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The Exploration Extravehicular Mobility Unit (xEMU) project is tasked with building a 

spacesuit for the lunar 2024 missions. These missions will require a mobile Lower Torso 

Assembly (LTA) to fit the required range of astronauts’ anthropometry with optimal mobility. 

The goal of this work was to develop a quantitative framework to assess the new LTA brief 

designs for the anthropometry and mobility requirements. Initially, virtual fit checks were 

conducted via computer-aided design (CAD) modeling. Body shape manikins were iteratively 

positioned inside the CAD geometry. The resultant LTA-to-body contact and overlap were 

quantified, from which twenty-four test subjects whose predicted fit is at a borderline level 

were selected for physical fit testing. Using a 3D printed LTA mockup, the selected subjects 

were assessed for don/doff capability, and performed basic functional movements, including 

walking, kneeling and squatting. 3D scans were recorded, and a survey was administered for 

the subjective perception of fit and any discomfort locations. A statistical classifier based on a 

logistic regression model was developed using the obtained data and projected to a large 

database of approximately 1,800 body shapes from the US Army. The model estimated the 

overall proportion of the accommodated population to characterize the anthropometry of the 

crew who would fit in the LTA. The outcome determined if the current LTA sizing is adequate 

to meet the xEMU requirements. 
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I. Introduction 

N March 26, 2019 NASA was directed by the current Administration to return humans to the surface of the Moon 

by 2024. The Artemis program is NASA’s path to the Moon and the next step in human exploration. All lunar 

activities fall under this program, and it is a part of the agency’s broader Moon to Mars exploration approach. When 

NASA sends the first woman and next man to the lunar surface, they will wear the Exploration Extravehicular Mobility 

Unit or xEMU and explore the Moon’s South Pole for the first time.  

  The xEMU will offer more mobility than previous flight extravehicular activity (EVA) spacesuits. The xEMU 

is a rear-entry spacesuit that utilizes a mix of materials to optimize the mobility and mass of the system. The upper 

torso assembly (UTA) consists of a Hard Upper Torso (HUT), hatch, rolling convolute shoulders, helmet, 

Extravehicular Visor Assembly (EVVA), EMU arms, and EMU Phase VI Gloves.1 A full description of the xEMU 

upper torso can be found from a work by Ross et al. (2019).1  The lower torso assembly (LTA) consists of a waist, 

brief, hip assembly (WBH), EMU legs, and planetary boots. The xEMU spacesuit will accommodate astronauts across 

a wide anthropometric range, as required for the previous suits developed by NASA.2  The Artemis missions will 

require the LTA to fit this range of astronauts to provide optimal mobility. A fleet sizing study was initiated to 

understand how well the designed LTA, specifically the WBH assembly, fit the population.  

II. Background: Waist Brief 

Hip Assembly 

The xEMU WBH design is 

based off the Z-2 LTA.3 Figure 1 

shows the different components 

that make up the xEMU WBH. 

Starting from the top of the 

xEMU WBH, the first component 

is the HUT side Body Seal 

Closure (BSC) ring. This 

interfaces the LTA to the UTA. 

Depending on the vertical trunk 

diameter (VTD) of the subject, 

sizing rings may be inserted 

between the BSC and the next 

component, the waist bearing. 

The waist bearing allows for 

rotation at the waist which is 

necessary for LTA mobility. Next 

is the flexion/extension ring and 

bladder material. This allows for 

up to 40 degrees of waist forward 

flexion and extension of the suit. 

The brief is made of either 

composite or aluminum material 

and anchors the connection 

between the flexion/extension 

ring, flexion/extension bladder, 

and the hip bearings. The hip is 

made of patterned, convoluted 

soft goods that allow for 40 

degrees total of abduction/ 

adduction. The combination of the hip and thigh bearings, along with the other components of the WBH, allow for 

full mobility for astronauts to be able to complete complex motions such as kneeling, squatting, and recovery from a 

prone position.  

 

O 

 

Figure 1. WBH Components. xEMU Waist Brief Hip Components as described 

in Section II. 



   
 

 

International Conference on Environmental Systems 
 

 

3 

III. Fleet Sizing Study 

The goal of the LTA fleet sizing study is to predict the proportion of the current and projected crew population 

accommodated by the new LTA design, focusing on the WBH described in section II. It was decided to initially focus 

on the fit of the brief. A well-fitting brief enables good WBH mobility because the wearer’s hip joint is better centered 

near the point of rotation of the hip joint on the suit. A brief that is too low on the body will limit the ability for the 

subject to achieve 90 degrees of hip flexion which negatively affects the ability to walk, squat, kneel or complete other 

complex motions.  

3D computer-aided design (CAD) models have been traditionally used for virtual fit checks for suits and suit 

components. With virtual fit checks, a suit CAD model was overlaid on the 3D body surface scans of human test 

subjects and the resultant suit-to-body overlap and clearance were quantified to predict the fit or unfit of the suit. 

Specifically, fit or unfit was determined by the locations, depths, and areas of the suit-to-body interferences and a set 

of prescribed rules, including ingress/egress capabilities. Virtual fit checks allowed substantial time and cost saving 

compared to fit checks done physically using the fabricated suit components. However, overlap and clearance are 

often difficult for structural quantifications or statistical analyses due to the complexity of the 3D geometric dataset 

for the suit models and human bodies. As a result, only a small number of 3D body scans (“boundary manikins”) have 

been tested for virtual fit checks in the past. Questions have been raised whether the selected body scans represent the 

entire target population.4-5 Further, fit checks need to be properly validated.6  

This paper reports a newly developed technique based on a hybrid of virtual and physical fit checks. The new 

method substantially increased the number of body scans used for virtual suit fit checks while improving the subject 

selection and model validation methods. The study had three phases: initial virtual fit checks through CAD models, 

physical fit checks with 3D printed components to validate the model, and the analysis of the results.  

A. Virtual Fit Checks through CAD Model 

The CAD model of the brief was overlaid with the 3D body scans of 290 human test subjects (94 females and 196 

males). The scans corresponded to all data previously recorded at the NASA Johnson Space Center (JSC) with the 

subject’s consent through the form approved by NASA JSC Institutional Review Board (IRB). The mean stature and 

body weight were 179.0 (SD: 6.3) cm and 84.2 (SD 10.4) kg for males and 166.7 (SD 5.7) cm and 64.4 (9.4) kg for 

females, which correspond to 26.24 (SD 2.66) 

and 23.2 (SD 2.8) kg/m2 body mass index 

(BMI). The body scans were deidentified and 

face anonymized before analyses. 

The location of each body scan was 

iteratively adjusted using a brute-force 

optimization algorithm, which iteratively places 

the 3D body scan in all possible positions within 

the pre-defined ranges and computes the 

geometric overlap between the inner surface of 

the brief and the 3D body scan. The position 

corresponding to the minimal overlap was 

identified and determined as the body position 

with respect to the brief. Once the brief model 

was placed in an optimal position for the 

individual body scan (Figure 2A), a histogram 

was generated representing the individually 

unique distribution of the overlap area across the 

different overlap depths (Figure 2B). Each 

person’s brief-to-body overlap histogram 

pattern was transformed into a vector 

representing the overlap magnitude as listed in 

Equation (1), where each of the element h1 ,..., hn 

corresponds to the sum of the overlap areas 

measured from the given overlap depths interval. 

 Overlap Area Vector = [h1, h2, ..., hn]   (1) 

 
Figure 2. A: Brief CAD model overlaid with body scan. B: 

Overlap area and depth histogram. The overlap depths were 

color-coded as denoted in panel B. The illustration was made using 

a statistically synthesized body shape for anonymization. 
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The virtually assessed brief-to-body overlap pattern was used as a metric to select the subjects to be physically 

tested for fit. A composite overlap score was defined and calculated by a weighted sum of the vector elements from 

Equation (1). The weight of each vector element was preliminarily assigned with the corresponding overlap depth 

measurement. All body scans, grouped by gender, were then sorted by the corresponding overlap scores. Each overlap 

pattern was visually inspected by NASA suit engineers and anthropometry experts, and the scans with no or very small 

overlap (overlap score near 0) were preliminarily categorized as “very likely to be accommodated (fit)”. Similarly, 

scans with the largest overlaps (near maximal overlap scores) were categorized as “very unlikely to be accommodated 

(unfit)”. The ratings were made on a binary scale (either accommodated or unaccommodated).  This process was 

intended to a priori identify only the extreme cases that are obviously to be accommodated or unaccommodated, given 

the visually assessed level of suit-to-body overlap. The extreme cases were used to define boundary conditions and 

the model was designed to evaluate the remaining cases for the probability of accommodation in a continuous scale 

using a statistical classifier (details below).  The “accommodated” cases may not exactly coincide with the “fit” cases. 

Thus, the model within the scope of this study was more focused on accommodation, while an additional model layer 

was planned to be embedded for fit estimation based on an increased set of explanatory variables. Overall, 

approximately 15% of the scans were preliminarily counted as “very likely to be accommodated” and 15% counted 

as “very unlikely to be accommodated”, respectively. The remaining 70% were categorized as subjects with 

“undetermined or borderline accommodation” status subjects. 

B. Physical Fit Checks using 3D Printed Brief 

A set of physical fit checks was performed using a 3D printed mockup of the brief, with a goal to build a statistical 

classifier based on a logistic regression model to quantify the probability of brief accommodation as a function of the 

covariates, specifically defined by the subject’s gender and brief-to-body overlap. The classifier model ultimately 

defined the accommodated cases by the corresponding probability prediction  0.5 and unaccommodated cases by < 

0.5.  

Among the subject groups visually pre-categorized as above (section III.A), the “undetermined or borderline 

accommodation” status subjects were prioritized for test subject recruitment in a targeted approach. It was assumed 

that the borderline fit subjects provide more critical information to improve the prediction accuracy of the statistical 

classifier. Specifically, the borderline subjects can help to more clearly define the threshold patterns separating the fit 

and unfit body shapes, compared to selecting subjects more from the “very likely to be accommodated” or “very 

unlikely to be accommodated” groups. A post analysis was also performed to geometrically characterize the body 

shapes of the subjects in different groups.   

From the list of the subject candidates, the test conductors performed screening by their clearance status with the 

JSC Clinic Test Subject Facility and contacted the approved candidates. If the candidates were willing to participate, 

their test session was scheduled in coordination with the facility and medical monitoring. 9 females and 15 males were 

recruited for physical fit tests. The mean buttock breadths of the subjects were 36.7 cm (SD 3.0 cm) and 37.7 cm (SD 

2.2 cm) for the females and males, which correspond to the 69th and 63th percentile of the female and male populations 

measured from the U.S. Army ANSUR scan database7, respectively. Also, the mean buttock depths were 24.2 cm (SD 

1.3 cm) and 27.4 cm (SD 1.9 cm) for female and male subjects, which correspond to 27th and 44th percentile of the 

populations, respectively. 

Two types of brief designs were 

3D printed and tested, including the 

baseline and modified design 

(Figure 3). For the modified design, 

the inner surface geometry of the 

baseline brief was parametrically 

morphed using a radial basis 

function technique,8,9 with the 

control points for geometric 

interpolation placed in a preset 

interval over the surface. The control 

point coordinates in the variable 

shape zone, including the buttock 

and pelvis regions, were iteratively 

modified to deform the brief inner 

 
Figure 3. Baseline (bright contour) versus modified (dark contour) brief.  
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surface to closely match with each subject’s scan described above. The sum of the distances to the closest points 

between the brief and body was used for the iterative optimization. Control points were also placed on the waist and 

hip bearing regions, but their positions were fixed during the iterative optimization in order to minimize the 

deformation for the corresponding areas. The morphed brief shapes were pooled and reduced for dimensionality using 

a principal component analysis (PCA). The principal component scores corresponding to the 95 th percentiles were 

sampled, and inverse transformed to reconstruct the brief geometry. Overall the modified brief shows 0.5 and 0.25-

inch (1.270 and 0.635 cm) expansion in the fore-aft dimensions compared to the baseline brief.  

After signing the consent form approved by NASA JSC IRB, the surface geometry of the subject’s body and brief 

was scanned using a 3dMD whole-body body scanner.10 Each subject was asked to don the 3D printed brief and 

perform a series of functional tasks, including walking, and kneeling, while the brief was worn using a pair of shoulder 

harness straps with the attachment points fixed at the front and rear areas of the brief outer surface. The 3-D printed 

brief mockup was then docked to an alignment stand, of which the mounting height was selected by the individual 

subjects based on the functional tasks performed. The brief was fixed at an orientation corresponding to the neutral 

position of the brief during upright standing. The alignment stand allowed the 3D printed brief to be docked in the 

correct orientation the suit will assume when standing up right. Although the remainder of the suit components, such 

as HUT, flex ring or hip bearing, have not been included in this testing, it was hypothesized that the fit of the 3D 

printed brief is consistent with what the subject would feel while wearing the xEMU, as all the ancillary components 

are included (brief, padding, maximum absorbency garment (MAG), and LCVG). The subject was scanned while 

standing in a standard scan pose with the feet 35 cm apart from each other and the arms abducted by 25 from the 

torso (Figure 4A). The subject was also scanned in a posture with the right thigh raised and the lower leg flexed down 

(Figure 4B). The procedures were repeated for both the baseline and modified brief with each subject.  

The subject was scanned in two different undergarment conditions, namely wearing just scanwear (tight-fitting 

shirt and shorts) followed by wearing scanwear and a liquid cooling & ventilation garment (LCVG) with a MAG. 

These garment-specific body scans were to assess the incremental effects from the added layer of garments to the suit-

to-body contact and resultant changes in the accommodation probability.  In each undergarment condition, the subject 

was instructed to self-don/doff the brief mockup by stepping into the hardware and lifting it to waist height with 

minimal assistance in both undergarment conditions. The capability of performing the tasks or any comfort issues 

were reported by the subjects and assessed by the test conductors. The subject was also surveyed for the perceived 

areas of discomfort. The subject was also asked to assess skin areas perceived to be in contact with the brief and 

identify the specific contact location of the body by digitally painting on a virtual avatar displayed on a tablet computer.  

The subject was instructed to adjust their feet placement from 25 cm apart (heel to heel) to what felt like a comfortable 

stance (Figure 4A). The preferred foot position was measured by the feet width from heel to heel. The main objective 

of the preferred foot position was to 

estimate the “natural” foot width in the 

brief to avoid thigh interaction with the hip 

bearings. The subjects adjusted their feet 

on average 10.2 cm (SD 6.2 cm) and 8.2 

cm (SD 6.1 cm) in both undergarment 

conditions respectively, not affecting the 

position in the brief. 

At the completion of the physical fit 

test, an accommodation or 

unaccommodation decision was made for 

each subject by the test conductors based 

on the accommodation criteria, including 

the subject’s don/doff capability, 

functional mobility, contact survey, and 

the subjective perception of fit. If the 

subject could not don/doff the brief the 

subject was considered unaccommodated. 

However, if the subject was able to don the 

brief, the decision was made on the ability 

to perform the functional mobility tasked 

without any major discomfort or 

interferences. 

 
Figure 4.  A: Standard scan pose for physical fit testing. B: Scan pose 

with the right thigh raised. In both scan poses, the brief was docked to 

the alignment stand. 
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C. Results  

Overall, 9 female (100%) and 14 male subjects (93%) were determined to be accommodated, while 1 male subject 

was determined to be unaccommodated with the baseline design brief. The buttock breadth and depth of the 

unaccommodated subject corresponded to 40.5 cm (96th percentile) and 31.2 cm (91st percentile), respectively. 

Similarly, the hip breadth and buttock circumference corresponded to the 99th and 98th percentile of the population. 

With the modified design brief, all tested subjects were determined to be accommodated.  

To build a statistical classifier, training set data was constructed from the combined dataset of the visually pre-

categorized accommodation assessments (“very likely to be accommodated” (15% of the inspected scans) and “very 

unlikely to be accommodated” (15% of the inspected scans)) and the physically tested subjects (N=24). The classifier 

model was based on a logistic regression model to predict the fit probability (dependent variable) as a function of the 

vector-represented brief-to-body overlap patterns (independent variable) as described in section Equation (1). To 

reduce the multicollinearity error of the independent variable, the brief-to-body overlap vectors were dimensionally 

reduced and orthogonally represented using a principal component transformation. Three principal components were 

included, which account for 97.8% and 97.4% of the total variance for the female and male datasets, respectively. For 

the scope of the current paper, only the scanwear undergarment condition in the standard standing pose (Figure 4A) 

was analyzed and reported for brevity.  

The classifier model was validated using a bootstrap resampling technique.7-8 Specifically, the original data 

(including the physically tested and pre-categorized fit assessments) were used to build a pseudo-dataset by random 

sampling with replacement. The sampled cases of which the count corresponded to 50% of the original data were 

assigned to the pseudo-training set and the remaining cases to the pseudo test set. This procedure was repeated many 

times (N=5,000), from which the empirical distribution of the cross-validation metrics was estimated, specifically for 

the means and 95% confidence intervals. The classifier performance, which was measured by the counts of 

accommodated cases correctly predicted as accommodated (true positive) and unaccommodated cases incorrectly 

predicted as accommodated (false positive), was assessed by a receiver operating characteristics (ROC) curve.11 The 

outcome is illustrated in Figure 5, showing the 

mean and 95% confidence intervals of the ROC 

from the bootstrap cross-validations. The 

hypothetical lines representing “perfect” and 

“random guess” classifiers are also included for 

comparisons. Overall, the ROC of the classifier 

used in this study is located close to the 

hypothetical perfect classifier. The specific 

performance level was also numerically 

calculated by the corresponding area under curve 

(AUC). The mean AUC is 0.92 with a 95% 

confidence interval [0.86, 0.99], which is 

categorized as an “outstanding” classification.12 

For a comparison, the AUC ranging in 0.8-0.9 is 

considered “excellent” and 0.7-0.8 is 

“acceptable”.12  

The examples of the fit probabilities predicted 

by the classifier model are illustrated in Figure 6, 

across different body shapes in both males and 

females. Overall, the brief-to-body overlaps are 

prominently observed at the waist and crotch 

regions for the unfit cases (fit probability < 0.5), 

and the overlap depths exceeding approximately 1.25 cm tend to be also associated with the unfit cases. 

Once trained with the physical fit test data, the classifier model was projected onto a large-scale anthropometric 

database (US Army ANSUR II)3 to predict the proportion of accommodation for the crew population. From the body 

scans from the entire database (1,712 females and 3,890 males), a subset of 511 female and 1,285 male body scans 

were selected, whose age is at or older than 30 years and whose suit-critical anthropometric measurements are within 

the range of 1st percentile female and 99th percentile male measurements. The selected subset is assumed to represent 

the current and future astronaut population, as defined by the NASA EVA Suit Systems Requirements.2 The suit-

critical anthropometric measurements included stature, chest breadth, depths, and circumference, bi-acromial and hip 

breadths, thigh and bicep (flexed) circumferences, knee and crotch heights, inter-elbow and wrist distances, head 

 
Figure 5. Receiver operating characteristic curve from the  

bootstrap cross validation tests  

 



   
 

 

International Conference on Environmental Systems 
 

 

7 

length and waist depth. The classifier model predicted that 90.6% of the female and 78.4% of the male crew population 

as specified by the NASA EVA document2 are expected to be accommodated by the baseline design brief. The 

corresponding 95% prediction intervals are [83.4%, 93.2%] and [64.0%, 86.7%], respectively.  With the modified 

design brief, 95.8% of the females and 90.0% of the males are expected to be accommodated, with the 95% prediction 

intervals [91.0%, 97.7%], and [70.1%, 93.5%], respectively (Figure 7).  Overall, the unaccommodated cases 

correspond to the larger buttock breadth and depth measurements (transition points approximately at 36 and 27 cm, 

respectively) for the both male and female populations. 

The measurements of the foot widths preferred by the subjects were on average 34.0 cm (SD: 4.3 cm) for the 

scanwear undergarment condition and 32.0 cm (SD: 5.4 cm) for the LCVG condition, respectively. A statistical test 

(linear mixed effects analysis) indicated that the difference between the undergarment conditions is statistically 

significant (95% confidence interval for the coefficient: [0.121, 3.879], p < 0.05). However, neither the gender nor 

buttock dimensions showed a statistical significance for the variations in preferred feet widths (95% confidence 

interval: [-2.819, 8,506] and [-0.035, 0.218], respectively). 

 
Figure 6. Fit probability predictions from different suit-to-body overlap patterns across different genders and 

body shapes. The corresponding prediction of the fit probability is indicated above each column. 
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The outcome of the subjective perception for the brief-to-body contact areas is illustrated in Figure 8 (data from 

one subject). In this specific example, the subject reported that contacts were experienced slightly in the upper areas 

of the buttock, but more prominently in the lower areas of the buttock and upper thighs, where the contour of the brief 

inner surface narrows to make connections with the hip bearings. Also, compared to the baseline design brief (Figure 

8A), it was observed that the perceived area of brief contact was reduced when the subject was wearing the modified 

design brief (Figure 8B).  

D. Discussion 

This paper presented a new method of testing and predicting the fit of the xEMU LTA, with a specific focus on 

the brief. The new method was based on a hybrid approach combining the virtual and physical fit testing. Using virtual 

testing, the subjects were strategically selected for physical testing to gain a critical level of accuracy for fit prediction. 

Testing the optimally targeted set of subjects is a significant advancement from the past fit testing methods using a 

limited number of subjects hired on an “availability basis”, and with the subject pool limited to those medically cleared 

for pressurized suited testing. With the new approach, a preliminary version of the prediction model was initially built 

on extreme cases, namely the visually inspected scans that are very likely or unlikely to be accommodated. Thus, the 

initial process is similar to a boundary manikin 

approach. However, this study was further 

enhanced by recruiting subjects in a targeted 

approach and treating each new subject’s physical 

test data as added evidence, which incrementally 

updated the model prediction and accuracy.  In 

other words, this model was not designed to work 

on a complete single snapshot dataset from all 

variety of subjects; rather, the model began with 

an incomplete dataset but progressively evolves as 

more subjects’ data become available. Each 

subject’s body shape and suit-to-body contact 

profile provided a unique coordinate in the body 

shape data space. The preliminary form of the 

model, which was built only on the visually 

inspected scan data, determines the median 

coordinate between the two extreme clusters as the 

 
Figure 7.  Prediction of fit for the current and future crew population. Modified design brief analysis. Each case 

of the body shape (dot) was represented by the corresponding buttock breadth and depth measurements. The 

horizontal and vertical lines within the panels denote the 1st and 99th percentile values of the measurements. 

 

 

 
Figure 8. Subjective perception of skin contacts from baseline 

brief (A) and modified brief (B). The shaded regions denote the 

locations from the rear view where a subject reported to 

experience contact from the brief. 
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transition point between accommodated and unaccommodated groups. However, by adding a new data from a 

physically tested subject, the transition point coordinate would be shifted, and if the subject was confirmed to be 

accommodated, the predicted size of the accommodated population would be increased. Thus, having only one 

unaccommodated subject out of 24 subjects should be interpreted that the model was successfully able to expand the 

accommodation group size until the unaccommodated case was encountered. With the unaccommodation case, the 

transition point coordinate was correspondingly adjusted, but can be later updated when new evidence becomes 

available. 

With an unpressurized suit mockup, there is a capability to test a greater number of subjects, and with less overhead 

work than that required for a pressurized suited test.  The statistical classifier model predicted the proportion of crew 

population expected to be accommodated by the new brief. One of the primary differences of the new fit prediction 

method is the type of the independent variable used to evaluate fit, specifically the brief-to-body overlap structurally 

quantified in 3D geometry. The explanatory variables (Equation 1) overall covary with the linear buttock dimensions 

including breadth and depth. However, linear dimensions alone may not be an ideal explanatory variable due to the 

lack critical accuracy associated with the nonlinear 3D nature of the human body. Further, the suit-to-body overlap 

metric is also assumed to provide more comprehensive information, as it is based not only on the individual geometries 

of the suit and body but the interactions between them. The past fit checks, however, largely relied on the linear 

dimensions (e.g., stature, chest breath) or visual inspections of the shapes. The new method enabled more rigorous 

statistical testing and classifier model building, which were previously unavailable. 

The statistical classifier ultimately applied the decision rules to the large population database and predicted that 

the new xEMU brief, in particular with the modified design, can accommodate more than 90% of the current and 

future crew population. With the modified design brief, which was parametrically reshaped from the baseline design 

to minimize the brief-to-body overlap especially at the buttock contact areas, the model predicted that it has effectively 

increased the proportion of the accommodated population.  

The limited number of test subjects for physical fit check remains as a potential issue for the outcome interpreted 

for the general population, especially given that only one out of 24 subjects was identified as unaccommodated. In 

this framework, however, each test subject who was confirmed as accommodated or unaccommodated through 

physical testing would proportionally updates the predicted size of the accommodated population, as the subjects were 

targeted for recruitment by the model as borderline fit cases who need to be tested in priority.  Thus, recruiting more 

physical fit test subjects is expected to improve the model performance substantially. 

Also, it should be noted that the prediction is based on the overlap patterns measured from the standard static 

posture (Figure 6). Thus, it is unknown how different postures and 

motions of the wearer can possibly change the fit/unfit condition. 

Furthermore, the scope of the current model and testing was limited 

to the brief in a standalone form, without considering the adjacent 

suit components such as the HUT, waist bearing, flexion/extension 

ring or hips (Figure 1). Depending on the overall body shapes and 

posture, the fit could vary with more components considered 

simultaneously. Similarly, the effects from the additional LCVG 

layer, such as the increased volume resulting from the vent ducts and 

MAG, can possibly change the model outcome. The model was 

designed to optimally detect the wearers who might feel the brief is 

“too small”. For the opposite cases, namely the brief perceived to be 

“too big”, it was hypothesized that a desirable level of fit and 

mobility can still be achieved through different suit components, 

such as soft goods and ancillary materials, which can compensate for 

the gap. 

The subjective perception of discomfort and contact survey are 

also an important consideration of suit fit. The subjective reports for 

the discomfort and contact are generally consistent with the model 

predictions from the initial data review, but a statistical analysis 

needs to be performed and integrated with the model.  

E. Forward Work 

As discussed above, the forward work should include the brief fit 

in combination with other suit components, in particular the HUT 

 
Figure 9. The distances between the HUT 

and brief varying with the different body 

shapes.  
 

 



   
 

 

International Conference on Environmental Systems 
 

 

10 

(Figure 9). The work can be critical to provide the initial design parameters for the sizing rings to be placed between 

the HUT and brief. The mobility patterns should be also taken into account as multiple components are tested 

simultaneously. More importantly, the design verification test version of the WBH should be built to evaluate the suit 

during pressurized testing.  
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