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Brief Introduction
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The crew of the International Space Station (ISS) receives extensive
ground-training in order to safely and effectively respond to any
potential emergency event while on-orbit, but few people realize that
their training is not concluded when they launch into space

The evolution of the emergency On-Board Training events (OBTS)
has recently moved from paper “scripts” to an intranet-based
software simulation that allows for the crew, as well as the flight
control teams in Mission Control Centers across the world, to share
In an improved and more realistic training event

This emergency OBT simulator ensures that the participants
experience the training event as it unfolds, completely unaware of
the type, location, or severity of the simulated emergency until the
scenario begins
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Overview

» General background information
— Potential Emergencies Onboard ISS
— Emergency Training Flow Scope
— Purpose of Emergency On-Board Training (OBT)

 How we started — Paper “Scripts”
« How We Improved Training Quality
« Emergency OBT Simulator

— Crew, Instructor, and Flight Controller Interfaces

« Synergy and Leveraged Codebase
— CSA-CP Emulator

* Risk Reduction Conclusions
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Potential Emergencies Onboard ISS

* Fire
— Burning odor, smoke, flames
— Could be located behind or inside of a rack

* Rapid Depressurization

— MMOD strike
— Visiting Vehicle docking/berthing malfunction

* Toxic Atmosphere

— Hazardous substance spill

— Ammonia breach from external cooling system into US Segment
internal cooling system and cabin atmosphere via Interface Heat

Exchanger
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Emergency Training Flow Scope

* Entire crew training template i1s ~2.5 years
once assigned to a specific Increment crew

— Emergency Training Is spaced out over the

final 18 months on the ground

» Classroom lessons

« Mockup-based lessons
 Emergency Generic Scenarios

« Emergency Mastery evaluations

» Assigned-Crew Emergency Scenarios
— Three executions of a full 3-member Increment crew
— Two executions as a 6-member ISS crew
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Purpose of Emergency On-Board Training (OBT)

* Provide proficiency drills for responding to an emergency
onboard ISS
— Keeps memorized response actions and learned-skills fresh
— Increases crew preparedness and reduces risk
« Each 3-member Increment crew executes two emergency
scenario OBT drills during their six-month Expedition
— First is ~2 weeks after their arrival

— Second is ~2 weeks after next Soyuz arrives (around halfway
through their Expedition)

 Debrief after each event to share lessons learned

— Inputs often enlighten response strategy and can help identify
areas that could be improved
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How we started — Paper “Scripts”

« Separate but synchronized information was provided to
the crew and the ground

« Allowed coordination between multiple control centers
around the world

« Many limitations and training quality was minimal

— Not optimal since everyone could read ahead to see how the case
would unfold

— Too much focus was devoted to “staying on script” rather than engaging
In real-time decision making

— Some crews reported that they could passively read from a script and
not really get the value from engaging in a surprise set of conditions

— It was also challenging for the crew and ground to stay on the correct
page of the script and the correct page/step of the Emergency response
procedures
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Examples of Paper Scripts - Fire

MCC-H, MCCM, COL-CC and SSIPC COPY ONLY CREW COPY ONLY

HCU-H, MOU-M, SOL-0U, e

X a TBENnETOS oW rBennaros SEIN'T Leencerds Crew Creancarss

O E i R .

Atap 1.1: {Crew or ground Simute this sl F = N E
Thare mre no Coiumsus aouloment fallres o EFE Hardware oo e = -
Trip Cautons Indicated om Caution and Wsming Summary. Siarssi
HVTC Is ol powared, the following gresncerds are sl Fn?o‘-m I ¥ s :
prassnt: == e T [ T

—— (Rezma)
* SOLOME T T

WTCA_Mom_Tamp WD = 370 Cowze StarcizT,

YT _Rmdun_Tamp WD = 375

« COL-EYE:
WIS cument suppors: se in VTG femes

Atap 1.2: {Crew or ground simuizle this siep

ot P Maltpis Caulion m=d W ™ i
Af=r commarding O Cabin Fan Assambly FOUA ) 120V m—.’-u'ﬂ'rlél:; H'“u""'“l';i:,:;'l'.: F':;g:_““-’-'"

Siep 3 (Crwew or grownd @ rulsls i alesgl.

cutiets {Mum 23
_ _ <5Ean ooy on SrEacogy of s a  Forpi=umist pumpoaes mod siusisnml pyaresany, DOl
* g:ﬂng-seﬂﬁmnﬂa 1, Cabin Fan Ass=mbly 2 On-0F mascape- LU il pasess UHE hult o8 Columkus hghte
HOTR- Coumbox Ighis can o=ty ba goasmes back ON &y
Atap 1.8: Rack smoks del=cors did oot anvoncals. COL-CC or PCS commesda :ur- Fam #2 n WOTRE bax
hop 2.5 res
= [Fir= lomabon i ngd known from: IEFR mok smake defecior. Stwp &: O nst pardorm acusl asmping. S-minuis fire part
= A POU Cutiet Trip Cestion dikd_ngl amrundais - =F -
»  Fir=ocbon ks 008 knowr. Maks recommandatien o ground bessd =n resu bz of smgling.
Atap 3. (Crew or ground sirulaie this sk=g). s == I'EH- T T
- ar,
Fufpke Caufion and Warning alams/messages appesr aer = Sawr oaly on conied canler .
fuming off EFE Handwane for affectsd Fin= Fortis). copies o B0 meawgwe Siep 3: (Crww o ground i ruinis i st

A int = L] H
+  Forsimuiston porposss and shistions] Beaensss COL- i i

CC will powar OFF kel of Columbuc Igiis: a  Foraicumion purpoeea mod siveicrsl svenecear, D00
CL will powss UH remuesming Uclumben hghta.
12-110 PDLA 120 OUTLET SWITCHMNG SENERICE, step
& (E2A 200F: EPDE: NOMINAL) for FOUA Dutet 21 WOTE- Czumboa [ghta san otly ta poaanes sk BN sy
" COL-CC gr PCE sommasds | fam ¥l n HOTR bax
iz
ap & (Crew or ground sirulaie this sk=g). =
Af=rsimuisting Columbes noswend oen: Steg B.1: Jo not pefarm eckel samping. S-rmisuls T gar
<5ean onfy on Sreaccogy of s raam=pe irndcaien TO Bvaly mre raing el 2 oo par mincie
* Forsimuiston poposss and shustions| asareness, COL- | mazcage: = Sams iy en cobed cenier - -
CC will powar OFF remaining Columbus lights: f—— ,EI,_“",.‘._ EE;E;;FE:E:: :l{h[‘r::l:m-:urﬂ wemla: OO = 1845pm, HE
210 PDLZ 120 OUTLET SITCHMNG SENERICE, step ; - S -
4 (ESA S00F EPDE: NOMIMAL) for FOUZ Cutiet 24 T i s sk ezt e
dbap 3: Al equlpment stoeage n Columbus s per the curent o — [ene T
cnbosd siowege configuradon :;';;::;" e F—_— ) - Fwemn (3.1 DSUIPNENT RETRUEVALL Sxirale tme resdes
- - T DTy on conitsy canier

o pericrm thess scSone for Columzur.

Al Coumbus [ valves are |n the sxpected prsbons s
call=d cut by the procedurs.

coper of IS meszegee
Al Solumzuz WY vabas g=d S heich MFRY are n B
mapscied positosz ma called cut by e procsdurs.

Sirrulmis coaing Czumizue heest per cesal DO MO | sctusily
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Examples of Paper Scripts - Rapid Depress

Time Elapad

GROUND COPY ONLY Cheokpointe for Grew Aotlons par cinos Alarm Data for the Crew
EMER-1 Prossdurs .,
; esiimeried)
. 5 - TR AN - - Mo s =l
Lr"?_-';_.:"pl;;::.f:.':h“r Alarm Uuts for the Contrel Cemes Vet T > B0:10:00 . o
[aatrmaims]) Far = ES1 mm Hg
MN2-C (27 hatch clozaxs Q5500
=1.1 mm Hginin
For aimeisticn pugoass e ooess wil call Sown taich Fr = G55 i Fg
MARZ-CY [SM] heich cozsd ooAT00 | i ke i Check Fry oEEDD Mien ~ GO TEozREE)
| |=areem ) ST
ERELuEE et L el s LR T MeZ-CY [FEE) haich dosed 05900
Ta-T Y [DC] haich cloams [ FLE L] iz Frooeed i fm mest action only gler =es
iz, _
= FGSE D gresaurs i 258 mmn Hg and dregpng e Check F'-": 090100 F:‘"'-EE= T HEI
=1.1 mm Hglmin . - [: -
SN [FO] preazume iz BEE me Hg et dropping @ Verity T = BEA0DD T = 20 M)
Chmck P D200 =1.1 mm Hglnin m.-. T HY
= D1 grasaure i 288 mm Hg and NOT dropping Io-rA hetch clossd o1:03:00 )
= USOE presmras ars =202 mm Hg and despping st
=1.1 mm Hglmin
Foraimaisticn gugaim the ces will call Sown faich Check Feu; 0405230 P = EB& mm H
[Co-C] (=M izh ] Oa:22:00 raicy Frocesd o e nexd achen enly e crws = = -
s catiems, MMMI-CY (F3E) hatch chosed e L L
= FGE D greszurs i 253 mmn Hg and dregpng e
=-1.2 mm Hglnin Chieck Prang 04:07:00 Faug= EES mm HY
_ SN [FT] preazore (3 BRI M Fig et drapping _———
Chack P 24500 -1.2 mem Hglmin MEM1-C¥ haich dosed
s LUEDE g —apz el drzgping at
g EC-CHY hatch closes || epart to mec ]
Foramuaben gugonx e ooes wil call Soem faich
Nro=C¥ [=M] haich dosed b Bl Tmioy Frocees & e me moiicn ooy gl =ows
=al s DEFRERE DRILL COMPLETE
= FSE M0 greszurs iz 220 mm Hg end drogpng =
=1.2 mm Hglmin
R R o BN [ETI oewazers i3 B me Hg med HOT srapeieg Do not reciore 13 E sommuniostion cycisme o the nominsl configuretione.
v LDOE sreamures are ~2E mm Hg an desnpig at Faskors Boyuz oommeanicadion cyed=me fo the nomisal configurations.
n s of —1.2 mm Hg'min
Tha oreswe will rebam Soyuz vahlolse io the criginal sonfliparation scoceding fo oraw
Faramaiaten gusaoin s crews wil cal Soen faich "
OaT-TY [FE) etz o 0:=a:00 Fmiex Froceed io fim et msten anly pe st prooedurs " BOYUZ ABCENT/DE BCENT” (fackion 1.4.2, ciep 3, p 27 "TURNING OFF
PR COMMURICATION E™).
= ESE MO greszurs iz 2268 mm Hg end drogpng =
- '3 mm g PAVIML-LY (2M] NEICN D580 ETTTEIT
Chmzk P ah b= = S [P preasame iz B2 me Hg end NOT Srepging
= USOS preszres are =258 mm Hg and dropping st VB Toas = DO:10:00 W Toe = 280 M)
u rarks of =12 mim Hgimin
: Fun= EIE s
MO e O TR W e e T Morl-C0 DT haich cizsed D400 o T
FrS-d izl cloaws L E=sb= ] raicy Frocesd o e nexd achen enly e crws
calzz Check P Q51200 Fuemy= ESS mmami HY (=~ = 57 s2conds)
P — . B - Fr = B35 mnim Fg
| | = LEOS preawres are ~705 mm Hg and deopping ek [C0-EX] (2M) hich closed OS2
T T T i Fun= B33
l | e | Cresk Fray D54:00 - T h
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Examples of Paper Scripts - Ammonia Lea

MCC-H, MCC-M, COL-CC, and 55IPC COPY ONLY

‘Wehan resdy, orew Infomss MCC-H and MCC-M, 2 Bariing the Inarsment 28 Ammaonia Lesk
DET Exarnloce.”

Crow's memorized Initial recponee:
= Emulai= donning 9as masks, peshing ATR bufion, and closing Node 1 A%t Heich 1o
Eoinie i US0E.

2358 IFHX NH2 LEAK DETECTED - WARN | BDDF: WARN: 2.E TCO)

BEWCC-H, MCC-M, COL-CC, and 3 BIPC Greenoands Crerar Sresnoerds

[COL ITC B Dake
- WFAI_ACCUM_ABE_PREZEI_VTD: I35 Fa
« WRAI_ACCUM_ABE_PREZEI_VTC: I35 a
* WPAZ_ACCUM_ABE_PREZE1_VTD: 235 kFa
= WRAZ_ACCUM_ABE_PRESEI_VTC: I35 kFa :i':juﬂrﬁﬂ Crmw copy of #his
£.288 COL IFHY NHE LEAK DETECTED:

= This procadure s complelsd succasshully after
Ground simulsies the applicable siaps,

@round fsams disouse foreard plan, s e parmibs,

| Crmw and MCC dicouce forsand plan, ac tnes parmits.

| AMMONIA LEAK DRILL REEFONIE ACTION E COMPLETE

Craw will return all aquipment and sysbeme to thelr nominel lcoatione and condiiomns prior
o ecisbliching their intial kocations Tor tha next EMER OET arlll.

END INCREMENT 28 AMMONIA LEAK OET EXERCIZE.

MBNY CAUNON SYEns. Bsmed.

CREW COPY ONLY

AMMONIS DETECTION FIT CUE CARD 22 (iooaded in ths Ammonia Detaoton FIf)

oo, MCC W, COLCE, LTOW LIBBNDEEG
and E3IPC Graancardc

LS CoMmprEsaing e pUmp fer En =
Atap &: Mo hiue reachon on HI fubes after 10 strokes (bot

<Span oniy on condo! sampssh,

cEnizrcogles of mis 3bap 3: Simulste comprEssNY the pump for ben siToies.

MEsEEpE-
3tap B Blue reaction bo the E0ppmn mark of MED ubes afizr 10

simkes (both sampkes)

ANMONIA REIPIRATOR KITE
#® Reddew the coniznts of the ammroni resoimior kdis and Sheir instrucions.

»  Estimals T length of ime nesded to deploy the Ammenia Fespimtor Kis from the F3E |
stowmge inoations, and provice this isformaticn inthe debrisd

DONNING OF AMMONIA REIPIRATOR B CARTRIDOE CHAMGEDUT (looxtsd In the &mmonis

Rasplrator K]
- [ TOLTE, TTow OroBnoEnat
and E3IPC Graanoardo
<SEan only Gn conrn! Blrruisie all sbeps
cenizrogoles of mls Sbap 2.11: Megathe 3nd positve prassune Checks ars
esEagE compistad Satisfaciority.

| orew and WSS discuss forwand plan, as e pemiks |

| AMMONIA LEAK DRILL RE BFOM 3E ACTION E COMPLETE |

Raturn =il sguipenent and cycisenc fo thalr originel lcaaticn/'sonfigureion prior to sstabdishing

Iniisl lzationc for the next EMER OET drill
EHD INCREMENT 22 AMMONIS LEAK, DET EXERCISE.

END OF DCA MEEIAGE.

o
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How We Improved Training Quality

« Significant challenge to

come to an agreement Early concepts for simulator design

between all International |
Partners on scope and a ‘!| | &
common approach for novel B
Emergency OBT Simulator Server/client interface Operates on
multiple platforms
— Representatives from US, ‘
Russia, Europe, and Japan ,\f
. < . ﬂ
— All crewmembers, regardless W
of affiliation, participate in the
Supports, does not

same training events together, Petion Teoriasires Focus on crew

. . . training objectives
so the only solution is a single
simulator

>, A
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How We Improved Training Quality

« Simulator Requirements Data flow management
— Create a dynamic simulation that gives real- Onboard Server

time data feedback ]q
0

— Maintain real-time interface between Mission
Control Centers and crew during OBTs

— Provide flexibility for decision making during — @g—

drill execution

— Materially reduce instructor and flight control
team man-hour costs involved with
developing, updating, and maintaining
emergency OBT cases/scenarios

— Introduce an element of surprise to
emergency scenarios so the team can't tell
the outcome of the case by reading ahead in
a paper script

Portable devic

Ground Server

'i]l
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Emergency OBT Simulator

« Enables crewmembers to move around the ISS receiving
dynamic emergency signatures and new information at
the correct pace for a simulated emergency

— Runs on crew iPads as well as Station Support Laptops

 Crews can make decisions, make errors, and learn or
adjust responses based on results and feedback

« Ground teams see the results of crew actions in their
downlinked data, have additional insight into simulated
vehicle data signatures that they can provide to the crew

— Crew/ground interaction overall is much more realistic

Skyler LaBuff 13
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Emergency OBT Simulator Implementation
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Crew Interface - Display Layout

INASA

Preferences Pause Exit

i

USCEW ncc/mnv

CAUTION & WARNING
FIRE AP/At ATM

GMT: 314 / 15:00.59

us PCS RS Laptop

| WARNING | CAUTION TEST

»

Depress NH3 - CMS NH3 - Draeger

Select Cabin/Port and Press Sample

[ samwe )

[ Module Powerdown ]

Time of Event

[ Discharge PFE ]

[ Rack Power Switches ]

[ Discharge OKP/OCTT |

Graphical view
of ISS E—
JEUAR Sy
Green Card Message
Greencard
messages

ST]\(:F,R
GH.-\FFARIAN
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c&w
Panels/Laptops

<—— Virtual H/W
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Crew Interface — Fire Scenario

Mobile avatar
represents
crewmember’s
location

Hatch boxes OFF:
(Clicking on hatch
will open/close
hatch)

Canresize ISS
via 2-finger
pinch/scroll on
iPAD only

Preferences

(turn hatch boxes on/off, add hatch names,

change lanpguage)

e f§S-Emergency-On-board-TFraining -Simulatoy gy g

GMT: 314/ 15:04.30

Preferences Pause Exit

] [ [

Smoke/Fire Icon — will disappear when fire
is EXTINGUISHED

PMM

b

ficc/mmm RS Laptop

S~

Fire ) [ AP/At ) (ATM) [ Warning 0

CL Message Text
E FIRE-Smoke Detector 2-NODE1
E FIRE-Smoke Detector 1-NODE1
A 195 RPCM N1RS1_B Trip-Node1

Caution g

15:03.21

‘\

AN

Green Card Message

Al vou smell burning odor and see smoke coming from Node 1.
Real-time

greencards

ST]\(:F,R
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—
Time of Event
314715:03:23

FindRPC <l —
Depress NH3 - CMS NH3 - Draeger

Select Cabin/Port and Press Sample

Cco:
HeL: ~
HCN:

Sample

[ Module Powerdown ] [

Discharge PFE ]

[ Rack Power Switches | [ Discharge OKP/IOCTT | <

GMT Clock: (Red or
Yellow highlights
indicate loss of
comm with the
server)

US PCS (also
ailable:
MCC/MIMK, US C&W
panel, and RS
Laptop - C&W)

US PCS C&W
Summary — provides
access to Advisories
and ‘Find RPC’
button

CSA-CP samples
\thoose location

then tap Sample)

Virtual H/W

Skyler LaBuff
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Crew Interface — C&W Panel/Laptop Capability

&

| @D ncc/mnn_ usecs ks taptor

CAUTION & WARNING

- AP/AL | ATM |

[ waRNING | cauTion [ TEST |

/ information
A

us caw MICC/ MW s PCS

OkHo cobbITin

:::::

*Provides ability to
annunciate and silence C&W

tones

*Provides C&W messages
and /I resolution

*Provides RS smoke

us PCS RS Laptop

EMERGENCY
O
WARNING LOCATION CAUTION
orHeR] TNE) | sm | Fee OTHER| TIMER
ronenfemoke] | oc | uom [ see | |cueTr] conm
St | mre | | Lomt [ Rut [ mmz | | wani | msc

MODULE |

DENT _ MAN ALARM

FRE'&P-‘&I ﬁml |FIRE kF‘Iﬂ{ﬁml

*Provides ability to
annunciate and silence C&W

|

detector annunciation details

17
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Crew Interface — Virtual Hardware Capability

Module Powerdown
» Will bring up a separate window allowing user to

““Fire Depress NH3I - CMS MNH3 - Draeger

Select Cabin/Port and Press Sample . .. . .

— - powerdown each individual power feed detailed in the
co. module powerdown sections of the EMER book

PO oL Rack Power Switches

PN HCN: « Provides insight into power status of each rack

LAB1P1_J1 ° 1 il 1 1

CAB1DT K1 N S | Provides user the ability to switch a rack power switch OFF

| Module Powerdown | | Discharge PFE | Local Powerdown . .

[ Rack Power Switches | | Discharge OKPIOCT | . Pro_v_lde_s user the ability to complete powerdowns behind
| Don Mask | specific fireports

» Must select fireport prior to clicking this button

Discharge PFE; Discharge OKP/OCI
* Provides user the ability to discharge an extinguisher
» Must select location or fireport prior to clicking this button
Don Mask
* Provides ability to don PBA, Respirator, or MK
* Icons will appear next to avatar showing which mask is
donned
» Masks have time limits coded; Will receive pop-up
message when mask is exhausted
« If PBA is donned, bottle pressure gauge is displayed,
showing remaining oxygen

Skyler LaBuff 18
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Crew Interface — Rapid Depress Scenario

Hatch boxes ON:
(clicking a hatch
box will move the
avatar to that
side of the hatch
and close the
hatch)

Hatch names
ON

«

Preferences Pause Exit

v §S-Emergency-On-board-Fraining-Simutator

SM ‘ 7
Uscaw  ncc/MmM U PCS

OkHO cobbiTUI

' : Nro-cy (SMm)
NxO-CY (FGB
Whee =L

MUM2-CY (SM NxO-CY (DC
N S ELl wy

WM Resolution

RS Laptop with U
Resolution capability

e IR os o

Dynamic MB: (Will
L —" adjust drop rate
based on hatch

Real-time Green Card Message
greencards

STI\'GFR
GHAFFARIA.\'
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Crew Interface — Ammonia Leak Scenario

Fire Depress NHE - CM5 NH3 - Draeger
Select Cabin/Chip and Press Sample
@B A [=] High Chip[~]
ANASA/ | |
Preferences Pause FF  Exit GMT: 314/ 15:10.53
o Cc/MitH Us PCS RS Laptop
[ Sample ]
— CAUTION & WARNING )\
'__ B 7
0 Don Mask l

Aocs 1 A7) [ FrRE [ aem

|WARNING | CAUTION | TEST/ |

*Select location and Chip type, then
press “Sample”

b oo weoow CUELDER |

Fire Depress @ NH3 - DraegeP~_

Select Cabin/Tube and Press Sample

MY Fon Select Cabin/Chip and Press Sample
@B A - High Tub
OB TA [~] High Chip[~] igh Tube [~]
] EEEEEEECEEEEN
=
[ sampe ]
A
[ Don Mask ]

« [ I r

Green Card Message Time of Event

/

*Select location and tube type, then
press “Sample”

*Graphic display plus pop-up message
will provide data

ST]\(:FR

Skyler LaBuff 20
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Instructor Interface

Actions

View Language Pause End Sim

18:28:44 kbolt
18:28:34 CDR
18:28:30 CDR
18:28:24 CDR
18:28:23 kbolt
18:28:21 CDR

18:28:18 CDR
18:28:18 CDR

Joined sim.
Astronaut moved from Node1 to PO.

PBA donned.

Astronaut moved from Lab to Node1.
Joined sim.

Received green card message (You smell
burning odor and see smoke coming from
Node 1.).

Sim started on ground.

Joined sim.

Sim Info

Greencard LOS

Case# 1

Case type: FIRE
Location: Node1

Participants(3):
CDR

.
<

>

RS cCa&w US Laptop

RS Laptop

GMT: 030/18:29.12

V3.

CAUTION & WARNING

FIRE AP/At ATM
| warnING | cauTion | TEST
MB CMS Draeger

[Lab

Lab Aft

LAB1P1-01
LAB1D1-01
LAB1S1-01
LAB1P1_J1
LAB1D1_K1

it I
Lab Fwd & Co:

—| HCL

Select Cabin/Port and Press Sample

HCN:

v\[

Sample

Green Card Message

You smell burning odor and see smoke coming from Node 1.

Time of Event
030/18:28:20

[ Module Powerdown ] [

Discharge PFE

[ Rack Power Switches ] [ Discharge OKP/OCI

[

Don Mask

]
]
]
]

ST]\(:F,R
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Flight Controller Interface — Example
ISS Emergency Response Telemetry Display

wa§S-Emergency -On-board-Training-Simul
*Raised button icons View Language Exit
denote command
capability

[HOMEPAGE] Mode

WAN

LAB NOD1 AL | NODZ | NOD3 gLt 8 FGB | DC-1  MRM-1 MRM-2 | ATV COI

*Data changes based
on EMER
autoresponse actions
for each type of
emergency

Green Card Hlessage
EP RAPID DEPR anual Alarm-LAB 2491 14:46:15
*C&W Summary ——— > <T—— ‘Real-time greencards
TINGER
Sivg Skyler LaBuff 22
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Synergy and Leveraged Codebase

 The Emergency OBT
Simulator codebase
contained the structure
and means for another
separate application

— Compound Specific Analyzer
for Combustion Products
(CSA-CP) is a handheld
device used by crew to
“sniff-out” potential fire
sources, even behind rack
panels via “fireports” using a
sample pump and probe
assembly

Skyler LaBuff 23
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Synergy and Leveraged Codebase

* Previous ground training methods were somewhat
Ineffective and potential sources of negative training

— Verbal “greencards” did not force crew to look at the
device for readings and allowed for other crewmembers to
eavesdrop and listen-in to the readings from the instructor

* Broke the desired critical data communication path between crew

— Visual “greencards” were an improvement over the former,
but did not realistically display the information

* A lesson-learned from a false fire event on-orbit showed that crew
could easily overlook decimal points as there is no leading zero for
some contaminant values

* This also forced instructors to be in the modules with crew, which is
not desired

Skyler LaBuff 24
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Verbal and Visual “Greencards”

ST]\GF,R

Skyler LaBuff
Improving Space Operations Workshop

GH,—\FFARIA.\'

TEC]]N()L()(:IES

25



CSA-CP Emulator

Utilizes the fire contaminants model codebase from the Emergency
OBT Simulator to generate appropriate CSA-CP values

— Some custom GUIs and small code additions to drive them

Crew view accessed via web browser on iPod Touches
— Attaches to flight-like CSA-CP unit for use in training scenarios
— Crew iPods are color-coded for easy visual identification

Instructor view accessed via web browser on Instructor iPad

— Input key telemetry items for desired case objectives

» Fire location

« [nitial contaminant levels and rate of increase of contaminants
— Ten “fire levels” available to train all potential objectives
— Custom data can also be pushed to the crew units

 Fire extinguishing method
— Instructor GUI controls what data, i.e. which module or fireport, each
crew unit should display

S']'I\'(.'FR
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CSA-CP Emulator

e |nstructor Iinterface

Fire Location: | Lab [=]

Fire Section:  |Lab Fwd [~]

Fire Port Name:|LAB1D1-01  [+]

Fire Level Donfor CO =]

Fire Port Bias: | 50% [~]

[ Stop Sim ] [ Fire Extinguished ]

Red CSA-CP CO: 201 HCN: 1.0 HCL: 1.0
Sample Location:| Lab [~]

Fire Port/Cabin: | Lab Aft [=] co: HCN: HCL:
|_Sample | | PFE Discharged |

Skyler LaBuff 27
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CSA-CP Emulator

« Crew view
— Flight-like size and display on iPod Flight Unit

Skyler LaBuff 28
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Risk Reduction Conclusions

« Safety Is paramount to the JSC mission, and the ISS
Emergency OBT Simulator reduces risk by increasing
preparedness and improving OBT training quality for the
crew and the flight control teams

— ISS is large and complex, and urgent events require a swift and
coordinated response by crew and ground

— All participants engage, adjust and learn as the case unfolds
real-time
« By leveraging an existing codebase to a new synergistic
platform using COTS hardware, CSA-CP ground training
guality was also drastically improved, further reducing
risk for fire response onboard ISS

Skyler LaBuff 29
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Questions?
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Backup Slides - Timeline

2010 — Discussions on early concepts of Emer OBT simulator design
2011 — Requirements document signed

Nov 2011 — OBT simulator V1.0

June 2012 — OBT simulator V2.0

July 2012 — First On-Board Depress drill, OBT simulator V2.2, First On-
board Fire drill

Sept 2012 — First Ground and On-board Synchronized Depress drill with
Ku-band

Nov 2012 — OBT simulator V2.3, First back-to-back OBT drills

Jan 2013 — OBT simulator V3.0, First Russian Fire drill

Jan 2014 — Discussions on early concepts of CSA-CP Emulator design
Jan 2015 - First use of CSA-CP Emulator in ground crew training

pgSiTy,
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Backup Slides — Technical Detalls

* Web application

— Code executes on Windows PCs using Internet Explorer 8.0 or Apple iPads using
Safari

— 91 KSLOC (in .cs, .aspx, .Js, .css, .xml, .xsd files)
* On-board Station Support Computer Server allows multi-player access for
crews in different locations to perform actions
« Ground Server allows simultaneous access for teams in different locations

— ~50+ Flight Controller and Instructor participants in Houston, Moscow, Huntsville,
Munich, Tsukuba and any other center participating in Ops that day
« Synchronized by transferring XML state files between servers over Ku-Band
using Orbital Communications Adapter Mirroring System (OCAMS) scripts

— Graphical user interfaces use a combination of Web Forms and Scalable Vector
Graphics (SVG) and are dynamically updated using JavaScript and jQuery

— Data downlinked about 2 times per minute (avg file size ~145kb)
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