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Motivation
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« This work was originally presented at AIAA SPACE Canerence in
2018 and published in Acta Astronautica in:2020

 Before this study no independent valldatlon of PRICE and $ER was
publicly available . ¥ o g

 PRICE Systems and Galorath have performed valldatlon studles of
PRICE and SEER for NASA missions

— PRICE is advertised to have an average error of +Jn/° and
standard deviation of 13%

— SEER is advertised to have an average error of -1% and standard
deviation of 19% :

« The Goal of this Study is to independently assess the accurac“y and
precision of PRICE TruePlanning — Space Mission Catalog and
SEER-H in a blind study
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Tool Comparison: Primary
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SEER’s Error in Estimating Total Missidn*C@gsts

L3

» Average error weighted by cost of SEER Total Mission Error

missions: 5% 120%
— Meaning small systematic error 100%
* Average error: 23% 80%
» Median error: -0.3% 60%
« Standard Deviation: 43% 40%
« SEER is equally likely to T s
overestimate or underestimate cost 0%
« SEER tends to over estimate small 0%

missions and under estimate large
missions

-40%

-60%

®m Weighted Average ®m Average Median
Standard Dev IBEX m CONTOUR

m\WISE ®m New Horizons m MESSENGER

mGRAIL Deep Impact ® MAVEN

m DAWN Kepler m SMAP

Juno



SEER Results — Payload and Spacecraft_

« Large variance in
payload estimates likely
due to lack of technical
details provided in
CADRe data

« WBS 5 Payload

— Cost weighted average
error-1%

— Average error: 34%
— Median error: 31%
— Standard Deviation: 54%

« WBS 6 Spacecraft

— Average error (weighted by
cost): -3%

— Average error: 16%

— Median error: 2%

— Standard Deviation: 39%

Percent Error

Weighted Average
Average
Median
Standard Dev
IBEX
m CONTOUR
= WISE
m New Horizons
MESSENGER
mGRAIL
Deep Impact
= MAVEN
mDAWN
Kepler
mSMAP
Juno

Mission Total

5%
23%
-0.3%
43%
-16%
99%
64%
52%
87%
-5%
3%
25%
-3%
-11%
-42%
-19%

WBS 5 - Payload
Total

-1%
34%
31%
54%
1%
64%
84%

99%
103%
32%
30%

-45%
-47%
-21%

WBS 6 -
Spacecraft Bus
Total

-3%
16%
2%
39%
-22%
92%
-3%
54%



SEER Results — System Level Costs

SEER overestimates mission S00%

level systems costs 250%
— Cost weighted average error: 22% 200%
— Average error: 62% 150%

— Median error: 12%
Percent Error 100%

— Standard Deviation: 99%
= 00
SEER underestimates o0 Il : |” |
- [ |
- -I 1

Spacecraft systems costs 0%
— Cost weighted average error: -28% -50%
— Average error: 4% 100%

. . WBS 1,2, &
Median error: -33% Mission o
Total 3-PM, SE,

— Standard Deviation: 67% SMA

Weighted Average 5% 22% -28% 33%
WBS 10 IAT Average 23% 62% 4% 64%
— Cost weighted average error: 33% Median -0.3% 12% -33% 42%
— Average error: 64% Standard Dev 43% 99% 67% 70%
— Median error: 42% IBEX -16% -50% -62% 128%
K = CONTOUR % 264% 166% 165%
— Standard Deviation: 70% 99% 64% 06% 05%
o mWISE 64% 95% -58% 127%
Definitions: m New Horizons 52% 18% 15% 153%
- : mGRAIL -50 9
— SE (Systems Engineering) o% 81%
B Deep Impact 3% -37% 18%
SMA (Safety and Mission Assurance) 2 MAVEN 5% 27% 16%
IAT (Integration Assembly and Test) = DAWN -3% 6% -19%
Kepler -11% -19% 10%
m SMAP -42% -16% -1%
Juno -19% 1%

Spacecraft

PM, SE, IAT WBS 10 IAT




« User inputs optimistic,
most likely, and
pessimistic estimates
for all inputs

— Most of inputs are
automatically filled by
SEER

* 9outof 12 (75%) of
the missions fell in the
80% confidence
interval

— SEER’s uncertainty
capabilities performed as
expected

Normalized

Cost

Mission

Actual Cost
Point Estimate
80% Confidence Interval
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Summary of SEER Resul



» Average error (weighted by cost):
43%

* Average error: 52%

* Median error: 50%

« Standard Deviation: 45%

» All missions except for two were
overestimated

« Large systematic error, but
standard deviation not much larger

than SEER
— PRICE has similar precision to SEER

L3

160%
140%
120%

100%

-20%

-40%

Weighted Average ®m Average
Standard Dev m |IBEX
m WISE New Horizons
m GRAIL m Deep Impact
DAWN Kepler

Juno

80%
Percent Error  60%
40%
20% I
0% I I

Median
CONTOUR
m MESSENGER
= MAVEN
u SMAP
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PRICE Results - Payload
and Spacecraft

 PRICE’s error and standard
deviation for Payloads is
much smaller than it is for
spacecraft
« WBS 5 Payload
 Average error (weighted by
cost): 9%
* Average error: 17%
* Median error: 18%
« Standard Deviation: 37%

« WBS 6 Spacecraft

» Average error (weighted by
cost): 31%

* Average error: 60%

* Median error: 31%

« Standard Deviation: 79%

250%

200%

150%

100%
Percent Error
50%

0%

-50%

-100%

Weighted Average
Average
Median
Standard Dev
m IBEX
CONTOUR
m WISE
New Horizons
m MESSENGER
mGRAIL
m Deep Impact
m MAVEN
DAWN
Kepler
m SMAP
Juno

Mission Total

43%

52%

50%

45%

-15%
140%
80%

47%

85%

42%

89%

53%

14%

86%
-20%
24%

Payload
Subsystems Total

9%
17%
18%
37%

-31%
-31%
44%

20%
81%
16%
38%

51%
-35%
14%

Spacecraft Bus
Subsystem Total

31%
60%
31%
79%
21%
213%
127%
38%
51%
-43%
116%
24%
1%
188%
-24%
4%



PRICE Results — System 500%
Level Costs
400%
300%
Extremely large errors in
. . 2000
predicting system level Percent Error 200%
COSts
100%
WBS 1, 2,818 ] 0 1l O K, 0
Average error (weighted 0% m " - | !
by cost): 106%
-100%
Average error: 131% "1 Mission All Systems  WBS1.2 &
. Total Costs (WBS 3-PM, SE, WBS 10 IAT
Median error: 128% 1,2,3 &10) SMA
B . 3 Weighted Average 43% 83% 106% 166%
Standard Deviation: 118% Average 52%% 101% 131% 210%
: Median 50% 72% 128% 228%
WBS 10 IAT Standard Dev 45% 116% 118% 114%
Average error (We|ghted m |BEX -15% -31% -45% 234%
. 0 CONTOUR 140% 398% 403%
by COSt)' 166 /0 m WISE 80% 113% 130% 223%
Average error: 210% New Horizons 47% 59% 56% 296%
. ® MESSENGER 85% 143% 235% 67%
Median error: 228% GRAIL 1o, e i i
® MAVEN 53% 97% 250% 130%
System level errors are DAWN 14% 43% 43% 44%
. : Kepler 86% 66% 128% 292%
likely driven by subsystem S ok o, . oot

level errors. Juno 24% 72% 134%




PRICE Uncertainty Quantification

« User inputs optimistic,

mOSt I|ke|y, and 25 ® Actual Cost
. s . Point Estimate
peSS|m|St|C eStlmateS for 25 ].: 8((;‘?«2[C0:1F::1:nce Interval
some inputs
— No uncertainty inputs are o
auto filled in PRICE Cost

* None of the missions fell
in the 80% confidence
interval

« Point estimates typically
fell at the 0-10%
confidence level, i.e.
outside the 80% Mission
confidence interval

15



Discussion o

* Mass Estimating

— Common Assumptlons : "
» Optimistic: Current best estlmate
- Most Likely: Current best estlpate +con
* Pessimistic: Most Lk 2
— Mass estimates from CD

« 30% estimate was Ilkelya.
» Using CDR rather than IaUEiCh datal dd
« Prototyping Assumptions ﬁﬁ g
— Standard assumption of &%3 proto'
number of prototypes = 4

. Subject Matter Experts/Mlssmg Docum

— This results in Iarge mncert_aflnty nﬁ_;p
» Experience of Estimators i T
— Estimators had formal tralnlng frcrm PRICE &yst_ e use of PRICE

" ing exercises
prior to beginning the study &

— Estimators had access to experlenced estll'm_ IS 1 16



Conclusions

.

- SEER’s uncer't_a’infy.:-:d :
— 9 out of 12 (75%) 0

- Both SEER and F
— External factbrs__'
- Mass margin
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Outline




Introduction_

.

+ What is parametric cos
— Using a set of (;_fﬁ‘ét’*
few key pieces of

— Cost estimati
 Parametric costing tc
— Commonly used
future space mis

— Allow users to qui ;
detailed designs

— Frequently used by
proposals

« Two parametric costi
— PRICE TruePlanr

— SEER-H (with EOS

5 LLC




What Do PRICE a

estimate the foll

NASA Work Br
(WBS)

3 Safety & Mission £
4 Science/Technolog
5 Payload

6 Spacecréﬁ

7 Mission Operatic

8 Launch Vehicles)

9 Ground Systems
10 Systems Integre
11 Education and P




SEER Results — Spacecraft Subsystems

300%

250%
200%
e Large errors in 150%
eStlmatlng InleIduaI Percent Error 100%
subsystems tend to 500 ‘ | I |
average each other out. 0% | I|_I . | |I I|I = il |
-50% | I |
-100%
Bus
Subsystems Structures Thermal Propulsion GN&C
Total
Weighted Average 8% 18% 17% -19% 8%
Average 24% 46% 38% 18% 43%
Median 24% 48% -14% 4% 19%
Standard Dev 41% 59% 90% 69% 2%
IBEX -1% 6% -27% -50% 19%
mCONTOUR 82% 57% 17% 4% 246%
mWISE 34% 148% -48% 28%
m New Horizons 66% 8% 97% 88% -1%
MESSENGER 48% 134% 264% 8% 48%
m GRAIL -36%
Deep Impact 14% 80% -14% 45% 4%
= MAVEN 39% 48% -27% 157% 41%
m DAWN -9% 7% 37% -51% 66%
Kepler 7% 60% 93% -715% 9%
u SMAP -42% -62% -26% -60% -37%

Juno -15% -6% -61% 3%




SEER Results — Spacecraft Subsystems

500%

400%
« Extremely large errors 300%
18 C&DH and Power Percent Error 200%
subsystems due to lack
100%
of knowledge of “ | | |
heritage. 0% ! |I'| III | AL T
-100%
Bus Electrical
Subsystems Comm Power Harness C&DH
Total
Weighted Average 8% -31% 35% 6% 68%
Average 24% -2% 69% 7% 91%
Median 24% -30% 34% -2% 10%
Standard Dev 41% 47% 97% 29% 148%
IBEX -1% 90% 52% -57% -29%
B CONTOUR 82% 44% 93% -5% 139%
m WISE 34% 34% 9% 10%
® New Horizons 66% -31% 40% 9% 232%
MESSENGER 48% 5% 34% -8% 73%
m GRAIL -36%
Deep Impact 14% -26% 21% -14% -22%
® MAVEN 39% -30% 97% 55% -38%
= DAWN -9% -62% -12% 38% 462%
Kepler 7% -30% 352% -10% 118%
u SMAP -42% -70% 10% 0% -48%

Juno -15% -52% 0% 12%




PRICE Results —
Spacecraft Subsystems

Large errors in predicting
costs of individual
subsystems.

350%
300%
250%
200%

150%
Percent Error
100%

50%
0%
-50%

-100%

Weighted Average
Average
Median
Standard Dev
m IBEX
CONTOUR
m WISE
New Horizons
m MESSENGER
mGRAIL
m Deep Impact
= MAVEN
DAWN
Kepler
m SMAP
Juno

Spacecraft
Bus
Subsystem
Total

31%
60%
31%
79%
21%
213%
127%
38%
51%
-43%
116%
24%
1%
188%
-24%
4%

Structures

42%
85%
46%
80%
42%
180%
247%
46%
46%

135%
43%
97%

138%
-50%
10%

Thermal

23%

35%

12%

82%

-36%
40%

-65%
129%
203%

74%
-43%

12%
113%
-0.1%
-44%

Propulsion

-51%
-33%
-32%
40%
-26%
-0.2%

-31%
58%

-34%
-20%
-56%
-82%
-90%
-49%

GN&C

5%
28%
-2%
92%

-10%
305%
-1%
-16%
771%

-2%

14%
0.1%
-28%
-40%
19%



PRICE Results — 700%
Spacecraft Subsystems 600%
500%
400%

 Largest standard deviations
are in subsystems which are

Percent Error 300%

primarily electronics. 200%
= bt all 1yl
« Power ove Ml ||'| I ‘ || |I| I”I
« Communications | |
-100%
« GN&C Spacecraft _
Bus Comm Electrical Harness C&DH
Subsystem Power
Total
Weighted Average 31% 57% 82% 52% 111%
Average 60% 109% 151% 65% 113%
Median 31% 92% 109% 73% 71%
Standard Dev 79% 143% 178% 62% 142%
m |IBEX 21% 310% 17% -52% -22%
CONTOUR 213% 309% 363% 156% 168%
mWISE 127% 245% 205% 62%
New Horizons 38% 4% -8% 73% 154%
m MESSENGER 51% -61% 109% 91% 71%
m GRAIL -43%
® Deep Impact 116% 130% 149% 37% 188%
= MAVEN 24% -13% 115% 96% -34%
DAWN 1% -55% 43% 142% 461%
Kepler 188% 262% 613% 26% 217%
m SMAP -24% 92% 15% -51%

Juno 4% -31% 41% 16% 29%




SEER’s Errors
Average err
Median errol
Weighted error

PRICE’s Errors
Average err

Median error: 50
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