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Abstract 

In the Dutch armed forces clothing sizes are determined using 3D body scans. To evaluate if the predicted size based on 

the scan analysis matches the best fit, 35 male soldiers fitted a combat jacket and combat pants. It was shown that the 

predicted jacket size was slightly too large. Therefore, an adjustment was proposed. The predicted and preferred pant 

size matched rather well. We further investigated discrepancies between predicted and preferred sizes using virtual 

fitting analysis. Colour maps showing the difference between garment and body circumference illustrated that some 

soldiers selected a garment size that was obviously too small or too large. In order to minimize the effect of personal 

preference and maximize standardize ease, we recommend to maintain the current size prediction (with minor 

corrections for jackets) and use virtual fitting selectively as a control measure.  

 

Keywords: Sizing, military garments, fit, virtual fit, fit maps 

1 Introduction 

In order to standardize and speed up clothing and equipment supply to the Dutch military, the clothing and personal 

equipment office of the Netherlands Armed forces introduced 3D whole body scanning in the year 2003. Each soldier 

is scanned and the essential body dimensions for clothing fit are calculated from the scan [1]. These dimensions are 

converted to NATO sizes and printed on a sheet, so that the soldier can retrieve the best fitting NATO garment size 

while passing through the warehouse with his/her shopping cart.  

Adherence to the NATO standard agreement STANAG 2335 is required for military garments of NATO countries. This 

standard recommends to use chest circumference and stature as input dimensions for jackets and waist 

circumference and inner leg length as inputs for pants.  

In this process it is important that the best fitting garment size is supplied to the user. In order to verify if this is the 

case, we performed fit tests on 35 male soldiers. They tried on the combat jacket and combat pants and wrote down 

the NATO size that fitted them best. The fit evaluation was performed by a trained specialist of the defence 

organisation with input from the wearer. The best fitting size was compared to the calculated size from the scanner 

output. This information can be used to optimise the formulae to predict the best NATO size. We hypothesized that 

the size prediction based on body scans yields a good fitting garment size for jacket and pants. 

It is well-known that there is considerable inter-individual difference in preferred ease: some subjects like oversized 

garments, while others prefer tight fit. For the military this variation is undesired; functional garments with a standard 

ease prevent snagging and movement restrictions. New technologies for evaluation of ease currently emerge to the 

market. The Modaris 3D fit package by Lectra, for instance, enables the combination of 3D body scans with garment 

design. We evaluated the possibilities of such a system in a selected set of soldiers. 
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2 Body dimensions and secular trends 

 

2.1 Body dimensions 

Table 1 shows an overview of the scan derived body dimensions  for garment fit of the scanned military population in 

the Netherlands. The scans were made with the Vitronic Smart scanner (www.vitronic.de) and the dimensions were 

generated with Human Solutions software (www.human-solutions.com). A representative subset of 35 males was 

selected for fit evaluation.  

 

Table 1 Number of male and female military with stature, inner leg length, chest circumference and waist 

circumference in cm. The mean, minimum, maximum, standard deviation and skewness is shown.  

Female Number Mean Min. Max. SD Skewness 

Stature 2386 169.2 149.0 190.5 6.1 0.1 

Inner leg length 2384 75.9 57.2 91.1 4.3 0.1 

Chest circumference 2382 93.4 63.8 133.7 6.8 0.8 

Waist circumference 2383 79.0 53.1 127.8 7.6 1.1 

Male       

Stature 15208 180.5 154.4 203.5 6.7 0.1 

Inner leg length 15207 80.3 59.0 98.0 4.8 -0.1 

Chest circumference 15145 99.4 56.9 148.3 8.3 0.5 

Waist circumference 15201 83.5 62.3 145.9 8.9 1.1 

 

The values in Table 1 are based on measurements from 2003 to 2014. For the development of future garment systems 

it may be necessary to include the secular trend in body dimensions.  

2.2 Secular trend 

The secular trends for the male and female Dutch population are shown in Fig. 1. 

 
Figure 1 Stature (upper panel) and body weight (lower panel) of Dutch adult males (blue) and females (orange) from 

1991 to 2011. Source: Statistics Netherlands. 

 

Over the last years both stature and body weight seem to stabilize, so that there is no need to make secular trend 

adjustments. 
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3  Fit maps 

 

3.1 Real fitting 

The 35 male soldiers fitted the combat jacket and combat pants. Figures 2 and 3 show the results. The boxes are the 

sizes that were most often selected. It is clear that the chest circumference of the selected garment was considerably 

smaller than it should be according to the prediction. Therefore we recommended to change the pattern to a smaller 

one so that the prediction better matches the best fit. For the pants, the predicted and selected size seems to match 

much better (Fig. 3). 

 
Figure 2 Body height (vertical) and chest circumference (horizontal) in cm for the scanned population (small dots), 

subjects that fitted NATO size 8000/8085 (red dots), subjects that fitted size 8000/9500 (black dots) and subjects with 

other preferred sizes (blue dots). The triangles indicate the mean values. The left box indicates NATO size 8000/8085, 

the right box indicates NATO size 8000/9500. 

 

 
Figure 3 Crotch height (vertical) and waist circumference (horizontal) in cm for the scanned population (small dots), 

subjects that fitted NATO size 8090/8090 (red dots) and subjects with other preferred sizes (blue dots). The triangle 

indicates the mean value. The box indicates NATO size 8090/8090. 
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3.2 Virtual Fitting 

We selected 6 subjects for the jacket and 6 for the pants for virtual fitting: 2 subjects in which prediction and selection 

matched (black or red dots in the boxes of Fig. 2 and 3), 2 subjects that should have selected the size but did not do so 

(blue dots in boxes of Fig. 2 and 3) and 2 subject that selected the size but should not have done so (black or red dots 

outside the boxes of Fig. 2 and 3). 

We used the Modaris 3D fit software by Lectra to visualise the differences between the skin and the garments. Mean 

differences are calculated horizontally for every segment. An example is given in Fig. 4 for pants of a soldier that have 

a correct fit (left) and of a soldier who has selected pants that were too small. Similar results were found in jackets, in 

particular for subjects that selected jackets that were too wide.  

Calculation of ease for horizontal 'slices' may lead to overestimation of the ease in the crotch area. This can be seen by 

the yellow colour in Fig. 4. Another method is to calculate the distance between skin and garments perpendicular to 

the garment (Fig. 5). This view, made by the program 'meshlab' by subtracting the body scan from the Modaris 3D fit 

object file, shows exactly where the air gaps are located.  

  

Figure 4 Subject with fitting pants (left) and subject with a waist circumference of 96,4 cm that selected pants with 

waist circumference of 85 to 90 cm (right). Blue areas indicate loose fit; red indicates tight fit. 

 
Figure 5 Visualisation of ease of pants: local absolute difference between garment and skin  
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4 Conclusion 

In conclusion, we showed that NATO size prediction using a 3D whole body scanner system can be useful to improve 

logistics and fit of combat jackets and pants. We proposed a correction for jacket fit since the jacket was over 

dimensioned. Our first experiments show that virtual fitting is a promising technique. It enables the quantification and 

reduction of personal preference in garment fit. Eventually this could lead to a more standardized fit of military 

garments. 
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