Landmark-based 3D Mesh Warping for bone-skin reconstruction

Plasencia J.L.

Higher Polytechnical Institute of Havana (ISPJAE), Infor matics and Systems Studies Center.

CREPIAI (PII UNESCO), Infor matics Department.

E mail : Plashen@ceis.ispjae.edu.cu

ABSTRACT

T his paper proposes a mathematical model to obtain a portion of the skin of a human head, warping the corresponding portion of neurocranium, using the skin thickness in the craneo metrical points that defines the portion of neurocraniumand the mesh of the skull contents in the triangle defined b ythis craneo metrical points.

Keywords : warping, mesh, skull, facial, reconstr uction, land mar k .

INTRODUCTION

T he bonyremainders of the skull, are carriers of infor mation that must be deciphered and translated to the language of numbers. Facial reconstructio n methodologies have been developed in the last t wo decades [Cal86],

[Geo93], [Leb93] and have been listed b y[T yr97].

So me specialist in this field consider that the researches undertaken up to no whave not been sufficient concerning facial reconstr uction techniques [T yr97]. But the use of co mp uterized tools to solve this kind problemis a fact in forensic sciences [Evi96].

Facial reconstr uction so ftwares for identificatio n purposes have been developed by[Van89],

[Ube92], [Miy95], [Sei96], [Sha96]. T here are different kind of solutio ns using co mp utational geo metr y techniq ues, based on: defor mable templates [Dea96], [Qua95], radial basis functions

[Sei96a], volume distortion using disk fields,

[Mic97] and hierarchical B-Splines [ Arc97].

Most of these solutions starts on the consideration that it is possible to define a ^ standard̃ skull and

^ standard̃ face. But in our case it is impossible to define them because o f the great ad mixture of the cuban population. So the main consideration of our solutio n is that we can´t have ^ standard̃ data to solve the reconstructio n problemfor this kind of populations.

We postulated a mathematical model, based on

[Leb93], in order to obtain a portion of the surface of the skin warping the corresponding portion of the surface of the skull [Plas96].

M ATHEM ATICAL M ODEL

In order to postulate the mathematical model of the transfor mation bone-skin, let be three craneo metrical points C i

, C j ,

C k

, three nor mal vectors N i

, N j

, N k

, to each of them, the skin thickness in nor mal direction in each of them

d

i

,

d

j, d

k

, and a set P of mpoints of the cranium

contents in the triangle for med b y C

i

, C

j ,

C

k

. Let be

the triangulatio n T Ì P n where h

r

= ( p

u

, p

v

, p

w

),

h

r

T , and p

u

, p

v

, p

w

P and u, v, w [ 1, m ] .

T hen:

P = (p

1

, p

2

, p

3

., p

m

) where p

i

= ( x

i

, y

i

, z

i

)

C

i

= ( x c

i

, y c

i

, z c

i

) N

i

= ( x n

i

, y n

i

, z n

i

)

C

j

= ( x c

j

, y c

j

, z c

j

) N

i

= ( x n

j

, y n

j

, z n

j

)

C

k

= ( x c

k

, y c

k

, z c

k

) N

k

= ( x n

k

, y n

k

, z n

k

)

Let the triangle h

c

= ( C

i

, C

j

, C

k

) be. We have to

warp all the elements o f P to obtain an image set:

P * = ( p *

1

, p *

2

, p *

3

,..., p *

m

)

where p *

i

= ( x *

i

, y *

i

, z *

i

)

and the warped mesh of triangles T *

Let the function be:

d

s

= f ( C

i

, C

j

, C

k

, N

i

, N

j

, N

k

, d

i

, d

j,

, d

k

, p

s

, n )

where d

s is the skin thickness in p

s

Î P and n is

the nor mal vector to p

s

.

p

s

= ( x

s

, y

s

, z

s

) n = ( n

x

, n

y

, n

z

)

After applying a bilineal interpolation that is

(sho wed in figure 1) we obtain these for mulas:

t

q

= ( y

p

-y

j

)/( y

i

-y

j

) ( i)

t

r

= ( y

p

-y

k

)/( y

i

-y

k

) (ii)

t

p

= ( x

p

-x

q

)/( x

r

-x

q

) (iii)

substituting ( i) and (ii) in (iii) we have

t

p

= A/(B+C)

Where

A = x

s

-[ x c

j

+( y

s

-y c

j

)( x c

i

-x c

j

)/( y c

i

-y c

j

) ]

B = [ x c

k

+( y

s

-y c

k

)( x c

i

-x c

k

)/( y c

i

-y c

k

)]

C = [ x c

j

+( y

s

-y c

j

)( x c

i

-x c

j

)/( y c

i

-y c

j

)]

then, in order to get the skin thickness in p

s

d

s

= d

i

[ t

q

(1-t

p

) + t

r t

p

] +

d

j

[ (1-t

q

)(1-t

p

) ] +

d

k

[ t

p

(1-t

r

) ]

Cj

Ck

Ci

Pq

Pr

Ps

P* s

Nk

Nj

Ni

Nq

Nr n

Fig1. Warping process.

After obtaining d

s

, and in order to get the

coordinates of p * we applied :

x *

s

= x

s

+ d

s n

x

y *

s

= y

s

+ d

s n

y

z *

s

= z

s

+ d

s n

z

In this waywe obtain p * , and it is a point of the

sur face of the face that guarantees that the sur face

is acceptable according to [Fuc77] since only they

have modified the x, y, z coordinates, and didn’t

get hold of their nor mal vectors and their

connectio ns in the mesh of triangles T so we can

obtain T * .

RESULTS

Using a co mp uterized tool to model the skull

[Pla96] based on the mathematical model that we

describe in this paper, we have obtained the

results sho wn in figures 2,3 and 4.

Fig 2. Mesh of the Neurocranium.

Fig 3. Warped mesh of the Neurocranium.

Fig 4. Portion of the skin-covered neurocranium

(the skin thicknesses were triplicated in this image in order to achieve a better visual effect.)

T o obtain this example was used triad of craneo metrical points: Bregma, Metopio and

Estefanio.

4.CONCLUTIONS

We have presented a mathematical model for land mar k-based 3D mesh warping for skull-based face reconstr uction. We have postulated the model based on the methodology[ Leb93] accomplishing the conditions of acceptability stated b y[Fuc77].

T he model is applicable to warp anytype of sur face that fulfill the follo wing co nditions:

1. T he starting surface is defined bya mesh of triangles and it´s acceptable according to [Fuc77].

2. T he behavior of the resulting surface in a number of characteristic points (that is to say the variation of the coordinates in nor mal direction to each one of them) is kno wn.

5. ACKNOWLEDGM ENTS

We would like to thank Dr. Martin P. Evinso n for his help and papers, Dr. Isabel Navazo for her unco nditional support to this research.

REFERENCES

[ Arc97] Archer, K.,^ 3D craniofacial reconstruction̂ ,

MSc thesis. Department of Computer Science,

Universityof British Columbia, Canada, 1997.

[Cal86] Caldwell, P . G.,^ New questions ( and some answers) on the facial reconstruction techniques̃ In :

Reich KJ, Editor. Forensic osteology, Springfield:

Thomas, 229-254, 1986.

[Evi96] Evison, M.,^ Computerized 3D facial reconstruction^ , Research school of Archeoloyand

Archeological Science. University of Sheffield, UK,

1996.

[Fuc77] Fuchs H., KedemZ. M. Uselton S.P.

^ Optimal surface reconstruction fromplanar contours̃ .

Graphics and Image P rocessing. Oct, Vol 20, Not 10, pp 693-702. 1977.

[Geo93] George, R. M.^ Anatomical and a rtistic guidelines for forensic facial reconstructioñ , in

Forensic Analysis of the skull, Edit. Iscan and Helmer,

Chapter 16, Wiley- Liss, US, 1993.

[Ger62] Gerasimov. M. A.^ Reconstruction of the face starting fro mthe Cranium̃ . Editorial of the Academyof

Sciences. Moscow. 1962.

[Leb93] Lebedinskaya, G. V., Balueva, T. S.,

Veselovskaya, E. V.,^ Principles of facial reconstruction̂ , Iscan , Mehmet Yasar and Helmer, R.

P., Editors, Wiley- Liss, Inc. Chapter 14, pp : 183-198,

1993.

[Mic97] Michael, S. M., Chen, M.,^ The 3D reconstruction of facial features using volume distortioñ Department of Computer Science,

Universityof Wales Sawansea, UK, 1997.

[Miy95] Miyasaka, S., Yoshino, M., Imaizu mi, K.,

Seta, S.,^ The computer aided facial reconstruction system̃ , Forensic Science International, 74(1-2), 155-

65, USA, 1995

[Nea95] Neave, A. H., Neave, A. V.,^ 3D facial reconstructioñ Universityof Manchester, UK, 1995

[P la96] P lasencia, J. L.,^ Automated Facial

Reconstructioñ , MSc thesis, Informatics Department,

Higher Polytechnical Institute of Havana, ISP JAE,

Cuba, 1996.

[Qua95] Quatrehome, G., et al.,^ A fully tridimensional method for facial reconstruction based on deformable models̃ , Laboratoire de Medecine

Legale, France, 1995.

[Sei96] Seiberg, F.,^ Model based three-dimensional reconstruction of human faces̃ , Computer Graphics

Center, Herbsttagung´96, 3D Bildanalyse undsynthese,

German y, 1996.

[Sei96a] Seiberg, F., Dold, Ch., Gulbitz, E.,^ Skin surface reconstruction using skull matching̃ Computer

Graphics Center, Herbsttagung´96, 3D Bildanalyse undsynthese, German y, 1996.

[Sha96] Shaharon, A. W., Vanezis, P ., Gonzalez, R.

C.,^ Techniques in facial identification: Computeraided facial reconstruction using lazer scanner and video superimpositioñ International Journal of Legal

Medicine, 108(4), 194-200, USA, 1996.

[Tyr97] Tyrrell, A. J., Evinson, M.P ., et al.^ Forensic three-dimensional facial reconstruction: Historical review and contemporarydevelopment. J Forensic Sci,

42 (4) : 653-661, 1997.

[Ube92] Ubelaker, D. H. and O´Donnell, G.^ Computer assisted facial reconstruction~ , Journal of Forensic

Sciences, 37, 155-62, USA, 1992.

[Van89] Vanezis, P ., Blowes, R. W., Linney, A. D., et al.,^ Application of 3D computer graphics for facial reconstruction and comparison with sculpting techniques̃ ,Forensic Science International, 42, 69-84,

USA, 1989.

[Zen95] Zen- Ming, Y., Ning-P ing, Z.,^ New technologyin facial reconstruction technologỹ ,

Department of Criminal Justice, East China University of Politics and Law, China, 1995.