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" ABSTRACT
In preparation for testing five Broad Agency Announcement (BAA) commercial cislunar habitat designs, the

" National Aeronautics and Space Administration (NASA) émbarked.on a yearlong ‘in-house training program.
This consisted of jn-house testing for subject matter experts (SMEs) and crew to informed and ensure
evaluation’ data collection techniques for each of the contractor options. Many ‘evaluation techniques were
tested with’ sorre continting forward. Two-test conditions were employed - 1) habitat centri¢ funictions with one
space element and 2) djstributed functions across two or more space elementss This paper will look at one of
these techniques—human circulation patterns—to assess a spacecraft habitat’s internal configaration while
the crew is working a‘three day simulated cislunar mission. Results indicated distributing funetions across
elements decreased crew interference and task wait times. Additionally, areas of underutilization were located,
which lead to interior layout desngn changes

‘e

INTRODUCTION ’ s

Human movement patterns have been “a technique used by, architects for several years' to understand the
efficiencies and pitfalls of traffic flow. for a certain confgurationai layout. Architectyral flow or movement refers
to the way people move through and interact with a space. Layout and traffic flow are extremely important to
any habitational configuration regardless if it is an Earth dwelling or.a spacecraft. The objective of the three-
day in-house testing was to study,the distribution and layouts of the functions within the cislunar spacecraft
and seg if it céuld be a, predictor of crew performance: The effects of these different distributions -on crew
performance used objectlve and subjective metrics to define the most accéptable distribufions. Investigators
for this study employed the AIITraq@ teal-time tracking and monitoring system to track test subjects within the
mocked Up space habitation ednfiguration. = =

METHODS it . ' e

Subjects , o :

Sixteen participants took part in four separate evaluations Eight were engineers and eight were astronauts
with flight experience 'Each evaluation used a crew of four partimpants :

k Maln Habltat Module (Flgure 2)
. Dimensions: Length 20. 4 feet, Diameter 14.04 feet
‘Habitable Volume: 1,059.4 CUbIC feet
Hatch (4): Diameter 31.5 inch
.Docking Tunnel (1): Length 12 foot

; Payloads were Space ‘Shuttle Mid-Deck Lockers (MDL)
' Cargo Transfer Bags (CTBs) were used for logistics
Lighting and'work surfaces were also provided

Test Env:ronment and Equ:pment :
Conducted at NASA Johnson Space Center
(JSC) in the Integrated Power, Avionics, and
Software (iPAS) facility in Building 29 with’
ground support ‘using the Analog Mission
Control Center (AMCC) located in Building
30 (Figure 1). The mockup c0n5|sted of tWo
elements and AIITraq©

[ 3 Rk
Figure 1. iPAS test area in Building 29 at JSC. Figure 2. The Main.Habitat Module.
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. Habitable Volume: 403 cubic feet

+ Habitable Airlock (HAL) Module (Figure 3)

Dimensions: Height 6.97 feet, Length 11.5 feet, Width 10 73 feet

Figure 3. The

+Side Hatch (2): Length 40 inch, Width 40sinch HAL Medule.

Forward Hatch (1); Diameter 31.5 inch ;
Aft Hatch (2): Length.34.06 inch, Width 26 inch  *
Environmental ‘Control Lifé Support System (ECLSS)
Avionics, habitation systems, workstations i
EVA compatible equipment ) ; ; !
AllTraq®© Test Equipment (Figure 4),
Collects human movement data
Receivers (13): Ultra-wideband (UWB) frequency
Radio Frequency Identification (RFID) tag (4):
-Accuracy: 6-8 ihch between zones
-Small, non-iptrusive .
-'Body worn
‘Stationary RFID Tag (1):
-Position aécuracy
-27,000 data points per day,

|
Figure 4. The AllTraq® RFID tags and test setup.

‘ Procedures

Subjects worked inside the mockLJp spacecraﬂ for three-days éxecuting a_cislunar timeline. Their objective
was to test the functional arrangement of each element configuration. Day 1 tested the. Habitat-Centric
Functional Allocation wheré, all habitat functions were in a single habitat element. Day, 2 tested the Distributed
Functional Allocation, which spread the required habltat functions across multiple elements (Figure 5).

Figure 5 Habitat-Centric setup on 1€ft. Distributed Function:Allocation setup on right.
RESULTS ' &
During four three-day testing sessions, both subjective and objective data was collected on the test subjects
as for their 'movement patterns .and behavior in two test conditions. For subjective data, the Exploration
Analogs and Mission Development (EAMD) project’s 10-point scale of acceptability was used which measures
the acceptability of different prototype systems and operations concepts. Alltraqg© collected the objective

subject movement data. Tabl 1. Functional Zones o the Tested Habat Gonfuratn
Zones Zone Description
T Glove Box

Stdrboard Multispurpose Workstation 1
Port Science Bay Muli-Purpose Are 1
Starboard Mult-purpose Workstation 2
Port Science Bay Muli-Purpose Area 2
Galley
Port Science Bay Muli-Purpose Area 3

Location Frequency Distribution Analysis
Each zone, in. the location frequency
distribution, corresponds to a specific
functional element. 'Zone numbers were

assigned in a linear direction when viewed E B e 2
from above; where practical, the same zone . Exercise :
number was assigned to a given function for P,

both configurations (Figure 6 and Table 1). | HALAftArea

HAL Sarboard ide Hateh Area
4 HAL PortSido Hatch Area
HAL Strboard Area
HAL Port Forvard Area
Logistcs Mode

Figure 6. The plan view of the test
configuration with zones.

. Heat Map Analysis

Each zone is subdivided into a grid of 10 by 10-inch
squares. The amount of time spent in each square

" ¢an be inferred from the .density of () geolocations

within that area. In order to visualize the time spent

in a particular area; a color gradation scale’ ranging

from white (represen'ting-O minutes) to dark red

(representing” 60 minutes) (Figures 7 and 8). The

heat maps show a clear reduction of cumulative’ Figure 7. Single Habitat- Centric  Figure 8. Distributed Function
zone - utilization time in the distributed functional " configuration conflguration
design over the single habitat design,

Histogram Analys:s 4 Z

Histograms were generated to show the relative distribution of'high- and low- use zones; an equal dlstrlbution
reference line was added.that represents the total amount of time that would, be spent in each zone if the crew
spent an equal amouht of time in each zone (Figures 9 and 10). This'data provides insight into cabin layout,
volume utilization, and efficiency of task/function distributlons throughout the configuration.

8] Figure 10. Distributed
Function histogram

Figure 9. Single - #
/Habitat-Centric
histogram

Discussion'of Results ' ; ;

Results indicated subjects preferred distribution functlonaiity of multlple habitat modules especnally in regards
to habitation and. sciénce functions. 'Separating functions aided -inminimizing cross contamination of food, .
sweat (from exercise) noise etc with science payload activities Additionally, . duplicating devices, such as

layout modlficatlons |ncluded (Figures 11 and 12):
% * Move the sleep stations from Zones 2-5 to Zones 8 and9
% Move exercise station from Zone 10 to'Zone 8
% ' Move galley from Zone 6 to Zone 1
As TESTED 7

Figure 12. The Post-Test Data-Driven habitat

Figure 11. The As Tested habitat layout. ;
i ' . layout.

CONCLUSIONS

Habitability is about quality of life [1]. Movement data, from AllTraq®, showed lower spikes in frequently used
zones when tasks were distributed across elements compared to a single habitat. Both underutilized zones and
highest density zones were identified by also; using this method. Furthermore, the movement and frequency
data’enabled human factors engineers to make data-driven design recommendations to improve the layout
configuration for optimal crew performance. 3




Abstract

* In preparation for 5 commercial habitats, NASA embarked on a
yearlong evaluation program

* Many evaluation techniques were tested and some continued forward

* Two test conditions were examined:
* Habitat-Centric functions with one space element
* Distributed Function Allocations functions across multiple elements

* This paper looked at one technique, human circulation patterns, within
a habitat layout

* Results indicated distributing functions across elements decreased
crew interference and identified underutilization areas within the design
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Introduction

* Human movement patterns a technique used by architects for years to
understand the efficiencies and pitfalls of a configurational layout

* Architectural flow refers to the way people move and interact with a space
* Layout and flow is extremely important to any habitational configuration

* The objective of the test:

* To study the distribution and layouts of functions within the cislunar spacecraft and
see if it could be a predictor of crew performance

* The effects of these different distributions on crew performance used
objective and subjective metrics

* For collecting human movement, the Alltraq© system was used to track the
test subjects
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Methods (Subjects)

* Sixteen participants took part in four separated evaluations
* Eight were engineers
* Eight were flight-experience astronauts

* Each evaluation used a crew of four working through a 3-day
cislunar mission timeline
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Methods (Test Environment)

* Testing was conducted at JSC
Integrated Power, Avionics and
Software (iPAS) facility in Building 29

* Ground support used the Analog
Mission Control Center (AMCC)
located in Building 30

40 5
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Methods (Test Equipment)

 Main Habitat Module

* Dimensions: Length 20.4 feet, Diameter |
14.05 feet e T

« Habitable Volume: 1,059.5 ft? >
* Hatch (4): Diameter 31.5 inch
* Docking Tunnel (1): Length 12 foot

* Payloads were Space Shuttle Mid-Deck
Lockers (MDL)

* Cargo Transfer Bags (CTBs) were used ft
logistics

* Lighting and work surfaces were also
prOVIded The Main Habitat Module-
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Methods (Test Equipment)

* Habitable Airlock (HAL) Module

* Dimensions: Height 6.97 feet, Length 11.5
feet, Width 10.73 feet

» Habitable Volume: 403 ft B T

 Side Hatch (2): Length 40 inch, Width 40 | | |
Inch

* Forward Hatch (1): Diameter 31.5 inch -

 Aft Hatch (2): Length 34.06 inch, Width 26
iInch

* Environmental Control Life Support
System (ECLSS)

« Avionics, habitation systems, workstations

* EVA compatible equipment
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Methods (Test Equipment)

* Alltrag© Test Equipment

* Collects human movement data

* Receivers (13): Ultra-Wideband (UWB)
Frequency

* Radio Frequency ldentification (RFID)
tag (4):
* Accuracy: 6 — 8 inch between zones
 Small, non-intrusive
* Body worn

 Stationary RFID Tag (1):

* Position accuracy
e 27,000 data points per day
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Methods (Procedures)

* Subjects worked inside the mockup spacecraft .
for 3-days executing a cislunar timeline

* Their objective was to test the functional
arrangement of each element configuration

* Day 1 tested the Habitat-Centric Functional
Allocation:
* All habitat functions in a single habitat element  ~— ==+

* Day 2 tested the Distributed Functional
Allocation:

 All habitat functions spread across multiple

elements
HFES 64TH INTERNATIONAL . ;
ANNUAL MEETING - . .
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Results

* During four 3-day testing sessions, both subjective and objective
data was collected on test subjects as for their movement patterns
and behavior in two design conditions

* Subjective data use the Exploration Analog and Mission
Development (EAMD) 10-point acceptable scale
* Measures the acceptability of different prototype systems and operation
concepts

* Objective movement data was collected using Alltraq©
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Results

* Location Frequency Distribution Analysis

* Each zone corresponds to a specific
functional element

* Zone numbers were assigned in a linear

The plan view of the test configuration with zones

d i re Cti O n Wh e n Vi ewed frO m a bove Table 1. Functional Zones of the Tested Habitat Configuration

Zones  Zone Description

Glove Box

Starboard Multi-purpose Workstation 1
Port Science Bay Multi-Purpose Area 1
Starboard Multi-purpose Workstation 2
Port Science Bay Multi-Purpose Area 2
Galley

Port Science Bay Multi-Purpose Area 3
Medical Area/Translation Path 2
Translation Path 1

Exercise

Hygiene/Maintenance

Tunnel

HAL Aft Area

HAL Starboard Side Hatch Area

HAL Port Side Hatch Area

HAL Starboard Area

HAL Port Forward Area

Logistics Module

* Where practical, the same zone number was
assigned to a given function for both
configurations
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Results e :

* Heat Map Analysis

1 @ ” I
* Each zone is subdivided into a grid of 10 x 10 "L’ -
Inch squares

©

Ecale 1 I
* The amount of time spent in each square can = - h i
be inferred from the density of the geolocations R

within that area

* To visualize the time spent, a color gradation
scale was used:

—
=
* White represents 0 minutes B ®
. m
* Dark red representing 60 minutes n

* The heat maps show a clear reduction of
cumulative zone utilization time in the

distributed functional design over the single

habitat design Py ' | =%
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Results

* Discussion of Results

* Results indicated subject preferred distribution functionality of multiple
habitat modules especially in regards to habitation and science functions

* Separating functions aided in minimizing the following:
* Cross contamination of food
* Sweat (from exercise)
* Noise
* Additionally, duplicating devices such as workstations, helped minimized
iInterference and task wait times as tasks could be done simultaneously
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Results

* Habitat Layout Modifications
* Move the sleep stations from Zones 2-5 to Zones 8 and 9
* Move exercise station from Zone 10 to Zone 8
* Move galley from Zone 6 to Zone 1

AS TESTED POST-TEST DATA-DRIVEN RECOMMENDATIONS
)| Hygiene/Maintenance ~—> | 10 ecercise 11 Hygiene/Maintenance %. | [ 8 Ercroise 10 Deployable Multipurpose

Work Surface

| ~SE—

1

8 wedical Aess ——> <— 12 Logistics Module

Translation Path 2

<— 112 Logistics Module

l_ © Transiation Path 1 i >
] 1 Port Science Bay 1 : 1 F
i Multi-Purpose Area 3 ‘ Starboard Multi-Purpose S | sl f
' Workstation 2 e
5 Port Science Bay e 5 Port Science Bay
Sleep Station H Multi-Purpose Area 2
- 1

Multi-Purpose Area 2
2 starboard Multi-Purpose  ————>
Workstation 1 v i

, Translation Path 1 I

— 1 Port Science Bay
Multi-Purpose Area 3
(Deployable Glove Box)

6 Galley z >

4 starboard Mutti-Purpose ——>

Workstation 2

4 Window Viewing Station

3 Port Science Bay
Multi-Purpose Area 1

2 starboard Multi-Purpose ———>
Workstation 1 v

3 Port Science Bay
Multi-Purpose Area 1

| Deployable Wardroom
! Table/Galley

| Glove Box




Conclusions

* Habitability is about quality of life [1]
* Movement data showed lower spikes in frequently used zones when
tasks were distributed across elements compared to a single habitat

* Both underutilized zones and highest density zones were identified
by using this method

* The movement and frequency data enabled human factors
engineers to make data-driven design recommendations to improve
the layout configuration for optimal crew performance
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