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Overview @ uoonmeme

« A sample capture and orientation system architecture
for a Rendezvous and Orbiting Sample Capture
System (ROCS) was developed that provides:

— On-orbit Orbiting Sample (OS) capture, orientation, and
transfer into a containment vessel

— “Captures before contact” to contain Martian dust and
alleviate the need to V&V contact dynamics in zero-g

— Isolation of the OS from the critical sample containment
hardware during capture

— Modularity with clean functional partitioning, spatial
partitioning, and interfaces
* Initial developmental testing was performed

* Plan to develop a full-scale TRL 4 Capture and Orient
Module, and eventually test within an integrated end-
to-end ROCS prototype
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Notional Mars Sample Return Architecture
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Rendezvous and OS Capture @@y sz
System (ROCS) Payload

OS Capture
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ROCS Need, Goals, Objectives, @

Functions

Need
Retrieve the Orbiting
Sample (OS) from Mars

v

Goal 1
Capture OS

J—I ¥

v

Goal 2
Break-the-chain (BTC)
between unsterilized Mars
material and Earth

v

Goal 3
Package OS in upright
orientation in Earth
Entry Vehicle (EEV)

Jet Propulsion Laboratory
California Institute of Technology
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v v v
Objective 1 Objective 2 Objective 3 Objective 4 Objective 6
Cage OS Seal off all unsterilized Seal PCV within a Orient OS to upright Secure OS within EEV
Mars material within a redundant Secondary (sample seal up) to survive all Earth
Primary Containment Containment Vessel orientation Return environments
Vessel (PCV) to seal (SCV) to seal levels A 4 A 4
levels required for required for Planetary Objective 5 Objective 7
Planetary Protection Protection Transfer OS to Release
EEV EEV
|
I
\ 4
X . Function 3.0 Function 4.0 Function 5.0 Functlon 6.0 .

S cHOIERS Function 2.0 Seal OS in Transfer PCV Seal PCV in secure Function 7.0
Capture OS Orient OS Contained Release EEV
to SCV

OS to EEV




Functional Partitioning @ et ropution st

| _ I
| Capture and i Containment I Earth Return
' Orient Module Module I Module
| ' I
' Technical Challenge (Strategyl: Balance technology development efforts; consolidate domains)
Capture/Orient Mechanisms ' Primary/Secondary Seal EDL
I OS State (Strategy: Isolate dypamic interactions) I
| Dynamic I Static Static
I 3 . ] .
Operational Environment (Stfategy: Separate environmental requirements) I
Space ! Internal Internal/Space/Earth
| l .-
| Planetary Protection Cleanliness (Strategy: Separate Planetary Protection zones)
Exposed to Mars Material Clean Exposed to Earth
[
I [
Function 6.0
Function 1.0 Function 2.0 Function 3.0 Function 4.0 Function 5.0 Secure Function 7.0
. Seal OS in Transfer PCV Seal PCV in
Capture OS Orient OS PCV to SCV scv Contained Release EEV
] 0S to EEV
[
L ———————— [}
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Capture Technologies

Bladed Capture Capture Arm Flux Pinning
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avoid jamming ) X e
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Disks (x3)
Cone Cover 5!
Capture Cant 3-DOF
Cone Output Cap e Capture
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Orient Technologies

Wiper Mechanism

Fixed Wiper
(orange)

Pin
Moving Wiper
(green)

oS Rotary

Actuator
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Motorized Cups

Cups
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Capture and Orient Module
Architecture

Capture Plane

Capture and
Orient Module

MACARONE

MArs CApture and ReOrientatioN
for Earth return

Capture and
Orient Module
to Containment
Module
Interface Plane

Assemble OS i ient OS
Primary Containng 5° vertical
Vessel (P |

300 N load =
1 mm precisi¥ :

=

o
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Capture and Orient CONOPS
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Capture and Orient Module @ womnizne
Development Testing
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Beneflts “Capture before Contact” Capture Lid

« Containment of OS and dust prior to first
contact reduces spacecraft contamination risk

» Eliminates the need to simulate contact
dynamics for V&V analysis and testing

« Separates time-dependent capture function
from other time-independent functions

Containment hardware
Isolated from OS contact
during capture, reducing risk
of damage from impact
Subsystem modularity
with clean functional
partitioning, spatial )
partitioning, and = T ——
Interfaces allows for Rotating Cups Orientation Device
development flexibility * No physical OS modification required
and technology flexibility » Cups stow within structure to avoid

contact with OS during capture

« Deterministic, quasi-static operation,
testable in 1 G

Predecisional: for planning and discussion purposes only.
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Integrated ROCS Concept @ ooz

Transfer Paddle +— Capture Lid

Paddle Camera Laser Curtain

Error Compensation +—— Capture Shell
Device
mmmm)  Primary
Containment
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\ Separation Plane =-g========== - - ‘
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Lower Assembly Camera
..------E'\_/I_%_E_R_'Yll _______ Primary Containment _
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Capture & Orient
Module (COM)
Containment CM Primary Structure
Module (CM)
Earth Return EEV Backshell
Module (ERM)

Internal Transfer Mechanism

EEV Ejection Mechanism

Earth Entry Vehicle (EEV)
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Integrated ROCS Concept @ o

183 cm
(6 ft)

“Wizard”
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ROCS CONOPS
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Future Work @ L oo oo

* Develop a full-scale TRL 4 (breadboard validation in a
laboratory environment) prototype of the Capture and
Orient Module
— Autonomous behaviors
— Sensing and telemetry
— Full-size 28 cm OS with realistic surface characteristics

* Integrate the Capture and Orient Module with a
Containment Module and Earth Return Module to
perform full ROCS end-to-end system testing
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6 P's Development Framework @ s

===l Feedforward Flow
== == Feedback Flow

<P Bidirectional Flow
mmmmEl Agsociation

Promotion

Younse, P., J. Strahle, M. Dolci, P. Ohta, K. Lalla, R. Adajian, “Systems
Architecting using Bloom’s Taxonomy to Promote Creative Engineering
Synthesis,” 2018 IEEE Aerospace Conference, Big Sky, MT, Mar. 3-10, 2018.

Predecisional: for planning and discussion purposes only.



Jet Propulsion Laboratory
u I I l I I l a.ry California Institute of Technology

« A sample capture and orientation system architecture
for a Rendezvous and Orbiting Sample Capture
System (ROCS) was developed that provides:

— On-orbit Orbiting Sample (OS) capture, orientation, and
transfer into a containment vessel

— “Captures before contact” to contain Martian dust and
alleviate the need to V&V contact dynamics in zero-g

— Isolation of the OS from the critical sample containment
hardware during capture

— Modularity with clean functional partitioning, spatial
partitioning, and interfaces
* Initial developmental testing was performed

* Plan to develop a full-scale TRL 4 Capture and Orient
Module, and eventually test within an integrated end-
to-end ROCS prototype
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Paulo Younse
paulo.j.younse@jpl.nasa.gov
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Overview @ oo

« A systems architecting methodology was developed to synthesize
complex systems requiring high levels of creativity and expertise

« Methodology was derived from:
— Creativity processes from cognitive psychology
— Principles of learning from educational psychology
— Engineering tools from systems engineering

« Bloom’s Taxonomy was used a framework to develop learning
objectives and activities associated with the tools in the
methodology to develop expertise

« The methodology provides a mechanism to develop deeper
system knowledge and capture complex information

 The methodology is currently being applied to develop elements
of a Mars Sample Return Capture and Orient Module concept

Predecisional: for planning and discussion purposes only. 24



Jet Propulsion Laboratory
California Institute of Technology

Architecting Complex Systems @&

 Modern engineering systems are rapidly becoming
Increasingly complex due to the development of new
emerging technologies and the integration of elements
that span multiple knowledge domains.

 Architecting new and effective complex systems
requires both a high level of creativity and a deep
knowledge expertise stemming from multiple domains.

Predecisional: for planning and discussion purposes on ly.
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Mars Sample Return Example @ sz

* Rendezvous and Orbiting Sample Capture System
(ROCS) designed to retrieve a samples from Mars

« Capture and Orient Module concept to enable
spacecraft-based, on-orbit capture, orientation, and
transfer of a Mars Orbiting Sample (OS) container into
a containment vessel as part of a potential Mars
Sample Return campaign

Predecisional: for planning and discussion purposes only.
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Creative System Architecting @ L Proputn sbortory

 Creativity

— Mental Activity

« Cognitive Psychology: Branch of psychology concerned with the
scientific study of the mind (Goldstein, 2015)

— Expertise

« Educational Psychology: Branch of psychology concerned with
how we think and learn, and how to address learning needs of
students (Long et al., 2011)

« System Architecting

— Engineering Tools

« Systems Engineering: Branch of engineering concerned with
engineering complex systems, where a system is a set of
interrelated elements working together toward a common objective
(Kossiakoff et al., 2011)
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Creativity @ oz

 Sociocultural definition (Sawyer, 2009)

— “Creativity is the generation of a product that is judged to
be novel and also to be appropriate, useful, or valuable by
a suitably knowledgeable social group.”

 Creativity framework (Rhodes, 1961)
— Product
— Person
— Process
— Press

Predecisional: for planning and discussion purposes only. 28



6 P’s Creativity Framework

Stakeholders
Sociocultural
environment

Proof
User

Experience

Velrification .

------->
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Creative Process @/ Jet Propulson Laboratory

« Eight stage process (Sawyer, 2009)
— Find and formulate the problem
— Acquire knowledge relevant to the problem
— Gather a broad range of potentially related information
— Take time off for incubation
— Generate a large variety of ideas
— Combine ideas in unexpected ways
— Select the best ideas
— Externalize the idea using materials and representations

Predecisional: for planning and discussion purposes only.
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Problem Solving Blocks @ s

« Common psychological barrier to problem solving
(Weiten, 2017)
— Irrelevant information
— Functional fixedness
— Mental set
— Unnecessary constraints

Predecisional: for planning and discussion purposes only.
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C re atlve P ro CeSS @ California Institute of Technology
Addresses: Learning

« Mental Set (—‘—

* Unnecessary Constraints
—
Formulate Problem
* Functions
+ Evaluation Criteria
Acquire Relevant
Knowledge \
» _ Previous Concepts N\ LN e Select Best Ideas | Externalize Ideas
_ Ve Joleis | « Select Concepts |+ Prototypes
Acquire Related /  New Concepts
Information
* Relevant Technology
Combine Ideas ]
* System Element Addresses: _
Combination * Irrelevant Information

Addresses:
 Functional Fixedness
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Principles of Learning @ sommizere

* Research-based principles from the science of learning
to help build transferable knowledge (Mayer, 2014)
— Dual Channels Principle
— Limited Capacity Principle
— Active Processing

3-5 chunks of information

’@@ e

'!g“ﬂ-

MULTIMEDIA SENSORY LONG-TERM
PRESENTATION MEMORY WORKING MEMORY MEMORY
o G H . .
ripper f selecting Sounds organizjng Verbal
Arm” Words \ sl Ears words ™| words §7| Model
\ ) Prior
¥ Knowledge

i selecting Images organizing Pictorial
\| Fictures 17 Eyes imagds T imasss 1| Model

Cognitive Theory of Multimedia Learning (Mayer, 2014)
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N Jet Propulsion Laboratory

Bloom’s Taxonomy (QOriginal) N

SA California Institute of Technology

Evaluation
A

Analysis

Application

Simple to Complex
Concrete to Abstract

Comprehension

(Bloom, 1956)
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Bloom’s Taxonomy (Revised)

| Concrete to Abstract

* Revised Bloom’s
(Anderson et al., 2001)

Jet Propulsion Laboratory
California Institute of Technology

Simple to Complex

T —)

Cognitive Process

(] (o] o < wn ((-]
5 2
]
o 8 (]
[ )
5 g > = S e
§ | g | g s |8
2 S < < @ S
RS oy DS el < || < o || &
"W NN N[N N N NOO T ||| 0 [CHARCRR]
w| &
c| .S S o0 =] 00 oo
EmﬁQEEuégg"S%?Em?Eu?
cl el ST > o € ‘c| s N < |5 c|'C
&= sl glE(S|E|5(E5|2|S|3|=|3|8|E|S
S 5D G HEREEIF B IR
503 SepsE|E| 5|2 g SlE| 2|22 5|88
n:n:E_e,-ZEULouEQO<UUUEn.
A |Factual A.A [Terminology x | ee,. “
A.B [Specific Details/Elements X T~ 0’/)9'* X | x| x
Conceptual B.A [Classifications/Categories ~ 6’/
o B.B |Principles/Generalizations X | X T~ g
%" B.C |Theories/Models/Structures
= Procedural C.A |Subject-specific Skills/Algorithms
é C.B |Subject-specific Techniques/Methods
C.C |Criteria for Procedure Use
D [Metacognitive D.A |Strategies
D.B |Cognitive Tasks
D.C (Self-knowledge

Learning Objective = Cognitive Process + Knowledge
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Systems Engineering Tools

Morphological Matrix Design Structure Matrix

&£ . o
Internal R 2 o H k-4 3
e | = - <
Process Instrument e ] §_ g g é % % .E g g
S|E|&8|z<|2|3|B|8|3|8|%
Lifting Wheels X | x Parts List Cover Impeller Housing Motor Motor Shaft
Propelle X Cover X Close to Touch Aligned with
Wings X | x X X
Closed hull X X Impeller Close to X Surrounds Touch/ is encircled by
Open hull X X . I . -
Propelling W}:nl . X [ x Housing Touch ‘Within X Touch Is encircled by/aligned
eels
Propeller X | xX|x X | X X Motor Touch X Within/touches
Jet X X - - -
;mity X Motor Shaft | Aligned with Touch/ Encircles/ Surrounds/ X
Guiding Wheels X encircles aligned touches
Propeller X
Rudder X | x x| x| x|x|x]|x
“Ground” X

(Crawley et al., 2016) (Crawley et al., 2016)

House of Quality Diagram Decision Matrix

s | 2 E | ¢

Issue: ié 3 u§’ E -%
Choose a MER wheel configuration B k=i o £ =
& S | £ & | 2

Mass efficiency 35 0 0 1 ?
Manufacturability 10 0 —1 -1 ?
Available internal wheel volume 20 S 1 1 1 ?
Stiffness 5] A 1 1 1 ?
Total 2 1 2 ?

Weighted total 55 45 80 ?

(Ullman, 2016) (Ullman, 2016)
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Methodology

Formulate Problem
+ Functions
« Evaluation Criteria

Acquire Relevant

Creative Process Knowledge

« Previous Concepts Incubate/Generate Select Best Ideas Externalize Ideas

tO Generate 7 B ] . Select Concepts | * Prototypes

Acquire Related * New Concepts

Creative ldeas Information

« Relevant Technology

Combine Ideas
System Element
Combination

Ef?gii‘i

sk

Tools to Carry out
Creative Process
Stages

1

Apply Principles of Learning
with Bloom’s Taxonomy to |/
Facilitate Learning ‘
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System Architecture Methodology@
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System Synthesis

System Knowledge Generation

Brainstorm
= 3. Brainstorm Concepts Visual-
1. :;mctu:p TrTe Concepts Verbal
SCLTIEUEIE Evaluation il
Py Document |
Objective - Element
J Matrix - Concepts s
- General O | Synthesis |
L nct-lon - Individual ! 9. Prototypes
- Techniques | | - Select Concepts
= Previous | | o
4. Previous Concepts Visual- | | 6. Compa1.:|b|l|ty
System Concepts Verbal | Matrix
Evaluation Dot | | - Elements 8;:2:22:;?::!:2‘1
. Matrix - Concepts i
2..Eva.luat|on - Focused Tech | - Select Concepts
Criteria Table - Project i |
- Requirements |
- Standards [
- Design Technology | | 7. New System New Concepts
Principles 5. Technology Visual-Verbal | | CiEEns Visual-Verbal
- Best Practices Evaluation Document | | Elerments Visual- Evaéuatl'ot'_‘ Matrix EDotI:u?ent
- Considerations Matrix - Concepts | - Evolutionary - Evolutionary
- State of Art | | o Verbal Concepts Concepts
- State of Tech | ' é’lcume't‘t - Revolutionary - Revolutionary
- Heritage i : = s Concepts Concepts
L
C ivity S Formulate Acquire Relevant Acquire Related Combine Ideas Incubation/ Select Best Ideas Externalize Ideas
reatl\”ty tages Problem Knowledge Information Generate Ideas
Function Tree Evaluation Discovered Synthesized System Concepts System Elements Compatibility Recommended
Tools Criteria Table Systems Systems Visual-Verbal Visual-Verbal Matrix Concepts Table
Evaluation Evaluation Document Document
Matrix Matrix

Predecisional: for planning and discussion purposes only.

38




Function Tree

KOperation: Assemble OS )

(Recognize, Detalls) \into Primary Container

\ 4

[ Function: 5 DOF control |

(Interpret, Principle) __and translation of object )

(Categorize, Method)

v v v
[ No Force | Field Force | [ Applied Force |
v ‘ ‘ ‘
Framg Magnetic Gravitational Thermal Vibration
Translation Expansion

Potential
Energy Loss

Radiation
Pressure

(e

I

Mechanical
Manipulation

Fluid
Flow

(Exemplify, Principle)
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Evaluation Criteria Table

(Categorize,
Details)

(Recognize,
Terminology) Principle)

(Summarize,

(Exemplify,

Principle)

Example of a Example of an
Criteria Definition . P R P Weight Rationale
Satisfactory System Unsatisfactory System
Hinged link with 1 6 DOF arm for OS .
L. . . . System mass critically
Intrinsic Physical mass of system| actuator to close PCV |manipulation plus 6 DOF L
i System . . affects the mission
Design Mass (CBE + contingency) Lid over OS and onto |Stewart platform for PCV| 9 L
L Resources ; . timeline due to longer
Criteria measured in kg PCV Base has a mass of| Lid placement has a . )
acceleration times
5kg mass of 50 kg
Hinged link with 1 L t d vol
ihged link wi Four bar linkage with ) a.rger stowe V(_) un.'l.e
actuator to close PCV . . limits volume availability
Stowed volume ) PCV Lid and link transfer
Volume ; Lid over OS and onto . . 7 for supplemental
measured in m”3 PCV B ies 0.03 with cone occupies 0.5 loads ( nsor
ase occupies 0. mA3 when stowed pay o.a s (e.g., sensors,
m”3 instruments)
L ber of
1DOF arm to load OSin meachaenri::':reeru?res
Number of independent Linear actuator with | PCVBase, 1 DOF arm to additional en inqeerin
System Mechanism movin elementps within PCV Lid to assemble OS| position PCV Lid over 4 su ortgand &
Parameters Count fhe svstem into PCV Base (1 PCV Base, 1 DOF arm to develo F::\Jent rogram
¥ mechanism) assemble PCV (3 P prog
. (more resources, but
mechanisms) .
implementable)
DOF fi L f
Hinged link with 1 mar16i ucl)atiaorr:n I?Jrs(;SDOF actu:trgt:sr :eurzit;:g ?’nore
Actuator Number of actuators actuator to close PCV P P . . q o
- . arm for PCV Lid 6 drivers and avionics
Count within the system Lid over OS and onto manipulation (12 support (important, but
PCV Base (1 actuator) P PP p . !
actuators) not driving)
Life e . Detailed design of High-level Foncept Higher CML reduces.risks
. Concept Maturity Level | concept developed to sketch without and development time,
Cycle |Development| Maturity ) : . . . . 3
Criteria Level (CML) as defined in [33] | level of Critical Design |supporting analysis (CML but ample development
Review criteria (CML 9) 1) time currently available
C=(N1xN2x Higher complexity
6 DOF arm for OS
N3)7(1/3), where N1 = . o . . increases design,
Hinged lid with 1 manipulation plus 6 DOF ] .
.. [number of elements, N2 assembly, integration,
Complexity actuator (N1 =2, N2 = [Stewart platform for PCV[ 4

=number of types of
elements, N3 = number
of interfaces [1]

2,N3=3,C=2.3)

Lid placement (N1 = 24,
N2=4,N3=50,C=16.9)

and test challenges
(important, but not
driving)
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Discovered Systems
Evaluation Matrix
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- 5 " o | E
S = & e8| g £
E £ 2 g3128| 8
g 2 5 R O
- < © o A ]
5 s 5 |g
o
£ 8 3 & | o
w 8 2 El.|8 g8
— - >
£128|w| [213]5(5.|/3/322¢E|%
ls|E|l=| 6| 8| 21 E|e|Q|2|8| 5|9
2SSl 8 22| ]| 5 o O O I = B I~
g| 6 5|8 212|§8|&|2|E| 8|S
o L [ $181%8|°l¢elz
5 =<2 [S|&8
S| 1313
N | N
e ® | ®
Dlg|l7|al6|3]a § g
System Concept DOF , = 2| 2
Link Transfer Blades 3 . 3/3[3[3[4]2]06[08
Arm Transfer |3 DOF Turret Arm 3 :///%://///% 1 l2]4a]5[3]3]|3]06]08
Gripper Arm 6 s | [1fafal1]a[1 [eafeq]

Paddle Dorade 1 /a7 |s|3|s5|s5]|1]5 |o8l09

Transfer Douter 1 ' W% // 4]15/4]5]2]|4]08|0.9

Linear Pick-Place Arm 2 % ) |2]3]|3]a]2]3]06[07

Actuator Crane 2 % //// 2|13|5]4|1]3]0.6]|0.7

Criteria Weight

System Mass 9 5 3 5 1 5 1
Resources Volume 7 5 5 4 2 5 3 .

System Mechanism Count 4 5 5 3 3 5 1 Synthes_lzed Sys_tems
Parameters Actuator Count 6 5|5|5|5|5]|5 Evaluation Matrix
D Conceg;n'\:'slt:xfiitt\\/ﬂevel Z : i ‘3‘ i g ; similar, except for

Normalized Element Score| 1 | 0.9 | 0.8 - 1 |05 SyStemS are generated
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........

System Concepts Visual-
Verbal Document

sien
ggggggg

mmmmmmmmm

Previous ROCS Transfer Concepts

4 MOSTT Task

Dorade Pick-Place Arm

/NeMO Project \
\\ ® K

Q DOF Turret Arm/ \_ Blades Y,
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System Elements Visual-

Verbal Document

nnnnnnnnn
nnnnnnnn
uuuuuu

~Gener
mmmmm

........

2 Evaluation
.........

sien
uuuuuuu

mmmmmmmmm

/ Actuation \

/ Linkage \

T~

Link End

\_ atJoints

Transmission

Belt

Lead Screw /
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Compatibility Matrix

System Element

o
C —
S 7 &%
+ — ©
© E ~
= ) c
@) c |
< £
|_
wn
. = £
(@] ; — =
+— (@) o (7}
= = = O © Q
()] %) — N
a 8 o o © > —_—
© = c o) ©
o — 7 fus
o c )
= 2

Actuation

Rotary Motor

Transmission

Gearing

Belt

Lead Screw

Linkage

Link End at Joints

Four Bar
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Legend/Score

Positive Synergy

N/A

Independent

Indeterminable

Negative Synergy

Not Compatible
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Recommended Concepts
Table

2 Evaluation

~Considerations

Actuator Compatibility
Rank

Transfer Mass BTC Hardware Complexit
Protection P y

Count w/BTC

2 DOF Complexity,
Turret Arm C=5.1
N7 i
4 3 DOF 53 K
Turret Arm 8

BTC Base
Blades 22 kg contacts
energetic OS
Crane

Complexity,
D

2 actuators

Provides limited

linear motion during | 4

PCV assembly

2 actuators
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System Synthesis

System Knowledge Generation

Brainstorm
" 3. Brainstorm Concepts Visual-
1. Functlo.n Tree Concepts Verbal
: %T:rz-::.onal Evaluation Document |_ ; = t_ =
ective a emen
Gj | Matrix geoncents | Synthesis |
- ene.!ra - Group Y |
Funct'lon - Individual I 9. Prototypes
- Techniques | | - Select Concepts
Previous | |
4. Previous Concepts Visual- | | 6. Compatibility
System Concepts Matrix
Y Evaluati P Verbal | | El t 8. Recommended
v uat_lon Document | ! Sremens Concepts Table
2. Evaluation L - Concepts I sel pc
i~ - Focused Tech | | - Select Concepts
Criteria Table - Project .
- Requirements i |
- Standards
- Design Technology | | 7. New System New Concepts
Principles 5. Technology Visual-Verbal | | Cor.lcepts . Visual-Verbal
- Best Practices Evaluation Document | | A SR Evaluation Matrix (DI
- Considerations Matrix - Concepts | | Verbal : Ezol utnor:ary : EZOI utnon:ary
- oncepts oncepts
State of Art | Document o i - i
- State of Tech | Revolutionary Revolutionary
- Heritage | : - Elements Concepts Concepts
I
C tivity St Formulate Acquire Relevant Acquire Related Combine Ideas Incubation/ Select Best Ideas Externalize Ideas
reativity >tages Problem Knowledge Information Generate Ideas
Function Tree Evaluation Discovered Synthesized System Concepts System Elements Compatibility Recommended
Too | s Criteria Table Systems Systems Visual-Verbal Visual-Verbal Matrix Concepts Table
Evaluation Evaluation Document Document
Matrix Matrix
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Architecture Methodology

System Synthesis
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B e n e ItS California Institute of Technology

» Tools used as learning activities (not simply for
Information capture)

« Tools capture and classify higher level knowledge (aids
In knowledge retention and transfer)

* Focus on system evaluation prior to creation aids in
generating quality ideas (not just quantity of ideas)

« Breadth and depth of knowledge enhances flexibility
with problem redefinition

« Expands system leadership’s role as an educator (not
simply a task manager or information dispenser):
— Cognitive guide
— Implementation of learning tools and management of
learning activities (aided by Bloom’s classifications)
— Formative assessment of knowledge
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Future Work @/ L Popuen aportor

 Collaboration with systems engineering, cognitive
psychology, educational psychology, creativity, and
education researchers and practitioners to further
develop aspects of the methodology

* Development of assessment methods
« Determination of boundary conditions

* Integration of metacognitive knowledge elements,
affective domain elements, and promotion methods
from marketing and consumer behavior fields

« Application of the methodology to elements of the Mars
Sample Return Capture and Orient Module
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Jet Propulsion Laboratory
California Institute of Technology

Evaluation Criteria Definition Creative Synthesis

Requirements

Standards
Design Principles

Externalize Ideas

Best Practices Select Best Ideas

External Considerations Incubate/Generate Ideas

Criteria Combine Ideas

Acquire Related Information

Acquire Relevant Knowledge

Formulate Problem
Scores

. Element Compatibilities, 4
Select Concepts and Elements

. Concept Structures, 4

Functional Elements

® OQOperational Objective

Remember

Knowledge Generation Cognitive Processing Depth
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Flux Pinning Technologies
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