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Abstract: Clothing structure design is a key link in the clothing manufacturing process, and the traditional design
methods rely on the experience and skills of designers. With the development and application of digital technology
in the apparel industry, it has greatly promoted the innovation and development of apparel manufacturing. In this
paper, we combine the depth estimation and vision controller methods to construct an image Jacobi matrix to realize
the control of the hand-eye mapping relationship of the robot's visual servo, which represents the mapping
relationship between the robot's joint speed to the end speed. Using Kalman filtering algorithm, the image Jacobi
matrix to be estimated is used as the system state to estimate the system state, so as to achieve the control of the stitch
and displacement of the garment sewing, and, at the same time, capture the visual information contained in the
garment to optimize the design of the garment structure. For the optimized designed garments using the Jacobi
matrix, 4# has the highest mean comfort rating of 4.5 and above. The mean value of satisfaction evaluation for ease
of movement and overall comfort of the optimized garment went up to 4. It is evident that the overall comfort of the
garment optimized by the image Jacobi matrix algorithm has been significantly improved.
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1. Introduction

Clothing, which began as simple leaf coverings, has evolved far beyond its practical functions to
embody people's beliefs and values. The development of clothing has become an art form, blending
material elements with spiritual ones to provide aesthetic enjoyment [1-2]. In the field of clothing design,
innovation is indispensable, whether in ready-to-wear or haute couture. Only through continuous
innovation can one create their own unique clothing. As a designer, finding the right creative direction
requires constant practice and accumulation [3-4]. Designers draw their practice and accumulation from
the details of daily life; only life can continuously inspire designers.

Modern clothing engineering consists of three major components: style design, structural design, and
process design. Structural design is a crucial component of clothing engineering [5]. Through structural
design, three-dimensional clothing shapes are converted and decomposed into two-dimensional graphics,
enabling precise adjustments to achieve an ideal, flattering silhouette. Additionally, structural design
provides precise and reasonable patterns for sewing and processing—these patterns serve as essential
references for cutting and sewing the various components of clothing. Clothing structural design serves
as a bridge between clothing style design and process design, acting as an extension of style design and
the foundation of process design, playing a pivotal role in connecting the two [6-8]. The results of
clothing structural design directly impact the functionality and aesthetics of clothing.

As a science studying the interaction and optimization between humans and other elements,
ergonomics aims to enhance the efficiency and safety of human activities while reducing fatigue and
discomfort associated with such activities [9]. Therefore, clothing designers should recognize the
importance of ergonomics, deeply understand the dynamic relationship between clothing and the human
body, and use scientific design methods to enhance the wearing experience of clothing and make it
adaptable to different physical activities [10-12]. The emergence of new materials and technologies has

@3-% Copyright: © 2026 by the authors




opened up broader development prospects for modern clothing design. The application of these
technologies and materials has enhanced the functionality of clothing and, through data integration
technology, strengthened its interactivity [13-15]. Although technological advancements have opened
new possibilities for clothing design, how to effectively integrate these technologies into the framework
of ergonomics to design clothing that both adheres to ergonomic principles and meets modern functional
requirements remains a critical issue that designers must address urgently.

The Jacobian matrix algorithm is an iterative numerical method used to solve nonlinear systems of
equations, approximating the roots of the problem by linearizing the system of equations, and can be
applied in engineering. Reference [16] addresses the issue of eigenvalues and their corresponding
eigenvectors being arranged in a disordered manner in the traditional Jacobian algorithm, proposing an
improved Jacobian algorithm that can obtain eigenvalues and eigenvectors in descending order.
Reference [17] derives various properties of similarity transformations between Jacobian matrices and
proves these properties through simple matrix calculus.

Modern clothing design is moving toward smarter, more sophisticated, and more convenient
directions. Reference [ 18] proposes a new interactive design method for custom clothing oriented toward
sustainable fashion. It estimates human body dimensions while meeting consumers' ergonomic
requirements, generates design schemes based on a GA model, and evaluates clothing fit through a
probabilistic neural network. This method was validated in an actual application case of customizing
casual pants. Literature [19] employs parametric design for clothing and implements an automatic pattern
generation method based on Python. This design method offers high accuracy and comfort while
reducing resource consumption, contributing to the sustainable development of the clothing industry.
Literature [20] emphasizes the connection between morphological contours and human body
measurements, designing and implementing a digital clothing design technology in the
three-dimensional pattern-making process. This technology controls the fit of three-dimensional clothing
by adjusting human body morphology to determine ease. Literature [21] describes each clothing
modeling element based on the construction of three-dimensional virtual human models and ease models,
combining them into two interconnected sub-models to achieve virtual clothing model design. Literature
[22] analyzes the application characteristics and issues of three-dimensional clothing virtual design
technology from the perspective of its development and trends, exploring ways to promote the
comprehensive integration of the talent supply chain and the fashion industry chain, as well as the
cultivation of application-oriented, composite talent.

In this paper, the depth estimation method is used to calculate the value of the image Jacobi matrix at
the current moment according to the camera imaging model, and the robot's moving speed is controlled
by the Jacobi matrix. Combining the robot Jacobi matrix and the visual projection mapping
transformation equation, the relationship between the robot joint motion speed and the image feature
motion speed is obtained, so as to establish the mapping model from the robot joint motion space to the
image feature space. On this basis, the Kalman wave theory is introduced for online estimation of the
system state to achieve continuous matching in the image and tracking of the robot. The designed
optimization model is used to control the stitching and displacement in the sewing process of the garment,
to identify the garment style, to carry out the visual evaluation of the garment, and to complete the
optimization and transformation of the garment design. The comfort and satisfaction assessment of the
garment samples are tested through simulation experiments to further optimize the garment structure
design.

2. Clothing Structure Design Based on Jacobi Matrix Optimization Algorithm
2.1. Depth Estimation Method and Visual Controller Design
2.1.1. Depth Estimation Methods

The camera eye is mounted on the hand as shown in Fig. 1, assuming that p,, p, are two points on
the surface of the object, whose coordinates under the camera coordinate system are
p,=(x,5,2), P, =(x,,,2,), I, is the distance between the two points p,, p, , the coordinates
of the points p,, p, in the camera coordinate system are unknown, but the distance / between these two

points is known. It is obtained based on the geometric relationship:

l:\/(x1_x2)2+(y1_y2)2 +(Z1_Zz)2 (1)
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Figure 1. Shows a robot model with eyes on the hand.

Assume that the coordinates of the two points p,, p, in the pixel plane are (u,,V,), (4,,V,) , which

can be obtained from the camera imaging model:

[ x
b,
u | 2
¢ =t @)
V.
! f&+v0
L 4
[ x
=+,
u z
{ 2} =t 3)
v
2 f&+v0
L %
Simplify the above formula:
”1 Uy —u,
t| o |=t 4
Lﬁ_ LV _Vo}
; u, _, u, —u, &)
v, 1 "%
{M =l ©)
M f_Vlzl
{xz _ 1| u,z, o
Ya f_szz

Substituting Eq. (7) into Eq. (1) yields:
(y +v+ 1)z +(y +v, + )z
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Usually the surface of the object is in parallel with the camera, and the depth values of each feature

®)

point can be considered equal in magnitude, i.e., Z; = z, . Equation (8) can be simplified:
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The value of depth z is obtained from equation (9):
z:ﬂ/\/(ul—u2)2+(v1—v2)2 (10)

Combining Eq. (5) and Eq. (7) yields:
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The size of the depth z can be solved according to equation (9) when the geometry of the object is
known. The value of X, ) can be solved by Eq. (11), and the value of the image Jacobi matrix at the

current moment can be calculated by substituting the solved z, X, ) into Eq. (1). The current moment
robot end velocity magnitude can be solved by equation (12).

v=kape (12)

where k » is the scale factor, J » is the image Jacobi matrix, and € is the rate of change of image

features.
In robotics, the robot Jacobi matrix is often used to relate the robot end velocities to the velocities at
each joint of the robot, as shown in equation (13):

% ="J(0)0 (13)

where J(8) is the robot Jacobi matrix, which can be solved based on the current joint angles of the robot

and the DH parameters [23].

The velocity at the end of the robot can be solved by Eq. (12), and the velocity at each joint of the
robot can be solved by substituting the velocity at the end of the robot into Eq. (13), as shown in Eq. (14).
Integrate the speed of each joint to obtain the size of the angle value of the robot for that rotation, and
send the angle value down to the controller to drive the robot to move to the next position:

0=J(0)"v (14)

2.1.2. Visual Controller Design

The robot motion is realized based on the GALIL motion control card used in the robot of this
experimental platform. Using the interface provided by the control card, the TCP/IP communication
protocol is used to enable the host computer to send angle data to the control card, thus realizing the
motion control of the robot.

GALIL motion control card provides a wealth of robot motion control function interface, according
to the needs of this experimental platform, in the host computer to complete the image acquisition and
feature extraction to get the image plane error, and then the use of non-calibrated visual servo algorithms
to calculate the robot joints incremental angle, then, only need to send the angle incremental to the
control card, so that the control card to control the robot movement can be. The main functions used in
this experiment are the multi-axis relative motion instruction, which lets the specified joint motors move
a given number of pulses relative to the current position. The number of pulses 7 is calculated by
equation (15):

-0
n=A0 re (15)
2r
where A8 is the angular increment calculated by the algorithm, and ¥, is the resolution of the motors
and the reduction ratio of the robot joints, respectively.

2.2. Deep Learning Based Image Jacobi Matrix Model Construction

2.2.1. Kalman Filtered Image Jacobi Matrix

Currently, the image Jacobi matrix is one of the most widely used hand-eye mapping relationship
models in the field of robot vision servoing. The image Jacobi matrix model was first proposed by Weiss
and is defined as follows:
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where f € R™ is the image feature parameter vector, representing 7 image feature parameters,

r € R" is the coordinate parameter of the robot's end in the task space, and J,(r) € R™" is the image

Jacobian matrix, which reflects the differential mapping relationship between the robot's movement
space and the differential mapping relationship between the robot motion space and the image feature
space, also known as the interrelationship matrix, B-matrix.

Since the control quantity of a part of the robot system is the joint motion velocity, it is necessary to
establish a differential mapping relationship between the joints and the ends of such systems:

r=J.-q (17)

where ¢ € R” is the velocity vector of motion in the p -dimensional robot joint space. 7 is the end

velocity of the robot in the robot's task space, and J, , often called the robot Jacobi matrix, represents the

mapping relationship between the robot's joint velocities to the end velocities in the following form:
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Combining the robot Jacobi matrix equation (18) and the visual projection mapping transformation
equation (16), the relationship between the robot joint motion velocity and the image feature motion
velocity can be obtained:

f=JF=JJ g (19)

Let J = JI.J . » Eq. (19) can be simplified to the mapping relationship shown in Eq. (20). A mapping

model from the robot joint motion space to the image feature space is established:
f=J-4 (20)

Up to this point, a direct mapping from the robot joint space to the image space, i.¢., the overall Jacobi
matrix of the camera-robot system, has been established. This matrix directly reflects the proportionality
between the robot's joint motion in the current state and the corresponding image feature changes, based
on which various image feedback controllers can be constructed. The image Jacobi matrix is related to
the parameters inside and outside the camera and varies with the robot end motion, so it needs to be
estimated in real time. In addition, what is usually needed in the control system is an inverse mapping
relation of the image Jacobi matrix, which is because the goal of feedback control is to compute the robot

end motion 7 or joint motion ¢ based on the motion of the image features f . This inverse mapping

relation can be equated to the problem of inverting the Jacobi matrix.

2.2.2. Kalman Filter Theory

The core of direct visual servo control through online recognition of the image Jacobi matrix is the
online recognition algorithm, and the result of the recognition algorithm determines the system control
effect. Since the uncalibrated servo control system has no parameter information of the model, the
estimation algorithm must make full use of the robot's own motion and the image information obtained
from the camera to estimate the image Jacobi matrix. Since the Jacobi matrix changes continuously with
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the motion of the robot, the estimation algorithm must be able to be synchronized in the control process,
which has certain requirements for real-time. Moreover, the estimation algorithm also needs some
filtering ability because the state variables and output variables of the system contain noise pollution.
According to the state space model of discrete system, a discrete linear dynamic system can be described
as:

X, =Fx,  +Bu, +w, 21
z, =H,x, +v, (22)

In Eq. (21), X, is the state of the system at the moment k,and u « 1s the control quantity input to the
system at the moment K . F, is the state transformation matrix acting on the state X, | at the previous
moment, B, is the matrix acting on the current input vector 1, to the controller, and w, is the process
noise, assuming W, ~ N (0, Qk) ,and (), is the covariance matrix of the multivariate normal
distribution. Equation (22) represents the relationship between an observation z, of'the true state x, and
the state for any moment k. Where H & 18 the observation matrix, which maps the true state space of the
system to the observation space to obtain the observed quantities, and v, is the observation noise, which
is assumed to satisfy v, ~ N(0,R,) . Also, assume that the initial state and the noise at each moment

{xo, W,,...W,,V,,...V, } are independent. It can be seen that the Kalman filter actually contains many

assumptions, and therefore many real systems do not exactly fit its model [24]. However, an approximate
Kalman filter model can also provide a good simulation of the real system since it takes into account the
noise interference.

The two phases of the Kalman filtering method are described below.

(1) Prediction phase. In the prediction phase, the filter makes a prediction of the current state based on
the state of the previous moment and the system transformation matrix. The state of the Kalman filter

contains two elements )Ack‘k and Pk‘k_1 . fcklk is the state estimate at the & moment, and Pk|k-1 is the

covariance of the estimation error (or covariance matrix in multivariate case), which represents the error
between the estimated value and the true value, and is used as a measure of the accuracy of the estimate.
According to the system model, the state of the system at the next moment can be predicted based on the
state of the system at the previous moment, and the prediction process is as follows:

)%k|k—l = F;c)’ek—l\k—l +Bu, (23)
By =FF_,F ! +0, (24)

where fck‘ « 1s the predicted value based on the state at the previous moment, )?k_” «1 1is the optimal

estimation of the state at the previous moment, #, is the control quantity for the current state, F | k—1
is the fck‘ « corresponding to the covariance, and Pk_” «_ 18 the covariance corresponding to )?k_” M

(2) Update phase. After the prediction process, the prediction result is obtained. The filter combines
the prediction results with the measurements at the current moment and calculates the optimal estimate

fckl . and the covariance matrix Pk\ . at the current moment based on the Kalman gain. First the Kalman

gain matrix needs to be computed:

K, = Bdk—lHkT (Hch\k—lHkT +R, )" (25)

Next, the optimal estimate and covariance matrix at moment K are computed based on the Kalman
gain:

)’&k\k = )’ek\k—l +K,(z, - H k)%k|k—l) (26)
By = (I-K.H, )kaH (27)



2.2.3. Online Estimation of the Image Jacobi Matrix

Using the image Jacobi matrix to describe the hand-eye mapping relationship is essentially
approximating a nonlinear time-invariant system to a time-varying linear system, so estimating the
Jacobi matrix is equivalent to estimating the parameters of this linear time-varying system [25].
According to the previous section, if it is possible to construct a system in which the image Jacobi matrix
to be estimated (or a transformation of the Jacobi matrix) is used as the state of the system, the Kalman
filtering algorithm can be used to estimate the state of the system. In the process of estimating the state of
the system using the Kalman filtering algorithm, the estimated image Jacobi matrix is robust because the
filter itself takes into account the effect of noise in the observation of the state of the system. By the
definition of image Jacobi matrix:

f=J(p)p (28)

where [ is the m -dimensional image feature parameter vector, f represents the amount of velocity of
the feature in the image feature space, p is the 7 -dimensional position vector of the end of the
dimensional robot in the task space, and p represents the velocity of the end of the robot in the task

space.
Discretizing this model yields:

flk+D) = f(k)+J(p(k))-Ap(k) (29)

To realize the estimation of the individual elements of the matrix J(p), J(p) can be transformed

into a mn x 1 -dimensional observation vector as follows:

AR AA "
d Op Op
T
where 9 = t{ﬁ . i} represents the 7 th row of the Jacobi matrix J(p) .
o\ P,

Define the observation vector X(k) obtained from the Jacobi matrix transformation as the state of

the system to be estimated, define the state transfer matrix as the unit array [ and define the image

mnxmn
characteristic motion velocity as the output of the system, i.e., z(k) = f(k +1)— f (k) , and obtain the
state equation of the system as follows:

{x(k +1) = x(k) +w(k)

31)
2(k) = H(k)x(k) +v(k)

where W(k) is the state noise and V(K) is the image observation noise, and they are both assumed to be
Gaussian white noise.
Ap(k)" - 0
H(k) = ' : (32)

0 Ap(k)T

mxmn

Based on the Kalman algorithm described in Egs. (23) to (26), the following recursive estimation is
established:

(k) =x(k-1) (33)
P(k)y=P(k-1)+0, (34)
K(k)=P(k)H(k)" (H(k)P(k)H (k)" +R.)" (35)
X(k) =% (k) + K(k)(z(k) - H (k)X (k)) (36)
P(k)=(I - K(k)H (k))P(k) (37)



Where Q,, R, is the noise covariance matrix, which needs to be set according to the noise situation in
the actual environment. P(k) is the state estimation error covariance matrix, generally its initial value
can be taken as P(0)=10"-1, ([, refers to the m dimensional unit array). The initial value of the

state estimation X(0) (in this system, representing the f'(0) to be estimated) can be obtained from any
n steps of linearly independent trial motion according to the least squares method. This is done by
applying 71 steps of linearly independent trial motions Ap,,...,Ap, and observing the ensuing change

of features in the corresponding image space Af,,..., Af, and then obtain an initial state estimate of the

Jacobi matrix according to the following mapping relation:

J(0) =[Afys A, 1-[ADys-. A, T (38)

Using j} (0) as x(0), only 7 steps of linearly-independent trial motions are applied to the initial

state of the system during each recursive estimation, and the information obtained in the previous
tracking motions can be used directly in the subsequent estimation of the Jacobi matrix.

Online estimation of the image Jacobi matrix using Kalman filtering essentially recognizes the
system model in real time, allowing for robot tracking by continuously matching and tracking in the
image.

2.3. Clothing Structure Design Based on Jacobi Matrix

Clothing process structure template to achieve sewing is realized through certain mechanical
principles, the realization of folding, track control, sewing route control realized, free from the
dependence on manual skills, directly enhance the production efficiency, and improve the overall quality
of the production [26]. This paper is based on the Jacobi matrix optimization algorithm designed in the
previous paper to achieve the digital design of the garment structure [27].

2.3.1. Stitch Control in Garment Sewing

The route control of sewing needs to be realized by the slotting of the template, which is to be opened
on the sewing position line of the cut pieces. The raised cylinder on the needle plate of the template
sewing machine, open in the open slot, the use of Jacobi matrix optimization algorithm, control the
sewing track, in the slotted trajectory to obtain effective operation to achieve sewing accuracy, complete
high-quality sewing.

2.3.2. Displacement Control in Garment Sewing

In the specific garment sewing process, the cutting piece in the mold through the friction between the
template sandpaper to achieve the position fixed control. Therefore, in the design process, the garment
cutting piece will not be easy to slide, which can well avoid the sewing will occur in a certain shift
problem. In addition, when the upper and lower layers of the cut pieces need a certain degree of elasticity,
the corresponding sponge piece can be added between the templates, and at the same time, combined
with the trajectory estimation of the Jacobi matrix optimization algorithm, the length of the cut pieces can
be effectively controlled.

2.3.3. Clothing Style Recognition

First of all, the application of Jacobi matrix optimization algorithm can accurately capture the visual
information contained in the clothing, including clothing patterns, lines, shapes, etc. The designers can
use the Jacobi matrix optimization algorithm and image processing technology to extract representative
feature vectors. Designers can use the Jacobi matrix optimization algorithm and image processing
technology to extract representative feature vectors, which can be used to represent the visual
characteristics of various clothing styles, and promote the subsequent style identification and
classification work. Jacoby matrix optimization algorithm combined with machine learning algorithms
can efficiently identify a variety of clothing styles, designers can use this technology to carry out
classification exercises of known styles, machine learning algorithms can learn the characteristic patterns
of styles, so as to realize the automatic classification and identification of unknown styles. Secondly, the
Jacobi matrix optimization algorithm generates a corresponding dataset, which designers can rely on to
obtain images of various styles of clothing, and do a good job of classification and labeling. In addition,
the dataset can also train and test the style recognition model, and the change of style information will
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also be visualized in the generated samples. Finally, designers use the Jacobi matrix optimization
algorithm to successfully carry out model evaluation and continuously improve the design work, in order
to analyze the accuracy and stability of the model, designers according to the final evaluation results,
effectively grasp the performance of the model and possible problems, and then complete the
optimization of apparel design.

3. Structural Design and Wearing Comfort Analysis of Garments
3.1. Detection Results

3.1.1. Subjective Testing of Sample Garments for Inspection

Two different relaxation amounts of test samples of clothing for fitting experimental evaluation, the
test results will be substituted into the model, the test results and the results calculated by the model are
compared as shown in Table 1 to Table 2.

Table 1 shows the comparison between the actual measured values and the calculated values of the
model for the fitted experimental samples, and it can be seen from the numerical values that the values
obtained by substituting the scores of individual indicators into the mathematical model do not differ
much from the actual measured values, and the difference between the two values is 0.0269, which
proves the reasonableness and applicability of the model.

Table 1. The actual measured value of the coating is compared with the model calculation.

Subjective Static general Overall comfort
ubjectiv g Ministri Ches Shoulder Wais
evaluation sense Back
es t center t
3.82 4.05
Bend over 3.9248 48 - - 48
Forward lift 3.76
90° 3.7985 55 - - -
Model calculation 4.7127 Raise up 3.6425 - - - -
Lateral raise 395 | 3.74
45° 3.9963 66 68 ) )
. . 384 | 3.73
Sit upright 3.8487 36 08 3.8498 -
Actual measured 47396 39265
value

Table 2 shows the comparison between the actual measured values and the model calculated values of
the fitted experimental sample garment, similarly, the overall comfort is 4.9136, and the model
calculated and actual measured values of aesthetics are 4.2348 and 4.3898 respectively, and there is not
much difference between the values measured by the model and the actual measured values.

Table 2. The actual measurement and the model calculation of the experimental sample.

Subjective Static general Overall comfort
ject] g Ministri Ches Shoulder Wais
evaluation sense Back
€s t center t
4.84 | 4.82 4.81
Bend over 4.8582 62 63 4.8264 53
Forward lift 4.81
90° 4.8469 68 - - -
Model calculation 4.2348 Raise up 4.7251 - - - -
Lateral raise 494 | 4.41
450 5.1365 56 68 4.7485 -
Situpright | 48596 | +5° | - 4.8699 :
Actual measured 43898 49136
value

3.1.2. Garment Size Estimation Based on Jacobi Matrix Optimization Algorithm
The longitudinal dimensions and elongation of the garments were calculated as shown in Table 3.
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Each garment contains a total of three sets of mesh, the mutually symmetrical single-row mesh on the
sleeve barrel 1 and sleeve barrel 2 and the staggered three-row mesh on the garment barrel. Since the
single row of mesh holes on both the sleeve barrel and the sleeve cylinder are symmetrical in design, the
right sleeve barrel and the single row of mesh holes on the right sleeve barrel were selected for the study.
The data for the thin-tissue garment were more prominent, with flower height and longitudinal
elongation of 1285 transverse columns and 6.4251%, respectively.

Table 3. The vertical size and elongation of the garment.

Flower Calculate the L L
Clothing Copper height/horizontal longitudinal Longitudinal Longltqdln(z)ll
sheet length /cm elongation/%
column length/cm
Thin tissue | J2°Ket 1090 39.7485 39.7485 0
Clothes barrel
Sleeve 1285 47.8612 50.5315 6.4251
Thick ) Jacket 1090 53.5425 53.5314 0
tissue barrel
Clothes Sleeve 1030 50.5365 50.5987 0

3.2. Clothing Comfort Analysis
3.2.1. Subjective Comfort

The five experimental samples of pants are the best-selling pants in the market, which are numbered
1#, 2#, 3#, 4#, and 5#, respectively. 1# is the normal style, 2# is the style with pockets, and 3#~5# are the
pants designed based on the optimization of Jacobi matrix algorithm. Table 4 shows the subjective
comfort evaluation of pants wearing.

There was a significant difference (<0.001) in the subjective comfort of the subjects wearing the 5
different pants in the 3 postures. In comparison, 4# had the highest mean comfort rating of 4.5 and above,
which was the best wearing comfort and most recognized by young women. Secondly, 3# and 5# also had
higher comfort mean values, ranging from 4.17 to 4.29, with better wearing comfort as well.1# and 2#
had average wearing comfort, with an overall evaluation mean score of no more than 3.5.1# was made of
ordinary medium-high waist cotton/ammonia material, and 2# added abdominal belt pocket design on
the basis of 1#, which were two basic pants that could not satisfy the increasing comfort needs of young
consumers.3#, 4#, 5# waistline is slightly higher than 1#, 2#, 3# for the padded models, abdominal hip
design, front waist and abdomen lateral increase in the wide layer of lamb protein fleece fabric, fleece
layer of emollient polythermal, softer, warmer, better wearing comfort. 4# for the far-infrared models,
3D hip-cup design, the main body of fabric for the regeneration of cellulosic fibers/nylon/cotton,
elasticity, the front waist and abdomen, the back of the waist fabrics with far-infrared printing point
processing, warm menstruation disperses cold, warm uterus and protect the uterus, the far-infrared
printing point processing, the far-infrared printing point processing. Warm menstruation disperses cold,
warms the uterus and protects the waist, and is warm and comfortable to wear. 5# is a magnet model,
designed to tighten the abdomen and lift the buttocks, the front abdomen and the middle of the back waist
are embedded in fabrics with Tomalin magnets, which efficiently releases far-infrared rays, promotes
metabolism, improves microcirculation, and the thermal effect of human body absorbing a large amount
of far-infrared rays makes the skin temperature rise. It can be seen that the structural optimization by
Jacoby Matrix Optimization Algorithm has resulted in better wearing comfort and a relatively higher
degree of acceptance.

Table 4. The pants were evaluated with subjective comfort.

Posture T 2 Samplz;lumber o 5 F value and its significance
Standing 3.4856 | 3.2152 | 4.3425 | 4.6321 | 4.2985 13.8654***
Sit up 3.5496 | 3.2985 | 4.2698 | 4.5365 | 4.1326 9.7482%**
Total squat | 3.3499 | 3.5698 | 4.2669 | 4.4325 | 4.0948 7.7485%**

Note: *** indicates that the correlation coefficient is significant at the 0.001 level.

3.2.2. Pressure Comfort and Distribution

In order to further compare the specifics of wearing comfort of different pants, the subjects' comfort
scores of waist, thigh, crotch, buttocks, and overall comfort when wearing each of the 5 pants in 3
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postures were plotted into a subjective comfort characteristic graph, and the results are shown in Fig. 2,
with the standing posture in Fig. (a), the sitting posture in Fig. (b), and the squatting posture in Fig. (c).

The subjective comfort of young women wearing five different pants in different postures showed
their own characteristics with obvious differences. When standing up, the mean values of overall comfort
and comfort in each part of the sample pants wearing were ranked as 4# (4.87) > 3# (4.6146) > 5#
(4.5392) > 2# (3.5787) > 1# (3.4688). When sitting up straight, the mean values were ranked as
4#>3#>5#>1#>2#, and the subjective comfort scores were 4.7689, 4.321, 4.2887, 2.6011, and 2.1515,
respectively.In full squatting, the mean values were ranked as 4#>5#>3#>2#>1#.In all three positions, 4#
had the highest comfort in all major parts of the lumbar area, buttocks, thighs, and crotch, as well as the
highest subjective overall comfort. 1# and 2# have the highest mean scores, which are most satisfactory
to the subjects and meet their needs for wearing comfort. 1# and 2# have mean scores of 2.1-3.6 for
wearing comfort, which are generally recognized.

The above analysis shows that 4# has the best overall comfort, and 1# and 2# have relatively poor
comfort. 3# and 5# have subjective comfort between the above two. Therefore, 1# and 2#, as basic pants,
only satisfy the basic needs of wearing and do not pay more attention to comfort in the design and
production. 3#, 4# and 5#, as optimized structural design of the pants, use the fabrics of lamb protein
velvet, far-infrared printing dots, and Tomalin magnet and the structure of raising the waistline,
tightening the abdomen, and lifting the buttocks to enhance the comfort of wearing, which is generally

better than that of the conventional pants.
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Figure 2. The characteristics of the subjective comfort of trousers under three poses
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Figure 3 shows the pressure distribution of pants in 3 postures, Figure (a) is the standing posture,
Figure (b) is the sitting posture, and Figure (c) is the squatting posture, and the wearing of 5 types of pants
in 3 postures presented different pressure magnitudes and pressure distributions at each test point.
Comparatively speaking, the pressure values at the test points corresponding to the waist (A, B) and
crotch (E, F) were lower than those at the test points corresponding to the thighs (C, D, H) and buttocks
(G). It can be seen that the 5 sample pants have lower pressure on the body at the waist and crotch than at
the thighs and buttocks, which is closely related to the degree of undulation of the body and the skin area.
Under different postures, the thigh and hip muscles of the human body will undergo obvious deformation,
leading to stretching, folding and other deformations of the clothes worn externally, and the pressure
value of the deformed parts is higher than that of the waist and crotch, which are relatively stable.

Among the 5 pairs of pants, 1# has the highest pressure value at point G when standing up, which is
4.4853 kPa, and the pressure value at point G when sitting up straight is also higher, with a pressure value
close to 4 kPa. it can be seen that 1# has a greater sense of compression on the buttocks of the human
body. 2# has the highest pressure value at point D, which ranges from 4.3764 to 4.573 kPa, and the
pressure at the rear middle of the thigh of the pants of 2# has a greater sense of compression on the middle
of the back of the thigh of the human body. 3#, 4# and 5# have higher pressure values at each pressure
test point than that of the waist and crotch, which are relatively stable, 5# have a lower degree of pressure
undulation at each pressure test point than 1# and 2#, and the overall pressure distribution is more
balanced. Therefore, 1# is the basic model, 2# added front pocket design under the premise of the basic
model, does not have substantial structural optimization, functional design, the overall wearing comfort
of these two basic sample pants is a little worse than the functional pants 3#, 4#, 5#.
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Figure 3. The pressure distribution of trousers under three poses.

3.3. Satisfaction with Clothing Construction

3.3.1. Satisfaction Evaluation of Clothing Local Structure

Comparing the clothing structure satisfaction of the normal model and the optimized model, the
normal model is A and the optimized model is B. Significant difference analysis was performed using
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ANOVA one-way analysis of variance in SPSS software for the evaluation of satisfaction with the local
structure of the clothing, the evaluation of the comfort of the local parts of the body, and the evaluation of
the overall satisfaction of the clothing. Significant difference levels of p<0.05 (indicated by *) and p <
0.01 (indicated by **) were set.

The results of the local structure satisfaction evaluation of the normal and optimized models of
clothing are shown in Figure 4. From the figure, it can be seen that the comfort of the optimized model
hat, collar, sleeves and cuffs are higher than that of the normal model, and the mean value of the comfort
satisfaction of the optimized model sleeves reaches 4.0288, and the mean value of the comfort
satisfaction of the hat reaches 4.1548. According to the statistical analysis of all the other parts of the
comfort satisfaction evaluations except for the cuffs, there is a significant difference, which indicates that
the comfort of the optimized model hat, collar and sleeves have a The comfort of the optimized model hat,
neckline and sleeves are all significantly improved, among which the comfort satisfaction evaluation of
the sleeves is improved by 0.9019 grades, and the hat and neckline are improved by 2.1103 and 1.2896
grades respectively, which shows a highly significant difference. Although the mean value of comfort
satisfaction of the optimized model's cuffs improved by 0.3331 grades compared with that of the normal
model, the change in subjective comfort was not significant and did not satisfy the ANOVA chi-square
test.
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Figure 4. Satisfaction evaluation of the local structure of the clothing.

3.3.2. Evaluation of Comfort in Localized Body Parts

Figure 5 shows the results of the evaluation of the comfort of parts of the body in both regular and
optimized garments. Compared with the ordinary model, the average comfort evaluation of the optimized
model has been improved, and the average comfort evaluation of the neck and arms of the optimized
model has reached more than 4.3, and the average comfort evaluation value of the armpit has reached
4.0298. According to statistical analysis, there were significant differences in the comfort evaluation of
other parts except the crotch and buttocks, and the mean comfort evaluations of the neck, armpits, arms
and waist increased by 1.2163, 1.0813, 0.9263 and 0.95 grades, respectively, indicating that the comfort
of the optimized parts of the local parts has been significantly improved. Compared with the ordinary
model, the average comfort evaluation of the crotch and buttocks of the optimized model increased by
0.8437 and 0.553 grades, respectively, and the numerical variance of the comfort evaluation was uneven,
and the data did not change significantly, indicating that the comfort improvement effect of the crotch
and buttocks was not obvious. According to the feedback of the subjects, when the human body bends
over, squats, kneels and other actions, the optimized clothing will still have the phenomenon of crotch
tightening and hip tightness, so the improvement of the crotch and buttocks does not make the comfort of
the clothing achieve obvious results.
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Figure 5. Comfort evaluation of local parts of the body.

3.3.3. Evaluation of Overall Satisfaction with Clothing

The results of the overall satisfaction evaluation of the regular and optimized garments are shown in
Figure 6. The satisfaction evaluation mean values of wetness, stuffiness, looseness, ease of movement
and overall comfort of the optimized model garments were increased, in which the satisfaction evaluation
mean values of ease of movement and overall comfort went up to 4. According to the statistical analysis,
the two garments showed highly significant differences in the performance of ease of movement and
overall comfort, and their satisfaction evaluation means were increased by 1.4001 and 0.995 grades,
while the satisfaction evaluation of wetness, stuffiness and looseness were not varied and did not have
significant differences, but their satisfaction evaluation mean values were still improved by 0.45, 0.5498,
and 0.2829 grades, respectively, which was mainly due to the improvement of the comfort performance
of the localized structural parts, which reduced the subject's discomfort and agitation in wearing the
garment and lowered the body's physiological stress response, thus resulting in less sweating and
improved satisfaction with the wetness and stuffiness of the garment. On the whole, the improvement of
the structural parts of the ordinary garment has significantly enhanced the ease of movement and
improved the overall comfort of the garment.
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Figure 6. Overall satisfaction evaluation of clothing.

4. Conclusion

In this paper, based on the depth estimation and vision controller, the value of the image Jacobi matrix
is calculated to solve the robot end velocity magnitude at the current moment. The image Jacobi matrix is
constructed based on Kalman filter to realize the real-time recognition of the system model, and the robot
tracking is realized by continuously matching and tracking in the image to control the stitch and
displacement control of the garment production.

The test sample garment is evaluated by means of simulation experiments for dressing experiments,
and the actual measured values do not differ much from the model estimated values, and in the overall
satisfaction, the difference between the two is 0.0269, thus proving the reasonableness and applicability
of the model.

For the analysis of the comfort of the clothing, the 4# clothing was improved by the Jacobi matrix
optimization design, and the comfort reached 4.5 points and above, with the best wearing comfort and the
most recognized by the young women. The distribution of pressure comfort was analyzed for three
different postures, and when sitting straight, the mean values were ranked as 4#>3#>5#>1#>2#, and the
subjective comfort scores were 4.7689, 4.321, 4.2887, 2.6011, and 2.1515, respectively. It can be seen
that 4# has the best overall comfort.

In the overall satisfaction evaluation of the garments, the ease of movement and overall comfort
performance of the garments of the normal and optimized models showed highly significant differences,
and their satisfaction evaluation mean values were improved by 1.4001 and 0.995 grades, respectively.
By improving the structural parts of the normal model garments, the overall comfort of the garments was
significantly improved.
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