Syn thesis of F acial Images with Lip Motion from Sev eral Real Views Lei Gao y Y asuhiro Muk aiga w a z Y uic hi Oh ta y y Institute of Information Sciences and Electronics Univ ersit y of Tsukuba Tsukuba, Ibaraki, 305-8573 Japan f gao, oh ta g @image.is.tsukuba.ac.jp z Departmen t of Information T ec hnology , F acult y of Engineering Ok a y ama Univ ersit y Tsushima-nak a 3-1-1, Ok a y ama, 700-8530 Japan m uk aiga w@c hino.it.ok a y ama-u.ac.jp Abstract The synthesis of facial images by c omputer gr aphics is very imp ortant for many applic ations such as hu- man interfac e and visual entertainment. The lip mo- tion is an essential factor in synthesizing the image se quenc e of c onversation. In this p ap er, we pr op ose a new metho d for synthesizing facial images with lip mo- tion. The key fe atur e of our system is that it do es not ne e d any mo dels of lip motion. Arbitr ary lip shap es ar e expr esse d by the c ombination of sever al r e al views. By using sever al images with b asic lip shap es, facial image se quenc e with lip motion in c onversation c an b e gener ate d wel l by their line ar c ombination. 1. In tro duction In recen t y ears there has b een considerable interest in the human-computer interface. The applications, suc h as virtual actors and teleconferencing, require the tec hniques of syn thesizing realistic facial images which express the v arious nuances of facial motion [7]. T o generate an image sequence of sp eak ers in teleconfer- encing, it is a very imp ortan t factor to syn thesize nat- ural lip motion in conv ersation. In order to describ e the lip motions in sp eech, lip mo dels are often used and lip shap es are parameter- ized [9]. Man y mo del-based approac hes try to recog- nize the lip shap e from a video sequence. F or instance, Co otes et al. [4] developed ‘Active Shap e Mo dels’ and describ ed how the mo dels can b e used in lo cal image searc h. A kind of statistical mo del w as used in their w ork to mo del the v ariation of the face shap e and it was �t to a new image. Bregler et al. [3] built a parameter- ized mo del of the complex \space of lip con�guration" b y using mac hine learning. Their system is giv en a col- lection of training images which w ere used to construct the mo del for the lip recognition. Of course, the result of visual sp eech recognitions can b e used for image syn- thesis. How ev er, the accurate mo deling of lip shap e in visual sp eec h recognitions is often troublesome and it is di�cult to generate a natural lip motion. W e can sa y that b oth of the mo deling of lip motion and the visual sp eec h recognition are not necessary for the lip image synthesis. In this pap er, we prop ose a new metho d that gen- erates natural conv ersational image sequence with lip motions by combination of sev eral real views without an y mo deling. Muk aiga w a et al. [5] [6] prop osed a metho d for synthesizing facial views with arbitrary ex- pressions from some representativ e expressions. W e apply this principle to synthesizing lip motions and sho w that v arious con v ersational image sequences can b e generated from the linear com bination of several v o w el lip shap es. There are some related works. F or instance, Bregler et al. [2] prop osed Video-Rewrite which prepares the lip image sequences for eac h pron unciation, and switches them by interpolation. Our metho d has an adv an tage that the image generator needs only a small num b er of lip images, b ecause the lip images for each pron uncia- tion can b e syn thesized from basic lip images. Bascle et al. [1] presented an approach which trac ks head mo v emen t and facial expression and mak es facial animations dra wn b y lines. Our metho d can synthesize real facial images b y using texture blending. 2. Expression of Lip Shap es In this section, we show that an arbitrary lip shap e can b e syn thesized b y com bining some basic lip shap es. 2.1. Determination of F eature P oin ts Let B 1 , : : : , B m b e a set of face images, whic h we call base images, with di�eren t lip shap e. W e assume that n feature p oin ts are lo cated on the face, and that the corresp ondences of all feature p oints among all base images ha v e b een known. W e try to synthesize a new facial image with an arbitrary lip shap e from these base images. Assume that the co ordinate of i -th (1 � i � n ) feature p oint on B j (1 � j � m ) is ( x j i ; y j i ). The X- and Y-co ordinates of all feature p oin ts can b e expressed as v ector x j and y j as shown in Equation (1). x j = [ x j 1 ; x j 2 ; : : : ; x j n ] y j = [ y j 1 ; y j 2 ; : : : ; y j n ] (1) Let ^ x and ^ y b e v ectors which indicate the X- and Y-co ordinates of all feature p oin ts on a new view with an arbitrary lip shap e. If the base images include a su�cien t v ariet y of lip shap es, ^ x and ^ y can b e approx- imated by the linear combination of x j and y j as sho wn in Equation (2). ^ x = P m j =1 c j x j ^ y = P m j =1 c j y j (2) Usually the co ordinate v ectors x j and y j are not linearly indep enden t and can not b e used as bases in the vector space. This may cause instabilit y of the co e�cien ts for the linear com bination. So here we p er- form principal comp onent analysis on the co ordinate v ectors x 1 ; : : : ; x m and y 1 ; : : : ; y m of the set of base images and get the principal comp onen ts P 1 ; : : : ; P m . By using those principal comp onen ts as bases, the ef- fect of noise can also b e reduced. With the top k prin- cipal comp onents, w e can rewrite Equation (2) as the follo wing: ^ x = P k j =1 C x j P j ^ y = P k j =1 C y j P j (3) 2.2. T exture of F ace Images In order to synthesize a facial image after the co- ordinates of feature p oints are calculated, triangular patc hes whose v ertices are those feature p oints are cre- ated. T extures taken from the base images are mapp ed to the triangular patches. How ev er, if w e tak e all textures from one base im- age, the syn thesized image will b e w arp ed unnaturally as the lip shap e changes. This undesirable w arping is caused by a drastic deformation of texture. In order to mak e full use of the base images, w e use texture blending. In our metho d, facial images are synthesized b y mapping the blended texture taken from m ultiple base images. If the lip shap e on the syn thesized facial image is similar to that on one base image, the w eigh t of texture of this base image is set larger, otherwise it is set smaller. The texture tak en from each base image B j is blended with a w eigh t parameter w j , with P w j = 1. Here, w j is decided to b e in v erse of the distance b e- t w een this base image B j and the syn thesized image ^ B in the principal comp onent space as illustrated in Figure 1. Figure 1. Euclid distance in the p rincipal com- p onent space 3. Syn thesis of Lip Motions In the sections ab ov e, w e show that facial images with arbitrary lip shap e can b e synthesized according to the co e�cien ts for the linear com bination of sev eral basic lip shap es. In this section, we discuss ab out how to determine these co e�cien ts to generate a conv ersa- tional image sequence. In order to determine the sequence of co e�cients corresp onding to a con v ersational image sequence, we use a sample image sequence. In this w a y , image se- quence that has the same lip motion as the sample sequence can b e syn thesized b y the combination of sev- eral base images, as shown in Figure 2. Giv en sev eral feature p oints on the sample images, whose num b er can b e less than that of feature p oin ts on the base images, the co e�cien ts can b e calculated b y Equation(3). If the n um ber of the feature p oints on the sample images is more than that of the base images, a least square metho d is used. If the actor in base images is the same p erson as that in the sample sequence, we can re-syn thesize the same image sequence as the sample one by sp ecifying the co e�cien ts of each. This is useful for some applications suc h as image compression and telephotography . If the actor in base images is a di�eren t p erson from that in sample sequence, w e can regenerate a con v ersa- tional sequence of the actor with the same lip motion as that of the sample p erson. This is an imp ortant tec hnique for sound dubbing or virtual actors. Figure 3. Base images used fo r exp eriment A 4. Exp erimen tal Results Here we sho w t w o exp erimen ts on the synthesis of face images with lip motion from sev eral real views. One is p erformed b y using the same p erson’s base im- ages as the sample images. The other is carried out by using base images of di�erent p erson from the sample. In these exp eriments, the co ordinates of the all fea- ture p oints are giv en man ually by referring to the marks dra wn around the lip. This is the simplest ap- proac h for tracking the lip motion. 4.1. Exp erimen t A: Using the same p erson’s sample sequence In general w e do not kno w what kind of lip shap e should b e used as base images to synthesize the im- ages with arbitrary lip motion. Here we presen t t w o metho ds to select lip shap es used for the base images. According to the lip-reading system, the lip shap es of the �v e vo w els A, I, U, E, O in Japanese and the lip shap e of closed mouth considered as phoneme N, should b e regarded as basic lip shap es [8]. Thus, �rst of all, w e take the images with these six lip shap es, whic h are used as base images as shown in Figure 3. On eac h base image, 32 feature p oin ts are detected man ually . Then the triangular patches which ha v e 56 facets are created as sho wn in Figure 4. Figure 4. T riangula r patches Figure 5 sho ws the sample image sequence: \kon- nic hiw a", whic h means \hello" in Japanese. On eac h sample image, only 10 feature p oints are detected. The co e�cients of linear com bination are calculated accord- ing to these detected feature p oints, and the facial im- age sequence is syn thesized as shown in Figure 6. W e can see that lip shap es in con v ersation can actually b e syn thesized from some other lip shap es. Although the syn thesized images are not equal to the sample images exactly , we can ‘read’ what the p erson is talking ab out from the lip motions. Another metho d for determining a set of base images is that w e use principal comp onen t analysis on some con v ersational image sequences, and select several top

Figure 2. Synthesis of lip motions Figure 5. Sample image sequence: \konnichiw a" principal comp onen ts as the base v ectors. Since the eigen v alues corresp onding to those top principal com- p onen ts are bigger than the others, w e can calculate the co ordinates of feature p oints with the combination of only a few base vectors. As an example in our exp er- imen t, w e carried out principal comp onen t analysis on a conv ersation image sequence: \ohay ougozaimasu", whic h means \go o d morning" in Japanese. W e used the top four principal comp onen ts as the base vectors. T able 1 sho ws the result of principal comp onen t anal- ysis. Figure 7 shows the synthesized images from the obtained base v ectors and selected represen tativ e tex- tures. 4.2. Exp erimen t B: Using di�eren t p erson’s sample sequence It should b e more in teresting and useful in human in- terface and en tertainmen t visual system to create a new sp eak er’s con v ersational image sequence. W e presen t T able 1. Result of p rincipal comp onent analysis here an exp erimental result of synthesizing di�erent p erson’s image sequence from sample images. Figure 8 sho ws the base images with lip shap es of A, I, U, E, O and N in Japanese. 52 feature p oin ts were marked on the face and the triangular patch mo del has 86 facets.

Figure 6. Synthesized image sequence from 6 base images Figure 7. Synthesized images from principal comp onents The sample image sequence is the same conv ersational sequence as that used in Exp eriment A. In this case, new con v ersational views generally can not b e w ell synthesized, since di�eren t p erson has dif- feren t mouth shap e and the same feature p oints can not b e precisely matched. So we use the same co e�cien ts in syn thesizing images as that used in Exp eriment A. Fig- ure 9 sho ws some images from the syn thesized con v er- sational sequence. Although there are some unnatural parts in syn thesized images compared with the sample views, we still can ‘read’ what the p erson is sp eaking from them. 5. Discussion W e ha v e prop osed a metho d for the syn thesis of con v ersational image sequence with lip motion. The exp erimen tal results sho w that con v ersational images with lip motion can b e well syn thesized by using linear com bination of sev eral base images without the mo d- eling of lip motions. It can b e exp ected that more natural con v ersational views can b e well synthesized if more base images are used. There still remains, how ev er, some questions suc h as ho w to ev aluate the synthesized images. Al- though some sub jectiv e ev aluations can b e done, it can not totally dep end up on if one can accurately ‘read’ out what the con v ersational image sequence ‘says’. Some ob jectiv e ev aluation metho ds can also b e used suc h as calculating the errors of 2D co ordinates of feature p oints b et w een the synthesized views and real con v er- sational image sequence. The di�cult task of automatically tracking lip mo- tion without inv asiv e mark ers also remains an active area of researc h. References [1] B. Bascle and A. Blake. Separabilit y of p ose and ex- pression in facial trac king and animation. Pr o c. of Int. Confer enc e on Computer Vision (ICCV’98) , pages 323{ 328, 1993.

Figure 9. Synthesized image sequence in exp eriment B [2] C. Bregler, M. Cov ell, and M. Alaney . Video rewrite: Driving visual sp eech with audio. Computer Gr aphics Pr o c e e dings, Annual Confer enc e Series , pages 353{360, 1997. [3] C. Bregler and S. M. Omohundro. Nonlinear manifold learning for visual sp eec h recognition. Pr o c. of Int. Con- fer enc e on Computer Vision (ICCV’95) , pages 494{499, 1995. [4] T. F. Co otes, C. J. T a ylor, A. Lanitis, D. H. Co op er, and J. Graham. Building and using exible mo dels in- corp orating grey-lev el information. Pr o c. of Int. Con- fer enc e on Computer Vision (ICCV’93) , pages 242{246, 1993. [5] Y. Muk aiga w a, Y. Nak am ura, and Y. Oh ta. Syn thesis of arbitrarily oriented face views from t w o images. Pr o c. of Asian Confer enc e on Computer Vision (ACCV’95) , 3:718{722, 1995. [6] Y. Muk aiga w a, Y. Nak am ura, and Y. Ohta. F ace syn- thesis with arbitrary p ose and expression from several images - an integration of image-based and mo del-based approac h -. Pr o c. of Asian Confer enc e on Computer Vision (A CCV’98) , 1:680{687, 1998. [7] F. I. Park e and K. W aters. Computer F acial Animation . A K P eters, Ltd., W ellesley , Massac h usetts, 1996. [8] H. Sera, S. Morishima, and D. T erzopoulos. Synthe- sis and analysis of sp eech animation with physics-based m uscle mo del. Pr o c e e dinds of the 2nd Symp osium on Intel ligent Information Me dia , pages 83{90, 1996. [9] L. Williams. P erformance driv en facial animation. Computer Gr aphics , 24(4):235{242, 1990. Figure 8. Base images used fo r exp eriment B