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    Abstract:
    The aesthetic and functional performance of a garment is largely determined by its draping geometry, which 
results from the complex interaction between fabric mechanical properties and the cut and construction of a 
given style. Drape is conventionally evaluated through the projected silhouette generated when a textile sam-
ple or garment falls freely under its own weight, most commonly via the Cusick drape test and its derivative 
image-analysis methods. The paper investigates an orthogonal draping geometry of selected garment styles, 
of varying number of seams, in which two-dimensional orthogonal projections of the draped form are extract-
ed, digitized, and quantitatively compared across style variants. The methodology combines image-processing 
techniques to determine key drape parameters—draped area, perimeter, node number, and node geometry—
for each analyzed style. The orthogonal projection approach allows the spatial fold distribution and asymme-
try of the draped form to be assessed independently along defined cross-sectional planes, providing a more 
detailed geometric description than the conventional single-plane drape coefficient. The results clarify how 
style-specific construction parameters (e.g., flare, seam placement, length) influence the resulting draping 
geometry and support more accurate prediction and design of garment drape behavior.
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    INTRODUCTION

    The draping behaviour of a textile material is one 
of the most important visual and functional charac-
teristics of a final garment, since it directly affects 
how a fabric conforms to the body and forms folds 
under its own weight [1]. Drape is not a simple, sin-
gle-valued fabric property; rather, it emerges from a 
combination of low-stress mechanical parameters— 
bending rigidity, shear stiffness, weight, and thick-
ness— together with the geometry of the pattern 
pieces and the way of assembling it into a finished 
style [2]. For this reason, drape behaviour measured 
on a flat fabric sample does not always correspond 
directly to the drape exhibited by the same fabric 
once it has been cut and sewn into a specific garment 
style, which has motivated continued research into 
methods that connect fabric-level drape testing with 
style-level (garment-level) drape assessment [1].
    The most widely used reference method for drape 
evaluation remains the Cusick drape test, in which a 
circular fabric specimen is suspended over a small-
er circular support and the projected shadow of the 
draped sample is analysed to calculate the drape co-
efficient and the number of nodes (folds). Over time, 
this principle has been adapted from simple photo-
graphic shadow analysis to digital image-processing 
techniques, enabling more precise and repeatable 
extraction of the draped contour, draped area, and 
circularity of the projected shape [3]. In parallel 
with physical testing, the rapid development of 3D 
garment simulation software (CLO3D, OptiTex, 
Style3D, Browzwear) has enabled drape analysis 
to be performed directly on virtual garment proto-
types rather than on flat fabric swatches alone [4,5]. 
In this context, orthogonal projection has become 
a key analytical tool: the draped 3D garment sur-
face is projected onto a transverse plane to generate 
cross-sectional contours along the garment length, 
from which draped area, drape ratio, and fold dis-
placement can be calculated at multiple positions. 
This orthogonal projection methodology has been 

successfully applied to compare digital and real 
prototypes of flared skirt styles, showing good cor-
relation between simulated and physically measured 
drape parameters and confirming its suitability for 
evaluating style-dependent drape behaviour in a re-
producible, position-resolved manner [6]. Several 
recent works have specifically addressed how the 
style geometry— flare angle, hem circumference, 
panel number, and garment length — governs drap-
ing outcomes. Comparative analyses of flared skirt 
styles of varying angle and length have demonstrat-
ed systematic relationships between circular-cut ge-
ometry and the resulting drape coefficient and hem-
line silhouette. Similarly, investigations of knitted 
flared skirts evaluated on 3D-printed body postures 
have shown that drape parameters obtained from 
fully formed garments differ measurably from those 
of flat-fabric drape tests, reinforcing the need for 
style-specific, geometry-based analysis rather than 
reliance on fabric-only drape data [3]. Comparable 
findings have been reported for traditional garment 
styles, where the virtual and real drapability of silk 
fabrics used in Hanbok construction were compared 
to isolate the influence of style-specific cut and fab-
ric anisotropy on drape outcome [7]. Despite this 
progress, most existing drape-assessment methods 
still characterize drape using a single overall co-
efficient or a limited number of projection planes, 
which provides only an aggregated description of a 
three-dimensional, often asymmetric draped form. 
An orthogonal multi-plane analysis — in which pro-
jections are taken along several perpendicular axes 
or positions of a garment style— offers the poten-
tial to capture local variation in fold distribution and 
asymmetry that a single-plane drape coefficient can-
not resolve [8]. Building on this gap, recent simu-
lation-based frameworks have proposed kinetic and 
physics-based draping models capable of reproduc-
ing anisotropic, position-dependent drape behaviour 
with improved accuracy relative to classical sin-
gle-coefficient approaches. Recent research further 
highlights the importance of integrating geometric 
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descriptors with simulation-based approaches to im-
prove the realism of virtual garment systems [9-12].
The aim of this paper is to apply an orthogonal anal-
ysis approach to the draping geometry of selected 
garment styles with various numbers of seams, com-
bining image-based and/or 3D-simulation-based or-
thogonal projection techniques to quantify draped 
area, drape perimeter, and node distribution at mul-
tiple cross-sectional positions. By comparing these 
parameters across style variants, this study seeks to 
clarify how style-specific construction parameters 
and seam numbers influence node geometry and to 
contribute a more spatially resolved methodology 
for drape characterization, applicable to both physi-
cal fabric testing and virtual 3D garment prototyping 
workflows.

    EXPERIMENTAL PART

  Two circular skirts were manufactured: style 1 
(full‑circle cut) and style 2 (1/2 circle cut). The pat-
terns were cut for size 36, slim stature, and medium 
posture. The basic construction is performed with 
two side seams, class 1, stitch type 301. Each style 
was produced with three seam configurations: 2, 4, 

and 6 seams. The 4-seam construction, compared 
to the basic construction, contains two additional 
seams that divide the pattern cuts in half. Thus, the 
two additional seams are located in the middle of the 
front and the back side of the styles i.e. the centre 
front and centre back seam. In the 6-seam config-
uration, each pattern cut is symmetrically divided 
into 3 parts. All the styles investigated are manu-
factured from the same shell fabric, of Cotton 97% 
and elastine 3% fibre composition and fabric weight 
of 190g/m2. Garments were placed on a mannequin 
doll cut in a waist cross section and photographed 
from top position. Images were calibrated using a 
reference rectangle and analysed using digital image 
processing to extract drape parameters, including the 
draped area (P), perimeter (L), node number (Nn), 
node peak and trough length, depth and distance, 
and angular spacing (α) of the nodes. Three repeated 
measurements were performed for each sample and 
average values were used for analysis.

    RESULTS AND DISCUSSION

    Photographs from the top view of the styles mount-
ed on a mannikin are shown in Figures 1 and 2.

Figure 1: Orthogonal photographs of style 1

2 seams 4 seams 6 seams
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2 seams 4 seams 6 seams

Figure2: Orthogonal photographs of style 2

    The observation of Figure 2 shows that the styles 
having 2 seams have nodes of smaller width. With 
increasing the seam number to 4, the styles obtain 
larger nodes. After increasing the seam number to 6 
seams, the styles obtain the greater number of nodes 

but of smaller width. This can be especially observed 
for style 1 full circle skirt of 6 seams where the nodes 
became more frequent and of smaller width. 
    The drape parameters of the top-view image/drape 
analysis, are summarized in Table 1.

Table 1: Orthogonal drape parameters obtained from top-view analysis.

   The results show that draped area increase when 
the seam number rise from two to four seams but de-
creased slightly after six seams are introduced. Node 
number remains the same when increasing the seams 
from 2 to 4. After increasing seam number from 
4 to 6, there is increasing of the number of nodes 
from 10 to 12 for the full‑circle skirt and from 7 to 
9 for the half‑circle cut skirt. Increasing the number 
of seams from 2 to 4 leads to an increase in fabric 
stiffness which affects increase of the drape projec-
tion area.  However, when the number of seams is 
further increased to 6, a decrease in the drape area 
is observed for both styles. Although increasing the 
seam number initially improves fabric distribution 

and fold formation and the six-seam configuration is 
expected to show cumulative stiffening effect due to 
additional seam lines, further subdivision of the pat-
tern introduces structural constraints that limit the 
natural deformation of the fabric. Consequently, the 
garment exhibits a more restrained drape geometry 
and a smaller projected drape area. Regarding the 
drape perimeter, it does not follow the same trend 
as the draped areas and is influenced by the type of 
style so, for style 1 it is highest for garments with 6 
seams, and for style 2 it is highest for garments with 
4 seams. The behavior and relationship of drape area 
and node number of both styles are presented graph-
ically in Figure 3. 
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Figure 3: Relationship between seam number, draped area and number of nodes

    Since the textile surface is an anisotropic struc-
ture with different values of mechanical properties 
in different directions, each draped node can show a 
different shape.  When considering the distribution 
of the number of nodes (Nn) along the sides of the 
styles, the largest number is on the front side, fol-
lowed by the back, and then the right and left with 
almost identical Nn. Table 2 contains the result of all 
node parameters (Figure 4) obtained from the top-
view photograph.
It can be separated into several findings: 

	 i. Node quantity is determined by Nn and the 
angle between two successive peaks;
	 ii. Node size is determined by Lpeak and Lth;
	 iii. Node depth is determined by Dpeak and 
Dth; and
	 iv. Node regularity is determined by Rpeak 
and Rth. 
The description of abovementioned parameters is 
shown in Figure 4. 
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Figure 4: Legend for node parameters analysis

Table 2: Results for node parameters in draped styles

   Descriptive statistical analysis was performed for 
all these parameters to evaluate central tendency, 
dispersion, and distributional characteristics. In or-
der to save space, only the descriptive statistic re-
sults for the angles between two consecutive node 

peaks are presented in Table 3, but the conclusion 
is obtained based on the all parameters results. Still, 
full descriptive statistics are available as supplemen-
tary material of this research.

Table 3: Descriptive statistical analysis for angle parameter between two consecutive peaks
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     Sample sizes were unequal across modules (n=31, 
n=30, n=31, n=20, n=21, n=26 per parameter, de-
pending of node numbers), so the report emphasizes 
both magnitude and stability rather than relying on 
mean values alone. Interpretation of the results pri-
oritized: 
	 i. regularity of wave geometry,
	 ii. low variability and narrow confidence in-
tervals, and 
	 iii. sufficient amplitude and spacing to pro-
duce a clear but controlled drape profile.

  Across the full set of parameters, full-circle skirt, 
four seams, was the strongest overall design. It com-
bined the highest Lpeak mean (15.72), the lowest 
Lpeak coefficient of variation (12.65%), favorable 
Rpeak and Rth values, and relatively tight confi-
dence intervals. In practical terms, style 1, seams 4   
produced well-defined and repeatable waves without 
the instability seen in the extreme configurations. 
Half-circle skirt, four seams was the most stable 
half-circle configuration and the best option when 
low variability is the main priority. It had the low-
est CV for α CV and low CV values for Lpeak and 
Dpeak, indicating a controlled geometry. However, 
its wave amplitude was less pronounced than style 1, 
four seams. The least favorable condition for overall 
consistency was the 2-seam half-circle configura-
tion. Although it showed the highest α and Rpeak 
means, those gains were accompanied by large stan-
dard deviations and the widest 95% confidence in-
tervals, indicating an unstable and outlier-sensitive 
configuration rather than a reliably superior one. 
Within Style 1, four seams maximize Lpeak while 
maintaining moderate α. Within Style 2, four seams 
reduce α relative to the 2-seam condition and pre-
serve stable geometry.
   The comparison across seam counts suggests a 
structural balance: two seams leave too much fab-
ric freedom and tend to produce irregular spacing, 
while six seams over-constrain the skirt and reduce 
regularity or make the geometry more variable. 

Four seams provided enough control to stabilize the 
drape while still allowing natural wave formation. 
This pattern was visible in both style families, but 
it was strongest in the full-circle skirt. Based on the 
combined criteria, style 1, 4 seams demonstrated the 
best overall balance of uniformity, amplitude, and 
stability, while style 2, 4 seams was the most stable 
configuration within the half-circle group. Style 2, 2 
and 6 seams showed reduced uniformity. 

    CONCLUSION

  This study demonstrated that orthogonal image 
analysis provides an effective approach for the quan-
titative evaluation of garment draping geometry. Un-
like conventional drape assessment based primarily 
on the drape coefficient, the proposed methodology 
enables detailed characterization of fold morphol-
ogy through parameters describing node quantity, 
size, depth, spacing, and angular distribution. The 
results showed that seam configuration significant-
ly influences the draping behavior of circular skirts. 
For both skirt styles, increasing the number of seams 
from two to four improved the distribution and reg-
ularity of the draped folds, whereas six seams in-
creased structural constraint and reduced the unifor-
mity of the drape geometry. Among all investigated 
configurations, the full-circle skirt of four seams 
achieved the best balance between fold amplitude, 
regularity, and geometric stability, while the four-
seam half-circle skirt exhibited the most consistent 
behavior within its style category. The proposed 
orthogonal analysis provides a more comprehen-
sive geometric description of garment drape than 
conventional area-based evaluation and represents 
a useful tool for objective comparison of garment 
styles. The methodology can support garment design 
optimization and may serve as a reliable framework 
for validating virtual garment simulations against 
experimental measurements in future studies.
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