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Vlissions

e Extend our senses with robots and instruments

* Extend our presence with people

 Mission Experience

 Knowledge and perspective through data



Mission Interaction Boundead
by Communication Time

Round Trip Light Time:
Variable 134min - 170min

Round Trip Light Time: ~2.4 S
Comm Latency: Variable
Command to Response time range: 6 - 25+ seconds

-

Round Trip Light Time:
Variable ~10 min - 48 min




Mission Control for Crewed Missions

 What Is the optimal
ground/crew
distribution of work?

e System status and
health, housekeeping

e Planning
* [rajectory

o Authority




Mission Control: Earth to
Mars (MER)

* What Is the optimal
ground/robot
distribution of work??

« All from the ground

e | Imited onboard
autonomy




Control Centers




Disciplines, Call Signs Examples

e NASA o Star Trek
. Flight Director o C.aptain (.<irk, Janeway,
Picard, Cisco,...)
¢ Systems I |
| * Engineering (Mr. Scott)
* [rajectory .
* Navigation (Chekov)
» Payloads/POCC | |
* Science Officer
* INCO

(Spock)



Apollo 11 - Nominal

Go for Landing



Apollo 11- Anomaly

1201 Alarm




Apollo 13




Space Shuttle ATO




What do the consoles do!?




Once upon a time...

In Houston,
Summer Intern, 1981

Lead Ops Director
SRL-1, 1994



MCC Display 1984
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MCC Dislay 1984

2 ] 0 DAY 1 0 1

FN  13/099 F85 CONTR RR3IYOBA CHO44

OGMT 101:18:12:32 OMET s 0L HEE 'ITE TDR 0OI 188 GN &2
RGMT 101:18:12:32 U.D RATE 1 SM  é4% BF 12

MECHANISM CONF IGURATIO
SELECTION ON OFF TELEMETRY
BERTH LAT 1 A B A B AMPS  TEMP

F 2 SCIU 16 = 1z SCIU 0.53 2
3 MSB 18 19 ® % MSB 0.07 %)
MPC 20 * = 21 MPC 4.7
DPC 22 23 % = pEE O 2

LCKR 2% = 25 FSS LCKR 1 26
: 2 13

UMB MAIN
HEATER
RET LAT KEEL
PORT

STBD
ROTATOR HEATERS (SSP)
PIVOTER 10 ENA AMPS PCU S
TRANSLATOR 11 FSS »= g2 PDSU -1
PLAT LOCK 12 SMM 9.1
DESELECT i3 MACS 0.1
FMDM 0.8S

OVERRIDE FMDM BOX A 26
8 -88¢

ENABLE 1% %
1S

VDN FWN -

DISP MP
2011 SMm
2011 al
20119 GNCS
20113 GNCS

Mental model: Display




Shuttle Control Panel

The nomenclature and layout of the SSP is as follows:

SMM HTR [ S EMER Ui

COMMAND ENABLE

FMDM-B  FSS HTR
PWR




Timeline

41-C PAYLOAD OPERATIONS SUPPORT TIMELINE

IKEY EV/ENT

CREW ACTION

JSE

oRMS Grapples SMM

eManeuver SMM to FSS Platform

eBerth SMM on F<S, close berthing
latches, and mate umbilical
connectors

eUmbilical Interface C/O (Crew)

eS5/C C/O (POCCQ)

eBegin SMM OBC LOAD (POCC)
(completed approx. 04:05:00MET)

MU Angn @ 04:06.15MET
Z2i. (@04 07:00MET

Cinema 360 Ops,(Cue Card)
(90 sec of approach to SMM before

grapple)
Cinema 360 Ops (SMM grapple)

eReverify FSS/SMM umbilical config.

for berthing and connectors
powered down

Cinema 360 Ops (SMM berthing)

eKU-Band - COMM
eManeuver to TDRS TRK Attitude

eConfigure FSS components for
comm via umbilical
SCIU ON
oVerify SMM tim
ORMS release SMM
ePosition SMM/FSS for repair ops:
Pivot (inform MCC when at 25
degrees),MPC ON,rotate,pivot

MCC verify SCIU voltages ASAP and
verify umbilical connectors mated
via FSS umbilical monitoring

eConfirm STS is configured for comm
with SMM via PI/PDI

ePOCC-to-MCC Command Flow Test

®HOUSTON PAYLOADS inform POCC
DIRECTOR ready for Umbilical
Interface C/O (SMM tilted to 25 deg;
MPC ON)

eCommand activity briefing with
POCC CONTROL

oHOUSTON P/L DATA enables remote
POCCcommand panel

HOUSTON P/L DATA will be notified
by POCC CONTROL upon start and
end of all bank loads

®POCC DIRECTOR conducts command
activity briefing with HOUSTON
PAYLOADS

ePOCC-to-MCC Command Flow Test
(NOTE: JOIP proc. 11.2)

eCommand activity briefing with
HOUSTON P/L DATA

®Receive “GO FOR COMMAND"
from HOUSTON P/L DATA:
oRF Check viaPl .
Send 18 CUNOOPS commands
eVerify SMM status and command
capability via PI/PDI
Config C&DH for comm via PI/PDI
Verify status of all subsystems
eNotify MCC when finished

®Begin OBC LOAD (3 revs comm)
initialize OBC for S/W load
CAP responses enabled
Dump verif. after each 4K bank
Halt and reconfigure OBC

41-C FINAL APRIL ' 84




Evolving the

lechnology

 Why evolve the current model - it works and it
has worked well for decades

o Software built as traditional applications

creates packaging of

‘unctionality that come

with operational const

raints

* Duplication, Granularity, heterogeneous
environments, different Ul’s, “walls,” bloat



Open Source Mission
Control Visualisation

* Mission Control Technologies (MCT)
e Desktop JAVA
* Open Source

 https://github.com/nasa/mct

e hitp://ti.arc.nasa.gov/OpenMCT/
« Web Applications for Resource Prospector (WARP)
e [n development, open source coming soon

« Check http://ti.arc.nasa.gov/OpenMCT/



https://github.com/nasa/mct
http://ti.arc.nasa.gov/OpenMCT/

Why Open Source

—nables collaboration
Share ground system technology
Build a community

Create a pathway for outside in innovation



A User Perspective

Displays (no concept of applications)
Applications
Objects and Compositions - most users don'’t get this

* Things you can manipulate and views - more users
seem to get this

Depending on your mental model, these could all be
viewed as displays



Interacting with our Digital
Stuff

 How do we view and interact with information
* Applications, apps, widgets, directly with our data
* [ncreasing tendency towards sandboxes

 Where is my stuft

* |t could be in Google Drive, iCloud, Drobbox,
Box, or even (heaven forbid) my local file
system



Mental Models - Displays, Applications, Objects

from Gemini to Shuttle MCT to WARP

Shuttle to ISS, Robotic Missions

N Objects, Models, Views
Displays ( Telemetry
- e )
Plot Alpha Composition View
C Numerics
Monochromg Channel 1 Application Application
Alpha-Numeric [ View ] [ View ]
:
N r N ( View ] ( View j
Timeline Procedure N /
Editor Viewer
Y, N J
. ~ e A
Monochrome
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Editor Editor
7S o ( The Thing (Model) ]
L J N ~
q 7 0 DAY | 0 1
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HiStory

Conventional Graphics
monolithic editer
XEROX 8010 Star Information System application

Star provi ated text and graphics, y of ty y be used,

& BB THE LAST TEN YEARS

Some significant events
in computer history

s, ) X % : Video
. - ' viewer

ODoODDDoDoDooDooDoDD




I'he same thing looks
different

Expand All Collapse All
< Today » Monday, October 13, 2014
2 Mon Oct 13 All day Columbus Day
all-day Columbus Day

Columbus Day All day Columbus Day
All day Forecast for 94930 (88° | 55°)
11:00am — 12:00pm MOS RWG ©
12:00pm — 1:00pm PDS MC telecon O
: Z:m:zi win VG _, 12:30pm — 1:30pm RP MOS/GDS Weekly - Lab 269-137, meet me (866) 806-8394, 4054913 + Lync O =

1AM

Weekly WTD tool project checkin —eiS D e N —— 1:30pm — 2:00pm WARP Software New Features Weekly Demo - Lab O 2
Canceled: MOS RWG 2PN 1:45pm — 2:30pm Schedule update with Doha-Lab O &

1 . .
® MOS RWG RP MOS/GDS Weekly 2:30pm — 3:30pm RP Office Hours # 2
Lab 2 meet me (866) B06-8394, 4054913, 4913

o PDS MC telecon T U TS . e 3:20pm — 4:50pm -Rm 126 ©

1:45 PM
RP MOS/GDS Weekly Schedule update with Doha Lab

o+ AP MOS/GDS Weekly 2:30 PM

RP Office Hours

o WARP Software New Features Weekly Demo .)-

100% (mm 100% (!

'WARP Software New Features Weekly Demo

Schedule update with Doha < October

. Schedule update with Doha

M T W
® RP Office Hours @ 1 4 1 5 1 6 1 7

Monday October 13, 2014

® SHobart 000

all-day Columbus Day Columbus Day WARP Software New Featur...

Weekly WTD tool project checkin MCT Lab
MOS RWG

Schedule update with Doha
PDS MC telecon
RP MOS/GDS e RP MOS/GDS
Weekly Weekly

WARRP...

Tuesday Oct 14 2014

Schedule | ®. .
Sched...
update...

e RP Office Hours ALL DAY
30 PM (GMT)

ALL DAY

Blood drive
Calendars Inbox (6)




The same thing, diff. views

& Drive My Drive ~

Name Owne ast mo

“ Admin me Mar 3

. » 3 My Drive AMMOS me Feb 28

* How do | interact

Google Talk me Oct8

L] L] . \ Recent
W I t h | n fO r I I I at | O n ; MCT Software Installs me Jun9
" Starred ]

Pictures me 9/9/13

Trash Reference me Aug 21

RP GDS Shared me Jul 29

. RP MOS Design me Sep 22

o - .

RP MSE Shared (Inactive) Richard Hurtz Sep 22

. . RP Science me Aug 7
views, | interact

)
Travel me Sep18
| |
W I t h I I Iy St u ff |  RP Concept of Operationfkalaitss

RP Design Notes = Do

* Application
centric, | interact
with applications
then use my
data?

cedure: Payload A

}PM Flight Rules List

Resource Prospector Con Ops Table of Contents



Our Approach - Integrated
User Environment, Objects

® 00

Interact
directly with
data

View that data
in different
ways

No concept of
separate
applications

https://localhost:1984 /v

“~ C' (& https://localhost:1984 /warp-10072014/

n Browse All ¥ Q

» gy Payload

as Telemetry Panel My Demo Telemetry Panel ~

@ GTV101T / GC External Column Temperature @ GTV102T / GC Column Temperature @ GTV100T / GC Union Temperature

. _ 86.1
3 ri Mission Scenarios
v 'y My ltems 82.9
» 5 Situational Awar...
 HET 79.7
0 NavCam

76.6
» % My Demo Telem...

o
» B3 My Demo Layout -

» @y A Named Folder

Value

» & Unnamed Telem... 70.2

» {5 Unnamed Layout
67.0

63.9

60.7

57.5

544

2014-258 18:47:47 2014-258 18:48:09
Time



Core Tenets

* Objects and Compositions instead of
applications

 [he same thing In many places

* The same thing, different views



The same thing, different views

https://localhost:1984 /v

® 00
L C' | X https://localhost: 1984/

n Browse All ¥ Q 9 Q

Telemetry Panel My Demo Telemetry Panel ~ # 2 APav

» r‘i Payload @ GTV101T / GC External Column Temperature @ GTV102T / GC Column Temperature @ GTV100T / GC Union Temperature
_ ) 86.1
» [@ Mission Scenarios
[~
v /gy My ltems 775
» '= Situational Awar...
» {5 Layout 68.9
& NavCam
m 60.2
» s My Demo Telem...
B
» {3 My Demo Layout 51.6
» @ A Named Folder
» g Unnamed Telem... g 43.0 _J
» @3 Unnamed Layout g
34.4
25.8
17.2
8.6
0.0 8 00 https://localhost:1984 /v

2014-258 18:41:16

€« C' | X https://localhost:1984/warp-10072014/

CONNECTED & SOU n Browse All ¥ Q 0 0
- Telemetry Panel My Demo Telemetry Panel ~ # @ I =Escrlingw
» rjpay[oad TITLE TIME VALUE

» ri Mission Scenarios
v rj My ltems
4 .: Situational Awareness
4 '= Layout
& NavCam
» &5 My Demo Telemetry Panel
» .= My Demo Layout
4 rj A Named Folder
4 a Unnamed Telemetry Panel

» @3 Unnamed Layout

CONNECTED & SOURCE: 2 (201

GTV101T / GC External Column Temperature
GTV102T / GC Column Temperature
GTV100T / GC Union Temperature

GTV101T / GC External Column Temperature
GTV102T / GC Column Temperature
GTV100T / GC Union Temperature

GTV101T / GC External Column Temperature
GTV102T / GC Column Temperature
GTV100T / GC Union Temperature

GTV101T / GC External Column Temperature
GTV102T / GC Column Temperature
GTV100T / GC Union Temperature

GTV101T / GC External Column Temperature
GTV102T / GC Column Temperature
GTV100T / GC Union Temperature

00 TO 2014-09-15 19:00

2014-258 19:00:00
2014-258 19:00:00
2014-258 19:00:00
2014-258 18:59:59
2014-258 18:59:59
2014-258 18:59:59
2014-258 18:59:58
2014-258 18:59:58
2014-258 18:59:58
2014-258 18:59:57
2014-258 18:59:57
2014-258 18:59:57
2014-258 18:59:56
2014-258 18:59:56
2014-258 18:59:56

80.6065368652344
79.7803192138672
79.773193358375

79.8243103027344
80.0666961669922
79.8633117675781
80.0264892578125
79.9845886230469
79.6528015136719
80.3740539550781
80.4899291992188
80.6515808105469
80.3558959960938
80.7545776367188
79.6505432128906

WarRPo



Mission Example

Sol 72 Activity Summary

((j()lltlllll(.'d)

Avoid radiating 2004-076T22:28:2a _ 99.24
X lating - 2:28:28 - 22:33:28 50 not ta

-1,1%‘} on ﬂll; n'l“'l)‘fﬁ‘p.
Nl"l‘”ﬁ"lf;’ 'th“‘llt—' 08 Lot it old master is still active - 2004-076T22:58:26 ERT
| "\_ . ‘,:J 2 A 1erwiIse. no b P ",“!I'Hlllr\tll»{l'.'1 new master q(Jﬁy,,](:yd“ be
via EVRs.)
-10:00 Enqgn nng housekeeping keep-o

10:48 Siesta. DSS-14 drive off at 20 76T22:30.
@ 2004-076T23:21 (10:36:33 LSTA) to hit at ~10:51 LSTA.

’

S RAP
o,
|

O

o

W= ©

dard uplink swee

-
o ~
U M

1

a

. :li,g,w[ vation of Serpent Dune

2 : ~ 1 O - r.
) Drive/Scuffing activity (Al blind drives this sol). MTOD set to 14:00

Mars Exploration Rover Timeline Views



Composition/Views

CHI Notebook - Canvas Plus

View . niences

® Note
| O Timeline Plus e , become more ¢ rful as a user object

Non Time Plus

Info Plus can embed other ¢
0 Plus

¥ Center Panel Title Bar Hded in the notet
Show/Hide All Control Areas

0.000 4

27.10.0:20:00 279/10:30:00 279/10:40:00

's an orbi ded in a note

ser can use views ( ect in different w. i This Objects View Windows Co niences Help

We'll look at a timeline vi

GMT | w»

s an orbit embedded The user can |
become more in a2 notebook e the notbo
a user object 5 Orbit2
r objects, the user We'll look at a timeline view

can embed other objects next

into the notebook
live telemetry
dded in the notebook

Tim 1

279/10:50:00 279/10:52:00 279/10:54:00



Combining more data types

Example Display - Canvas Plus

2Cts in your no 32 Orbit EH B =

X Y z
Position 6579.12 -1995.55 951.59
Velocity 2.14 4.24 -5.74

timeline

2 Orbit

X Y
Position £6505.29 -1798.59 724.69 ser-created logs
Velocity 1.77 4.45 -5.92 e maintained

2 Orbit
sition... 5.000E3 A

5.000E-1 A

-5.000E3
- 4.000E0Q

2.000EO

0.000EQ

-2.000E0

199/16:20:00 199/16:30:00 199/16:¢




Resource Prospector

Commands

Round Trip Command
to Telemetry Receipt
~6 seconds

Telemetry/Data



o

: 2 day objective

e 1% Shadow edge
8: RSR-Rim
13 14

AN

UTC ddd:hh:mm:ss Time to PSR 00:15:00 LOS: ddd:hh:mm:ss FD 2 Shift 1
MET ddd:hh:mm:ss Battery Charge: 99%
-
( Traverse N ( Cam ( Notifications N ( Alerts
dd:hh:mm:ss PSR Pre-Entry dd:hh:mm:ss Rover Thermal More
dd:hh:mm:ss PSR Approach dd:hh:mm:ss More
dd:hh:mm:ss  Drill Secure More

p
Timeline Current Procedures PSR Entry Procedure
[ PSR Pre-Entry Checklist j [Drive to Entry Point 1 j<> Regolith Characteristics [[] Verify Rover Thermal ] Verify Rover Thermal
Go/ )
[ Rover Thermal Check ] Q No-Go Verify Path [[] Temp 1 j Temp1  xx.x
Go/ Drive to Entry Point Temp 1 X
[ Path Verify j No-Go PSR Entry Temp1  xxx
Temp 1 XX.X
[ Nav Cam Verify ]
Add Note
[ Haz Cam Verify ]
r e e e
T rrrrrrrrrrr T T T T T T
- (. J
( Predicts ( Telemetry | (CFightorestor > Console Log <User Name> |
Volts  Amps uTC
Ch 1 Serial 41.07 41.83
- Ch 2 Serial 41.25 41.12 ddd:hh:mm:ss  Waiting for thermal call xx.x deg C
- Actuals Ch 3 Serial 40.85 41.52 from Rover Ops
u Ch 4 Serial
ena’ [40.60| 41.67 ddd:hh:mm:ss Science discussing soil
properties
. ddd:hh:mm:ss  Rover drive eval nav >
cam images e
- J
- J




Situational Awareness for Resource Prospector

Browse i~ | o

Fows 8 Loy0ut Shutonal Avarenes - 7 alo mtaar
» [ Payload & Dashboard , , _ _ , Wiayoutv |
» @ Mission Scenarios © AXV000I / Avionics Agent Heartbeat © GTV101T /GC Extemnal C , piot + | ® GTV102T / GC Column +, Piot + | «,mlemi A Plot + ©®GTVB12T/SDS, Manifold Temp: , piot + ' ® GPV100P / GC Regulated Colum +, piot +
~a My ltems TITLE | TIME 'VALUE -GW121TIGCExmnnIOohm .mwgg'rleccdum GTV812T / SDS, Manifold Temp 3 (RTD- s GPV100P / GC Regulated Column
Situational AXV000I / Avionics Agent Heartbeat  2014-258 19:00:00 1“18 o o — I L T T U ¥ T 1 e
*u 2 AXV000I / Avionics Agent Heartbeat  2014-258 18:50:50 10817 ' ?r : i ' i ‘ ' ) . ' : g u ;
» W Layout AXV000I / Avionics Agent Heartbeat  2014-258 18:50:58 10816 . : ; . : . . : ‘ . . : : ; :
@ NavCam AXV000! / Avionics Agent Heartbeat  2014-258 18:50:57 10815 : : ; - : : : - : . : : : : J y : : J
» [s] Scenario AXV000I / Avionics Agent Heartbeat  2014-258 18:50:56 10814 201... Yfhe 201.. 20 20... g 20-- 20 201... Hfhe 201.. 2014... 244,. 2014... 201 2014... 244, 2014... 201
> @ Layout (i "y.. , | HAWORTHDRMSROVER = o Note & Object
X N '
E "‘l"s(AIM &assay (sun) Click to add note...
§2: Mlnlmurn\Succcss _ 21:53:05 PSR entry in 15 min Drop Here
41 km imive o 21:52:50 Rover thermal. Drop Here
,S an AlM &@ssay (sun) 21:52:51 Avionics SATVSNT/{ 4 pPlot +

= GTV811T/SDS,

4 P A

© 6: 2 day ob’jectlveo? AL e W S
. 9:Mid-Psgo’k: PS*lm’ Ul i dirts
- 16 Shadow edge : ,:
Ao '.._'._Z_‘ N ¢ 3 delse
& Telemetry A Plot~

= GTV100T / GC Union Temperature
’uﬁ""“' = A N -

-~ Overall Resource Graph

70
[ 9.25 ‘ v ‘ r ¢ J % ‘ l [
-1299.20 |
0.0 = Comms (Kbps)
20142.. 20443 20142.. 201 AB.00 | . i} NN 1
& Manifold Temp e | 128%0
= GTVB10T / SDS, Manifold Temp 1 ;nﬂ}sosw -562.00
l& ll' Rl Tl "l-.!l. '-.—|- AINVTS e . .PW (wm)
| | : an ' P a 4 -
. © OTVI13T/TC-113 Temp , plot - & Panel
«OTV113T /TC-113 'reumecms TITLE TIME 'VALUE
.2 || Generated 1 2014-280 18:04:11 -0.7431448254773941
;” Generated 2 2014-280 18:04:11 -0.4067366430758002
i Generated 1 2014-280 18:04:10 -0.8660254037844384
32.5 Generated 2 2014-280 18:04:10 -0.48999999999009967
Generated 1 2014-280 18:04:00 0.9510565162951536
Generated 2 2014-280 18:04:00 0.5877852522924732
Generated 1 2014-280 18:04:08 -0.9045218953682733
Generated 2 2014-280 18:04:08 -0.6601306063588582

«» CONNECTED © SOURCE: 2 (2014-09-15 18:00 TO 2014-09-15 19:00) warre.1




Timelines

.

[®) Scenario Haworth DRM3 ~

w Overall Resource Graph
0.00

-646.60 L | I

® Comms (Kbps)

127.00
-179.00 ‘
-485.00

@ Power (Watts)

| | | | | |
2 15:00 218:00 221:00 3 3 03:00 3 06:00 3 09:00 312:00

#» CONNECTED WamMo1




lTelemetry - Plots

Of\f'\

https://localhost:1984 /v

&~ C | & https://localhost:1984 /warp-10072014/
n Browse All ¥ Q 0 o

&% Telemetry Panel My Demo Telemetry Panel ~ # @13 APav

® GTV101T / GC External Column Temperature @ GTV102T / GC Column Temperature @ GTV100T / GC Union Temperature

» gy Payload
. _ 86.1
» @ Mission Scenarios
F
v '@y My ltems 775
» {5 Situational Awar...
N HET 68.9
0 NavCam
e 60.2
» wu My Demo Telem...
b
» {5 My Demo Layout i
» @ A Named Folder
» &% Unnamed Telem... g 43.0
» {15 Unnamed Layout =
34.4
25.8
17.2
8.6
0.0
2014-258 18:41:16 2014-258 18:47:31 2014-258 18:53:45 2014-258
Time

CONNECTED £ SOURCE: 2 (2014-09-15 18:00 TO 2014-09-15 19:00) WaRRAo.1



Notebook with embedded
objects




Open Source Mission
Control Applications

* We started with Java on the desktop
* Open Mission Control Technologies (MCT)

e On Github

o https://github.com/nasa/mct



https://github.com/nasa/mct

WARP Open Source

 Coming Soon, check

o http:/fti.arc.nasa.gov/OpenMCT/

o https://github.com/nasa/mct



http://ti.arc.nasa.gov/OpenMCT/
https://github.com/nasa/mct

