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Introduction
In May 2000, David Bearden of the Aerospace Corporation 
Presented “A Complexity-Based Risk Assessment of Low-
Cost Planetary Missions:  When is a Mission Too Fast and 
Too Cheap?” At the fourth IAA International Conference on 
Low-cost Planetary Missions, JHU/APL.

• Pioneering effort to establish risk, cost, and schedule 
tradeoffs

• Highly critical of “faster, better, cheaper” policy
• Featured in Aviation Week and Space Technology article
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The May 2000 Aerospace Study and 
GSFC’s Experience

• The Aerospace study’s conclusions were different from 
Goddard space flight center’s experience with “faster, 
better, cheaper”
– e.g., the small explorer (SMEX) program

• In July 2000, we examined the aerospace study and tried to 
reproduce the results using Goddard data
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May 2000 Aerospace Corp. Study
• Over 40 missions launched between 1990-1999 were 

studied
– Includes earth-orbiting and planetary
– Does not include non-U.S. missions
– Includes both NASA and non-NASA missions

• Introduces  “spacecraft complexity” metric
– Arithmetic mean of the “complexity” levels of 21 technical and 

programmatic parameters for the spacecraft (e.g., mass, power, 
data rate)

– Complexity levels for each parameter computed as a percentile 
rank

– Spacecraft complexity ranges from 0 (least complex) to 1 (most 
complex)
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May 2000 Aerospace Corp. Study (Cont’d.)

• Mission classification
– Successful
– Failed
– Impaired

• Relates Spacecraft Complexity to Cost and Schedule
– Cost strongly correlated
– Schedule correlation is weaker but significant
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May 2000 Aerospace Corp. Study (Cont’d.)
Spacecraft Cost as Function of Complexity
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Aerospace Study Conclusions: 

• More complex missions more likely to fail

• Regression curves can be used as parametric indicators
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• In July 2000, we attempted to reproduce 
Aerospace Study using Goddard data 

Task: Determine whether or not Goddard experience 
is consistent with the May 2000 Aerospace study
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• Different results
– Weaker, but still strong relationship between cost and complexity 

(R2 = 0.658)
– No relationship between schedule and complexity (R2 = 0.070)

• Reasons for differences
– Slightly different database (we did not have data for two non-

NASA missions and thus could not include them in our study)
– Used 14 parameters to calculate spacecraft complexity (several 

parameters used in Aerospace study are highly correlated – e.g., 
BOL Max power and EOL max power, which can give too much 
weight to certain subsystems, and skew the results)

Task: Determine Whether or Not 
Goddard Experience Is Consistent With 

the May 2000 Aerospace Study
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• Small changes in assumptions and data result in large 
changes in results (see charts that follow)
– Only half the failed missions have cost or schedule below average 

for a given level of complexity
– Model results seem sensitive to small changes in data

Task: Determine Whether or Not 
Goddard Experience Is Consistent With 

the May 2000 Aerospace Study (Cont’d.)
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RAO Analysis Results
Cost Vs. Spacecraft Complexity
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RAO Analysis Results
Schedule Vs. Spacecraft Complexity
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Preliminary Observations on the 
May 2000 Aerospace Model

• Data discrepancies, as discussed above
– Half of missions in dataset are non-NASA
– Database includes several small satellites with design 

lives of only a few hours or days
• Risk NOT measured directly
• Treats cost and schedule as independent from each 

other
• Complexity seems to be driven by spacecraft mass
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Complexity and Mass
There is extremely high correlation between launch 
mass and Aerospace spacecraft complexity 
parameter.

S/C Complexity as a function of S/C launch mass - 
May 2000 AEROSPACE MODEL

y = 0.3056Ln(x) - 1.139
R2 = 0.8179
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		Project		Type		S/C Complexity		S/C Cost (97 $M)		Actual Development		Weight				S/C Complexity

		ACE		NASA Planetary		0.75		47.2		45		785.0		ACE		0.75		0.8106168509

		ALEXIS		Baseline		0.35		6.8		24		113.0		ALEXIS		0.35

		APEX		Baseline		0.50		12.8		27		209.0		APEX		0.50

		Clark		NASA EO		0.75		17.2		24		266.0		Clark		0.75

		Clementine  1		NASA Planetary		0.89		41.7		18		494.0		Clementine  1		0.89

		DARPASAT		Baseline		0.28		15.8		24		161.0		DARPASAT		0.28

		DS1		NASA Planetary		0.90		83.0		33		486.0		DS1		0.90

		FAST		NASA EO		0.45		22.5		48		191.0		FAST		0.45

		GFO		Baseline		0.78		52.7		72		357.0		GFO		0.78

		GLOMR II		Baseline		0.01		1.2		12		68.0		GLOMR II		0.01

		Lewis		NASA EO		0.85		65.0		36		310.0		Lewis		0.85

		LOSAT-X		Baseline		0.17		14.7		24		76.0		LOSAT-X		0.17

		Lunar Prospector		NASA Planetary		0.67		34.0		30		295.0		Lunar Prospector		0.67

		MACSAT		Baseline		0.10		1.3		22		61.0		MACSAT		0.10

		Mars Pathfinder		NASA Planetary		0.73		135.0		36		890.0		Mars Pathfinder		0.73

		MCO		NASA Planetary		0.89		78.2		30		629.0		MCO		0.89

		MGS		NASA Planetary		1.00		110.8		18		651.0		MGS		1.00

		Microlab		NASA EO		0.32		10.7		23		75.0		Microlab		0.32

		MicroSat		Baseline		0.13		10.1		24		26.0		MicroSat		0.13

		Mightysat		Baseline		0.22		6.7		12		69.0		Mightysat		0.22

		MPL		NASA Planetary		0.77		78.2		30		576.0		MPL		0.77

		MSTI  1		Baseline		0.39		18.4		12		144.0		MSTI  1		0.39

		MSTI 2		Baseline		0.61		32.0		36		170.0		MSTI 2		0.61

		MSTI 3		Baseline		0.68		32.0		36		212.0		MSTI 3		0.68

		NEAR		NASA Planetary		0.89		66.5		36		805.0		NEAR		0.89

		POGS/SSR		Baseline		0.03		5.3		19		68.0		POGS/SSR		0.03

		RADCAL		Baseline		0.10		4.7		13		91.0		RADCAL		0.10

		REX		Baseline		0.07		4.1		26		77.0		REX		0.07

		REX 2		Baseline		0.12		4.3		16		110.0		REX 2		0.12

		SAMPEX		NASA EO		0.48		64.2		36		161.0		SAMPEX		0.48

		SCE		Baseline		0.04		5.3		19		56.0		SCE		0.04

		Seastar		NASA EO		0.67		12.8		31		372.0		Seastar		0.67

		SNOE		NASA EO		0.30		11.9		36		132.0		SNOE		0.30

		STEP  0		Baseline		0.62		30.9		43		489.0		STEP  0		0.62

		STEP  1		Baseline		0.49		25.4		50		352.0		STEP  1		0.49

		STEP  2		Baseline		0.33		16.8		29		180.0		STEP  2		0.33

		STEP  3		Baseline		0.45		17.2		34		295.0		STEP  3		0.45

		SWAS		NASA EO		0.65		26.7		60		288.0		SWAS		0.65

		TEX		Baseline		0.04		5.3		19		67.0		TEX		0.04

		TOMS/EP		NASA EO		0.54		39.4		36		295.0		TOMS/EP		0.54

		TRACE		NASA EO		0.55		21.0		24		250.0		TRACE		0.55

		WIRE		NASA EO		0.55		22.0		24		255.0		WIRE		0.55
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• High correlation between weight and complexity 
caused in part by considering non-NASA 
microsatellites
– Weight seems to drive the complexity

Complexity and Mass (Cont’d.)
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• Including non-NASA missions seems to affect the 
results
– Possibly overstates the goodness-of-fit of the model

• The impact of removing these missions
– Approximated the May 2000 Aerospace model by using 

the graphs from the Aviation Week article (R2 = 0.78 vs. 
R2 = 0.80 for weight/complexity equation), then 
removed the non-NASA missions 

– R2 dropped to 0.51

Inclusion of Non-NASA Missions
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Inclusion of Non-NASA Missions
 Cost as a Function of Complexity - May 2000 "Aerospace" model
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Data

		Type		Collection Done?		Cost checked?		Checked against policy study?		PID		Class		Ty_Mis		Proj_Lead		S/C_Cont		Dur		Mission Life		Bearden's Weight(kg)		Launch		Str:TY_MAT		Str:NumIns		TC:Pri		PS:SolArr		PS:SolArrArea(sq ft)		PS:MaxPwr BOL		Max Power EOL		PS:Typ_Batt		PS:Batt_Cap		Batt_Cap Complexity		CC:RTTxt		Memory Size(Mb)		Pointing Accuracy		Pointing Knowledge		Stab Complexity		REC:Num_Thrs		Num_Thrust Complexity		REC:ProTyp		Att:Stab_Tech		Stab_Tech Complexity		TPRJ_T		S/C Cost		Year $$$$		(1997 $ M)		Solar Array Type		Downlink Band		Max Distance from Earth		Apogee (nmi)??		Complete Tech?		Duration?		Cost?		Checked against policy study?

		NASA Planetary		Y		Y		Y		ACE		Explorer						JHU/APL		45		45		785		21-Aug-97		Al, Titanium		10		Passive		Paddle		53		630		440		NiCd		12		0.5		6.9		1073		0.7		L1 Halo		0		12		0.9		Hydrazine		Spin		0.66		95.43		51.5		2001		47.2		Silicon		S-Band		1500000				Yes

		Baseline		Y		Y		N/A		ALEXIS		Explorer						AERO ASTRO		36		12		113		25-Apr-93		Aluminum		7		Passive		Paddle but not articulated		9.69		190		100		NiCd		6		0.194		750		1000		2		0.25		0		0		0		None		Spin		0.66				6.7		1996		6.8		Silicon		S-Band		750.06		405		Yes		Yes		Yes

		Baseline		Y		Y		Y		APEX										27		12		209		3-Aug-94		Aluminum		3		Passive		Deployed - Fixed		28.4		300		220		NiH2		6		0.194		665		80		0.5		0.25		0		4		0.525		Hydrazine		Momentum Biased		1				12		1994		12.8		Silicon		S-Band		1364				Yes

		NASA EO		Y		Y		Y		Clark		Explorer						CTA		48		36		266		N/A		Composite		4		Passive		Paddle Array		33		348		350		NiH2		15		0.583		2500		2000		2		0.03		0		2		0.5		Hydrazine		3-axis		1		16.982		18.78		2001		17.2		GaAs		S-Band		476				Yes

		NASA Planetary		Y		Y		Y		Clementine  1		Explorer						NRL		18		12		494		25-Jan-94		Composite		11		Active		Paddle Array		24.8		360				NiH2		15		0.583		128		2000		0.03		0.05		0		12		0.9		Hydrazine, biprop		3-axis/spin		1		41.69		45.5		2001		41.7		Gallium Arsenide/Ge		VHF		172000

		Baseline		Y		Y		N/A		DARPASAT		Explorer						Ball Aerospace		30		36		161		13-Mar-94		Aluminum		?		Passive		Body, not articulated		17.2		81		73		NiCd		12				32		2000		1		0.5				0				None		Spin		0.66		20.3		15.6		1996		15.8		Silicon		S-Band		518.56		280		Yes		Y		Y

		NASA Planetary		Y - 1 missing		Y - Sarsfield		Y		DS1										33		24		486		1-Oct-98		Aluminum		12		Passive and Active		Panel		96.9		2500				NiH2		24		0.888		20		128		0.2		N/A		0		8		0.625		Hydrazine/Xenon		3-axis		1		152.3		81.9		1996		83.0		GaAs/Ge/Ga Indium Phosphate		X-Band/Ka		188000000

		NASA EO		Y		Y		N/A - recheck Bearden		FAST		Small Explorer				GSFC		GSFC In-House		48		12		191		21-Aug-96		Aluminum		4		Passive		Body-Mounted		32.3		192		55		Super NiCd		9		0.333		2250		1000		1		1		0		0		0		None		Spin		0.66		41.57		22.2		1996		22.5		GaAs		S-Band		4200.336		2268		Yes		Y		Y

		Baseline		Exclude from Study		Y - internet		N/A		FORTE												12		210		29-Aug-97		Graphite/epoxy		3				Body-mounted																														Gravity Gradient		0.33				35		1997		35.0						800

		Baseline		Y - 1 missing		Y - internet		N/A		GFO										42		96		357		10-Feb-98		Graphite Fiber		4		Passive		Body		43.1		410		321		NiH2		20		0.75		512		384		0.25		0.25		0		8				Hydrazine		3-axis		1		44.3		46		1992		52.7		GaAs/Ge		S-Band		800

		Baseline		8 missing		Y		N/A		GLOMR II										12		41		68		5-Apr-90		Aluminum						Body Panel		10		2		2												None		None				0				None		Unstabilized		0				1		1990		1.2						675.98		365

		NASA EO		Y		Y		N/A		HETE		Explorer						MIT		24		12		128		4-Nov-96		Aluminum		6		Passive		Deployed		86		165		110		NiCd		1.2		0		230		100		2		0.5		0		0		0		None		Momentum Biased		0.5				4.7		2001		4.3		Silicon		S-Band		550				Yes

		NASA EO		Y		Y - Bearden		Y		Lewis		Explorer						TRW		36		48		310		23-Aug-97		Composite		4		Passive		Paddle Array		48.4		682		620		NiH2		33.8		0.972		2000		4000		0.02		0.002		0		8		0.625		Hydrazine		3-axis		1		23.367		65		1997		65.0		Silicon		S-Band		522.264		282		Yes

		Baseline		Y - 8 missing				N/A		LOSAT-X										24		3		76		4-Jul-91		Aluminum		2		Passive		Body		11.9		214				NiCd		6		0.194				30.6				0.1		0														14.7				14.7						417

		NASA Planetary		Y - 3 missing		Y		Y		Lunar Prospector										30		12		295		9-Oct-97		Graphite-epoxy		6		Passive and Active		Body-Mounted		59.2		206		202		NiH2		15		0.583		4		0								6		0.575		Hydrazine		Spin		0.66		63		34		1997		34.0				S-Band		172000

		Baseline		Y - 6 missing		Y		N/A		MACSAT		Explorer						CTA		22		36		61		9-May-90				1		Passive		Body Array		6		21		18		NiCd		8		0.277				2.1		10		10		0								Gravity Gradient		0.33				1.1		1991		1.3						740.8		400

		NASA Planetary		Y		Y		Y		Mars Pathfinder										36		8		890		1-Dec-96		Al Honeycomb		3		Active, with Passive		Paddle		43.1		250				AgZn		40		1		11		128		1		N/A		0		8		0.625		Hydrazine		Spin		0.66				150		1997		150.0		GaAs		X-Band		400000000

		NASA Planetary		Y		Y - Sarsfield		Y		MCO										30		4		629		1-Dec-98		Composite		2		Semi-Active		Panel		79.7		1500		515		NiH2		16				111		128		1.1		0.001				8		0.625		Hydrazine		3-axis				327.6		77.1		1996		78.2		GeAs		X-Band		400000000

		NASA EO		Y		Y - internet		N/A		METEOR										48		1		364		23-Oct-95		Aluminum		3		Active		Deployed		16		450		180		NiCd		4				0.25		4		0.5		0.5								Cold Gas		3-axis/solar		1				73		1995		75.8		Silicon				250

		NASA Planetary		Y		Y - Sarsfield		Y		MGS										18		60		651		1-Nov-96		Composite		6		Passive and Active		Panel - Articulated		70		980		624		NiH2		20		0.75		85		3000		0.57		0.17		0		12		0.9		Hydrazine		3-axis		1		154.4		109.3		1996		110.8		GaAs+Si		X/Ka-Band		400000000

		NASA EO		Y		Y - check Beard		N/A		Microlab										23		24		75		1-Apr-95		Aluminum		2		Passive		Deployed		7.88		95		95		NiH2		2		0.027		2,000		80		5		2		0		0		0		None		3-axis		1				10		1994		10.7		Silicon		S-Band		785				Yes

		Baseline		Y		Y - internet		N/A		MicroSat		Explorer						CTA		37		36		26		17-Jul-91		Al - semi monocoque		1		Passive		Body		3		23.4		6		NiCd		8		0.277		9.6		0.032		5						1				Cold Gas		Spin						7.4		1988		10.1				UHF		740.8		400

		Baseline		Y - 1 missing		Y-internet		N/A		Mightysat										12		12		69		Jul-98		Composite		5		Passive		Body		13		30		15		NiCd		4				9.6		1.2				5				0				None		Spin						7		1999		6.7		GaAs/Ga Indium Phosphide		UHF		468

		NASA Planetary		Y		Y - Sarsfield		Y		MPL										30		10		576		1-Jan-99		Composite		3		Active		Panel		39.8		673		307		NiH2		16				2		128		N/A		N/A				8		0.625		Hydrazine		3-axis		1		191.3		77.1		1996		78.2		GaAs		X-Band		400000000

		Baseline		Y		Y - Bearden		N/A		MSTI  1		Explorer						SPECTRUM ASTRO		12		6		144		21-Nov-92		Al/Composite		1		Passive		Body		6.5		170		145		NiCd		26.5		0.916		31.5		0.512		5		0.5		0		8				Cold Gas/GN2		3-Axis		1				18.1		1996		18.4		GaAs		S-Band		400.032		216		Yes		Y		Y

		Baseline		Y		Y		N/A		MSTI 2		Explorer								18		12		170		9-May-94		Al/Composite		2		Passive		Body		6.67		185		185		NiH2		10		0.444		1000		4000		0.3		0.2		0		8				Hydrazine		3-Axis		1				30		1994		32.0		GaAs		S-Band		430

		Baseline		Y		Y		N/A		MSTI 3		Explorer								18		12		212		17-May-96		Al/Composite		2		Passive		Body		10		250		250		NiH2		10		0.444		2000		8000		0.05		0.01		0		8				Hydrazine		3-Axis		1				30		1994		32.0		GaAs		S-Band		475

		NASA Planetary		Y		Y		Y		NEAR		Explorer						JHU/APL		36		48		805		17-Feb-96		Aluminum/composite		5		Passive		Paddle Array		80.7		349		325		NiCd		9.1		0.416		27		221		0.1		0.01		0		12		0.9		Hydrazine, biprop		3-axis		1		121.22		72.6		2001		66.5		Gallium Arsenide		X-Band		350000000				Yes

		Baseline		Y - 9 missing		Not found		N/A		POGS/SSR										19		36		68		11-Apr-90		Aluminum		1		Passive		Body-Mounted				15				Lead-Acid																0				None		Gravity Gradient		0.33				5		1994		5.3						700

		Baseline		Y		Y - Sarsfield		N/A		RADCAL										13		12		91		25-Jun-93		Aluminum		1		Passive		Body-Mounted		8.72		150		18		NiCd						19		4.2		10		5		0		0				None		Gravity Gradient		0.33		4		4.6		1996		4.7		Silicon		C-Band		1018.60		550

		Baseline		Y		Y - internet		N/A		REX										26		12		77		29-Jun-91		Aluminum		1		Passive		Deployed		18		20				NiCd						2		1		5		5		0		0				None		Gravity Gradient		0.33		4		4		1996		4.1				UHF		740.80		400

		Baseline		Y		Y -internet		N/A		REX 2										16		12		110		9-Mar-96		Aluminum		2		Passive		Deployed		18		30				NiCd						2		1		5		5		0		0		0		None		Gravity Gradient		0.33				4		1994		4.3				UHF		833.40		450

		NASA EO		Y		Y - not in our elec. DB		Y		SAMPEX		Small Explorer				GSFC		GSFC In-House		38		12		161		3-Jul-92		Aluminum		3		Passive with heaters		Paddle		18		200		200		SuperNiCd		9		0.333		16		212		1		1		0		0		0		None		Momentum-biased		0.5				81.9		1996		83.0		GaAs		S-Band		670				Yes						N/A

		Baseline		Y - sev. missing		Not found		N/A		SCE										19		36		56		11-Apr-90				1		Passive		Body-Mounted				15				Lead-Acid																0				None		Gravity Gradient		0.33				5		1994		5.3						700										N/A

		NASA EO		Y - 1 missing		Y		Y		Seastar										31		60		372		1-Aug-97		Aluminum		1		Passive		Paddle		58.7		300		200		NiH2		20		0.75		2,000		80		0.5		0.08		0		8				Hydrazine		3-Axis Momentum		1				12		1994		12.8		Silicon		S-Band, L		705

		NASA EO		Y - 1 missing		Y - internet		N/A		SNOE										36		18		132				Aluminum		3		Passive with heaters		Body		48		50		50		NiCd		4				128		8		5						0				None		Spin				4.4		12		1998		11.9		Silicon		S-Band		580										N/A

		NASA Planetary		Y - 1 missing		Y - internet		N/A		Stardust										48		84		250				Composite		4		Passive		Deployed		71.04174		800		170		NiH2		16				4,000		128		0.0833333333						16				Hydrazine		3-axis						91		1997		91.0		Silicon		X-Band		389000000								128		N/A

		Baseline		Y		Y - Bearden		N/A		STEP  0		Explorer						CTA		43		12		489		3/13/94		Aluminum		10		Passive		Paddle - articulated, sun-tracking		42		420		195		NiCd		32		0.944		1000		32		0.35		0.25		0		6				Hydrazine		3-axis, Nadir		1				30.5		1996		30.9		Silicon		S-Band		555.6		300		Yes		Y		Y

		Baseline		Y		Y - Bearden		N/A		STEP  1		Explorer						CTA		50		6		352		6/27/94		Aluminum		6		Passive		Deployed, not articulated		107		105		105		NiCd		4		0.055		1000		32		0.5		0.5		0		4				Hydrazine		3-axis Ram Point		1				25		1996		25.4		Silicon		S-Band		1500.12		810		Yes		Y		Y		N/A

		Baseline		Y		Y- Bearden		N/A		STEP  2		Explorer						CTA		29		12		180		5/19/94		Aluminum		3		Passive		Deployed, not articulated		71		150		95		NiCd		12		0.5		32		0.25		2.2		0.5		0		0				None		3-axis Nadir		1				16.6		1996		16.8		Silicon		S-Band		829.696		448		Yes		Y		Y		N/A

		Baseline		Y		Y - Bearden		N/A		STEP  3		Explorer						CTA		34		12		295		6/22/95		Aluminum		4		Passive		Deployed, not articulated		125		230		155		NiCd		20		0.75		1000		32		0.5		0.5		0		0				None		3-axis Nadir		1				17		1996		17.2		Silicon		S-Band		500.04		270		Yes		Y		Y

		NASA EO		Y		Y - Bearden		N/A - used Bearden's data		SWAS		Small Explorer				GSFC		GSFC In-House		60		12		288		6-Dec-98		Aluminum		3		Passive		Paddle - Deployed		37		600		230		SuperNiCd		21		0.861		1500		110		0.02		0.02		0		0		0		None		3-axis		1		67.96		26.3		1996		26.7		GaAs		S-Band		600.048		324		Yes

		NASA EO		Y		Y		N/A		Terriers										24		12		288				Aluminum		9		Passive		Body		11.3		31		31		NiCd		4.8				32		36		0.25		0.25				0				None		Spin						2.96		2001		2.7		Silicon		S-Band		550

		Baseline		Y - 10 Missing - leave out		Not found		N/A		TEX										19		36		67		11-Apr-90				1		Passive		Body-Mounted				15				Lead-Acid																0				None		Gravity Gradient		0.33				5		1994		5.3

		NASA EO		Y		Y - Bearden		N/A - used Bearden's data		TOMS/EP		Explorer						TRW		36		24		295		2-Jul-96		Aluminum		1		Passive		Paddle Array - Sun-tracking		40.9		150		128		Super NiCd		9		0.333		202		16		0.5		0.1		0		8		0.625		Hydrazine		3-axis		1		86.33		50.8		1996		51.5		Silicon		S-Band		955.632		516		Yes		Y		Y

		NASA EO		Y		Y		Y		TRACE		Explorer				GSFC		GSFC In-House		24		12		250		1-Apr-98		Aluminum		1		Passive		Paddle		27		283		200		SuperNiCd		9		0.333		2250		300		0.0002777778		0.08		0		0		0		None		3-axis		1		28.68		22.9		2001		21.0		GaAs		S-Band		650				Yes

		NASA EO		Y		Y		Y		WIRE		SMEX				GSFC		GSFC In-House		24		4		255		4-Mar-99		Aluminum		1		Active and Passive		Paddle		21.5		800		160		SuperNiCd		9		0.333		8		300		0.02		0.00333		0		0		0		None		3-axis		1		41.06		24		2001		22.0		GaAs		S-Band		400				Yes

																								Bearden

																								Bearden's number (and wrong)



Smart_Christian:
assumptiojn - same as BOL Max Power since design life is 1 yr.

Smart_Christian:
ESTIMATED

:
From Plicy Study - Bearden has --



Complexity 1

		PID		Mission Life		ML Complexity		Bearden's Weight(kg)		Weight Complexity		Str:TY_MAT		Material Complexity		Str:NumIns		NI Complexity		TC:Pri		TC Complexity		PS:SolArr		SA Complexity		PS:SolArrArea(sq ft)		SAA Complexity		PS:MaxPwr BOL		BOL Complexity		Max Power EOL		EOL Complexity		PS:Typ_Batt		BT Complexity		PS:Batt_Cap		BC Complexity		CC:RTTxt		DR Complexity		Memory Size(Mb)		MS Complexity		Pointing Accuracy		PA Complexity				Pointing Knowledge				PK Complexity		REC:Num_Thrs		NT Complexity		REC:ProTyp		PT Complexity		Att:Stab_Tech		St Complexity		Solar Array Type		SAT Complexity		Downlink Band		DB Complexity		Max Distance from Earth		MD Complexity

		ACE		45.0		0.869		785.0		0.956		Al, Titanium		1		10.0		0.931		Passive		0		Paddle		1		53.0		0.738		630.0		0.844		440.0		0.916		NiCd		0.33		12.0		0.526		6.9		0.128		1073.0		0.829		0.7		0.459		9.3		L1 Halo						12.0		0.904		Hydrazine		0.5		Spin		0.66		Silicon		0.0		S-Band		0.5		1500000.0		0.844

		ALEXIS		12.0		0.173		113.0		0.26		Aluminum		0		7.0		0.886		Passive		0		Paddle but not articulated		0.5		9.7		0.142		190.0		0.444		100.0		0.305		NiCd		0.33		6.0		0.184		750.0		0.666		1000.0		0.78		2.0		0.243		8.0		0.3		9.8		0.454		0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		750.1		0.555

		APEX		12.0		0.173		209.0		0.456		Aluminum		0		3.0		0.409		Passive		0		Deployed - Fixed		0.5		28.4		0.476		300.0		0.644		220.0		0.722		NiH2		1		6.0		0.184		665.0		0.641		80.0		0.414		0.5		0.513		9.5		0.3		9.8		0.454		4.0		0.547		Hydrazine		0.5		Momentum Biased		0.33		Silicon		0.0		S-Band		0.5		1364.0		0.733

		Clark		36.0		0.695		266.0		0.586		Composite		1		4.0		0.613		Passive		0		Paddle Array		0.5		33.0		0.523		348.0		0.688		350.0		0.888		NiH2		1		15.0		0.605		2500.0		0.974		2000.0		0.853		2.0		0.243		8.0		0.0		10.0		0.818		2.0		0.523		Hydrazine		0.5		3-axis		1.00		GaAs		1.0		S-Band		0.5		476.0		0.155

		Clementine  1		12.0		0.173		494.0		0.869		Composite		1		11.0		0.977		Active		1		Paddle Array		1		24.8		0.428		360.0		0.733				0		NiH2		1		15.0		0.605		128.0		0.512		2000.0		0.853		0.0		0.891		10.0		0.1		10.0		0.787		12.0		0.904		Hydrazine, biprop		0.75		3-axis/spin		1.00		Gallium Arsenide/Ge		1.0		VHF		0.0		172000.0		0.8

		DARPASAT		36.0		0.695		161.0		0.347		Aluminum		0				0.000		Passive		0		Body, not articulated		0		17.2		0.309		81.0		0.244		73.0		0.222		NiCd		0.33		12.0		0.526		32.0		0.384		2000.0		0.853		1.0		0.351		9.0		0.5		9.5		0.242		0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		518.6		0.2

		DS1		24.0		0.63		486.0		0.826		Aluminum		0		12.0		1.000		Passive and Active		1		Panel		1		96.9		0.952		2500.0		1				0		NiH2		1		24.0		0.894		20.0		0.307		128.0		0.536		0.2		0.783		9.8		N/A				0		8.0		0.642		Hydrazine/Xenon		1		3-axis		1.00		GaAs/Ge/Ga Indium Phosphate		1.0		X-Band/Ka		1.0		188000000.0		0.866

		FAST		12.0		0.173		191.0		0.434		Aluminum		0		4.0		0.613		Passive		0		Body-Mounted		0		32.3		0.5		192.0		0.466		55.0		0.194		Super NiCd		0.66		9.0		0.315		2250.0		0.923		1000.0		0.78		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		Spin		0.66		GaAs		1.0		S-Band		0.5		4200.3		0.777

		FORTE		12.0		0.173		210.0		0.478		Graphite/epoxy		1		3.0		0.409						Body-mounted		0				0				0				0								0				0				0												0										Gravity Gradient		0.33										800.0		0.6

		GFO		96.0		1		357.0		0.76		Graphite Fiber		1		4.0		0.613		Passive		0		Body		0		43.1		0.642		410.0		0.755		321.0		0.833		NiH2		1		20.0		0.763		512.0		0.615		384.0		0.756		0.3		0.729		9.8		0.3		9.8		0.454		8.0		0.642		Hydrazine		0.5		3-axis		1.00		GaAs/Ge		1.0		S-Band		0.5		800.0		0.6

		GLOMR II		41.0		0.847		68.0		0.086		Aluminum		0				0.000						Body Panel		0		10.0		0.166		2.0		0		2.0		0								0				0				0		None		0				None				0		0.0		0		None		0		Unstabilized		0.00										676.0		0.4

		HETE		12.0		0.173		128.0		0.282		Aluminum		0		6.0		0.795		Passive		0		Deployed		0.5		86.0		0.928		165.0		0.377		110.0		0.361		NiCd		0.33		1.2		0		230.0		0.589		100.0		0.487		2.0		0.243		8.0		0.5		9.5		0.242		0.0		0		None		0		Momentum Biased		0.33		Silicon		0.0		S-Band		0.5		550.0		0.244

		Lewis		48.0		0.891		310.0		0.717		Composite		1		4.0		0.613		Passive		0		Paddle Array		1		48.4		0.714		682.0		0.888		620.0		0.972		NiH2		1		33.8		0.973		2000.0		0.82		4000.0		0.951		0.0		0.918		10.0		0.0		10.0		0.969		8.0		0.642		Hydrazine		0.5		3-axis		1.00		Silicon		0.0		S-Band		0.5		522.3		0.222

		LOSAT-X		3.0		0.021		76.0		0.173		Aluminum		0		2.0		0.272		Passive		0		Body		0		11.9		0.238		214.0		0.533				0		NiCd		0.33		6.0		0.184				0		30.6		0.292								0.1		9.9		0.666																						417.0		0.066

		Lunar Prospector		12.0		0.173		295.0		0.652		Graphite-epoxy		1		6.0		0.795		Passive and Active		1		Body-Mounted		0		59.2		0.785		206.0		0.511		202.0		0.694		NiH2		1		15.0		0.605		3.6		0.102		0.0		0														6.0		0.595		Hydrazine		0.5		Spin		0.66						S-Band		0.5		172000.0		0.8

		MACSAT		36.0		0.695		61.0		0.043						1.0		0.000		Passive		0		Body Array		0		6.0		0.023		21.0		0.111		18.0		0.083		NiCd		0.33		8.0		0.263				0		2.1		0.17		10.0		0		0.0		10.0		0.0		0										Gravity Gradient		0.33										740.8		0.488

		Mars Pathfinder		8.0		0.13		890.0		1		Al Honeycomb		0		3.0		0.409		Active, with Passive		1		Paddle		1		43.1		0.642		250.0		0.577				0		AgZn		1		40.0		1		11.0		0.23		128.0		0.536		1.0		0.351		9.0		N/A				0		8.0		0.642		Hydrazine		0.5		Spin		0.66		GaAs		1.0		X-Band		1.0		400000000.0		0.933

		MCO		4.0		0.043		629.0		0.913		Composite		1		2.0		0.272		Semi-Active		1		Panel		1		79.7		0.88		1500.0		0.977		515.0		0.944		NiH2		1		16.0		0.684		111.0		0.487		128.0		0.536		1.1		0.324		8.9		0.0		10.0		1		8.0		0.642		Hydrazine		0.5		3-axis		1.00		GeAs		1.0		X-Band		1.0		400000000.0		0.933

		METEOR		1.0		0		364.0		0.782		Aluminum		0		3.0		0.409		Active		1		Deployed		0.5		16.0		0.285		450.0		0.8		180.0		0.527		NiCd		0.33		4.0		0.052		0.3		0		4.0		0.195		0.5		0.513		9.5		0.5		9.5		0.242						Cold Gas		0.25		3-axis/solar		1.00		Silicon		0.0						250.0		0

		MGS		60.0		0.934		651.0		0.934		Composite		1		6.0		0.795		Passive and Active		1		Panel - Articulated		1		70.0		0.809		980.0		0.955		624.0		1		NiH2		1		20.0		0.763		85.3		0.461		3000.0		0.926		0.6		0.486		9.4		0.2		9.8		0.636		12.0		0.904		Hydrazine		0.5		3-axis		1.00		GaAs+Si		1.0		X/Ka-Band		1.0		400000000.0		0.933

		Microlab		24.0		0.63		75.0		0.152		Aluminum		0		2.0		0.272		Passive		0		Deployed		0.5		7.9		0.095		95.0		0.266		95.0		0.25		NiH2		1		2.0		0.026		2000.0		0.82		80.0		0.414		5.0		0.054		5.0		2.0		8.0		0.151		0.0		0		None		0		3-axis		1.00		Silicon		0.0		S-Band		0.5		785.0		0.577

		MicroSat		36.0		0.695		26.0		0		Al - semi monocoque		0		1.0		0.000		Passive		0		Body		0		3.0		0		23.4		0.133		6.0		0.027		NiCd		0.33		8.0		0.263		9.6		0.179		0.0		0.024		5.0		0.054		5.0								1.0		0.5		Cold Gas		0.25		Spin		0.66						UHF		0.0		740.8		0.488

		Mightysat		12.0		0.173		69.0		0.13		Composite		1		5.0		0.750		Passive		0		Body		0		13.0		0.261		30.0		0.155		15.0		0.055		NiCd		0.33		4.0		0.052		9.6		0.179		1.2		0.146								5.0		5.0		0.03		0.0		0		None		0		Spin		0.66		GaAs/Ga Indium Phosphide		1.0		UHF		0.0		468.0		0.111

		MPL		10.0		0.152		576.0		0.891		Composite		1		3.0		0.409		Active		1		Panel		1		39.8		0.571		673.0		0.866		307.0		0.805		NiH2		1		16.0		0.684		2.0		0.025		128.0		0.536		N/A		0				N/A				0		8.0		0.642		Hydrazine		0.5		3-axis		1.00		GaAs		1.0		X-Band		1.0		400000000.0		0.933

		MSTI  1		6.0		0.086		144.0		0.326		Al/Composite		1		1.0		0.000		Passive		0		Body		0		6.5		0.047		170.0		0.4		145.0		0.416		NiCd		0.33		26.5		0.921		31.5		0.358		0.5		0.073		5.0		0.054		5.0		0.5		9.5		0.242		8.0		0.642		Cold Gas/GN2		0.25		3-Axis		1.00		GaAs		1.0		S-Band		0.5		400.0		0.044

		MSTI 2		12.0		0.173		170.0		0.391		Al/Composite		1		2.0		0.272		Passive		0		Body		0		6.7		0.071		185.0		0.422		185.0		0.555		NiH2		1		10.0		0.473		1000.0		0.692		4000.0		0.951		0.3		0.702		9.7		0.2		9.8		0.606		8.0		0.642		Hydrazine		0.5		3-Axis		1.00		GaAs		1.0		S-Band		0.5		430.0		0.088

		MSTI 3		12.0		0.173		212.0		0.5		Al/Composite		1		2.0		0.272		Passive		0		Body		0		10.0		0.166		250.0		0.577		250.0		0.777		NiH2		1		10.0		0.473		2000.0		0.82		8000.0		1		0.1		0.864		10.0		0.0		10.0		0.878		8.0		0.642		Hydrazine		0.5		3-Axis		1.00		GaAs		1.0		S-Band		0.5		475.0		0.133

		NEAR		48.0		0.891		805.0		0.978		Aluminum/composite		1		5.0		0.750		Passive		0		Paddle Array		1		80.7		0.904		349.0		0.711		325.0		0.861		NiCd		0.33		9.1		0.447		27.0		0.333		221.0		0.682		0.1		0.81		9.9		0.0		10.0		0.878		12.0		0.904		Hydrazine, biprop		0.75		3-axis		1.00		Gallium Arsenide		1.0		X-Band		1.0		350000000.0		0.888

		POGS/SSR		36.0		0.695		68.0		0.086		Aluminum		0		1.0		0.000		Passive		0		Body-Mounted		0				0		15.0		0.022				0		Lead-Acid		0				0				0				0														0.0		0		None		0		Gravity Gradient		0.33										700.0		0.422

		RADCAL		12.0		0.173		91.0		0.217		Aluminum		0		1.0		0.000		Passive		0		Body-Mounted		0		8.7		0.119		150.0		0.311		18.0		0.083		NiCd		0.33				0		19.0		0.282		4.2		0.219		10.0		0		0.0		5.0		5.0		0.03		0.0		0		None		0		Gravity Gradient		0.33		Silicon		0.0		C-Band		0.5		1018.6		0.711

		REX		12.0		0.173		77.0		0.195		Aluminum		0		1.0		0.000		Passive		0		Deployed		0.5		18.0		0.333		20.0		0.088				0		NiCd		0.33				0		2.0		0.025		1.0		0.097		5.0		0.054		5.0		5.0		5.0		0.03		0.0		0		None		0		Gravity Gradient		0.33						UHF		0.0		740.8		0.488

		REX 2		12.0		0.173		110.0		0.239		Aluminum		0		2.0		0.272		Passive		0		Deployed		0.5		18.0		0.333		30.0		0.155				0		NiCd		0.33				0		2.4		0.076		1.0		0.097		5.0		0.054		5.0		5.0		5.0		0.03		0.0		0		None		0		Gravity Gradient		0.33						UHF		0.0		833.4		0.666

		SAMPEX		12.0		0.173		161.0		0.347		Aluminum		0		3.0		0.409		Passive with heaters		1		Paddle		1		18.0		0.333		200.0		0.488		200.0		0.611		SuperNiCd		0.66		9.0		0.315		16.0		0.256		212.0		0.658		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		Momentum-biased		0.33		GaAs		1.0		S-Band		0.5		670.0		0.377

		SCE		36.0		0.695		56.0		0.021						1.0		0.000		Passive		0		Body-Mounted		0				0		15.0		0.022				0		Lead-Acid		0				0				0				0														0.0		0		None		0		Gravity Gradient		0.33										700.0		0.422

		Seastar		60.0		0.934		372.0		0.804		Aluminum		0		1.0		0.000		Passive		0		Paddle		0.5		58.7		0.761		300.0		0.644		200.0		0.611		NiH2		1		20.0		0.763		2000.0		0.82		80.0		0.414		0.5		0.513		9.5		0.1		9.9		0.727		8.0		0.642		Hydrazine		0.5		3-Axis Momentum		1.00		Silicon		0.0		S-Band, L		1.0		705.0		0.466

		SNOE		18.0		0.608		132.0		0.304		Aluminum		0		3.0		0.409		Passive with heaters		1		Body		0		48.0		0.69		50.0		0.222		50.0		0.166		NiCd		0.33		4.0		0.052		128.0		0.512		8.0		0.243		5.0		0.054		5.0								0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		580.0		0.311

		Stardust		84.0		0.978		250.0		0.521		Composite		1		4.0		0.613		Passive		0		Deployed		1		71.0		0.857		800.0		0.911		170.0		0.5		NiH2		1		16.0		0.684		4000.0		1		128.0		0.536		0.1		0.837		9.9								16.0		1		Hydrazine		0.5		3-axis		1.00		Silicon		0.0		X-Band		1.0		389000000.0		0.911

		STEP  0		12.0		0.173		489.0		0.847		Aluminum		0		10.0		0.931		Passive		0		Paddle - articulated, sun-tracking		1		42.0		0.619		420.0		0.777		195.0		0.583		NiCd		0.33		32.0		0.947		1000.0		0.692		32.0		0.317		0.4		0.675		9.7		0.3		9.8		0.454		6.0		0.595		Hydrazine		0.5		3-axis, Nadir		1.00		Silicon		0.0		S-Band		0.5		555.6		0.288

		STEP  1		6.0		0.086		352.0		0.739		Aluminum		0		6.0		0.795		Passive		0		Deployed, not articulated		0.5		107.0		0.976		105.0		0.288		105.0		0.333		NiCd		0.33		4.0		0.052		1000.0		0.692		32.0		0.317		0.5		0.513		9.5		0.5		9.5		0.242		4.0		0.547		Hydrazine		0.5		3-axis Ram Point		1.00		Silicon		0.0		S-Band		0.5		1500.1		0.755

		STEP  2		12.0		0.173		180.0		0.413		Aluminum		0		3.0		0.409		Passive		0		Deployed, not articulated		0.5		71.0		0.833		150.0		0.311		95.0		0.25		NiCd		0.33		12.0		0.526		32.0		0.384		0.3		0.048		2.2		0.216		7.8		0.5		9.5		0.242		0.0		0		None		0		3-axis Nadir		1.00		Silicon		0.0		S-Band		0.5		829.7		0.644

		STEP  3		12.0		0.173		295.0		0.652		Aluminum		0		4.0		0.613		Passive		0		Deployed, not articulated		0.5		125.0		1		230.0		0.555		155.0		0.444		NiCd		0.33		20.0		0.763		1000.0		0.692		32.0		0.317		0.5		0.513		9.5		0.5		9.5		0.242		0.0		0		None		0		3-axis Nadir		1.00		Silicon		0.0		S-Band		0.5		500.0		0.177

		SWAS		12.0		0.173		288.0		0.608		Aluminum		0		3.0		0.409		Passive		0		Paddle - Deployed		1		37.0		0.547		600.0		0.822		230.0		0.75		SuperNiCd		0.66		21.0		0.868		1500.0		0.794		110.0		0.512		0.0		0.918		10.0		0.0		10.0		0.848		0.0		0		None		0		3-axis		1.00		GaAs		1.0		S-Band		0.5		600.0		0.333

		Terriers		12.0		0.173		288.0		0.608		Aluminum		0		9.0		0.909		Passive		0		Body		0		11.3		0.214		31.0		0.2		31.0		0.138		NiCd		0.33		4.8		0.157		32.0		0.384		36.0		0.39		0.3		0.729		9.8		0.3		9.8		0.454		0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		550.0		0.244

		TEX		36.0		0.695		67.0		0.065						1.0		0.000		Passive		0		Body-Mounted		0				0		15.0		0.022				0		Lead-Acid		0				0				0				0														0.0		0		None		0		Gravity Gradient		0.33												0

		TOMS/EP		24.0		0.63		295.0		0.652		Aluminum		0		1.0		0.000		Passive		0		Paddle Array - Sun-tracking		1		40.9		0.595		150.0		0.311		128.0		0.388		Super NiCd		0.66		9.0		0.315		202.0		0.564		16.0		0.268		0.5		0.513		9.5		0.1		9.9		0.666		8.0		0.642		Hydrazine		0.5		3-axis		1.00		Silicon		0.0		S-Band		0.5		955.6		0.688

		TRACE		12.0		0.173		250.0		0.521		Aluminum		0		1.0		0.000		Passive		0		Paddle		0.5		27.0		0.452		283.0		0.622		200.0		0.611		SuperNiCd		0.66		9.0		0.315		2250.0		0.923		300.0		0.707		0.0		1		10.0		0.1		9.9		0.727		0.0		0		None		0		3-axis		1.00		GaAs		1.0		S-Band		0.5		650.0		0.355

		WIRE		4.0		0.043		255.0		0.565		Aluminum		0		1.0		0.000		Active and Passive		1		Paddle		0.5		21.5		0.404		800.0		0.911		160.0		0.472		SuperNiCd		0.66		9.0		0.315		8.0		0.153		300.0		0.707		0.0		0.918		10.0		0.0		10.0		0.939		0.0		0		None		0		3-axis		1.00		GaAs		1.0		S-Band		0.5		400.0		0.022

		ATP-FAST		12.0		0.173		169.7		0.39		Al		0		4.0		0.613		Passive		0		Body		0		50.0		0.722		115.0		0.293		55.0		0.194		NiCd		0.33		9.0		0.315		2250.0		0.923		128.0		0.536		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		Spin		0.66		GaAs		1.0		S-Band		0.5		4200.0		0.777

		ATP-SWAS		36.0		0.695		253.2		0.557		Al		0		1.0		0.000		Passive		0		Paddle		1		36.0		0.541		600.0		0.822		230.0		0.75		SuperNiCd		0.66		21.0		0.868		1500.0		0.794		50.0		0.398		0.0		1		10.0		0.0		10.0		0.878		0.0		0		None		0		3-Axis		1.00		GaAs		1.0		S-Band		0.5		600.0		0.333

		ATP-SAMPEX		36.0		0.695		172.7		0.397		Al		0		4.0		0.613		Active		0.5		Paddle		1		18.0		0.333		200.0		0.488						SuperNiCd		0.66		9.0		0.315		1000.0		0.692		212.0		0.658		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		3-Axis		1.00		GaAs		1.0		S-Band		0.5		670.0		0.377

		ATP-TERRA		60.0		0.934		3309.0		1		Comp		1		6.0		0.795		Passive		0		Paddle		1		480.0		1		5660.0		1		5660.0		1.0		NiH2		1		50.0		1		16.0		0.256		140000.0		1								0.0		10.0		0.8		16.0		1						SunSync		1.00		GaAs		1.0		X-Band		1.0		700.0		0.422

		ATP-FUSE		36.0		0.695		550.0		0.884		Comp		1		1.0		0.000		Active		1		Paddle		1		75.0		0.868		500.0		0.807						NiCd		0.33		40.0		1		1000.0		0.692		240.0		0.688								0.0		10.0		1		0.0		0		None		0		3-Axis		1.00		GaAs		1.0						774.0		0.57

		ATP-XTE		24.0		0.63		1700.0		1		Al		0		3.0		0.409		Active		0.5		Paddle		1		193.0		1		800.0		0.911						NiCd		0.33		50.0		1		512.0		0.615												0.0		10.0		0.872		0.0		0		None		0		3-Axis		1.00		GaAs		1.0						600.0		0.333





Complexity 2

		PID		ACE		ALEXIS		APEX		Clark		Clementine  1		DARPASAT		DS1		FAST		FORTE		GFO		GLOMR II		HETE		Lewis		LOSAT-X		Lunar Prospector		MACSAT		Mars Pathfinder		MCO		METEOR		MGS		Microlab		MicroSat		Mightysat		MPL		MSTI  1		MSTI 2		MSTI 3		NEAR		POGS/SSR		RADCAL		REX		REX 2		SAMPEX		SCE		Seastar		SNOE		Stardust		STEP  0		STEP  1		STEP  2		STEP  3		SWAS		Terriers		TEX		TOMS/EP		TRACE		WIRE				ATP-FAST		ATP-SWAS		ATP-SAMPEX		ATP-TERRA		ATP-FUSE		ATP-XTE

		ML Complexity		0.869		0.173		0.173		0.695		0.173		0.695		0.63		0.173		0.173		1		0.847		0.173		0.891		0.021		0.173		0.695		0.13		0.043		0		0.934		0.63		0.695		0.173		0.152		0.086		0.173		0.173		0.891		0.695		0.173		0.173		0.173		0.173		0.695		0.934		0.608		0.978		0.173		0.086		0.173		0.173		0.173		0.173		0.695		0.63		0.173		0.043				0.173		0.695		0.695		0.934		0.695		0.63

		Weight Complexity		0.956		0.26		0.456		0.586		0.869		0.347		0.826		0.434		0.478		0.76		0.086		0.282		0.717		0.173		0.652		0.043		1		0.913		0.782		0.934		0.152		0		0.13		0.891		0.326		0.391		0.5		0.978		0.086		0.217		0.195		0.239		0.347		0.021		0.804		0.304		0.521		0.847		0.739		0.413		0.652		0.608		0.608		0.065		0.652		0.521		0.565				0.39		0.557		0.397		1		0.884		1

		Material Complexity		1		0		0		1		1		0		0		0		1		1		0		0		1		0		1				0		1		0		1		0		0		1		1		1		1		1		1		0		0		0		0		0				0		0		1		0		0		0		0		0		0				0		0		0				0		0		0		1		1		0

		NI Complexity		0.931		0.886		0.409		0.613		0.977				1		0.613		0.409		0.613				0.795		0.613		0.272		0.795		0		0.409		0.272		0.409		0.795		0.272		0		0.75		0.409		0		0.272		0.272		0.75		0		0		0		0.272		0.409		0		0		0.409		0.613		0.931		0.795		0.409		0.613		0.409		0.909		0		0		0		0				0.613		0		0.613		0.795		0		0.409

		TC Complexity		0		0		0		0		1		0		1		0				0				0		0		0		1		0		1		1		1		1		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		0		0		1				0		0		0.5		0		1		0.5

		SA Complexity		1		0.5		0.5		0.5		1		0		1		0		0		0		0		0.5		1		0		0		0		1		1		0.5		1		0.5		0		0		1		0		0		0		1		0		0		0.5		0.5		1		0		0.5		0		1		1		0.5		0.5		0.5		1		0		0		1		0.5		0.5				0		1		1		1		1		1

		SAA Complexity		0.738		0.142		0.476		0.523		0.428		0.309		0.952		0.5				0.642		0.166		0.928		0.714		0.238		0.785		0.023		0.642		0.88		0.285		0.809		0.095		0		0.261		0.571		0.047		0.071		0.166		0.904				0.119		0.333		0.333		0.333				0.761		0.69		0.857		0.619		0.976		0.833		1		0.547		0.214				0.595		0.452		0.404				0.722		0.541		0.333		1		0.868		1

		BOL Complexity		0.844		0.444		0.644		0.688		0.733		0.244		1		0.466				0.755		0		0.377		0.888		0.533		0.511		0.111		0.577		0.977		0.8		0.955		0.266		0.133		0.155		0.866		0.4		0.422		0.577		0.711		0.022		0.311		0.088		0.155		0.488		0.022		0.644		0.222		0.911		0.777		0.288		0.311		0.555		0.822		0.2		0.022		0.311		0.622		0.911				0.293		0.822		0.488		1		0.807		0.911

		EOL Complexity		0.916		0.305		0.722		0.888				0.222				0.194				0.833		0		0.361		0.972				0.694		0.083				0.944		0.527		1		0.25		0.027		0.055		0.805		0.416		0.555		0.777		0.861				0.083						0.611				0.611		0.166		0.5		0.583		0.333		0.25		0.444		0.75		0.138				0.388		0.611		0.472				0.194		0.75				1

		BT Complexity		0.33		0.33		1		1		1		0.33		1		0.66				1				0.33		1		0.33		1		0.33		1		1		0.33		1		1		0.33		0.33		1		0.33		1		1		0.33		0		0.33		0.33		0.33		0.66		0		1		0.33		1		0.33		0.33		0.33		0.33		0.66		0.33		0		0.66		0.66		0.66				0.33		0.66		0.66		1		0.33		0.33

		BC Complexity		0.526		0.184		0.184		0.605		0.605		0.526		0.894		0.315				0.763				0		0.973		0.184		0.605		0.263		1		0.684		0.052		0.763		0.026		0.263		0.052		0.684		0.921		0.473		0.473		0.447										0.315				0.763		0.052		0.684		0.947		0.052		0.526		0.763		0.868		0.157				0.315		0.315		0.315				0.315		0.868		0.315		1		1		1

		DR Complexity		0.128		0.666		0.641		0.974		0.512		0.384		0.307		0.923				0.615				0.589		0.82				0.102				0.23		0.487		0		0.461		0.82		0.179		0.179		0.025		0.358		0.692		0.82		0.333				0.282		0.025		0.076		0.256				0.82		0.512		1		0.692		0.692		0.384		0.692		0.794		0.384				0.564		0.923		0.153				0.923		0.794		0.692		0.256		0.692		0.615

		MS Complexity		0.829		0.78		0.414		0.853		0.853		0.853		0.536		0.78		0		0.756		0		0.487		0.951		0.292		0		0.17		0.536		0.536		0.195		0.926		0.414		0.024		0.146		0.536		0.073		0.951		1		0.682		0		0.219		0.097		0.097		0.658		0		0.414		0.243		0.536		0.317		0.317		0.048		0.317		0.512		0.39		0		0.268		0.707		0.707				0.536		0.398		0.658		1		0.688

		PA Complexity		0.459		0.243		0.513		0.243		0.891		0.351		0.783		0.351				0.729		0		0.243		0.918						0		0.351		0.324		0.513		0.486		0.054		0.054				0		0.054		0.702		0.864		0.81				0		0.054		0.054		0.351				0.513		0.054		0.837		0.675		0.513		0.216		0.513		0.918		0.729				0.513		1		0.918				0.351		1		0.351

		PK Complexity				0.454		0.454		0.818		0.787		0.242		0		0.181		0		0.454		0		0.242		0.969		0.666				0		0		1		0.242		0.636		0.151				0.03		0		0.242		0.606		0.878		0.878				0.03		0.03		0.03		0.181				0.727						0.454		0.242		0.242		0.242		0.848		0.454				0.666		0.727		0.939				0.181		0.878		0.181		0.8		1		0.872

		NT Complexity		0.904		0		0.547		0.523		0.904		0		0.642		0				0.642		0		0		0.642				0.595				0.642		0.642				0.904		0		0.5		0		0.642		0.642		0.642		0.642		0.904		0		0		0		0		0		0		0.642		0		1		0.595		0.547		0		0		0		0		0		0.642		0		0				0		0		0		1		0		0

		PT Complexity		0.5		0		0.5		0.5		0.75		0		1		0				0.5		0		0		0.5				0.5				0.5		0.5		0.25		0.5		0		0.25		0		0.5		0.25		0.5		0.5		0.75		0		0		0		0		0		0		0.5		0		0.5		0.5		0.5		0		0		0		0		0		0.5		0		0				0		0		0				0		0

		St Complexity		0.66		0.66		0.33		1		1		0.66		1		0.66		0.33		1		0		0.33		1				0.66		0.33		0.66		1		1		1		1		0.66		0.66		1		1		1		1		1		0.33		0.33		0.33		0.33		0.33		0.33		1		0.66		1		1		1		1		1		1		0.66		0.33		1		1		1				0.66		1		1		1		1		1

		SAT Complexity		0		0		0		1		1		0		1		1				1				0		0								1		1		0		1		0				1		1		1		1		1		1				0						1				0		0		0		0		0		0		0		1		0				0		1		1				1		1		1		1		1		1

		DB Complexity		0.5		0.5		0.5		0.5		0		0.5		1		0.5				0.5				0.5		0.5				0.5				1		1				1		0.5		0		0		1		0.5		0.5		0.5		1				0.5		0		0		0.5				1		0.5		1		0.5		0.5		0.5		0.5		0.5		0.5				0.5		0.5		0.5				0.5		0.5		0.5		1

		MD Complexity		0.844		0.555		0.733		0.155		0.8		0.2		0.866		0.777		0.6		0.6		0.4		0.244		0.222		0.066		0.8		0.488		0.933		0.933		0		0.933		0.577		0.488		0.111		0.933		0.044		0.088		0.133		0.888		0.422		0.711		0.488		0.666		0.377		0.422		0.466		0.311		0.911		0.288		0.755		0.644		0.177		0.333		0.244				0.688		0.355		0.022				0.777		0.333		0.377		0.422		0.57		0.333

		Sum		12.934		7.082		9.196		13.664		15.282		5.863		15.436		8.527		2.99		14.162		1.499		6.381		15.29		2.775		10.372		2.536		12.61		16.135		6.885		18.036		6.707		3.603		5.032		14.014		7.689		11.038		12.275		16.117		1.555		3.305		2.643		3.255		8.989		1.49		12.099		6.061		14.848		11.228		9.165		6.779		8.471		11.742		6.09		1.112		9.892		10.066		10.109				7.958		11.796		9.76		16.207		12.534		10.6

		Count		20		21		21		21		20		20		20		21		9		21		14		21		21		13		18		15		20		21		19		21		21		19		20		21		21		21		21		21		13		20		18		18		21		12		21		20		20		21		21		21		21		21		21		11		21		21		21				21		21		20		19		18		17

		Average Complexity		0.65		0.34		0.44		0.65		0.76		0.29		0.77		0.41		0.33		0.67		0.11		0.30		0.73		0.21		0.58		0.17		0.63		0.77		0.36		0.86		0.32		0.19		0.25		0.67		0.37		0.53		0.58		0.77		0.12		0.17		0.15		0.18		0.43		0.12		0.58		0.30		0.74		0.53		0.44		0.32		0.40		0.56		0.29		0.10		0.47		0.48		0.48				0.38		0.56		0.49		0.85		0.70		0.62

		Min		0.10

		Max		0.86		Mean =		0.44

		Normalized Avg.		0.749573		0.34874		0.49672		0.7542933333		0.889279		0.2839305		0.898442		0.44989		0.3413666667		0.7825133333		0.010395		0.29967		0.8464333333		0.1667884615		0.6657044444		0.101528		0.730295		0.8943166667		0.3856815789		1.00204		0.32249		0.1317584211		0.222852		0.7741266667		0.39123		0.6054866667		0.6755833333		0.8932966667		0.0288346154		0.0959175		0.068845		0.118825		0.48223		0.035525		0.66561		0.2984835		0.863456		0.6162533333		0.49455		0.32753		0.44597		0.64538		0.2793		0.0016036364		0.5405466667		0.5504066667		0.5528433333				0.41006		0.64844		0.56072		0.99507		0.8086366667		0.722





Regressions

		Project				S/C Cost (97 $M)		Actual Development		S/C Complexity		S/C Cost (97 $M)		Actual Development		ln(Cost)		ln(Development)		S/C Complexity

		ACE		NASA Planetary		47.2		45		0.75		47.2		45		3.85		3.81		0.75																																						NASA Planetary

		Clementine  1		NASA Planetary		41.7		18		0.89		41.7		18		3.73		2.89		0.89		0.8001164016																																				Baseline

		DS1		NASA Planetary		83.0		33		0.90		83.0		33		4.42		3.50		0.90																																						Baseline

		Lunar Prospector		NASA Planetary		34.0		30		0.67		34.0		30		3.53		3.40		0.67																																						NASA EO

		Mars Pathfinder		NASA Planetary		150.0		36		0.73		150.0		36		5.01		3.58		0.73																																						NASA Planetary

		MCO		NASA Planetary		78.2		30		0.89		78.2		30		4.36		3.40		0.89																																						Baseline

		MGS		NASA Planetary		110.8		18		1.00		110.8		18		4.71		2.89		1.00																																						NASA Planetary

		MPL		NASA Planetary		78.2		30		0.77		78.2		30		4.36		3.40		0.77																																						NASA EO

		NEAR		NASA Planetary		66.5		36		0.89		66.5		36		4.20		3.58		0.89																																						Baseline

		Stardust		NASA Planetary		91.0		48		0.86		91.0		48		4.51		3.87		0.86																																						Baseline

		Clark		NASA EO		17.2		48		0.75		17.2		48		2.85		3.87		0.75																																						NASA EO

		FAST		NASA EO		22.5		48		0.45		22.5		48		3.11		3.87		0.45																																						NASA EO

		HETE		NASA EO		4.3		24		0.30		4.3		24		1.46		3.18		0.30																																						Baseline

		Lewis		NASA EO		65.0		36		0.85		65.0		36		4.17		3.58		0.85																																						NASA Planetary

		METEOR		NASA EO		75.8		48		0.39		75.8		48		4.33		3.87		0.39																																						Baseline

		Microlab		NASA EO		10.7		23		0.32		10.7		23		2.37		3.14		0.32																																						NASA Planetary

		SAMPEX		NASA EO		83.0		38		0.48		83.0		38		4.42		3.64		0.48																																						NASA Planetary

		Seastar		NASA EO		12.8		31		0.67		12.8		31		2.55		3.43		0.67																																						NASA EO

		SNOE		NASA EO		11.9		36		0.30		11.9		36		2.47		3.58		0.30																																						NASA Planetary

		SWAS		NASA EO		26.7		60		0.65		26.7		60		3.28		4.09		0.65																																						NASA EO

		Terriers		NASA EO		2.7		24		0.28		2.7		24		1.00		3.18		0.28																																						Baseline

		TOMS/EP		NASA EO		51.5		36		0.54		51.5		36		3.94		3.58		0.54																																						Baseline

		TRACE		NASA EO		21.0		24		0.55		21.0		24		3.04		3.18		0.55																																						NASA Planetary

		WIRE		NASA EO		22.0		24		0.55		22.0		24		3.09		3.18		0.55																																						Baseline

		ALEXIS		Baseline		6.8		36		0.35		6.8		36		1.92		3.58		0.35																																						Baseline

		APEX		Baseline		12.8		27		0.50		12.8		27		2.55		3.30		0.50																																						Baseline

		DARPASAT		Baseline		15.8		30		0.28		15.8		30		2.76		3.40		0.28		3.4739768361																																				NASA Planetary

		GFO		Baseline		52.7		42		0.78		52.7		42		3.96		3.74		0.78																																						Baseline

		GLOMR II		Baseline		1.2		12		0.01		1.2		12		0.22		2.48		0.01																																						Baseline

		LOSAT-X		Baseline		14.7		24		0.17		14.7		24		2.69		3.18		0.17																																						Baseline

		MACSAT		Baseline		1.3		22		0.10		1.3		22		0.28		3.09		0.10																																						Baseline

		MicroSat		Baseline		10.1		37		0.13		10.1		37		2.31		3.61		0.13																																						NASA EO

		Mightysat		Baseline		6.7		12		0.22		6.7		12		1.90		2.48		0.22																																						Baseline

		MSTI  1		Baseline		18.4		12		0.39		18.4		12		2.91		2.48		0.39																																						NASA EO

		MSTI 2		Baseline		32.0		18		0.61		32.0		18		3.47		2.89		0.61																																						NASA EO

		MSTI 3		Baseline		32.0		18		0.68		32.0		18		3.47		2.89		0.68																																						NASA Planetary

		POGS/SSR		Baseline		5.3		19		0.03		5.3		19		1.67		2.94		0.03																																						Baseline

		RADCAL		Baseline		4.7		13		0.10		4.7		13		1.54		2.56		0.10																																						Baseline

		REX		Baseline		4.1		26		0.07		4.1		26		1.40		3.26		0.07																																						Baseline

		REX 2		Baseline		4.3		16		0.12		4.3		16		1.45		2.77		0.12																																						Baseline

		SCE		Baseline		5.3		19		0.04		5.3		19		1.67		2.94		0.04																																						NASA EO

		STEP  0		Baseline		30.9		43		0.62		30.9		43		3.43		3.76		0.62																																						NASA EO

		STEP  1		Baseline		25.4		50		0.49		25.4		50		3.23		3.91		0.49																																						NASA EO

		STEP  2		Baseline		16.8		29		0.33		16.8		29		2.82		3.37		0.33																																						NASA EO

		STEP  3		Baseline		17.2		34		0.45		17.2		34		2.85		3.53		0.45																																						NASA EO
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Alternate Reconstruction

		Project		Type		S/C Complexity		S/C Cost (97 $M)		Actual Development		??

		MGS		NASA Planetary		1.00		110.8		18

		DS1		NASA Planetary		0.90		83.0		33

		MCO		NASA Planetary		0.89		78.2		30

		NEAR		NASA Planetary		0.89		66.5		36

		Clementine  1		NASA Planetary		0.89		41.7		18

		Lewis		NASA EO		0.85		65.0		36

		GFO		Baseline		0.78		52.7		72

		MPL		NASA Planetary		0.77		78.2		30

		Clark		NASA EO		0.75		17.2		24

		ACE		NASA Planetary		0.75		47.2		45

		Mars Pathfinder		NASA Planetary		0.73		135.0		36

		MSTI 3		Baseline		0.68		32.0		36

		Lunar Prospector		NASA Planetary		0.67		34.0		30

		Seastar		NASA EO		0.67		12.8		31

		SWAS		NASA EO		0.65		26.7		60

		STEP  0		Baseline		0.62		30.9		43

		MSTI 2		Baseline		0.61		32.0		36

		WIRE		NASA EO		0.55		22.0		24

		TRACE		NASA EO		0.55		21.0		24

		TOMS/EP		NASA EO		0.54		39.4		36

		APEX		Baseline		0.50		12.8		27

		STEP  1		Baseline		0.49		25.4		50

		SAMPEX		NASA EO		0.48		64.2		36

		FAST		NASA EO		0.45		22.5		48

		STEP  3		Baseline		0.45		17.2		34

		MSTI  1		Baseline		0.39		18.4		12

		ALEXIS		Baseline		0.35		6.8		24

		STEP  2		Baseline		0.33		16.8		29

		Microlab		NASA EO		0.32		10.7		23

		SNOE		NASA EO		0.30		11.9		36

		DARPASAT		Baseline		0.28		15.8		24

		Mightysat		Baseline		0.22		6.7		12

		LOSAT-X		Baseline		0.17		14.7		24

		MicroSat		Baseline		0.13		10.1		24

		REX 2		Baseline		0.12		4.3		16

		MACSAT		Baseline		0.10		1.3		22

		RADCAL		Baseline		0.10		4.7		13

		REX		Baseline		0.07		4.1		26

		SCE		Baseline		0.04		5.3		19

		POGS/SSR		Baseline		0.03		5.3		19

		GLOMR II		Baseline		0.01		1.2		12

		TEX		Baseline		0.04		5.3		19

		ATP FAST				0.41		18.0		48

		ATP SWAS				0.65		23.0		48

		ATP SAMPEX				0.56		15.0		36

		ATP Terra				1.00		108.0		69

		ATP FUSE				0.81		47.0		36

		ATP XTE				0.72		83.0		60
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Actual Development
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		Complexity		Cost		Schedule

		1		35		36		MCO???		Failed

		0.98		95		18		MGS		Impaired

		0.95		80		36				Failed

		0.93		57		18		Clem		Impaired

		0.91		70		36				Impaired

		0.9		110		36				Failed

		0.87		50		36				Impaired

		0.86		30		24				Failed

		0.83		40		72				Non-NASA

		0.8		25		26				Impaired

		0.77		45		30				Non-NASA

		0.76		50		50				NASA

		0.75		30		80				NASA

		0.73		18		20		WIRE		Failure

		0.72		140		36				NASA

		0.7		30		62				Non-NASA

		0.68		40		46				NASA

		0.67		12		20				Non-NASA

		0.63		10		13				Non-NASA

		0.62		20		46				NASA

		0.6		15		44				Non-NASA

		0.57		18		30				Non-NASA

		0.55		20		20				NASA

		0.53		25		46				NASA

		0.5		10		50				Non-NASA

		0.47		22		26		FAST		NASA

		0.4		19		27				Non-NASA

		0.37		14		36				Non-NASA

		0.36		15		12				Non-NASA

		0.34		10		20				NASA

		0.3		10		24				Non-NASA

		0.28		15		27				Non-NASA

		0.22		5		14				Non-NASA

		0.18		3		36				Non-NASA

		0.12		1		12				Non-NASA

		0.11		2		18				Non-NASA

		0.09		2		33				Non-NASA

		0.07		1		33				Non-NASA

		0.05		2		24				Non-NASA

		0.03		1.5		34				Non-NASA

		0		1		12				Non-NASA
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Sheet1

		Project		Type		S/C Complexity		S/C Cost (97 $M)		Actual Development

		GFO		Baseline		0.78		52.7		72

		MSTI 3		Baseline		0.68		32.0		36

		STEP  0		Baseline		0.62		30.9		43

		MSTI 2		Baseline		0.61		32.0		36

		APEX		Baseline		0.50		12.8		27

		STEP  1		Baseline		0.49		25.4		50

		STEP  3		Baseline		0.45		17.2		34

		MSTI  1		Baseline		0.39		18.4		12

		ALEXIS		Baseline		0.35		6.8		24

		STEP  2		Baseline		0.33		16.8		29

		DARPASAT		Baseline		0.28		15.8		24

		Mightysat		Baseline		0.22		6.7		12

		LOSAT-X		Baseline		0.17		14.7		24

		MicroSat		Baseline		0.13		10.1		24

		REX 2		Baseline		0.12		4.3		16

		MACSAT		Baseline		0.10		1.3		22

		RADCAL		Baseline		0.10		4.7		13

		REX		Baseline		0.07		4.1		26

		SCE		Baseline		0.04		5.3		19

		POGS/SSR		Baseline		0.03		5.3		19

		GLOMR II		Baseline		0.01		1.2		12

		TEX		Baseline		0.04		5.3		19

		Lewis		NASA EO		0.85		65.0		36

		Clark		NASA EO		0.75		17.2		24

		Seastar		NASA EO		0.67		12.8		31

		SWAS		NASA EO		0.65		26.7		60

		WIRE		NASA EO		0.55		22.0		24

		TRACE		NASA EO		0.55		21.0		24

		TOMS/EP		NASA EO		0.54		39.4		36

		SAMPEX		NASA EO		0.48		64.2		36

		FAST		NASA EO		0.45		22.5		48

		Microlab		NASA EO		0.32		10.7		23

		SNOE		NASA EO		0.30		11.9		36

		MGS		NASA Planetary		1.00		110.8		18

		DS1		NASA Planetary		0.90		83.0		33

		MCO		NASA Planetary		0.89		78.2		30

		NEAR		NASA Planetary		0.89		66.5		36

		Clementine  1		NASA Planetary		0.89		41.7		18

		MPL		NASA Planetary		0.77		78.2		30

		ACE		NASA Planetary		0.75		47.2		45

		Mars Pathfinder		NASA Planetary		0.73		135.0		36

		Lunar Prospector		NASA Planetary		0.67		34.0		30
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Data

		Type		Collection Done?		Cost checked?		Checked against policy study?		PID		Class		Ty_Mis		Proj_Lead		S/C_Cont		Dur		Mission Life		Bearden's Weight(kg)		Launch		Str:TY_MAT		Str:NumIns		TC:Pri		PS:SolArr		PS:SolArrArea(sq ft)		PS:MaxPwr BOL		Max Power EOL		PS:Typ_Batt		PS:Batt_Cap		Batt_Cap Complexity		CC:RTTxt		Memory Size(Mb)		Pointing Accuracy		Pointing Knowledge		Stab Complexity		REC:Num_Thrs		Num_Thrust Complexity		REC:ProTyp		Att:Stab_Tech		Stab_Tech Complexity		TPRJ_T		S/C Cost		Year $$$$		(1997 $ M)		Solar Array Type		Downlink Band		Max Distance from Earth		Apogee (nmi)??		Complete Tech?		Duration?		Cost?		Checked against policy study?

		NASA Planetary		Y		Y		Y		ACE		Explorer						JHU/APL		45		45		785		21-Aug-97		Al, Titanium		10		Passive		Paddle		53		630		440		NiCd		12		0.5		6.9		1073		0.7		L1 Halo		0		12		0.9		Hydrazine		Spin		0.66		95.43		51.5		2001		47.2		Silicon		S-Band		1500000				Yes

		Baseline		Y		Y		N/A		ALEXIS		Explorer						AERO ASTRO		36		12		113		25-Apr-93		Aluminum		7		Passive		Paddle but not articulated		9.69		190		100		NiCd		6		0.194		750		1000		2		0.25		0		0		0		None		Spin		0.66				6.7		1996		6.8		Silicon		S-Band		750.06		405		Yes		Yes		Yes

		Baseline		Y		Y		Y		APEX										27		12		209		3-Aug-94		Aluminum		3		Passive		Deployed - Fixed		28.4		300		220		NiH2		6		0.194		665		80		0.5		0.25		0		4		0.525		Hydrazine		Momentum Biased		1				12		1994		12.8		Silicon		S-Band		1364				Yes

		NASA EO		Y		Y		Y		Clark		Explorer						CTA		48		36		266		N/A		Composite		4		Passive		Paddle Array		33		348		350		NiH2		15		0.583		2500		2000		2		0.03		0		2		0.5		Hydrazine		3-axis		1		16.982		18.78		2001		17.2		GaAs		S-Band		476				Yes

		NASA Planetary		Y		Y		Y		Clementine  1		Explorer						NRL		18		12		494		25-Jan-94		Composite		11		Active		Paddle Array		24.8		360				NiH2		15		0.583		128		2000		0.03		0.05		0		12		0.9		Hydrazine, biprop		3-axis/spin		1		41.69		45.5		2001		41.7		Gallium Arsenide/Ge		VHF		172000

		Baseline		Y		Y		N/A		DARPASAT		Explorer						Ball Aerospace		30		36		161		13-Mar-94		Aluminum		?		Passive		Body, not articulated		17.2		81		73		NiCd		12				32		2000		1		0.5				0				None		Spin		0.66		20.3		15.6		1996		15.8		Silicon		S-Band		518.56		280		Yes		Y		Y

		NASA Planetary		Y - 1 missing		Y - Sarsfield		Y		DS1										33		24		486		1-Oct-98		Aluminum		12		Passive and Active		Panel		96.9		2500				NiH2		24		0.888		20		128		0.2		N/A		0		8		0.625		Hydrazine/Xenon		3-axis		1		152.3		81.9		1996		83.0		GaAs/Ge/Ga Indium Phosphate		X-Band/Ka		188000000

		NASA EO		Y		Y		N/A - recheck Bearden		FAST		Small Explorer				GSFC		GSFC In-House		48		12		191		21-Aug-96		Aluminum		4		Passive		Body-Mounted		32.3		192		55		Super NiCd		9		0.333		2250		1000		1		1		0		0		0		None		Spin		0.66		41.57		22.2		1996		22.5		GaAs		S-Band		4200.336		2268		Yes		Y		Y

		Baseline		Exclude from Study		Y - internet		N/A		FORTE												12		210		29-Aug-97		Graphite/epoxy		3				Body-mounted																														Gravity Gradient		0.33				35		1997		35.0						800

		Baseline		Y - 1 missing		Y - internet		N/A		GFO										42		96		357		10-Feb-98		Graphite Fiber		4		Passive		Body		43.1		410		321		NiH2		20		0.75		512		384		0.25		0.25		0		8				Hydrazine		3-axis		1		44.3		46		1992		52.7		GaAs/Ge		S-Band		800

		Baseline		8 missing		Y		N/A		GLOMR II										12		41		68		5-Apr-90		Aluminum						Body Panel		10		2		2												None		None				0				None		Unstabilized		0				1		1990		1.2						675.98		365

		NASA EO		Y		Y		N/A		HETE		Explorer						MIT		24		12		128		4-Nov-96		Aluminum		6		Passive		Deployed		86		165		110		NiCd		1.2		0		230		100		2		0.5		0		0		0		None		Momentum Biased		0.5				4.7		2001		4.3		Silicon		S-Band		550				Yes

		NASA EO		Y		Y - Bearden		Y		Lewis		Explorer						TRW		36		48		310		23-Aug-97		Composite		4		Passive		Paddle Array		48.4		682		620		NiH2		33.8		0.972		2000		4000		0.02		0.002		0		8		0.625		Hydrazine		3-axis		1		23.367		65		1997		65.0		Silicon		S-Band		522.264		282		Yes

		Baseline		Y - 8 missing				N/A		LOSAT-X										24		3		76		4-Jul-91		Aluminum		2		Passive		Body		11.9		214				NiCd		6		0.194				30.6				0.1		0														14.7				14.7						417

		NASA Planetary		Y - 3 missing		Y		Y		Lunar Prospector										30		12		295		9-Oct-97		Graphite-epoxy		6		Passive and Active		Body-Mounted		59.2		206		202		NiH2		15		0.583		4		0								6		0.575		Hydrazine		Spin		0.66		63		34		1997		34.0				S-Band		172000

		Baseline		Y - 6 missing		Y		N/A		MACSAT		Explorer						CTA		22		36		61		9-May-90				1		Passive		Body Array		6		21		18		NiCd		8		0.277				2.1		10		10		0								Gravity Gradient		0.33				1.1		1991		1.3						740.8		400

		NASA Planetary		Y		Y		Y		Mars Pathfinder										36		8		890		1-Dec-96		Al Honeycomb		3		Active, with Passive		Paddle		43.1		250				AgZn		40		1		11		128		1		N/A		0		8		0.625		Hydrazine		Spin		0.66				150		1997		150.0		GaAs		X-Band		400000000

		NASA Planetary		Y		Y - Sarsfield		Y		MCO										30		4		629		1-Dec-98		Composite		2		Semi-Active		Panel		79.7		1500		515		NiH2		16				111		128		1.1		0.001				8		0.625		Hydrazine		3-axis				327.6		77.1		1996		78.2		GeAs		X-Band		400000000

		NASA EO		Y		Y - internet		N/A		METEOR										48		1		364		23-Oct-95		Aluminum		3		Active		Deployed		16		450		180		NiCd		4				0.25		4		0.5		0.5								Cold Gas		3-axis/solar		1				73		1995		75.8		Silicon				250

		NASA Planetary		Y		Y - Sarsfield		Y		MGS										18		60		651		1-Nov-96		Composite		6		Passive and Active		Panel - Articulated		70		980		624		NiH2		20		0.75		85		3000		0.57		0.17		0		12		0.9		Hydrazine		3-axis		1		154.4		109.3		1996		110.8		GaAs+Si		X/Ka-Band		400000000

		NASA EO		Y		Y - check Beard		N/A		Microlab										23		24		75		1-Apr-95		Aluminum		2		Passive		Deployed		7.88		95		95		NiH2		2		0.027		2,000		80		5		2		0		0		0		None		3-axis		1				10		1994		10.7		Silicon		S-Band		785				Yes

		Baseline		Y		Y - internet		N/A		MicroSat		Explorer						CTA		37		36		26		17-Jul-91		Al - semi monocoque		1		Passive		Body		3		23.4		6		NiCd		8		0.277		9.6		0.032		5						1				Cold Gas		Spin						7.4		1988		10.1				UHF		740.8		400

		Baseline		Y - 1 missing		Y-internet		N/A		Mightysat										12		12		69		Jul-98		Composite		5		Passive		Body		13		30		15		NiCd		4				9.6		1.2				5				0				None		Spin						7		1999		6.7		GaAs/Ga Indium Phosphide		UHF		468

		NASA Planetary		Y		Y - Sarsfield		Y		MPL										30		10		576		1-Jan-99		Composite		3		Active		Panel		39.8		673		307		NiH2		16				2		128		N/A		N/A				8		0.625		Hydrazine		3-axis		1		191.3		77.1		1996		78.2		GaAs		X-Band		400000000

		Baseline		Y		Y - Bearden		N/A		MSTI  1		Explorer						SPECTRUM ASTRO		12		6		144		21-Nov-92		Al/Composite		1		Passive		Body		6.5		170		145		NiCd		26.5		0.916		31.5		0.512		5		0.5		0		8				Cold Gas/GN2		3-Axis		1				18.1		1996		18.4		GaAs		S-Band		400.032		216		Yes		Y		Y

		Baseline		Y		Y		N/A		MSTI 2		Explorer								18		12		170		9-May-94		Al/Composite		2		Passive		Body		6.67		185		185		NiH2		10		0.444		1000		4000		0.3		0.2		0		8				Hydrazine		3-Axis		1				30		1994		32.0		GaAs		S-Band		430

		Baseline		Y		Y		N/A		MSTI 3		Explorer								18		12		212		17-May-96		Al/Composite		2		Passive		Body		10		250		250		NiH2		10		0.444		2000		8000		0.05		0.01		0		8				Hydrazine		3-Axis		1				30		1994		32.0		GaAs		S-Band		475

		NASA Planetary		Y		Y		Y		NEAR		Explorer						JHU/APL		36		48		805		17-Feb-96		Aluminum/composite		5		Passive		Paddle Array		80.7		349		325		NiCd		9.1		0.416		27		221		0.1		0.01		0		12		0.9		Hydrazine, biprop		3-axis		1		121.22		72.6		2001		66.5		Gallium Arsenide		X-Band		350000000				Yes

		Baseline		Y - 9 missing		Not found		N/A		POGS/SSR										19		36		68		11-Apr-90		Aluminum		1		Passive		Body-Mounted				15				Lead-Acid																0				None		Gravity Gradient		0.33				5		1994		5.3						700

		Baseline		Y		Y - Sarsfield		N/A		RADCAL										13		12		91		25-Jun-93		Aluminum		1		Passive		Body-Mounted		8.72		150		18		NiCd						19		4.2		10		5		0		0				None		Gravity Gradient		0.33		4		4.6		1996		4.7		Silicon		C-Band		1018.60		550

		Baseline		Y		Y - internet		N/A		REX										26		12		77		29-Jun-91		Aluminum		1		Passive		Deployed		18		20				NiCd						2		1		5		5		0		0				None		Gravity Gradient		0.33		4		4		1996		4.1				UHF		740.80		400

		Baseline		Y		Y -internet		N/A		REX 2										16		12		110		9-Mar-96		Aluminum		2		Passive		Deployed		18		30				NiCd						2		1		5		5		0		0		0		None		Gravity Gradient		0.33				4		1994		4.3				UHF		833.40		450

		NASA EO		Y		Y - not in our elec. DB		Y		SAMPEX		Small Explorer				GSFC		GSFC In-House		38		12		161		3-Jul-92		Aluminum		3		Passive with heaters		Paddle		18		200		200		SuperNiCd		9		0.333		16		212		1		1		0		0		0		None		Momentum-biased		0.5				81.9		1996		83.0		GaAs		S-Band		670				Yes						N/A

		Baseline		Y - sev. missing		Not found		N/A		SCE										19		36		56		11-Apr-90				1		Passive		Body-Mounted				15				Lead-Acid																0				None		Gravity Gradient		0.33				5		1994		5.3						700										N/A

		NASA EO		Y - 1 missing		Y		Y		Seastar										31		60		372		1-Aug-97		Aluminum		1		Passive		Paddle		58.7		300		200		NiH2		20		0.75		2,000		80		0.5		0.08		0		8				Hydrazine		3-Axis Momentum		1				12		1994		12.8		Silicon		S-Band, L		705

		NASA EO		Y - 1 missing		Y - internet		N/A		SNOE										36		18		132				Aluminum		3		Passive with heaters		Body		48		50		50		NiCd		4				128		8		5						0				None		Spin				4.4		12		1998		11.9		Silicon		S-Band		580										N/A

		NASA Planetary		Y - 1 missing		Y - internet		N/A		Stardust										48		84		250				Composite		4		Passive		Deployed		71.04174		800		170		NiH2		16				4,000		128		0.0833333333						16				Hydrazine		3-axis						91		1997		91.0		Silicon		X-Band		389000000								128		N/A

		Baseline		Y		Y - Bearden		N/A		STEP  0		Explorer						CTA		43		12		489		3/13/94		Aluminum		10		Passive		Paddle - articulated, sun-tracking		42		420		195		NiCd		32		0.944		1000		32		0.35		0.25		0		6				Hydrazine		3-axis, Nadir		1				30.5		1996		30.9		Silicon		S-Band		555.6		300		Yes		Y		Y

		Baseline		Y		Y - Bearden		N/A		STEP  1		Explorer						CTA		50		6		352		6/27/94		Aluminum		6		Passive		Deployed, not articulated		107		105		105		NiCd		4		0.055		1000		32		0.5		0.5		0		4				Hydrazine		3-axis Ram Point		1				25		1996		25.4		Silicon		S-Band		1500.12		810		Yes		Y		Y		N/A

		Baseline		Y		Y- Bearden		N/A		STEP  2		Explorer						CTA		29		12		180		5/19/94		Aluminum		3		Passive		Deployed, not articulated		71		150		95		NiCd		12		0.5		32		0.25		2.2		0.5		0		0				None		3-axis Nadir		1				16.6		1996		16.8		Silicon		S-Band		829.696		448		Yes		Y		Y		N/A

		Baseline		Y		Y - Bearden		N/A		STEP  3		Explorer						CTA		34		12		295		6/22/95		Aluminum		4		Passive		Deployed, not articulated		125		230		155		NiCd		20		0.75		1000		32		0.5		0.5		0		0				None		3-axis Nadir		1				17		1996		17.2		Silicon		S-Band		500.04		270		Yes		Y		Y

		NASA EO		Y		Y - Bearden		N/A - used Bearden's data		SWAS		Small Explorer				GSFC		GSFC In-House		60		12		288		6-Dec-98		Aluminum		3		Passive		Paddle - Deployed		37		600		230		SuperNiCd		21		0.861		1500		110		0.02		0.02		0		0		0		None		3-axis		1		67.96		26.3		1996		26.7		GaAs		S-Band		600.048		324		Yes

		NASA EO		Y		Y		N/A		Terriers										24		12		288				Aluminum		9		Passive		Body		11.3		31		31		NiCd		4.8				32		36		0.25		0.25				0				None		Spin						2.96		2001		2.7		Silicon		S-Band		550

		Baseline		Y - 10 Missing - leave out		Not found		N/A		TEX										19		36		67		11-Apr-90				1		Passive		Body-Mounted				15				Lead-Acid																0				None		Gravity Gradient		0.33				5		1994		5.3

		NASA EO		Y		Y - Bearden		N/A - used Bearden's data		TOMS/EP		Explorer						TRW		36		24		295		2-Jul-96		Aluminum		1		Passive		Paddle Array - Sun-tracking		40.9		150		128		Super NiCd		9		0.333		202		16		0.5		0.1		0		8		0.625		Hydrazine		3-axis		1		86.33		50.8		1996		51.5		Silicon		S-Band		955.632		516		Yes		Y		Y

		NASA EO		Y		Y		Y		TRACE		Explorer				GSFC		GSFC In-House		24		12		250		1-Apr-98		Aluminum		1		Passive		Paddle		27		283		200		SuperNiCd		9		0.333		2250		300		0.0002777778		0.08		0		0		0		None		3-axis		1		28.68		22.9		2001		21.0		GaAs		S-Band		650				Yes

		NASA EO		Y		Y		Y		WIRE		SMEX				GSFC		GSFC In-House		24		4		255		4-Mar-99		Aluminum		1		Active and Passive		Paddle		21.5		800		160		SuperNiCd		9		0.333		8		300		0.02		0.00333		0		0		0		None		3-axis		1		41.06		24		2001		22.0		GaAs		S-Band		400				Yes

																								Bearden

																								Bearden's number (and wrong)



Smart_Christian:
assumptiojn - same as BOL Max Power since design life is 1 yr.

Smart_Christian:
ESTIMATED

:
From Plicy Study - Bearden has --



Complexity 1

		PID		Mission Life		ML Complexity		Bearden's Weight(kg)		Weight Complexity		Str:TY_MAT		Material Complexity		Str:NumIns		NI Complexity		TC:Pri		TC Complexity		PS:SolArr		SA Complexity		PS:SolArrArea(sq ft)		SAA Complexity		PS:MaxPwr BOL		BOL Complexity		Max Power EOL		EOL Complexity		PS:Typ_Batt		BT Complexity		PS:Batt_Cap		BC Complexity		CC:RTTxt		DR Complexity		Memory Size(Mb)		MS Complexity		Pointing Accuracy		PA Complexity				Pointing Knowledge				PK Complexity		REC:Num_Thrs		NT Complexity		REC:ProTyp		PT Complexity		Att:Stab_Tech		St Complexity		Solar Array Type		SAT Complexity		Downlink Band		DB Complexity		Max Distance from Earth		MD Complexity

		ACE		45.0		0.869		785.0		0.956		Al, Titanium		1		10.0		0.931		Passive		0		Paddle		1		53.0		0.738		630.0		0.844		440.0		0.916		NiCd		0.33		12.0		0.526		6.9		0.128		1073.0		0.829		0.7		0.459		9.3		L1 Halo						12.0		0.904		Hydrazine		0.5		Spin		0.66		Silicon		0.0		S-Band		0.5		1500000.0		0.844

		ALEXIS		12.0		0.173		113.0		0.26		Aluminum		0		7.0		0.886		Passive		0		Paddle but not articulated		0.5		9.7		0.142		190.0		0.444		100.0		0.305		NiCd		0.33		6.0		0.184		750.0		0.666		1000.0		0.78		2.0		0.243		8.0		0.3		9.8		0.454		0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		750.1		0.555

		APEX		12.0		0.173		209.0		0.456		Aluminum		0		3.0		0.409		Passive		0		Deployed - Fixed		0.5		28.4		0.476		300.0		0.644		220.0		0.722		NiH2		1		6.0		0.184		665.0		0.641		80.0		0.414		0.5		0.513		9.5		0.3		9.8		0.454		4.0		0.547		Hydrazine		0.5		Momentum Biased		0.33		Silicon		0.0		S-Band		0.5		1364.0		0.733

		Clark		36.0		0.695		266.0		0.586		Composite		1		4.0		0.613		Passive		0		Paddle Array		0.5		33.0		0.523		348.0		0.688		350.0		0.888		NiH2		1		15.0		0.605		2500.0		0.974		2000.0		0.853		2.0		0.243		8.0		0.0		10.0		0.818		2.0		0.523		Hydrazine		0.5		3-axis		1.00		GaAs		1.0		S-Band		0.5		476.0		0.155

		Clementine  1		12.0		0.173		494.0		0.869		Composite		1		11.0		0.977		Active		1		Paddle Array		1		24.8		0.428		360.0		0.733				0		NiH2		1		15.0		0.605		128.0		0.512		2000.0		0.853		0.0		0.891		10.0		0.1		10.0		0.787		12.0		0.904		Hydrazine, biprop		0.75		3-axis/spin		1.00		Gallium Arsenide/Ge		1.0		VHF		0.0		172000.0		0.8

		DARPASAT		36.0		0.695		161.0		0.347		Aluminum		0				0.000		Passive		0		Body, not articulated		0		17.2		0.309		81.0		0.244		73.0		0.222		NiCd		0.33		12.0		0.526		32.0		0.384		2000.0		0.853		1.0		0.351		9.0		0.5		9.5		0.242		0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		518.6		0.2

		DS1		24.0		0.63		486.0		0.826		Aluminum		0		12.0		1.000		Passive and Active		1		Panel		1		96.9		0.952		2500.0		1				0		NiH2		1		24.0		0.894		20.0		0.307		128.0		0.536		0.2		0.783		9.8		N/A				0		8.0		0.642		Hydrazine/Xenon		1		3-axis		1.00		GaAs/Ge/Ga Indium Phosphate		1.0		X-Band/Ka		1.0		188000000.0		0.866

		FAST		12.0		0.173		191.0		0.434		Aluminum		0		4.0		0.613		Passive		0		Body-Mounted		0		32.3		0.5		192.0		0.466		55.0		0.194		Super NiCd		0.66		9.0		0.315		2250.0		0.923		1000.0		0.78		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		Spin		0.66		GaAs		1.0		S-Band		0.5		4200.3		0.777

		FORTE		12.0		0.173		210.0		0.478		Graphite/epoxy		1		3.0		0.409						Body-mounted		0				0				0				0								0				0				0												0										Gravity Gradient		0.33										800.0		0.6

		GFO		96.0		1		357.0		0.76		Graphite Fiber		1		4.0		0.613		Passive		0		Body		0		43.1		0.642		410.0		0.755		321.0		0.833		NiH2		1		20.0		0.763		512.0		0.615		384.0		0.756		0.3		0.729		9.8		0.3		9.8		0.454		8.0		0.642		Hydrazine		0.5		3-axis		1.00		GaAs/Ge		1.0		S-Band		0.5		800.0		0.6

		GLOMR II		41.0		0.847		68.0		0.086		Aluminum		0				0.000						Body Panel		0		10.0		0.166		2.0		0		2.0		0								0				0				0		None		0				None				0		0.0		0		None		0		Unstabilized		0.00										676.0		0.4

		HETE		12.0		0.173		128.0		0.282		Aluminum		0		6.0		0.795		Passive		0		Deployed		0.5		86.0		0.928		165.0		0.377		110.0		0.361		NiCd		0.33		1.2		0		230.0		0.589		100.0		0.487		2.0		0.243		8.0		0.5		9.5		0.242		0.0		0		None		0		Momentum Biased		0.33		Silicon		0.0		S-Band		0.5		550.0		0.244

		Lewis		48.0		0.891		310.0		0.717		Composite		1		4.0		0.613		Passive		0		Paddle Array		1		48.4		0.714		682.0		0.888		620.0		0.972		NiH2		1		33.8		0.973		2000.0		0.82		4000.0		0.951		0.0		0.918		10.0		0.0		10.0		0.969		8.0		0.642		Hydrazine		0.5		3-axis		1.00		Silicon		0.0		S-Band		0.5		522.3		0.222

		LOSAT-X		3.0		0.021		76.0		0.173		Aluminum		0		2.0		0.272		Passive		0		Body		0		11.9		0.238		214.0		0.533				0		NiCd		0.33		6.0		0.184				0		30.6		0.292								0.1		9.9		0.666																						417.0		0.066

		Lunar Prospector		12.0		0.173		295.0		0.652		Graphite-epoxy		1		6.0		0.795		Passive and Active		1		Body-Mounted		0		59.2		0.785		206.0		0.511		202.0		0.694		NiH2		1		15.0		0.605		3.6		0.102		0.0		0														6.0		0.595		Hydrazine		0.5		Spin		0.66						S-Band		0.5		172000.0		0.8

		MACSAT		36.0		0.695		61.0		0.043						1.0		0.000		Passive		0		Body Array		0		6.0		0.023		21.0		0.111		18.0		0.083		NiCd		0.33		8.0		0.263				0		2.1		0.17		10.0		0		0.0		10.0		0.0		0										Gravity Gradient		0.33										740.8		0.488

		Mars Pathfinder		8.0		0.13		890.0		1		Al Honeycomb		0		3.0		0.409		Active, with Passive		1		Paddle		1		43.1		0.642		250.0		0.577				0		AgZn		1		40.0		1		11.0		0.23		128.0		0.536		1.0		0.351		9.0		N/A				0		8.0		0.642		Hydrazine		0.5		Spin		0.66		GaAs		1.0		X-Band		1.0		400000000.0		0.933

		MCO		4.0		0.043		629.0		0.913		Composite		1		2.0		0.272		Semi-Active		1		Panel		1		79.7		0.88		1500.0		0.977		515.0		0.944		NiH2		1		16.0		0.684		111.0		0.487		128.0		0.536		1.1		0.324		8.9		0.0		10.0		1		8.0		0.642		Hydrazine		0.5		3-axis		1.00		GeAs		1.0		X-Band		1.0		400000000.0		0.933

		METEOR		1.0		0		364.0		0.782		Aluminum		0		3.0		0.409		Active		1		Deployed		0.5		16.0		0.285		450.0		0.8		180.0		0.527		NiCd		0.33		4.0		0.052		0.3		0		4.0		0.195		0.5		0.513		9.5		0.5		9.5		0.242						Cold Gas		0.25		3-axis/solar		1.00		Silicon		0.0						250.0		0

		MGS		60.0		0.934		651.0		0.934		Composite		1		6.0		0.795		Passive and Active		1		Panel - Articulated		1		70.0		0.809		980.0		0.955		624.0		1		NiH2		1		20.0		0.763		85.3		0.461		3000.0		0.926		0.6		0.486		9.4		0.2		9.8		0.636		12.0		0.904		Hydrazine		0.5		3-axis		1.00		GaAs+Si		1.0		X/Ka-Band		1.0		400000000.0		0.933

		Microlab		24.0		0.63		75.0		0.152		Aluminum		0		2.0		0.272		Passive		0		Deployed		0.5		7.9		0.095		95.0		0.266		95.0		0.25		NiH2		1		2.0		0.026		2000.0		0.82		80.0		0.414		5.0		0.054		5.0		2.0		8.0		0.151		0.0		0		None		0		3-axis		1.00		Silicon		0.0		S-Band		0.5		785.0		0.577

		MicroSat		36.0		0.695		26.0		0		Al - semi monocoque		0		1.0		0.000		Passive		0		Body		0		3.0		0		23.4		0.133		6.0		0.027		NiCd		0.33		8.0		0.263		9.6		0.179		0.0		0.024		5.0		0.054		5.0								1.0		0.5		Cold Gas		0.25		Spin		0.66						UHF		0.0		740.8		0.488

		Mightysat		12.0		0.173		69.0		0.13		Composite		1		5.0		0.750		Passive		0		Body		0		13.0		0.261		30.0		0.155		15.0		0.055		NiCd		0.33		4.0		0.052		9.6		0.179		1.2		0.146								5.0		5.0		0.03		0.0		0		None		0		Spin		0.66		GaAs/Ga Indium Phosphide		1.0		UHF		0.0		468.0		0.111

		MPL		10.0		0.152		576.0		0.891		Composite		1		3.0		0.409		Active		1		Panel		1		39.8		0.571		673.0		0.866		307.0		0.805		NiH2		1		16.0		0.684		2.0		0.025		128.0		0.536		N/A		0				N/A				0		8.0		0.642		Hydrazine		0.5		3-axis		1.00		GaAs		1.0		X-Band		1.0		400000000.0		0.933

		MSTI  1		6.0		0.086		144.0		0.326		Al/Composite		1		1.0		0.000		Passive		0		Body		0		6.5		0.047		170.0		0.4		145.0		0.416		NiCd		0.33		26.5		0.921		31.5		0.358		0.5		0.073		5.0		0.054		5.0		0.5		9.5		0.242		8.0		0.642		Cold Gas/GN2		0.25		3-Axis		1.00		GaAs		1.0		S-Band		0.5		400.0		0.044

		MSTI 2		12.0		0.173		170.0		0.391		Al/Composite		1		2.0		0.272		Passive		0		Body		0		6.7		0.071		185.0		0.422		185.0		0.555		NiH2		1		10.0		0.473		1000.0		0.692		4000.0		0.951		0.3		0.702		9.7		0.2		9.8		0.606		8.0		0.642		Hydrazine		0.5		3-Axis		1.00		GaAs		1.0		S-Band		0.5		430.0		0.088

		MSTI 3		12.0		0.173		212.0		0.5		Al/Composite		1		2.0		0.272		Passive		0		Body		0		10.0		0.166		250.0		0.577		250.0		0.777		NiH2		1		10.0		0.473		2000.0		0.82		8000.0		1		0.1		0.864		10.0		0.0		10.0		0.878		8.0		0.642		Hydrazine		0.5		3-Axis		1.00		GaAs		1.0		S-Band		0.5		475.0		0.133

		NEAR		48.0		0.891		805.0		0.978		Aluminum/composite		1		5.0		0.750		Passive		0		Paddle Array		1		80.7		0.904		349.0		0.711		325.0		0.861		NiCd		0.33		9.1		0.447		27.0		0.333		221.0		0.682		0.1		0.81		9.9		0.0		10.0		0.878		12.0		0.904		Hydrazine, biprop		0.75		3-axis		1.00		Gallium Arsenide		1.0		X-Band		1.0		350000000.0		0.888

		POGS/SSR		36.0		0.695		68.0		0.086		Aluminum		0		1.0		0.000		Passive		0		Body-Mounted		0				0		15.0		0.022				0		Lead-Acid		0				0				0				0														0.0		0		None		0		Gravity Gradient		0.33										700.0		0.422

		RADCAL		12.0		0.173		91.0		0.217		Aluminum		0		1.0		0.000		Passive		0		Body-Mounted		0		8.7		0.119		150.0		0.311		18.0		0.083		NiCd		0.33				0		19.0		0.282		4.2		0.219		10.0		0		0.0		5.0		5.0		0.03		0.0		0		None		0		Gravity Gradient		0.33		Silicon		0.0		C-Band		0.5		1018.6		0.711

		REX		12.0		0.173		77.0		0.195		Aluminum		0		1.0		0.000		Passive		0		Deployed		0.5		18.0		0.333		20.0		0.088				0		NiCd		0.33				0		2.0		0.025		1.0		0.097		5.0		0.054		5.0		5.0		5.0		0.03		0.0		0		None		0		Gravity Gradient		0.33						UHF		0.0		740.8		0.488

		REX 2		12.0		0.173		110.0		0.239		Aluminum		0		2.0		0.272		Passive		0		Deployed		0.5		18.0		0.333		30.0		0.155				0		NiCd		0.33				0		2.4		0.076		1.0		0.097		5.0		0.054		5.0		5.0		5.0		0.03		0.0		0		None		0		Gravity Gradient		0.33						UHF		0.0		833.4		0.666

		SAMPEX		12.0		0.173		161.0		0.347		Aluminum		0		3.0		0.409		Passive with heaters		1		Paddle		1		18.0		0.333		200.0		0.488		200.0		0.611		SuperNiCd		0.66		9.0		0.315		16.0		0.256		212.0		0.658		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		Momentum-biased		0.33		GaAs		1.0		S-Band		0.5		670.0		0.377

		SCE		36.0		0.695		56.0		0.021						1.0		0.000		Passive		0		Body-Mounted		0				0		15.0		0.022				0		Lead-Acid		0				0				0				0														0.0		0		None		0		Gravity Gradient		0.33										700.0		0.422

		Seastar		60.0		0.934		372.0		0.804		Aluminum		0		1.0		0.000		Passive		0		Paddle		0.5		58.7		0.761		300.0		0.644		200.0		0.611		NiH2		1		20.0		0.763		2000.0		0.82		80.0		0.414		0.5		0.513		9.5		0.1		9.9		0.727		8.0		0.642		Hydrazine		0.5		3-Axis Momentum		1.00		Silicon		0.0		S-Band, L		1.0		705.0		0.466

		SNOE		18.0		0.608		132.0		0.304		Aluminum		0		3.0		0.409		Passive with heaters		1		Body		0		48.0		0.69		50.0		0.222		50.0		0.166		NiCd		0.33		4.0		0.052		128.0		0.512		8.0		0.243		5.0		0.054		5.0								0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		580.0		0.311

		Stardust		84.0		0.978		250.0		0.521		Composite		1		4.0		0.613		Passive		0		Deployed		1		71.0		0.857		800.0		0.911		170.0		0.5		NiH2		1		16.0		0.684		4000.0		1		128.0		0.536		0.1		0.837		9.9								16.0		1		Hydrazine		0.5		3-axis		1.00		Silicon		0.0		X-Band		1.0		389000000.0		0.911

		STEP  0		12.0		0.173		489.0		0.847		Aluminum		0		10.0		0.931		Passive		0		Paddle - articulated, sun-tracking		1		42.0		0.619		420.0		0.777		195.0		0.583		NiCd		0.33		32.0		0.947		1000.0		0.692		32.0		0.317		0.4		0.675		9.7		0.3		9.8		0.454		6.0		0.595		Hydrazine		0.5		3-axis, Nadir		1.00		Silicon		0.0		S-Band		0.5		555.6		0.288

		STEP  1		6.0		0.086		352.0		0.739		Aluminum		0		6.0		0.795		Passive		0		Deployed, not articulated		0.5		107.0		0.976		105.0		0.288		105.0		0.333		NiCd		0.33		4.0		0.052		1000.0		0.692		32.0		0.317		0.5		0.513		9.5		0.5		9.5		0.242		4.0		0.547		Hydrazine		0.5		3-axis Ram Point		1.00		Silicon		0.0		S-Band		0.5		1500.1		0.755

		STEP  2		12.0		0.173		180.0		0.413		Aluminum		0		3.0		0.409		Passive		0		Deployed, not articulated		0.5		71.0		0.833		150.0		0.311		95.0		0.25		NiCd		0.33		12.0		0.526		32.0		0.384		0.3		0.048		2.2		0.216		7.8		0.5		9.5		0.242		0.0		0		None		0		3-axis Nadir		1.00		Silicon		0.0		S-Band		0.5		829.7		0.644

		STEP  3		12.0		0.173		295.0		0.652		Aluminum		0		4.0		0.613		Passive		0		Deployed, not articulated		0.5		125.0		1		230.0		0.555		155.0		0.444		NiCd		0.33		20.0		0.763		1000.0		0.692		32.0		0.317		0.5		0.513		9.5		0.5		9.5		0.242		0.0		0		None		0		3-axis Nadir		1.00		Silicon		0.0		S-Band		0.5		500.0		0.177

		SWAS		12.0		0.173		288.0		0.608		Aluminum		0		3.0		0.409		Passive		0		Paddle - Deployed		1		37.0		0.547		600.0		0.822		230.0		0.75		SuperNiCd		0.66		21.0		0.868		1500.0		0.794		110.0		0.512		0.0		0.918		10.0		0.0		10.0		0.848		0.0		0		None		0		3-axis		1.00		GaAs		1.0		S-Band		0.5		600.0		0.333

		Terriers		12.0		0.173		288.0		0.608		Aluminum		0		9.0		0.909		Passive		0		Body		0		11.3		0.214		31.0		0.2		31.0		0.138		NiCd		0.33		4.8		0.157		32.0		0.384		36.0		0.39		0.3		0.729		9.8		0.3		9.8		0.454		0.0		0		None		0		Spin		0.66		Silicon		0.0		S-Band		0.5		550.0		0.244

		TEX		36.0		0.695		67.0		0.065						1.0		0.000		Passive		0		Body-Mounted		0				0		15.0		0.022				0		Lead-Acid		0				0				0				0														0.0		0		None		0		Gravity Gradient		0.33												0

		TOMS/EP		24.0		0.63		295.0		0.652		Aluminum		0		1.0		0.000		Passive		0		Paddle Array - Sun-tracking		1		40.9		0.595		150.0		0.311		128.0		0.388		Super NiCd		0.66		9.0		0.315		202.0		0.564		16.0		0.268		0.5		0.513		9.5		0.1		9.9		0.666		8.0		0.642		Hydrazine		0.5		3-axis		1.00		Silicon		0.0		S-Band		0.5		955.6		0.688

		TRACE		12.0		0.173		250.0		0.521		Aluminum		0		1.0		0.000		Passive		0		Paddle		0.5		27.0		0.452		283.0		0.622		200.0		0.611		SuperNiCd		0.66		9.0		0.315		2250.0		0.923		300.0		0.707		0.0		1		10.0		0.1		9.9		0.727		0.0		0		None		0		3-axis		1.00		GaAs		1.0		S-Band		0.5		650.0		0.355

		WIRE		4.0		0.043		255.0		0.565		Aluminum		0		1.0		0.000		Active and Passive		1		Paddle		0.5		21.5		0.404		800.0		0.911		160.0		0.472		SuperNiCd		0.66		9.0		0.315		8.0		0.153		300.0		0.707		0.0		0.918		10.0		0.0		10.0		0.939		0.0		0		None		0		3-axis		1.00		GaAs		1.0		S-Band		0.5		400.0		0.022

		ATP-FAST		12.0		0.173		169.7		0.39		Al		0		4.0		0.613		Passive		0		Body		0		50.0		0.722		115.0		0.293		55.0		0.194		NiCd		0.33		9.0		0.315		2250.0		0.923		128.0		0.536		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		Spin		0.66		GaAs		1.0		S-Band		0.5		4200.0		0.777

		ATP-SWAS		36.0		0.695		253.2		0.557		Al		0		1.0		0.000		Passive		0		Paddle		1		36.0		0.541		600.0		0.822		230.0		0.75		SuperNiCd		0.66		21.0		0.868		1500.0		0.794		50.0		0.398		0.0		1		10.0		0.0		10.0		0.878		0.0		0		None		0		3-Axis		1.00		GaAs		1.0		S-Band		0.5		600.0		0.333

		ATP-SAMPEX		36.0		0.695		172.7		0.397		Al		0		4.0		0.613		Active		0.5		Paddle		1		18.0		0.333		200.0		0.488						SuperNiCd		0.66		9.0		0.315		1000.0		0.692		212.0		0.658		1.0		0.351		9.0		1.0		9.0		0.181		0.0		0		None		0		3-Axis		1.00		GaAs		1.0		S-Band		0.5		670.0		0.377

		ATP-TERRA		60.0		0.934		3309.0		1		Comp		1		6.0		0.795		Passive		0		Paddle		1		480.0		1		5660.0		1		5660.0		1.0		NiH2		1		50.0		1		16.0		0.256		140000.0		1								0.0		10.0		0.8		16.0		1						SunSync		1.00		GaAs		1.0		X-Band		1.0		700.0		0.422

		ATP-FUSE		36.0		0.695		550.0		0.884		Comp		1		1.0		0.000		Active		1		Paddle		1		75.0		0.868		500.0		0.807						NiCd		0.33		40.0		1		1000.0		0.692		240.0		0.688								0.0		10.0		1		0.0		0		None		0		3-Axis		1.00		GaAs		1.0						774.0		0.57

		ATP-XTE		24.0		0.63		1700.0		1		Al		0		3.0		0.409		Active		0.5		Paddle		1		193.0		1		800.0		0.911						NiCd		0.33		50.0		1		512.0		0.615												0.0		10.0		0.872		0.0		0		None		0		3-Axis		1.00		GaAs		1.0						600.0		0.333





Complexity 2

		PID		ACE		ALEXIS		APEX		Clark		Clementine  1		DARPASAT		DS1		FAST		FORTE		GFO		GLOMR II		HETE		Lewis		LOSAT-X		Lunar Prospector		MACSAT		Mars Pathfinder		MCO		METEOR		MGS		Microlab		MicroSat		Mightysat		MPL		MSTI  1		MSTI 2		MSTI 3		NEAR		POGS/SSR		RADCAL		REX		REX 2		SAMPEX		SCE		Seastar		SNOE		Stardust		STEP  0		STEP  1		STEP  2		STEP  3		SWAS		Terriers		TEX		TOMS/EP		TRACE		WIRE				ATP-FAST		ATP-SWAS		ATP-SAMPEX		ATP-TERRA		ATP-FUSE		ATP-XTE

		ML Complexity		0.869		0.173		0.173		0.695		0.173		0.695		0.63		0.173		0.173		1		0.847		0.173		0.891		0.021		0.173		0.695		0.13		0.043		0		0.934		0.63		0.695		0.173		0.152		0.086		0.173		0.173		0.891		0.695		0.173		0.173		0.173		0.173		0.695		0.934		0.608		0.978		0.173		0.086		0.173		0.173		0.173		0.173		0.695		0.63		0.173		0.043				0.173		0.695		0.695		0.934		0.695		0.63

		Weight Complexity		0.956		0.26		0.456		0.586		0.869		0.347		0.826		0.434		0.478		0.76		0.086		0.282		0.717		0.173		0.652		0.043		1		0.913		0.782		0.934		0.152		0		0.13		0.891		0.326		0.391		0.5		0.978		0.086		0.217		0.195		0.239		0.347		0.021		0.804		0.304		0.521		0.847		0.739		0.413		0.652		0.608		0.608		0.065		0.652		0.521		0.565				0.39		0.557		0.397		1		0.884		1

		Material Complexity		1		0		0		1		1		0		0		0		1		1		0		0		1		0		1				0		1		0		1		0		0		1		1		1		1		1		1		0		0		0		0		0				0		0		1		0		0		0		0		0		0				0		0		0				0		0		0		1		1		0

		NI Complexity		0.931		0.886		0.409		0.613		0.977				1		0.613		0.409		0.613				0.795		0.613		0.272		0.795		0		0.409		0.272		0.409		0.795		0.272		0		0.75		0.409		0		0.272		0.272		0.75		0		0		0		0.272		0.409		0		0		0.409		0.613		0.931		0.795		0.409		0.613		0.409		0.909		0		0		0		0				0.613		0		0.613		0.795		0		0.409

		TC Complexity		0		0		0		0		1		0		1		0				0				0		0		0		1		0		1		1		1		1		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		0		0		1				0		0		0.5		0		1		0.5

		SA Complexity		1		0.5		0.5		0.5		1		0		1		0		0		0		0		0.5		1		0		0		0		1		1		0.5		1		0.5		0		0		1		0		0		0		1		0		0		0.5		0.5		1		0		0.5		0		1		1		0.5		0.5		0.5		1		0		0		1		0.5		0.5				0		1		1		1		1		1

		SAA Complexity		0.738		0.142		0.476		0.523		0.428		0.309		0.952		0.5				0.642		0.166		0.928		0.714		0.238		0.785		0.023		0.642		0.88		0.285		0.809		0.095		0		0.261		0.571		0.047		0.071		0.166		0.904				0.119		0.333		0.333		0.333				0.761		0.69		0.857		0.619		0.976		0.833		1		0.547		0.214				0.595		0.452		0.404				0.722		0.541		0.333		1		0.868		1

		BOL Complexity		0.844		0.444		0.644		0.688		0.733		0.244		1		0.466				0.755		0		0.377		0.888		0.533		0.511		0.111		0.577		0.977		0.8		0.955		0.266		0.133		0.155		0.866		0.4		0.422		0.577		0.711		0.022		0.311		0.088		0.155		0.488		0.022		0.644		0.222		0.911		0.777		0.288		0.311		0.555		0.822		0.2		0.022		0.311		0.622		0.911				0.293		0.822		0.488		1		0.807		0.911

		EOL Complexity		0.916		0.305		0.722		0.888				0.222				0.194				0.833		0		0.361		0.972				0.694		0.083				0.944		0.527		1		0.25		0.027		0.055		0.805		0.416		0.555		0.777		0.861				0.083						0.611				0.611		0.166		0.5		0.583		0.333		0.25		0.444		0.75		0.138				0.388		0.611		0.472				0.194		0.75				1

		BT Complexity		0.33		0.33		1		1		1		0.33		1		0.66				1				0.33		1		0.33		1		0.33		1		1		0.33		1		1		0.33		0.33		1		0.33		1		1		0.33		0		0.33		0.33		0.33		0.66		0		1		0.33		1		0.33		0.33		0.33		0.33		0.66		0.33		0		0.66		0.66		0.66				0.33		0.66		0.66		1		0.33		0.33

		BC Complexity		0.526		0.184		0.184		0.605		0.605		0.526		0.894		0.315				0.763				0		0.973		0.184		0.605		0.263		1		0.684		0.052		0.763		0.026		0.263		0.052		0.684		0.921		0.473		0.473		0.447										0.315				0.763		0.052		0.684		0.947		0.052		0.526		0.763		0.868		0.157				0.315		0.315		0.315				0.315		0.868		0.315		1		1		1

		DR Complexity		0.128		0.666		0.641		0.974		0.512		0.384		0.307		0.923				0.615				0.589		0.82				0.102				0.23		0.487		0		0.461		0.82		0.179		0.179		0.025		0.358		0.692		0.82		0.333				0.282		0.025		0.076		0.256				0.82		0.512		1		0.692		0.692		0.384		0.692		0.794		0.384				0.564		0.923		0.153				0.923		0.794		0.692		0.256		0.692		0.615

		MS Complexity		0.829		0.78		0.414		0.853		0.853		0.853		0.536		0.78		0		0.756		0		0.487		0.951		0.292		0		0.17		0.536		0.536		0.195		0.926		0.414		0.024		0.146		0.536		0.073		0.951		1		0.682		0		0.219		0.097		0.097		0.658		0		0.414		0.243		0.536		0.317		0.317		0.048		0.317		0.512		0.39		0		0.268		0.707		0.707				0.536		0.398		0.658		1		0.688

		PA Complexity		0.459		0.243		0.513		0.243		0.891		0.351		0.783		0.351				0.729		0		0.243		0.918						0		0.351		0.324		0.513		0.486		0.054		0.054				0		0.054		0.702		0.864		0.81				0		0.054		0.054		0.351				0.513		0.054		0.837		0.675		0.513		0.216		0.513		0.918		0.729				0.513		1		0.918				0.351		1		0.351

		PK Complexity				0.454		0.454		0.818		0.787		0.242		0		0.181		0		0.454		0		0.242		0.969		0.666				0		0		1		0.242		0.636		0.151				0.03		0		0.242		0.606		0.878		0.878				0.03		0.03		0.03		0.181				0.727						0.454		0.242		0.242		0.242		0.848		0.454				0.666		0.727		0.939				0.181		0.878		0.181		0.8		1		0.872

		NT Complexity		0.904		0		0.547		0.523		0.904		0		0.642		0				0.642		0		0		0.642				0.595				0.642		0.642				0.904		0		0.5		0		0.642		0.642		0.642		0.642		0.904		0		0		0		0		0		0		0.642		0		1		0.595		0.547		0		0		0		0		0		0.642		0		0				0		0		0		1		0		0

		PT Complexity		0.5		0		0.5		0.5		0.75		0		1		0				0.5		0		0		0.5				0.5				0.5		0.5		0.25		0.5		0		0.25		0		0.5		0.25		0.5		0.5		0.75		0		0		0		0		0		0		0.5		0		0.5		0.5		0.5		0		0		0		0		0		0.5		0		0				0		0		0				0		0

		St Complexity		0.66		0.66		0.33		1		1		0.66		1		0.66		0.33		1		0		0.33		1				0.66		0.33		0.66		1		1		1		1		0.66		0.66		1		1		1		1		1		0.33		0.33		0.33		0.33		0.33		0.33		1		0.66		1		1		1		1		1		1		0.66		0.33		1		1		1				0.66		1		1		1		1		1

		SAT Complexity		0		0		0		1		1		0		1		1				1				0		0								1		1		0		1		0				1		1		1		1		1		1				0						1				0		0		0		0		0		0		0		1		0				0		1		1				1		1		1		1		1		1

		DB Complexity		0.5		0.5		0.5		0.5		0		0.5		1		0.5				0.5				0.5		0.5				0.5				1		1				1		0.5		0		0		1		0.5		0.5		0.5		1				0.5		0		0		0.5				1		0.5		1		0.5		0.5		0.5		0.5		0.5		0.5				0.5		0.5		0.5				0.5		0.5		0.5		1

		MD Complexity		0.844		0.555		0.733		0.155		0.8		0.2		0.866		0.777		0.6		0.6		0.4		0.244		0.222		0.066		0.8		0.488		0.933		0.933		0		0.933		0.577		0.488		0.111		0.933		0.044		0.088		0.133		0.888		0.422		0.711		0.488		0.666		0.377		0.422		0.466		0.311		0.911		0.288		0.755		0.644		0.177		0.333		0.244				0.688		0.355		0.022				0.777		0.333		0.377		0.422		0.57		0.333

		Sum		12.934		7.082		9.196		13.664		15.282		5.863		15.436		8.527		2.99		14.162		1.499		6.381		15.29		2.775		10.372		2.536		12.61		16.135		6.885		18.036		6.707		3.603		5.032		14.014		7.689		11.038		12.275		16.117		1.555		3.305		2.643		3.255		8.989		1.49		12.099		6.061		14.848		11.228		9.165		6.779		8.471		11.742		6.09		1.112		9.892		10.066		10.109				7.958		11.796		9.76		16.207		12.534		10.6

		Count		20		21		21		21		20		20		20		21		9		21		14		21		21		13		18		15		20		21		19		21		21		19		20		21		21		21		21		21		13		20		18		18		21		12		21		20		20		21		21		21		21		21		21		11		21		21		21				21		21		20		19		18		17

		Average Complexity		0.65		0.34		0.44		0.65		0.76		0.29		0.77		0.41		0.33		0.67		0.11		0.30		0.73		0.21		0.58		0.17		0.63		0.77		0.36		0.86		0.32		0.19		0.25		0.67		0.37		0.53		0.58		0.77		0.12		0.17		0.15		0.18		0.43		0.12		0.58		0.30		0.74		0.53		0.44		0.32		0.40		0.56		0.29		0.10		0.47		0.48		0.48				0.38		0.56		0.49		0.85		0.70		0.62

		Min		0.10

		Max		0.86		Mean =		0.44

		Normalized Avg.		0.749573		0.34874		0.49672		0.7542933333		0.889279		0.2839305		0.898442		0.44989		0.3413666667		0.7825133333		0.010395		0.29967		0.8464333333		0.1667884615		0.6657044444		0.101528		0.730295		0.8943166667		0.3856815789		1.00204		0.32249		0.1317584211		0.222852		0.7741266667		0.39123		0.6054866667		0.6755833333		0.8932966667		0.0288346154		0.0959175		0.068845		0.118825		0.48223		0.035525		0.66561		0.2984835		0.863456		0.6162533333		0.49455		0.32753		0.44597		0.64538		0.2793		0.0016036364		0.5405466667		0.5504066667		0.5528433333				0.41006		0.64844		0.56072		0.99507		0.8086366667		0.722





Regressions

		Project				S/C Cost (97 $M)		Actual Development		S/C Complexity		S/C Cost (97 $M)		Actual Development		ln(Cost)		ln(Development)		S/C Complexity

		ACE		NASA Planetary		47.2		45		0.75		47.2		45		3.85		3.81		0.75																																						NASA Planetary

		Clementine  1		NASA Planetary		41.7		18		0.89		41.7		18		3.73		2.89		0.89		0.8001164016																																				Baseline

		DS1		NASA Planetary		83.0		33		0.90		83.0		33		4.42		3.50		0.90																																						Baseline

		Lunar Prospector		NASA Planetary		34.0		30		0.67		34.0		30		3.53		3.40		0.67																																						NASA EO

		Mars Pathfinder		NASA Planetary		150.0		36		0.73		150.0		36		5.01		3.58		0.73																																						NASA Planetary

		MCO		NASA Planetary		78.2		30		0.89		78.2		30		4.36		3.40		0.89																																						Baseline

		MGS		NASA Planetary		110.8		18		1.00		110.8		18		4.71		2.89		1.00																																						NASA Planetary

		MPL		NASA Planetary		78.2		30		0.77		78.2		30		4.36		3.40		0.77																																						NASA EO

		NEAR		NASA Planetary		66.5		36		0.89		66.5		36		4.20		3.58		0.89																																						Baseline

		Stardust		NASA Planetary		91.0		48		0.86		91.0		48		4.51		3.87		0.86																																						Baseline

		Clark		NASA EO		17.2		48		0.75		17.2		48		2.85		3.87		0.75																																						NASA EO

		FAST		NASA EO		22.5		48		0.45		22.5		48		3.11		3.87		0.45																																						NASA EO

		HETE		NASA EO		4.3		24		0.30		4.3		24		1.46		3.18		0.30																																						Baseline

		Lewis		NASA EO		65.0		36		0.85		65.0		36		4.17		3.58		0.85																																						NASA Planetary

		METEOR		NASA EO		75.8		48		0.39		75.8		48		4.33		3.87		0.39																																						Baseline

		Microlab		NASA EO		10.7		23		0.32		10.7		23		2.37		3.14		0.32																																						NASA Planetary

		SAMPEX		NASA EO		83.0		38		0.48		83.0		38		4.42		3.64		0.48																																						NASA Planetary

		Seastar		NASA EO		12.8		31		0.67		12.8		31		2.55		3.43		0.67																																						NASA EO

		SNOE		NASA EO		11.9		36		0.30		11.9		36		2.47		3.58		0.30																																						NASA Planetary

		SWAS		NASA EO		26.7		60		0.65		26.7		60		3.28		4.09		0.65																																						NASA EO

		Terriers		NASA EO		2.7		24		0.28		2.7		24		1.00		3.18		0.28																																						Baseline

		TOMS/EP		NASA EO		51.5		36		0.54		51.5		36		3.94		3.58		0.54																																						Baseline

		TRACE		NASA EO		21.0		24		0.55		21.0		24		3.04		3.18		0.55																																						NASA Planetary

		WIRE		NASA EO		22.0		24		0.55		22.0		24		3.09		3.18		0.55																																						Baseline

		ALEXIS		Baseline		6.8		36		0.35		6.8		36		1.92		3.58		0.35																																						Baseline

		APEX		Baseline		12.8		27		0.50		12.8		27		2.55		3.30		0.50																																						Baseline

		DARPASAT		Baseline		15.8		30		0.28		15.8		30		2.76		3.40		0.28		3.4739768361																																				NASA Planetary

		GFO		Baseline		52.7		42		0.78		52.7		42		3.96		3.74		0.78																																						Baseline

		GLOMR II		Baseline		1.2		12		0.01		1.2		12		0.22		2.48		0.01																																						Baseline

		LOSAT-X		Baseline		14.7		24		0.17		14.7		24		2.69		3.18		0.17																																						Baseline

		MACSAT		Baseline		1.3		22		0.10		1.3		22		0.28		3.09		0.10																																						Baseline

		MicroSat		Baseline		10.1		37		0.13		10.1		37		2.31		3.61		0.13																																						NASA EO

		Mightysat		Baseline		6.7		12		0.22		6.7		12		1.90		2.48		0.22																																						Baseline

		MSTI  1		Baseline		18.4		12		0.39		18.4		12		2.91		2.48		0.39																																						NASA EO

		MSTI 2		Baseline		32.0		18		0.61		32.0		18		3.47		2.89		0.61																																						NASA EO

		MSTI 3		Baseline		32.0		18		0.68		32.0		18		3.47		2.89		0.68																																						NASA Planetary

		POGS/SSR		Baseline		5.3		19		0.03		5.3		19		1.67		2.94		0.03																																						Baseline

		RADCAL		Baseline		4.7		13		0.10		4.7		13		1.54		2.56		0.10																																						Baseline

		REX		Baseline		4.1		26		0.07		4.1		26		1.40		3.26		0.07																																						Baseline

		REX 2		Baseline		4.3		16		0.12		4.3		16		1.45		2.77		0.12																																						Baseline

		SCE		Baseline		5.3		19		0.04		5.3		19		1.67		2.94		0.04																																						NASA EO

		STEP  0		Baseline		30.9		43		0.62		30.9		43		3.43		3.76		0.62																																						NASA EO

		STEP  1		Baseline		25.4		50		0.49		25.4		50		3.23		3.91		0.49																																						NASA EO

		STEP  2		Baseline		16.8		29		0.33		16.8		29		2.82		3.37		0.33																																						NASA EO

		STEP  3		Baseline		17.2		34		0.45		17.2		34		2.85		3.53		0.45																																						NASA EO
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Alternate Reconstruction

		Project		Type		S/C Complexity		S/C Cost (97 $M)		Actual Development		??

		MGS		NASA Planetary		1.00		110.8		18

		DS1		NASA Planetary		0.90		83.0		33

		MCO		NASA Planetary		0.89		78.2		30

		NEAR		NASA Planetary		0.89		66.5		36

		Clementine  1		NASA Planetary		0.89		41.7		18

		Lewis		NASA EO		0.85		65.0		36

		GFO		Baseline		0.78		52.7		72

		MPL		NASA Planetary		0.77		78.2		30

		Clark		NASA EO		0.75		17.2		24

		ACE		NASA Planetary		0.75		47.2		45

		Mars Pathfinder		NASA Planetary		0.73		135.0		36

		MSTI 3		Baseline		0.68		32.0		36

		Lunar Prospector		NASA Planetary		0.67		34.0		30

		Seastar		NASA EO		0.67		12.8		31

		SWAS		NASA EO		0.65		26.7		60

		STEP  0		Baseline		0.62		30.9		43

		MSTI 2		Baseline		0.61		32.0		36

		WIRE		NASA EO		0.55		22.0		24

		TRACE		NASA EO		0.55		21.0		24

		TOMS/EP		NASA EO		0.54		39.4		36

		APEX		Baseline		0.50		12.8		27

		STEP  1		Baseline		0.49		25.4		50

		SAMPEX		NASA EO		0.48		64.2		36

		FAST		NASA EO		0.45		22.5		48

		STEP  3		Baseline		0.45		17.2		34

		MSTI  1		Baseline		0.39		18.4		12

		ALEXIS		Baseline		0.35		6.8		24

		STEP  2		Baseline		0.33		16.8		29

		Microlab		NASA EO		0.32		10.7		23

		SNOE		NASA EO		0.30		11.9		36

		DARPASAT		Baseline		0.28		15.8		24

		Mightysat		Baseline		0.22		6.7		12

		LOSAT-X		Baseline		0.17		14.7		24

		MicroSat		Baseline		0.13		10.1		24

		REX 2		Baseline		0.12		4.3		16

		MACSAT		Baseline		0.10		1.3		22

		RADCAL		Baseline		0.10		4.7		13

		REX		Baseline		0.07		4.1		26

		SCE		Baseline		0.04		5.3		19

		POGS/SSR		Baseline		0.03		5.3		19

		GLOMR II		Baseline		0.01		1.2		12

		TEX		Baseline		0.04		5.3		19

		ATP FAST				0.41		18.0		48

		ATP SWAS				0.65		23.0		48

		ATP SAMPEX				0.56		15.0		36

		ATP Terra				1.00		108.0		69

		ATP FUSE				0.81		47.0		36

		ATP XTE				0.72		83.0		60





Alternate Reconstruction
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		Complexity		Cost		Schedule

		1		35		36		MCO???		Failed

		0.98		95		18		MGS		Impaired

		0.95		80		36				Failed

		0.93		57		18		Clem		Impaired

		0.91		70		36				Impaired

		0.9		110		36				Failed

		0.87		50		36				Impaired

		0.86		30		24				Failed

		0.83		40		72				Non-NASA

		0.8		25		26				Impaired

		0.77		45		30				Non-NASA

		0.76		50		50				NASA

		0.75		30		80				NASA

		0.73		18		20		WIRE		Failure

		0.72		140		36				NASA

		0.7		30		62				Non-NASA

		0.68		40		46				NASA

		0.67		12		20				Non-NASA

		0.63		10		13				Non-NASA

		0.62		20		46				NASA

		0.6		15		44				Non-NASA

		0.57		18		30				Non-NASA

		0.55		20		20				NASA

		0.53		25		46				NASA

		0.5		10		50				Non-NASA

		0.47		22		26		FAST		NASA

		0.4		19		27				Non-NASA

		0.37		14		36				Non-NASA

		0.36		15		12				Non-NASA

		0.34		10		20				NASA

		0.3		10		24				Non-NASA

		0.28		15		27				Non-NASA

		0.22		5		14				Non-NASA

		0.18		3		36				Non-NASA

		0.12		1		12				Non-NASA

		0.11		2		18				Non-NASA

		0.09		2		33				Non-NASA

		0.07		1		33				Non-NASA

		0.05		2		24				Non-NASA

		0.03		1.5		34				Non-NASA

		0		1		12				Non-NASA
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		Project		Type		S/C Complexity		S/C Cost (97 $M)		Actual Development

		GFO		Baseline		0.78		52.7		72

		MSTI 3		Baseline		0.68		32.0		36

		STEP  0		Baseline		0.62		30.9		43

		MSTI 2		Baseline		0.61		32.0		36

		APEX		Baseline		0.50		12.8		27

		STEP  1		Baseline		0.49		25.4		50

		STEP  3		Baseline		0.45		17.2		34

		MSTI  1		Baseline		0.39		18.4		12

		ALEXIS		Baseline		0.35		6.8		24

		STEP  2		Baseline		0.33		16.8		29

		DARPASAT		Baseline		0.28		15.8		24

		Mightysat		Baseline		0.22		6.7		12

		LOSAT-X		Baseline		0.17		14.7		24

		MicroSat		Baseline		0.13		10.1		24

		REX 2		Baseline		0.12		4.3		16

		MACSAT		Baseline		0.10		1.3		22

		RADCAL		Baseline		0.10		4.7		13

		REX		Baseline		0.07		4.1		26

		SCE		Baseline		0.04		5.3		19

		POGS/SSR		Baseline		0.03		5.3		19

		GLOMR II		Baseline		0.01		1.2		12

		TEX		Baseline		0.04		5.3		19

		Lewis		NASA EO		0.85		65.0		36

		Clark		NASA EO		0.75		17.2		24

		Seastar		NASA EO		0.67		12.8		31

		SWAS		NASA EO		0.65		26.7		60

		WIRE		NASA EO		0.55		22.0		24

		TRACE		NASA EO		0.55		21.0		24

		TOMS/EP		NASA EO		0.54		39.4		36

		SAMPEX		NASA EO		0.48		64.2		36

		FAST		NASA EO		0.45		22.5		48

		Microlab		NASA EO		0.32		10.7		23

		SNOE		NASA EO		0.30		11.9		36

		MGS		NASA Planetary		1.00		110.8		18

		DS1		NASA Planetary		0.90		83.0		33

		MCO		NASA Planetary		0.89		78.2		30

		NEAR		NASA Planetary		0.89		66.5		36

		Clementine  1		NASA Planetary		0.89		41.7		18

		MPL		NASA Planetary		0.77		78.2		30

		ACE		NASA Planetary		0.75		47.2		45

		Mars Pathfinder		NASA Planetary		0.73		135.0		36

		Lunar Prospector		NASA Planetary		0.67		34.0		30
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Remarks on Non-NASA Missions

• Non-NASA missions included in study:
– represent a different culture
– smaller than the average NASA mission
– less complex than the average NASA mission
– shorter in duration than the average NASA mission

• Consequence: including the non-NASA missions seems to 
overstate goodness of fit due to pseudo-correlation

• Conclusion: the non-NASA missions represent a different 
population and should not be included in the study of 
science-related missions
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Pseudo-correlation:  An Example

0

20

40

60

80

100

120

0 0.2 0.4 0.6 0.8 1
Complexity

Cost (M$)

Comparing two distinct populations can introduce pseudo-
correlation

Population 2

Population 1

Correlation within each population is zero, but considered as 
one population, correlation is 95%!


Chart1

		0.2

		0.2

		0.1

		0.3

		0.6

		0.8

		0.7

		0.7



Complexity

Cost (M$)

30

10

20

20

100

100

90

110



Sheet1

		

				0.2		30				0

				0.2		10

				0.1		20

				0.3		20

				0.6		100				0

				0.8		100

				0.7		90

				0.7		110				0.9475587394





Sheet1

		



Complexity

Cost (M$)

Example of Pseudo-Correlation



Sheet2

		





Sheet3

		







19

Regression Models

• Regression lines represent an average.  An average
is not sufficient information for parametric indicators.

• Must consider uncertainty – e.g., standard deviations, 
confidence limits

• Missions below the average minus two standard deviations
could be considered to be too risky (for example)

• Another possibility:  treat failure as a dummy variable –
minimum distance between lines needed for significant 
difference
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Regression Models (Cont’d.)

In the graph below, we have added error bands (average +/-
2 standard deviations), and 95% confidence limits

Error bands95% confidence limits
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Regression Models (Cont’d.)
Failure treated as a dummy variable
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Lessons Learned

• May 2000 Aerospace model is a pioneering effort and a 
terrific first step, but there is room for improvement

• Consideration of non-NASA missions questionable
• Discrepancies in data
• Results sensitive to small changes in data
• Complexity metric needs more study – driven by weight?
• Model not directly related to risk
• Simple regression line not sufficient for parametric 

indicators
• Interdependency between cost and schedule not considered
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Goddard Improvements

• Risk should be modeled directly
– We have completed some preliminary work in this 

direction
– Used over 50 NASA missions to directly predict risk, 

using logistic regression 
For one independent variable, the model has the form:
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• Logistic regression
– Algebraically, the logistic regression model has 

the form: 

where g(x) = β0+ β1*x
• Logistic regression arose in epidemiological 

research, and is now commonly employed in 
business and finance, ecology, engineering, health 
policy, and linguistics

Goddard Improvements (Cont’d.)

)(

)(

1
)( xg

xg

e
ex
+

=π



25

• Directly measured the impact of cost, schedule, 
and spacecraft and payload complexity, reliability, 
and new technology advances
– Based on our findings, these predictors better 

predict risk than spacecraft complexity alone
• Our model takes into account the relationship 

between cost and schedule (treated as independent 
in the May 2000 Aerospace model)

Goddard Improvements (Cont’d.)
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• Predicts the probability of the return of scientific 
data - “mission success”

• A NASA metric, the level of technology 
maturation, is a better predictor of success/failure 
than “spacecraft complexity”
– Findings indicate that “spacecraft complexity” has 

little correlation with risk of mission failure
• Model was tested and validated with Authority to 

Proceed (ATP) data

Goddard Improvements (Cont’d.)
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Goddard Improvements (Cont’d.)
Model Performance

Mission Result
Mission 

Success Level Mission Result
Mission Success 

Level
Successful 99% Successful 96%
Successful 99% Successful 95%
Successful 99% Successful 95%
Successful 99% Successful 93%
Successful 99% Successful 93%
Successful 99% Successful 92%
Successful 99% Successful 92%
Successful 99% Successful 92%
Successful 99% Successful 91%
Successful 99% Successful 91%
Successful 99% Successful 91%
Successful 99% Successful 91%
Successful 99% Failure 88%
Successful 99% Successful 84%
Successful 99% Successful 79%
Successful 99% Successful 70%
Successful 99% Successful 67%
Successful 99% Failure 65%
Successful 99% Successful 61%
Successful 98% Successful 58%
Successful 98% Failure 55%
Successful 98% Successful 50%
Successful 98% Failure 45%
Successful 97% Failure 41%
Successful 97% Successful 34%
Successful 97% Successful 28%
Successful 97% Failure 16%
Successful 97%

80% and above "Fly" zone
51 -79% "Caution" zone
50% and below "No-fly" zone
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Goddard Improvements (Cont’d.)
Model Performance

• The statistic                                                         plays a central role in assessing 
goodness-of-fit for logistic regression. For our model, G = 15.615. G is Χ2-distributed 
with six degrees of freedom. Pr(Χ2(6)>15.615)=0.015977, which means the model is 
statistically significant up to the 97.5% confidence level.

• R2 is not a very meaningful statistic for a logistic regression model, which is not exactly 
a regression model. Significant logistic regression models with good fits often have very 
low R2 values, in the range of 0.1 - 0.2. For our model, R2 = 0.294, which is quite good 
for a logistic regression model.

• The area under the ROC(Receiver Operating Characteristic) curve is 93%, which means 
the model has outstanding discrimination ability. Also, according to a ROC analysis, the 
optimum mission success level to distinguish between success and failure is 80%, the 
threshold for our “fly” zone.

• The Hosmer-Lemeshow statistic, C, has a p-value equal to 99.4%, which indicates an 
excellent fit.

]
variablethewithlikelihood
variablesthewithoutlikelihoodln[2−=G
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Goddard Improvements (Cont’d.)
Model Validation

• Mission success levels calculated at both ATP and at 
Completion:

ATP Completion
99% 97%
99% 99%
99% 99%
96% 99%
96% 97%
91% 99%
90% 95%
90% 91%
87% 91%
82% 97%
42% 61%
41% 58%
17% N/A
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Summary and Conclusions

• Replicated May 2000 Aerospace Study with 
Goddard data
– Obtained different results

• Schedule has little relationship with spacecraft complexity
• Cost has a positive correlation with spacecraft complexity, but 

only about half of the failed missions have a lower than 
average cost for a given complexity level

– Our results are consistent with Goddard’s experience, 
and do not invalidate “faster, better, cheaper”
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Summary and Conclusions (Cont’d.)

• Developed a tool with Goddard data that is used 
for decision-making within Goddard
– Model is used by the RAO to independently assess 

mission risk with respect to cost,and schedule
– RAO employs the model in developing independent 

assessments as part of the mission confirmation process
• Mission confirmation is the most important review during a 

mission’s development
– Point at which Goddard commits to cost and schedule
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