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Data Management Transition 
In 2014, we began a complete replacement of legacy data systems. 
The transition to modern systems is now complete. 
Future work will build upon the new systems. 
 
Today I’ll present a discussion of our new system and why it matters. 
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Steps in the 
UCD data 
management 
process 
How filters 
become data 
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Data Management – Lab Infrastructure 
- Core database 
- Processing algorithms 
- Lab management software for 

- Managing sites 
- Applying flags 
- Ingesting data 
- Delivering data 
- Setting up analysis queues 
- Scheduling samples 
- Managing boxes and sample delivery 

- Data validation and QC tools 



5 

Data Management Transition – Why? 
Existing system was not maintainable 
- Limited access to source code 
- Obsolete and discontinued technologies 

- Wouldn’t  run on current computers 
- No knowledge in the workforce 
- The last version of FoxPro was released 

in 2003 
- Many ad hoc workarounds and kludges built 

over time 
- We had lots of good ideas, but no sane way to 

implement them 

Source: Bruno Filippone, Medium 
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A lot has happened in computers since the early 90’s 

Your PC 

Your media Your desktop 

A fancy website 

Source: http://www.computerhistory.org/timeline/ 

Quite a few 
versions of 
Windows 

Source: Wikipedia 
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Data Management Transition – Goals 
Produce a maintainable, secure, flexible, and 
supported system 
- Eliminate dependencies on obsolete 

technologies 
- Redesign the database for clarity and flexibility 
- Build professionally engineered software using 

modern, proven technologies 
Provide tools to the internal team for lab, network, 
and data management and analysis 
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Data Management Transition - Status 
We’re done! (sort of) 
- New, fully normalized database structure 
- Development of lab management software 
- Replacement of legacy processing code 
- Many new tools for real time views of our data for validation 
- Replaced delivery structure to allow for minimization of translations and 

easy introduction of new parameters 
 
Many features still in the pipeline 
Upgrades will always be required – focus on keeping up with technology 
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Database Redesign 
Designed around our data and 
process, not around our existing 
software 
Eliminates special cases in code for 
- Collocated sites 
- Blanks and replicates 
- Nonstandard modules 
All other software interacts with the 
database 
Deployed to production in December, 
2016 (lab was down for one day) 

Subset of the core tables 
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Lab Applications 

Tools for the 
lab staff to 
interact with 
the database 
and control 
process flow  



11 

Processing Code 
Processing refers to calculations of concentrations, uncertainties, MDLs, etc. from 
sample and blank analysis results and flow rates. 
Former code in FoxPro was difficult to understand and highly coupled to its interface. 
New code is written as small scripts in the R language that 
1. Read analysis and flow data from the database 
2. Apply calculations 
3. Write results back to the database 
Importantly, the scientists in our group understand R and can vet or refine the 
processing code. 
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Real time Views 
We are continuing to develop new ways to look at our data to 
- Catch problems more quickly 
- Perform routine validation and QC 
- Discover interesting things 
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Catching Problems – Abnormal Mass 
The lab was pulling raw PM2.5 and PM10 filter mass data into spreadsheets 
on an irregular basis to look for potential problems. 
 
 
 
 
 
 
A request was made through our issue tracking system to make a better 
view. 
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Catching Problems – Abnormal Mass 
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Routine Validation 

awef 
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Interesting Things 



18 

Data Management – Future Plans 
- Many feature requests and bug fixes on our existing tools 
- Data handling and status monitoring for the new controller 
- Harvesting and reporting metadata from our field group 
- Significant revisions if we adopt an automated weighing system 
- Stay on top of software upgrades (e.g., SQL Server 2008  SQL Server 

2016) 
- Support for improved data validation procedures 
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Data Validation – Status and Plans 
Existing validation process is largely a reproduction of the process used with 
the previous software 
- Focus is on individual sites, short time frames, and details 
- Validation is mostly done by the designated data validator 
 
Future goals 
- Shift time and attention towards starting with the bigger picture 

- Network-wide views 
- Longer-term trends 

- Democratize the validation process 
- The lab sees the data first and can flag issues 
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Current Version – site-by-site 

Sulfur/sulfate site-by-site vs. new version 
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New Version – network wide, then drill down 
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QA Report 
Plots 

Make more 
automatic and 
interactive to 
enable routine 
review 
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Getting our students invested in the data 
Prototype big screen view for the gravimetric lab 
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Summary 
- We’ve laid a solid new foundation for data management and validation 
- Still plenty of improvements and changes to be made 
- Even if all features were complete, we must continue upgrading as 

hardware and software changes underneath us 
- Focused on seeing our data 

- More eyeballs 
- Broader perspective 

- Thanks for listening! 
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