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Abstract This paper presented a modeling method based on L-W Surface. We ob-
tained our body CT data by CT scan, and get simulation manikin through the 3D
reconstruction. We gridded manikin by thermal environment of the digital home, then
build multi-scale coupling calculated model based on three-dimensional grid manikins
and 25-node physiological model. At last, this paper described the body’s adjustment
process from the physical point of view, and experimental results showed that the
performance of clothing’s heat and moisture transfer could be dynamically simulated
by computer. It also could get simulation effect of human heat and moisture feeling.

Keywords Heat andmoisture exchange . L-W surface . Functional garment CAD

1 Introduction

At the present time, numerical manikins in 3D functional garments CAD has been the
focus of research in engineering design and entertainment fields such as high-
performance swimwear design. The geometrical configuration, meshing in the pre-
treatment and numerical simulation in functional design analysis are necessarily rely
on the help of computer science. Based on the surface constructing theory of Bezier, B-
Spline and NURBS, Computer Aided Geometric Design (CAGD) played an important
role in numerical simulation. The industry already had some commercial platform used
to build realistic numerical manikins, such as Poser, Maya, and Rino. However, it had
no effective method to produce universal numerical manikins for style design (includ-
ing 3D virtual stitching) and thermal-moisture comfort analysis in 3D functional
garments CAD [1, 4]. Due to different operations has different requirements for
numerical manikins, we often need to repair or even re-build the numerical manikins.
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For example, thermal comfort simulation usually refers to the human body geom-
etry modeling, grid subdivision processing and thermal physiological behaviors regu-
lating. However, there exists geometrical and storage differences in these manikins in
different platforms. Hence, universal geometrical modeling methods are needed. Be-
sides, with the development the medicinal technology and the reduce of medical
equipment, amount of CT data can be obtained. The CT data with high accuracy
and high resolution is helpful for us to understand the distributions of body tissues as
well as helpful in human manikin modeling.

A feasible method to solve this problem is to improve the computing speed by
parallel computing method. The efficient parallel framework for HEVC proposed by
Yan C et al. [14–18] may give you a hint. In this paper, we proposed a new
algorithm in a general way which don’t need any repair or re-built.

Since rational L-W recurrence surface are generalization of many interpolation or approach
parameter surfaces (Bezier, B-Spline, NURBS surface) [8], these surfaces could be used to
establish universal storage data file format for different CAD systems, so that the high-speed
transmission and conversion of geometric graph of two and three dimension are obtained.

In this paper, our contributions are summarized as follows:
Firstly, we present a 3D dynamic model of heat and moisture transfer. The numerical

clothed-manikin is created and meshed by rational L-W recurrence surfaces in multivariate B-
form, 25-node and moisture physiology model. We integrate these three models to simulate
man’s thermal-moisture comfort.

We present a numerical simulation on the heat and moisture exchange between the
human body and its surrounding environment. By simulated the heat and moisture
transfer from the skin surface to surrounding airflow in the environment, we can
generate the 3D dynamic temperature distribution and moisture distribution on the
skin surface and in the environment. Figure 1 shows the framework of thermal
comfort research in this paper. The rest of this paper is organized as follows. The
definition of L-W surface is given in Section 2. The human body manikin geometric
model is constructed in Section 3. In Section 4, 25-node thermoregulation model is
introduced to describe the thermal regulation behaviors. In Section 5, experiments and
discussion are given. Finally, conclusion is drawn.

Fig. 1 The framework of thermal
comfort research
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2 L-W surface definition

L-W recursive surface is first put forward by Luo [8, 9, 12] to construct a general
curve surface expression, it takes the general storage file format and form of expres-
sion and it can eliminate the conversion error and lower efficiency between surfaces
indifferent CAD systems.

In this paper, we give the new form definition of L-surface and W-surface.
Definition 1: Given (n + 1)(m + 1)control vertexes in plane or spacePij(i = 0, 1, … , n;

j = 0, 1, … ,m), We assume m ≥ n, then

Rk;l
i; j u; vð Þ ¼

λi;k uð Þ;λi;k uð Þ� �
⋅
Rk−1;l−1
i; j u; vð Þ Rk−1;l−1

i; jþ1 u; vð Þ
Rk−1;l−1
iþ1; j u; vð Þ Rk−1;l−1

iþ1; jþ1 u; vð Þ

" #
⋅
ψ j;l vð Þ
φ j;l vð Þ

� �

where k ¼ 1; 2;…; n; l ¼ 1; 2;…;m;
i ¼ 0; 1;…; n−k; j ¼ 0; 1;…;m−l

Pi; j where k ¼ 0; l ¼ 0; i ¼ 0; 1;…;m

8>>>>><
>>>>>:

ð1Þ

where u ∈ [a, b] , v ∈ [a, b]
The surface Rn;m

0;0 u; vð Þis called the n ×mth rational L-surface, abbreviated asR(u, v).
Where

λi;k uð Þ ¼ γβk þ 1ð Þ uþ αlð Þ
αi þ βkð Þ γuþ 1ð Þ

μi;k uð Þ ¼ 1−γαið Þ βk−uð Þ
αi þ βkð Þ γuþ 1ð Þ

ψ j;l vð Þ ¼ hdl þ 1ð Þ vþ c j
� �

c j þ dl
� �

hvþ 1ð Þ

φ j;l vð Þ ¼ 1−hcj
� �

dl−vð Þ
c j þ dl
� �

hvþ 1ð Þ
Notice the coefficients.
γ ,αi , βk , h , cj , dl(i = 0, 1, … , n; k = 0, 1, … , n; j = 0, 1, … ,m; l = 0, 1, … ,m),
Obviously,

λi;k uð Þ þ μi;k uð Þ ¼ γβk þ 1ð Þ uþ αið Þ
αi þ βkð Þ γuþ 1ð Þ þ

1−γαið Þ βk−uð Þ
αi þ βkð Þ γuþ 1ð Þ ¼ 1

ψ j;l vð Þ þ φ j;l vð Þ ¼ hdl þ 1ð Þ vþ c j
� �

c j þ dl
� �

hvþ 1ð Þ þ
1−hcj
� �

dl−vð Þ
c j þ dl
� �

hvþ 1ð Þ ¼ 1

If 0 ≤ λi , k(u) , μi , k(u) ,ψj , l(v) ,φj , l(v) ≤ 1, the surface R
n;m
0;0 u; vð Þis called then ×mth rational

W-surface, abbreviated asW(u, v).
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Suppose Rn;m
0;0 u; vð Þ is the n ×mth rational L-surface, if γ ¼ 0; h ¼ 0;Rn;m

0;0 u; vð Þis called the
standard n ×mth rational L-surface, that is to say L-surface.

Now

Rk;l
i; j u; vð Þ ¼

λi;k uð Þ;λi;k uð Þ� �
⋅
Rk−1;l−1
i; j u; vð Þ Rk−1;l−1

i; jþ1 u; vð Þ
Rk−1;l−1
iþ1; j u; vð Þ Rk−1;l−1

iþ1; jþ1 u; vð Þ

" #
⋅
ψ j;l vð Þ
φ j;l vð Þ

� �

where k ¼ 1; 2;…; n; l ¼ 1; 2;…;m;
i ¼ 0; 1;…; n−k; j ¼ 0; 1;…;m−l
Pi; j k ¼ 0; l ¼ 0; i ¼ 0; 1;…;m

8>>>>><
>>>>>:

ð2Þ

where
λi;k uð Þ ¼ uþαið Þ αi þ βkð Þ μi;k uð Þ ¼ βk−uð Þ αi þ βkð Þ
ψ j;l vð Þ ¼ vþc jð Þ c j þ dl

� �
φ j;l vð Þ ¼ dl−vð Þ c j þ dl

� �
Definition 2: Transform from Bezier surface to L-Surface and W-Surface. The recurrence

form of Bezier surface can be shown as follows.

Vk;l
i; j u; vð Þ ¼

1−u; u½ �⋅ Vk−1;l−1
i; j u; vð Þ Vk−1;l−1

i; jþ1 u; vð Þ
Vk−1;l−1
iþ1; j u; vð Þ Vk−1;l−1

iþ1; jþ1 u; vð Þ

" #
⋅ 1−v

v

� �

where k ¼ 1; 2;…; n; l ¼ 1; 2;…;m;
i ¼ 0; 1;…; n−k; j ¼ 0; 1;…;m−l
Pi; j k ¼ 0; l ¼ 0; i ¼ 0; 1;…;m

8>>>>><
>>>>>:

ð3Þ

u∈ 0; 1½ �; v∈ 0; 1½ �

Let γ = 0 ,αi = − 1 , βk = 0 , h = 0 , cj = − 1 , dl = 0

i ¼ 0; 1;…; n; k ¼ 0; 1;…; n; k ¼ 0; 1;…;m; l ¼ 0; 1;…;mð Þ

Then λi , k(u) = 1 − u , μi , k(u) = u ,ψj , l(v) = 1 − v ;φj , l(v) = v .
Obviously,Gn;m

0;0 u; vð Þ ¼ Vn;m
0;0 u; vð Þ, therefore Bezier surface is a standard L-surface.

Asu ∈ [0, 1] , v ∈ [0, 1] , 0 ≤ λi , k(u) , μi , k(u) ,ψj , l(v) ,φj , l(v) ≤ 1, therefore Bezier surface is
also a standard W-surface.

Definition 3:Transform from discrete B-spline surface to L-surface. Given (n + 1)(m +
1)control vertices Pi , j(i = 0, 1, … , n; j = 0, 1, … ,m)in the space or plane, arbitrary fixed
parameter u ∈ [ur, ur + 1] , v ∈ [vp, vp + 1] ; s ≤ r ≤ n , q ≤ p ≤m.
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The r × psection of n × qth discrete B-spline surface can be recurrently shown as follows:

Rk;l
i; j u; vð Þ ¼

u−ui
uiþr−k−ui

;
uiþr−k−u
uiþr−k−ui

� �
⋅
Vk−1;l−1
i; j u; vð Þ Vk−1;l−1

i; jþ1 u; vð Þ
Vk−1;l−1
iþ1; j u; vð Þ Vk−1;l−1

iþ1; jþ1 u; vð Þ

" #
⋅

v−v j
v jþp−q−v j
v jþp−q−v
v jþp−q−v j

2
64

3
75

where k ¼ 1; 2;…; r−1; l ¼ 1; 2;…; p−1;
i ¼ r−s−1;…; 2r−s−k−2; j ¼ p−q−1;…; 2p−q−l−2
Pi; j k ¼ 0; l ¼ 0; i ¼ s−r þ 1; s−r þ 2;…; s;

j ¼ q−pþ 1; q−pþ 2;…; q;

8>>>>>>>>><
>>>>>>>>>:

ð4Þ

We made subscripts transformation on definition 1 as follows:
i ¼ iþ s−r þ 1ð Þf n ¼ r−1 j ¼ jþ q−pþ 1ð Þf m ¼ p−1

Furthermore, let γ = 0 , ∂i = − ui , βk = ui + r − k , h = 0 , cj = − v , dl = vi + p − q.
ObviouslyGn;m

0;0 u; vð Þ ¼ Rn;m
0;0 u; vð Þ, therefore discrete B-spline surface section is also a

standard L-Surface.
Surface representation is closely related to the choice of parameter region. If the rectangular

parameter region is selected, the tensor product or Boolean form is usually used to construct
the surface. If the triangle region is chosen, the direct-order construction method is adopted.

Definition 4: Set dαjjαj ¼ n;α∈Z3
þ

� 	
as the vertex of the characteristic network on the

triangle domain.

d0α ¼ dα



α



 ¼ n;

drα u; v;wð Þ ¼ Lrα uð Þdr−1αþ J 0 u; v;wð Þ þMr
α vð Þdr−1αþ J 1 u; v;wð Þ þ Nr

α wð Þdr−1αþ J 2 u; v;wð Þ;
Lrα uð Þ þMr

α vð Þ þ Nr
α wð Þ ¼ 1; r ¼ 1; 2;…; n;




α



 ¼ n−r:

8>><
>>:

ð5Þ

This is define as a n steps recursive surface in the triangular domain. And
Lrα uð Þ þMr

α vð Þ þ Nr
α wð Þ≡1; r ¼ 1; 2;…; n; jαj ¼ n−r. I f t h e c o m p o n e n t α i n

Lrα uð Þ;Mr
α vð Þ;Nr

α wð Þ r ¼ 1; 2;…; nð Þis less than 0,Lrα uð Þ ¼ 0;Mr
α vð Þ ¼ 0;Nr

α wð Þ ¼ 0.
If
Lrα uð Þ ¼ arαuþ brα;M

r
α vð Þ ¼ crαvþ drα; L

r
α uð Þ ¼ Nr

α wð Þ ¼ erαwþ f rα ¼ 1−Lrα uð Þ−Mr
α vð Þ

the dnα u; v;wð Þ jαj ¼ 0ð Þis called as n sub recursive surface.
Definition 5: N sub recursive surfaces in the triangular domain dnα u; v;wð Þ jαj ¼ 0ð Þ,if Lrα uð Þ

;Mr
α wð Þ;Nr

α vð Þ coefficient arα; brα; crα; drα can satisfies the situation that cam be shown as follows.

arαþ J 0b
rþ1
α ¼ brαþ J 0a

rþ1
α ; arαþ J 1b

rþ1
α ¼ brαþ J 1a

rþ1
α ;

crαþ J 1d
rþ1
α ¼ drαþ J 1c

rþ1
α ; crαþ J 2d

rþ1
α ¼ drαþ J 2c

rþ1
α ;

arαþ J 2 1−brþ1
α −drþ1

α

� � ¼ arþ1
α 1−brαþ J 2−d

r
αþ J 2

� �
;

crαþ J 2 1−brþ1
α −drþ1

α

� � ¼ crþ1
α 1−brαþ J 2−d

r
αþ J 2

� �
;

arαþ J 0 1−brþ1
α −drþ1

α

� � ¼ arþ1
α 1−brαþ J 0−d

r
αþ J 0

� �
;

crαþ J 0 1−brþ1
α −drþ1

α

� � ¼ crþ1
α 1−brαþ J 0−d

r
αþ J 0

� �
;

8>>>>>>>>>>><
>>>>>>>>>>>:

ð6Þ

Where arþ1
α ; crþ1

α ; arαþ J i ; c
r
αþ J i≠0 i ¼ 0; 1; 2ð Þ,the surface dnα u; v;wð Þ jαj ¼ 0ð Þis called

triangular domain rational L-surface.
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If 0≤Lrα uð Þ;Mr
α wð Þ;Nr

α≤1,the gotten surface d
n
α u; v;wð Þ jαj ¼ 0ð Þ is called the triangular

domain rational W-surface.
Definition 6: Transform from Bezier surface to L-surface in the triangular domain. Now we

take the recursive form of the three B-B surface as an example. Three B-B surfaces of
recursive form can be shown as follows.

d0α u; v;wð Þ ¼ dα



α



 ¼ 3;

drα u; v;wð Þ ¼ udr−1αþ J 0 u; v;wð Þ þ vdr−1αþ J 1 u; v;wð Þ þ wdr−1αþ J 2 u; v;wð Þ;
uþ vþ w ¼ 1; r ¼ 1; 2; 3;




α



 ¼ n−r:

8>><
>>:

ð7Þ

As long as given Ln0;M
n
0;N

n
0 and Kr

j;0;0;G
r
0; j;0; I

r
0;0; j;.

kr0; j;0; g
r
0;0; j; i

r
j;0;0; j ¼ n−r; r ¼ 2; 3;…; n;we can determine the Lrα;M

r
α;N

r
α jαj ¼ n−rð Þ.

L e t Lrα ¼ u;Mr
α ¼ v;Nr

α ¼ w jαj ¼ 3−r; r ¼ 1; 2; 3ð Þ:T h a t i s

L30;0;0 ¼ u;M 3
0;0;0 ¼ v;N 3

0;0;0 ¼ w; uþ vþ w ¼ 1a n d

Kr
j;0;0 ¼ kr0; j;0 ¼ Gr

0; j;0 ¼ gr0;0; j ¼ I r0;0; j ¼ iri;0;0 ¼ 1; r ¼ 2; 3; j ¼ 3−r.
Therefore Three B-B surfaces of recursive form is a L-surface, so we could know Bezier

surface is also a L-surface in the triangular domain.
The above is the mathematical modeling method, and the experiment data obtained through

the 256-slice CT scan. We use the new algorithm proposed by us to carry out three-
dimensional reconstruction, getting a numerical manikins, and everyone’s CT data could be
directly converted into a 3D reconstruction model.

The construction and grid of the numerical CT data is the most common physio-
logical data and it is helpful for us to understand the human body constitutes as well
as tissue distributions. On basis of the geometric definition of L-surface and W-
surface and the collected CT data, we construct a compact human body model which
aims to used in human thermal comfort evaluation.

Instead of using a human body model, which is uniform material, teapot-like closed surface
in the CTM model proposed by Murakamis et al. [10], we use the NURBS curve model to
generate the outline contour of the human body and then generate the human body shape
surface. The geometric model is generated by the contour surface of the human body and then
divided to form the files we need. In this way, we realized a transformation from the CTM
model to a numerical manikin. The specific implementation steps are as follows:

1) Carry out CT scans on human body, and classify the scanned CT data according to the
height value of each body points. so as to build the topological geometry relationship
between the deformation data.

2) Filter the CT data which significant influence on the shape of human body and take use of
definition of L-surface and W-surface to construct human body model. The human body
shape surface can be shown in Fig. 2.

3) Generate the human body shape surface and solid simulation model, shown in Fig. 3 and
Fig. 4.

4) Mesh on the human body and the surrounding environment. The triangle mesh subdivi-
sion technology combined with quadrilateral mesh subdivision method are used and the
meshed model is shown in Fig. 5.
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As the workload of Binput patch^ method for modeling is very large, and the loss of data
points is much more, it could not be able to constitute an ideal volume for calculation grid. So
we used the method from bottom to top, using the geometric modeling method to build the
human body model. We input the horizontal scanning coordinates of data point of human body
through the layers of data points to the surface of the human body, and generate the closed
contour surface geometry as shown in Fig. 2 and Fig. 3.

Due to the irregular curvature distribution of the geometrical model of the human body, it is
difficult to grid the human model with the same standard. While the size of grid was too large,
it would inevitably result in the low efficiency and low accuracy during numerical simulation.
Hence, a moderate intermediate is given to obtain the distribution of the grid, a variety of

Fig. 2 Human body contour
line(half body)

Fig. 3 Human body contour
surface
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standard grid divisions are adopted to find a suitable match to relieve the contradiction of the
computation and accuracy [11].

The numerical manikin can not be distorted, and looks like a human body. This
paper is the study of human cognition and exchange under the dress form. Therefore,
it is necessary to have dress numerical human body model, and to ensure that the
structure of the human body model can be carried out in the grid, the grid is
prerequisite for numerical analysis.

In order to carry out thermal comfort research, we have to set up a geometric model of the
human body and the surrounding environment in the digital home environment, as shown in

Fig. 4 The geometric model of
the human body and the
surrounding environment

Fig. 5 Human body surrounding
environment after split
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Fig. 4. The environment relates to the human body, clothing, body-clothing microenvironment
and the surrounding environment with large scale difference in the thickness and the curvature,
there is no effective meshable dominant human body-clothing-environment geometry yet.
Therefore, the grid of human-body environment model shown in Fig. 5 was produced by the
Gambit, for the sake of clarity, we only gave a part of the grid, and take the impact of clothing
into account of the following analysis module.

Due to the complexity of the geometrical model of the human body, which has
irregular curvature distribution, it is difficult to use the same standards to the grid. If
the size of grid was too large, it would inevitably result in the low efficiency of
numerical simulation; otherwise, the accuracy would be reduced and could not reflect
the simulation well. In Fig. 5, joined a moderate intermediate to obtain the distribu-
tion of the grid, using a variety of standard grid division as step 4 has mentioned, it
could relieve the contradiction of the computation and accuracy [11], but we need to
find a suitable match.

3 Human thermoregulation model

The human thermoregulation mechanisms directly affects the thermal status and the thermal
comfort can be evaluated on the basis of the thermal status especially the temperature and
sweat distributions of body.

25-node thermoregulation model has become the standard of anatomy method to
simulate the human thermal regulation mechanisms [7, 19]. It is applied in our work
to study the thermal behaviors under various circumstances. 25-node model is usually
modeled from two aspects: passive system and control system. Passive system de-
scribes the person’s own mathematics geometric model and heat transfer model.
Control system describes the temperature regulating mechanisms such as sweating,
trembling, change of heat flow, etc. The mathematical models are given as follows.

Passive system:

Cp;n
dTn

dt
¼ Mn−Bn−Kn−Rn−Cn− En þ Eresð Þ;

n ¼ 1; :::; 24; p ¼ 1; 2; 3; 4

Cb
dTb

dt
¼ ∑

24

n¼1
Bn

ð8Þ

Control system:

en ¼ Tn−Tn;set

where, Cp,n and Cb are the thermal capacity of body points and central blood, Mn is the
metabolic heat production, Bn is thermal exchange between body nodes and central blood, Kn is
the heat loss by work, Rn is the heat loss by radiation, Cn is the heat loss by conduction, En is the
heat loss by evaporation, and Eres is the heat loss by respiration. en is the error signal of
thermoregulation system. Tn is the current temperature, Tn,set is the threshold of the human body.

From this mathematical model, a large number of human physiological vitals can
be simulated. According to these simulation results, we evaluate the human thermal
comfort by the reference of Du [13] and Jia [5].
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4 Numerical analysis results

The calculation models used in this paper were k − ε model to simulate the air
turbulent environment, diffusion model that mimics the mixture of water vapor
exchange system, and Gagge 24-node model to simulate the human body’s own
thermal physiological regulation [7, 19]. The user defined function (UDF) would be
three models in the human body-environment of the contact boundary interface. At
present, the analysis on the heat and moisture exchange numerical simulation model
of the human body-environment, with no explicit consideration of the geometry of the
clothing, just relied on the use of the physical model of clothing thermal resistance
parameters [2, 3, 6]. This kind of consideration could not simulate the dynamic heat
and moisture exchange phenomenon in the dressed state. How to construct the dressed
human body model was a difficult problem in the analysis of heat and moisture.
There were two possible solutions to the problem of clothing, one was the geometric
model of the dominant structure clothes, the other was the model of the hidden
structure clothes. The hidden structure of the clothing was reflected in the definition
of the inner and outer surface layer of manikin with different material properties,
specifically, the outer surface was defined as garment property and the inner one as
the skin. In this way, we defined and introduced the clothed-manikin.

In this section, we show some visualization results of the body temperature and humidity
distributions. Assume that people with 1.651 m, 65.5 kg stands in a ventilation room, the room
temperature is 303 k, the relative humidity is 9.5 g/kg, and the wind velocity is 0.12 m/s. We
simulate the thermal status by computer.

4.1 Simulation result

Body surface temperature is distributed in [303.34, 303.345]. As shown in Fig. 6, the
body surface temperatures are distributed unevenly, red yellow and green are more,
and the blue was less. The temperature of red was mainly in [303.3446, 303.34464],
the temperature of yellow was mainly in [303.34363, 303.34369], the temperature of
green is mainly in [303.34277, 303.3428], and the temperature of blue was mainly in
[303.34186, 303.34189].

The environment temperature is distributed in [301.50, 302.07]. As we can see from the
Fig. 7, the surrounding environment of the body is mainly composed by red/pale red/brown,
the edge of the environment is composed by yellow/green/blue. The red areas represent the
temperature in [302.013, 302.0415], the pale red areas represent the temperature in [301.9845,
302.013], the brown areas represent the temperature in [301.95599, 301.9845], the yellow
areas represent the temperature in [301.87051, 301.89902], the green areas represent the
temperature in [301.84201, 301.87051], the blue areas represent the temperature in
[301.5284, 301.55701].

Humidity on the surface of the body is mainly distributed in [0.817433, 0.817490],
due to the effective number of reasons fail to show in Fig. 8. As we can see from
Fig. 8, it is mainly composed of distribution of red yellow, green and blue. Red is
distributed in the body, the moisture of red is mainly within [0.81748402,
0.81748402], the moisture of yellow is mainly in [0.81747502, 0.81747502], the
moisture of green is mainly in [0.81746, 0.81746101], the moisture of blue is mainly
in [0.81744403, 0.81744498].
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The humidity of environment is mainly distributed in [0.60, 0.72]. As shown in
Fig. 9, the distribution of the environmental moisture is not uniform and the level is

Fig. 7 The temperature
distribution of the environment

Fig. 6 The temperature
distribution on the surface of the
human body
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clear, the lower left corner of the air inlet has the lowest moisture, that is, the sky
blue in Fig. 9. From the outside to the inside of the moisture are respectively in
[0.61199999, 0.61799997], [0.91799997, 0.62400001], [0.62400001, 0.63], [0.63,

Fig. 8 Moisture distribution on
the surface of the body

Fig. 9 Moisture distribution of the
environment
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0.63599998]. The lower left of the green area of the moisture is distributed in
[0.618,0.65399998], the lower right corner of the shallow green area of moisture is
distributed in the [0.6719999,0.67799997], the lower right corner of the yellow area
of moisture is distributed in the [0.67799997,0.68400002], the yellow area of the top
of the head is distributed in [0.67799997,0.68400002], the light blue area of the top
of the head is distributed in [0.67199999,0.67799997], the red area of the body
surface is distributed in [0.708,0.71399999], the brown area near the body is distrib-
uted in [0.69,0.69599998] and the brown area of the moisture is distributed in
[0.68400002,0.69].

The moisture of body surface is mainly distributed in [0: 817433; 0: 817490]
which fail to show in Fig. 8 due to the limit of significant digits. In Fig. 8, it is
mainly composed of red, yellow, green and blue, the red is distributed throughout the
body. Where the red represents the moisture is mainly within [0.81748402,
0.81748402], the yellow for [0.81747502, 0.81747502], the green for [0.81746,
0.81746101], the blue for [0.81744403, 0.81744498].

The moisture of environment is mainly distributed in [0.60, 0.72]. In the Fig. 9,
the distribution of the environmental moisture is not uniform and the level of color is
clear, the air inlet, the area of azure color in bottom left corner of the Fig. 9, had the
lowest moisture. In the following, we’ll explain the moisture distribution in detail. In
the bottom left corner, the moisture of the azure area is respectively within
[0.61199999, 0.61799997], [0.61799997, 0.62400001], [0.62400001, 0.63], [0.63,
0.63599998] from the outside to the inside, the green area is within [0.618,
0.65399998]. In the bottom right corner, the moisture of shallow green area within
[0.6719999, 0.67799997], the yellow area is [0.67799997, 0.68400002]. In the top,
the yellow area is [0.67799997, 0.68400002] and the light blue area is [0.67199999,
0.67799997]. In the body part, the red contour of the manikin is [0.708, 0.71399999],
the brown area nearby is [0.69, 0.69599998] and the light brown area is [0.68400002,
0.69].

4.2 Discussion

The CTM model suggests that the complex physical shape of the human body
influences the heat and moisture exchange of the body and the environment, and
the temperature distribution of the body surface and environment is not uniform. Just
as shown in the above figures. The temperature of body surface is distributed in
[303.341, 303.345], higher than the initial skin temperature which is 303 K, indicating
that the human skin is endothermic in the heat exchange process. While the environ-
mental temperature, with the initial temperature of 303 K, distribution in [301.50,
302.07], indicating that the environment in the heat exchange process loss of heat.

From the Fig. 6 and Fig. 7 we could know that the temperature exchange of manikin and
environment is not obviously.

In Fig. 8 and Fig. 9, the moisture distribution of environment and body surface is
uneven. The initial absolute moisture of body surface is 0, while after simulation, it’s
mainly distributed in [0.817433, 0.817490], this shows that the skin with adsorption.
While the environment moisture is mainly distributed in [0.60, 0.72], this shows that
the moisture spread, a part of the moisture was taken away, resulting in the body
surface moisture higher than the body’s surrounding environment.
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5 Conclusion

In this paper, we establish a new three-dimensional human body meshed parametric
model based on L-W surface and the CT data which considers the body heat
regulating system and environmental Multiple factors to do thermal comfort simula-
tion. The new model could simulate heat and moisture exchange process between
human body and environment. The main features are simplified and efficient three-
dimensional model. It could better reflect the good simulation process. Although the
process described in this chapter is feasible, and its performance is directly influenced
by the geometry of the numerical model of the human body. For example, the number
of hidden grid construction and garment geometric model directly affects the numer-
ical simulation of the efficiency and accuracy. The universal values of human manikin
directly impact on the further development of three-dimensional functional clothing
CAD. The relevant difficulties in this field also need to be further in-depth study. It’ll
be researched in the future paper.
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