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Question 1: H matrix computed using DLT 
	

1. Mathematic	Induction	
A	projective	transformation	from	the	first	image	frame	to	the	second	image	frame	is	a	
homography	relation.	It	can	be	define	as	𝑋" = 𝐻𝑋	
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We	know	that	the	cross	product	𝑋"×𝐻𝑋 = 0.	
Let	𝑋-" = (𝑥-", 𝑦-", 𝑤-′)	and	the	j-th	row	of	the	matrix	H	is	denoted	by	a	vector	ℎ34,	the	
matrix	form	of	the	cross	product	can	be	written	as		
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𝐴-ℎ = 0	is	an	linear	equation	where	h	is	the	unknown.	For	𝑗 = 1,2,3,	three	equation	can	
be	obtained	to	solve	h.		
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Because	the	third	row	is	the	linear	combination	of	the	first	two	rows,	only	two	
equations	are	linearly	independent	in	the	matrix.		
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Thus,	𝐴- 	becomes	a	2×9	matrix	for	each	point	correspondence.	Four	points	
correspondence	are	enough	to	get	an	exact	solution	for	H.	In	the	question,	we	are	
required	to	select	20	pairs	of	point	correspondence,	which	make		𝐴-ℎ = 0	
overdetermined.	We	have	to	use	the	Direct	Linear	Transformation	(DLT)	algorithm,	and	
find	the	SVD	of	A.	By	SVD,	we	can	find	the	unit	singular	vector	that	is	corresponding	to	
the	smallest	singular	value,	and	the	last	column	of	V	is	the	h	vector.	The	homography	
matrix	can	be	acquired	from	the	h	vector.						

 



Result	of	Question	1:	

The	image	below	shows	the	homography	matrix	I	found.	I	also	use	the	findHomography()	in	OpenCV	to	
help	verify	the	result.	If	the	homography	matrix	H	is	divided	by	the	ℎ))	element,	the	result	is	close	to	the	
H	matrix	found	by	the	findHomography().	

 

The panorama result of DLT: 

  



Question 2: H matrix computed using nomalized DLT. In your report, please tell me how 
do you normalize the images. 
 
In the normalized DLT algorithm, we have to map 𝑋-	&	𝑋-′ to another image coordinates by the 
transformation matrix 𝑇	&	𝑇′.  
 

𝑇 =
𝑠 0 𝑡A
0 𝑠 𝑡B
0 0 1

 

 

 
	 	



Result	of	Question	2:	

The	image	below	shows	the	homography	matrix	I	found.	I	also	use	the	findHomography()	in	OpenCV	to	
help	verify	the	result.	If	the	homography	matrix	H	is	divided	by	the	ℎ))	element,	the	result	is	close	to	the	
H	matrix	found	by	the	findHomography().	

 
The panorama result of the normalized DLT: 

 
 

  


