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ABSTRACT

Hair is an important component in the virtual humamulation system. During hair
simulation, not only the time required to ensurat ttnere are required to express the physical
characteristics, chemical such as hair styles,rsplurves, twists, parting one’s hair and hair
vortex (swirl), ... to represent the authenticifyttoe hair and improve hair simulation quality.
While the studies has announced today that theylynéocus on simulating the styles, the
motion of the hair that has not been expressedctaistics of hair as hair vortex,...

The paper introduces the concept of scalp model awmnifold in 3-dimensional space.
Based on the nature of the singularity of the vefigdd on the manifold, the paper proposes a
hair simulation technique on the scalp surface mbdeed on vector field on the manifold.
Thus, we can simulate appropriately the hair voaethe scalp model.

Keywords scalp, manifold, vector field, singularity, hair.

1. INTRODUCTION

In the system of virtual human simulation, hairais important component and integral,
contributing to the authenticity system. Howevair lis a complex object with numbers in the
hundreds of thousands of fibers per person, withyndifferent styles, colors, curves, twists
[1,2]. Besides, hair has localism with differentypical and chemical features as hair swirl,...
So, in hair simulation, one task is always set &on requirements ensuring reduced time
required but must meet quality requirements, exgimgghe detailed characteristics of the hair.

Currently, a hair simulation problem has receivedcim attention of many research
scientists in Vietnam and the world [1, 2, 3]. Degi@g on different applications, hair
simulation problems are classified according to tmain approaches to simulation blocks and
strands form.

Two above approaches, usually the hair simulatisrsteands is used many for those
applications that require about high real of hagsults. Because hair simulation as strands allows
simulating the interactions of hair, the local hgiace, convex, concave, curvature, especially
expressing hairstyles, including hair vortex chaaastics, parted hair.
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In 2000, Hadap and Magnenat-Thalmann [4] basedhenflow layers, swirl wind and light
source around the block to capture hairstyles @mdlate hair shapes. In 2002, Anjyo, Usami
and T. Kurihara [5] have simulated hairstyles basednultiple light beams to obtain the strand
of hair styles. In 2004, Noble[6], Kim[7] and Xu[8las based on NURBS to represent hair,
interaction and simulation of hair motion. In 200#ong Chen and Zhu [3] have simulated
hairstyles by sketching the major hair curves basedector field to guide the strands of hair,
means that the authors have done sketch curvebaitstyles from real hair photos (Figure 1a),
means the vector field generated from set of samplkdors that distinguish different hair
positions (Figure 1b), finally, simulating hairstglfrom the vector field (Figure 1c).

(b)

Figure 1. Simulating hair based on vector field.

However, above research works concentrate justronlaing hairstyles, hair motion on
the basis of hair orientation based on vector fik&t is not performing all the characteristics of
hair as hair swirl,...

On the basis of the results of research works (9, the paper introduces the concept of
scalp model as a manifold in 3-dimensional spaeseB on the nature of the singularity of the
vector field on the manifold, the paper proposésia simulation technique on the scalp surface
model based on vector field on the manifold. Thus,can simulate appropriately the hair swirl
on the scalp model.

The remainder of the paper is shown as followsti@®@ presents some basic concepts of
manifolds, scalp surface model, vector fields, oedields on the scalp manifold. Section 3
proposes a hair express algorithm based on veelds fon the scalp manifold. Next is testing
and finally, conclusions and technical proposals.
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2. SCALP MANIFOLD
2.1. A number of related concepts
Definition 1 (Topological manifold) [11,12]

For M is a Hausdorff topo spacé.R chart on M is a pair (\§,), with V is an open set of
M, ¢:V -V’ is a homeomorphisrfrom V to a set of open V' of R

If (V,$) is a chart on M then with all XV, $(x) OV, ¢(x) = (x'x,....X")OR", and then, the
number of X i = 1,...,n is called the local coordinates of x.

If there is a family of maps {(M)} oy of M where (\)ig is an open cover of M then

{(Vi,9)} i is called a atlat (set of charts) of M. Topologjispace M has an atlas is called
topological k-manifold, where k is the number ofigbles used in expressing charts.

Definition 2 (Differentiable Atlat) [11,12]

For M is a topological k-manifold in spacé. Rtlat {(V;,0))}ic is a differentiable atlat of M,
If two arbitrary charts of atlat (Mb1), (V2,02) that VinV 20, ¢1:V1-V' 4, $2:Vo- V', , then
mapped:

¢2.¢1'1|¢1N10V2):¢1(VlnVz) - 02(V1nV,) is a differentiable mapping.

Figure 2 below illustrates about differentiableatiof M.

Figure 2. Differentiable Atlas of M.

Definition 3 (Differentiable Manifold) [11, 12]

For M is a topological k-manifold in space’,Rvith {(Vi,¢))}icr and {(V,,@))}j0; are
differentiable atlats of M. Then, M is called aféitntiable k-manifold, If {(V¢:), (V;,W)}ion, jow
is also a differentiable atlat.

Definition 4 (Vector Field) [11, 12]
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For M is a differentiable k-manifold in spacé. Rhen, X is called a vector field on a
manifold M, If X is a mapping from M to 'Rand changing each poinfJM into vector
X(p)UT,M, where TM is tangent space of X(p) at point p on M. FigBrieelow illustrates about
Vector field X(p) on manifold M.

Figure 3. Vector field X(p) on manifold M.
2.2. Scalp surface model
Definition 5 (Scalp surface model)

Scalp surface model C in spacgifRdefined by the following formula:
nowu+k_u nowv+k_v
2 Wiy Ny N iy (VP )

_ i=nowu-k_uj=now-k_v
C(U,V) - nowu+k_u nowv+k_v (11)

z Wi N (i.k_u) (u)N (ik_v) (v)

i=nowu-k_u j=nowv-k_v

where: + Control points are (n+1)(m+1).
+ nowu, nowv is the value of the order of considgreints at which the two variables are u, v.
+ Pyj are control points, yy is the weight corresponding to eagfy P
+ k_u, k_v is the degree of the basis functionthetwo regions u, v respectively.
+ N (1), Ny v(v) is the B-Spline basis functions correspondmhe two regions u, v.

Because two basis functions;N,(u) and N . (v) are represented by two identical
formulas, differing only in the indexes i, j andgdees k_u, k_v. So, this section only presents
equation describing the basis functiogxN(u) corresponding to the index i and degree k_u,
remaining equation describing the basis functiqp I\v) corresponding to the index j and
degree k_v is presented similar to the basis fandt; x_(u).

* Formula describing the basis functiop d\;(u) corresponding to the index i and degree k_u:
1:knot <u<knot,,

N(i 1)(U) =

' 0 :ul[ knot,knot,, )

u-knot
knOL k_u-1 - knOF

knot,, ,—u
knot,, , —knot,,

N(i,k_u)(u): N(i,k_u—l)(u)+ N(H,k_u—l)(u)
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where: + k_u is degree of the B-Spline basis fonstto the variable u.
+ kngtare knot vectors, is determined by the followiagrula:

0 O<i<k_u
knot =<(i-k_u+1)/(n-k_u+1) k_u<i<n
1 n<i<n+k_u

* Formula describing the basis functio dN,(v) corresponding to the index j and degree k_v:
1:knot <v<knot,,
N (W) =
’ 0:v0O[knot;, knot,,)

v-knot
knot,, ., —knot

knot,, , -V
knot,, , —knot,,

Neix vV = Nk vy (V) + N o1 _vgy (V)
Where: + k_v is degree of the Bu$pbasis functions to the variable v.

+ knot are knot vectors, is determined by the followiagniula:

0 0<j<k_v
knot ={(j—k_v+D/(n—-k_v+D) k_v<j<n
1 n<j<n+k_v

Figure 4 is scalp surface model C, with each pGy in surface (u,v), then there will be
corresponding point p’(x,y,z) on C in 3D space.

Figure 4. Scalp surface model C.
Corollary 1: The scalp surface model C is a differentiable 24fokhin space R

Proof. Indeed, based on the representation formula @fimition 5, function &, is expressed
on the sum of B-Splines. SoyG is a differentiable function with two variablesw,

Moreover, function &, is a differentiable mapping because it is expaksseB-Spline. So,
square mapping (u,v) with O<u<l, O<v<1 from 2D made3D scalp surface model is mapped
1-1. Thus, G, is a differentiable manifold, therefore, its imagelso a differentiable manifold.
Inferred that must prove: The scalp surface maldefined by ¢ ) with two variables u, v is a
differentiable 2-manifold in space€R
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3. HAIR SIMULATION ALGORITHM BASED ON VECTOR FIELD ON THE
MANIFOLD

In hair simulation, one of the indispensable taskgh are the modeling of the scalp
surface model, because the scalp surface whereghaws. So, modeling and control scalp
surface model has a key role to support the haiulsition and improve simulation efficiency,
expressing hairstyles and detailed characterisfibgir such as hair swirl, ...

In this section, this article will consider the thaerformance on the vector field on the
scalp manifold based on the idea of the PoincangfHc, 14, 15, 16] theorem, and considering
the surface of the scalp as a differentiable 2-folthin 3D space and studying characteristics
on the surface of the scalp, hair and hair swirbnghe surface of the scalp along with studying
the characteristics of the theory of manifold, wedtelds on manifolds to simulate hair swirling,
showing the correspondence between the actualiaudbasion models in terms of mathematical.

Several declarations and conventions

- Building exposure spaa®, whereq; is built based on the mean vector of the exposure

vectorsﬁ,— at each point PIC (scalp surface). In particular, the identificat’ﬁ,— at each point
P, can occur following three cases:

+ If points R are the vertexes of the scalp surface mesh C,ﬁjearre the exposure vectors
of triangles that share a vertex Phen, eachu; is the average dITX),- at each point;fFigure 5a).

+ If points R in each triangle, then eaﬁj is the exposure vectors of each that triangle.
Then, eachi; is aﬁ,— anda; are triangles (Figure 5b).

+ If points R belong to the edge of the triangles, tm_fx'pare the two exposure vectors of two
triangles that share a edge at pojnfTRen, eaclu; is the average of thi,- at each RFigure 5c).

Za,

7\

a) b) C) d)

Figure 5. Theexposure vectoT'Yj, axial coordinate®©zandC.

- Origin O coincides with the center of the scaldace C and axial coordinates Oz coincides
with the direction of the vector directi@® of C. In Figure 5d) including: points A, B respeely
the center of the top and bottom of theAB,is considered vector direction of the scalp serfac
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v are the unit vectors, length is 1 and the firstinppas R, direction V
same direction as the vect@B; (with O is the original coordinates).
- Vector field X consists of a set @&f exposure vectors. Vectovs are the image of the
vectorsv; with the first point R The vectors; are built by performing parallel projection T
with z-axis to the vectoig on the exposure space plane

a) Building exposure space with the  b) Building direction of the exposure vectaisis

average vectar; of the exposure the image of the vectows with the first point
vectorsTX; at each point;P Pi based on

Figure 6.Initializing the vector fieldX thatincludesexposure vectors;.

GHVF Algorithm (Generating Hairs based on Vectazlé executes hair simulation based
on vector field (The GHVF algorithm is also presehtn detail RAISE specification language
[17]), includes specific steps:

The first step is initial the exposure spageand vector field X, including exposure vectors
v, at each point PIC. Then, to calculate and chegk(P;)|, If v/'(P;)| = 0 then Pis a singularity
point and putting wirl at point;POtherwise, generating strands of hajratieach point PIC
corresponding to each exposure vegtorFinally, displaying strands of hair;ldnd XT on C.

Hair simulation algorithm based on vector field GHWF

Input: Scalp surface model C in spacé iR expressed by above definition 5, n is the
number of hairs (that want to initialize), Hair KT .

Output: n the number of hairs;ldnd Hair wirl XT are initialized on C.
The detailed steps of the algorithm:
Begin
Step 1: WithOROC
Building exposure spaag by calculating the average exposure veataf ﬁ,—.
I TX

1

m
where m is the number of exposure vec@at each point;PIC.
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Step 2: With OP,Uq;
Building the vector field X, including a set of versv’:
X=UiLy v

With the vectors;” are defined by the projection T that parallethe axis z to
the vectors/; ona; respectively¥;’ are the image of vectois by T).

Step 3 If [v{’(P;)|=0 then putting wirl XT at point;P is a singularity point).

Otherwise that is ¥;'(P;))|#0 then generating strands of hair & each point
P.OC corresponding to each exposure vegfoof vector field X at points P

Step 4: Displaying strands of hair;ldnd XT on C.

End.
Comments

The hair simulation algorithm based on vector fi@HVF ensure the soundness and the
correct result.

Indeed, as the number of hairs on the scalp su@ackeach person identified, so that the
number of vertices;Pn C is finite. This leads to the calculation loé¢ taverage exposure vector
u; always done.

The algorithm uses the projection T parallel to t#hexis, which means and vertical

direction, making the projector will always existi@ast one point;Rvherev;’ at [v;'(P;)|=0. This
is entirely consistent with actual per capita parspn (usually at least a swirling hair).

Corollary 2: On the scalp surface model C there exists at leastsingular point Pat which
Vi (P)|=0

Proof: Because the coordinate origin is chosen to coinaitle the center C, with the z-axis is
the vertical axis and the projection T for evergteev, to a; exposure plane is parallel to the z
axis (Figure 6).

On the other hand, the vectatshave the same direction and with the directiorthef
vectorsOP;, where O is the coordinate origin and Oz verticalb the vector®P; have the

original O,v; rooted at Pwill survive at least a direction vector which weides with the
direction of the Oz axis.

So, when making the projection T for every vegtaio contact plane; that parallel to the
z-axis, then there exists at least one positjat ®hich the projectios;’ of v; was destructively,
ie [v'(Py)| =Q

Detail specification on hair simulation algorithm GHVF

The GHVF algorithm is specificated detail RAISEdaage (Rigorous Approach Industrial
Software Engineering) [17]. The algorithm useshhBsic style of RAISE specification language
as: Nat-style as natural, Real-kind real numberit-type hollow, Bool - a logical, Point -
abstract style, Point-list style list.

The algorithm GHVF is specificated detail as follows:
schemeGHVF =
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class

type /* Scalp surface model C with a set of verticesapd surface */
C={|ps:Pointset-faceconstraint(ps)|},
Hairstrands, XT, [* Hairstyle, Hair Vortex XT */
Point=Real><Real><Real
C_Hair=C><Hairstrands><XT, /* Scalp surface C is coverred hair */
[* Create a UnitVector with lengths are equal t0,1.
First point pi of C and coincides with the directisector OP*/
UnitVector = {|(p,q):Point><Point:- distance(p,q)of}

value
faceconstraint:Poirget— Bool,
distance: Point><Point Real /* Two point distance*/
distance((x1,y1,z1),(x2,y2,z2p

sgrt((x1-x2)*(x1-x2)+(y1-y2)*(yl-y2) +(z1-z2) *(z%2)),

sgrt: Real- Real, /* 2 Square function*/
thuoc:Point><C»Bool, /*Function to determine the point on the surfacé C*
tiepxuc:UnitVector><C. Bool, /*Function for exposed vector with surface C*/
-: Point><Point Point, [* Subtraction of two points */
constraint:C_Hair Bool
constraint((headskinface, Hairstrands, Xi§)rue,
VFCreator: X- X, /* Initialize vector field*/
vi: Point->UnitVector,
+: Point><UnitVector Point,/* Plus a point with a vector*/

/* Construction of the exposure spagicbased on the average vector u of the
exposure vector at each point Pi*/

Tinh_u:C><Point><UnitVectohist><Nat->Pointdist
Tinh_u(c, p,TX,n,masu_TB
post (all i, j:Nat:- (i<=n)\(j<=m)=>(u_TB(i)=sum(TX(jym)),

[*Construction of exposure vector vi' is the vedioage through projection of T on
the exposure space plane/

Tap_vi:C->UnitVectorset
Tap_vi'(T,vi,Pi)asvi’ post(all T, vi:UnitVector, Pi:Pointtrue)
T_viisin T_vi'=> thuoc(p,c) Ntiepxuc((p,q),c),

/* Initialize vector field X on C including UnitVewrs with lengths is equal to 1.0,
first point p of C and the direction of X expostoeC */

X ={|(c,vs):C><UnitVectorset:- if vs={} then true else
all (p,q):vi:- (p,q)isin vs=>thuoc(p,c) Ntiepxuc((p,q),c)
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end [} *X-Vector Field */
constraint: X>< HairStrands Bool,
[*Constraint function between the vector fieldnd hair styling*/
HieuChinh: X>< HairStrands><X% X, /* Correction function X */
GHVF:C><HairStrands><XT X
GHVF(c,hairstrands,XTis let vf= VFCreator(c,{})
in HieuChinh(vf, hairstrands,XT) end
axiom
all (c,vs),(cl, vsl):X, hairstrands:HairStrands:-
HieuChinh((c,vs),hairstrands, XT)=(c1, vsl) =>
@ll (p,q): vi:- (p,q)isin vs N\
if (vi’ isin {}) \((p,q) ~isinvsl1) A\
let g1=p+v(p) in (p,ql)isin vslend
end
) \constraint((cl, vs1),hairstrands,XT)
/* Show headskinface surface scalp is coverred aadt vortex*/
all(headskinface, hair,XT):C_Hair:- constraint((hdanface, HairStrands, XT)}rue
end

4. EXPERIMENTS

GHVF Algorithm executes hair simulation on the pcalirface model of the Vietnamese
and was installed experiment on PC computer witkd G050 @1.60 GHz, 1 GB RAM by
Visual C++ software, OPENGL graphics library andhwi0.000 strands of hair, width = 2.0,
length = 1.0. Figure 7 is the result of hair maedel

Figure 7 illustrates hairstyles given from the aidpon GHVF with 10,000 strands of hair
initialized. Figure 7.a) shows hairstyles with afdifferent angles and the results show that the
hairstyles are consistent with Vietnam.

In fact, the research work of the authors in Viatnand the world, most of them do not
focus on detailed feature simulation on hair as haitex, parted hair,...[3, 4, 5, 7, 8], such as
the hair model on Figure 7.b) is hairstyle withoattex.

Simulating hairstyles with vortex as figure 7.chtributes to further improvement the hair
detailed features and support for hair simulatiobfems and virtual humans be more realistic.

So, we can say that the method proposed by the@muttave differences and advantages
than the methods of other authors [3, 7]: Simutetiovere swirling hair and identify the location
of vortex on hair scalp surface automatically tlgtouhe use of vector fields on manifolds.
While the proposals of other authors [3, 7] withasing vector fields on manifolds, so to
simulate vortex or the characteristic hair, hairrlimg and to determine the location hair
swirling is very difficult and they often chooseadlable one fixed position on the surface of the
scalp to put hair swirling. In fact, we can not dm® because each person has a different hair
swirling position.
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a) initial hair models

b) Hair model without wirl Efair model with wirl

Figure 7. hair models are simulated based on vector fialdhanifold.

To be able to see more clearly advantages of thpoged method in the author's article,
the following article offers some comparisons amdl@ations of image quality and timing
simulation of the proposed method with suggestarsther works, in particular:

a) The model's hair style
Chen and zhu [3] Kim and Neuman [7]

) The model's hair style

Figure 8 Some hairstyles.
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About simulation picture quality: The quality comparisons between the proposed adeth
in the paper with the methods of other authorgT3s very difficult, because each hair style of
each person in each country is different from ddpane on anthropology. So the hair can
simulate different, especially those features asdvarling. Furthermore, most of the buildings
in the world have not focused or interested in $atmog hair swirling, but the use of vector
fields on manifolds in simulation even without. Tékre, the comparison of quality between
the proposals in the paper with the other buildingte world are not appropriate.

Look at the pictures on Figures 8a) and 8b): Théhaakof the authors [3,7] just stop and
focus mainly on hair styling simulation, but not@is on hair swirling. Chen H. and Zhu [3]
Simulation hair styles by outlining the main haine based on vector field to guide gathers hair,
ie the authors performed sketch the curves, theshdés from actual hair photos (Figure 8a).

In terms of duration, speed of execution: The method proposed by the article would result
in much faster than the methodology of other wg#s7]. The method proposed in the paper
used for performing vector field, hair swirling sitation, specific points on the surface of the
scalp. The surface of the scalp which is definedNA\RBS modeling improved (Definition 5),
while the methods of other works [3,7] to use or&@iNURBS model:

= -—OWG’”N“*—W(U)Nu,k_v)(V)P(i,j)
C(U'V) == m]_ n (1.2)
2 2 WeinN G wy NG, (V)
i=0 j=0

The graph below proves the speed calculated bettfeemethod proposed in the paper
using impr(_)ved NURBS and original NURBS model.

Time

6 8 10 i2
— i
Impm__,e]dl}\IURBS 1:01:20 | 3:17:20 | 13:01:12 | 21:14:15

~8~ Oriein NURES (1.2} 1:20:00 531-19 16:11:22 26:31:21

Control points

In above chart 1, the comparison of the computatiore when simulation hair, hair
swirling using original NURBS (1.2) and NURBS impemnent (1.1) corresponding to four
different levels of the hair and control points86;10; 12.

Thus, the complexity is compared as above andhihe d, showing hair simulation using
NURBS modeling improvements in (1.1) have a hugeathge in terms of time than using the
original NURBS model in (1.2). Due to the introdoat of improved formula NURBS is
essentially domain reduce the influence of the roboints to a point under consideration, the
only changes were local and not affect the entijeaa.
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5. CONCLUSIONS

Hair simulation is an important task in the vitthaman simulation system, during hair
simulation, not only the time required to ensurat tthere are also required to express the
physical characteristics, chemical such as halestycolors, curves, twists, parting one’s hair
and hair swirl, ... and improving the quality ofnsilation.

This paper has proposed a hair simulation technaju¢he scalp surface model of the
Vietnamese based on the vector field on the mahdold the basis of the concept of the scalp as
a manifold in 3-dimensional space. Simultaneoushged on the nature of the singularity of the
vector field on the manifold to be able to simulte hair vortex properly.
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helped to author complete this paper quickly.
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TOM TAT

KI THUAT MO PHONG TOC VA XOAY TOC DUA VAO TRUONG VEC TO TREN
DA TAP

Nguyén Vian Huan

Truong Dai hoc Cong ngl thong tin va Trugn thong —Dai hoc Thai Nguyén, Xa QdyThing,
Thanh pla Thai Nguyén,/ibh Thai Nguyén

Email: nvhuan@ictu.edu.vn

Téc la nét thanh phn quan tong trong 18 thdng mé pléng con ngdi ao. Trong qua trinh
mo phong téc, khong niing yéu du dam bao thoi gian ma condoi hoi phdi biéu dién duoc
nhitng dac trung Vat li, hoa loc cia téc nhr kiéu dang, mau, do cong, xdn, toc & ngdi va k
ca xody toc,... nAm thé hién duoc tinh chan thc va nang cao éhlugng mé plng toc. Trong
khi, nhiing cong trinh nghiénuw da cong B ngay nay mi tap trung vao mé ping duoc nhitng
kiéu dang, chugn dong aia téc ma cha biéu dién dugc hét nhitng dic trung aia toc nhr xody
toc, ...

Bai bao naydua ra khai nim dadau nhr mot da tap trong khéng gian 3 cii. Dya vao tinh
chit vé diém ki d cia tnrong vect trénda tap, bai baadé xuit mot ki thuit mé phong toc trén
bé mat dadau dya vao twong vect trénda ap. Nhy d6, co tit mo phong dugc xody toc mt
cach phu bp.

Tir khéa:dadau, da tap, treong véc b, diém ki d, toc.
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