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The three-dimensional body scanner is a promising 
new research technology that will contribute to revolu-
tionary changes in the conception, design, manufacture, 
marketing and distribution of apparel.  Currently, the 
quantification of fit is complex and ambiguous; and ob-
jective methods, such as comparison of one-dimensional 
measurements, are inadequate.  Body scanning provides 
multi-dimensional data that have the potential to provide 
new insights into sizing and grading systems to improve 
fit.  Our ultimate goal is to develop a prototype mathe-
matical process to use body scan data to improve sizing 
systems for a specific target market population of an ap-
parel firm.  

 

Using body and pant scan data, we are evaluating how 
size range, measurement specifications and grading rules 
can be improved to better accommodate a target market.  
We used a Tecmath VITUS/smart 3-D body scanner with 
eight cameras and four eye-safe laser light sources to cap-
ture approximately 300,000 spatial data points per scan 
for each of 203 female subjects.1  Subjects were scanned 
twice, once in minimal clothing and a second time in the 
best-fitting size of Liz Claiborne test pants.  Scans were 
cropped above the waistband and at mid thigh, and planes 
were set at critical fit areas (see Figure).  We then used 
Innovmetric’s Polyworks software to merge, align and 
clean the scan data; as well as provide 3-D visualizations.  
Polyworks allowed manual extraction of circumference, 
slice area, surface area and volume data as well as 3-D 
visualizations to describe body and apparel relationships 
in ways never before possible.  
 

We conducted a variety of statistical analyses to char-
acterize specific problems of pant fit in the target popula-
tion.  Cluster analysis of body scans identified five clus-
ters distinguished by general size and suggested that some 
of the non-traditional measurements such as abdomen to 
hip surface area may be helpful in improving the existing 
system.  A panel of experts then used the 3-D visualiza-
tions of each pant scan to rank fit as “acceptable,” “mar-
ginal” or “unacceptable” on a global basis (rating overall 
fit from front and back views) and then for localized areas 
(rating 13 specific body locations).  These ratings helped 
identify problem areas or misfits based on size and cate-

                                                           

                                                          

1 selected to fit our industry partner’s target market (Liz Clai-
borne) of 34-55 year old women in Misses 4-16 and Women’s 
14-24 sizes. 

gorize the sample by fit for further analysis.  Ease values2 
in linear, area and volume measurements proved to be a 
valuable measure to identify and characterize misfit.  We 
also analyzed ease values to show misfit trends based on 
body proportions.  

We are providing insights 
into body/apparel relationships 

with the ultimate goal of 
developing a tool for apparel companies  

to improve their sizing systems. 

 

To determine the state of fit for the existing sizing sys-
tem used at retail, we calculated the mean visual fit rat-
ings to measure closeness to acceptable, marginal or un-
acceptable fit.  From a front view, the majority of the 
women in the Misses style target market fell a little above 
a marginal rating.3  From the back view, the majority of 
the target market fell closer to marginal.4  While a true 
test of the existing sizing system would be difficult, we 
can take these figures as indicators that there is a substan-
tive need and ample opportunity to improve this sizing 
system. 
 

We also found patterns of surface area misfit at the 
waist and abdomen areas that statistically differentiated 
between acceptable and unacceptable and between mar-
ginal and unacceptable fit ratings.  Statistically significant 
patterns of surface area misfit between specific fit ratings 
and pant sizes emerged at abdomen to hip sections.  
Moreover, we found that target market body proportions 
were different than those of fit model and size grades, 
confirming that the current sizing system is not fitting the 
full range of the target market well.  Subjects with the 
lowest and highest hip to waist ratios were less likely to 
find acceptable fit than subjects with hip/waist ratios in 
the middle of the range.  We are further analyzing the 
data to consider crotch length, thigh measurements and 
slice areas as indications of body shape variation as well 
as statistical cluster analyses to determine ideal size 
groupings. 
 

To develop a prototype mathematical process to im-
prove the existing sizing system, our first step was to de-

 
2 ease values are the additional amounts of fabric needed in a 

garment beyond the body measurement for good fit. 
3 scale:  -1 = unacceptable, 0 = marginal, 1 = acceptable;                 

mean = 0.29, standard deviation = 0.65 
4 mean = 0.05, standard deviation = 0.53 
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termine how relevant body measurements correspond to 
our visual ratings of good fit.  We are now using the dis-
tributions of those measurements to modify the current 
pants grading matrix and are generating a model using 
multinomial logistic regressions.  We collected additional 
data on changes in body size that occur with movement, 
by scanning 49 subjects in standing and seated positions.  
We will analyze these data for insights into appropriate 
ease values to provide comfortable pant fit, and incorpo-
rate them into the prototype mathematical process.  Our 
goal is to find the minimum number of measurements that 
will be able to accurately describe "fit" variance and to 
apply these results to improve the sizing and grading sys-
tems currently used in industry. 
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