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Within the performance evaluation and 
calibration communities, test programs are 
driven by requirements, test duration and cost.  
A properly conceived data management plan is 
crucial to being able to optimize data collection 
in support of requirements verification, and to 
minimize test duration and cost. A properly 
constructed data system enables rapid data 
retrieval and analysis, both during the 
calibration and test phase of a program and 
during the long-look analysis.  It is imperative 
that the data outputs of a system are 
systematically evaluated for quality before a 
test configuration is altered because mistakes 
often require re-testing and further cost.  Once 
data has been validated, effective data 
management permits maximum traceability and 
rapid retrieval.  Analysis time can be 
significantly reduced by an organized data 
archive that can be navigated through 
facilitators (i.e. a database).   

 

I Introduction 

 
Large-scale experimental programs in the 

field of space technology produce an enormous 
quantity of data that must be analyzed and 
reduced efficiently for requirement verification.  
Programs of this nature typically demand a quick 
turn-around time between the collection event 
and the stage known as data validation.  Data 
ǾŀƭƛŘŀǘƛƻƴΣ ƻŦǘŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ άǉǳƛŎƪƭƻƻƪέ ƻŦ ǘƘŜ 
data, is meant to verify the scientific quality of 
the data.  This step is performed immediately 

following collection and does not have the goal of 
producing final analysis results.  Rather, its 
purpose is to give the test director confidence 
that the data has been collected properly so that 
he/she can instruct the team to proceed to the 
next test or break configuration.  With each test 
program literally costing money by the minute, 
reducing the time to validate data directly 
translates to a shorter test duration and higher 
cost savings.  

 
Of equal importance to the success of a 

program, data management refers to the 
particular hardware/software solution that 
categorizes, organizes and archives data that has 
been collected during active testing.  Though 
occasionally an afterthought during test planning, 
having a properly conceived data management 
plan is crucial to being able to quickly retrieve 
and analyze data.   

 

II Data Flow Architecture 

 
Traditionally, programs have operated under 

a model where each data acquisition (DAQ) 
system produces an output which is, in turn, 
displayed or analyzed by software specifically and 
uniquely defined for that DAQ.  Under this model, 
many pieces of special test equipment (STE) are 
used to control and manage specific test 
components.  The outputs from each STE then 
require an analyst perform the data 
analysis/reduction step.  Furthermore, any 
correlation of separate test component outputs 
(i.e. a focal plane temperature as measured at 
the array and a cryo-cooler command setting) 
need to again be performed by the analyst 
usually through a historically manual process 
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(EXCEL, custom-scripts, etc.).  This traditional 

model of test data flow is shown in Figure 1. 
 
FTI has designed and implemented on 

multiple programs a new, consolidated approach 
to data management.  This approach revises the 
architecture of the traditional data flow to that 

shown in Figure 2.  Among the benefits are: 
direct STE communication with a centralized data 
manager, a single comprehensive analysis tool 
that interacts solely with the data manager, a 
reduced (if not eliminated) need for manual 
correlation of data or analysis products by the 
analyst, and managed data archival.  Each of 
thŜǎŜ ōŜƴŜŦƛǘǎ ǘǊŀƴǎƭŀǘŜǎ ŘƛǊŜŎǘƭȅ ǘƻ ǊŜŘǳŎŜŘ άǘŜǎǘ 
ǘƻ ǾŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǊŜǉǳƛǊŜƳŜƴǘǎέ ǘƛƳŜ ŀƴŘ ǘƘǳǎ 
reduced cost to the program. 

 
One detailed example of a consolidated 

approach is shown in Figure 3.  This specific 

example utilized a multi-tier validation scheme 
that passed data validated after inspection on the 
test floor through multiple databases.  Data 
migration tools installed at each tier managed 
every aspect of the data flow and performed 
additional pre-processing tasks to further speed 
the final analysis.  The databases themselves 
served as the data archive map.  The full 
implementation allowed the databases to 
interface with custom-developed modules in the 
analysis software tool suite to provide an SQL-
based query-and-retrieve capability for raw and 

processed data.  Though Figure 3 does describe 
ǘƘŜ ǎƻƭǳǘƛƻƴ ǘƻ ǎǇŜŎƛŦƛŎ ǇǊƻƎǊŀƳΩǎ ǇǊƻōƭŜƳǎΣ ǘƘŜ 
elements contained with are more generally 
applicable to many programsΩ needs.  Specific 
capabilities in that solution are listed in Section 
III.  Additional capabilities that FTI has developed 
in the areas of data validation and data 
management are also included in that section. 

 
 

 
 
 

 

Figure 1: Traditional Data Flow Model 
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Figure 3: Example of a Data Management/Validation Solution 

Figure 2: Consolidated Data Flow Model 
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III Current Capabilities 

 
The following is a representative selection of our data management and data validation 

capabilities.  Additional or custom solutions or elements can be discussed by contacting FTI 
directly. 

 

Category Capability Description 

Data Management 

Database Centric 

Archiving and 

Backup 

A database is used to store and manage large quantities (>100 GB) of 

parallel data streams (health and status, telemetry, power/voltage, etc).  

Additionally, experimental science metadata (collection time, essential 

collection parameter settings) are stored and managed as well.  Logical 

correlation of collections with any (or all) conditions facilitates data 

identification and all manners of analysis.  

Data Management 

Pipeline Data 

Transfer 

Techniques 

Collected data is transferred automatically from the acquisition hardware 

to an organized data archive.  Transfer is initiated and executed without 

any user interface.  By removing the human factor, the risk of lost data is 

significantly lowered. 

Data Management 

Automated Data 

Validation 

Techniques 

Checksums are calculated at each transfer stage to ensure no corruption 

has been introduced.  Additionally, taps can be introduced at any stage of 

the data management process so that the engineer may 

view/validate/reject data.   

Data Management 
Data Collection 

Monitoring 

Important data management statistics such as collection rates, transfer 

and processing times, and disk capacity (among other parameters) are 

tracked and logged using a database.  These statistics give insight into 

potential bottlenecks, test prioritization and optimal data backup times. 

Data Management 

Test 

Configuration 

Traceability 

Test configuration inputs (commands, settings, etc) can be logged to the 

database and are automatically correlated in time with sensor outputs.  

This maximizes clarity for the analyst and facilitates test re-runs or 

modifications. 

Data Management 

Data Validation 

Direct STE 

Interfacing 

Database stored procedures and/or API calls allow STE to directly log 

health and status, telemetry, and configuration data without the need for 

a file intermediary.  This has been proven for stressing cases of thousands 

of sensor data streams being logged at >1 Hz data rates.  These streams 

can be logged in parallel and simultaneously accessed by analysis tools for 

real-time display. 
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Category Capability Description 

Data Management 

Data Validation 

Automated Chart 

Generation 

Figures generated using automated data processing are inserted into 

PowerPoint® templates and saved to a designated network location.  In 

this manner, the time to generate chart packages for status updates is 

reduced to near zero. 

Data Validation 
Automated Data 

Processing 

As part of the pipeline data transfer, collected data can be mined and pre-

processed automatically.  Statistics (mean/stdev), focus results 

(EOD/FOM), source identification (windowing, peak detection), and data 

trending (drift/spike detection) are all examples of the types of pre-

processing that save significant amounts of analyst time.  Data is 

automatically queued and processed offline.  The results are stored in a 

database for easy playback and further analysis. 

Data Validation 

Alert/Alarm 

Monitoring and 

Logging 

Sensor data is compared to pre-loaded alert and alarm values in real-time.  

Audible and visible notification is given if out-of-bounds conditions are 

detected.  Time and source are logged to a database. 

Data Validation 
Data Trending 

and Correlation 

All data streams are database managed and available to time or condition-

based query and recall.  Additionally, data can be graphically displayed in 

auto-updated plots.  The plots themselves are fully customizable with 

options including but not limited to multiple axes, zoom, pan, label and 

color control. 

Data Validation Data Snapshots 

User-created groups of interest can be created using the available 

data/telemetry streams.  Scripted output in tabular or graphical form 

facilitates regular monitoring of key components in the experiment. 

Data Validation 
Prognostic Health 

Monitoring 

Correlated data streams are modeled allowing for quantitative prediction 

of nominal behavior.  Potential issues or failures can then be anticipated 

ōȅ ǎǘǳŘȅƛƴƎ ŘŜǾƛŀǘƛƻƴ ŦǊƻƳ ƳƻŘŜƭŜŘ ōŜƘŀǾƛƻǊΦ  ¢Ƙƛǎ ŎŀǇŀōƛƭƛǘȅ ǳǘƛƭƛȊŜǎ C¢LΩǎ 

ǇǊƻǇǊƛŜǘŀǊȅ bƻǊƳbŜǘϰ ǎƻŦǘǿŀǊŜ ǇŀŎƪŀƎŜΦ 
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IV Conclusions 

 
FTI is committed to formulating efficient 

and cost-effective solutions to customer data 
management and data validation issues.  
Many of the capabilities listed have 
previously been implemented, validated, and 
appreciated by our customers.  We look 
forward to working with you to make your 
program a success! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V About FTI 

Frontier Technology, Inc. is a small business 
that was founded in 1985.  There are three 
groups within FTI:  Decision Support Products 
and Services, Sensor Data Products and 
{ŜǊǾƛŎŜǎΣ C¢L {ŜǊǾƛŎŜǎΦ  C¢LΩǎ tƘŜƴƻƳŜƴƻƭƻƎȅ 
Operation within the Sensor Data Products 
and Services Group has unique expertise in 
sensor system analysis and performance 
evaluation, experiment development, and 
program planning, especially in the areas of 
sensor data certification, sensor systems 
calibration, sensor data management, optical 
remote sensing, and natural background 
phenomenology.  For more information 
about FTI, please visit our website at 
www.fti-net.com or email us at 
phenomtools@fti-net.com. 
 


