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12 Access to space has become very oompetmve
| = Europe, Japan and China have driven down the cost-per-pound of
i payload to almost a third from 1990 to 2000 |

Cost has Ieveled in recent years to around $12, OOO/lb

" One of NASA's goals is to reduce this cost by a factor of 10

| or more by fostering new technologies development
.| " Affordable space exploration is a must----and commercial
e lf)V(DlVe'T‘e”t i key

L A technology that will help Iower costs is the “Integrated
System Health Management (ISHM)”

= Will help reduce the operating, processing and maintenance costs
in flight vehicles and ground support systems.




P ’;‘ _ Integrated System Health
L i il ‘ Management (ISHM)

@H' "’automatucally and autonomously acqulres mformatlon L 4*1

i

»_,acqwred mformatuon and its prior knowledge

‘.J,-Tf*Ultlmately, ISHM systems shall perform fallure predlctlon
. and remediation before actual failures oceur, preventing
| costly consequences. |




Current Gaps in ISHM

|thms and I\/Iodels |

ealth Monitoring, Prediction and Diagnostics

.| Degradation, Failure, Remaining Life

G Autonomous Operation |

‘ | ®|ncluding auto-calibration and reduced malntenance cycles
. Ablllty to Certify

I {

" TQOIS ; LEL | : |
lt'. 2 3 fi

i . Desugn tools for optlmlzed ISHI\/I systems, and sensor networks
e Understand and capture decisions ourrently made by people
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| $:|rnpler to mterfaoe separate systems

i,jBetter Integration of information amang separate systems

. (e.g, Vehicle ISHM, Command and Control, Ground Support
Equupment Loglstuos efc...)

Apvanced Archlteotures
| Reconfigurable
{ = Upgradeable ;
e . Support l\/IuItlpIe Conﬂguratlons of Vehlcles or Equment

gy { 4 & f & .‘ t i., !.
1
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a ngher bandW|dth
ff-. Bandwidth “on- demand”
Ll Intelllgent processung of data

1' ‘.*

| I_n‘creased Certalnty/Rellablllty

" ngh quallty data s a central goal of ISHI\/I Data sdurces
.. sensors and their associated data acquisition systems
oonstltute the foundatlon of the system‘ b
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i ' A smart sensing archlteoture supports the vaLIISItlon of rellable
| hlgh quallty data to be used by the ISHM A

J:i' »iArchitectur?e,_ Embe’dded"diagndstic'agents and cpmmuniCafion
protocols L |

4
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E defmltuon of a Smart Transducer

: VE’EE:’ 1461.1; 3,134 Smart Transducer: “A transdueer that ,orowdes
_funot/ons over and above that necessary for generat/ng a correct
representation of a sensed or controlled physical quantity.' This

.| Tunctionality typically simplifies the integration of the transducer into
i appllcat/ons in a networked environment,” &

: ,"?IEEE Detalled Archltecture for Smart Transducers

i e " It s specually detalled descrlbmg the commumcatlon meohanlsms
e ~ to be used by smart transducers. The main goal of IEEE 1451 is to
develop an architecture that is network and vendor ‘independent
with a common transducer interface.
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Characterlstncs of Smart Sensor
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eilfnldentlfscatuon (Conﬂguratlon Control)

_mbedded Intelligence
.= Data digitization and conversion
' Time stamping and data synchronlzatnon

Complex signal processmg (trendmg averaglng | etc)
Data storage | ‘ |

| Self«health assessment
| " Auto-calibration capability
| . . Self—reconflguratlon Capablllty

Health I\/Ianagement capablllty

Proposed Health Electronic Data Sheets (HEDS) approach
_"health parameters are calculated, monitored and stored in the
Smart Sensors to aid in the determination of the sensor's health”




*Measurement self-health oapabrllty
Embedded calibration capability b
» Embedded fallure detection and correction capabrlrtres '
fff/\ssure Data Availability |
» Networked sensor system |
« Provide alternate path to measurement
e Embedded data storage capabrllty
- Increase Reliability |
i = Reduced calibration cycles |
‘ Selfvreconfrguratron capability
» Information versus data
= Data trending, bandwidth; etc.

t
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KSC scope

Sensor
Sensor Suite Sensor
Suite Suite

Sensor

SSC scope

Process-specific Intelligent
Vehicle Knowledge Entity

Process-specific Intelligent Process-specific Intelligent
Vehicle Knowledge Entity Vehicle Knowledge Entity

S

Sub System Architecture

\ 7
Sensor Sensor Sensor
Suite -~ i

Suite |--| Sensor |
Suite

Suite

Process-specific Intelligent
Vehicle'Knowledge Entity

Intelligent Intelligent

Intelligent
Sensor Agent ; Sensor Agent

Sensar Agent
G L T

Sensor 1
Sensor 2
Sensorn
Sensor 1
Senseor 2
Sensorn
Sensor 1
Sensor 2
Sensorn

Sensor Suite Sensor Suite Sensor Suite
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Sensor Suite Architecture Sensor Suite Architecture

! T E LCommunic;ucn Layer—| Analog-ta-Digital Conversion
g | Intelligent 7 = e ,
: ; Sensor Agent ol Intelligent Time stamping (RTC on board) i
} “ul % Sensor Agent Sampling rate determination I {
N s
eyl JUT 0 T W ST YR s v e S I v |
¥ b o~ 4 RS R iGe LB ; Y |
{ § g E : LCommunlcatlon Layer| | °g L R GHoisien ]_ Sensor Excitation !
i L X X1 | N ] 0 ’ |
¢ i (% B z t T 1 @ ‘Sj itioni * Signal Amplification {gain, offset) !
? (% (%} C : : . Intelligent - | 1 E "| pignal Gendiighing ] P ‘ i |
é l é Sensor Agent . : 3 _1 ' Sehé‘or(s) . J_ Signal Filtering i
1 T : ; i ; HEH
g > . ! T Sinale Sens {4
o %) R ; Single Sensor |
Sensor Suite 1 ‘,_L ‘Data Acquisition - ] : ) i
(X< 3 i +| Multi Sensor Array (MSA) i
g I @ ot | Autonomaus calibration b b} !
| : 8 h ,I Signal Conditioning: ] . e R s Multidiscipline Sensor Array
= Sensar/Ele ed
| g I el
¥ | *
3 . : 8 %,L Se‘h‘sor'(s) : ] : Degradation detection
| R R il Self-healing capability

ensor Suite Architecture

IEommunication Ea eﬂ~ .| Standardized communicatian
Y protocol [i.e. TCP over Ethernet)
. Intelligent ||

5 - Sensor Agent _-’ Embedded Knowledge:

%, ) —| - Provides accurate and reliable data
g "I Data Acquisition —I - Conducts Sensor Suite health checks
® — H — - Communicates with other sensor suites
S ~—~I Signal Conditioning —I to validate data and health of the
3 N AR sensor(s)
_M{ Sensor(s) | - Contains sensor identification and

characterization parameters

- Contains parameters 1o perform sensor
validation and measurement
interpretation

- Provides sensar data synchronization
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Multi-Sensor
'Array Pressure
Transducer

H2/02 MEMS
Sensor

Cabin Rressure
Menitering
System

Valve Health : | 3-D Venturi
Meonitor (Current Hurricane Wind
Signature Sensor)




[’ aw Multl-Sensor Array (MSA)
| __ Transd ucer

ekPéRT i
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Al *de\}elop a fault- tolerant transducer
archltecture to increase at least 3x
present calibration cycle times and

| |ncrease measurement reliability.

g A "_,roach

& Array of MEMS sensors and KSC-

~ developed software algorithms to

. achieve objectives, Electronics also
provides autonomous self-health

.. checks.

S‘ atus | |

> Rellablllty studies were Completed on 8-pressure sensors array.

> IKSC- -developed algorithms have been developed and tested.

> Sensor failure simulation was performed to validate software algorithms.
» Ruggedized field prototype (8-element array) was developed and tested.

> Patent was granted to KSC and Licensing was issued to TABER industries
_for commercialization purposes




Advanced M|n| Smart Leak
Sensor

1 . Protatype |
‘Hydragen/Oxygen Sensor
- System with Electronics

"ls is a Jomt effort Between GRC,

c, MSFC and MAKEL Enguneerlng
. Objectives | L N . | G

. K8C provides technical expertise inthe AN ﬂ;ﬁ'&é@?."éfﬁiir '

| transmon of sensors developed by GRC " -

. linto units suitable for aerospace

. ;appllcatuon KSC is performing all the

necessary environmental testing

required by flight vehicles, as well as
ématerlals compatibility analysis.

. Furthermore, KSC provides technical Hydrs"p%i'lséms:ﬁis o

‘feedbaok to GRC to aid in the @

. achievement of the final product,

o Status

Thlrd set of prototypes are being tested
at the present time.

3F“t_‘1ture Objectives ‘ Fnatasprpylded by
‘Wireless Hydrogen Sensor Network A ol (GRC)

(wireless sensor prototype presently

under test)




| bedded process knowledge capablllty to

detect and ultimately predict system!s |
.‘failuree and/or degradation before they

i happep (failure trending and prediction)

!Statu_}:v
» Current signature sensor prototype (sensor
- assembly, analog, digital and power

. modules) was designed, fabricated, and
' tested,

. ?Smart software algorithms to detect failures
‘andlor|degradation under different external
| icondltlons were developed and tested,

Patent application was filed and licensing of
this technology has been granted to
Schaffer for commercialization purposes




Advanced Data Acquusman
o System |

@p adata acquusntlon system that
inc rpcirates self-health checks, self-
callbrating, self-healing capabllltaes, and
allow for greater measurement reliability
h }minlmum number of component
fredundancy Additionally, size, weight
and power requirements will be

‘mlmlzed
() ’e¢t, Status

| el T \ llal'i||1
- Prototypes were designed and fabrlcated N | AR R % LA |

- System was tested at laboratory.

~ environment
e Embedded software was developed and tested
> ‘4-cha_nnel generic system was demonstrated

» U.S. patent # 6,462,684

» Commercialization and licensing rights were issued to Circuit Avenue Netrepreneurs,
LEC |
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L __(SensorsNet)
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|

reate a robust sensor network
chitecture design (capable of
| autonomous or “on-demand”
 reconfiguration)
" Pravide sensor network with
.~ empedded process-specific
11 -intélligence.

» Generic 433MHz and 918 MHz RF Core Module, Power Management Module.
. and Sensor Interface Module have been designed, fabricated and tested.
_» Smart software algorithms to overcome RF path problems (communication
.| drop out) have been designed and tested, Smart power management

_ algorithms to optimize battery life have been designed and tested.

i Limited process-specific embedded knowledge in sensors has been
_ demonstrated in the laboratory (information vs, raw data transmission).

{ |




TR Embedded Process Knowledge
e o (SensorsNet)

o

knowledge at the sensor level De-
process decus:on makmg

__,fx processes broken down into simpler,
I processes. Relationship rules are created
cll processes fo overall process,

] are. process knowledge/mformatlon among e
, ;»sen$ors and controlling equipment via wireless G Process |
| ;communlcatlon | -
" » Process health monitoring done through individual
sensor performance and process knowledge rules,

; Status
i Process composed of 2 sub-processes and 6

‘measurements have been modeled and

lmplemented Testing is being performed at this .| | @i/ FROPOSED

¥ Process information between RS and Gentral Station

g, Frbé:ess raw data to Qedtfﬁl Statian

ZCQmmand [ decisien from €8 to Progess

* Shared information between processes




;"";r;am.;sagg ~ Vacuum Jacketed (VJ) Line

mlmstratlon :

. Wireless Sensor Network A

ge'the Launch Pads LH, and LO, VJ
with wireless sensors to autonomously
onltor the conditions of the lines prior and
“durlng loading operatlons
| ?@statusl
r Operatlonal requirements were developed
.Jy Conceptual design was developed

» Hardware and software were based on the
W;reless SensorNet development,

N A system (central station and 10 remote
stations) was fabricated and tested,

» Supporting automated calibration station
. ‘Wwas designed, fabricated and tested,

, System was deployed at KSC Pad A at the
present time.
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Sensors Networks e e

T angement of Smart Sensors In a network type configurationis
the logical step to fully utilize the added capabilities of this approach,
Communication between sensor and next higher assembly (system)is |
no longer constraint by a single wire connection, Smart Sensors can not
only'send data to the system but also to associated Smart Sensors in
the network, Information from the system such as sensor/system
conflguration, sensor/system health, and process status can be easily
share by sensors and next higher assemblies, Sharing of process states

_ andiransitions can also be performed, System does not degrade if

. connection between a sensor and the system is damaged; other

. communication paths are created and used.

_» Although the primary means of connecting sensors in a network
. configuration has been established using wires (Ethernet, RS-485, ete),
. other configurations such as wireless have been successfully used,

. K0 has successfully demonstrated a Wireless Sensor Network
. approach at Space Shuttle launch pad A.
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“uie  Smart Sensor Roles in ISHM

meartSensors in Integrated SystemHealth :

AS previously discussed in this paper, Smart Sensors playavery b
important role In the Integrated System Health Management approach.
ome of the roles discussed are:” | | gl |

it
e}

. » Provide valid data (assess and qualify the validity of the data)
_ » Rrovide processed data (data conversion and compensation):
~« = Rrovide sensor health status (potential degradation and failures)
~ = Provide embedded self-healing capabilities (self-calibration and selfs
.| | reconfiguration) b =

. * Provide sensors networking capability (wired and wireless)
| " Rrovide higher reliability and longer calibration cycles

" Provide automation and autonomy, reducing human intervention
' (reduced maintainability costs)

- THese are some of the roles and characteristics that Smart Sensors bring
to the ISHM architecture that enhances the operation, maintenance,
reliability and autonomy of such system.




. traditional and smart sensors, software and computing that enable the‘anitoring':iif
. and management of diverse systems., The ISHM effort supports the goals of
| autenomy, modularity, re-configurability, and data-rich virtual presence desired by |

{
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v.Spage Center :
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giyiGencluslons . . o 0 o e
tegrated System Health Management (ISHM) approach presents a great
pRertunity for vast enhancements in reliability, cost reduction in vehicle and
rface support equipment maintenance and operational costs, and a major leap
safety mgr—‘ovements for future space exploration missions, NASA has
0gnized the potential of intelligent health technologies and has supported ,
velopment of specific subsystems and component technologies; ISHM s alsa
£emergent core technology for many. of the most advanced commercial and
. Mmilitary avionic platferms, Ultimately, [SHM technologies will be the menitering and"
"'EQAUFFQI ?ackbonefin vehicles and ground support facilities for Moon and Mars b
L €xploration, , o i |
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i"g{éT,Ee.'jlntegrated System Health Management (ISHM) architecture consists of

.the Exploration program. Accordingly, Smart Sensors are designed and developed f.f
following the same criteria, ISHM supports determination of nominal/eff-neminal

~ behavior so that other systems can take appropriate actions, Smart Sensors

support that role by performing sensors’ specific tasks, assigned by ISHM, to
optimize the performance of this effort, The combination of Smart Sensors and

ISHM technology presents the optimal approach to vehicle and surface support
system health management,
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