








tasks (P, Pg)

Control Panels/Input Good control systems help with task efficiency; bad U
Devices controls can cause fatal errors (Cp, Cr, Cp, Y&, Y,
Ya)
Situation-Specific Lighting | Dim or no lighting for sleep, need full light Good lighting helps get the task accomplished; bad U
spectrum for health including Vitamin D (Pg, lighting can cause fatal errors and prevent
Pc) completion of task (Cs, Ca)
Human/Vehicle Good integration causes improved performance; bad U
Automation Integration integration causes accidents (Cr, C, Ca, Yg, Y,
YA)
Human/Robotics Good integration helps performance; bad integration U
Integration causes accidents (Ct, C, Ca, Ys, Ym, Ya)
Caution & Warning Good caution and warning helps identify issues and U
Functionality allows crew to solve them properly; bad capability
causes accidents (Ct, C, Cwu, Cv, Cp, Cp, Ya, Ys)
Range of Motion Must design for all possible range of human Must design for human body to execute tasks AU
Accommodations body movement (or lack thereof) (Pe, Pg, Pc, otherwise cause injury, disability or fatal accidents
PM) (CD, CE, YB, Ym, YA)
Body Surface Area, Must design for human body sizes; otherwise Need this info for developing the appropriate AU
Volume, & Mass Props can cause discomfort, pain, or injury (Pc, Pg, operations/tasks (Cs, Ya)
Accommodations Pw)
Suit Design Poor suit design causes discomfort, pain, or Need good suit design for optimizing crew's AU
injury (Pg, Ps, Pc, Pp) capabilities (Pg, Pc, Cs, Ya, Yu)
Identifiability Similar to info display must be done well to help U
improve task performance (Cp, Y5)
Standardization Easier for crew to identify and memorize various U
tasks and hardware types to improve efficiency and
reduce errors (Cs, Cp, Cu, Ct, Ci, Cg, Y5, Ym, Ya)
Hardware Tool Makes it easy to do task (Ys, Ym, Ya) U
Availability
Hardware Ease of Use Makes it easy to do task (Ys, Ym, Ya) U
Software Ease of Use Makes it easy to do task and make updates as
needed (Yg, Yu, Ya)
Information Management Makes it easy to execute tasks (Yg, Ywm, Ya) U
Support
Orientation of User Makes it easy to accomplish tasks (if standardized) U
Interfaces (Cs, Cp, Y, Ya)
Reach Envelope Must be accounted for to allow human to execute U
Accommodations tasks (Pp, Pg)
Strength Accommodations Must be accounted for to allow human to execute U
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APPENDIX A3. SPACECRAFT DESIGN CHOICES TO CREW PERFORMANCE IMPACT MAPPING

Cognitive Psychological
= =
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) ) @ g | | B = = | x| 8 S =
Spacecraft Design Choices 8| &| | 5 2| 8| 2| 2| 8| 2 =l 2|ls|&|2|2|2|3|8|2| £ 2
—_ =] (&) [=2] 1%} f< 20 = 4 = = 3 = [} S (5] o
to Sl Sl g|lz|s|le|la|a|2|2|2|6|=|&|5|&E|&|2|8|2|&8|2|=|8|85|&
D £ 2} a < @ o £ = ] = = S = =3 £ =
Crew Performance 2 gl 2| gz S § 2| g §" 2| 5 S Sl 8l s| 8| z Sl=|5]| £ 3| = g
Impact Mapping als|nleltlun|le|S|2|5|8|=|n|B|v|E|lz|S|8|=|&|l2|s|Lli]3
=|S|E|V|ZE =2 IS I I I AT S-S = = E (|%|) gl |8l e
@ 1l = = = = 1 = = | © D 72 = 2| = =
gL = =| 2| 2| =] S = slg|lu|l=s|n |53 3 =
S a o o = a = e g g @ ? o © =}
o (&)
Acceleration/Gravity Level 19 (no differences) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
e e RO CRIEEND 0.003]0.002]0.002f0.001] © | © | © Jo.0010.001/0.001)0.00)0.00e] © | @ | © | O | O Jo.oo1|o.001|0.002f0.002f © | O [ O] O] O
(BRI LB P G 0.003]0.002]0.002[0.002] © | © | © Jooo2| © |0.002]0.00200.002] © | © | © | 9 [ 9 Jo.002]0.002]0.002[0.002] © | © [ O] O] O
Acceleration/Gravity Level Fatal -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 |-100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Oxygen Level Earth-like level (20.95%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oxygen Level Hyperoxia (>21%) Oxygen Toxicity 0 0.001/0.001 0 0 0 0 0 0.001 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0
eEnlien BSOS AT 0 lo.0o1]0.001/0.001] © [0.001] ° |0.001|0.001|0.002|0.002|0.002]0.001 %% 0.0010.002|0.002|0.002|0.001] 0.001]0.001]0.001] *%°Y0.001]0.001[ *-0Y
Oxygen Level Fatal <10-13% -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 |-100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Atmospheric Pressure Level Normal Atmospheric Level (14.7 psia) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Atmospheric Pressure Level 5-10 psi 0 0 0 0 0.001 0 0 0 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0
/Atmospheric Pressure Level <5 psi 0 0 0 0 0.002 0 0 0 0 0 0 0.002 0 0 0 0 0 0 0 0 0 0 0 0 0 0
/Atmospheric Pressure Level Lethal <.91 psi -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 |-100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Habitable Volume Ample Space 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Habitable Volume Suitable Space 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
Habitable Volume Minimal Space 0.001/0.001 0 0 0 0 0 0.001 0 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0.002/0.002 -0.002
Habitable Volume Too small (human can't fit) -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100( -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Confinement Can do as many EVA's for enoyment ot | o |\ o | o | o | o[ o|ofo|o]oflo]o|o|lo|ofoflo|oflo|o|oflo|ofo]o]o
: Can do some EVA's for enjoyment not just| - = |,
Confinement s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 0.001
Confinement Minimum EVA only as needed 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002/0.002 -0.002
Confinement Total Confinement (no leaving vehicle) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.003]0.003 -0.003
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Soacecrat Desian Cho s| 2 g | 5| 5| 2|5 £l ||| E|&|2|g|s| 58 5
pacecraft Design Choices S| & s| 8 | 8| 2| 5| 8| <= ) x 2|l E|£|=2|% 2| = | & = 5| s o | B
to Sl S|g|ls|s|lc|lela|2|2|2|8|=|&|8|&|&8|2|8|2|2|2|=|s5|2]|5&
L =1 “ =1 < 2 = = @ = = S = = = = =
Crew Performance g gls|s|2|5| &8s g’ 2|7 S| 3 Z2ls|8|= 21§ =| 5| £|8| %38
Impact Mapping Sls|uvlelLliw|E|S|2|5(8|=|1|B|v|E|S|E|2|=|&|=|2|L|L|=
NS E|T|E|lglulnln|&|T|E|E Tlg|a| = Sl 3| € 1 1 | | N
P IO R - = = = T > Gl P B T TR 8 BT I B = = =
= &= E= a a | = = = = 1l = Il o S >
= = = © s18lg|l8|s © °
Level of Sensory Stimulation High sensory stimulation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Level of Sensory Stimulation Medium sensory stimulation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
Level of Sensory Stimulation Low sensory stimulation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002|0.002 -0.002
Level of Sensory Stimulation None 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.003]0.003 -0.003
Availability of Medical Care Level of Care 3-5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Availability of Medical Care Level of Care 1-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
Availability of Medical Care Level of Care 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002/0.002 -0.002
Availability of Medical Care N/A NaN | NaN | NaN | NaN [ NaN | NaN | NaN [ NaN | NaN [ NaN | NaN [ NaN | NaN | NaN | NaN [ NaN | NaN [ NaN | NaN | NaN [ NaN | NaN [ NaN | NaN | NaN | NaN
Food System Fresh, large variety of food 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Food System Packaged food 0.001/0.002{0.001] © | © [0.001{0.0010.0010.001] © | © [o.001] © [®99%0.001|0.001]0.00]0.001]0.001]0.001]0.001]0.001| ®%%%|0.001|0.001[ %00}
Food System Not enough food -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Food System N/A NaN | NaN | NaN | NaN [ NaN | NaN [ NaN [ NaN | NaN | NaN | NaN [ NaN [ NaN [ NaN | NaN | NaN [ NaN | NaN | NaN | NaN [ NaN [ NaN [ NaN | NaN [ NaN | NaN
Hygiene Support Normal facilities for hygiene support 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hygiene Support ISS style 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001|0.001 -0.001
Hygiene Support Apollo style 0 0 0.001 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002|0.002 -0.002
Hygiene Support A 0 | 0|-100j 0} 001000 07100070 008000400900 0.9000.9000.900]0.900]0.900]0.900] **°|0.900|0.900[ *-°9
Water System (CF added) Good tasting water and easy to access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Water System (CF added) :gccsspstab‘e water qualty and ease of ololoflo|lo|lo|lo|o|lo|lo|]o]o|]o|]o|o|o|o|]o|lo|o|o|o|o|o|o]o
Water System (CF added) Minimal water quality hard to access 0 0 0.001 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
Water System (CF added) None -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Countermeasure Hardware Adequate & easy/fun/reliable to use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Countermeasure Hardware A few available 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Minimal countermeasures to lessen - - - - - - - -
[CRNEITERITR REELER degradation 000tj0.001] | O] 91 9 loonfoootfooor] @ | O | O loood O | O] O[O OO JOOT O] 0 500100010
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(0] & = k7] 5 = g [7%) (7] > = s = 2 ] > = 2 k=] £ i< =z k= = fiv]
Crew Performance ol g8|ls|c|2|5|2|g|8|8|2|5|8|s|B8|=|28|= | & = | £|&8| 2|3
) s | 3 I T I E| S| 5| el 7 n|l=| £|=<|g|c o §| 3| €| | B n =)
Impact Mapping alsfnlelillu|leE|=|2|5|8|=s|n|B|v|S|lz|E|l2|=|&|2S|L|l=|3
SIS NTIE|IS| vl @0 |&|2|T|=|s|=|g|8| =0 1 = S
= I I = sl Elsln|e e = =2 L T I T - = = = =
g & =lE|E gl E 5 E|E|L|g|Ll8|°|3 =
& & ° || T
o o
Countermeasure Hardware None 0.002|0.002 0 0 0 0 0.002|0.002|0.002 0 0 0 0.002 0 0 0 0 0 0 0 0 0 0.002|0.002 -0.002
CO2 Level Low (ppCO2 < 3.8 mmHg (0.5%)) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CO2 Level Avg (ppCO2 <7.6 mmHg) (1%) 0.001/0.001/0.001 0 0 0.001 0 0 0.001 0 0 0 |-60| O 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
High (>13000ppm/24 - - - - - - - - = &l - - - - - - - =l - = |
ponlen hr, >7000ppm/180 days) (>3%) 0.002|0.002|0.002|0.001|8.000{0.002 0 0 0.002 0 0.001{0.001 60 |-0.001 0.001{0.001{0.0010.001|0.001|0.001|0.0010.001 0.001 0.002|0.002 0.002
Fatal (>40,000ppm) (>219mmHg)
CO2 Level (>30%) -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
Radiation Exposure Level <10,000 mrem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Radiation Exposure Level >5,000 mrem/yr 0 0 0 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001 0
Radiation Exposure Level >50,000 mrem/yr, 100 rem single dose | -100 | -100 | -100| O 0 0 |-100f O [-100| O 0 0 0 0 0 0 0 0 0 0 0 0 0 |-100|-100 | -100
Radiation Exposure Level Fatal >/= 500 rem single dose -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
) Easy movement & dynamically
Arrangement of Functional Areas reconfiqurable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Arrangement of Functional Areas  |Moderately reconfigurable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 601 0 601 -0.001]
Arrangement of Functional Areas  |Fixed, with large obstructions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (;02 0 (;02 -0.002
Arrangement of Functional Areas  |N/A NaN| NaN| NaN| NaN| NaN NaN| NaN| NaN| NaN| NaN| NaN NaN NNa NaN| NaN| NaN NaN| NaN| NaN NaN| NaN[ NaNl  NaN| NaNf NaN  NaN|
Availability of Hatches Available in all emergency situations 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[vailbilty of Hatches il it st et iy ololoflololo|loflo|lo|lo|olo|lo|lo|lo|lo|lo|lolo|lo|o|o| ool |o
lemergencies 0.001
Availability of Hatches Available for ingress/egress 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (;02 0
Availability of Hatches None 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.003 -0.001)
Availability of Windows Several available 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Availability of Windows Moderate # of windows 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
Availability of Windows Minimal Small Windows 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002|0.002 -0.002
Availability of Windows None 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.003/0.003 -0.003
q Several safety provisions (for
Safety Accommodations hazards >25% chance) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
. Moderate # of provisions (for R _
Safety Accommodations hazards >75% chance) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 0
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Crew Performance gl g5 = 25| 5|38 g g’ 2|7 3 El2|s| 8| z S| =s|E| €8] =| B
Impact Mapping Sls|uvlelLliw|E|S|2|5(8|=|1|B|v|E|S|E|2|=|&|=|2|L|L|=
JISIE|INIElsl || &8|a|lE|S| T |s|s|2|§|3|&|0 ||| &Z|L
glol®] = Elg|g|2nls sl 2|8l ld|n|s|s|s|2|” s
g £ 1= E| g% 5 S|8|L|lg|Ll8|°|3 =
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(&) o
. Minimal # of provisions (for - -
Safety Accommodations hazards >90% chance) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002|0.002 0
Safety Accommodations None 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.003/0.003 0
Nutrition Good nutrition 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
— Rl 0.001) ° Joooa| © | © |o.01/0.002]0.001)0.001] © | © Jooor| © [®99%0.001]0.001]0.001]0.002]0.002|0.0010.001]0.001] %% 0.001]0.001] 0%}
pEET DI e 0.002] © looo2| © | © |o.002]0.002/0.002(0.002] ° | O o.002] © [®99%0.002]0.002]0.002]0.002]0.002|0.002|0.002]0.002| %% 0.002] 0.002 % %%
Nutrition Fatal (missing important nutrients) -100| -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100( -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100 | -100
:;']‘t‘e"g‘;;{:)’ﬁh'c'e AL Dynamic and adaptable oloflo|lo|lo|lo|o|o|lo|lo|o|lo|o|lo|]o|o|lo|lo|o|lo|]o|o|o|o|o]o
‘m‘t'g?:t{;’ﬁh'c'e UL Assisted integration oloflo|lo|lo|lo|o|]o|lo|lo|o|lo|olo|]o|o|lo|lo|lo|lo|o|o|o|o|o]o
Human/Vehicle Automation At g - -
‘Integrati - Minimal integration (Separate systems) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
m;:;:gsmcle AUITELST N/A NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN| NaN | NaN | NaN | NaN | NaN | NaN | NaN | NaN [ NaN | NaN | NaN | NaN | NaN
Human/Robotics Integration Dynamic and adaptable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Human/Robotics Integration Assisted integration 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Human/Robotics Integration Minimal integration (Separate systems) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 601 0 601 -0.001]
Human/Robotics Integration N/A NaN [ NaN | NaN | NaN [ NaN | NaN | NaN [ NaN | NaN [ NaN | NaN [ NaN | NaN | NaN | NaN [ NaN | NaN [ NaN | NaN | NaN [ NaN | NaN [ NaN | NaN | NaN | NaN
Body Surface Area, Volume, & - Ipy o icall accommodated olololololo|lo|lo|lolo|lo|lo|lo|lo|oa|o|lo|lo|lo|lo|lo|o|lo|o|olfo
Mass Properties
Body Surface Area, Volume, & _— B B - 5 n
Mass Properties Acceptable consideration 0 0 0 0.001 0 0 0 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001/0.001 -0.001]
Body Surface Area, Volume, & q - - - - -
Mass Properties Poorly considered 0 0 0 0,002 0 0 0 0.002 0 0,002 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002/0.002 -0.002
Body Surface Area, Volume, & . - - - - = |,
Mass Properties Not considered 0 0 0 0003 0 0 0 0.003 0 0003 0 0 0 0 0 0 0 0 0 0 0 0 0 0.003/0.003 0.003]
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APPENDIX A4. SPACECRAFT DESIGN CHOICE AFFECTING ACTIVITY DIFFICULTY.

Self-Sustenance Operations Payload Housekeeping
7] [ [%2] %] - = unlun ) 4| —_— o —

. HEE IR R L R
Spacecraft Design Choice F=] c © Sle3Es oleR %% S|2Ezxlg930e s s ol ge LS
. .. g @ = i 2|I>59 5 o| & O £ @ 8 s S OL S Mx 5|8 Olo O ©lw 2 ® 9O T
Affecting Activity Difficulty g a il ==y ) Of Hls o9 o 9 gl g SWGEVC as g5s SV 5
[=3) < < c ofE o =¥ ol 85 g ola ® 9 o g 9= T

6 Olu O alg o S| =z < MG ol 3

(&) = O + i )

w o ®© o
Acceleration/Gravity Level 1g (no differences) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acceleration/Gravity Level 0g-5g exposure 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2
Acceleration/Gravity Level >5g exposure 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3
Acceleration/Gravity Level Fatal 5700| 5700| 5700| 5700/ 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700 5700| 5700/ 5700| 5700| 5700| 5700| 5700
Oxygen Level Earth-like level (20.95%) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Oxygen Level Hyperoxia (>21%) Oxygen Toxicity 2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1
Oxygen Level Hypoxic < pp02 = 2.1psi 2 1 2 2 1 1 2 1 1 2 2 2 2 2 3 2 2 2 2 2 2
Oxygen Level Fatal <10-13% 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Atmospheric Pressure Level Normal Atmospheric Level (14.7 psia) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Atmospheric Pressure Level 5-10 psi 2 1 2 2 1 1 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Atmospheric Pressure Level <5 psi 3 1 3 3 1 1 3 1 1 3 3 3 3 3 3 3 3 3 3 3 3
Atmospheric Pressure Level Lethal <.91 psi 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Habitable Volume Ample Space 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Habitable Volume Suitable Space 1 1 1 2 2 2 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2
Habitable Volume Minimal Space 1 1 1 3 3 3 1 2 2 2 1 2 1 1 3 1 3 3 3 3 3
Habitable Volume Too small (human can't fit) 5700( 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700{ 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700

Can do as many EVA's for enjoyment not
Confinement just work 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Can do some EVA's for enjoyment not

Confinement just work 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Confinement Minimum EVA only as needed 1 1 1 3 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Confinement Total Confinement (no leaving vehicle) 1 1 1 -3 1| 5700 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Level of Sensory Stimulation  |High sensory stimulation 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Level of Sensory Stimulation  |[Medium sensory stimulation 1 1 2 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Level of Sensory Stimulation  |Low sensory stimulation 1 1 3 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Level of Sensory Stimulation  |None 1 1 -3 1 1 -3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Spacecraft Design Choice S| 2| & Flw3Z3E 9|u=gs S|2gZE29Ee s Ys JELlEgele s
- A sl S| W X>=F U5 2202 SIS ETOLESYX S8 e J5 BE 3T BI T
Affecting Activity Difficulty g a Wi 2 Of HlS o9 o 9 gl g SWGEVC as g5s SV 5
j < < 2aled =2 s8&”g35 g o= 2 alEszT
6 Olu O alg o ISz < MG ol 3
(&) = O + i )
w © © =
Availability of Medical Care Level of Care 3-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Availability of Medical Care Level of Care 1-2 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Availability of Medical Care Level of Care O 1 1 1 1 1 1 1 35700 1 1 1 1 1 1 1 1 1 1 1 1
Availability of Medical Care N/A NaN [NaN [NaN [NaN |NaN |[NaN |NaN |[NaN [NaN [NaN [NaN |[NaN |NaN |NaN |NaN [NaN [NaN [NaN [NaN |NaN |NaN
Food System Fresh, large variety of food 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Food System Packaged food 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Food System Not enough food 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Food System N/A NaN [NaN |NaN |[NaN [NaN |NaN |[NaN [NaN |NaN |[NaN [NaN |NaN |[NaN [NaN [NaN |[NaN [NaN |[NaN |NaN [NaN [NaN
Hygiene Support Normal facilities for hygiene support 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hygiene Support ISS style 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1
Hygiene Support Apollo style 1 1] 2| 2| 3 af a| a1 o af a1 af a| a1 1} a 3] 1| 1] 1] 1
Hygiene Support None 1 1 3 3(5700 1 1 1 1 1 1 1 1 1 1 1| 5700 1 1 1 1
Water System (CF added) Good tasting water and easy to access 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acceptable water quality and ease of
Water System (CF added) access 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Water System (CF added) Minimal water quality hard to access 1 2 2 1 2 1 1 2 2 1 1 1 1 1 1 1 2 2 2 1 1
Water System (CF added) None 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Countermeasure Hardware
(exercise, Penguin suit) (CF Adequate countermeasures and
added) easy/fun/reliable to use 1 1 1 1 1
Countermeasure Hardware
(exercise, Penguin suit) (CF A few countermeasures to maintain
added) baseline threshold 2 2 1 1 1
Countermeasure Hardware
(exercise, Penguin suit) (CF Minimal countermeasures to lessen
added) degradation 3 3 2 1 1
Countermeasure Hardware
(exercise, Penguin suit) (CF
added) None -3 -3 3 1 1
CO2 Level Low (ppCO2 < 3.8 mmHg (0.5%)) 1 1 1 1 1
CO2 Level Avg (ppCO2 <7.6 mmHg) (1%) 2| 2| 2 2| 2
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Self-Sustenance Operations Payload Housekeeping
HEEEEEEE R EEEEEEEEEEEEEEEE EE EEE EEEEREEEE
Spacecraft Design Choice S| 2| & T|le3Z35 9|u=gs S|2gZE28sEe s s SELlEge sl s
- RO, ol | W XI=FHIE 0828 SisET Lo Yx 52 3o Js 5E I* &I T
Affecting Activity Difficulty 21 o diT 2T 2 w|s9eg g2 on §la 3|W g2 VG gs 5ls 510 ®
& £ oeg o = m 5 o ola ™ 9 o1 g =
o O|lu O a0 ala O 2|z < » e} ol 3
o = O + ) )
w © © &
High (>13000ppm/24 hr, >7000ppm/180
CO2 Level days) (>3%) 2 1 3 3 2 2 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3
CO2 Level Fatal (>40,000ppm) (>219mmHg) (>30%) | 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Radiation Exposure Level <10,000 mrem 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Radiation Exposure Level >5,000 mrem/yr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
>50,000 mrem/yr, 100 rem single dose
Radiation Exposure Level (Acute Radiation Syndrome) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Radiation Exposure Level Fatal >/= 500 rem single dose 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Arrangement of Functional Easy flow of motion and dynamically
Areas reconfigurable 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Arrangement of Functional
Areas Moderately reconfigurable 1 1 1 1 1 1 1 2 2 1 1 2 1 1 2 1 2 2 2 2 2
Arrangement of Functional
Areas Fixed, with large obstructions 1 1 1 1 1 1 1 3 3 1 1 3 1 1 3 1 3 3 3 3 3
Arrangement of Functional
Areas N/A NaN [NaN |[NaN |[NaN (NaN |NaN |[NaN [NaN |NaN |[NaN [NaN |NaN |[NaN [NaN [NaN |[NaN [NaN |[NaN |NaN [NaN [NaN
Availability of Hatches Available in all emergency situations 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Available for highest probability
Availability of Hatches emergencies 1 1 1 1 1 1 1 2 2 1 1 2 1 1 1 1 1 2 2 2 2
Availability of Hatches Available for ingress/egress 1 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1 3 3
Availability of Hatches None 1 1 1 1 1 1 1| 5700| 5700 1 1 -3 1 1 1 1 1 -3 -3 -3 -3
Availability of Windows Several available 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Availability of Windows Moderate # of windows 1 1 1 1 1 2 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
Availability of Windows Minimal Small Windows 1 1 1 1 1 3 1 2 2 2 1 2 3 1 1 1 1 1 1 1 1
Availability of Windows None 1 1 1 1 1 -3 1 3 3 3 1 3 -3 1 1 1 1 1 1 1 1
Several safety provisions (for
Safety Accommodations hazards >25% probability) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Moderate # of safety provisions (for
Safety Accommodations hazards >75% probability) 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Minimal # of safety provisions (for
Safety Accommodations hazards >90% probability) 1 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1 1 1 1 1 1
Safety Accommodations None 1 1 1 1 1 1 1| 5700| 5700 1 1 1 1 1 1 1 1 1 1 1 1
Nutrition Good nutrition 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Spacecraft Design Choice 2l & 5'%'5-3 £ %g)o'g gJo‘g c|g .E:‘E‘gBBg%g w@@gbg,gg@%.g@ 2
. .. oe = X|=98a%8 ol 2 O S C\E‘;ﬁu.icx.gmuwgmﬁmuz‘i“'e
Affecting Activity Difficulty a GT 2T 8 s geg c|= Sls g § g 3¢ 5= 2|0 g= 5= ol
c = =l o ol o ol'g T
So=o ® =39 == 2 v g ol 3
[y x © g
Nutrition Mediocre nutrition 1 1 1 2 1 1 1 1 1 1 1
Nutrition Minimal nutrition 1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fatal (missing important nutrients in
Nutrition diet) 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700| 5700
Human/Vehicle Automation  |Dynamic Integration (monitors and
Integration adapts to changing roles) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Human/Vehicle Automation  [Assisted Integration (Human and vehicle
Integration work together as initially designed) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Human/Vehicle Automation
Integration Minimal Integration (Separate systems) 1 1 1 1 1 1 1 2 2 2 2 2 2 2 1 1 1 1 1 1 1
Human/Vehicle Automation
Integration N/A NaN |NaN |NaN |NaN |NaN |NaN [NaN [NaN [NaN [NaN |NaN |[NaN |[NaN |NaN |NaN |NaN [NaN [NaN [NaN [NaN [NaN
Dynamic Integration (monitors and
Human/Robotics Integration [adapts to changing roles) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Assisted Integration (Human and vehicle
Human/Robotics Integration |work together as initially designed) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Human/Robotics Integration  |Minimal Integration (Separate systems) 1] 1 1 1 1] 1 1 2 2 2 1 2 1 2 1 1 1 1 1 1 1
Human/Robotics Integration  |N/A NaN [NaN [NaN [NaN |[NaN |[NaN |NaN |[NaN [NaN [NaN [NaN |NaN |NaN |NaN |[NaN [NaN [NaN [NaN [NaN |[NaN |NaN
Body Surface Area, Volume, &
Mass Properties Dynamically accommodated 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Body Surface Area, Volume, &
Mass Properties /Acceptable consideration 1 1 1 1 1 1 2 2| 2| 1 1 2| 1 1 2 1 1 1 1 1 1
Body Surface Area, Volume, &
Mass Properties Poorly considered 1 1 1 1 1 1 3 3 3 1 1 3 1 1 3 1 1 1 1 1 1
Body Surface Area, Volume, &
Mass Properties Not considered 1 1 1 1 1 1 -3 -3 -3 1 1 -3 1 1 -3 1 1 1 1 1 1
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APPENDIX A5. MATLAB SCRIPT FOR CREW PERFORMANCE MODEL

Solve the system of equations to find performance metrics v. time as
described by Fanchiang --> Run Monte Carlo Simulation to Optimize Design

clear all

close all

%% Import the matrices defined in excel

s
s

num_of crew = 1; % define number of crewmembers

num_performance_elements = 26; % define number of crewmember performance resource elements
num_crew_activity type = 21; % define number of activity types for the crewmembers

num_design_choices = 1; %define number of design spacecraft design choices to compare
num_design_parameters =43;

num mission_days = 180; Snumber of mission days

design_input length = 172;

vehicle _environment = 2; % choose vehicle environment (1 = 1 gravity, 2 = 0 gravity, 3 = hypergravity)

% Set the time units by changing these two variables (make sure they match)

time_unit =24; % Set this time unit as the scaling for the time axis (24*30=by months, 24=by days, 1 = by
hours)

x_label ='t, day'; % t, hr, day, month

total mission time = 24*num mission_days/time unit; % Specify total mission length by 24hrs x # of mission days

% load the design to crew mapping matrix

Design2CrewImpact Mapping = xlsread('Design2CrewPerformance Mapping.xlsx',1,'A1:2228");
% Design2CrewImpact Mapping =10*Design2CrewlImpact Mapping;

Design2CrewImpact Mapping(design_input_ length,:) = NaN*ones(l,num performance_ elements) ;

% load the design to task mapping matrix
Design2Task Mapping = xlsread('Design2Task Mapping.xlsx');
Design2Task Mapping(design_ input length,:) = NaN*ones(1l,num crew activity type);

% load the task to crew mapping matrix
Task2Crew_Mapping = xlsread('Task2CrewPerformance.xlsx');% Uncomment this!
% Task2Crew_Mapping = 10*Task2Crew_Mapping;
% Task2Crew_Mapping (228, :) = NaN*ones(1,26); % Uncomment this!

o

Task2Crew_Mapping = zeros(21,26); % Specify Task Mapping % Comment this out!

3 Generate task time histories
Crew_Task Functionlday = xlsread('TaskFunction.xlsx',6 'NoTasks'); % Imports TaskFunction list for 1 CM
Crew_Task Function = repmat (Crew Task Functionlday,num mission days,1);

% Generate Crew Time Degredation due to vehicle environment

if vehicle_environment == 1;

Crew_Time_ Degredation_ Array =
{e(t)o,e(t)o,e(t)o,e(t)o,e(t)o,e(t)o,@(t)o0,e(t)0,e(t)0,e(t)0,E(t)0,E(t)0,€(t)0,@(t)0,@(t)0,@(t)0,@(t)0,@(t)0,€(
t)0,@(t)0,@(t)0,@(t)0,@(t)0,€(t)0,C(t)0,€(t)0};

Crew Time Degredation = @(t)cellfun(@(f)f(t),Crew Time Degredation Array);

elseif vehicle_environment == 2;

Crew_Time_ Degredation_Array = {@(t)-8.848303-7.824956*erf ((t-3.695185)/1.473982)-0.889235*erf ((t-
9.548112)/2.805284),@(t)-(3.666537+5.665088*erf ((t-0.164422)/0.268212)+2.469145%erf ( (t-
0.348657)/3.991582)),0@(t)-2*t,@(t)-2*t,@(t)-2*t,@(t)-2*t,@(t)-2*t,@(t)-9.323626-8.414837*erf ((t-
2.898860)/1.584169)-1.365004*erf ((t-6.670830)/4.679852),Q@(t)-2*t,@(t)-2*t,@(t)-2*t,@(t)-2*t,@(t)-2*t,Q(t)~-
A*t, @ (t)-4*t,@ (L) -4*t,Q(t)-4*t,@ () -4*t,Q(t)-4*t, @ (L) -4*t,Q(t)-4*t,@(t)-4*t,Q(t)-
4*t,Q(t)10*cos (2*pi*t*3/ (4* (num mission days/30)))+5-4*t,Q@(t)10*cos (2*pi*t*3/ (4* (num mission days/30)))+5-
4*t,Q(t)10*cos (2*pi*t*3/ (4* (num mission days/30)))+5-4*t};

Crew_Time Degredation = @(t)cellfun(@(f)f(t),Crew Time Degredation Array);

elseif vehicle_environemtn == 3;
Crew_Time Degredation_ Array =

{@(t)0,@(t)0,@8(t)0,@(t)0,@(t)0,@(t)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(£)0,@(t)0,@(
£)0,@(t)0,@(t)0,@(£)0,@(£)0,@(£)0,@(E)0,@(E)0};
Crew_Time Degredation = @(t)cellfun(@(f)f(t),Crew Time Degredation Array);
end
% Crew Time Degradation Array = xlsread('Time Degradation.xlsx');% Import time degradation, assume linear:
% Metrics = Degredation*t
% Remove Nan Values
a = [isnan(Design2CrewImpact_Mapping(:,1)), [1:design_input_length]'];
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a(a(:,1) == 0,:) = [1;
Design Mapping Nan Removed = Design2CrewlImpact Mapping;
Design Mapping Nan Removed(a(:,2),:) = [];

Design2Task Mapping(a(:,2),:) = [];
%% Specify time vectors and input

N = num_crew_activity type; % Number of tasks

time_vec = linspace(0,24*num mission_days,24*num mission_days); % Specify time range (assume 1 day of 24 hrs to
start)
time_step = time vec(2) - time vec(l); % Initialize time step

% Random Design Generator
Randomly pick input vectors and solve system to optimize baseline
for n = l:num design_choices;%le5 % Setup Monte Carlo for the number of design choices

s
o
©

for j=l:num of crew;
Time Degradation = Crew Time Degradation(:,j);

o

Task Function = (Crew_Task Function(:,l+num crew_ activity type*(j-1):num crew activity type*j))';
for i = 1l:num design parameters % Number of input design parameters
Input = zeros(l,4); %Initialize input matrix
%Generate two vectors
if n ==
Index = 1;%randi (4);
elseif n == 2
Index = 2;
else
Index = randi(2); % Generate random
end

% If NaN value is present indicating no choice, re-select

if isnan(Design2CrewImpact Mapping (4*i-3+ (Index-1),1))

while isnan(Design2CrewlImpact Mapping(4*i-3+(Index-1),1))
Index = randi (4);

end
end
Input (Index) = 1; % Set value from index to 1, leave rest zero
Sample Vector (4*i-3:4%i) = Input; % Note that this sample vector could be specified (this is the

design)
end

% Remove the NaN rows $%%%
Sample Vector(a(:,2)) = [];

% %$%%%% Run this Portion if you specify Design Vector and Comment out n for loop and random
g n ctrl-r/ctrl-t) %%%%%%%

% Solve System
% Computes Baseline Decay due to Vehicle Design Selection

Design Vector(:,n) = Sample Vector';
Baseline Metrics = Sample Vector*Design Mapping Nan Removed;
Initial Baseline Metrics(:,n,j) = 100 + Baseline Metrics';

% Determine the design to task weighting coefficients

Design_Task_Weights =
(Sample Vector*Design2Task Mapping) '*ones (1,num performance elements)/num design parameters; % Divide by 57 to
make degradation amount set to 1 if design induces no change

Task2Crew_Mapping Weighted = Task2Crew Mapping.*Design_Task Weights; % Re-Scale Task Mapping Matrix by
Design to Task weighting coefficients

o

Task_Decay = zeros(l,num performance_elements); % Initialize Task Function
Baseline Decay = zeros(l,num performance elements); % Initialize Baseline Decay

%$Propogate forward in time
for t = l:length(time_vec);
Baseline_Decay = Baseline_Decay + Baseline Metrics*time_step;
Task_Decay = Task_Decay + (Task_Function(:,t)')*Task2Crew_Mapping Weighted*time_step; %Find Task
Function effect running sum over time expired
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temp = Baseline Decay' + Task Decay' + Crew Time Degredation(time vec(t)/(24*30))"';

Stemp (temp+100>100)=0;

Time_ Metrics(:,t,n,j) = temp; % Find time dependent metrics (divide time vec by hours/month)
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Performance(:,n,j) = 100 + squeeze(Time_ Metrics(:,end,n,j)); %Capture end of mission performance
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% Plot Results

% Examine final mission performance factor
figure ('position', [50 50 1000 3001])

color_vec = {'ok','xk','ob',"'xb','or",'xr'};
for j = l:num_of crew
for i = 1:n
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plot (l:num performance elements,squeeze (Performance(:,1i,73)),char(color vec(j*2-1))); %Plot end of

ission performance

set(gca,'XTick',[1:num_performance_elements]);

hold on

plot (l:num performance elements,squeeze(Initial Baseline Metrics(:,1i,J)),char(color_vec(j*2)));

end
end

set (gca, 'XTickLabel',{'P B','P C','P D','P F','P H','P R','P I','P M','P N','P P','P V','P E','P X','C_ R','C B'

a0 o° J° O° o o o o N

a°

Hh o oe

k

e

f

'cE','C_D',’C_T','C_Ss','C L','C_P','C V', 'CM'
agis([Oinumipgrformgnceieiementg+1 -10 150])
ylabel ('Baseline, %'

grid on

plot ([0, num performance elements+1],[0,0],'r"',
hold off

LY BY,'Y AT, 'Y MUY

'linewidth', 2)

p=legend('Crewl F','Crewl 0', 'Crew2 F', 'Crew2 0', 'Crew3 F', 'Crew3 0');

set (p, 'location', 'eastoutside"')

subplot (3,1,k) ;plot (time_vec/time unit,100 + squeeze(Time Metrics(j,:,i,k)));

subplot (3,1,k);plot (time_vec/time unit,100+mean (squeeze (Time Metrics(1:13,:,1i,k)))," -~

PR',P I','PM','PN','P P','P V','P E','P X', 'mean');

Examine time history of single mission performance factor
Plots physiology performance factors for all crewmembers
or i = 1:n
figure('name', 'Physiolgical Performance', 'position', [0 O 500 1000]
for k = l:num_of crew
for j = 1:13
hold on
end
axis ([0 total mission time -10 150])
xlabel (x_label)
ylabel ('Physiological Performance, %')
grid on
', 'linewidth',2);
subplot (3,1, k);plot ([0,total mission_time], [0,0],'r", "linewidth', 2)
h=legend('P B','P C','P D','P F','P H','
set (h, "location', 'eastoutside"')
Phy design_crew mean(k,:,i) = 100+mean (squeeze (Time Metrics(1:13,:,1i,k)));
end
nd
Plots cognitive performance metrics for all crewmembers
or i = 1l:n

figure('name', 'Cognitive Performance', 'position', [500 0 500 10007])

for k = l:num of crew
for j = 14:23

subplot (3,1,k);plot (time vec/time unit,100 + squeeze(Time Metrics(j,:,1i,k)));

hold on
end
axis ([0 total mission_time -10 150])
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xlabel (x_label)

ylabel ('Cognitive Performance, %')

grid on

subplot (3,1,k);plot (time vec/time unit,100+mean (squeeze (Time Metrics(14:23,:,1i,k))), " '--
k', 'linewidth',2);

subplot (3,1, k) ;plot ([0, total mission time], [0,0],'r"', " 'linewidth',2)

h=legend('C R','C B','C E','C D','C T','C s','C L','C P','C V','C M','mean");
set (h, "location', 'eastoutside"')

Cog_design_crew mean(k,:,1) = 100+mean(squeeze (Time Metrics(14:23,:,1i,k)));
end
end

% Plots psychological metrics for all crewmembers
for i = 1:n
figure('name', 'Psychological Performance', 'position', [1000 O 500 1000]
for k = 1l:num of crew
for j = 24:26
subplot (3,1,k);plot (time vec/time unit,100 + squeeze(Time Metrics(j,:,1i,k)));
hold on
end
axis ([0 total mission time -10 150]
xlabel (x_label)
ylabel ('Psychological Performance, %')
grid on
subplot (3,1,k);plot (time vec/time unit,100+mean (squeeze (Time Metrics(24:26,:,1i,k))), "'~
k', 'linewidth',2);
subplot (3,1,k);plot ([0,total mission_time], [0,0], 'r", "linewidth', 2)

h=legend('Y B','Y A','Y M', 'mean');
set (h, "location', 'eastoutside"')

Psy design_crew _mean(k,:,1i) = 100+mean (squeeze (Time Metrics(24:26,:,1i,k)));
end
end
hold on;

%% Plot Means

3 if num of crew ==2 && num design choices ==3;

% color_vec = {'sk', '-sr','ok', 'or', 'xk', 'xr'};

%

% elseif num_of crew ==1 && num_design_choices ==3;

% color_vec = {'ok', 'or','ob'};

%

% else

% color_vec = {'-sk','-sr','-sb','-ok','-or','-ob','-k', '-xr', '-xb'};
% end

color_vec = {'-k','-r','-b",'"-=k','"=-¢','==b', "= k', '-.r","-.b"};

figure('name', 'Physiological Performance Means', 'position', [0 0 500 350])
for i = 1:n
for k = 1l:num of crew
clean phy mean = smooth (Phy design crew mean(k,:,1i),72);
plot (time_vec/time unit,clean_phy mean,char(color vec(3*i-3+k)), 'linewidth',1);

hold on
end
end
axis ([0 total mission_time -10 150]);
grid on

plot ([0,total mission_time], [0,0],'r', 'linewidth',2)

xlabel (x_label)

ylabel ('Mean Physiological Performace')

h =

legend('Crewl_ {n=1}"','Crew2 {n=1}",'Crewl_{n=2}"','Crew2 {n=2}"','Crewl_ {n=3}','Crew2_ {n=3}');%, 'Crewl_ {n=3}"', 'Cr
ew2 {n=3}','Crew3 {n=3}");

set (h, "location', 'eastoutside"')

figure ('name', 'Cognitive Performance Means', 'position', [500 0 500 350])
for i = 1:n
for k = l:num of crew
clean_cog _mean = smooth(Cog_design crew mean(k,:,1),72);
plot (time vec/time unit,clean cog mean,char(color vec(3*i-3+k)), 'linewidth',1);

hold on
end
end
axis ([0 total mission_time -10 150]);
grid on

plot ([0,total mission_time], [0,0],'r', 'linewidth',2)
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xlabel (x_label)

ylabel ('Mean Cognitive Performance, $')

h =

legend('Crewl {n=1}', 'Crew2 {n=1}"', 'Crewl {n=2}','Crew2 {n=2}','Crewl {n=3}','Crew2 {n=3}');%, 'Crewl {n=3}','Cr
ew2 {n=3}','Crew3 {n=3}");

set (h, "location', 'eastoutside"')

figure('name', 'Psychological Performance Means', 'position', [1000 0 500 350]
for i = 1:n
for k = 1l:num of crew
clean psy mean = smooth(Psy design crew mean(k,:,1),72);
plot (time vec/time unit,clean psy mean,char(color vec(3*i-3+k)), 'linewidth',1);

hold on
end
end
axis ([0 total mission_time -10 150]);
grid on

plot ([0, total mission_ time], [0,0],'r", " 'linewidth',2)

xlabel (x_label)

ylabel ('Mean Psychological Performance, %')

$ h =

legend('Crewl {n=1}"','Crew2 {n=1}"','Crew3 {n=1}','Crewl {n=2}"', 'Crew2 {n=2}','Crew3 {n=2}');%,'Crewl {n=3}','Cr
ew2_ {n=3}",'Crew3_{n=3}");

h =

legend('Crewl {n=1}','Crew2 {n=1}",'Crewl {n=2}"','Crew2 {n=2}"','Crewl {n=3}','Crew2 {n=3}');%,'Crewl {n=3}"','Cr
ew2_ {n=3}"','Crew3_{n=3}");

set (h, "location', 'eastoutside")
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