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Background



• First flight in 1981
• Arguably the most complex flying machine ever

Launch rocket for 8½ minutes
Orbital spacecraft for approximately 2 weeks
Hypersonic plane for an hour
Subsonic glider for about 5 minutes

Overview
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Original Shuttle Cockpit (1981)
Multifunction CRT Display System (MCDS)
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Drawbacks:

• Some gauges are needed 
only for a brief portion of the 
mission.

• Only three CRTs are 
available in the forward 
section to show display 
formats.

Original Shuttle Cockpit (1981)
Multifunction CRT Display System (MCDS)
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Drawbacks:

• Information is monochrome text.
• Information is not well 

consolidated.
• Each display title must be 

memorized according to its 
number.  (Example: This is a 
SPEC 23.)

Original Shuttle Cockpit (1981)
Multifunction CRT Display System (MCDS)

3041/023/                                        RCS            2  005/ 00: 45: 46
000/ 00: 00: 00

RCS FWD   1                             PRI JET          OMS PRESS ENA
L  2*                  4 FAIL LIM 2 L OMS 5              OMS-RCS QTY
R  3 R OMS 6 L  0. 00

OFF 7* R  0.00

DES JET  PTY 
JET FAIL INH DES
L 4L 8      9 3

Y 2L 10 11 4
3L 12 13 2
1L 14 15 1

L 4U 16 17 2
2U 18 19 3

Z    1U 20 21 1
L  22 23

4D 24 25 3
2D 26 27 2
3D 28 29 1

L 3A 30 31 1
X 1A 32 33 2

34 35
L 5L 36 37

V 5D 38 39

OXID        FU
HE P    2616 2536
PRPLT  TK P 245 245

T  70 70
QTY 63 63

MANF P 1 246 246
2 246 246
3 246 246
4 246 246 

MANF VLVS      STAT     OVRD
1 OP 40
2 OP 41
3 OP 42
4 OP 43
5 OP 44

JET RESET 45
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Original Shuttle Cockpit (1981)
Multifunction CRT Display System (MCDS)
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In 1981 ...

The five onboard computers had 128K of RAM.
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In 1981 ...

The five onboard computers had 128K of RAM.

IBM PC had 64K RAM.
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Current Shuttle Cockpit (2000)
Multifunction Electronic Display System (MEDS)

11



Current Shuttle Cockpit (2000)
Multifunction Electronic Display System (MEDS)
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Current Shuttle Cockpit (2000)
Multifunction Electronic Display System (MEDS)

3041/023/                                        RCS            2  005/ 00; 45: 46
000/ 00: 00: 00

RCS FWD   1                             PRI JET          OMS PRESS ENA
L  2*                  4 FAIL LIM 2 L OMS 5              OMS-RCS QTY
R  3 R OMS 6 L  0. 00

OFF 7* R  0.00

DES JET  PTY 
JET FAIL INH DES
L 4L 8      9 3

Y 2L 10 11 4
3L 12 13 2
1L 14 15 1

L 4U 16 17 2
2U 18 19 3

Z    1U 20 21 1
L  22 23
4D 24 25 3
2D 26 27 2
3D 28 29 1

L 3A 30 31 1
X 1A 32 33 2

34 35
L 5L 36 37

V 5D 38 39

OXID        FU
HE P    2616 2536
PRPLT  TK P 245 245

T  70 70
QTY 63 63

MANF P 1 246 246
2 246 246
3 246 246
4 246 246 

MANF VLVS      STAT     OVRD
1 OP 40
2 OP 41
3 OP 42
4 OP 43
5 OP 44

JET RESET 45
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It is far better to adapt the technology
to the user than to force the user
to adapt to the technology.

- Larry Marine



15

It is far better to adapt the technology
to the user than to force the user
to adapt to the technology.

- Larry Marine



16



17



18



19



20



21



22



23



24



Example: Electrical Power System failure
(3 phase motor stall)

• Alarm occurs.

• Signature recognition:  30-45 seconds

• Determine appropriate book/procedure location

• Execute the procedure: 3-4 imbedded “do” loops + multiple 
displays/switches

• Confirm problem is mitigated: Delta P’s come back

• Determine impacts/recovery actions required:  reference data

• Determine next worst failure:  Interpreted from ref data/cockpit cue 
cards

• Situation awareness:  Lost
• 5 displays required, 1 display available (avionics architecture limitation)

• Pilot focused on failure exclusively for about 4 minutes

• Commander has no insight into navigation/trajectory monitoring 25
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My Story



NASA Johnson Space Center
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Goal: Develop new display formats with:

• Consolidated information
• A better use of graphics
• A better use color

The anticipated benefits are:

• An increase in the crew's situational awareness
• A reduction in the crew's workload
• An improvement in the crew's performance

Proposed Shuttle Cockpit (2006)
Command and Data Processor System (CDPS)
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Solution: Team Effort in Designing Display Formats
• Teams are assigned to each of the ~70 display formats.
• Each team typically has 5-10 people:

1-2 astronauts
1-2 engineers
1-2 astronaut trainers
1-2 Mission Control representatives
1-2 human factors scientists

• Teams generally met 1-2 times per month for several 
months from 1999-2003.
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You can use an eraser at the drafting table 
or a sledge hammer at the construction site.

- Frank Lloyd Wright



Current RCS Display Proposed RCS Display
RCS Sum

L

Xfd Fu P 254
Ox P 254 

1 Op 
2 Op 
3 Op 
4 Op 
5 Op 

X
Y
Z

X    X
Y    Y
Z    Z

LowZ Brk
LowZ Att

P1 4000
P2 4000

He 

A L
250
250
250
250

250
250
250
250

R

1
2 Op 
3 Op 
4 Op 
5 Op 

A
250
250
250
250

250
250
250
250

Fwd

1 Op 
2 Op 
3 Op 
4 Op
5 Op 

Qty 99
Tk P 250
Out P 250

Ox
Qty 99
Tk P 250
Out P 250

Fu

P1 4000
P2 4000

He

250
250
250
250

250
250
250
250

P1 4000
P2 4000

He

F

R U D

Qty 99
Tk P 250
Out P 250

Ox 
Qty 99
Tk P 250
Out P 250

Fu Qty 99
Tk P 250
Out P 250

Ox Qty 99
Tk P 250
Out P 250

Fu 

P1
P2 4000

He 
P1 4000
P2

He 
P1 4000
P2 4000

He 

OMS- RCS Qty
Ability

L R U D

U D

50 L  12. 34
51 R 0. 67
52•L OMS
53 R OMS
54 Off
55 Press Ena

Op 

4000
4000

RCS Sum

L

Xfd Fu P 254
Ox P 254 

1 Cl
2 Op 
3 Op 
4 Op 
5 Op 

X
Y
Z

X    X
Y    Y
Z    Z

LowZ Brk
LowZ Att

P1 4000
P2 4000

He 

A L
250
250
250
250

250
250
250
250

R

1
2 Op 
3 Op 
4 Op 
5 Op 

A
250
250
250
250

250
250
250
250

Fwd

1 Op 
2 Op 
3 Op 
4 Op
5 Op 

Qty 99
Tk P 250
Out P 250

Ox
Qty 99
Tk P 250
Out P 250

Fu

P1 4000
P2 4000

He

250
250
250
250

250
250
250
250

P1 4000
P2 4000

He

F

R U D

Qty 99
Tk P 250
Out P 250

Ox 
Qty 99
Tk P 250
Out P 250

Fu Qty 99
Tk P 250
Out P 250

Ox Qty 99
Tk P 250
Out P 250

Fu 

P1
P2 4000

He 
P1 4000
P2

He 
P1 4000
P2 4000

He 

OMS- RCS Qty
Ability

L R U D

U D

50 L  12. 34
51 R 0. 67
52•L OMS
53 R OMS
54 Off
55 Press Ena

Op 

4000
4000

↓ ↓ ↓

3041/023/                                        RCS            2  005/ 00: 45: 46
000/ 00: 00: 00

RCS FWD   1                             PRI JET          OMS PRESS ENA
L  2*                  4 FAIL LIM 2 L OMS 5              OMS-RCS QTY
R  3 R OMS 6 L  0. 00

OFF 7* R  0.00

DES JET  PTY 
JET FAIL INH DES
L 4L 8      9 3

Y 2L 10 11 4
3L 12 13 2
1L 14 15* 1

L 4U 16 17 2
2U 18 19 3

Z    1U 20 21* 1
L  22 23
4D 24 25 3
2D 26 27 2
3D 28 29 1

L 3A 30 31 1
X 1A 32 33* 2

34 35
L 5L 36 37

V 5D 38 39

OXID        FU
HE P    4000 4000
PRPLT  TK P 250 250

T  70 70
QTY 99 99

MANF P 1 250 250
2 250 250
3 250 250
4 250 250

MANF VLVS      STAT     OVRD
1 CL 40
2 OP 41
3 OP 42
4 OP 43
5 OP 44

JET RESET 45

Comparison of Reaction Control System (RCS)
Display Formats
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Current Fault Sum Display Proposed Fault Sum Display

Comparison of Fault Summary Display Formats

Fault Sum

BFS 
Stand
alone

dP/dt

Fire/
Smoke

Set
Split

BFS
GNC 
Fail

Nav
Delta

1234  L SSME Fail
BFS   L SSME O2 Out T Lo
BFS   L SSME H2 Out P Lo

IMU 1? 2? 3?

Strg 1 2  3  4
FF 1 2  3  4
FA 1  2  3  4

GPS 1? 2? 3?
ADTA 1? 2? 3? 4?

GPC

GNC

PL  1  2

BFS   1 2  3  4

AA 1  2  3  4
RGA 1  2  3  4
FCS 1  2  3  4

ECLSS

Freon Loop 1    2
Evap Out T 35  116↑

Water Loop 1    2

Av Bay 1    2    3
Cabin Atmos    Fan

DPS

1234  FF 1 I/O Err

Msg
Fdbk 1 2 3 4

• • • •
AB3  BC3  CA3

Cryo O2   H2
FC 1    2    3

Main A    B    C
Subbus  a    b    c
AC 1    2    3
Ess 1BC  2CA  3AB

AB2  BC2  CA2
Cntl AB1  BC1  CA1

EPS
3:30   Cool   Cool

Hyd 1? 2? 3?
Inh Hi Inh Hi Inh Hi

APU Hyd

RCS
X   Y Z

Low Z Brk  Low Z Att

5

4

3

2

1

T1  hh:mm:ss

2

T2  hh:mm:ss

BFS   L SSME Fail

CDP  A  B  C

OMS

Left RightL R
MPS

Center
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Comparison of Main Propulsion System (MPS) Display Formats

Current MPS Information Proposed MPS Display

MECO Confirmed

104104104

BC2  CA2
FF2  FF3

AB1  BC1
FF1  FF2

Hyd 1
Hyd 2

MPS Sum

4200 3300 3300

Hyd 3

B A

B A

C B A

B A

CB A

B A

C
1/4

3300

10
4100

90

80

70
67

750S

Hyd 2

3 2 1 32/43/4

XXXXXXXXX
Reg
750S 750S

750S
750S

750S
750S

Accum

dP/dt

A
B

010S 010S
dP/dt dP/dt

010S

FF3  FF4

Man
2.9g

Eng Lmt InhS InhS EnaS

AC3 AC2 AC1 AC3

Prop

75%

Perf
RL

TVC

Est

Cmd
Hyd
Data

Perf
RL

TVC

Est

Cmd
Hyd
Data

Perf
RL

TVC

Est

Cmd
Hyd
Data

ET Sep
Sep Inh
10 Auto
11 Sep

A
B

A
B

H2 Out P 3400      3400 Fail
O2 Out T 420       420 420
H2 Ull 31.0     31.0     31.0

750

Cmd

DCU

PB PBPB
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Current Entry Traj Display Proposed Entry Traj Display

Comparison of Entry Trajectory Display Formats

Traj Ent 1

Roll 
Ref R

Drag 7.0
Cmd 8.5

V

R

40

- 3

+3

Mod

α

12 Zero H Bias - 150

Ail L 0.6
Trim Rud L 0.0

Spdbk 0 
Cmd 0

•

Qbar 20

Critical Action Alert Area

50

R
R

62
62

BFS
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Key Constraint

• Formal evaluation in the Shuttle Mission Simulator 
cannot occur until the design is nearly finalized.
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Will the upgraded displays be implemented?

• The funding is not available.
• Crews can be adequately trained on the original displays.
• The displays will only be flown a handful of times before 

the shuttle is retired.

Arguments against:

• The new displays are a safety upgrade.
• The new displays give us a foundation for cockpit 

development of the Crew Exploration Vehicle.

Arguments in favor:
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