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ABSTRACT Search [10]). This function, however, is useful for
copyright holder, animator, and illustrator because they

In this paper, we propose methods for face detectioncan find web pages which contain unapproved use of
and face recognition of cartoon characters which appeaicopyright images, they can investigate whether a cartoon
in cartoons, comics, games, etc. These methods can beharacter is popular, and they can confirm whether a
applied to various applications, such as character searctsimilar character exists.
automatic character classification, and character image In this paper, we present methods for face detection
editing. Previous researches on face detection and facand face recognition for cartoon characters. Previous
recognition of real people have been abundant, on theechniques for face detection and face recognition for
other hand, there are little researches on face detectioneal people’s face can hardly be applied for cartoon
and face recognition of cartoon characters. Usingcharacters because cartoon characters faces differ from
previous methods for real people, cartoon characterreal people faces greatly in respect of organs position
faces can hardly be detected and recognized because thtend organs size and color shade. Thus, it is necessary to
face features of cartoon characters differ greatly fromdesign face detection and face recognition methods
those of real people in terms of size and shape. Ourspecialized in cartoon characters considering the face
methods solve these problems by considering the facdeatures of cartoon characters.
features of cartoon characters. Using our methods, face In this paper, we first present a technique for face
detection and face recognition for cartoon charactersdetection for cartoon characters based on feature-based

search can be performed with good accuracy. approach. The goal is to identify the positions of faces in
the input images. We next present a technique for face
1. INTRODUCTION recognition for cartoon characters based on model based

approach. The task is to extract the features, skin and

Face detection is the technique to discover people’shair colors as well as the amount of hair, and retrieve
face, and face recognition is the technique to detect andimilar faces from a database.

identify people’s face in images and movies. Many

previous methods for face detection and face recognition 2. RELATED WORK

of real people have been proposed (e.g., [1, 9]). Those

methods have been already implemented in our daily Face detection methods for real people can roughly be
devices and have a wide range of applications, such aslassified into two approaches [2]: feature-based
face detection capability of digital camera or personal approaches and image-based approaches. Feature-based
authentication by face recognition. On the other hand,approaches are used for searching faces based on the
there are only a few researches of face detection andntrinsic invariant features of faces [1]. These techniques
face recognition for drawn characters, such as thosesearch the location of faces by finding the universal
appearing in cartoons, comics, games, etc. Wefeatures of face, and defining the conditions which
collectively call these drawn characters as "cartoon determine a face using the features. On the contrary,
characters”. Cartoon characters are world-widely image-based approaches search the locations of faces by
spreading, and we believe that face detection and faceyenerating the face definitions automatically from a lot
recognition for cartoon characters are also importantof image data. Imager::Anime Face [3], which is one of
research topics because various applications using thenmmage-based approaches, is a face detection method of
can be considered. cartoon characters. This method judges whether face
There are many applications of face detection and faceregion candidate of input images are faces or non-faces
recognition system of cartoon characters. Characterusing a function made from 300 million or more image
search is one of the most important applications. Andata. In our research, we adapt the feature-based
image containing a cartoon character is given as an inpugpproach when designing our method because feature-
and it is possible to automatically search imagesbased approaches do not require sample images, and the
containing the same cartoon character from Web orconditions of detection can be changed according to
database. This function is currently not available in user's preference.

existing search systems (for example, Google Image
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Fig. 1 Our framework for cartoon character’s face detection

Face recognition methods of real people can be also

classified into two approaches [8]: model-basede fac

recognition and image-based face recognition. Model

based face recognition works by extracting theufesst
of face or interest points. Image-based face rdatiogn
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Fig. 3 Example of face region candidate extraction, (ah sk
color pixels, (b) segmentation results with différealor for

recognizes using template matching of the whole fac every region.

images.
extracted the features of face during the facectiete

In our proposed method, since we have

extracted from the input image. Moreover, the @xah

process, we make use of the extracted features anthe edges (edge pixels) are extracted by using #may
employ the model-based approach for cartoon cheract method [4] (Fig. 2).

face recognition.

3. FACE DETECTION

In designing our method, we consider the charastteri
of how the face of a cartoon character is drawncé&i
cartoon characters differ in face organs positiand
sizes greatly for every character, it is diffictdtdirectly
use them as find common features. On the contfary,
cartoon characters, it is easy to extract skin rcatwd
edges in the image, so our face detection uses tes
features.

Our method works with images with the following

3.2 Face Region Candidate Extraction

Region segmentation of skin color pixels is caried
by using skin color pixels and edge pixels. The
segmentation is performed by using the flood-fill
approach. We start from a skin color pixel and we
gradually grow the region until we reach an edgean-
skin color pixels. Region segmentation is perforrbgd
repeating this until we process all the skin cqioeels.
The regions resulted from segmentation are coresider
as face region candidate. However, regions witty ver
few pixels or too long and narrow are not consideas

conditions. First, input images are not monochrome face candidate regions (Fig. 3).
images but color images, because our technique uses

skin color and hair color of characters. Secon@, th
character’s skin color has to be near real pedpther

3.3 Face Detection using Jaw Contour
For every face candidate region, we judge whethisr i

colors, such as green faces are not the targetunf o aface. Jaw contour and symmetry are used as caomglit

technique. Third, we target front or somewhat legni
faces. We do not target side or back view of faces.
The steps of our proposed method are describeijin F
1. First, skin color regions and edges are extdafrtam
an input image. Next, region segmentation is peréat
using them. The resulting regions are considerefdaes

for face detection in our approach. Face
candidates which fulffill
considered as a face.
Based on our observation, we realize that in most
cartoon the jaw of the characters is clearly vesipiot
hidden by hair or other elements). We use thisifiigdn

region
the two conditions are

region candidates. Then, based on two criteria, jawour face detection algorithm, extracting the lower
contour and symmetry, we judge whether every facecontour of the segmented region and trying totfés a
region candidate is a face region. Finally numbgr o quadratic curve. If it fits, we assume it corresp®mo

faces, their positions, and sizes are returnedrastt.

3.1 Skin Color and Edge Extraction

the jaw contour of a character face, if not, weuass it
is not. The detailed algorithm is as follows.
First, the lowest pixelx, y)(i = 1, ... ,n for everyx-

Jamie and Shaogang [5] described that the hue s/aluecoordinate of a region is extracted, and colletyiviey

of the skin color (in HSV color space) of real pkop

are considered as (n is the number of pixels in the

concentrate on the region from 6 to 38 degrees.width of the region) jaw pixels (Fig. 4 (a)). In sio

Therefore, taking into consideration some variatjon
skin color region of cartoon characters is defiaschue

of 0 to 40 degrees and value of more than 75% i HS
pixels whose colors are considered as skin cologs a

cases, the jaw contour of a cartoon character Ishsjge
which is close to a quadratic curve (Fig. 4 (b)hc8 it
is thought that these pixels form a jaw contour nvtras
region is a face, these pixels are approximated to
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quadratic curve using the least-square method. Fig.5 Our framework for cartoon character’s face recogoriti

Coefficient of determinatiof? determines whether the
calculated quadratic curve represents the jaw corab
a face.y, is the average value of. Sis the sum of
squared residuals. We consider the approximation is
good wherR?is near to 1. WheR¢is larger than @5,
the contour is judged as maybe a jaw contour.
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< ) Fig. 6 Example of hair extraction, (a) input image, (b)irha
extraction from (a).
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3.4 Face Detection using Symmetry

Face is symmetrical and especially eyes and hast ex
in the left side and right side of the face. Firgin-skin
color pixels contained in a face region candidate
bounding-box are extracted, and the region is satgde
using the method described in Section 3.2. The main
colors in each region are clustered by using theekns

method [7]. In our experimentk,is 3. When eyes and lor | idered as the hair color. First. weast th
hair exist symmetrically, the main colors of thgioms coloris considered as the hair color. First, e

containing them are almost the same. Therefore weplXeIS which are located at the top and side regioh

check whether there are two segmented regions ichwh the faces, and dth?ﬁe pl'xglsd CO|(|)I’S plot tol at LaE&DrcE)oI
their two or more color clusters are similar. IEkuwo space. >econd, he plotted colors are clustere&-by

regions exist, the face region candidate is consilas means metho_d, and the golor with the most number of
pixels is considered as hair color. Based on theaeted
maybe a face. . ) . ) )
hair color, the hair region is determined using the
following method.

The pixels which exist around the face region aaeeh
color similar to the extracted hair color are adtethe
hair region. We compute the Euclidean distancene t
Lab color space to determine whether the pixelrc@o
similar to the extracted hair color. We start frame
pixel and repeatedly grow the hair region by chegki

database with high similarity values.

4.1 Hair Extraction

Generally we can consider that hair exists in the
surroundings of face region in cartoon characters.
Therefore, the color which exists in top region sk
regions of the face is extracted, and the extrantath

4. FACE RECOGNITION

Two purposes for face recognition for cartoon
characters in this paper are as follow. The firgtppse

is the features extraction from the detected faocd a
determination of the individuality of the face. The
second purpose is character search. Charactehdsac . ! .
task which looks for images in a database whichiaon the nelghborlng p|xels. .
the same cartoon character as an input image, andThe hair colpr IS then re-calculated ba.se.d on die h
returns the cartoon character images as resulistder region, and pixels W.h'Ch do not have similar COIt.HS
to achieve this goal, face recognition is perforrsihg the_re-calculated hair colgr are removed frp_m the h
the following technique. The steps of our proposed reglon._As a rgsult, the hair color and the hagioe are
method are described in Fig. 5. First, the skirocds determined (Fig. 6).

extracted (same as the skin color extraction ire fac
detection). Second, the features of hair color hail
quantity which are important components of cartoon
characters are extracted. Feature vector of a ararto
character’s face is determined by these three resitu
Third, the feature vector of the cartoon charauidhe
input image is compared with other cartoon characte
feature vectors in the database, and a similagtyevis
calculated. We then return a list of charactersnftbe

4.2 Face Similarity Calculation

We describe the method for calculating the sintifari
of feature vectors of two faces and judging whether
these faces are the face of the same character. The
distance of two faces is calculated using the skilor,

hair color, and hair quantity. When the distancleievas
small, we determine that the similarity of the tfames

is high and the two faces are of the same chartater



For skin color and hair color, the Euclidean dis&an

Table. 1 Comparison of face detection rate for every method.

between two colors in Lab color space are calcdlage | Method True False False
distancesl;, d,. For hair quantity, we consider the ratio e P(;S‘;tg’; Poﬂ"(’)‘z‘/ Negﬁn;oe/
between the hair region and the face region arel, th-—roposed Metho 27 2 =0
difference of these values is distardie As shown in Anime Face 71.0% 0.0% 29.0%
. . OpenCV(Cartoon) 28.4% 0.6% 71.0%
Equation (2), our method calculates the total, wppl OpenCV(Real) 13.3% 0.2% 86.4%

weight (v;, wo, Ws) to each distance. The total is the

distance of two faceBq,, In this papery; (skin color) I;)

A ‘.\i' A

is 0.125, w, (hair color) is 0625, ws (hair quantity) is
0.25. The smaller value dd,, the more two faces are
similar.

Dsum = Z?:lvvi di ' 2)(

Fig. 7 Examples of face
blue square.
4.3 Character Search

Character search is a task of searching imageshwhic 5.2 Face Recognition

contain the same cartoon character as an inputemag We performed the following two experiments. First
from a database. This is realized with the follgyvin experiment is the case where the database hasonaly
technique. First, feature extraction is performedad image of the same character as an input image, and
the images in the database in advance, and thelataid second experiment is the case where the database ha
feature vectors are saved. Second, when a cartoowo or more images of the same character as art inpu
character image is given as an input, we calcutate image.
feature vector. Then, similarity calculation of fleature First, the database used in the experiment is eneat
vector of the input image and the feature vectomlbf 300 images of cartoon characters where we performed
the images in database is performed, ddgl, is face detection and feature extraction are prepalted.
calculated. Search results are the images whidill ful consists of 150 kinds of various cartoon characted®
one of the following conditions which can be sedelchy characters have one image and 80 characters have tw
users. or more images. These images are considered as a
- The specified number of images in an ascendingdatabase. Next, an image of cartoon charactevéngis
order ofDg,m, an input, and face detection and feature extracdien

- All the images whosBg,nis below a constant value performed. The distances between the face in thetin
image and all the faces in the database are ctdduld
there are images with high similarity, these images
returned as results.
5.1 Face Detection The following is the result of the first experimekive

493 various cartoon character images are givemas aprepare 100 input cartoon character images witly onl
input and comparative experiment of face deteatiia one image of the same character in the database, an
is conducted. Imager::AnimeFace [3] and OpenCV Faceinvestigate whether the same character imagetsned.
Detection [6] are used as candidates for comparisonAs result, 71% of the search input images are sscce
Both of these are image based approach which esjuir (output images contain the same characters as input
a large amount of images data beforehand. The mhethoimages), and 29% of the search are failure (output
of OpenCV can change the kind of target face by images contain different characters in 21% of tach,
changing the image database. So two kinds of imageand feature extraction failed in 8% of the searchhe
data, cartoon characters data and real people daa, reason for failure is that the three features dfedint
prepared for OpenCV, and cartoon characters facecharacters happen to be similar.
detection rate is calculated based on each date. Th The following is the result of the second experitmen
results of face detection rate are shown in Table 1 F-measureas shown in Equation (3) was used as the
True Positive means having detected a right fagieme  measure of quality assessment. This is used fairad
False Positive means having detected wrong regions the usefulness of the search when the correct Isearc
addition to a right face region. False Negative msezot results contain two or more imag&means the number
having detected a right face region. As shown ibl&4d,  of correct images in search resulsmeans the number
the proposed method achieves a higher rate of Trueof output images of search results, addmeans the
Positive than AnimeFace and OpenCV, and a smallernumber of correct images (the same character images
rate of False Negative. Some of result examples arewhich exists in the database. The higheneasurethe
shown in Fig. 7. The detected face region is matked better performance is the search method.

blue square.

5.EXPERIMENTSAND RESULTS



Table. 2 The quality assessment of character search using ou
method.

Index Result Value
precision 0.476
recall 0.563
F-measure 0.516
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We prepared 80 input cartoon character images with
two or more images of the same character in the
database, and investigated whether the same charact

images are returned. Thprecision recall, and F-
measurewere calculated on each input image.
average values are shown in Table 2. It showsdbhat

Their

6. CONCLUSION AND FUTURE WORK

In this paper, we have proposed a method of cartoon
characters face detection by using features, ssickia
color, edge, jaw contour, and symmetry. Using aly
input image, our method is more accurate than puesvi
methods. We have also proposed a face recognition
method where, the face individuality of the cartoon
character is determined by using features, sucskias
color, hair color, and hair quantity. Using our dac
recognition method, character search can be pegbrm
successfully for many character images.

Future work for face detection is to increase the
success rate by adding new conditions for deciding
face, and improving region segmentation. Futurekwor
for face recognition is to extract new features;hsas
eye color or eye shape, and increase the sucdesbya
adding these features for recognizing a face.
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method can recognize many different characters. The

result examples are shown in Fig. 8. The left insage

input images, and the right images are output image

from the database with high similarity to the input

images. The first and second figures are successful
examples where all search results contain the same

character as the input images. The third figureans
example of a failure case where search resultsazont
images of a character different from the input imag





