Supplementary Material
This supplementary material provides the detailed pseudo-codes of the three core algorithms of the proposed VGE method.
Algorithm S1. Water area partitioning and boustrophedon visiting sequence generation
	Algorithm 1 Water area partitioning and boustrophedon visiting sequence generation

	Require: 

	Ensure: 

	1: Set , 

	2: Compute the region size , 

	3: while  or  do

	4:	if  then

	5: 		Increase the number of columns, 

	6:	end if

	7:	if  then

	8:		Increase the number of rows, 

	9:	end if

	10:	Update , 

	11: end while

	12: Initialize the visiting sequence V as an empty set

	13: for  to  do

	14:	if  is odd then

	15:		for  to  do

	16:			

	17:			Append  to 

	18:		end for

	19:	else

	20:		for  downto  do

	21:			

	22:			Append  to 

	23:		end for

	24:	end if

	25: end for

	26: return 


Algorithm S2. Boundary scanning at cell boundary
	Algorithm 2 Boundary scanning at cell boundary

	Require: USV position , target cell , sensing range , FOV angle , coverage threshold 

	Ensure: Observed debris set 

	1: Discretize target cell  into grid points set 

	2: Initialize the observed set  using available prior observations

	3: Set 

	4: compute initial coverage 

	5: if  then

	6:  return observed debris set 

	7: end if

	8: while  do

	9: 	Update USV heading  through rotation

	10:  for each grid point  do

	11: 	 	Compute 

	12: 	 	Compute 

	13: 		if  and  then

	15:  		Add  to 

	16: 	 	end if

	17: 	end for

	18: 	Update 

	19: 	Update 

	20: end while

	21: Extract debris positions  from 

	22: return 


Algorithm S3. Intra-cell path planning based on dual-end candidate NN and 2-opt
	Algorithm 3 Intra-cell path planning based on dual-end candidate NN and 2-opt

	Require: ,   , 

	Ensure: optimized path 

	1: Construct start candidate set ( nearest to )

	2: Construct end candidate set  ( nearest to )

	3: Initialize best length 

	4: Initialize best path 

	5: for each    do

	6: 	for each    such that  ≠  do

	7: 		Initialize the set of unvisited points as 

	8: 		Initialize 

	9: 		Set current point  

	10: 		while  is not empty do

	11: 			Select  ∈  minimizing 

	12: 			Append  to 

	13:			Update 

	14:			Remove  from 

	15: 		end while

	16: 		Append  to 

	17: 		Append  to 

	18: 		Set improved = true

	19: 		while improved do

	20:			Set improved = false

	21: 			for  to  do

	22: 				for  to  do

	23:		 			compute 

	24:		 			compute 

	25:					if  then

	26:						Reverse the segment between indices  and  in 

	27:		 				Set improved = true

	28: 					end if

	29: 				end for

	30: 			end for

	31: 		end while

	32: 		Compute 

	33: 		if  <  then

	34: 			 = 

	35: 			Set 

	36: 		end if

	37: 	end for

	38: end for

	39: return 



