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Introduction

This paper reports on the development of a test method for the assessment of the colour performance of typical consumer-type digital still cameras.  This project originated in a sector of New Zealand industry where there is an interest in the potential use of such cameras for image acquisition in technical imaging applications.

An initial investigation of the problem area led to the proposal to test the candidate cameras in terms of four main colour performance features:


* colour aliasing


* general colour reproduction


* task-specific colour reproduction


* automatic colour balance (a standard feature on most models).

For the latter purpose, it was decided to standardize the lighting by making use of only two types of light sources, having significantly different spectral distributions:


* tungsten-filament photographic lamps (one lamp type used throughout)


* each camera's built-in flash.

Colour Aliasing

The design of this type of camera most commonly makes use of a single imaging sensor (e.g. CCD chip) with a mosaic-type optical filter.  It is known that this type of image sensing can lead to colour aliasing in the sensed images.  This usually takes the form of patterns of colour in the image that do not exist in the original object.  The cause is related to inherent features in the sensor design that lead to under-sampling of the colour information.  Camera designs have evolved to limit this effect, but it cannot be completely eliminated without resorting to more-costly sensing systems. 

The test method uses a Sayce test chart, which is photographed at different distances (and/or with a range of different lens focal lengths) to yield chart images of varying size.  The chart is made up of black bars on a white background, and the spatial frequency of the bars gradually increases from one end of the chart to the other.  Images of this chart, taken with typical consumer cameras, have consistently shown regions of colour aliasing.  From the known structure of the chart, it is possible to determine the spatial frequencies for which the aliasing is most severe.  A "compensating" calculation is used, taking account of the relative size of the chart in a given image, to convert this to an effective spatial frequency for the specific test. 

It was found that some cameras exhibited less-noticeable aliasing under flash illumination than under the tungsten filament lighting.

General Colour Reproduction

The test object chosen for this test was the Macbeth ColorChecker(TM) chart.  With its 18 chromatic and 6 neutral colour samples, this chart provides a useful sampling of colour space for general colour reproduction assessment.

Image analysis software has been developed for the evaluation of the reproduced colours in the digital image format.  This provides an overall assessment of general colour reproduction under the two selected sources of illumination, and also shows the extent to which colour consistency has been achieved (in terms of each camera's automatic colour balance).  Comparisons of the results from different cameras are, of course, also possible.

Task-specific Colour Reproduction

One specific hue range was of greatest interest in this project.  This was sampled in greater detail with the aid of a specially constructed test chart which was purpose-made using 18 chromatic samples from a Munsell Color File(TM).

This task-specific test chart was used in the same way as the ColorChecker, and similar analysis software was developed for the evaluation of colour reproduction in the selected hue range, for images acquired under the two types of light source used.
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Sample Results 

The proposed paper will include sample results, showing also the forms in which they are computed and presented.  Fig. 1 below illustrates a typical scatter-plot, in v*/u* coordinates, for the reproduced colours in a general colour reproduction test.  A similar data set, for the second light source, can be plotted for comparison, to demonstrate the camera’s inherent colour consistency.  Images acquired with different cameras can be analysed in a similar way, so providing a comparison of their general colour reproduction performance.

Fig. 1: v*/u* for ColorChecker: Tungsten Lighting:  Camera # 1
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Original-ObjectData

		Patch		Name		h		V		C		x		y		Y		u'		v'		L*		u*		v*		X		Z		a*		b*

		1		Black		N		2		-		0.310		0.316		3.1		0.200907		0.460791		20.440016		0.001946		-0.055624		3.0411		3.6690		0.0327		-0.0422

		2		Dark Grey		N		3.5		-		0.310		0.316		9.0		0.200907		0.460791		35.984295		0.003426		-0.097925		8.8291		10.6519		0.0467		-0.0603

		3		Medium Grey		N		5		-		0.310		0.316		19.8		0.200907		0.460791		51.610330		0.004914		-0.140448		19.4241		23.4342		0.0607		-0.0784

		4		Lt-Med. Grey		N		6.5		-		0.310		0.316		36.2		0.200907		0.460791		66.672457		0.006347		-0.181437		35.5127		42.8443		0.0742		-0.0958

		5		Light Grey		N		8		-		0.310		0.316		59.1		0.200907		0.460791		81.346532		0.007745		-0.221370		57.9778		69.9475		0.0874		-0.1129

		6		White		N		9.5		-		0.310		0.316		90.0		0.200907		0.460791		95.996769		0.009139		-0.261238		88.2911		106.5190		0.1005		-0.1298

		7		Cyan		5B		5		8		0.196		0.252		19.8		0.139205		0.402699		51.610330		-41.393596		-39.116231		15.4000		43.3714		-21.6442		-26.6476

		8		Magenta		2.5RP		5		12		0.364		0.233		19.8		0.287293		0.413773		51.610330		57.963903		-31.686420		30.9322		34.2464		48.9628		-15.8032

		9		Yellow		5Y		8		11.1		0.448		0.470		59.1		0.231405		0.546229		81.346532		32.259144		90.130444		56.3336		10.3111		-3.9181		79.1175

		10		Red		5R		4		12		0.539		0.313		12.0		0.379711		0.496125		41.216120		95.808732		18.820523		20.6645		5.6741		50.9408		25.9442

		11		Green		0.1G		5.4		9.6		0.305		0.478		23.4		0.150135		0.529412		55.481986		-36.614794		49.343067		14.9310		10.6230		-41.0996		33.6376

		12		Blue		7.5PB		2.9		12.7		0.187		0.129		6.1		0.179205		0.278150		29.663367		-8.366262		-70.511132		8.8426		32.3442		27.4064		-51.1451

		13		Orange Yellow		10YR		7		10.5		0.473		0.438		43.1		0.258824		0.539261		71.622790		53.932382		72.868792		46.5441		8.7578		12.3686		67.0521

		14		Yellow Green		5GY		7		9.1		0.380		0.489		44.3		0.187469		0.542797		72.428562		-12.646088		77.017932		34.4254		11.8677		-28.4119		59.4846

		15		Purple		5P		3		7		0.285		0.202		6.6		0.234858		0.374536		30.878384		13.631326		-34.708105		9.3119		16.7614		26.0675		-23.4943

		16		Moderate Red		2.5R		5		10		0.453		0.306		19.8		0.314256		0.477627		51.610330		76.054416		11.155941		29.3118		15.5941		42.9120		14.7306

		17		Purplish Blue		7.5PB		4		10.7		0.211		0.175		12.0		0.180419		0.336682		41.216120		-10.973925		-66.610589		14.4686		42.1029		17.6060		-43.1585

		18		Orange		5YR		6		11		0.506		0.407		30.1		0.294529		0.533033		61.740409		75.148622		57.815185		37.4216		6.4342		27.6083		58.2198

		19		Bluish Green		2.5BG		7		6		0.261		0.343		43.1		0.158326		0.468153		71.622790		-39.640725		6.660007		32.7962		49.7598		-30.5934		1.1445

		20		Blue Flower		9.7PB		5.47		6.7		0.265		0.240		24.3		0.198131		0.403738		56.386917		-2.029876		-41.974526		26.8313		50.1188		12.6129		-25.4840

		21		Foliage		6.7GY		4.2		4.1		0.337		0.422		13.3		0.182409		0.513938		43.211837		-10.387582		29.737989		10.6211		7.5955		-16.8679		21.9623

		22		Blue Sky		4.3PB		4.95		5.5		0.247		0.251		19.3		0.179050		0.409387		51.036360		-14.496626		-34.243511		18.9924		38.6000		0.3595		-22.1800

		23		Light Skin		2.2YR		6.47		4.1		0.377		0.345		35.8		0.236142		0.486220		66.366826		30.405316		21.758903		39.1206		28.8475		13.0747		16.9964

		24		Dark Skin		3YR		3.7		3.2		0.400		0.350		10.1		0.250000		0.492188		38.021310		24.269002		15.415265		11.5429		7.2143		12.2100		14.3767





Image-Conversion

		Sample		Sample																																								Corrected

		Name		No.		R		G		B		X		Y		Z		S		x		y		S'		u'		v'		L*		u*		v*		a*		b*		C*uv		h(uv)		h(uv)

		Black		1		28.7868		24.0227		28.6712		27.4165		25.9771		33.6112		87.0048		0.3151		0.2986		517.9066		0.2117		0.4514		38.1761		5.2847		-4.6548		5.6828		-2.8278		7.0424		-41.3736		-41.3736

		Dark Grey		2		79.0385		69.1066		68.8980		73.8494		72.0525		81.5201		227.4219		0.3247		0.3168		1399.1964		0.2111		0.4635		60.1192		7.8308		2.0792		4.7186		1.9416		8.1021		14.8699		14.8699

		Medium Grey		3		130.4535		117.5351		115.1043		122.7724		121.1206		136.3288		380.2218		0.3229		0.3186		2348.5682		0.2091		0.4641		74.5074		7.7504		3.2438		4.1505		2.5734		8.4018		22.7113		22.7113

		Light-Med Grey		4		169.9819		154.5261		153.9864		161.0178		159.0858		182.2015		502.3051		0.3206		0.3167		3093.9098		0.2082		0.4628		83.1186		7.6436		2.1300		4.3333		1.8414		7.9348		15.5713		15.5713

		Light Grey		5		203.9909		185.8231		195.7868		195.5089		192.3912		230.9582		618.8583		0.3159		0.3109		3774.2511		0.2072		0.4588		89.6022		7.1088		-2.3623		5.2309		-0.8844		7.4910		-18.3824		-18.3824

		White		6		224.8277		207.4671		218.0068		216.3890		213.8594		257.2064		687.4549		0.3148		0.3111		4195.9000		0.2063		0.4587		93.3925		6.2965		-2.5277		4.7329		-1.0333		6.7850		-21.8728		-21.8728

		Cyan		7		63.4172		133.0930		166.0635		95.0312		116.0186		194.2771		405.3268		0.2345		0.2862		2418.1408		0.1572		0.4318		73.2183		-41.7884		-27.5978		-22.5570		-18.8833		50.0790		33.4415		-146.5585

		Magenta		8		212.5397		86.7438		152.1791		174.6930		131.8164		175.7092		482.2186		0.3623		0.2734		2679.0662		0.2608		0.4428		77.0967		59.8615		-18.0194		42.1769		-6.5089		62.5148		-16.7527		-16.7527

		Yellow		9		216.0771		192.3900		66.9433		178.0903		185.1715		87.4734		450.7352		0.3951		0.4108		3218.0835		0.2214		0.5179		88.2644		23.2493		65.4824		-3.1034		47.3939		69.4872		70.4528		70.4528

		Red		10		213.2902		51.1179		66.9433		151.8173		101.4115		78.1495		331.3783		0.4581		0.3060		1907.4387		0.3184		0.4785		69.3048		105.6550		15.9444		55.4937		19.5861		106.8513		8.5818		8.5818

		Green		11		67.4558		155.8481		69.9342		82.1200		119.6246		88.4025		290.1471		0.2830		0.4123		2141.6966		0.1534		0.5027		74.1332		-45.9953		40.3761		-43.6991		22.5628		61.2029		-41.2777		138.7223

		Blue		12		54.1973		56.2948		142.2698		71.2893		65.4688		162.6309		299.3889		0.2381		0.2187		1541.2137		0.1850		0.3823		57.7263		-12.0663		-58.9034		11.1414		-35.6549		60.1265		78.4232		-101.5768

		Orange Yellow		13		205.4218		164.7392		25.8254		158.5465		161.0671		39.7198		359.3334		0.4412		0.4482		2693.7128		0.2354		0.5381		83.5284		37.2800		83.9850		0.3478		69.8570		91.8873		66.0641		66.0641

		Yellow Green		14		163.3719		179.8549		74.5283		145.4417		162.9192		95.1186		403.4795		0.3605		0.4038		2874.5860		0.2024		0.5101		83.9084		1.3993		53.7567		-13.4616		36.1344		53.7749		88.5089		88.5089

		Purple		15		111.4286		45.7596		93.2336		94.3393		70.8067		107.1620		272.3080		0.3464		0.2600		1477.9255		0.2553		0.4312		59.6779		42.0715		-22.9753		34.9257		-11.1605		47.9361		-28.6390		-28.6390

		Moderate Red		16		212.8957		87.5465		97.8912		164.1369		126.2052		115.1225		405.4646		0.4048		0.3113		2402.5822		0.2733		0.4728		75.7565		71.0731		11.7794		38.8352		13.1374		72.0426		9.4105		9.4105

		Purplish Blue		17		88.7596		87.6871		154.5465		100.1985		95.6297		178.4158		374.2440		0.2677		0.2555		2069.8920		0.1936		0.4158		67.6519		-6.5693		-39.5735		7.8820		-23.6463		40.1151		80.5747		-99.4253

		Orange		18		206.3900		135.3356		15.3719		151.9169		142.9050		26.1025		320.9244		0.4734		0.4453		2373.7996		0.2560		0.5418		79.6372		56.8261		83.8669		11.0500		76.4348		101.3058		55.8794		55.8794

		Bluish Green		19		125.7392		177.1156		170.0839		141.3287		160.9525		201.6733		503.9545		0.2804		0.3194		3160.6359		0.1789		0.4583		83.5048		-24.1417		-2.6957		-15.6918		-3.3124		24.2917		6.3715		-173.6285

		Bue Flower		20		156.1859		124.1791		165.6893		149.7156		138.4813		193.2708		481.4677		0.3110		0.2876		2806.7481		0.2134		0.4440		78.6401		12.5390		-17.1255		13.2938		-9.2366		21.2252		-53.7891		-53.7891

		Foliage		21		81.2676		97.6803		34.4150		73.2432		85.5606		44.8884		203.6922		0.3596		0.4200		1491.3179		0.1965		0.5164		64.6063		-3.9036		46.6575		-15.5358		32.9983		46.8206		-85.2175		94.7825

		Blue Sky		22		101.9751		118.6485		144.5760		111.6035		116.6189		169.3222		397.5445		0.2807		0.2933		2368.8532		0.1885		0.4431		73.3719		-12.0646		-16.9106		-3.2930		-10.8823		20.7731		54.4947		-125.5053

		Light Skin		23		208.3696		145.6689		140.0862		179.9841		163.7800		166.0904		509.8545		0.3530		0.3212		3134.9553		0.2296		0.4702		84.0841		31.2056		10.2625		16.4917		8.6433		32.8498		18.2044		18.2044

		Dark Skin		24		124.6735		67.9501		53.0317		98.1595		83.2097		63.7212		245.0904		0.4005		0.3395		1537.4685		0.2554		0.4871		63.8612		45.0626		21.8268		21.7045		18.5860		50.0705		25.8440		25.8440






