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Individual	Progress	
Color	Calibration	
Color	 calibration	 is	 to	measure	and	adjust	 the	 color	 response	of	a	device	 (input	or	
output)	to	a	known	state.	We	use	an	X-Rite	ColorChecker	Classic	Card	as	our	ground	
truth	(The	manufacture	gives	us	the	true	color	values)	and	aim	at	mapping	the	colors	
recorded	by	the	cameras	these	ground	truths.	

	
	
	
Figure	 1.	 Mapping	 function	 (unreal):	
This	 graph	 is	 only	 for	 illustrating	 the	
concepts	
	
	
	

	
Current	Status	

 

Figure	2.	Status	
	
The	mapping	function	has	been	developed	but	needs	some	verifications.	I	am	working	
on	 verifying	 my	 algorithm	 these	 weeks.	 The	 whole	 process	 is	 both	 forward	 and	
backward.	On	one	hand,	I	am	using	my	calibrated	results	to	do	the	verifications.	On	
the	other	hand,	it	is	probably	that	my	mapping	algorithm	has	bugs	and	the	verification	
results	would	point	the	problem	out	and	then	I	will	correct	my	algorithm.	Meanwhile,	
I	am	waiting	for	the	setup	of	the	dome	so	that	I	can	move	my	algorithm	onto	the	main	
system	and	test	my	algorithm	on	the	cameras	that	we	are	going	to	use	 in	the	final	
presentation.	



	
ColorChecker	Information	

	
Figure	3.	The	1-24	in	this	image	correspond	to	the	1-24	in	the	x-axis	below	

	
Figure	3.	Color	ground	truth	

	
	
Mapping	function	



The	mapping	function	currently	used:	
Polynomial Model: 

!"#$%&"'()* = ,- + ,/* + ,01 + ,23 + ,4*0 + ,510 + ,630 

!"#$%&"'()1 = 7- + 7/* + 701 + 723 + 74*0 + 7510 + 7630 

!"#$%&"'()3 = 8- + 8/* + 801 + 823 + 84*0 + 8510 + 8630 

Fitting Method: 
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Experiments	
Three	verification	methods	are	used	here:	
Method 1. Error comparison of before and after calibration 
Errors	mean	the	difference	between	the	recorded	color	values	with	the	ground	truth	
values.	 	
<IMG_1462.JPG>	(The	image	was	taken	in	yellow	light)	

 
Figure 4. The left image is the input image and the right image is the calibrated image.  

 



 

 



 

Figure 5. Errors in IMG_1462.JPG and its calibrated result 
<IMG_1461.JPG>	(The image was taken in normal office lighting condition)	

 

Figure 6. The left image is the input; the right image is the output 
 



 

 



	
Figure	7.	Errors	in	IMG_1461.JPG	and	its	calibrated	result	

	
We	can	see	that	in	each	channel	of	the	two	input	images,	the	errors	reduce	generally.	
However,	there	are	some	color	patches	that	become	worse	after	calibration.	
 
Method 2. Error differences between two calibrated images 
According	to	 the	Xrite	standard,	when	using	sRGB	ground	truth	 for	calibration,	 the	
calibrated	image	should	perform	like	the	colorchecker	in	illuminant	D65,	which	means	
no	matter	in	what	lighting	condition	the	images	were	taken,	they	should	look	similar	
after	the	calibration.	It	can	be	seen	in	images	below	that	after	the	calibration,	the	color	
differences	become	much	smaller.	The	difference	means	 the	absolute	value	of	 the	
difference	 between	 the	 according	 color	 patches	 in	 IMG_1461	 and	 IMG_1462.	 In	
addition,	 we	 can	 see	 that	 in	 Figure	 4	 and	 Figure	 6	 the	 original	 images	 look	 quite	
different	because	of	 the	different	 lighting	 condition	but	 after	 calibration	 they	 look	
much	more	alike.	



	
Figure	8.	Differences	between	IMG1461	and	IMG1462	before	calibration	

	
Figure	9.	Differences	between	IMG1461	and	IMG1462	after	calibration	

	
 



Method 3. Manipulate the colors and see how it performs after calibration 
IMG_1462.JPG Red Channel*1.05 (5%) 

 

 



 

 
 
 
 
 



Calibrated Image 

 
IMG_1462.JPG Green Channel*1.05 (5%) 

 



 

 



 

Calibrated Image 

 



IMG_1462.JPG Blue Channel*1.05 (5%)

 

 



 

 
 
 
 
 
 
 



Calibrated Image 

 
The	whole	comparison	process	is	lengthy.	In	brief,	we	can	see	that	the	calibration	
can	bring	the	manipulated	images	back	to	very	similar	results.	
	
Challenge	

1. PR11	goal:	Testing	the	mapping	model	in	different	lighting	conditions	and	
comparing	the	results.	 →	 After	comparison,	it	is	shown	that	the	calibrated	
results	indeed	are	generally	better	than	before	calibration.	However,	some	
color	patches	have	worse	performance.	This	is	still	worth	analyzing.	I	am	
guessing	it	might	be	the	problem	of	my	fitting	method.	
Fitting	Method:	
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The	matrix	is	not	a	square	matrix	and	does	not	have	an	inverse	matrix.	Hence,	
I	am	using	pseudo-inverse	matrix	to	solve	the	problem.	This	can	lead	to	some	
errors.	I	will	try	to	use	other	polynomial	fitting	method	to	redo	the	algorithm	



and	compare	the	results.	
2. Due	to	the	delay	of	the	dome	construction,	it	is	not	easy	to	test	the	color	

calibration	on	the	final	system.	We	need	to	fasten	our	process.	
Teamwork	

Yiqing	Cai	 	 Generate	one	of	the	best	path	for	
robot	arm.	Test	optimized	path	on	the	
simplified	dome	setup.	

Huan-Yang	Chang	 Simulation	system	setup,	Robot	arm	
manipulation.	Test	optimized	path	on	
the	simplified	dome	setup.	

Siddharth	Raina	 Sensor	noise	calibration	plan	
development	

Sambuddha	Sarkar	 Works	on	Blender.	Generate	virtual	
calibration	target	and	render	the	
virtual	images	of	the	target.	
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