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Abstract

In this paper we have used a simple and efficient color-based approach to segment human skin pixels from complex background, using a 2-D histogram-based approach. For skin segmentation, a total of 446,007 skin samples from the training set is manually cropped from the RGB color images, to calculate three lookup tables based on the relationship between each pair of the triple components [R, G, B]. Derivation of skin classifier rules from the lookup tables are based on how often each attribute value (interval) occurs, and their associated certainty values.
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1    Introduction

Human skin color information is an efficient tool for identifying facial areas and facial features, if the skin color model can be properly adapted for different lighting environments. Therefore, color information is convenient to use for face detection, localization and tracking, since it is invariant to rotation and robust to (partial) occlusion. There are some difficulties, mainly because different people have different facial color, make-up, and individual variations.
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For human color perception, a 3-D color space such as an RGB space is essential. Most video cameras use an RGB model; other color models can be easily converted to an RGB model. However, an RGB space is not necessarily essential for all other problems. Color segmentation can basically be performed using appropriate skin color thresholds.

Jebara et al. [1], Yang and Ahuja [2] presented a mixture of Gaussians to model a skin color based on the observation that the color histogram for the skin of people with different ethnic background does not form a unimodal distribution, but rather a multimodal distribution. Terrilon et al. [3] recently presented a comparative study of several widely used color spaces by modeling skin color distributions with either a single Gaussian or a Gaussian mixture density model in each space.

Fleck et al. [4], Kjeldsen and Kender [5] have demonstrated that skin color falls into a narrow band in the color space, and hence can be harnessed to detect pixels, which are of the color of human skin. Through connectivity analysis and region growing, these skin color pixels can be grouped to give locations of face hypotheses. Chen et al. [6, 7] have demonstrated successful results using a perceptual-uniform color space and a fuzzy logic classifier. Dai and Nakano [8] have also shown successful detection using a combination of color and texture information. Garcia et al. [9] proposed a quantized skin color regions merging by using color clustering, and filtering using approximations of the YCbCr and HSV skin color subspaces that are applied on the original image. A merging stage is then iteratively performed on the set of homogeneous skin color regions in the color-quantized image, in order to provide a set of potential face areas.

Other face detection and tracking algorithms [6, 10-14] use a histogram-based approach to skin pixel segmentation. The color space (usually, the chrominance plane only) is quantized into a number of bins, each corresponding to particular ranges of color component value pairs (in 2-D case) or triads (in 3-D case). These bins, forming a 2-D or 3-D histogram are referred to as the lookup table (LUT). Each bin stores the number of times this particular color occurred in the training skin images.

However, in most papers, a low-dimensional color space is chosen instead of a high-dimensional color space (the r-g space replaces the R-G-B color space, the I-Q space replaces the Y-I-Q space, and so on) in order to reduce the influence of lighting conditions. When the background color distribution greatly differs from the face color distribution in a low-dimensional color space, the effect is good.  When the background color distribution is similar to the face color distribution in a low-dimensional color space, however, the effect is bad, even if background color and face color obviously look different in a high-dimensional color space. The reason is that some information is lost when an image is expressed in a low-dimensional space instead of a high-dimensional space. In order to improve the effectiveness in our system, we have to estimate the relationships between the triple components by taking their ratios under different illuminations, poses, views, scales and races in the RGB color space.

In this paper, the objective of using a histogram-based approach for skin pixel segmentation is that histograms have the advantage of a lookup table rather than a computation that can retrieve probabilities over the original training data. We count how often each attribute value (interval) occurs. A color histogram is a distribution of colors in the color space and has long been used by the computer vision community in understanding images. For example, analysis of color histograms has been a key tool in applying physics-based models to computer vision. It has been shown that color histograms are stable object representations unaffected by occlusion and changes in view, and that they can be used to differentiate among a large number of objects [15]. Although the three numerical values for image coding could, in theory, be provided by a color specification system, a practical image coding system needs to be computationally efficient, and cannot afford unlimited precision.

2    The Lookup Table Algorithm

The histogram-based approach relies on the assumption that skin colors form a cluster in some color measurement space. The 2-D 256-bin histogram used here is referred to as the lookup table (LUT). Each cell in the LUT represents the number of pixels that fall in a particular interval; its occurrence percentage and an associated certainty value. A set of training images is used to construct the LUT as follows: Each image, having been previously segmented by hand, undergoes a color space segmented by hand, and then a color space appropriate cell in the LUT is incremented. 
Our algorithm starts by creating three LUTs based on the triple component ratios (namely, GRLUT, BRLUT and BGLUT) from their histograms. The x-axis represents the 256-bin intervals and the y-axis represents ratios peaks. Interval certainty values above 50% will be retained and the rest recursively start with new calculations excluding the former intervals that will be analyzed, giving a certainty value above 75% until no further partitioning, with 50% as a decrement factor. The following equation is used to measure the certainty threshold for each interval:
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where n is total number of intervals and C is the certainty threshold value.

The three-lookup tables GRLUT, BRLUT and BGLUT have been categorized as high confident lookup tables because of high ratio peaks and GRLUTc, BRLUTc and BGLUTc have been categorized as complementary intervals. We therefore merge them into three distinct pairs as follows:

GRLUTu = GRLUT ( GRLUTc
BRLUTu = BRLUT ( BRLUTc
BGLUTu = BGLUT ( BGLUTc

In the Figure 1, the histogram plots are depicted for GRLUTc, BRLUTc and BGLUTc respectively after the partitioning operation.
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Figure 1: Histogram plots. Bounded areas (C’s) are different clusters.

3    The Skin Classifier Box

The final goal of skin color modeling is to build decision rules that will discriminate between skin and non-skin pixels. This is accomplished from the above three unified lookup tables (Eq. (2) – Eq.(4)) and their histogram plots, the skin locus boundaries can be obviously determined by the following three decision rules:


[image: image5.wmf]ï

î

ï

í

ì

<

£

>

>

<

£

=

otherwise

R

G

B

G

and

R

if

R

G

R

8686

.

0

4412

.

0

9

.

0

8922

.

0

5941

.

0

1



[image: image6.wmf]ï

ï

ï

î

ï

ï

ï

í

ì

<

<

<

£

>

<

£

=

otherwise

R

B

and

R

G

R

B

B

if

R

B

R

4059

.

0

6667

.

0

7902

.

0

4059

.

0

8500

.

0

0262

.

1

8255

.

0

2



[image: image7.wmf]ï

ï

ï

î

ï

ï

ï

í

ì

<

<

<

£

>

<

£

=

otherwise

R

B

and

R

G

G

B

B

if

G

B

R

8882

.

0

6667

.

0

8882

.

0

5157

.

0

3333

.

0

0761

.

1

5157

.

0

3


The RGB color pixel is classified as a skin candidate if the result of
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is true, otherwise it will be classified as a non-skin pixel. 

As will be shown in the experimental results section, our skin color model can produce a high percentage of accuracy for segmenting skin regions under artificial and natural lights. The block diagram for the skin segmentation and face detection processes is depicted in Figure 2. An example of implementing S as a skin classifier is depicted in Figure 3.


Figure 2: The segmentation processes.
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Figure 3: (a) raw image. (b-d) segmentation process.

4    Experimental Results

A total of 446,007 skin samples were collected from [16] and various different web sites to create the lookup tables. The skin classifier was tested for indoor and outdoor color images under different illuminations, poses, views, scales and races. We have examined the proposed skin classifier box on 111 RGB color images that were selected randomly from different web sites. The tested images consisting of Arabian, Asian, American, African and European faces. We ran the system on a Pentium IV 2GHz PC configuration using the Image Processing Toolbox of MatLab 6.1, release 12.1. In this section we provide a sample from our predicted results.

4.1    Pipeline of Skin Color Model

In this section, a sample from our predicted results is presented in Figure 4 that shows the skin classifier.

4.2    Comparative Evaluation

We manually label each testing image before it proceeds with a skin classifier box and then automatically count how many skins are truly classified giving the classifier accuracy accordingly. For fair performance evaluation of different skin color modeling methods, identical testing conditions are preferred. Unfortunately, many skin detection method results are stored on internal, publicly unavailable databases. The most famous training and test image database for skin detection is the Compaq database [17]. In the table below, the best results of different methods, reported by the authors, for this dataset are presented. Table 1 shows true positive (TP) and false positive (FP) rates for different methods. Although different methods use slightly different separation of the database into training and testing image subsets and employ different learning strategies, the table should give an overall picture of the methods performance.

Table 1: Performance of different skin detectors reported by the authors

	Method
	TP (%)
	FP (%)

	Our model
	~94.17
	~17.31

	Bayes SPM in RGB [17]
	80
	8.5

	Bayes SPM in RGB [19]
	93.4
	19.8

	Maximum Entropy Model in RGB [18]
	80
	8

	Gaussian Mixture Model in RGB [17]
	80
	~9.5

	Elliptical Boundary Model in CIE-xy [20]
	90
	20.9
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Figure 4: (a) raw image. (b – d) segmentation process.

5    Conclusion and Future Work

In this paper, using a histogram-based approach, we have presented a simple and efficient color model for detecting skin pixels using three lookup tables. The proposed model shows highly accurate results for different views, poses, illuminations, and scales.

For the purpose of segment skin pixels belonging to the human face from other non-face skin regions (i.e., hands, arms, etc.), in our future work we suggest of implementing a feature-based approach as a verification stage by using a perceptual grouping theory for grouping the basic facial features (i.e., eyebrow, eye’s pupil, nostril and mouth) based on a biological perception mechanism, which is implemented by Triesman [21] as a two-stage model.
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0.0045473251

0.0033641975

0.0039506173

0.0036625514

0.005473251

0.0037037037

0.0050308642

0.0057407407

0.00531893

0.0068312757

0.0065020576

0.0065946502

0.0061111111

0.0069958848

0.0078909465

0.0070987654

0.0083744856

0.0077469136

0.0091358025

0.0081893004

0.0089917695

0.009382716

0.008899177

0.009537037

0.0091666667

0.0100205761

0.0100205761

0.0106069959

0.0113065844

0.0105349794

0.0114814815

0.0115432099

0.0110185185

0.0119650206

0.0120987654

0.011399177

0.0113786008

0.0130246914

0.0131893004

0.0122942387

0.0124588477

0.0127880658

0.0112860082

0.0120164609

0.0106790123

0.0126440329

0.0116460905

0.0139197531

0.0118004115

0.0142283951

0.0123765432

0.0113888889

0.0103806584

0.0117901235

0.0120473251

0.0101851852

0.0111316872

0.011409465

0.0110596708

0.0097222222

0.0104115226

0.0093209877

0.0097427984

0.0085596708

0.0085802469

0.0089403292

0.007654321

0.0085185185

0.0077983539

0.0080658436

0.0075102881

0.0066049383

0.0071707819

0.0063065844

0.0062242798

0.0056687243

0.0063786008

0.0051028807

0.0056378601

0.0050925926

0.0045679012

0.0067489712

0.0044341564

0.0049382716

0.0047119342

0.0041049383

0.0040432099

0.0042386831

0.0041255144

0.0035493827

0.003755144

0.0027674897

0.0029320988

0.0031893004

0.0025205761

0.0020679012

0.0021296296

0.0023868313

0.0024897119

0.0027263374

0.0025514403

0.0017386831

0.0026748971

0.002654321

0.0017901235

0.0020164609

0.0020473251

0.0022325103

0.0025514403

0.002026749

0.002026749

0.0017386831

0.0020679012

0.0013374486

0.001563786

0.0012757202

0.0023353909

0.0014609053

0.0018106996

0.0023765432

0.0015740741

0.0012860082

0.0021193416

0.0022942387

0.0019547325

0.0012654321

0.0020781893

0.0019650206

0.0018312757

0.0023148148

0.0016152263

0.0018930041

0.0018106996

0.0023251029

0.0021296296

0.0016152263

0.0024691358

0.0019650206

0.0024074074

0.0017901235

0.0023765432

0.0023045267

0.0028909465

0.0021604938

0.0022119342

0.0023251029

0.0021399177

0.0019958848

0.0026646091

0.0022222222

0.0023662551

0.0024794239

0.002191358

0.0018209877

0.0021296296

0.0022530864

0.0024588477

0.0012860082

0.0023765432

0.0015432099

0.0015432099

0.0012757202

0.0017592593

0.001100823

0.001409465

0.0016152263

0.0343004115
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C1

C2

C3

C4

Bin

Occurrences

0.0025376685

0.0070314565

0.0073750991

0.0068332012

0.0087761036

0.0083531589

0.0084721121

0.007850912

0.008987576

0.010137457

0.0091197462

0.0107586572

0.0099524187

0.0117367169

0.0105207507

0.0115516786

0.0120539255

0.0114327254

0.0122521808

0.011776368

0.0128733809

0.0128733809

0.0136267513

0.0145255089

0.0135342321

0.0147501983

0.0148295004

0.0141554322

0.0153713984

0.0155432197

0.0146444621

0.014618028

0.0167327518

0.0169442242

0.0157943431

0.0160058155

0.0164287602

0.0144990748

0.0154374835

0.0137192704

0.0162437219

0.0149616706

0.0178826328

0.015159926

0.0182791435

0.0159000793

0.014631245

0.0133359767

0.015146709

0.0154771345

0.0130848533

0.0143008195

0.0146576791

0.0142083003

0.0124900872

0.0133756278

0.0119746233

0.0125165213

0.0109965636

0.0110229976

0.0114855934

0.0098334655

0.0109436955

0.0100185038

0.0103621464

0.0096484272

0.0084853291

0.0092122654

0.0081020354

0.0079962992

0.00728258

0.0081945546

0.0065556437

0.0072429289

0.0065424266

0.0086703674

0.0026566217

0.0027359239

0.0025905366

0.0026301877

0.0026037536

0.0026037536

0.0026566217

0.0027227068

0.0026698388

0.0025244515

0.0027359239

0.0025244515

0.0027755749

0.0027491409

0.0025641026

0.002815226

0.0027359239

0.0440655564
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		241

		242

		243

		244

		245

		246
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Occurrences

0.0007511138

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0000308677

0

0.0000308677

0

0.0000411569

0

0

0

0

0.0000308677

0

0

0

0

0

0.0000926031

0

0.0000102892

0

0.0000102892

0

0.0000720246

0.0000617354

0

0.0000102892

0

0.0000205785

0.0000205785

0.0000102892

0.0000514462

0

0.0000205785

0

0

0.0000102892

0.0000102892

0.0000926031

0.0000205785

0.0000411569

0.0000720246

0

0.0000720246

0.0000102892

0.0000411569

0.0000102892
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0

0

0.0001543385

0.0000308677

0

0.0000720246

0.0000411569

0

0.0000205785

0.0000205785

0

0.0000514462

0

0.0000102892

0.0000205785

0.0000720246

0.0000308677

0.0000514462

0.0000205785

0.0000411569

0

0.0001440492

0.0000514462

0.0000617354

0.0000205785

0.0000205785

0.0002160738

0.0000514462

0.0000720246

0.0000926031

0.0000514462

0.0001646277

0.0001852061

0.0000102892

0.0001749169

0.0001234708

0.0001543385

0.0001131815

0.0001131815

0.0001028923

0.0001852061

0.0000926031

0.0001543385

0.0002778092

0.0003601231

0.0001954954

0.00053504

0.0003395446

0.0003189661

0.0003704123

0.0006790892

0.0005761969

0.0005967754

0.0003807015

0.0009466092

0.0005453292

0.0006482215

0.000627643

0.0006585107

0.0005761969

0.0005453292

0.0006996677

0.0009054523

0.0009054523

0.0013067322

0.0013890461

0.0016256984

0.0016359876

0.0022224737

0.0017285907

0.0023871014

0.0023047876

0.0023356553

0.0025311506

0.002459126

0.0024797045

0.0024282583

0.0020063999

0.0031382152

0.0034674706

0.0034366029

0.0035189167

0.004290609

0.004064246

0.0038070152

0.0051343259

0.0044552367

0.0046507321

0.0045889967

0.0044861044

0.0058134151

0.0050314336

0.0063381658

0.0056487874

0.0063072982

0.0059163074

0.0066982889

0.006924652

0.0062044058

0.0071098581

0.0077066335

0.0063072982

0.0078095258

0.0079124181

0.0072539073

0.0072230396

0.0081079134

0.0087458457

0.0085297719

0.0084577473

0.0086738211

0.009250018

0.0100834457

0.0095381165

0.0099805534

0.0099291072

0.0104435687

0.0102995195

0.0105773287

0.0111535256

0.0131187686

0.0130879009

0.0123367871

0.0136023624

0.0119560856

0.0137669901

0.0136229409

0.0134891809

0.0143123193

0.0151354577

0.0150428546

0.0134274455

0.0146415747

0.0124705471

0.0152074823

0.014476947

0.0147547562

0.0141065347

0.0131496363

0.0114313348

0.0124602578

0.0123573655

0.0124911255

0.0131496363

0.0128203809

0.0126763317

0.0125219932

0.0113078641

0.0109168733

0.0114930702

0.0111535256

0.0087458457

0.0102274949

0.0097953472

0.0088898949

0.0088590273

0.0064719258

0.0072641966

0.0066674212

0.0056899443

0.0051651936

0.0052886644

0.0043832121

0.0039716429

0.0042288736

0.0040539567

0.0030456122

0.0032925537

0.0024179691

0.0031793722

0.0028192491

0.0021298707

0.0019137968

0.0021607384

0.0016359876

0.0018211938

0.0017491691

0.0020269784

0.0011935507

0.0016771445

0.0015433845

0.002099003

0.0014919384

0.0009877661

0.0019549537

0.0014096245

0.0014404922

0.0018726399

0.0017080122

0.0015228061

0.1124407083
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C1

C2

C3

Bin

Occurrences

0.0008666334

0.0004155092

0.0006173279

0.0004273809

0.0007835316

0.0006648147

0.0006885581

0.0004392526

0.0006291996

0.0007479165

0.0007241731

0.0007597882

0.0006648147

0.0006291996

0.000807275

0.0010447088

0.0010447088

0.0059239737

0.0053660042

0.0052947741

0.0067075053

0.0058052568
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0.0065175582

0.0072773464

0.0068262222

0.0077284707

0.0079896479

0.0071586295

0.0082033383

0.0088918964

0.0072773464

0.0090106133

0.0091293302

0.008369542

0.0083339269

0.0093548923

0.0100909372

0.0098416316
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0.0100078353
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0.011634257
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0.0120497661

0.0118835625
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0.0142341572
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0.0137949047

0.0158843222

0.0157181186
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0.0165135219

0.0174632571

0.0173564119

0.0154925564

0.016893416

0.0143884892

0.017546359

0.0167034689

0.0170240046

0.016276088

0.0151720208

0.0131894484

0.0143766175

0.0142579006

0.0144122326

0.0151720208

0.0147921267

0.014625923

0.0144478477

0.0130469882

0.0125958639

0.0132606786

0.0128689128

0.0100909372

0.0118004606

0.0113018496

0.0102571408

0.0102215257

0.0074672935

0.0083814137

0.0076928556

0.006565045

0.0059595888

0.0061020491

0.1297338367
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