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(57) ABSTRACT 

A method of quantitatively analyzing results of a model. At 
least one image of a model is generated in a post-processor. 
A calibration mechanism of knoWn dimensions is generated 
in the post-processor. The calibration mechanism is read into 
an analysis softWare. The image is read into the analysis 
softWare. The image from the post-processor is analyzed in 
the analysis softWare quantitatively using the calibration 
mechanism. 

40 

Model 
results 
/ 

Read model results 
into postprocessor 

' 43 

46 

Image generation 

44 

Generate calibration 
mechanism 

Read calibration 
mechanism 

Analyze images 

/ 

/48 

/52 

Quantitative data 
repon 

56 

Interpretation and correlation 
with consumers 



Patent Application Publication Dec. 1, 2005 Sheet 1 0f 10 

Generate 
‘ image(s) 

Generate 
calibration 
mechanism 

US 2005/0267613 A1 

10 

Read calibration 
mechanism 

Read image(s) 

Analyze image(s) 

/24 

/26 

/2a 

/30 
L/32 



Patent Application Publication Dec. 1, 2005 Sheet 2 0f 10 

i 43 

46 

50 

54 

FIG 2 

40 

Model 
results 

Read model results 
into postprocessor 

Image generation 
I 

Generate calibration 
mechanism 

Read calibration 
mechanism 

\ 

\ I 

\ 

Read images 

/ 4 

I / 

/ 

/ Analyze images 

Quantitative data 
report 

I / 
Interpretation and correlation 

with consumers 

US 2005/0267613 A1 

2 

44 

48 

52 

56 



Patent Application Publication Dec. 1, 2005 Sheet 3 0f 10 US 2005/0267613 A1 

FIG 3 



Patent Application Publication Dec. 1, 2005 Sheet 4 0f 10 US 2005/0267613 A1 

FIG 6 



Patent Application Publication Dec. 1, 2005 Sheet 5 0f 10 US 2005/0267613 A1 

Cast of sanitary napkin Cast of human female 
on body body 

/ Replicate pad cast Replicate body cast in \ 
72 in digital form digital form 74 

76 // Alignment \ 78 | 

80 Read points into post (______ 
processor 82 

84 l N Image generation 

1 as 
Generate calibration / 

mechanism 

as l 
\ Read calibration 

mechanism 90 

I / 
Read images 

92 \ 
Analyze images 

| 94 
Quantitative data 4/ 

96 report 
\ | 

Interpretation and correlation 
with consumers 

FIG 8 



Patent Application Publication Dec. 1, 2005 Sheet 6 0f 10 US 2005/0267613 A1 

FIG 9 

FIG 10 

FIGll 



Patent Application Publication Dec. 1, 2005 Sheet 7 0f 10 

Model 
results 

I 

US 2005/0267613 A1 

120 

122 
/ 

3 
Read model results 
into postprocessor 

12 

126 
Image generation 

I 
Generate calibration 

mechanism 

I 
Read calibration 
mechanism 

130 

13 

\ 

\ 

\ 

I 
Read images 

124 
/ 

128 
/ 

132 / 
Analyze images 

I 
Quantitative data 

report 
136 

Interpretation and correlation 
with consumers 

FIG l2 



Patent Application Publication Dec. 1, 2005 Sheet 8 0f 10 US 2005/0267613 A1 

FIG 13 

FIG 14 

FIG 15 

MD 

CD 



Patent Application Publication Dec. 1, 2005 Sheet 9 0f 10 US 2005/0267613 A1 

FIG 16 

FIG 17 

FIG 18 



Patent Application Publication Dec. 1, 2005 Sheet 10 0f 10 US 2005/0267613 A1 

FIG 19 

SFA Area - Zone Report SFA Gap Pro?le Vl?ng Gap Pro?le 

0 “were”, Mmmd E 80 E 150 
E 50 E 60 p=ss.a4m 5 "GaFn'M'" 
c -— Ml =ss.1amm ‘a 100 
._ 100 D. m 
g _ * g, 40 u: 

U! 
$2 .5 50 E 150 V g 20 g 

200 o o 8 O 
0 100 200 300 0 200 400 O 200 400 

Pad CD in mm MD pad length in mm MD pad length in mm 
Vl?ng pro?les Vl?ng Area - Zone Report Panty Elastic Length - Gap 

250 0 ., v 

E E E 143.39 mm ‘150.02 rrln 
I: 50 > 50 ‘ ' 

u 200 E E 121 so 
2 5 100 5 100 - 
v 150 2 150 2 150 l 
g R E \ 106.08 mm 

0 "- 20o “- 20o 0 100 

0 100 200 300 0 100 200 300 O 100 200 300 
MD pad length in mm Pad CD in mm Pad CD in mm 

Panty Elastic Gap Pro?les ‘Ipt smoothed Panty Elaslic Gap Pro?les 
6 6 » l . 

E ‘I, Le? E Le? 
s — Rig!“ .5 —— Right 
a 4 a 4 - - 

2 2 
B E 
e 2 2> - 
D. D. 
G! as 

0 0 ‘ 0 o . 

O 100 200 300 0 200 250 
Pad MD in mm Pad MD in mm 



US 2005/0267613 A1 

METHOD TO QUANTITATIVLEY ANALYZE A 
MODEL 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/550,479, ?led Mar. 5, 2004 and 
US. Provisional Application No. 60/550,490 ?led Mar. 5, 
2004. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to quanti 
tative analysis of images from a post-processor, and more 
particularly to quantitative analysis of images from a post 
processor using a calibration mechanism in the analysis 
softWare. 

BACKGROUND OF THE INVENTION 

[0003] Computer simulations of motion, e.g., using FEA, 
have long been used to model and predict the behavior of 
systems, particularly dynamic systems. Such systems utiliZe 
mathematical formulations to calculate structural volumes 
under various conditions based on fundamental physical 
properties. Various methods are knoWn to convert a knoWn 
physical object into a grid, or mesh, for performing ?nite 
element analysis, and various methods are knoWn for cal 
culating interfacial properties, such as stress and strain, at 
the intersection of tWo or more modeled physical objects. 

[0004] Use of computer simulations such as computer 
aided modeling in the ?eld of garment ?t analysis is knoWn. 
Typically, the modeling involves creating a three-dimen 
sional (hereinafter “3D”) representation of the body, such as 
a Woman, and a garment, such as a Woman’s dress, and 
virtually representing a state of the garment When the 
garment is actually put on the body. Such systems typically 
rely on geometry considerations, and do not take into 
account basic physical laWs. One such system is shoWn in 
US. Pat. No. 6,310,627, issued to Sakaguchi on Oct. 30, 
2001. 

[0005] Another ?eld in Which 3D modeling of a human 
body is utiliZed is the ?eld of medical device development. 
In such modeling systems, geometry generators and mesh 
generators can be used to form a virtual geometric model of 
an anatomical feature and a geometric model of a candidate 
medical device. Virtual manipulation of the modeled fea 
tures can be output to stress/strain analyZers for evaluation. 
Such a system and method are disclosed in WO 02/29758, 
published Apr. 11, 2002 in the names of Whirley, et al. 

[0006] Further, US. Pat. No. 6,810,300, issued to Wolt 
man, et al. Oct. 26, 2004, discloses a method of designing a 
product for use on a body using a preferred product con 
?guration. 
[0007] While the methods of designing products using 
computer simulations of motion are Well knoWn, typically 
the analysis of these methods are bound by the limited 
capabilities intrinsic in a post-processor. For eXample, post 
processors are unable to automatically measure areas in slice 
planes betWeen tWo arbitrary surfaces. Furthermore, mea 
surements of distances are typically reliant on distances 
betWeen nodes in a simulation. Existing image analysis 
softWare has been developed With a Wide range of capabili 
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ties de?cient in post-processors. HoWever, the ability to 
directly couple post-processing softWare With the image 
analysis softWare is unkoWn. More speci?cally there is the 
need to alloW for the passing of critical information from one 
softWare to another. 

SUMMARY OF THE INVENTION 

[0008] A method to quantitatively analyZe results of a 
model is disclosed. The method comprises the steps of: 

[0009] generating at least one image of said model in 
a post-processor; 

[0010] generating a calibration mechanism of knoWn 
dimensions in said post-processor; 

[0011] reading said calibration mechanism into an 
analysis softWare; 

[0012] reading said image into said analysis soft 
Ware; and 

[0013] analyZing said image from said post-processor 
in said analysis softWare quantitatively using said 
calibration mechanism. 

[0014] A plurality of images may be generated in the 
post-processor. The model may be a product being Worn on, 
in or adjacent to a body. The product may be an absorbent 
article. The absorbent article may be a sanitary napkin, 
pantiliner, incontinent pad, tampon, diaper, and breast pad. 
The calibration mechanism may be a calibration image, such 
as a boX. The analysis softWare may be image analysis 
softWare. 

[0015] Additionally, a method of analyZing physical test 
results in a virtual environment is disclosed. The method 
comprises the steps of: 

[0016] replicating at least one physical specimen in 
digital form to de?ne a series of points; 

[0017] reading said points into a post-processor; 

[0018] generating at least one image from said series 
of points in said post-processor; 

[0019] generating a calibration mechanism of knoWn 
dimensions in said post-processor; 

[0020] reading said calibration mechanism into an 
analysis softWare; 

[0021] reading said image into said analysis soft 
Ware; and 

[0022] analyZing said image from said post-processor 
in said analysis softWare quantitatively using said 
calibration mechanism. 

[0023] The step of converting said series of points into a 
format that can be read into a post-processor is carried out 
after the step of replicating at least one physical specimen in 
digital form to de?ne a series of points. The physical 
specimen is a product capable of being Worn on, in or 
adjacent to a body. The product may be an absorbent article, 
such as a sanitary napkin, pantiliner, incontinent pad, tam 
pon, diaper, and breast pad. 

[0024] The step of aligning said series of points With at 
least a second series of points can be carried out after the 
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step of replicating at least one physical specimen in digital 
form to de?ne a series of points. 

[0025] Furthermore, a method for calculating a spacial 
relationship betWeen at least tWo objects is disclosed. The 
said method comprises the steps of: 

[0026] providing a model; 

[0027] generating results by running said model; 

[0028] reading said model results into a post-proces 
sor; 

[0029] generating at least one image of said model in 
a post-processor; 

[0030] generating a calibration mechanism of knoWn 
dimensions in said post-processor; 

[0031] reading said calibration mechanism into an 
image analysis softWare; 

[0032] reading said image into said image analysis 
softWare; 

[0033] analyZing said image from said post-processor 
in said analysis softWare quantitatively using said 
calibration mechanism; and 

[0034] calculating the spacial relationship betWeen 
said at least tWo objects using the quantitative analy 
sis of the step of analyZing said image from said 
post-processor in said analysis softWare quantita 
tively using said calibration mechanism. 

[0035] At least one of the objects can be a human body and 
at least one of said objects can be a product being Worn on, 
in or adjacent to a body. The spacial relationship can be an 
area, volume or a distance betWeen the objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a How diagram shoWing a method of 
quantitatively analyZing results of a model; 

[0037] FIG. 2 is a How diagram shoWing a method of 
quantitatively analyZing results of a model, 

[0038] FIG. 3 is a visualiZation of the simulation results of 
a product against a body, 

[0039] FIG. 4 is an image of a slice, 

[0040] FIG. 5 is an image of a calibration mechanism, 

[0041] FIG. 6 is an image of a graphical result, 

[0042] FIG. 7 is an image of a graphical result, 

[0043] FIG. 8 is a How diagram shoWing a method of 
analyZing physical test results in a virtual environment, 

[0044] 
[0045] FIG. 10 is an image of a slice, 

[0046] 
[0047] FIG. 12 is a How diagram shoWing a method for 
calculating a spacial relationship betWeen tWo objects, 

[0048] FIGS. 13-15 are images of a feminine protection 
pad With Wings applied to a panty using a virtual hand, 

[0049] FIGS. 16-18 are images of sections of the pad and 
undergarment, and 

[0050] 

FIG. 9 is an image of the aligned surfaces, 

FIG. 11 is an image of a graphical result, 

FIG. 19 is an image of graphical results. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0051] Referring noW to the draWings and in particular to 
FIG. 1, a method, generally indicated by reference numeral 
10, of quantitatively analyZing the results of a model is 
shoWn. When used herein, eXamples of speci?c equipment, 
softWare, products, and Wearers are for illustrative purposes, 
and other types of these items may be used Without departing 
from the scope of the present invention. In the method 
illustrated in FIG. 1, the method 10 includes generating at 
least one image of a model in a post-processor at step 24. A 
calibration mechanism of knoWn dimensions is generated in 
the post-processor at step 26. At step 28 the calibration 
mechanism is read into analysis softWare. At step 30, image 
is also read into the analysis softWare. The image from 
post-processor is analyZed quantitatively With the analysis 
softWare using the calibration mechanism at step 32. 

[0052] In step 24 a plurality of images are generated in the 
post-processor. There is no limit on the number of images 
than can be generated in the post-processor. The model may 
be a product, such as an absorbent article, Worn on, in or 
adjacent to a human body. The absorbent articles may be 
sanitary napkins, pantiliners, incontinent pads, tampons, 
diapers, and breast pads. 

[0053] In step 26 the calibration mechanism may be a 
calibration image, such as a boX. Other calibration images 
include but are not limited to bars, lines, parallel lines, 
rectangles, circles, triangles, unique shapes created for spe 
cialiZed applications and other conventional shapes. 

[0054] In step 28 the calibration mechanism is preferably 
read into image analysis softWare. 

[0055] EXamples of suitable post-processing softWare 
include but are not limited to ABAQUS CAE (ABAQUS 
Inc., Pawtucket, RI), LSPrePost (Livermore SoftWare 
Technology Corporation, Livermore Calif.), HypervieW 
(Altair Engineering, Troy, Mich.) FieldvieW (Intelligent 
Light, Rutherford, N.J.), and EnSight (Computational Engi 
neering International, Apex, NC). 
[0056] When developing products such as sanitary nap 
kins it is desirable to understand the ?t of the product as it 
relates to the closeness of the product to the human body. 
One approach to understanding the ?t of the product as it 
relates to the closeness of the product to the human body is 
to measure the gap betWeen the product and the body at 
select locations. FIG. 2 depicts the method 40 for quanti 
tatively analyZing the results of a model, and more particu 
larly for quantitatively determining the ?t of the product in 
relation to the human body. 

[0057] In step 42, model/simulation results are generated. 
A process to arrive at the simulation results is described in 
US. Pat. No. 6,810,300 issued Oct. 26, 2004 to Woltmann 
et al., or commonly-assigned co-pending application Ser. 
No. 60/550,479 ?led Mar. 5, 2004 in the name of Anast et 
al. 

[0058] The model results are loaded/inputed/read into 
post-processing softWare, step 43. EXamples of suitable 
post-processing softWare include but are not limited to 

ABAQUS CAE (ABAQUS Inc., Pawtucket, RI), LSPre 
Post (Livermore SoftWare Technology Corporation, Liver 
more Calif.), and HypervieW (Altair Engineering, Troy, 
Mich.). 
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[0059] One known capability of post-processing software 
is the ability to use a repeated set of commands to drive a 
series of steps in the softWare, called scripting, With the 
repeated set of commands commonly called a script. In one 
such embodiment, an LSPrePost script can be used to 
visualiZe the simulation results of a product against a body 
at a series of different locations and angles in space, see 
FIG. 3. Another knoWn capability of post-processing soft 
Ware is the ability to create a series of images and save the 
images to a ?le format such as a JPEG ?le, step 44. Another 
Well knoWn feature is the ability to generate a cross sectional 
2 dimensional image, called a slice, through any combina 
tion of objects in the simulation at a variety of conditions 
that the model has calculated. FIG. 4 is an example of a 
slice. The concept of slicing can be thought of as cutting 
through the model along a determined path, and visually 
seeing the surface of all displayed objects along the path of 
this cut. These objects can include elements, nodes, surfaces, 
meshes, parts, and such. This can also include a sub-set of 
these objects. The states of these objects are previously 
determined When the model is being generated. Also, a 
variety of aspect ratios, and Zoom levels are possible so as 
to concentrate the displayed image in the softWare Within a 
speci?c region. In one embodiment, a series of slice images 
are generated in a PNG ?le format from LSPrePost of the 
parts corresponding to the pad and body in a deformed state 
at slice planes that Would correspond to key anatomical 
features on a Woman such as the prepuce and perineum for 
example. 
[0060] While the generation of images from a simulation 
is Well knoWn, the ability to couple such images into image 
analysis softWare Was unknoWn. More speci?cally there is 
the need to alloW for the passing of critical information from 
one softWare to another. This is accomplished by the gen 
eration of a calibration mechanism, step 46. In one such 
embodiment, the calibration mechanism is created in LSPre 
Post in Which a cross sectional 2 dimensional image of a box 
of knoWn dimensions is generated and saved to a ?le format, 
shoWn in FIG. 5 The knoWn box image dimensions alloW 
the screen capture process to be calibrated in physical 
dimensions, millimeters in this example. In other Words, the 
box provides a linkage betWeen the post processing softWare 
and image analysis softWare, in that the image analysis 
softWare Would otherWise have no knoWledge of physical 
dimensions from the post-processing softWare. In one 
embodiment, if the box image of the calibration box is 
knoWn to represent a physical dimension of 25 mm by 25 
mm, the image analysis softWare is capable of understanding 
the image as being 180 pixels by 180 pixels, the image 
analysis softWare noW understands physical relationship in 
terms of a correlation of mm per pixel. Additionally, con 
cerns such as imaging With different graphical resolutions, 
different resolution in horiZontal vs. vertical, image orien 
tation, and the such are resolved. 

[0061] Additional images in the post-processer can be 
generated at the same level of magni?cation (Zoom) and so 
share the common calibration factors and aspect ratio. It is 
possible to repeat this process such that different angles or 
different Zooms are considered. 

[0062] Other forms of calibration might include producing 
other reference objects for example, a set of parallel lines or 
a bar, using a ?xed prede?ned pixel siZe, saving the image 
data directly in real World coordinates, or passing the 
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calibration parameters as an output text ?le. Alternatively, 
one can imagine using an inherent or arti?cial object Within 
a given product performance model for such a purpose. 
Examples include a simulation being run With a square or 
cube embedded in the simulation as an arti?cial object, or 
using a ?xed reference internal to a body such as femur 
Width as an inherent object. 

[0063] In addition, various predetermined colors (digital 
grays scales in the example but any other colors could be 
used) are assigned to each element in the simulation, for 
example the body skin is black (Zero gray scale), the pad 
edge is a shade of gray (128 gray scale), etc. The differen 
tiation of materials based on the grayscale level provides a 
means to separate the components in the resulting 2D 
images during the image analysis steps described next. The 
output images are saved as a common graphics format ?le, 
in this example a PNG. Other forms of data output could be 
used, such as TIF or JPEG image format ?les, text ?le ASCII 
representation of the data, a binary format raW data ?le, or 
a 3D image format such as VRML or stereolithography. 

[0064] Once the series of image data ?les and calibration 
mechanism are generated, they are imported/inputed/read 
into image analysis softWare, steps 48 and 50. Examples of 
suitable image analysis softWare include but are not limited 
to MatLab (The MathWorks, Nattick Mass.), Optimas 
(Media Cybernetics, Silver Spring Md.) and ImagePro 
(Media Cybernetics, Silver Spring Md.). Other data analysis 
softWare packages Would also be suitable to import and 
process this type of data, provided the data ?les are com 
patible With the softWare With either a built in reader or a 
custom programmed reader typical of What can be done 
Within MatLab for uncommon data ?les. MatLab contains a 
PNG reader and is used to import the LSPrePost images 
directly into MatLabs Working space. Once the images are 
read into the softWare they are analyZed, step 52. A quan 
titative data report is provided from the analysis, step 54. 
The data is interpreted and correlated With consumers, step 
56. 

[0065] In one example, a custom image processing script 
Was Written in MatLab to: 1) read all the images from 
LSPrePost, 2) calibrate the images, 3) measure the pad-body 
gap area, and 4) save the results to a graphical and a text ?le 
representation for revieW. FIGS. 6 and 7 illustrate examples 
of a graphical result ?les from different locations. Each step 
is described beloW. 

[0066] 1) Calibration. The calibration image, FIG. 5, is 
read and the box identi?ed by locating all pixels With 
grayscale of 128. The X and Y extents in pixels of the box 
are used to calculate calibration factors in mm to be applied 
to all subsequent images. 

[0067] 2) For each calibrated image, the extent of the pad 
is identi?ed for limiting the Width of the analysis region. 
This can be accomplished in a number of Ways. One 
procedure de?nes the minimum and maximum><coordinate 
of the particular gray scale associated With the pad, as 
described previously. 

[0068] 3) For each image, a vertical line scanning algo 
rithm is used to ?nd the loWer body surface and the upper 
product surface. In sub-step, 3-1) image pixels in betWeen 
these vertical points and Within the de?ned analysis region, 
step 2), are accepted for inclusion in the gap area. TWo 
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addition sub-steps are used to ?ll in any gap areas missed 
scanning vertically. Sub-step 3-2) scans horizontally, ?nding 
pixels betWeen the gap boundary and any pixels identi?ed 
above. Sub-step 3-3) scans vertically again in a manner 
similar to 3-2) to more ?nely identify remaining gap pixels. 
Alternative methods, generally knoWn as seed ?ll methods 
could equally Well be used. Products that have holes or slits 
in the upper surfaces cause some trouble in this analysis, 
causing the pixels selection to leak into the interior of the 
product (not desirable) and thus seed ?ll routines Will fail 
badly. To overcome this problem, one may limit the leakage 
by alloWing the operator to remove sub-steps 3-2) and 3-3) 
from the analysis and note this correction in the results ?le. 
A more suitable approach Would be to connect holes in the 
pad surface Within the image using appropriate image pro 
cessing techniques. The calibrated pixel areas for the above 
steps are summed to determine the gap area. 

[0069] 4) A report text ?le is generated that records the 
Product name, softWare version, computer platform, time 
and date of analysis, location of the source images, calibra 
tion factors, image names, gap areas in mm2, and the 
selection steps used for each image. In addition, a copy is 
generated of each input PNG image With an addition of the 
gap area being colored or shaded. This provides a visual 
record of the gap de?nition as shoWn in FIGS. 6 and 7. 

[0070] A method 70 for analyZing physical test results in 
a virtual environment is shoWn in FIG. 8. 

[0071] A sanitary napkin or feminine pad is placed on a 
human female body and a ?rst cast of the sanitary napkin on 
the human female is made, step 72. The ?rst cast is removed 
and a second cast of the human female body is made, step 
74. In a preferred execution the second cast is in close 
proximity and most preferably in direct contact With the 
body. The casts form the physical specimens. 

[0072] The ?rst and second casts are replicated in digital 
form to de?ne a series of points, steps 76 and 78. The series 
of points can be connected to form a series of lines or a 
surface. In one example, a virtual surface of a product or 
panty is created using a 3D digitiZing arm (MicroScribe/ 
Immersion Corporation, San Jose, Calif., USA). The digi 
tiZing arm is connected to a computer equipped With a 
softWare program that supports modeling via reverse engi 
neering such as Rhinoceros (Robert McNeel & Associates, 
Seattle, Wash.). A calibration process orients the digitiZing 
arm in the real World With the coordinate system in the 
modeling softWare and is described With the equipment 
operating instructions. 

[0073] The digitiZer uses XYZ coordination from a stylus 
on the digitiZer arm to create a 3D Wire frame model of the 
surface. This is accomplished by moving the stylus across 
the surface and capturing points. In one such embodiment, 
points can be captured along an axis of the surface; the 
points being taken along a series of sequential lines that are 
spaced across the surface; the number of lines and points 
Within each line is determined by the level of detail to be 
captured. These sequential lines can be lofted Within the 
softWare to generate the 3D surface. The Rhinoceros soft 
Ware offers a variety of ?le formats to save this 3D surface 
as. The ?le can be saved as a stereolithography ?le in an 
ASCII format. 

[0074] When tWo or more series of points are replicated in 
digital form it is often desirable that they be aligned With 
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respect to one another, step 80. This alignment process can 
be done manually, based on the digital surface pro?le, or 
With additional physical data. 

[0075] In one embodiment reference markers are placed 
on the body and transferred to the cast during the casting 
process. Any number of reference markers may be used and 
the location of the markers may be positioned as desired. 
The reference markers are separately digitiZed as a series of 
marker points and saved as a text ?le. The reference markers 
associated With each series of digitiZed points can be used to 
align the tWo series of points With respect to each other using 
techniques such as least squared methods, residual minimi 
Zation and the like. The tWo series of aligned points are 
saved together in a ?le in the aligned position. 

[0076] While the above process is performed for the 
surface of a product and for the surface of a body, it is 
understood that the tWo surfaces could correlate to any 
variety of surfaces including pad to pad, body to body, pad 
to undergarment, undergarment to body, and such. It is also 
understood that only at least tWo or more surfaces could be 
considered in such analysis. In addition a mannequin could 
be used to interact With the product, and the digital repre 
sentation of the mannequin used versus the digitiZed prod 
uct, the mannequin data resulting from digitiZing the man 
nequin as described for a real body above, or directly from 
digital data from real humans used to manufacture the 
mannequin. 
[0077] Digitized models of the body and product can be 
obtained from digitiZing the casts as above or could alter 
natively be captured directly from the body or stabiliZed 
product using any number of digitiZing instruments, for 
example an Inspeck (Montreal, Canada) Capturer optical 
non-contact digitiZer. One typical common output of these 
instruments is a stereolithography ?le as previously 
described. The body or products could also result in part 
from a surface used in a simulation as previously discussed, 
in mesh form or in another ?le format, or any combination 
of such betWeen real digitiZed surface and virtually created 
or analyZed surface. 

[0078] The series of points are read directly into a post 
processor, step 82. When there are tWo or more aligned 
series of points, they can also be read directly into a 
post-processor. In some cases it is necessary to convert the 
series of points into a format that can be read into a 
post-processor. In one such case a stereolithography ?le of 
the aligned surfaces is read directly into LSPrePost, shoWn 
in FIG. 9. 

[0079] AknoWn capability of post-processing softWare is 
the ability to create a series of images and save the images 
to a ?le format such as a JPEG ?le, step 84. Another Well 
knoWn feature is the ability to generate a cross sectional 2 
dimensional image, called a slice, through any combination 
of objects. FIG. 10 is an example of a slice. Also, a variety 
of aspect ratios, and Zoom levels are possible so as to 
concentrate the displayed image in the softWare Within a 
speci?c region. In one embodiment, a series of slice images 
are generated in a PNG ?le format from LSPrePost of the 
series of points corresponding to the pad and body at slice 
planes that Would correspond to key anatomical features on 
a Woman such as the prepuce and perineum for example. 

[0080] A calibration mechanism is generated in step 86. In 
one such embodiment, the calibration mechanism is created 
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in LSPrePost in Which a cross sectional 2 dimensional image 
of a box of knoWn dimensions is generated and saved to a 
?le format, shoWn in FIG. 5 

[0081] In addition, various predetermined colors (digital 
grays scales in the example but any other colors could be 
used) are assigned to each series of points, for example the 
body is black (Zero gray scale), the pad is a shade of gray 
(128 gray scale), etc. The differentiation of materials based 
on the grayscale level provides a means to separate the 
components in the resulting 2D images during the image 
analysis steps described next. The output images are saved 
as a common graphics format ?le, in this example a PNG. 

[0082] Once the series of image data ?les and calibration 
mechanism are generated, they are imported/inputed/read 
into image analysis softWare, steps 88 and 90. Once the 
images are read into the softWare they are analyZed, step 92. 
A quantitative data report is provided from the analysis, step 
94. The data is interpreted and correlated With consumers, 
step 96. 

[0083] In one example, a custom image processing script 
Was Written in MatLab to: 1) read all the images from 
LSPrePost, 2) calibrate the images, 3) measure the pad-body 
gap area, and 4) save the results to a graphical and a text ?le 
representation for revieW. FIG. 11 illustrates an example of 
a graphical result ?le. Each step is described beloW. 

[0084] 1. Calibration. The calibration image, FIG. 5, is 
read and the box identi?ed by locating all pixels With 
grayscale of 128. The X and Y extents in pixels of the box 
are used to calculate calibration factors in mm to be applied 
to all subsequent images. 

[0085] 2. For each calibrated image, e.g., FIG. 10, the 
extent of the pad is identi?ed for limiting the Width of the 
analysis region. This can be accomplished in a number of 
Ways. One procedure de?nes the minimum and maximum>< 
coordinate of the particular gray scale associated With the 
pad, as described previously. 

[0086] 3. For each image, a vertical line scanning algo 
rithm is used to ?nd the loWer body surface and the upper 
product surface. In sub-step, 3-1) image pixels in betWeen 
these vertical points and Within the de?ned analysis region, 
step 2), are accepted for inclusion in the gap area. TWo 
addition sub-steps are used to ?ll in any gap areas missed 
scanning vertically. Sub-step 3-2) scans horiZontally, ?nding 
pixels betWeen the gap boundary and any pixels identi?ed 
above. Sub-step 3-3) scans vertically again in a manner 
similar to 3-2) to more ?nely identify remaining gap pixels. 
Alternative methods, generally knoWn as seed ?ll methods 
could equally Well be used. Products that have holes or slits 
in the upper surfaces cause some trouble in this analysis, 
causing the pixels selection to leak into the interior of the 
product (not desirable) and thus seed ?ll routines Will fail 
badly. To overcome this problem, one may limit the leakage 
by alloWing the operator to remove sub-steps 3-2) and 3-3) 
from the analysis and note this correction in the results ?le. 
A more suitable approach Would be to connect holes in the 
pad surface Within the image using appropriate image pro 
cessing techniques. The calibrated pixel areas for the above 
steps are summed to determine the gap area. 

[0087] 4. A report text ?le is generated that records the 
Product name, softWare version, computer platform, time 
and date of analysis, location of the source images, calibra 
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tion factors, image names, gap areas in mm2, and the 
selection steps used for each image. In addition, a copy is 
generated of each input PNG image With an addition of the 
gap area being colored or shaded. This provides a visual 
record of the gap de?nition as shoWn in FIG. 11. 

[0088] In a separate embodiment, instead of considering 
the product ?t against the body, one can measure a series of 
characteristics of a pad ?t against an undergarment. This is 
of particular utility When considering the performance of 
sanitary napkins or feminine care products having Wings. 
The method 120 of calculating a spatial relationship betWeen 
at least tWo objects is shoWn in FIG. 12. 

[0089] In step 122, model/simulation results are gener 
ated. Aprocess to arrive at the simulation results is described 
in US. Pat. No. 6,810,300 issued Oct. 26, 2004 to Woltmann 
et al., or commonly-assigned co-pending application Ser. 
No. 60/550,479 ?led Mar. 5, 2004 in the name of Anast et 
al. 

[0090] In one example, results from a model of a feminine 
protection pad With Wings applied to a panty using a virtual 
hand are generated, FIGS. 13-15. 

[0091] The model results are loaded/inputed/read into a 
post-processing softWare, step 123. Examples of suitable 
post-processing softWare include but are not limited to 

ABAQUS CAE (ABAQUS Inc., PaWtucket, R.I.), LSPre 
Post (Livermore SoftWare Technology Corporation, Liver 
more Calif.), and HypervieW (Altair Engineering, Troy, 
Mich.). 
[0092] One knoWn capability of post-processing softWare 
is the ability to use a repeated set of commands to drive a 
series of steps in the softWare, called scripting, With the 
repeated set of commands commonly called a script. In one 
such embodiment, an LSPrePost script can be used to 
visualiZe the simulation results of a product against a panty 
at a series of different locations and angles in space, see 
FIGS. 13-15. Also, a variety of aspect ratios, and Zoom 
levels are possible so as to concentrate the displayed image 
in the softWare Within a speci?c region. It is further possible 
to display only sections or components of a model, such as 
only Wings, only undergarment, only sections of a Wing. 
Another knoWn capability of post-processing softWare is the 
ability to create a series of images and save the images to a 
?le format such as a J PEG ?le, step 124. In one embodiment, 
a series of images are generated in a PNG ?le format from 
LSPrePost of the parts corresponding to sections of the pad 
and undergarment in a deformed state, FIGS. 16-18. 

[0093] A calibration mechanism is generated in step 126. 
In one such embodiment, the calibration mechanism is 
created in LSPrePost in Which a cross sectional 2 dimen 
sional image of a box of knoWn dimensions is generated and 
saved to a ?le format, shoWn in FIG. 5 

[0094] In addition, various predetermined colors (digital 
grays scales in the example but any other colors could be 
used) are assigned to each element in the simulation, for 
example the outline of the undergarment is black (Zero gray 
scale), the pad is a shade of gray (128 gray scale), etc. The 
differentiation of materials based on the grayscale level 
provides a means to separate the components in the resulting 
2D images during the image analysis steps described next. 
The output images are saved as a common graphics format 
?le, in this example a PNG. 
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[0095] Once the series of image data ?les and calibration 
mechanism are generated, they are imported/inputed/read 
into image analysis software, steps 128 and 130. Once the 
images are read into the software they are analyzed, step 
132. Aquantitative data report is provided from the analysis, 
step 134. The data is interpreted and correlated With con 
sumers, step 136. 

[0096] In one such example, a custom image processing 
script Was Written in MatLab to 1) read all the images 
including the calibration mechanism from LSPrePost, 2) 
calibrate the images using the calibration mechanism, 3) 
composite the needed images as required by each measure 
ment in a list of measurements, 4) calculate each measure 
ment, and 5) save the results to a graphical and a text ?le 
representation for revieW. Each measurement is described in 
the steps beloW. 

[0097] 1) Atext ?le is created With a header describing the 
version of the analysis code used, the date and time of 
analysis, the computer platform used to run the analysis, and 
the location of the source images. 

[0098] 2) Calibration. The calibration image, FIG. 5, is 
read and the box identi?ed by locating all pixels With 
grayscale of 128. The X and Y extents in pixels of the box 
are used to calculate calibration factors in mm to be applied 
to all subsequent images. 

[0099] 3) Adhesive patch Analysis. This requires just a 
single image of the adhesive patches, see FIG. 17. Only 
image pixels matching the grayscale assigned to patches are 
selected from Within the image and set to a value of 1. All 
other pixels are assigned a value of Zero. This forms a binary 
image. Pixels that are connected to their neighbors by at 
least one of the four sides or four edges of the pixel 
(8-connected) are grouped into blobs of connected pixels. 
The area of each blob and the total area is reported in mm2. 

[0100] 4) Adhesive patch gap analysis. The image of FIG. 
18 is used again. The machine direction (MD) of the product 
is de?ned as the longest axis of the pad product. The cross 
direction (CD) is orthogonal in the plane of the pad to the 
MD, refer to FIG. 15. Each CD line of the adhesive patch 
image of FIG. 18 is scanned to identify the end point of the 
left patch and the beginning of the right patch. The distance 
betWeen the points is the adhesive patch gap. This gap is 
plotted versus the distance along the MD, yielding a dis 
tinctly shaped plot for each product simulation. The maxi 
mum and minimum gaps in the pro?le along With the 
positions are found and reported in mm. 

[0101] 5) Wing Area and Gap Analysis. A single image of 
the Wings only is used as shoWn in FIG. 17. The area of each 
Wing is determined as in 3) above. The tWo Wing areas, 
average Wing area and total Wing area are reported in mm2. 
Using a CD line scanning procedure as in 4) above the Wing 
gap pro?le is calculated and plotted vs. the MD distance. 
The minimum, and the leading and trailing maximum gaps 
are reported in mm. 

[0102] 6) Panty Elastic Wing Gap. A composite image of 
the panty elastic edge and Wing is used here, see FIGS. 16 
and 17. A CD scanning procedure as in 4) above is used to 
identify the area of the Wing located over the panty. The 
individual, average and total Wing coverage areas are 
reported in mm2. Again using a CD scanning procedure, 
Wing area located betWeen the start of the Wing on a given 
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line and the start of the panty elastic on the same line is 
identi?ed as the panty elastic gap and the tWo starting points 
used to determine the gap distance. The gap distance is 
plotted vs. MD distance. A separate plot is generated for the 
gap pro?le that is smoothed With a 7 point running average 
?lter. The minimum gap, maximum gap, and their locations 
as Well as the average gap distance is reported out in mm. 
The procedure is repeated for the Wing elastic gap on the 
right side of the panty. 

[0103] 7) Panty Elastic Length. TWo images are needed a) 
panty elastic edge only, see FIG. 16, and b) a composite 
image of the panty elastic image, FIG. 16 With the Wings 
image, FIG. 17 overlaid (Wing image replaces elastic Where 
they overlap). Using a CD scanning procedure as in 3) above 
on image a) the ?rst location starting from the top of the 
image, Working doWn the MD on the left side elastic, Where 
the Wing overlaps the elastic (elastic data is missing result 
ing from the Wing overlay process) is noted. Similarly the 
last location Where the Wing overlaps the elastic is noted. 
Working from these same tWo locations on the image of 
FIG. 16 the length of elastic betWeen the tWo points is 
calculated and reported in mm. The procedure is repeated for 
the right hand elastic. The average of the left and right elastic 
length is reported as Well. The distance betWeen the left and 
right elastic start points and the distance betWeen the left and 
right end points is calculated and reported in mm. 

[0104] 8) The adhesive patch gaps, Wing gap, and panty 
elastic gaps are tabulated vs. MD position and appended to 
the text report. 

[0105] 9) The calibration factors (X and Y directions) for 
the conversion of pixels into distance and areas in mm or 
mm is appended to the text report for documentation and the 
text ?le is closed. 

[0106] 10) All the graphical plots are programmatically 
placed in one ?gure and the ?gure Written to storage as a 
JPEG ?le. An example results ?le is provide in FIG. 19. 

[0107] The above method is not limited to virtual model 
images, but could equally Well be used With images gener 
ated from digitiZed models of real physical prototypes, 
applied on real garments by real humans, additionally but 
not necessarily involving real bodies. DigitiZed models 
could include 3D geometry as described in method 70 or by 
taking digital pictures of the product in place. Calibration of 
digital pictures Would entail adding a knoWn length object in 
the image ?eld of vieW, such as a precision rule as routinely 
practiced in the art, and using manual or image analysis 
techniques to locate and calibrate the image based on the 
knoWn calibration marks of the object. Equally any object of 
knoWn dimension could be used as a calibration source, 
including the products or garments themselves provided 
knoWn features are not distorted in the image. Identi?cation 
of features, using image analysis techniques, Within the 
image could be accomplished in a number of Ways, the goal 
of Which is to provide suf?cient contrast to isolate features 
of interest. These include but are not limited to: 1) manually 
pre-indicating the features using a highlighting method such 
as colored ink markers or paint, 2) using colored raW 
materials and/or colored garments to provide sufficient con 
trast, 3) using ?uorescent dyes or native material ?uores 
cence (for example adhesives naturally ?uoresce) and UV 
illumination, 4) edge extraction, edge and/or pattern corre 
lation or similar image analysis techniques, or 5) any com 
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bination of the above techniques. This feature identi?cation 
can then be coupled With the procedures outlined in the 
previous example above to provide quanti?ed output, in a 
manner and for use as discussed in the example. 

[0108] The above described processes can be performed 
over a range of products, bodies, garments, usage condi 
tions, quantifying the results for each case. In doing so, a 
population of statistical measurements Will be created Which 
can be analyZed by knoWn statistical techniques such as 
design of experiments, linear regression, signi?cant differ 
ence and optimiZation to name a feW. 

[0109] The above described processes can be used to 
improve product performance of eXisting products, to design 
neW products, evaluate neW concepts, and optimiZe design. 
Furthermore, an initial design can be analyZed using one of 
the methods above, the analysis results can be used to iterate 
the design and subsequently repeated. This enables a rapid 
development cycle for product design. 

[0110] All documents cited in the Detailed Description of 
the Invention are, in relevant part, incorporated herein by 
reference; the citation of any document is not to be construed 
as an admission that it is prior art With respect to the present 
invention. 

[0111] While particular embodiments of the present inven 
tion have been illustrated and described, it Would be obvious 
to those skilled in the art that various other changes and 
modi?cations can be made Without departing from the spirit 
and scope of the invention. It is therefore intended to cover 
in the appended claims all such changes and modi?cations 
that are Within the scope of this invention. 

What is claimed is: 
1. Amethod of quantitatively analyZing results of a model 

comprising the steps of: 

a) generating at least one image of said model in a 
post-processor; 

b) generating a calibration mechanism of knoWn dimen 
sions in said post-processor; 

c) reading said calibration mechanism into an analysis 
softWare; 

d) reading said image into said analysis softWare; and 

e) analyZing said image from said post-processor in said 
analysis softWare quantitatively using said calibration 
mechanism. 

2. The method of claim 1, Wherein a plurality of images 
are generated in said post-processor. 

3. The method of claim 1, Wherein said model is a product 
being Worn on, in or adjacent to a body. 

4. The method of claim 3, Wherein said product is an 
absorbent article. 

5. The method of claim 4, Wherein said absorbent article 
is selected from the group consisting of sanitary napkins, 
pantiliners, incontinent pads, tampons, diapers, and breast 
pads. 

6. The method of claim 1, Wherein said calibration mecha 
nism is a calibration image. 

7. The method of claim 6, Wherein said calibration image 
is a boX. 

8. The method of claim 1, Wherein said analysis softWare 
is image analysis softWare. 
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9. A method of analyZing physical test results in a virtual 
environment comprising the steps of: 

a) replicating at least one physical specimen in digital 
form to de?ne a series of points; 

b) reading said points into a post-processor; 

c) generating at least one image from said series of points 
in said post-processor; 

d) generating a calibration mechanism of knoWn dimen 
sions in said post-processor; 

e) reading said calibration mechanism into an analysis 
softWare; 

f) reading said image into said analysis softWare; and 

g) analyZing said image from said post-processor in said 
analysis softWare quantitatively using said calibration 
mechanism. 

10. The method of claim 9, Wherein the step of converting 
said series of points into a format that can be read into a 
post-processor is carried out after step a). 

11. The method of claim 9, Wherein the physical specimen 
is of a product capable of being Worn on, in or adjacent to 
a body. 

12. The method of claim 11, Wherein said product is an 
absorbent article. 

13. The method of claim 12, Wherein said absorbent 
article is selected from the group consisting of sanitary 
napkins, pantiliners, incontinent pads, tampons, diapers, and 
breast pads. 

14. Amethod of analyZing physical test results in a virtual 
environment comprising the steps of: 

a) replicating at least one physical specimen in digital 
form to de?ne a series of points 

b) aligning said series of points With at least a second 
series of points; 

c) reading said aligned points into a post-processor; 

d) generating at least one image from said aligned points 
in said post-processor; 

e) generating a calibration mechanism of knoWn dimen 
sions in said post-processor; 

f) reading said calibration mechanism into an analysis 
softWare; 

g) reading said image into said analysis softWare; and 

h) analyZing said image from said post-processor in said 
analysis softWare quantitatively using said calibration 
mechanism. 

15. The method of claim 14, Wherein the step of convert 
ing said series of points into a format that can be read into 
a post-processor is carried out after step a). 

16. The method of claim 14, Wherein at least one of said 
series of points respresents a product being Worn on a body. 

17. The method of claim 16, Wherein said product is an 
absorbent article. 

18. The method of claim 17, Wherein said absorbent 
article is selected from the group consisting of sanitary 
napkins, pantiliners, incontinent pads, tampons, diapers, and 
breast pads. 
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19. A method for calculating a spacial relationship 
between at least tWo objects, said method comprising the 
steps of: 

a) providing a model, 

b) generating model results by running said model, 

c) reading said model results into a post-processor, 

d) generating at least one image of said model in the 
post-processor, 

e) generating a calibration mechanism of knoWn dimen 
sions in said post-processor, 

f) reading said calibration mechanism into an image 
analysis softWare, 

g) reading said image into said image analysis softWare, 

h) analyZing said image from said post-processor in said 
analysis softWare quantitatively using said calibration 
mechanism, and 

i) calculating the spacial relationship betWeen said at least 
tWo objects using the quantitative analysis of step h). 
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20. The method of claim 19, Wherein at least one of said 
objects is a human body and at least one of said objects is 
a product being Worn on, in or adjacent to a body. 

21. The method of claim 19, Wherein said spacial rela 
tionship is an area in at least one of said images betWeen at 
least tWo of said objects. 

22. The method of claim 19, Wherein said spacial rela 
tionship is a volume betWeen at least tWo of said objects. 

23. The method of claim 19, Wherein said spacial rela 
tionship is a distance betWeen at least tWo points on said 
objects. 

24. The method of claim 23, Wherein at least tWo dis 
tances are calculated and capable of being plotted in a graph. 

25. The method of claim 24, Wherein said graph is of a 
pro?le through time, space, distance, or location. 

26. The method of claim 19, Wherein at least one of said 
objects is a sanitary napkin and at least one of said objects 
is a Woman’s undergarment. 


