς ōŀǎŜŘ ƳŜǘƘƻŘǎ  όDŀōƻǊΣ ²ŀǾŜƭŜǘΣ /ǳǊǾŜƭŜǘ ǘǊŀƴǎŦƻǊƳ ŜǘŎΦύ 
 

https://homes.esat.kuleuven.be/~tuytelaa/FT_survey_interestpoints08.pdf
https://pubmed.ncbi.nlm.nih.gov/24951701/
https://www.researchgate.net/publication/249723259_Texture_Analysis_Methods_-_A_Review
https://www.researchgate.net/publication/332370066_Texture_image_analysis_and_texture_classification_methods_-_A_Review
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ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˇʽ ʵˇ˃ʽˁʷˌ ˃ʷʻˇʵˇʽ όstructural methods) ˉˊˇˋʶʴʴʾʸˇˎ˄ ˃ʽʰ ʶʽˁˈ˄ʰ ˃ ʁʲʱˋʹ ˍ ́˔˖ˊʽπ
ˁ̋/ʴʶ˖˃ʶˍˊʽˁʺ ˍʹˌ ʵʽʱˍʰ˅ʹ. ɰʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʶ˄ˈˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ˍʰ 
pixel ̋  ˃ʽʰ ˉʶˊʽˇ˔ʺ ʰˉˈ ʰˎˍʱΣ ʷ˄ʰ ʴʶ˖˃ʶˍˊʽˁˈ ˋ˔ʺ˃ʰ ˈˉ˖ˌ ʹ ʶˎʻʶʾʰ ʴˊʰ˃˃ʺΣ ˇ ˁˏˁ˂ˇˌ ˁΦʰΦ  
ʍˌ texture ˇˊʾʸˇˎ˃ʶ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˔˗ˊˇ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃ʶ ˁˇʽπ
˄ʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ʅʶ ˃ʽʰ ʶʽˁˈ˄ʰ ˃ʶ ʵʾˁˍˎʰΣ ˖ˌ texture ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˇˊʾˋˇˎ˃ʶ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˉ˂ʷʴπ
˃ʰˍˇˌ ˈˉˇˎ ˇʽ ˇˊʽʸˈ˄ˍʽʶˌ ˁʰʽ ˇʽ ˁʱʻʶˍʶˌ ʶˎʻʶʾʶˌ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ʷ˄ʰ ˉʰˊʰ˂˂ʹ˂ˈʴˊʰ˃˃ˇ ʺ ˍʶˍˊʱʴ˖˄ˇ ˋ˔ʺπ
˃h  ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰΦ 
ʅʰ˄ ˉʰˊʱʵʶʽʴ˃ʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʰ˄ʰ˒ʷˊˇˎ˃ʶ ˍˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʽʰ̩ ʶʽˁˈ˄ʰ ̩ʰˉˈ ˁʹ˂ʾʵʶˌ (blobs) ʺ ˁʷˊ˃ʰπ
ˍʰΣ ˈˉˇˎ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˁʰʽ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ʴʾ˄ʶˍʰʽ ˃ʶ ʲʱˋʹ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈκ˃ʶˍˊʽˁˈ 
ˋ˔ʺ˃ʰ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ pixels ̄ ˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʱʻʶ ˉʶˊʽˇ˔ʺΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʽˌ ˃ʁ ʻˈʵˇˎˌ ˋˍʰˍʽˋˍʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌ όstatistical methods), ʰˎ ˍʷˌ ʶˁˍʶ˂ˇˏ˄ ˃ʽʰ ˋʶʽˊʱ 
ˋˍʰˍʽˋˍʽˁ˗˄ ˎˉˇ˂ˇʴʽˋ˃˗˄ ʲʰˋʽʸˈ˃ʶ˄ʶˌ ˋˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ˒˖ˍʶʽ˄ˈˍʹˍʰˌ ˍ˖˄ pixels. 

ʁʽ ˃ʷʻˇʵˇʽ model - based ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˃ˇ˄ˍʷ˂˖˄ ˍh ˇˉˇʾ hʵʶ˄ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 
˃ˈ˄ˇ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ʶ˄ˈˌ texture ʰ˂˂ʱ ˁˎˊʾ˖ˌ ˋˍʹ ˋˏ˄ʻʶˋʹ ˄ʷ˖˄ ʶʽˁˈ˄˖˄ ʰˉˈ ʰˎˍˈΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ 
ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰˍʰʴˊʱ˒ˇˎ˄ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ texture. ʁʽ ˃ʷʻˇʵˇʽ ʰˎˍˇʾ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰ 
ˍʹ˄ ˃ʶ˂ʷˍʹ ˒ˎˋʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Φ 

ʆʷ˂ˇˌ ˇʽ ˃ʷʻˇʵˇʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ όtransform methodsύ ˁˎˊʾ˖ˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˍʹ˄ ʶʽˁˈ˄ʰ ό˃ʷˋ˖ 
ˋˎ˄ʰˊˍʺˋʶ˖˄ύ ʷˍˋʽ ˗ˋˍʶ ˍʰ textures ˄ʰ ʶʾ˄ʰʽ ˉʽˇ ʶˎʵʽʱˁˊʽˍʰ ˋˍˇ˄ ˄ʷˇ ˔˗ˊˇΦ ʁʽ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʶˌ ˃ʷπ
ʻˇʵˇʽ ˎ˂ˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ˇ Wavelet transform, ̌  Gabor ˁ ΦʰΦ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʹ ˉˊ˗ˍʹ ˃ʷʻˇʵˇˌ ˎ˂ˇˉˇʾʹˋʹˌ ʶ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˇ˂ʽˁʺ όglobal) ˉˊˇˋʷʴʴʽˋʹ 
ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ ʲʰˋʽʸˈ˃ʶ˄ʹ ˋˍʹ˄ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ (statistical method) ˃ʷˋ˖ ˍʹˌ ˔ˊʺπ
ˋʹˌ ʽˋˍˇʴˊʰ˃˃ʱˍ˖˄Σ ʶ˄˗ ʹ ʵʶˏˍʶˊʹ ˃ʷʻˇʵˇˌ ˎ˂ˇˉˇʽʶʾ ˃ʽʰ ˉʽˇ ʵˇ˃ʽˁʺ ˉˊˇˋʷʴʴʽˋʹ (structural method) 
ʶˋˍʽʱʸˇ˄ˍʰˌ ˋˍʽˌ ˍˇˉʽˁʷˌ ʰˁ˃ʷˌ όlocal edges) ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˍʰ ˇˉˇʾʰ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ ˍˇˎ 
˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ Hough ˃ʰˌ ʵʾ˄ˇˎ˄ ˍˇ ˃ˇˍʾʲˇ ˍ˖˄ ʶˎʻʶʽ˗˄ ˍˇˎ ʵʽ˔ˍˎˇˏΦ ɶ ˃ʷʻˇʵˇˌ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽπ
ˋ˃ˇˏ Hough ʶʾ˄ʰʽ ˃ʽʰ ˍʶ˔˄ʽˁʺ ʰ˄ʰʸʺˍʹˋʹˌ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ, ˍʰ ˇˉˇʾʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ 
˃ʷˋʰ ʰˉˈ ˁ˂ʶʽˋˍʷˌ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˋ˔ʷˋʶʽˌΦ 
ɽʶˉˍˇ˃ʶˊʷˋˍʶˊʹ ʰ˄ʰ˒ˇˊʱ ˍˈˋˇ ˋʶ ʻʶ˖ˊʹˍʽˁˈ ˈˋˇ ˁʰʽ ˃ʶʻˇʵˇ˂ˇʴʽˁˈ ˉ˂ʰʾˋʽˇ ˉʱ˄˖ ˋˍʽˌ ˉˊˇʰ˄ʰ˒ʶˊπ
ʻʶʾˋʶˌ ʷ˄˄ˇʽʶˌ ʴʾ˄ʶˍʰʽ ˋˍʰ ˁʶ˒ʱ˂ʰʽˇ о ˁʰʽ пΦ 
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нΦн ʅˎ˄ʰ˒ʶʾˌ ɳˊʴʰˋʾʶˌ 
 

ʃˇ˂˂ʷˌ ʶ˄ʵʽʰ˒ʷˊˇˎˋʶ̩ ʶˊʴʰˋʾʶˌ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˉʱ˄˖ ˋˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˈ˃ˇʽ˖˄ ˁʰʽ ʰ˄ˈ˃ˇʽ˖˄ ˃ˇπ
ˍʾʲ˖˄ όregular/ irregular pattern). 

ɾʽʰ ʲʰˋʽˁʺ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ  ́«Detecting, localizing and grouping repeated scene elements from an 
image» [21] ́  ˇˉˇʾʰ ʷ˔ʶʽ ˋʰ˄ ˋˁˇˉˈ ˍʹ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ˈ˃ˇʽ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰΦ 
ɮ́ ˔ʽˁʱ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ ʶ˄ˍˇˉʽˋ˃ˇˏ ʶ˄ˈˌ ʵʶʽʴ˃ʰˍʽˁˇˏ ˋˍˇʽ˔ʶʾˇˎ όsample 
element). ʅ̱ ʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰʸʹˍˇˏ˄ˍʰʽ ʴʶʽˍ˄ʽʱʸˇ˄ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇ ˇˉˇʾʰ ˉʰˊʱ ˍˇˎˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˉˇˎ 
˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ  ˉˊˇˋˇ˃ˇʽʱʸˇˎ˄ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ ̌όʰˉˈ ˍʹ˄ ˂ʺ˕ʹ ˍʹˌ ˁʱ˃ʶˊʰˌΣ ʰˉˈ ˍˇ 
ʻˈˊˎʲˇ ˁˍ˂ˉΦύ. ɳ˄˗ ˍʷ˂ˇˌ ˇ˃ʰʵˇˉˇʽˇˏ˄ˍʰʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ˇˎ ˃ˇˍʾʲˇˎ ˁʰʽ ʶ˅ʱʴˇ˄ˍʰʽ 
ʰˉˈ ˍʹ˄ ʶʽˁˈ˄ʰΦ   

ʅˎ˄ʰ˒ʺˌ ʶˊʴʰˋʾʰ ˃ ʁˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶʾ˄ʰʽ ˁʰʽ  ́«Periodic pattern of texture analysis and synthesis 
based on texels distribution» [22]. ɳʵ˗ ˈ˔ʽ ˃ˈ˄ˇ ʰ˄ʽ˔˄ʶˏˇ˄ˍʰʽ ˁʰʽ ˁʰˍʹʴˇˊʽˇˉˇʽˇˏ˄ˍʰʽ ˍʰ textures ˍʹˌ 
ʶʽˁˈ˄ʰˌ ˋʶ ˍˇˉʽˁˈ ʶˉʾˉʶʵˇ ʰ˂˂ʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˍʶ˔˄ʽˁʷˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ όˉ˔ texture 
modeling ̍ ˉ˖ˌ ʹ synthesis) ˃ ʶ ˋˁˇˉˈ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷ˖˄ ˉʰˊˈ˃ˇʽ˖˄ ˉʶˊʽˇʵʽˁ˗˄ ʵˇ˃˗˄Φ 

ɯ˂ ˂ʶˌ ˃ʷʻˇʵˇʽ ʶ˅ʱʴˇˎ˄ ˍˇ ˃ˇˍʾʲˇ ˍ˖˄ textures ˃ʷˋʰ ʰˉˈ ˍʹ˄ ˇ˂ʽˁʺ ˉʶˊʽˇʵʽˁˈˍʹˍʰ ˍʹˌ ʶʽˁˈ˄ʰˌ 
(global periodicityύ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ˍˊʽʴ˖˄ˇˉˇʾʹˋʹˌ Delaunay (Delaunay triangulation) 
ˈˉ˖ˌ ˋˍʹ˄ ʶˊʴʰˋʾʰ «Texel Based Regular and Near-Regular Texture Characterization»[23]. ɮˊ˔ʽˁʱ ʶ˄ˍˇπ
ˉʾʸʶˍʰʽ ʹ ʻʷˋʹ ˁʰʽ ˍˇ ˋ˔ʺ˃ʰ ʶ˄ˈˌ ʵʶʽʴ˃ʰˍʽˁˇˏ texture ˃ʶ ˍʹ˄ ʾʵʽʰ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ 
ˋˍʹ˄ ʶˊʴʰˋʾʰ  ώнмϐ ʁ ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰˍʹʴˇˊʽˇˉˇʽʶʾˍʰʽ ˁʽˈ˂ʰˌ. 
ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ʴʶʽˍˇ˄ʽˁʱ textures ˍʰ ˇˉˇʾʰ ˁʰˍʹʴˇˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ όˉ˔ 
ʰ˄ ʷ˄ʰ texture ʶʾ˄ʰʽ ʵʶ˅ʽˈˋˍˊˇ˒ˇ ʺ ʰˊʽˋˍʶˊˈˋˍˊˇ˒ˇύΦ ʆ̫ ˂ˇˌ ʶ˅ʱʴˇ˄ˍʰʽ ˍʰ ʴʶʽˍ˄ʽʱʸˇ˄ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˁʰπ
ʻ˗ˌ ˁʰʽ ʹ ˉʶˊʽˇʵʽˁˈˍʹˍʱ ˍˇˎΦ̩ ɶ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˉˊˇˋ˒ʷˊʶʽ ˉʰˊʰˉʱ˄˖ ˋˍˇʽ˔ʶʾʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ 
ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʰΣ ˃ʽʰˌ ˁʰʽ ʵʾ˄ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʴ˄˖ˊʾʸˇˎ˃ʶ ʶˉʽˉ˂ʷˇ˄ ˍʹ˄ ʰˉˈˋˍʰˋʹ ˉˇˎ ʷ˔ˇˎ˄ ˃ʶπ
ˍʰ˅ˏ ˍˇˎˌ ˍʰ textures ˁ ʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʺ ˍˇˎˌ ό˃ʷˋ˖ ˍʹˌ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌ).  

ɶ ʶˊʴʰˋʾʰ «Near-Regular Texture Analysis and Manipulation» [24] ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˃ʽʰ ˉʽˇ ˍˇˉʽˁʺ ˉˊˇπ
ˋʷʴʴʽˋʹΣ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰˌ ˉʶˊʽˋˋˈˍʶˊˇ ˋˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ˋˍˇ ˔ˊ˗˃ʰ ˁʰʽ ˍʹ˄ ʷ˄ˍʰˋʹ 
ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˉʶˊʽˇ˔˗˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˉʶˊʽˇʵʽˁˈˍʹˍʰ ˃ʶ ˋˁˇˉˈ ˄ʰ ʶ˅ʱʴʶʽ ˉʰˊʰ˃ʶˍˊʽˁʱ ˃ˇ˄ˍʷπ
˂ʰΦ ɾʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ ˃ˉˇˊʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰʾˊ˄ˇ˄ˍʰˌ ʷ˄ʰ texture ˄ʰ ˋˎ˄ʻʷˋʶʽ ˇ˂ˈˁ˂ʹˊʶˌ ˉʶˊʽˇ˔ʷˌ ʺ 
ʰˁˈ˃ʰ ˁʰʽ ˄ʰ ˍʽˌ ˔ʶʽˊʰʴ˖ʴʺˋʶʽ όmanipulateύ ˁʰˍʱ ˍˇ ʵˇˁˇˏ˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˉʰʾˊ˄ˇ˄ˍʰˌ ʷ˄ʰ texture 
˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˃ʽʰ ˄ʷʰ ʶʽˁˈ˄ʰ ʺ ʷ˄ʰ ˃ˇˍʾʲˇ ˃ʶ ˈ˃ˇʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ  

ɾʽʰ ʰˉˈ ˍʽˌ ˉʽˇ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʶˌ ʵˇˎ˂ʶʽʷˌ ˉˇˎ ʲˊʺˁʰ˃ʶ ˉʱ˄˖ ˋˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˋʶ ʵʾπ
˔ˍˎʰ ʶʾ˄ʰʽ ʹ ʶˊʴʰˋʾʰ «An adaptive method of damage detection for fishing nets based on image pro-
cessing technology» [25ϐΦ ʁʽ ˋˎʴʴˊʰ˒ʶʾˌ ˁʰˍʹʴˇˊʽˇˉˇʽˇˏ˄ ˍˇˎˌ ˍˊˈˉˇˎˌ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ 
ʶ˄ˍˇˉʽˋˍʶʾ ˃ʽʰ ʰˋˎ˄ʷ˔ʶʽʰ ˉʱ˄˖ ˋˍˇ ˉ˂ʷʴ˃ʰ ˋʶ ˍˊʶʾˌ ˇ˃ʱʵʶˌΥ ʃˊ˖ˍʾˋˍ˖ˌ ˃ʷˋ˖ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˋˎˋˍʹπ
˃ʱˍ˖˄ όembedded detection), ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʷˋ˖ ʹ˔ʹˍʽˁʺˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όsonar detection) ʶʾˍʶ ˍʷ˂ˇˌ ˃ʷπ
ˋ  ̟ʁ ˉʶ˅ʶˊʴʰˋʾʰˌ ˍʹˌ ʶʽˁˈ˄ʰˌ όimage analysis). 
ɸʶ˖ˊˇˏ˄ ˉ˖ˌ ʹ ˍˇˉˇʻʷˍʹˋʹ ˋˏˊ˃ʰˍˇˌ ʺ ʰʽˋʻʹˍʺˊʰ όembedded method) ˉʱ˄˖ ˋˍˇ ʵʾ˔ˍˎ ʵʶ˄ ʻʶ˖ˊʶʾπ
ˍʰʽ ˁʰ˂ʺ ˉˊˇˋʷʴʴʽˋʹΣ ˃ʽʰˌ ˁʰʽ ˍˇ ʵʾ˔ˍˎ ˍʹˌ ʽ˔ʻˎˇˁʰ˂˂ʽʷˊʴʶʽʰˌ ʶˉʽ˒ˇˊˍʾʸʶˍʰʽ ˃ʶ ˉʶˊʽˋˋˈˍʶˊˇ ʲʱˊˇˌ ˍˇ 
ˇˉˇʾˇ ˋʶ ʲʱʻˇˌ ˔ˊˈ˄ˇˎ ˉˊˇˁʰ˂ʶʾ ˒ʻˇˊʱ. ʁ ʵʶˏˍʶˊˇˌ ˍˊˈˉˇˌ ˉˊˇˋʷʴʴʽˋʹˌ όsonar detection) ʰˉˇˊˊʾπ
ˉˍʶˍʰʽ ʴʽʰ ˂ˈʴˇˎˌ ˁˈˋˍˇˎˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˋˎʴʴˊʰ˒ʶʾˌΣ ˁʰˍʰ˂ʺʴˇ˄ˍʰˌ ʷˍˋʽ ʵʽʰ ˍʹˌ ʰ˒ʰʽˊʶˍʽˁʺˌ ˋˍʹ˄ 
ˍˊʾˍʹ ˃ʷʻˇʵˇ όimage analysisύ ˖ˌ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʹΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˇʽ ˋˎʴʴˊʰ˒ʶʾˌ ˉˊˇˍʶʾ˄ˇˎ˄ ˋˍʹ˄ ʶˊʴʰˋʾʰ 
ˍˇˎˌ ʵˏˇ ˍˊˈˉˇˎˌ ˉˊˇˋʷʴʴʽˋʹˌΦ 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.36.2193&rep=rep1&type=pdf
https://link.springer.com/article/10.1007/s00371-010-0470-x
https://www.researchgate.net/publication/252019702_Texel_Based_Regular_and_Near-Regular_Texture_Characterization
https://www.cc.gatech.edu/~hays/papers/sig04_final.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0144860919301876
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ɶ ˉˊ˗ˍʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ʷ˄ʰ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ˉˇˎ ʷ˔ʶʽ ˋʰ˄ ˋˁˇˉˈ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˍ˖˄ ˁˈ˃ʲ˖˄ ˍˇˎ 
ˉ˂ʷʴ˃ʰˍˇˌ όnetting node analysis). ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʷ˄ʰ ˉʰˊʱʻˎˊˇ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ 
ˋˍʽˌ ʰˉˇ˔ˊ˗ˋʶʽˌ ˍˇˎ ʴˁˊʽΣ ˍˇ ˇˉˇʾˇ ˍʹ˄ ʵʽʰˍˊʷ˔ʶʽ ˁʰʽ ʶ˄ˍˇˉʾʸʶʽ ˍʹ˄ ʷ˄ˍʰˋʹ ˉˇˎ ˎˉʱˊ˔ʶʽ ˋʶ ʰˎˍʺΦ ʅˍʹ 
ˋˎ˄ʷ˔ʶʽʰ, ˃ʷˋ˖ ˍʹˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˁʰʽ ˍʹˌ ˃ʶʻˈʵˇˎ Harris cornerΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʲʱˊˇˌ ˍˇˎ 
ˋʹ˃ʶʾˇˎΣ ˇˊʾʸˇˎ˄ ʰ˄ ˁʱˍʽ ʰˉˇˍʶ˂ʶʾ ʴ˖˄ʾʰ ʺ ˈ˔ʽΦ  
ɶ  ˂ˇʴʽˁʺ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˈˍʽ ʴʽʰ ˁʱʻʶ ˋʹ˃ʶʾˇ ʶ˂ʷʴ˔ʶˍʰʽ ʹ ʷ˄ˍʰˋʹ ʴ̔ ʰ ˃ʽˁˊʷˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ʴˏˊ˖ ʰˉˈ 
ʰˎˍˈ. ʍ̩  ʴ˖˄ʾʶˌ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ˍʰ ˋʹ˃ʶʾʰ ʶˁʶʾ˄ʰ ˋˍʰ ˇˉˇʾʰ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ 
˒˖ˍʶʽ˄ˈˍʹˍʰˌ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʶˌ. ɶ ˃ʶˍʰʲˇ˂ʺ ʰˎˍʺ ʶˁ˒ˊʱʸʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ɳ ˉˇˎ ʵʾ˄ʶˍʰʽ ʰˉ̍ ˍʹ 
ˋ˔ʷˋʹ : 
 
E(u, v) = В ύὼȟώ Ὅὼ όȟώ ὺ Ὅὼȟώȟ

2 

ʁ ˈˊˇˌ w(x, yύ ʶˁ˒ˊʱʸʶʽ ˍˇ ˉʰˊʱʻˎˊˇ ʶ˄ˍˈˌ ˍˇˎ ˇˉˇʾˇˎ ʶ˂ʷʴ˔ʶˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʺ ʰˎˍʺΣ ʶ˄˗ u ˁʰʽ v ʶʾ˄ʰʽ ʹ 
ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ˁʱʻʶˍʹ ˃ʶˍʰˁʾ˄ʹˋʹ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴˏˊ˖ ʰˉˈ ̱ ˇ ˋʹ˃ʶʾˇ x,y. 
 
   ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰ˄ʰʸʺˍʹˋʹˌ ʶʾ˄ʰʽ ˇʽ ʶˎʻʶʾʶˌ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌΣ ʶ˄˗ ˇ ˋˁˇˉˈˌ ˍˇˎˌ ʶʾ˄ʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ 
ˁˈ˃ʲ˖˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˍʰ ʵʾ˔ˍˎʰΦ ɸʶ˖ˊˇˏ˄ ˈˍʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶ˄ˍˇˉʽˋ˃ʷ˄˖˄ ʴ˖˄ʽ˗˄ ˋˍʰ ˋˎʴˁʶπ
ˁˊʽ˃ʷ˄ʰ ˋʹ˃ʶʾʰ ʻʰ ʷ˔ʶʽ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ˇˊ˒ʺ όˍʶˍˊʱʴ˖˄ʹύΣ ʶ˄˗ ˋˍʰ ˋʹ˃ʶʾʰ ˈˉˇˎ ʶʾ˄ʰʽ ˁˇ˃˃ʷ˄ˇ ˍˇ 
ʵʾ˔ˍˎ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʰˁ˃˗˄ ʻʰ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˁˏˁ˂ˇΣ ˂ˈʴ˖ ʰˋˎ˄ʷ˔ʶʽʰˌΦ 
ʆ ̌ʲʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ʹ ʰʵˎ˄ʰ˃ʾʰ ʶ˄ˍˇˉʽˋ˃ˇˏ ʴ˖˄ʽ˗˄ ˋʶ ʶʽˁˈ˄ʶˌ ˃ʶ ˔ʰ˃ʹ˂ʺ ˒˖π
ˍʶʽ˄ˈˍʹˍʰΦ 

ʅˍʹ ʵʶˏˍʶˊʹ ˃ʷʻˇʵˇ ˇʽ ˋˎʴʴˊʰ˒ʶʾˌ ʰ˂˂ʱʸˇˎ˄ ˍˊˈˉˇ ˉˊˇˋʷʴʴʽˋʹˌ ˁʰʽ ʲʱʸˇˎ˄ ˋˍˇ ʶˉʾˁʶ˄ˍˊˇ ˍʹˌ ʷπ
ˊʶˎ˄ʰˌ ˍˇˎˌ ˈ˔ʽ ˍʽˌ ʶˎʻʶʾʶˌ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ʰ˂˂ʱ ˍʽˌ ˍˊˏˉʶˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋʶ ʰˎˍˈΦ ɾʶˍʰˍˊʷˉˇˎ˄ ˍʹ˄ 
ʶʽˁˈ˄ʰ ˋʶ ʰˋˉˊˈ˃ʰˎˊʹ όbinary) ˁʰʽ ˍʹ˄ ˁʰˍʰˁʶˊ˃ʰˍʾʸˇˎ˄ ˋʶ ˉʰˊʱʻˎˊʰΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ˍˊˏˉʶˌ ˉˇˎ 
ˎˉʱˊ˔ˇˎ˄ ˋˍˇ ˉ˂ʷʴ˃ʰ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ ˍˇˉʽˁʱ ˋʹ˃ʶʾʰ όlocal peaks) ˉˇˎ ʶ˄ˍˈˉʽˋʰ˄ ˋˍʹ˄ ˉˊˇʹʴˇˏπ
˃ʶ˄ʹ ˃ʷʻˇʵˇ όHarris corner), ̀ ˎʴˁˊʾ˄ˇˎ˄ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ʶˁʱˋˍˇˍʶ ˉʶˊʽˇ˔ʺˌ ˃ʷˋ˖ ʽˋˍˇʴˊʰ˃˃ʱˍ˖˄Φ  

 
    ʁ ̄ˊˇʰ˄ʰ˒ʶˊʻʶʾˌ ʰ˂ʴˈˊʽʻ˃ˇˌ όʶˊʴʰˋʾʰ ώнрϐύ ʁ ˄ˍˇˉʽˋ˃ˇˏ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˋˍʰ ʵʾ˔ˍˎʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ 
ˋˍʹ˄ ʶˊʴʰˋʾʰ «Overview of the application of computer vision technology in fish farming» [26ϐ ʰ˄ ˁʰʽ 
ʵʶ˄ ʶʾ˄ʰʽ ʰˎˍˈˌ ˁʱʻʶ ʰˎˍˈˌ ˇ ʲʰˋʽˁˈˌ ˋˁˇˉˈˌ ˍʹˌΦ 

ɾʽʰ ʶˉʽˉ˂ʷˇ˄ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ  ́«Automatic Inspection of Cage Integrity with Under-
water Vehicle». [27] ʁ ˋˎʴʴˊʰ˒ʷʰˌ ʷ˔ʶʽ ˖ˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰ˄ʰʸʺˍʹˋʹˌ ˍʽˌ ʶˎʻʶʾʶˌ ˍˇ ˎˉ˂ʷʴ˃ʰˍˇˌΣ ˍʽˌ ˇπ
ˉˇʾʶˌ ʶ˄ˍˇˉʾʸʶʽ ˃ʷˋ˖ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ Hough, ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ʰ˄ʰʸʺˍʹˋʹ ˁʰˍʱ 
ʲʱʻˇˌ όDFS ς Depth First Search) ̄ ʱ˄˖ ˋˍˇ ʶ˄ˍˇˉʽˋ˃ʷ˄ˇ ̄ ˂ʷʴ˃ʰΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰˊ˔ʽˁʱ ˋˍˇ ˁˇ˃˃ʱˍʽ 
ˍʹˌ ˉˊˇ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌΣ ˇ ˋˎʴʴˊʰ˒ʷʰˌ ʰ˒ˇˏ ˒ʽ˂ˍˊʱˊʶʽ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʷˋʰ ʰˉˈ 
ˍʰ ˁʰ˄ʱ˂ʽʰ RGB ˁʰʽ HSV ˁʰˍʰ˂ʺʴʶʽ ˋˍˇ ˁˈˁˁʽ˄ˇ ˁʰ˄ʱ˂ʽ όRed Channel) ˖ˌ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇ ʴʽʰ ˍˇ ʵʽʰ˔˖π
ˊʽˋ˃ˈ ˉˊˇˋˁʹ˄ʾˇˎ όforeground) ˁʰʽ ˒ˈ˄ˍˇˎ όbackground). ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰˍʰ˃ʶˊʾʸʶʽ ˍʹ˄ ʶʽˁˈ˄ʰ ˋʶ ˎˉˇ- 
ˍ˃ʺ˃ʰˍʰ (sub blocks) ˁʰʽ ʰ˄ʰʸʹˍʶʾ ʶˁʶʾ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˁʰˍ˗˒˂ʽ ˁʱʻʶ ˒ˇˊʱΦ ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˁʰˍʱ˂˂ʹ˂ˇˎ 
ˁʰˍ˖˒˂ʾˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˉˊ˗ˍʰ ʷ˄ʰ ˔ʰ˃ʹ˂ˇˉʶˊʰˍˈ ˒ʾ˂ˍˊˇ όlow-pass Gaussian filter) ˗ˋˍʶ ˄ʰ ʶ˅ˇ˃ʰ˂ˏπ
˄ʶʽ ˍʽˌ ʰˁ˃ʷˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʷ˄ʰ Laplacian ˈˉˇˎ ʰ˄ʰʸʹˍʶʾ ˍʰ ˋʹ˃ʶʾʰ ˍʹˌ ˉˊ˗ˍʹˌ ˉʰˊʰʴ˗π
ʴˇˎ ˉˇˎ ʶʾ˄ʰʽ ˉʱ˄˖ ʰˉΩ ˍˇ ˃ʹʵʷ˄Φ ʆʷ˂ˇˌ ʰ˄ʰʸʹˍʶʾ ˍʽˌ ʰˁ˃ʷˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ Canny (Canny edge detector) 
ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ Hough ˗ˋˍʶ ˄ʰ ʶ˄ˍˇˉʾˋʶʽ ˍʹˌ ʴˊʰ˃˃ʷˌ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˍˇˎ ʵʽπ
˔ˍˎˇˏΦ ɶ h˄ʰʸʺˍʹˋʹ ˍ˖˄ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˋˍʹ˄ ʰˋˉˊˈ˃ʰˎˊʹ όbinary) ʶʽˁˈ˄ʰ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ʰ˂ʴˇˊʾʻ˃ˇˎ 
DFS (depth first search). ɳˁʶʾ ʰ˄ʰʸʹˍʶʾ ˍʰ ʱˋˉˊʰ pixel ˋˍˇ˄ ˁʱʻʶˍˇ ˁʰʽ ˋˍˇ˄ ˇˊʽʸˈ˄ˍʽˇ ʱ˅ˇ˄ʰ ˍʰ ˇˉˇʾʰ 
ˁʶʾˍˇ˄ˍʰʽ ˉʱ˄˖ ˋˍʽˌ ʶ˄ˍˇˉʽˋ˃ʷ˄ʶˌ ʴˊʰ˃˃ʷˌ, ʷ˖ˌ ˈˍˇˎ ˒ˍʱˋʶʽ ˋʶ ˁʱˉˇʽʰ ʰˋˎ˄ʷ˔ʶʽʰ. ɼʱʻʶ ʴˊʰ˃˃ʺ ʰˉˇπ
ʻʹˁʶˏʶˍʰʽ ˋʶ ˉʾ˄ʰˁʰ ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˇʽ ʰˉˇˋˍʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʴˊʰ˃˃˗˄Φ 

https://www.researchgate.net/publication/342528988_Overview_of_the_application_of_computer_vision_technology_in_fish_farming
https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/260508
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ɮ˄ ˎˉʱˊ˔ʶʽ ʰˋˎ˄ʷ˔ʶʽʰ ˋʶ ˁʱˉˇʽˇ ˋʹ˃ʶʾˇ ʹ ʰˉˈˋˍʰˋʹ ˍ˖˄ ʴˊʰ˃˃˗˄ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ʻʰ ʶʾ˄ʰʽ 
˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ ˎˉˈ˂ˇʽˉˇ ˃ʷˋˇ ˈˊˇΦ 
 
ɾʽh h ˁˈ˃ʹ ̌ ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʁ ˊʴʰˋʾʰ ʁ ʾ˄ʰʽ ́  «Damage detection in fish farming nets using video analysis» 
[28].  ʁʽ ˋˎʴʴˊʰ˒ʶʾˌ ˋˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˉˊˇ-ʶˉʶ˅ʶˊʴʰˋʾʰˌ όpre-process) ʲˊʾˋˁˇˎ˄ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˁʰπ
ˍ˗˒˂ʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍ ̌Gaussian filter ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ζˋˁʶ˂ʶˍˇˉˇʽˇˏ˄η ˍʽˌ ʴˊʰ˃˃ʷˌ ˍˇˎ ˉ˂ʷʴ˃ʰπ
ˍˇˌ όskeletonization method) ˋˎˊˊʽˁ˄˗˄ˇ˄ˍʱˌ ˍʶˌ ˋˍˇ ʶ˂ʱ˔ʽˋˍˇΦ ʅˁˇˉˈˌ ʶʾ˄ʰʽ ˄ʰ ˃ʶˍʰˍˊʷ˕ˇˎ˄ ˁʱʻʶ ʶˎπ
ʻʶʾʰ ˋʶ ʴˊʰ˃˃ʺ ˉ˂ʱˍˇˎˌ м-pixel ˗ˋˍʶ ˄ʰ ˃ʶʽ˖ʻʶʾ ˇ ʻˈˊˎʲˇ όfouling) ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ʶʽ ˉʱ˄˖ ˋˍˇ 
ʵʾ˔ˍˎ ˂ˈʴ˖ ˍʹˌ ˎˉˇʻʰ˂ʱˋˋʽʰˌ ˔˂˖ˊʾʵʰˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʵˏˇ ˁʰˍΩ ˇˎˋʾʰ ˃ʶʻˈʵˇˎˌ ʰ˄ʾπ
˔˄ʶˎˋʹˌ ˍˊˎˉ˗˄ ˉʱ˄˖ ˋˍʰ ʵʾ˔ˍˎʰΦ ɶ ˉˊ˗ˍʹ ˇ˄ˇ˃ʱʸʶˍʰʽ Knot Density Analysis (KDA) ˈˉˇˎ ʰˊ˔ʽˁʱ ʰ˄ʰπ
ʸʹˍʶʾ ˍˇˎˌ ˁˈ˃ʲˇˎˌ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ όˉʱ˄˖ ˋˍʹ˄ skeletonized ʶʽˁˈ˄ʰύΣ ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰʸʹˍˇˏ˄ ˍʹ˄ 
ˉˎˁ˄ˈˍʹˍʰ ʰ˄ʱ ˉʶˊʽˇ˔ʺ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˃ʷˋʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋʹ˃ʶʾ˖˄Φ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ʶ˄ˍˇˉʽˋ˃ˇˏ 
ˉʶˊʽˇ˔ʺˌ ˃ʶ ˉʰˊʶˁˁ˂ʾ˄ˇ˄ˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ʰˎˍˇ˃ʱˍ˖ˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ʰˋˎ˄ʷ˔ʶʽʰΦ ɶ ʵʶˏˍʶˊʹ ˃ʷʻˇʵˇˌ 
ˇ˄ˇ˃ʱʸʶˍʰʽ Large Region Analysis (LRA) ˈˉˇˎ ʰ˄ʰʸʹˍˇˏ˃ʶ ˋˍʹ˄ skeletonized ʶʽˁˈ˄ʰ ˍʰ ˉʶˊʽʴˊʱ˃˃ʰˍʰ 
(contoursύ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌΦ ʋ˖ˊʾʸʶˍʰʽ ʷˍˋʽ ˈ˂ˇ ˍˇ ʵʾ˔ˍˎ ˋʶ ˉʶˊʽˇ˔ʷˌΣ ˈˉˇˎ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍˇ 
˃ʷʴʶʻˇˌ ˁʱʻʶ ˃ʽʰˌ ˃ʶ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ˃ʷˋˇ ˈˊˇ ˍʹˌ ʶʽˁˈ˄ʰˌΦ ʅʶ ʴʶ˄ʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰʽ ˇʽ ʵˏˇ ˃ʷʻˇʵˇʽ 
˂ʶʽˍˇˎˊʴˇˏ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱΦ ɰʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˉˊ˗ˍʹˌ ˃ʶʻˈʵˇˎ όKDA) ʶʾ˄ʰʽ ˈˍʽ ˉʰˊʰʲ˂ʷˉʶʽ ˉˇ˂π
˂ʷˌ ˍˊˏˉʶˌ ˃ʶ ˃ʽˁˊˈ ˃ʷʴʶʻˇˌΣ ʶ˄˗ ˍʹˌ ʵʶˏˍʶˊʹˌ όLRA) ʶʾ˄ʰʽ ˈˍʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʶ˄ ˉˇ˂ˏˌ 
ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˉˊˇ-ʶˉʶ˅ʶˊʴʰˋʾʰˌΦ ɮ˄ ʹ ʶʽˁˈ˄ʰ ʷ˔ʶʽ ˔ʰ˃ʹ˂ˈ ˒˖ˍʽˋ˃ˈ ʺ ˉʶˊʽʷ˔ʶʽ ˃ʶ ̒̍ π
ˊˎʲˇΣ ʹ ζˋˁʶ˂ʶˍˇˉˇʾʹˋʹη ˃ˉˇˊʶʾ ˄ʰ ʵ˗ˋʶʽ ˂ʰ˄ʻʰˋ˃ʷ˄ʰ ˉʶˊʽʴˊʱ˃˃ʰˍʰΦ 

ʆʷ˂ˇˌ ʷ˄ʰˌ ˋˎ˔˄ˈˌ ˍˊˈˉˇˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˍ˖˄ ˎˉˇʻʰ˂ʱˋˋʽ˖˄ ʽ˔ʻˎˇˁʰ˂˂ʽʶˊʴʶʽ˗˄ ʶʾ˄ʰʽ ˃ʷˋ˖ ˄ʶˎˊ˖˄ʽπ
ˁ˗˄  ʵʽˁˍˏ˖˄Φ ɴ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˍʷˍˇʽʰ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˍ ̌YOLO (You Only Look Once) 
ʰˉˈ ˍʹ˄ ʶˊʴʰˋʾʰ «You Only Look Once: Unified, Real-Time Object Detection». [29] ʅˍʹ˄ ˉʰˊʰˉʱ˄˖ ʶˊπ
ʴʰˋʾʰ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʷˋʰ ʰˉˈ ˃ʽʰ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˁʰˍʰ˃ʶˊʽˋ˃ˇˏ 
ˍʹˌ ʶʽˁˈ˄ʰˌ ˋʶ bounding boxes ˁʰʽ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌ ˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ˉˊˇʲ˂ʷπ
ˉʶʽΣ ˁʰˍʹʴˇˊʽˇˉˇʽʶʾ ˁʰʽ ˇ˃ʰʵˇˉˇʽʶʾ ˍʰ bounding boxes ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ˇ˃ˇʽˈˍʹˍʱ ˍˇˎˌΦ ʆˇ ˍʶ˂ʽˁˈ ʰˉˇπ
ˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Φ 
ɲˏˇ ʶˊʴʰˋʾʶˌΥ ʹ ζOmnidirectional Surface Vehicle for Fish Cage Inspection» [30ϐ ˁʰʽ ʹ ζUnderwater 
Fishnet and Hole Detection using Miniature Underwater Robot» [31] ˉˇˎ ʰˋ˔ˇ˂ˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ˎˉˇʻʰπ
˂ʱˋˋʽʰ ʰ˄ʰʸʺˍʹˋʹ ʵʽˁˍˎ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰˎˍˇˏˋʽˇ ˍˇ˄ ˉʰˊʰˉʱ˄˖ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ˃ʶ ʽˁʰ˄ˇˉˇʽʹˍʽπ
ˁ ɦ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ. ɳ˄ʵʶ˔ˈ˃ʶ˄ˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʶˊʴʰˋʽ˗˄ ʶʾ˄ʰʽ ˉ˖ˌ ˇʽ ʶʽˁˈ˄ʶˌ-
ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʶʾ˄ʰʽ ˉʰˊ˃ʷ˄ʶˌ ˃ʷˋʰ ˋʶ ˉʽˋʾ˄ʰΦ ɼʰʽ ʱˊʰ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ʵʶ˄ ʷ˔ʶʽ ˔ˊʹπ
ˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ˉˊʰʴ˃ʰˍʽˁʷˌ ˎˉˇʻʰ˂ʱˋˋʽʶˌ ˋˎ˄ʻʺˁʶˌΦ 

ɾʶ ʵʶʵˇ˃ʷ˄ˇ ˈˍʽ ʹ ʶʽˋ˔˗ˊʹˋʹ ˁʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ computer vision ˋˍˇ˄ ˎˉˇʻʰ˂ʱˋˋʽˇ ˔˗ˊˇ ʶʾ˄ʰʽ 
˃ʽʰ ˋ˔ʶˍʽˁʱ ˁʰʽ˄ˇˏˊʴʽʰ ˉˊˇˋˉʱʻʶʽʰΣ ˇʽ ˉʰˊʰˉʱ˄˖ ʶˊʴʰˋʾʶˌ ˃ʰˌ ʲˇʺʻʹˋʰ˄ ʰˊˁʶˍʱ ˗ˋˍʶ ˄ʰ h˄ ˍʽ˂ʹ˒π
ʻˇˏ˃ʶ ˋ˒ʰʽˊʽˁʱ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ˎˉˇʻʰ˂ʱˋˋʽʰˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ 
˄ʰ ˋˎ˄ʰ˄ˍˇˏˋʰ˃ʶΦ 
ʁʽ ˉˊ˗ˍʶˌ ʶˊʴʰˋʾʶˌ  ˉˇˎ ʰ˄ʰ˒ʷˊʰ˃ʶ ʷˉʰʽ˅ʰ˄ ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˉˇˎ ʻʰ ʷˉˊʶˉʶ ˄ʰ 
ˁʽ˄ʹʻˇˏ˃ʶ ˉʱ˄˖ ˋˍˇ ˔˗ˊˇ ˍʹˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ʰ˄ˈ˃ˇʽ˖˄ ˉˊˇˍˏˉ˖˄ (irregular recognition)Σ ʶ˄˗ ˇʽ ˇ˂ˇπ
ˁ˂ʹˊ˖˃ʷ˄ʶˌ ʶˊʴʰˋʾʶˌ ˃ʰˌ ʲˇʺʻʹˋʰ˄ ˄ʰ ˉˊˇˋʶʴʴʾˋˇˎ˃ʶ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉʽˇ ʶˉʽˋˍʱ˃ʶ˄ʰΦ 

ʁʽ ʵˏˇ ˃ʷʻˇʵˇʽ ˉˇˎ ˎ˂ˇˉˇʽʺˋʰ˃ʶ ˉˊˇʺ˂ʻʰ˄ ˖ˌ ʽʵʷʶˌ ʰˉˈ ˍʽˌ ʵˏˇ ˉʰˊʰˉʱ˄˖ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʶˌ ʶˊʴʰπ
ˋʾʶˌ ˉˇˎ ˉʰˊˇˎˋʽʱˋʰ˃ʶΦ ɶ ˉˊ˗ˍʹ ˃ʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ Hough ˁʰʽ ˍʹ˄ ʰ˄ʰʸʺˍʹπ
ˋʹ ˍ˖˄ ˁʰˍʶˎʻˏ˄ˋʶ˖˄ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˁʰʽ ʹ ʵʶˏˍʶˊʹ ˃ʽʰ ˉˇʽˇ ˇ˂ʽˁʺ όglobal) ˉˊˇˋʷʴʴʽˋʹΣ ˃ʷˋ˖ ˍʹˌ ʷπ
˄ˍʰˋʹˌ ˃ʷˊˇˎˌ ʺ ˈ˂ˇˎ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ˍʹˌ ʶʽˁˈ˄ʰˌΦ  

 

https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/2610898
https://arxiv.org/abs/1506.02640
https://ieeexplore.ieee.org/document/8604674/
https://justinyuzheng.files.wordpress.com/2018/12/final-report-gtmur.pdf
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оΦм ɳʽˋʰʴ˖ʴʺ 
 

ɱʽʰ ˄ʰ ˃ˉˇˊʷˋˇˎ˄ ˄ʰ ʴʾ˄ˇˎ˄ ˉʽˇ ˁʰˍʰ˄ˇʹˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˉˇˎ ˎ˂ˇˉˇʽʺˋʰ˃ʶΣ ʻʰ ˁʱ˄ˇˎ˃ʶ ˃ʽʰ ʶʽˋʰʴ˖π
ʴʺ ˋˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ˍʹˌ ʶˁʱˋˍˇˍʶ ʵʽʰʵʽˁʰˋʾʰˌΦ ɸʰ ˉˊˇˋˉʰʻʺˋˇˎ˃ʶ ʶˎˋˏ˄ˇˉˍʰ ˄ʰ ʶ˅ʹʴʺˋˇˎπ
˃ʶ ˉˇʽʰ ʺˍʰ˄ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˉˊˇ-ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʶʽˁˈ˄˖˄ (pre-process), ˉ˖ˌ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˇʽ ʰˁ˃ʷˌ 
ˋˍʽˌ ʶʽˁˈ˄ʶˌΣ ˉ˖ˌ ʰˎˍʷˌ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʰ ˈˊʽʰ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˁʰʽ ˍʷ˂ˇˌ 
ʻʰ ˃ʽ˂ʺˋˇˎ˃ʶ ʴʽʰ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ Hough ˁ ʰʽ ˉ˖ˌ ʰˎˍˈˌ ˂ʶʽˍˇˎˊʴʶʾΦ 

ɮˊ˔ʽˁʱ ˁʰˍʱˍ˃ʹˋʹ ˇ˄ˇ˃ʱʸˇˎ˃ʶ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ʵʽʰʽˊˇˏ˃ʶ ˍʹ˄ ʶʽˁˈ˄ʰ ˋʶ ˇ˃ˇʽˈ˃ˇˊπ
˒ʶˌ ˉʶˊʽˇ˔ʷˌΣ ˇʽ ˇˉˇʾʶˌ ʽʵʰ˄ʽˁʱ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˁʱˉˇʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ ʆˇ ʶˉʾˉʶʵˇ ˍʹˌ ˂ʶˉˍˇ˃ʷˊʶʽʰˌ ˋˍˇ 
ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰˎˍʺ ʹ ˎˉˇʵʽʰʾˊʶˋʹΣ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʶˉʽ˂ˏˋˇˎπ
˃ʶΦ 

ɶ ˁʰˍʱˍ˃ʹˋʹ ʰˉˇˍʶ˂ʶʾ ˋ˔ʶʵˈ˄ ˉʱ˄ˍʰ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˃ʽʰˌ ʶʽˁˈ˄ʰˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ 
ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʶʾˍʶ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʰˋˎ˄ʷ˔ʶʽʰˌ ˍʹˌ ʶʽˁˈ˄ʰˌ όˈˉ˖ˌ  ́ʰˉˈˍˇ˃ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ 
˒˖ˍʶʽ˄ˈˍʹˍʰˌ ʺ ˍˇˎ ˔ˊ˗˃ʰˍˇˌύ ʶʾˍʶ ˃ʷˋ˖ ˍʹˌ ˇ˃ʰʵˇˉˇʾʹˋʹˌ ˍ˖˄ ˇ˃ˇʽˈ˃ˇˊ˒˖˄ ˍʽ˃˗˄ ˁʱˉˇʽ˖˄ pixel. 

ʆʰ ˋˏ˄ˇ˂ʰ ˋʹ˃ʶʾ˖˄ ʰˋˎ˄ʷ˔ʶʽʰˌ ˍʰ ˇˉˇʾʰ ˁʰʻˇˊʾʸˇˎ˄ ˍˇ ˈˊʽˇ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ʵˏˇ ˉʶˊʽˇ˔˗˄ ˍʰ ˇ˄ˇ˃ʱπ
ʸˇˎ˃ʶ ʰˁ˃ʷˌΦ ʁ ˋˎ˄ʹʻʷˋˍʶˊˇˌ ˍˊˈˉˇˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ʰˎˍ˗˄ ˍ˖˄ ˍˇˉʽˁ˗˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ʷ˄ˍʰˋʹˌ ˃ˉˇˊʶʾ 
˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ˍʹ˄ ˁ˂ʾˋʹ ˍʹˌ ˉˊ˗ˍʹˌ ʺ ʵʶˏˍʶˊʹˌ ˍʱ˅ʶ˖ˌ ˉʰˊʰʴ˗ʴˇˎ ˁʰʽ ˁʰˍˈˉʽ˄ 
ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˁʰˍ˖˒˂ʾ˖ˋʹˌ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˃ʶʴʾˋˍ˖˄Φ 

ɶ ʶˉʽ˂ˇʴʺ ˁʰˍ˖˒˂ʾˇˎ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˄ʰ ʰˉˇ˒ʰˋʾˋˇˎ˃ʶ ʰ˄ ʷ˄ʰ pixel ʁ ʾ˄ʰʽ ˃ʷˊˇˌ ˃ʽʰˌ ʰˁ˃ʺˌ ʺ ˍˇˎ 
˒ˈ˄ˍˇˎ ˍʹˌ ʶʽˁˈ˄ʰˌΦ ɾʽʰ ʰˉΩ ˍʽˌ ˉʽˇ ʴ˄˖ˋˍʷˌ ˃ʶʻˈʵˇˎˌ ˁʰˍ˖˒˂ʾ˖ˋʹˌ ʶʾ˄ʰʽ ˍˇ Otsu threshold. 
ɯ˂˂ʶˌ ˃ ʷʻˇʵˇʽ ʁ ˏˊʶˋʹˌ h ˁ˃˗˄ ʁ ʾ˄ʰʽ ́  Laplacian, ́  Laplacian of Gaussian (LoG), ́  pdf, ́  ʶ˄ˍˊˇˉʾʰ ˁʰΦ 

 

 

оΦн ɾʷʻˇʵˇˌ ˁʰˍ˖˒˂ʾ˖ˋʹˌ 
 

ɶ ˃ʷʻˇʵˇˌ ˁʰˍ˖˒˂ʾ˖ˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˋˍʽˌ ʶʽˁˈ˄ʶˌ ˃ʰˌ ʶʾ˄ʰʽ ʹ ˍʶ˔˄ʽˁʺ Otsu [41]. 

ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˁʰʻˇ˂ʽˁʺ όglobal) ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ʽˋˍˇʴˊʱ˃˃ʰˍˇˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˁʰʽ 
ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˁʰˍ˖˒˂ʾˇˎ ʲʱˋʶʽ ˍˇˎ ˁˊʽˍʹˊʾˇˎ ˍʹˌ ˃ʶʴʽˋˍˇˉˇʾʹˋʹˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˃ʶˍʰ˅ˏ ˍ˖˄ 
ˉʶˊʽˇ˔˗˄ ˍˇˎ ˒ˈ˄ˍˇˎ (background pixelsύ ʰˉˈ ʰˎˍʱ ˍˇˎ ˉˊˇˋˁʹ˄ʾˇˎ (foreground pixels). ʅˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ 
ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍˇˎ ˉʶʵʾˇˎ ˃ʶˍʰ˅ˏ ʰˎˍ˗˄ ˍ˖˄ ʵˏˇ ˉʶˊʽˇ˔˗˄Φ 

    ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʶˉʽ˂ʷ˔ʻ́ ˁʶ, ˁʰˍʰˊ˔ʺ˄ ʴʽʰ ˍˇ˄ ˂ˈʴ ̌ˈˍʽ ˇʽ ʶʽˁˈ˄ʶˌ ˉˇˎ ʶ˅ʶˍʱˋʰ˃ʶ ʺˍʰ˄ ˋ˔ʶˍʽˁʱ ʰˉ˂ʷˌ 
ˁʰʽ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʶ˂ʷˍʹˌ ʶˎʵʽʱˁˊʽˍʰ, ˔̟ ˊʾˌ ˍʶˊʱˋˍʽʶˌ ʶ˄ʰ˂˂ʰʴʷˌ ˋˍʹ˄ ʷ˄ˍʰˋʹ ʰ˂˂ʱ ˁˎˊʾ˖ˌ ˔˖ˊʾˌ ʶ˃π
ʲˈ˂ʽ˃ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉʱ˄˖ ˋʶ ʰˎˍʷˌ όˈˉ˖ˌ ˕ʱˊʽʰύ. ɳˉˇ˃ʷ˄˖ˌ ˃ʽʰ ˇ˂ʽˁʺ (global) ˃ ʷʻˇʵˇˌ ˃ʰˌ ʽˁʰ˄ˇˉˇʽʶʾ 
ˋʶ ˉˊ˗ˍ ̌ˋˍʱʵʽˇ, ˋˍˇ ˄ hʵʽʰ˔˖ˊʾˋˇˎ˃ʶ ˍ̌ ˉ˂ʷʴ˃ʰˍˇˌ ˍʹˌ ʶʽˁˈ˄ʰˌΦ ʅʶ ʶʽˁˈ˄ʶˌ ˔˖ˊʾˌ ˃ʶʴʱ˂ʶˌ ʵʽʰˁˎ˃ʱ˄π
ˋʶʽˌ ˋˍˇ ʽˋˍˈʴˊʰ˃˃ʰΣ ˍˇ ˁʰˍ˗˒˂ʽ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʹ˄ ζˁˇʽ˂ʱʵʰη όvalley) ʰ˄ʱ˃ʶˋʰ ˋˍʽˌ ʵˏˇ ˁˇˊˎ˒ʷˌΦ ʆʷπ

http://webserver2.tecgraf.puc-rio.br/~mgattass/cg/trbImg/Otsu.pdf
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˂ˇˌ  ́˃ʷʻˇʵˇ Otsu ˃ʰˌ ʵʾ˄ʶʽ ˍʹ˄ ʶˎ˔ʷˊʶʽʰ ˄ʰ ʶ˄ˍˇˉʾʸʶʽ ʰˎˍˈ˃ʰˍʰ ˍˇ ˈˊʽˇ ˁʰˍ˖˒˂ʾ˖ˋʹˌ ˍʹˌ ʶʽˁˈ˄ʰˌ, 
ˁʱˍʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈΣ ʰ˄ ˍˇ ˈˊʽˇ ʰˎˍˈ ʽˁʰ˄ˇˉˇʽʶʾ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋˍˇ˄ ʰˉ˂ˈ ʵʽʰ˔˖ˊʽˋ˃ˈ 
ʶʽˁˈ˄ʰˌ ˁʰʽ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ 

     ɱʽʰ ʶʽˁˈ˄ʶˌ ˈˉ˖ˌ ʰˎˍʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˋˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˃ʰˌ ʹ ʶ˄ ˂ˈʴ˖ ˃ʷʻˇʵˇˌ, ˃ʰˌ ʷʵ˖π
ˋ ʁʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ ʁ˔ʰ˃ʹ˂ˈ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˁˈˋˍˇˌΦ ɰʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˃ʶʻˈʵˇˎ 
ʶʾ˄ʰʽ ʶˎʰʽˋʻʹˋʾʰ ˋˍˇ˄ ʻˈˊˎʲˇ ˁʰʽ ʹ ʰʵˎ˄ʰ˃ʾʰ ˄ʰ ʵʽʰ˔˖ˊʾˋʶʽ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˔˖ˊʾˌ ˄ʰ ʰ˂π
˂ˇʽ˗ˋʶʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋʶ ˃ʽʰ ˍʷˍˇʽʰ ˉʶˊʾˉˍ˖ˋʹΦ ɲʶʵˇ˃ʷ˄ˇˎ ˍˇˎ ʴʶʴˇ˄ˈˍˇˌ ˈˍʽ ʹ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽπ
ˁʺ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ˎˉˇʻʰ˂ʱˋˋʽʶˌ ʶʽˁˈ˄ʶˌ ˃ʶ ˔ʰ˃ʹ˂ʺ ˒˖ˍʶʽ˄ˈˍʹˍʰΣ ˋˁʷʵʰˋʹΣ ˁʰˁʺ ʶˋˍʾʰˋʹΣ ʻˈˊˎʲˇ ʰˉΩ 
ˍʹ˄ ˎˉˇʻʰ˂ʱˋˋʽʰ ˔˂˖ˊʾʵʰ ˁˍ˂ˉΦ ˃ʽʰ ʰˉ˂ʺ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˍʶ˔˄ʽˁʺˌ Otsu ˖ˌ ˁʰʻˇ˂ʽˁʺˌ ˃ʶʻˈʵˇˎ ˁʰˍ˖π
˒˂ʾ˖ˋʹˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˃ʰˌ ʶ˅ʱʴʶʽ ʶʽˁˈ˄ʶˌ ˃ʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˊˇˌ ʶˉʶ˅ʶˊʴʰˋʾπ
ʰΦ 

ɮ˄ʶ˅ʰˊˍʺˍ˖ˌ ˍˇˎ ˉʰˊʰˉʱ˄˖ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˃ʰˌ ʵʶ˄ ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʶ ˍˈˋˇ ˋˍʹ˄ ʶˉʶπ
˅ʶˊʴʰˋʾʰ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ʰˊ˔ʽˁʺˌ ʶʽˁˈ˄ʰˌ ʰ˂˂ʱ ˋˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ʵˇ˃˗˄ ˍʹˌΣ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 
ˍˇˎ ˃ˇˍʾʲˇˎ ˁʰʽ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˉʱ˄˖ ˋʶ ʰˎˍˈΦ ɱʽʰ ˍˇ˄ ˂ˈʴ˖ ʰˎˍˈ ʶˉʽ˂ʷ˅ʰ˃ʶ ʶʽˁˈ˄ʶˌ ˃ʶ ˋ˔ʶπ
ˍʽˁʱ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˒˖ˍʶʽ˄ˈˍʹˍʰˌ ʽˁʰ˄ʷˌ ˉˊˇˌ ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʶ ʰˉ˂ʱ ʶˊʴʰ˂ʶʾʰΦ 

ʃʱˊʰˎˍʰ ˃ʽʰ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ˂ˏˋʹ ˋˍˇ ˉʰˊʰˉʱ˄˖ ˉˊˈʲ˂ʹ˃ʰΣ ʻʰ ʺˍʰ˄ ʹ ʶ˒ʰˊ˃ˇʴʺ ˇπ
˃ˇ˃ˇˊ˒ʽˁ˗˄ ˒ʾ˂ˍˊ˖˄ όhomomorphic filtering) ˋʰ˄ ˉˊ˗ˍˇ ʲʺ˃ʰ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ contrast ˁʰʽ 
ˍˇˎ sharpness ̱ ʹˌ ʶʽˁˈ˄ʰˌ ˉˊʽ˄ ˉʶˊʱˋˇˎ˃ʶ ˋˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˁʰˍ˖˒˂ʾ˖ˋʹˌ ώ32]. 

 

  

 

оΦн Dƭƻōŀƭ ǇǊƻŎŜǎǎƛƴƎ ̄ˊˇˋʷʴʴʽˋʹ 
 

ʅˍʹ˄ ˉˊ˗ˍʹ ˃ʷʻˇʵˇ (global processing) ʴʽʰ ˄ʰ ˃ˉˇˊʷˋˇˎ˃ʶ ˄ʰ ˅ʶˉʶˊʱˋˇˎ˃ʶ ˁʱˉˇʽʶˌ ʶˋ˒ʰ˂˃ʷ˄ʶˌ 
ʰ˄ʽ˔˄ʶˏˋʶʽˌ (false detection) ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˃ʰˌΣ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˖ˌ ˃ʷʻˇʵˇ ʶ˄ˍˇˉʽˋ˃ˇˏ ˍˇˎ ˁʰπ
ˍʱ˂˂ʹ˂ˇˎ ˁʰˍ˖˒˂ʾˇˎ ̱ ˇ ʴˈ˄ʰˍˇ όknee-point) ̱ ʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˍʽ˃˗˄ όcdf).  

ɱʽʰ ˄ʰ ʴʾ˄ʶʽ ˉʽˇ ˁʰˍʰ˄ˇʹˍʺ ʹ ˎ˂ˇˉˇʾʹˋʹ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʰ˄ʰˉˍˏ˅ˇˎ˃ʶ ʶʽˋʰʴ˖ʴʽˁʱ ˍˇ˄ 
ˍˊˈˉˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʽʰˌ ˍʷˍˇʽʰˌ ˃ʶʻˈʵˇˎΦ 

ɮ˒ˇˏ ʷ˔ˇˎ˃ʶ ˁʰˍʰˁʶˊ˃ʰˍʾˋʶʽ ˍʹ˄ ʶʽˁˈ˄ʰ ˋʶ blocks ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋʶ ˎˉˇ-˃ˉ˂ˈˁˌ όsub blocks), 
ʲ́ ʾˋˁˇˎ˃ʶ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˋʶ ˁʱʻʶ sub block. ʇˉˇ˂ˇʴʾʸˇˎ˃ʶ ˁʰʽ ʰˉʶʽˁˇ˄ʾʸˇˎ˃ʶ, ʵʹ˂ʰʵʺ, ˍʹ˄ 
ˉˇˋˈˍʹˍʰ ˍ˖˄ ʱˋˉˊ˖˄ pixel (ˍʽ˃ʺ pixel ʾˋʹ ˃ʶ мΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʷ˔ˇˎ˃ʶ ʰ˄ˍʽˋˍˊʷ˕ʶʽ ˍʹ˄ binary ʶʽˁˈ˄ʰ) 
ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˁʱʻʶ ˉʰˊʱʻˎˊˇ ˍˇˎ sub block. ɶ ˁʰˍʰ˄ˇ˃ʺ ʷ˔ʶʽ ʵʽʰˁˊʽˍʷˌ ˍʽ˃ʷˌ ˇʽ ˇˉˇʾʶˌ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ 
˃ʷˋ˖ ʽˋˍˇʴˊʰ˃˃ʱˍ˖˄Φ 

ɴˋˍ˖ ʹ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʰ˄ˇ˃ʺˌ FX(x) =P(X Җ x), ˈˉˇˎ ʋ ˃ʽʰ ˉˊʰʴ˃ʰˍʽˁʺ ˍˎ˔ʰʾʰ ˃ʶˍʰʲ˂ʹˍʺΦ ɮˎˍʺ ʹ ˋˎπ
˄ʱˊˍʹˋʹ ʵʾ˄ʶʽ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˍˇ ʋ ˄ʰ ˉʱˊʶʽ ˍʽ˃ʷˌ ˃ʽˁˊˈˍʶˊʶˌ ʺ ʾˋʶˌ ˍˇˎ x.  

ɶ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ ˃ʽʰ ʰˏ˅ˇˎˋʰ ˋˎ˄ʱˊˍʹˋʹΣ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ. 

 

https://ieeexplore.ieee.org/document/1192107
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ɳʽˁˈ˄ʰ 3.1 ʅ˔ʷˋʹ ǇŘŦ ˁʰʽ ŎŘŦ 

 

 

 

ɮ˒ˇˏ ʲˊˇˏ˃ʶ ˍʹ˄ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʴʽʰ ˁʱʻʶ ˎˉˇ-ˉʰˊʱʻˎˊˇ όsub block) ˍʹˌ ʶʽˁˈ˄ʰˌ, ʰ˄ʰʸʹˍˇˏπ
˃ʶ ˍˇ ˋʹ˃ʶʾˇ ʰˉˈˍˇ˃ʹˌ ʰˁ˃ʺˌ ˉʱ˄˖ ˋˍʹ˄ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ (cdf). ʆˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˂ʷʴʶˍʰʽ ʴˈ˄ʰˍˇ ʺ 
ʰʴˁ˗˄ʰˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ (knee/elbow point) [33] ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ ˁʰˍ˗˒˂ʽΣ ˁʱˍ˖ ʰˉΩ ˍˇ ˇˉˇʾˇ ʵʹ˂˗˄ˇˎπ
˃ʶ ʶʱ˄ ʷ˄ʰ ˎˉˇ-ˉʰˊʱʻˎˊˇ όsub block) ˉʶˊʽʷ˔ʶʽ ʰˋˎ˄ʷ˔ʶʽʰΦ ɮ˄ ʹ ˍʽ˃ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˃ʷˋʰ ˋʶ ʰˎˍˈ ʲˊʾˋˁʶπ
ˍʰʽ ˁʱˍ˖ h ˉˈ ˍʹ˄ ̱ ʽ˃ʺ ˍˇˎ ˁʰˍ˖˒˂ʾˇˎ ̱ ˈˍʶ ˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ˍˊˏˉʰ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ. 

 

 

 

оΦо [ƻŎŀƭ ǇǊƻŎŜǎǎƛƴƎ ˉˊˇˋʷʴʴʽˋʹ 
 
 

ɶ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ʰˁ˃˗˄ ˍʰˎˍˇˉˇʽʶʾ ˋˏ˄ˇ˂ʰ ˋʹ˃ʶʾ˖˄ ˍʰ ˇˉˇʾʰ ʰ˄ʺˁˇˎ˄ ˉʱ˄˖ ˋˍʽˌ ʰˁ˃ʷˌ ˍʹˌ 
ʶʽˁˈ˄ʰˌΦ ʅˍʹ˄ ˉˊʱ˅ʹ ˈ˃˖ˌΣ ˍʰ ʶʽˁˇ˄ˇˋˍˇʽ˔ʶʾʰ ˍʹˌ ʶʽˁˈ˄ʰˌΣ ˋˉʱ˄ʽʰ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˉ˂ʺˊ˖ˌ ˍʽˌ ʰˁ˃ʷˌΣ 
ʶ˅ʰʽˍʾʰˌ ˍˇˎ ʻˇˊˏʲˇˎΣ ˍʹˌ ʰ˄ˇ˃ˇʽˈ˃ˇˊ˒ʹˌ ˒˖ˍʶʽ˄ˈˍʹˍʰˌ ˁˍ˂Φ̄ ɱʽΩ ʰˎˍˇˏˌ ˍˇˎˌ ˂ˈʴˇˎˌΣ ʹ ʰ˄ʾ˔˄ʶˎˋʹ 
ʰˁ˃˗˄ ˋˎ˄ʺʻ˖ˌ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʰ˂ʴˇˊʾʻ˃˖˄ ˋˏ˄ʵʶˋʹˌΣ ˇʽ ˇˉˇʾˇʽ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ 
ʴʽʰ ˄ʰ ˋˎ˄ʵʷˇˎ˄ ˍʰ ʶʽˁˇ˄ˇˋˍˇʽ˔ʶʾʰ ˍ˖˄ ʰˁ˃˗˄ ˋʶ ˉʽˇ ˋˎ˄ʶˁˍʽˁʱ όrobust) ˉʶˊʽʴˊʱ˃˃ʰˍʰ ʰˁ˃˗˄ ʺ ˉʶˊʽˇπ
˔˗˄Φ 

ʇˉʱˊ˔ˇˎ˄ ˍˊʶʽˌ ˍʶ˔˄ʽˁʷˌ ʴʽʰ ˍʹ ˋˎ˄ʷ˄˖ˋʹ ʰˁ˃˗˄Υ 

¶ ɶ ˍˇˉʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ 

¶ ɶ ʶˉʶ˅ʶˊʴʰˋʾʰ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˉʶˊʽˇ˔ʷˌ 

¶ ɶ ˇ˂ʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ IƻǳƎƘ ǘǊŀƴǎŦƻǊƳ 
 

ʁʽ ʵˏˇ ˉˊ˗ˍʶˌ ˍʶ˔˄ʽˁʷˌ ʲˊʾˋˁˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʵʽʰʻʷˍˇˎ˃ʶ ˃ʶˊʽˁʺ ʴ˄˗ˋʹ ʴʽʰ ˍʰ 
ʶʽˁˇ˄ˇˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˄ʺˁˇˎ˄ ˋˍʰ ʶˉʽ˃ʷˊˇˎˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍʹˌ ʶʽˁˈ˄ʰˌΦ ʅʶ ˃ʹ ʵˇ˃ʹ˃ʷ˄ʰ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ 
ˈˉˇˎ ˍˇ ˃ˈ˄ˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ʶʾ˄ʰʽ ˃ʽʰ ʶʽˁˈ˄ʰ ʰˁ˃˗˄ ˁʰʽ ʰˉˇˎˋʽʱʸʶʽ ˉ˂ʺˊ˖ˌ ʹ ʴ˄˗ˋʹ ˃ʰˌ ʴʽʰ ˍˇ ˉˇˎ ʲˊʾπ
ˋˁˇ˄ˍʰʽ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʶ˔˄ʽˁʷˌ ˇ˂ʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌΦ 

https://en.wikipedia.org/wiki/Knee_of_a_curve
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ʁ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ Hough ʶʾ˄ʰʽ ˃ʽʰ ˍʷˍˇʽʰ ˍʶ˔˄ʽˁʺ ˈˉˇˎ ˃ʶ ʲʱˋʹ ˍʰ pixel ˍ˖˄ ʰˁ˃˗˄ ʰ˄ʰʸʹˍˇˏ˃ʶ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍʰ ˇˉˇʾʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰˉˈ ˁ˂ʶʽˋˍʷˌ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˋ˔ʷˋʶʽˌ όˉ˔Φ ʴˊʰ˃˃ʷˌΣ ˁˏˁ˂ˇʽΣ ʶ˂˂ʶʾπ
˕ʶʽˌύ. 

ʁ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ Hough ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˍʶ˔˄ʽˁʺ ˇ˃ʰʵˇˉˇʾʹˋʹˌ ʰˁ˃˗˄ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʷˋʰ ʰˉˈ ˃ʽʰ 
ʵʽʰʵʽˁʰˋʾʰ ʰʻˊˇʽˋˍʽˁʺˌ ˕ʹ˒ˇ˒ˇˊʾʰˌ (accumulation procedure)Φ ɮˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˇˉˇʾʰˌ ʶʾ˄ʰʽ ʹ ʶ˅ʰπ
ʴ˖ʴʺ ˃ˇˍʾʲ˖˄ ˃ʷˋʰ ʰˉˈ ˍʰ ˋˏ˄ˇ˂ʰ ʰˎˍ˗˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ όˁʰ˃ˉˏ˂ʶˌΣ ʶˎʻʶʾʶˌΣ ˁˏˁ˂ˇʽ ˁˍ˂ˉύ [34]. 

 ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ˉˊ˖ˍˇʰ˄ʰˁʰ˂ˏ˒ ʻʹˁʶ ʰˉˈ ˍˇ˄ Paul Hough ˍˇ мфсн ˁʰʽ ˋˁˇˉˈ ʶʾ˔ʶ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ 
ˁʾ˄ʹˋʹˌ ˋ˖˃ʰˍʽʵʾ˖˄ ˎ˕ʹ˂ʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ɶ ʶˉʷˁˍʰˋʹ ˍˇˎ ʲʰˋʽˁˇˏ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˁʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ 
ˍˇˎ ˍʰ ʶˉˈ˃ʶ˄ʰ ˔ˊˈ˄ʽʰ ˋˍʹ˄ ʶˉʽˋˍʺ˃ʹ ˍʹˌ ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ ˈˊʰˋʹˌ ʷʵ˖ˋʶ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎπ
ˋ  ́ʰ˒ʹˊʹ˃ʷ˄˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇ ˁˏˁ˂ˇʽ ˁʰʽ ˇʽ ʶ˂˂ʶʾ˕ʶʽˌ ˁʰʽ ˇʽ ʶˎʻʶʾʶˌ ˃ʷˋʰ ʰˉˈ ˋˏ˄ˇ˂ʰ 
ˋʹ˃ʶʾ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ˄ ʶʽˁˈ˄ʰ [35]. 

ɶ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʶʾʰˌ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ Hough ʰˉˇˍʶ˂ʶʾ ˋʹ˃ʰ˄ˍʽˁˈ ˋˍʱʵʽˇ ˋˍʹ˄ ˁʰˍʰπ
˄ˈʹˋʹ ˁʰʽ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˈ˂ʹˌ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˃ʰˌΦ 

ʀʶˁʽ˄˗˄ˍʰˌ ˂ˇʽˉˈ˄ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎΣ ˇˊʾʸˇˎ˃ʶ ˖ˌ ˔˗ˊˇ ʶʽˁˈ˄ʰˌ όimage space) ˍˇ˄ 
˔˗ˊˇˌ ʶˁʶʾ˄ˇ˄ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˋʹ˃ʶʾ˖˄ (x,y)Φ ʆˇ ˁʱʻʶ ˋʹ˃ʶʾˇ ˍˇˎ ˔˗ˊˇˎ ʰˎˍˇˏ ʰπ
ˉˇˍʶ˂ʶʾ ʷ˄ʰ ʸʶˏʴˇˌ ʵˏˇ ˉˊʰʴ˃ʰˍʽˁ˗˄ ʰˊʽʻ˃˗˄ ˁʰʽ ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ ʰˉˈ ˃ʽʰ ˁˇˎˁʾʵʰ όedge) ˉʱ˄˖ ˋˍʹ˄ 
ʶʽˁˈ˄ʰ. 

ɳʱ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʺˋˇˎ˃ʶ ˃ʽʰ ʴˊʰ˃˃ʺ ˋˍ ̌˔˗ˊˇ ʰˎˍˈ, ˍˈˍʶ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˍʹ˄ ʰ˄ʰˉʰˊʰπ
ˋˍʺˋˇˎ˃ʶ ˖ˌ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˋʹ˃ʶʾ˖˄ ˉˇˎ ʶˉʰ˂ʹʻʶˏˇˎ˄ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ˃ʰʻʹ˃ʰˍʽˁʺ ʶ˅ʾˋ˖ˋʹΥ 

y-mϊx -b =0 Ú y=mϊx+b   (1) 

ʂˉˇˎ ˍˇ m h ˉˇˍʶ˂ʶʾ ˍʹ˄ ˁ˂ʾˋʹ ˍʹˌ ʶˎʻʶʾʰˌ: 

m=  

ʶ˄˗ ˍˇ b ˃ ʰˌ ʵʾ˄ʶʽ ˍˇ ˋʹ˃ʶʾˇ ˍˇ ˇˉˇʾˇ ˍʷ˃˄ʶˍʰʽ ˃ʶ ˍˇ˄ yy  ɦ ˅ˇ˄ʰΦ 

ɾʶ ʲʱˋʹ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ όмύ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ʷ˄ʰ ˄ʷˇ ˔˗ˊˇ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˉˊʰʴ˃ʰˍʽπ
ˁ˗˄ ʰˊʽʻ˃˗˄ ˇ ˇˉˇʾˇˌ ˇ˄ˇ˃ʱʸʶˍʰʽ ˔˗ˊˇˌ ˉʰˊʰ˃ʷˍˊ˖˄ όʺ ʰ˂˂ʽ˗ˌ Hough space). 

ɳˉʽ ˍʹˌ ˇˎˋʾʰˌ ʶ˒ʰˊ˃ˈʸˇˎ˃ʶ ˃ʽʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˍˏˉˇˎ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʰˌΦ ʂˉˇˎ ʴʽʰ 
ˋˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ʻʰ ʷ˔ˇˎ˃ʶ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ όm,bύΣ ʵʹ˂ʰʵʺ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ʵʽʶˏʻˎ˄ˋʹˌ ˁʰʽ 
ˍʹ˄ ˋˍʰʻʶˊʱ ˃ʽʰˌ ʶˎʻʶʾʰˌΣ h ˄ˍʾ ʴʽʰ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ (x,y). 

ɾʶ ʲʱˋʹ ˍʰ ˉʰˊʰˉʱ˄˖ ˁʱʻʶ ˃ʽʰ ʶˎʻʶʾʰ ˋˍˇ˄ ˔˗ˊˇ ˍʹˌ ʶʽˁˈ˄ʰˌ ʰ˄ˍʽˋˍˇʽ˔ʾʸʶˍʰʽ ˃ʶ ʷ˄ʰ ˋʹ˃ʶʾˇ ˋˍˇ˄ 
˔˗ˊˇ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁ ʰʽ ˍˇ ʰ˄ʱˉˇʵˇ, ʁ ˄˗ ʷ˄ hˋʹ˃ʶʾˇ ˋˍˇ˄ ˉʰˊʰ˃ʶˍˊʽˁˈ ˔˗ˊˇ όmo ,bo ) h ˄ˍʽˋˍˇʽ˔ʶʾ ̀ ʶ 
˃ʽʰ ʶˎʻʶʾʰˌ ˋˍˇ˄ image space. 
 
 
 
 
 
 

http://nana.lecturer.pens.ac.id/index_files/referensi/computer_vision/Computer%20Vision.pdf
https://dl.acm.org/doi/10.1145/361237.361242
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          (a)                                                               (b)     

             (a) Image space       (b) Hough space 

                    

 

 

 

 

 

 

 

 

 

 

                                            (a)                                               (b)  

 

 

                                                  (a) Image space       (b) Hough space  

ɳʽˁˈ˄ʰ 3.2  ʋ˗ˊˇˌ ʶʽˁˈ˄ʰˌ ˁʰʽ ˉʰˊʰ˃ʶˍˊʽˁˈˌ ˔˗ˊˇˌ ʴʽʰ ˃ʽʰ ʶˎʻʶʾʰ 

ɳʽˁˈ˄ʰ 3.3  ɮˉʶʽˁˈ˄ʽˋʹ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ˔˗ˊˇˎ ʶʽˁˈ˄ʰ ˁʰʽ ˉʰˊʰ˃ʶˍˊʽˁˇˏ ˔˗ˊˇˎ ʴʽʰ ʷ˄ʰ ˋʹ˃ʶʾˇ 
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ɳʽˁˈ˄ʰ 3.4   ɮˉʶʽˁˈ˄ʽˋʹ ɿ ˋʹ˃ʶʾ˖˄ ˋˍˇˎˌ ʵˏˇ ˔˗ˊˇˎˌ LƳŀƎŜ ϧ IƻǳƎƘ ǎǇŀŎŜ 

ɳˉˇ˃ʷ˄˖ˌ ˃ʽʰ ʶˎʻʶʾʰ ˉˇˎ ˍʷ˃˄ʶʽ ˄ˇʹˍʱ ɿ ˋʹ˃ʶʾʰ ˋˍˇ ˔˗ˊˇ ˍʹˌ ʶʽˁˈ˄ʰˌΣ ʻʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍˇ˄ ˉʰˊʰ˃ʶπ
ˍˊʽˁˈ ˔˗ˊˇ ˖ˌ ʵʽʰˋˍʰˏˊ˖ˋʹ ɿ ʴˊʰ˃˃˗˄ [36]. 

. 

 

 

 
 

 

 

 

 

 

 

 

 

                                           (a)                                                                     (b) 

  
  
(a) Image space: ɲˏˇ ̀ ʹ˃ʶʾʰ ˃  ʁ̀ ˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ όx0,y0) ˁ ʰʽ όx1,y1)      

             (b) Hough space: ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˖ˌ ʶˎʻʶʾʶˌ ˋˍˇ˄ ˉʰˊʰ˃ʶˍˊʽˁˈ ˔˗ˊˇ 

 

 

 

 

 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˃ʶ ˍʹ˄ ˖ˌ ʱ˄˖ ˍʶ˔˄ʽˁʺ ʶʾ˄ʰʽ ˈˍʽ ˉʰˊˇˎˋʽʱʸʶʽ ʰʵˎ˄ʰ˃ʾʰ ˋˍʽˌ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌΦ ɳʱ˄ ˋˍʹ˄ ʶʽπ
ˁˈ˄ʰ ˎ˒ʾˋˍʰˍʰʽ ʷ˄ʰ ˋʹ˃ʶʾˇ ˍˇ ˇˉˇʾˇ ˍʷ˃˄ʶˍʰʽ ʰˉˈ ˃ʽʰ ʶˎʻʶʾʰ ˃ʶ ˁ˂ʾˋʹ фл ̌ όˉʰˊʱ˂˂ʹ˂ʹ ˋˍˇ˄ yyΩ) ʰˎˍˈ 
ʻʰ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʶˏʻˎ˄ˋʹˌ ˍʹˌ m ˍʹˌ ʶˎʻʶʾʰˌ ʻʰ ˍʶʾ˄ʶʽ ˉˊˇˌ ˍˇ ʱˉʶʽˊˇΣ ˁʱˍʽ ˉˇˎ ˃ʰˌ 
ˁʰʻʽˋˍʱ ʰʵˏ˄ʰˍʹ ˍʹ˄ ʶˏˊʶˋʹ ˁʰʽ ʰˉʶʽˁˈ˄ʽˋʹ ˍˇˎ ˋˍˇ˄ ˉʰˊʰ˃ʶˍˊʽˁˈ ˔˗ˊˇΦ 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʶʾ˄ʰʽ ˎˉʰˊˁˍˈ ˁʰʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈΣ ˃ʽʰˌ ˁʰʽ ʵʶ˄ ˅ʷˊˇˎ˃ʶ ˉˊʽ˄ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˃ʶˍʰπ
ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ʺ ˈ˔ʽ ˁ ʱʻʶˍʶˌ ʶˎʻʶʾʶˌ ˋˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌΦ 

ɶ ˂ˏˋʹ ˋʶ ʰˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʺˊʻʶ ˍˇ мфтн ʰˉˈ ˍˇˎˌ R. Duda ˁʰʽ P. Hart ˇʽ ˇˉˇʾˇʽ ʰ˄ˍʽˁʰˍʷˋˍʹˋʰ˄ 
ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰ˄ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˃ ʽʰˌ ʶˎʻʶʾʰΣ ʰˉˈ (m,b) ̀ ʶ όˊ,ʻύΦ 

ʂˉˇˎ ˊ ʶʾ˄ʰʽ ˃ʽʰ ˁʱʻʶˍʹ ʶˎʻʶʾʰΣ ˁʰʽ ʵʹ˂˗˄ʶʽ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʰˉˈˋˍʰˋ ́˃ʽʰˌ ʶˎʻʶʾʰˌ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ 
ˍ˖˄ ʰ˅ˈ˄˖˄Σ ʶ˄˗ ʻ ʶʾ˄ʰʽ ʹ ʴ˖˄ʾʰ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ʰ˄ʱ˃ʶˋʰ ˋˍˇ ˊ ˁʰʽ ˍˇ˄ ʱ˅ˇ˄ʰ ˍ˖˄ xxΩΦ ʁ ˃ʶˍʰˋ˔ʹ˃ʰπ
ˍʽˋ˃ˈˌ ˍ˖˄ Duda & Hart ˇ˄ˇ˃ʱʸʶˍʰʽ ʰ˂˂ʽ˗ˌ ˁʰʽ ʴʶ˄ʽˁʶˎ˃ʷ˄ˇˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ Hough (generalized 
Hough transform) [37]. 

Η σχέση (θ,ρ) απεικονίζεται στην παρακάτω εικόνα [38]. 
 

 
  

http://www.cs.unc.edu/~lazebnik/spring10/lec09_hough.pdf
https://www.google.com/search?q=Duda%2C+R.+O.+and+P.+E.+Hart%2C+%22Use+of+the+Hough+Transformation+to+Detect+Lines+and+Curves+in+Pictures%2C%22Comm.+ACM%2C+Vol.+15%2C+pp.+11%E2%80%9315+(January%2C+1972)&oq=Duda%2C+R.+O.+and+P.+E.+Hart%2C+%22Use+of+the+Hough+Transformation+to+Detect+Lines+and+Curves+in+Pictures%2C%22Comm.+ACM%2C+Vol.+15%2C+pp.+11%E2%80%9315+(January%2C+1972)&aqs=chrome..69i57.1009j0j4&sourceid=chrome&ie=UTF-8
https://en.wikipedia.org/wiki/Hough_transform#/media/File:R_theta_line.GIF
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ɳˉˇ˃ʷ˄˖ˌ ˃ʽʰ ʶˎʻʶʾʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ʴʶ˄ʽˁʶˎ˃ʷ˄ˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ Hough ˃ˉˇˊʶʾ ˄ʰ ʴˊʰ˒ˍʶʾ ˁʰʽ 
˖ˌ ʶ˅ʺˌΥ 

m =-  

 

b=  

y=mϊx+b Ú y= -  ϊ x +   Ú  ́ Ґ Ȅ·cos̒   + y·sin̒  

 

ˊҐ Ȅϊcos̒   + yϊsin̒  (2)    ̒  Í [0,2̄ )    ˁ ʰʽ     ́  Í R 

 

ɾʶˍʰʲʰʾ˄ˇˎ˃ʶ ʵʹ˂ʰʵʺ ʰˉΩ ˍˇ (x,y) ˋˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʰˌ ˋʶ ʷ˄ʰ ʱ˂˂ˇ ˋˏˋˍʹ˃ʰ 
ʰˉʶʽˁˈ˄ʽˋʹˌ ˃ʶ ʱ˅ˇ˄ʶˌ ( ,̒ˊύΦ ɾʶ ˍˇ ʻ ˄ʰ ˉʰʾˊ˄ʶʽ ˍʽ˃ʷˌ ˋˍˇ ʶˏˊˇˌ ˍˇˎ ώл Υ ослύ ʶ˄˗ ˍˇ ˊ ˄ʰ ʷ˔ʶʽ ˁʰʻˇˊʽπ
ˋ˃ʷ˄ʹ ˍʽ˃ʺΣ ˁʰʽ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ʶʽˁˈ˄ʰˌΦ O ˉʰˊʰ˃ʶˍˊʽˁˈˌ ˔˗ˊˇˌ όHough spaceύ ˋˎ˄ʶ˔ʾʸʶʽ 
˄ʰ ˎˉʱˊ˔ʶʽ ˃ˈ˄ˇ ˉˇˎ ʶʾ˄ʰʽ ˁʲʰ˄ˍʽˋ˃ʷ˄ˇˌΣ ʵʹ˂ʰʵʺ ʶʾ˄ʰʽ ˔˖ˊʽˋ˃ʷ˄ˇˌ ˋʶ ˁʶ˂ʽʱΣ ˈˉˇˎ ˍˇ ˁʱʻʶ ˁʶ˂ʾ ʰ˄ˍʽπ
ˉˊˇˋ˖ˉʶˏʶʽ ˍˇ ʶˏˊˇˌ ˍʽ˃˗˄ όʻΣˊ). 

ʁ ˉʾ˄ʰˁʰˌ ʰˎˍˈˌ ˇ˄ˇ˃ʱʸʶˍʰʽ ʰ˂˂ʽ˗ˌ ˁʰʽ ˁ ˇˎˍʾ ˋˎˋˋ˗ˊʶˎˋʹˌ (accumulator bin). 

ʆˇˎˍʷˋˍʽ˄Σ ˋˁˇˉˈˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ʴˊʰ˃˃˗˄Σ ˃ʷˋ˖ ˍ˖˄ ʰˁ˃˗˄ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ˄ 
ʶʽˁˈ˄ʰΦ ɱ˄˖ˊʾʸˇˎ˃ʶ ˉ˖ˌ ʰˉˈ ʷ˄ʰ ˋʹ˃ʶʾˇ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʷ˂ʻˇˎ˄ ʱˉʶʽˊˇ ˉ˂ʺʻˇˌ ʶˎʻʶʽ˗˄Φ ɱʽʰ ˁʱʻʶ ˃ʽʰ 
ʶˎʻʶʾʰ ˉˇˎ ˍʷ˃˄ʶʽ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ʵʾ˄ʶˍʰʽ ˁʰʽ ˃ʽʰ ˕ʺ˒ˇˌ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ όʻΦύ́ ˁʶ˂ʾ ˍˇˎ ʰʻˊˇʽˋˍʽˁˇˏ ˉʾπ
˄ʰˁʰ όaccumulator bin). 

ɳˉʾˋʹˌ ʴ˄˖ˊʾʸˇˎ˃ʶ ˉ˖ˌ ˋʶ ʷ˄ʰ˄ ɳˎˁ˂ʶʾʵʶʽˇ ˔˗ˊˇΣ ʰˉˈ ʵˏˇ ˋʹ˃ʶʾʰ ˃ˉˇˊʶʾ ˄ʰ ʵʽʷ˂ʻʶʽ ˃ˇ˄ʱ˔ʰ ˃ʽʰ 
ʶˎʻʶʾʰΦ 

 

ɳʽˁˈ˄ʰ 3.5   ɶ ˋ˔ʷˋʹ ˍˇˎ όʻΣˊύ ˋˍˇ ˁʰˊˍʶˋʽʰ˄ˈ ˋˏˋˍʹ˃ʰ 
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ɳʽˁˈ˄ʰ 3.6   ɮˉʶʽˁˈ˄ʽˋʹ ˋ˔ʷˋʹˌ ʶ˄ˈˌ ˋʹ˃ʶʾˇˎ ˃ʶ ˍˇ˄ όʻΦˊύ ˔˗ˊˇ 

  (a)       (b) 

 

                            (a) ɲˏˇ ˋʹ˃ʶʾʰ ˍʷ˃˄ˇ˄ˍʰʽ ʰˉˈ ˃ˇ˄ʱ˔ʰ ˃ʽʰ ʶˎʻʶʾʰ 
                                  (b) ʌʺ˒ˇʽ ˋˍˇ˄ accumulator bin ̀ ʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ˉʰˊʰ˃ʶˍˊʽˁˈ  όʻΣˊύ  

 

 

   

 

ɶ ʶˎʻʶʾʰ ˉˇˎ ʻʰ ˉʶˊʱˋʶʽ ʰˉˈ ʵˏˇ ˋʹ˃ʶʾʰ ʻʰ ˉʱˊʶʽ ʵˏˇ ˕ʺ˒ˇˎˌ ˃ʽʰˌ ˁʰʽ ʶʾ˄ʰʽ ˃ˇ˄ʰʵʽˁʺΦ 

ɮ˄ʰ˂ˇʴʽˁʱ ˋˁʶˉˍˈ˃ʶ˄ˇʽΣ ˇʽ ʶˎʻʶʾʶˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˉˇˎ ˍʷ˃˄ˇˎ˄ ʰˊˁʶˍʱ ˋʹ˃ʶʾ hʻʰ ʷ˔ˇˎ˄ ˁʰʽ ˃ʶʴʱ˂ˇ 
ʰˊʽʻ˃ˈ ˕ʺ˒˖˄ ˋˍˇ ʰʻˊˇʽˋˍʽˁˈ ˉʾ˄ʰˁʰ. 

ʅˎ˄ˇ˕ʾʸˇ˄ˍʰˌ ˂ˇʽˉˈ˄Σ ʴʽʰ ˁʱʻʶ ˋʹ˃ʶʾˇ (edge) ˍʹˌ ʶʽˁˈ˄ʰˌ ʰ˄ˍʽˁʰʻʽˋˍˇˏ˃ʶ ˍʽˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ όx0,y0) 
ˋˍʹ˄ ʶ˅ʾˋ˖ˋʹ όнύ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰʸʹˍˇˏ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˊ ˋʶ ˈ˂ˇ ˍˇ ˒ʱˋ˃ʰ ˍ˖˄ ˍʽ˃˗˄ ˍˇˎ ʻΦ 

ʅʶ ˁʱʻʶ ʷ˄ʰ ˁʶ˂ʾ ˍˇˎ ʸʶˏʴˇˎˌ όʻΣύ́ ʲʱʸˇˎ˃ʶ ˁʰʽ ʰˉˈ ˃ʽʰ ˕ʺ˒ˇΦ ʃʰˊʰˍʹˊˇˏ˃ʶ ˂ˇʽˉˈ˄ ˈˍʽΣ ˍˇ ʸʶˏʴˇˌ 
(ʻΣύ́ ˋˍˇ˄ ˉʰˊʰ˃ʶˍˊʽˁˈ ˔˗ˊˇ ʵʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ʰˊ˃ˇ˄ʽˁʺ ʹ˃ʽˍˇ˄ˇʶʽʵʺˌ ˁʰ˃ˉˏ˂ʹ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ˋʹ˃ʶʾˇ ˍʹˌ 
ʶʽˁˈ˄ʰˌΦ 

ʆʰ ˋʹ˃ʶʾʰ ˋˍʰ ˇˉˇʾʰ ˍʷ˃˄ˇ˄ˍʰʽ ˇʽ ʹ˃ʽˍˇ˄ˇʶʽʵʺˌ ˁʰ˃ˉˏ˂ʶˌ ˋˍˇ˄ ˉʰˊʰ˃ʶˍˊʽˁˈ ˔˗ˊˇ ʶʾ˄ʰʽ ˁʰʽ ʶˁʶʾ˄ʰ 
˃ʶ ˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˕ʺ˒ˇˎˌ ˋˍˇ˄ ʰʻˊˇʽˋˍʽˁˈ ˉʾ˄ʰˁʰ. 

ʅˁˇˉˈˌ ˃ʰˌ ʶʾ˄ʰʽ ˄ʰ ʲˊˇˏ˃ʶ ˍʰ ˁʶ˂ʾʰ ˍˇˎ ˉʾ˄ʰˁʰ όʸʶˏʴʹ όʻΣύ́ύ ˍʰ ˇˉˇʾʰ ʷ˔ˇˎ˄ ˍʽˌ ˃ʷʴʽˋˍʶˌ ˍʽ˃ʷˌΦ 

ɮˎˍʱ ˍʰ ˁʶ˂ʽʱ ʻʰ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˃ˇ˄ʰʵʽˁʱ ˍʽˌ ʶˎʻʶʾʶˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ˄ ʶʽˁˈ˄ʰΦ 

 



 
24 

 

(a)                                            (b)                                        (c) 
 

  
  
(aύ ʋ˗ˊˇˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʶ ʵˏˇ ˋʹ˃ʶʾʰ όxi,yi) ˁ ʰʽ όxj,yj) ˁ ʰʻ˗ˌ ˁʰʽ ʹ ʶˎʻʶʾʰ ˉˇˎ ˍʰ ˍʷ˃˄ʶʽ 
(b) ɶ˃ʽˍˇ˄ˇʶʽʵʶʾˌ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋʹ˃ʶʾ˖˄  
(c) ɮˉʶʽˁˈ˄ʽˋʹ accumulator bin 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɳʽˁˈ˄ʰ 3.7   ʅ˔ʷˋʹ ˋʹ˃ʶʾ˖˄ ˃ʶ ʹ˃ʽˍˇ˄ˇʶʽʵʷˌ ʴˊʰ˃˃ʷˌ ˋˍˇ˄ IƻǳƎƘ ǎǇŀŎŜ 
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ɼʶ˒ʱ˂ʰʽˇ п : ʇ˂ˇˉˇʾʹˋʹ ˉˊˇˍʶʽ˄ˈ˃ʶ˄˖  ˄ 
                 ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ 

 

ʅʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ˃ʽ˂ʺˋˇˎ˃ʶ ʴʽʰ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ˎ˂ˇˉˇʽʺˋʰ˃ʶ ˍʽˌ ʵˏˇ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˃ʶʻˈπ
ʵˇˎˌΣ ʻʰ ʴʾ˄ʶʽ ʰ˄ʰ˂ˎˍʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ˉˇˎ ʰˁˇ˂ˇˎʻʺˋʰ˃ʶ ʶ˄˗ ˍʷ˂ˇˌ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ 
ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˍʰ ˁˊʾˋʽ˃ʰ ˋʹ˃ʶʾʰ ˍʰ ˇˉˇʾʰ ˂ʱʲʰ˃ʶ ˎˉˈ˕ʽ˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌΦ 

H ˉˊ˗ˍʹ ˃ʷʻˇʵˇˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ˁʰˍʰ˃ʶˊʽˋ˃ʷ˄˖˄ ˉʶˊʽˇ˔˗˄ ʶʽˁˈπ
˄ʰˌΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʽʰ ˇ˂ʽˁʺ όglobal) ˁʰˍʱˍ˃ʹˋʹ ˍʹˌ ʶʽˁˈ˄ʰˌ ˋʶ ˃ʷˊʹΣ ʰ˄ʰʸʹˍ˗˄ˍʰˌ ˋʶ 
ʰˎˍʱ ˃ʷˋ˖ ˃ʽʰˌ ʰʻˊˇʽˋˍʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʰ ˋʹ˃ʶʾʰ ˍˇˎ ʽˋˍˇʴˊʱ˃˃ʰˍˇˌ ˍʰ ˇˉˇʾʰ ˉʰˊˇˎπ
ˋʽʱʸˇˎ˄ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌΦ ɶ ˉʶˊʽˇ˔ʷˌ ʰˎˍʷˌ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˋˎ˄ʷ˔ʶʽʶˌ ˋˍˇ ʵʾ˔ˍˎΦ  

ɶ ʵʶˏˍʶˊʹ ˃ʷʻˇʵˇˌ ʲʰˋʾʸʶˍʰʽ ˋ ʁ˃ ʽʰ ˍˇˉʽˁʺ ˉˊˇˋʷʴʴʽˋʹ (local processing) Φ ɼˏˊʽˇˌ ˋˁˇˉˈˌ ʰˎˍʺˌ ˍʹˌ 
˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ ʴˊʰ˃˃˗˄ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʽˌ ʰˁ˃ʷˌ όedgesύ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ 
ˉʱ˄˖ ˋʶ ˃ʽʰ ʶʽˁˈ˄ʰ ˃ʷˋ˖ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ HoughΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ˋˏʴˁˊʽˋʹ ˍʹˌ 
ʰˉˈˋˍʰˋʹˌ ˃ʶˍʰ˅ˏ ˉˊʰʴ˃ʰˍʽˁˇˏ ʵʽ˔ˍˎˇˏ ˁʰʽ ʶ˄ˍˇˉʽˋ˃ʷ˄ˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ʶˎʻʶʽ˗˄Σ ˃ʷˋʰ ʰˉΩ ˍˇ ˇˉˇʾˇ ʰ˄ʽπ
˔˄ʶˏˇˎ˃ʶ ˍʹ˄ ˏˉʰˊ˅ʹ ʺ ˃ʹ ʰˋˎ˄ʷ˔ʶʽʰˌ ˋˍʹ˄ ʶʽˁˈ˄ʰ 

ɼʰʽ ˇʽ ʵˏˇ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˉʱ˄˖ ˋʶ ˍˊʶʾˌ ʶʽˁˈ˄ʶ̩Φ ʃˊˇˋˉʰʻʺˋʰ˃ʶ ˄ʰ ˉʱˊˇˎ˃ʶ ˋʰ˄ 
ʵʶʾʴ˃ʰˍʰ ʶʽˁˈ˄ʶˌ ˇʽ ˇˉˇʾʶˌ ˉˇʽˁʾ˂ˇˎ˄ ˍˈˋˇ ˋˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʵʽ˔ˍˎˇˏ ˈˋˇ ˁʰʽ ˋʶ ʶ˄ʵʶ˔ˈ˃ʶ˄ʶˌ ˍˊˏˉʶˌ 
ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˉʱ˄˖ ˋʶ ʰˎˍˈΦ ʁʽ ʶʽˁˈ˄ʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ʶʾ˄ʰʽ ʰ˂ʽʶˎ˃ʷ˄ʶˌ ʰˉΩ ˍˇ ʵʽʰʵʾˁˍˎˇ ˁʱˍ˖ 
ʰˉˈ ʱʴ˄˖ˋˍʶˌ ˋʶ ʶ˃ʱˌ ˋˎ˄ʻʺˁʶˌΦ ʅˍʽˌ ˎˉˇʻʰ˂ʱˋˋʽʶˌ ʶʽˁˈ˄ʶˌ ˂ˈʴ˖ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˉˇˎ ˃ˉˇπ
ˊˇˏ˄ ˄ʰ ˎˉʱˊ˔ˇˎ˄Σ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ ʷ˂˂ʶʽ˕ʹ ˒˖ˍʶʽ˄ˈˍʹˍʰˌΣ ʸ˖ʽˁˈˌ ʺ ˒ˎˍʽˁˈˌ ʻˈˊˎʲˇˌ ˉʱ˄˖ ˋˍʰ ʵʾ˔ˍˎʰΣ 
ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˍˇˎ ʵʽ˔ˍˎˇˏ ˂ˈʴ˖ ˁˎ˃ʱˍ˖ˋʹˌ ˍˇˎ ˄ʶˊˇˏ ˁˍ˂ˉΦ ˃ʰˌ ˁʰʻʽˋˍˇˏ˄ ʵˏˋˁˇ˂ˇ ˍˇ ʷˊʴˇ ˍʹˌ 
ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎˌΦ ɱʽʰ ˄ʰ ˃ˉˇˊʷˋˇˎ˃ʶ ˄ʰ ˒ʷˊˇˎ˃ʶ ˍʽˌ ʶʽˁˈ˄ʶˌ ˃ʰˌ ˋʶ ʷ˄ʰ ʽˁʰ˄ˈ ʶˉʾˉʶʵˇ ˗ˋˍʶ ˄ʰ ʰπ
˄ˍ˂ʺˋˇˎ˃ʶ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ˁʱˉˇʽʶˌ ˃ʶʻˈʵˇˎˌ ˁʰˍʱˍ˃ʹˋʹˌ ˁʰʽ ˒ʽ˂ˍˊʰˊʾˋ˃ʰˍˇˌ ˍˇˎˌΦ 

ɱʽΩ ʰˎˍˈ ˍˇ ˂ˈʴ ̌ˋˍʰ ˉˊ˗ˍʰ ˋˍʱʵʽʰ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ʶˉʶ˅ʶˊʴʰˋʾʰ ʽˁʰ˄ʺ ˄ʰ ˅ʶˉʶˊʱπ
ˋʶʽ ʰˎˍʷˌ ˍʽˌ ʰʵˎ˄ʰ˃ʾʶˌ ˁʰʽ ˄ʰ ˒̫ ˊʶʽ ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌ ˋʶ ʷ˄ʰ ˁʰ˂ˈ ʶˉʾˉʶʵˇ ʰ˄ʱ˂ˎˋʹˌΦ ɶ ʶˉʶ˅ʶˊʴʰˋʾʰ 
ˉˇˎ ˎ˂ˇˉˇʽˇˏ˃ʶ ˁh ʽ ˋˍʽˌ ʵˏˇ ˃ʶʻˈʵˇˎˌ ʶʾ˄ʰʽ ˋʶ ˉˊ˖ˍˈ˂ʶʽˇ ʶˉʾˉʶʵˇΣ ˍˇ ˇˉˇʾˇ ˈ˃˖ˌ ˉʰˊˈ˂ʰ ʰˎˍʱ ˃ʰˌ 
ʶˉʽˍˊʷˉʶʽ ˄ʰ ˍʽˌ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˃ʶ ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʲʰʻ˃ˈΦ ʅˁˇˉˈˌ ˃ʰˌ ʶʾ˄ʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇ ˉ˂ʷʴ˃ʰˍˇˌ 
ˁʰʽ  ́h ˄ʾ˔˄ʶˎˋʹ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˉʱ˄˖ ˋˍˇ ˃ˇˍʾʲˇ ̱ ˇˎΦ 
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пΦм ɳʽˋʰʴ˖ʴʺ  - Dƭƻōŀƭ ǇǊƻŎŜǎǎ  
 

ʅˍˇ ˉˊ˗ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʰ˄ʰ˂ˏˋˇˎ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ ˇ˂ʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ (global process) ˉˇˎ ˎ˂ˇπ
ˉˇʽʺˋʰ˃ʶΦ ɶ ˎ˂ˇˉˇʾʹˋʹ ʷʴʽ˄ʶ ʰˊ˔ʽˁʱ ˃ʷˋ˖ ˍˇˎ ˁʰˍʰ˃ʶˊʽˋ˃ˇˏ ˍʹˌ ʶʽˁˈ˄ʰˌ ˋʶ ˍ˃ʺ˃ʰˍʰΣ ˃ʷˋʰ ˋˍʰ ˇˉˇʾʰ 
ʰ˄ʰʸʹˍʺˋʰ˃ʶ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ˁʱʻʶ ˉʰˊʰʻˏˊˇˎΦ ʁ ˁʰˍʰ˃ʶˊʽˋ˃ˈˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˃ʷˋʰ ʰˉˈ 
ˋˍʰˍʽˋˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˈˉ˖ˌ ʹ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ, ʷʵ˖ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰ˂˂ʱ ˈ˔ʽ ˉ˂ʺˊ˖ˌ ʰˉˇʵˇˍʽˁʱ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˁʱˍʽ ˉˇˎ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ˉʰˊʰˁʱˍ˖. 
 

ʆʰ ˋˍʱʵʽʰ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˃ʶ ˋʶ ʰˎˍʺ˄ ˍʹ ˃ʷʻˇʵˇ ʶʾ˄ʰʽ ˉʷ˄ˍʶΥ 

¶ Ανάγνωση και επεξεργασία εικόνας 

¶ Καταμερισμός εικόνας (Pool Block) 

¶ Καταμερισμός κάθε Block σε Sub Blocks και υπολογισμός έντασης 

¶ Υπολογισμός αθροιστικής συνάρτησης (cumulative sum) και εντοπισμός threshold 

¶ Απεικόνιση πιθανών τρυπών 

 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˉʰˊʰˉʱ˄˖ ˃ʶʻˈʵˇˎ ʵʹ˃ʽˇˎˊʴʺˋʰ˃ʶ ʶˉˍʱ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ˍʹˌ 
MATLABΦ ʁʽ ʶ˄ʷˊʴʶʽʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʶˎˋˏ˄ˇˉˍʰ ˉʰˊʰˁʱˍ˖Σ ʶ˄˗ ʰˁˇ˂ˇˎʻˇˏ˄ ˍh ʵʽhɹ ˊɦ˃ ˃ʰ̱h ˊˇʺˌ 
ˍʹˌ ˃ʶʻˈʵˇˎ ̀ ˍʹ˄ ɳʽˁˈ˄ʰ пΦм ˁʰʽ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ MATLAB ̀ ˍʹ˄ ɳʽˁˈ˄ʰ пΦн: 

ɮˊ˔ʽˁʱ ˎ˂ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ˁˏˊʽʰ ˋˎ˄ʱˊˍʹˋʹ όmainύ ʹ ˇˉˇʾʰ ʵʽʰʲʱʸʶʽ ˍʹ˄ ʶʽˁˈ˄ʰ ˁʰʽ ˎ˂ˇˉˇʽʶʾ ˍʹ˄ 
ˉˊ˗ˍʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍʹˌ όpre-process ʵʽʰʵʽˁʰˋʾʰύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰ˂ˇˏ˃ʶ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ʹ ˇˉˇʾʰ ˁʰˍʰπ
ˁʶˊ˃ʰˍʾʸʶʽ ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌ ˋʶ ʽˋˈˉˇˋʰ ˃ʷˊʹ ό˃ˉ˂ˈˁˌύΦ ʆʰ ˔˖ˊʽʸˈ˃ʶ˄ʰ ʰˎˍʱ ˃ʷˊʹ (pool blocks) ʰˉˇˍʶπ
˂ˇˏ˄ ˍˇˎˌ ˔˗ˊˇˎˌ ʰ˄ʰʸʺˍʹˋʹˌ ʶ˄ʵʶ˔ˈ˃ʶ˄˖˄ ʰˋˎ˄ʶ˔ʶʽ˗˄ ̄ ˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ. 
 ɴ̄ ʶʽˍʰ ˁʰ˂ˇˏ˃ʶ ˃ʽʰ ʵʶˏˍʶˊʹ ˋˎ˄ʱˊˍʹˋʹ όsub block splitύ ʹ ˇˉˇʾʰ ʰˊ˔ʽˁʱ ʵʷ˔ʶˍʰʽ ˋʶʽˊʽʰˁʱ ˁʱʻʶ ʷ˄ʰ 
ʰˉˈ ˍʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˃ˉ˂ˈˁˌΣ ˈˉˇˎ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍʰ ˁʰˍʰˁʶˊ˃ʰˍʾʸʶʽ ˋʶ ʰˁˈ˃ʹ ˃ʽˁˊˈˍʶˊʰ (sub 
blocks). ɾʷˋʰ ˋʶ ʰˎˍʱ ˍʰ ˎˉˇ-˃ˉ˂ˇˁˌ όʺ ˎˉˇ-ˉʰˊʱʻˎˊʰύ ʰ˄ʰʸʹˍˇˏ˃ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍʹˌ ʷ˄ˍʰˋʹˌ ʹ ˇπ
ˉˇʾʰ ˉʶˊʽʷ˔ʶˍʰʽ ˋʶ ˁʱʻʶ ʷ˄ʰ ˉʰˊɦ̒ ˎˊˇΦ ʆʷ˂ˇˌ ʰ̄ ˇʻʹˁʶˏˇˎ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˁʱʻʶ ˉʰˊʰʻˏˊˇˎ ˋʶ ʷ˄ʰ˄ 
ˉʾ˄ʰˁʰΦ ʍˌ ˉˇˋˈˍʹˍʰ ˍʹˌ ʷ˄ˍʰˋʹˌ ʶ˄ˈˌ ˎˉˇ-˃ˉ˂ˇˁ ˇˊʾʸˇˎ˃ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍ˖˄ ˂ʶˎˁ˗˄ pixel ˉˇˎ ˉʶˊʽʷπ
˔ˇ˄ˍʰʽ ˋʶ ʰˎˍˈΦ 
ɮ˒ˇˏ ʷ˔ˇˎ˃ʶ ʶ˄ˍˇˉʾˋʶʽ ˁʰʽ ʰˉˇʻʹˁʶˏˋʶʽ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˁʱʻʶ ˎˉˇ-ˉʰˊʰʻˏˊˇˎΣ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ 
ʷ˄ʰ ʽˋˍˈʴˊʰ˃˃ʰ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˍ˖˄ ʶ˄ˍʱˋʶ˖˄Φ ɴˉʶʽˍʰ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍʹ˄ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰπ
˄ˇ˃ʺ ˍˇˎ ʽˋˍˇʴˊʱ˃˃ʰˍˇˌ h ˎˍˇˏΦ 
ʆʷ˂ˇˌ ʰ˄ʰʸʹˍˇˏ˃ʶ ˉʱ˄˖ ˋˍʹ˄ ˁʰ˃ˉˏ˂ʹ ˍˇ ζʴˈ˄ʰˍˇη  h ʻˊˇʽˋˍʽˁʺˌ ̀ ˎ˄ʱˊˍʹˋʹˌ. ʆˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˃ʰˌ ʵʶʾπ
˔˄ʶʽ ˍˇ ˈˊʽˇ ˁʱˍ˖ h ˉˈ ˍˇ ˇˉˇʾˇ ʻʶ˖ˊˇˏ˃ʶ ˁʱˍʽ ˖ˌ ʰˋˎ˄ʷ˔ʶʽʰ ̄ ʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌΦ 
ɾʶ ˍˇ ˉʷˊʰˌ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʶ˄ʶˊʴʶʽ˗˄ ʶˉʽˋˍˊʷ˒ˇˎ˃ʶ ˋˍʹ˄ ʰˊ˔ʽˁʺ ˃ʰˌ ˋˎ˄ʱˊˍʹˋʹ 
(mainύΣ ʰˉΩ ˈˉˇˎ ˎ˂ˇˉˇʽˇˏ˃ʶ ˍʹ˄ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʶ˄ˍˇˉʽˋ˃ʷ˄˖˄ h ˋˎ˄ʶ˔ʶʽ˗˄ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰΦ 
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ɳʽˁˈ˄ʰ 4.1 ɰƭƻŎƪ 5ƛŀƎǊŀƳ ˉˊ˗ˍʹˌ ˃ʶʻˈʵˇˎ 

 

Block diagram ̱ ʹˌ ʵʽʰʵʽˁʰˋʾʰˌ 
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ɳʽˁˈ˄ʰ 4.2 .ƭƻŎƪ 5ƛŀƎǊŀƳ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˉˊ˗ˍʹˌ ˃ʶʻˈʵˇˎ 

Block diagram ̀ ˎ˄ʰˊˍʺˋʶ˖˄ 
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ɮ˄ʱ˂ˎˋʹ ʵʽʰʵʽˁʰˋʾʰˌ 

 

4.1.1 ɮ˄ʱʴ˄˖ˋʹ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʁ ʽˁˈ˄ʰˌ 
 

ʅˍˇ ˉˊ˗ˍˇ ˋˍʱʵʽˇ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˃ʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍʹˌ ʶʽˁˈ˄ʰˌΦ ɳʵ˗ ˇ ʰ˄ˍʽπ
ˁʶʽ˃ʶ˄ʽˁˈˌ ˋˁˇˉˈˌ ʶʾ˄ʰʽ ʹ ʰ˒ʰʾˊʶˋʹ ˍˇˎ ʻˇˊˏʲˇˎ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˎˉʱˊ˔ʶʽ ˁʰʽ ʹ ʰ˄ʱʵʶʽ˅ʹ ˍ˖˄ 
ˉˊʰʴ˃ʰˍʽˁ˗˄ ʰˁ˃˗˄ ˍʹˌ ʶʽˁˈ˄ʰˌΦ ɾʽʰ ˁʰ˂ʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ʻʰ ˃ʰˌ ʵ˗ˋʶʽ ˍʽˌ ʶˎˁˊʽ˄ʶʾˌ ʰˁ˃ʷˌ ˍˇˎ ʵʽ˔ˍˎˇˏ 
ʰ˒ʰʽˊ˗˄ˍʰˌ ˍʽˌ ʰ˔˄ʷˌ ʺ «ˋˉʰˋ˃ʷ˄ʶˌ» h ˁ˃ʷˌ. 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖Σ ʰ˄ʰʸʹˍʺˋʰ˃ʶ ˍʹ˄ ˍˇ ˁʰʻˇ˂ʽˁˈ ˈˊʽˇ ʆ όglobal threshold) ˍʹˌ gray 
ʶʽˁˈ˄ʰˌ ˃ʰˌΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ ˃ʷʻˇʵˇ Otsu. ɶ ˋˎ˄ʱˊˍʹˋʹ ʰˎˍʺ ʶ˄ˍˇˉʾʸʶʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ˁʰˍ˗˒˂ʽ 
(thresholdύ ʷ˄ˍʰˋʹˌ ˍʹˌ ʶʽˁˈ˄ʰˌΣ ˃ʶ ˋˁˇˉˈ ˄ʰ ʵʽʰ˔˖ˊʾˋˇˎ˃ʶ ˍˇ foreground h ˉˈ ˍˇ background. 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˉʰˊʰˉʱ˄˖ ˈˊʽˇ όthreshold) ˃ʶˍʰˍˊʷˉˇˎ˃ʶ ˍʹ˄ ʶʽˁˈ˄ʰ ˋʶ binary. 
ʂˉˇˎ ˇˊʾʸˇˎ˃ʶ ˖ˌ м όʱˋˉˊˇύ ˍˇ ˒ˈ˄ˍˇ ˁʰʽ ˖ˌ л ό˃ʰˏˊˇύ ˍʰ ʵʾ˔ˍˎʰΦ 

ʃʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʶ˂ʷˍʹˌ ˃ʰˌ όʵʾˁˍˎʰύ ʷ˔ˇˎ˄ ʵʽʰˁˊʽʻʶʾ ʰˉˈ ˍˇ ˒ˈ˄ˍˇΣ ʶ˄ʵʷ˔ʶˍʰʽ 
˄ʰ ˎˉʱˊ˔ˇˎ˄ ˇˊʽʰˁʱ ˋʹ˃ʶʾʰ ̱ ˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˍʰ ˇˉˇʾʰ ̫ ˔ˇˎ˄ ˉʰˊˈ˃ˇʽʶˌ ʶ˄ˍʱˋʶʽˌ ˃ʶ ʰˎˍˈ. 
ɱʽʰ ˄ʰ ˉʶˍˏ˔ˇˎ˃ʶ ˍʹ˄ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰ ˃ʶˍʰ˅ˏ ˍ˖˄ pixel ʶ˒ʰˊ˃ˈʸˇˎ˃ʶ ˃ʽʰ ʶˉʽˉ˂ʷˇ˄ ˋˎ˄ʱˊˍʹˋΣ́ ʹ ˇˉˇʾʰ 
ʰ˄ʺˁʶʽ ˋˍʽˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˃ˇˊ˒ˇ˂ˇʴʽˁʺˌ ʰ˄ʰˁʰˍʰˋˁʶˎʺˌ όmorphological reconstruction) ˁʰʽ ˃ʰˌ ʲˇʹʻʱπ
ʶʽ ˋˍʹ ɻ́ ˃ʽˇˎˊʴʾʰ ˋˎ˄ʶˁˍʽˁ˗˄ ˋˎ˄ˈˊ˖˄ όboundaries). 
ɶ ˂ˇʴʽˁʺ ˍʹˌ ʶ˄ ˂ˈʴ˖ ˋˎ˄ʱˊˍʹˋʹˌ ʶʾ˄ʰʽ ʹ ʶ˅ʺˌΥ ɱ˄˖ˊʾʸˇ˄ˍʰˌ ˈˍʽ ˍʰ pixel (0,0) h ˄ʺˁˇˎ˄ ˍˇ ˒ˈ˄ˍˇ όback-
ground) ˍʹˌ ʶʽˁˈ˄ʰˌΣ ʶ˒ʰˊ˃ˈʸˇˎ˃ʶ ˃ʽʰ flood-fill operationΦ ʆʰ pixel ˍʰ ˇˉˇʾʰ ʵʶ˄ ʻʰ ʶˉʹˊʶʰˋˍˇˏ˄ ʰˉˈ 
ˍʹ˄ ʶ˄ʷˊʴʶʽʰ ʰˎˍʺ ʻʰ ʰ˄ʺˁˇˎ˄ ʰ˄ʰʴˁʰˋˍʽˁʱ ʶ˄ˍˈˌ ˍ˖˄ ˋˎ˄ˈˊ˖˄ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ 
ɶ ˂ˇʴʽˁʺ ˉʾˋ˖ ʰˉˈ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˍʹˌ ζˉ˂ʹ˃˃ˏˊʰˌη όflood-fill operationύ ʷʴˁʶʽˍʰʽ ˋˍʹ˄ ˋˎ˄ʷ˄˖ˋʹ ˈπ
˃ˇʽˇˎ ˔ˊ˗˃ʰˍˇˌκʷ˄ˍʰˋʹˌ pixel. ɲʶʵˇ˃ʷ˄ˇˎ ʶ˄ˈˌ ʰˊ˔ʽˁˇˏ ˉʾ˄ʰˁʰ όˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌ ˃ʽʰˌ ʶʽˁˈ˄ʰˌύ 
ʰ˄ʰý ˍˇˏ˃ʶ ʲʱˋʹ ʶ˄ˈˌ ʰˊ˔ʽˁˇˏ ˁˈ˃ʲˇˎ ʴʶʽˍ˄ʽʱʸˇ˄ˍʰ ˋʹ˃ʶʾʰ ˃ʶ ˍˇ˄ ʰˊ˔ʽˁˈ ˁˈ˃ʲˇΦ ʂˋʰ ˋʹ˃ʶʾʰ ʴʶʽˍˇπ
˄ʶˏˇˎ˄ ˃ʶ ˍˇ˄ ʰˊ˔ʽˁˈ ˁˈ˃ʲˇ ʰ˂˂ʱʸˇˎ˄ ˍˇ ˔ˊ˗˃ʰ ˍˇˎˌ ˖ˌ ˉˊˇˌ ˍˇ ʰˊ˔ʽˁˈΦ       

ʅʰ˄ ˈˊʽˋ˃ʰ ʹ ˋˎ˄ʱˊˍʹˋʹ ˉʰʾˊ˄ʶʽ ˍʹ˄ binary ʶʽˁˈ˄ʰ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˈˊʽˇ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ ˉˇˎ ʻʷ˂ˇˎ˃ʶ 
˄ʰ ʶ˒ʰˊ˃ˈʸˇˎ˃ʶΦ ɳ˃ʶʾˌ ʶˉʽ˂ʷʴˇˎ˃ʶ ̀ ʰ˄ ˈˊʽˇ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ ˍˇ у-connected [39]. 
ʅˍʹ˄ ʶʽˁˈ˄ʰ пΦо ʲ˂ʷˉˇˎ˃ʶ ˍʽˌ ʵˏˇ ʶˉʽ˂ˇʴʷˌ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ ˉˇˎ ˃ʰˌ ʵʾ˄ʶʽ ʹ ˋˎ˄ʱˊˍʹˋʹΥ 

 

 

 

 

https://www.mathworks.com/help/images/ref/imfill.html
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ɳʽˁˈ˄ʰ 4.3   ɳˉʽ˂ˇʴʷˌ ʴʶʽˍ˄ʽʰʸˈ˄ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ 

 

                                                                                          

     

 
 

 

 

   

 

 
   

    

 
 

ɮˎˍˈ ˍˇ ˁʱ˄ˇˎ˃ʶ ʴʽʰ ˄ʰ ˇˊʽˇʻʶˍʺˋˇˎ˃ʶ ˃ʶ ˍˇ˄ ˁʰ˂ˏˍʶˊˇ ʵˎ˄ʰˍˈ ˍˊˈˉˇ ˍˇ ˍʽ ʶʾ˄ʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˁʰʽ ˍʽ 
ˈ˔ʽ ˉʱ˄˖ ˋˍʹ˄ ʶʽˁˈ˄ʰΦ ɼʰʻ˗ˌ ˁʰʽ ˄ʰ ʰ˄ʰʵʶʾ˅ˇˎ˃ʶ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʶ˂ʷˍʹˌ ˃ʰˌ όʵʾ˔ˍˎʰύ ʰˉˇˁˇ˃˃ʷ˄ʰ 
ʰˉˈ ˍˇ ˒ˈ˄ˍˇΦ 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ binary ʶʽˁˈ˄ʰΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˋˍˇ ˉˊˇˋˁʺ˄ʽˇ όforeground 
object) ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʰ pixel ˃ʶ ˍʽ˃ʺ ʾˋʹ ˃ʶ м ˁʰʽ ʵˏˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˋˍˇ ˒ˈ˄ˍˇ όbackground objects) 
˃ʶ ˍʽ˃ʺ лΣ ʰˎˍˈ ˉʷˊʽ˅ ˍ˖˄ ʱˋ˖˄ ˁʰʽ ˇ ˁˏˁ˂ˇˌ ʶ˄ˍˈˌ ʰˎˍ˗˄Φ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
    
   (a) 4-connected     (b) 8-connected 

 

 ɳʽˁˈ˄ʰ 4.4   ʃʰˊʱʵʶʽʴ˃ʰ ōƛƴŀǊȅ ʶʽˁˈ˄ʰˌ 
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ʆʷ˂ˇˌ ʰ˄ˍʽˋˍˊʷ˒ˇˎ˃ʶ ˍʹ˄ ʶʽˁˈ˄ʰ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʷ˔ˇˎ˃ʶ ˖ˌ м όʱˋˉˊˇύ ˍʰ ʵʾ˔ˍˎʰ ˁʰʽ ˖ˌ л ό˃ʰˏˊˇύ ˍˇ 
˒ˈ˄ˍˇΦ 

 

 

 

 

 

 

 

 

    

    (a)         (b) 

 

 

 
 

 
 

     

                                                                    (c) 

 

(a) Gray Image      (b) Binary Image      (c) Inverse Binary Image 

 

 

 

 

 

 

 

 

 

 

ɳʽˁˈ˄ʰ 4.5 Gray / Binary / Invert image 
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4.1.2 ɼʰˍʰ˃ʶˊʽˋ˃ˈˌ ʶʽˁˈ˄ʰˌ όPool Block) 
 

ɮ˒ˇˏ ʷ˔ˇˎ˃ʶ ʰ˄ˍʽˋˍˊʷ˕ʶʽ ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌΣ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ ʷ˄ʰ ˍʶˍˊʱʴ˖˄ˇ ˉʰˊʱʻˎˊˇ ˉˇˎ ʷ˔ʶʽ ˃ʷʴʶπ
ʻˇˌ нр҈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʶʽˁˈ˄ʰˌΦ ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˁʰˍʰˁʶˊ˃ʰˍʾʸˇˎ˃ʶ ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌ ˋʶ ˉʰˊʱʻˎˊʰ ˃ʶʴʷπ
ʻˇˎˌ ʾˋˇˎ ˃ʶ ˍˇ ʰˊ˔ʽˁˈΣ ʲʱʸˇ˄ˍʰˌ ʶˉʽˁʱ˂ˎ˕ʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ рл҈Φ ʁ ˋˁˇˉˈˌ ˍʹˌ ˈ˂ʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʶʾ˄ʰʽ ˄ʰ 
˃ˉˇˊʷˋˇˎ˃ʶ ˄ʰ ζˋˉʱˋˇˎ˃ʶη ˍʹ˄ ʶʽˁˈ˄ʰ ˃ʰˌ ˋʶ blocks ˍʰ ˇˉˇʾʰ ʻʰ ˉʶˊʽʷ˔ˇˎ˄ ˃ʷˋ˖ ˍ˖˄ ʰ˂˂ʹ˂ˇˁʰ˂ˏπ
˕ʶ˖˄ ˃ʽʰ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ̄ ˊˈˋʲʰˋʹ ˋʶ ˉˇ˂˂ʰˉ˂ʷˌ ˈ˕ʶʽˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˃ʶ ˉʰˊˈ˃ˇʽˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ʵʽ˔ˍˎˇˏΦ 
ʃˊˇˋˉʰʻˇˏ˃ʶ ʵʹ˂ʰʵʺ ˄ʰ ʶʴˁˇ˂ˉ˗ˋˇˎ˃ʶ ʶ˄ʵʶ˔ˈ˃ʶ˄ʶˌ ˍˊˏˉʶˌ ˍˇˎ ʵʽ˔ˍˎˇˏ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ blocks ˗ˋˍʶ 
˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ˃ʷˋ˖ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ ʶ˄ˍʱˋʶ˖˄ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍ˖˄ ʰˋˎ˄ʶ˔ʶʽ˗˄ ˋˍʹ˄ 
ʶʽˁˈ˄ʰΦ 

ʅˍʹ˄ ˉˊ˗ˍʹ ʶʽˁˈ˄ʰ ˃ʶ ˉˊʱˋʽ˄ˇ ˔ˊ˗˃ʰ ʰ˄ʰˉʰˊʽˋˍˇˏ˃ʶ ˍˇ ʰˊ˔ʽˁˈ blockΣ ˋˍʹ˄ ʵʶˏˍʶˊʹ ʶʽˁˈ˄ʰ ʰˉʶʽˁˇπ
˄ʾʸˇˎ˃ʶ ˍʹ˄ ʶʽˁˈ˄ʰ ˁʰˍʰ˃ʶˊʽˋ˃ʷ˄ʰ ˋˍʰ blocks (˃ʶ ʶˉʽˁʱ˂ˎ˕ʹ рл҈), ʁ ˄˗ ˋˍʹ˄ ˍˊʾˍʹ ʶʽˁˈ˄ʰ ʰˉʶʽˁˇ˄ʾʸˇˎπ
˃ʶ ˍˇ ˃ʷˊˇˌ ˉˇˎ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˁʱʻʶ block ̱ ʹˌ ʶʽˁˈ˄ʰˌ ˃ʰˌ (pool block) 

                                          

                       (a)                                                                                   (b) 
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ɳʽˁˈ˄ʰ 4.6   Pool block 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) 

 

 

                      (aύ ɾʶ ˉˊʱˋʽ˄ˇ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˍˇ block . 
                            ʆˇ ˃ʷʴʶʻˇˌ ˁʱʻʶ ˉʰˊʰʻˏˊˇˎ ʁ ʾ˄ʰʽ нр҈ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍʹˌ ʶʽˁˈ˄ʰˌΦ 
 
                         (b) ɼʰˍʰ˃ʶˊʽˋ˃ˈˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˋʶ block ˃ ʶ рл҈ overlap. 
 
                          (c) ɮˉʶʽˁˈ˄ʽˋʹ ̍ ˂˖˄ ˍ˖˄ blocks ( pool block). ʅˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶʽˁˈ˄ʰ 
                             ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ пф blocks. ʅˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʁ ʽˁˈ˄ʰ ɻ ʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ пф  
                             blocks. 

 

                   

 

 

 

 


































































































