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§ The Component Database (CDB) (developed for the Advanced Photon Source 
Upgrade) and a tightly coupled version of the eTraveler (originally developed at 
FRIB) have been in use for over 5 years to support the design, fabrication, and 
installation of thousands of components. This talk will provide a brief introduction to 
the applications and then describe the numerous ways the captured data has been 
used … many of which are beyond what was originally envisioned. A summary will 
include important “lessons learned” for future users of the tools.

§ EPICS Collaboration Meeting – June 2018:  Database Applications for the APS-U

Abstract
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https://epics.anl.gov/meetings/2018-06/talks/06-15/AM/9.3-Database-Applications-for-APS-U.pdf


§ Brief overview of CDB & eTraveler
§ How it is being used at APS-U

– Provides a common repository to capture & track component information (model #, specs, drawings, pictures, …)
– Tracks inventory of individual components and APS-U warehouse. Tracks status, location, and eTravelers
– QA – incoming inspection/non-conformance logging
– Captures a machine design – a simple hierarchical model of accelerator components and support equipment
– Captures cables that connect machine elements together (17000+ cables)

• Supports the creation of a cable “pull-book” for contractors (API)
– Captures “Control Flow” between machine elements
– Tracks measurements by linking to archives of thousands of files of measurement, calibration, and analysis
– Captures IOC development areas in a searchable index
– Captures “software applications” in a searchable index
– Defines & tracks assemblies consisting of numerous components

• Tracks which specific components (serial # or QR code) go into specific locations in the machine
– Defines “Installation kits” and captures inventory items that go in each kit
– Automates update of CDB entries based on an entry into a field in an eTraveler
– Provides an index to thousands of eTravelers
– Tracks calibration of equipment (API)
– Supports custom web-based displays (API) 

§ Lessons Learned

Agenda

EPICS Collaboration Meeting - April 2023 3



§ Uninstall / Install / Test / Commission APS-U accelerator in 12 months
– “Do we have all the parts? Do you know where they are?”  [Project]

§ Engineers of all disciplines “manage” components … wouldn’t it be convenient if 
they all use the same tool (and the tool was helpful)?    [Staff]

• specify, design, buy, build, test, repair, install, track spares, calibrate, find manuals, troubleshoot, swap, 
revise, update firmware, replace batteries, ...

§ Allows for “Project-wide” processes to be applied. [Project]
§ Naming conventions 
§ QA Processes and work-flow
§ Organizing of eTravelers
§ Warehouse

§ Controls can take advantage of a global capture of components and develop “end-
to-end” tools  [Controls]

Motivations
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Component Catalog 
A listing of each unique type of 

component or component design or 
COTS item + properties, drawings, 

specifications, ... 

Machine Design
A simple hierarchical model of the 

components to be installed to perform 
a particular function (e.g. APS-U) + 

inventory items installed +
properties, pictures, locations, …

Component Inventory
Tracks each unique instance of 

component procured or fabricated + 
properties such as serial #, QR code, 

eTravelers, pictures, …

Component Database (CDB) - Domains

Cable Catalog 
A listing of each unique 

type of cable + 
properties, drawings, 

specifications, ... 
Cables that use the 
same raw cable with 

different connectors are 
different cable types 

(but specifying 
connectors is optional)

Cable Design
Defines each required cable and 

properties; including cable type (from the 
catalog), two endpoints (machine design 

elements), length*, …

Cable Inventory
Tracks each unique instance of a 

cable, whether procured or fabricated, 
+ properties such as length*, …
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Control Hierarchy
Defines a different relationship between 

machine elements representing ”control flow”

MAARC
Links to external files, associated with 
CDB elements, where measurements 

and analysis results are archived.



Component Catalog 
A listing of each unique type of 

component or component design or 
COTS item + properties, drawings, 

specifications, ... 

Machine Design
A simple hierarchical model of the 

components to be installed to perform 
a particular function (e.g. APS-U) + 

inventory items installed +
properties, pictures, locations, …

Component Database (CDB) - Domains

What we need … 
Where it goes … 

(not just a location change) …

How is connected
How is it controlledCable Catalog 

A listing of each unique 
type of cable + 

properties, drawings, 
specifications, ... 

Cables that use the 
same raw cable with 

different connectors are 
different cable types 

(but specifying 
connectors is optional)

Cable Design
Defines each required cable and 

properties; including cable type (from the 
catalog), two endpoints (machine design 

elements), length*, …

Control Hierarchy
Defines a different relationship between 

machine elements representing ”control flow”
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Cable Inventory
Tracks each unique instance of a 

cable, whether procured or fabricated, 
+ properties such as length*, …

MAARC
Links to external files, associated with 
CDB elements, where measurements 

and analysis results are archived.

Component Inventory
Tracks each unique instance of 

component procured or fabricated + 
properties such as serial #, QR code, 

eTravelers, pictures, …

What we have … Where it is …



Component Catalog

EPICS Collaboration Meeting - April 2023 7



Component Catalog

3574 Items in Catalog 
(4/17/2023)
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Specify “Favorites”

Filter on meta-data



Component Catalog Entry
Common Properties

Optional Properties

eTraveler Templates

Inventory Items



Component Inventory Detail
Common Properties

Optional Properties

eTraveler Instances

Component’s Catalog 
Properties
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CDB Integration with eTraveler



Catalog Item to be 
Installed at This 

Location

Machine Design Example (Magnet Module)
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PS CAB1            PS CAB 1A

Catalog Item to be 
Installed at This 

Location

Machine Designs
A simple hierarchical model of the 

components to be installed to perform 
a particular function (e.g. APS-U) + 

inventory item installed +
properties, pictures, locations, …

Machine Design (Power Supply Rack)
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Machine Design – Vacuum Rack

Catalog Item to be 
Installed at This 

Location

https://ctlnaming.aps.anl.gov/
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Naming Convention for 
Machine Elements

https://ctlnaming.aps.anl.gov/


Machine Cables (Cable Type, Endpoints)
List of Required Cables (Design)

PS
-62
511
8

PS-
625

101

PS-
625
128

Cables are defined as 
having endpoints 

between two machine 
elements

List of Cable Types (Catalog)
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Machine elements are “permanent” 
placeholders, they continue to exist 

even if you swap the inventory 
item.



§ How it is being used at APS-U
– Provides a common repository to capture & track component information (model #, specs, drawings, pictures, …)
– Tracks inventory of individual components and APS-U warehouse. Tracks status, location, and eTravelers
– QA – incoming inspection/non-conformance logging
– Captures a machine design – a simple hierarchical model of accelerator components and support equipment
– Captures cables that connect machine elements together (17000+ cables)

• Supports the creation of a cable “pull-book” for contractors (API)
– Captures “Control Flow” between machine elements
– Tracks measurements by linking to archives of thousands of files of measurement, calibration, and analysis
– Captures IOC development areas in a searchable index
– Captures “software applications” in a searchable index
– Defines & tracks assemblies consisting of numerous components

• Tracks which specific components (serial # or QR code) go into specific locations in the machine
– Defines “Installation kits” and captures inventory items that go in each kit
– Automates update of CDB entries based on an entry into a field in an eTraveler
– Provides an index to thousands of eTravelers
– Tracks calibration of equipment (API)
– Supports custom web-based displays (API) 

Usage
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Common Repository to Document Components
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Inventory Tracking Bldg 981 Locations

Bldg 981 – 100,000+ sq Ft of Upgrade!
> 26,000 items

EPICS Collaboration Meeting - April 2023 18



Inventory Tracking

A Pallet becomes a 
“movable” location 
… only the Pallet 

needs a change in 
location
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QA Non-conformance
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Every eTraveler has a “built-in” 
Discrepancy Log that is filled out 

for any non-conformance



QA Non-conformance

• Other tools track the Discrepancy entries in the eTravelers
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Captures “Machine Design”

History of what has been installed here

Every element has a “mini-log book”
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§ Browse the hierarchy
– Expand hierarchy to drill down
– CTL  E  Expands/Collapse all children if 

selected tree node.

§ “Filter” on the element name
– Expands hierarchy to display all elements that contain the filter string 

• E.g.  01-02,  S01A:Q,  VGC 

– Using ‘*’ (0 or more) or ‘?’ (single) allows for more specific filtering
• S0?-*:*NSW? 

• If too many matches are found it will prompt you to narrow your search.

Machine Design – Navigation
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Supports the creation of a cable “pull-book” for 
contractors (API)

Captures Cables
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Captures Control Flow Between Machine Elements
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This BPM has three “control paths” 
back to the Control System

This “serial device server” is used by 
two IOCs

Show an IOC using two “serial 
device servers” to communicate with 

components



§ MAARC Domain: used for archiving 
measurement and analysis results

§ Entries are associated with items from 
other domains (e.g., component instances)

§ MAARC is being populated automatically 
using the APS Data Management system:  
– Magnetic Measurements
– Magnetic Module Assemblies

Tracking Measurements (MAARC Domain)
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At the moment there are 
over 185K MAARC 
entries in production DB

Metadata from 
measurement files are 
automatically added to file 
entries

Parent CDB items are 
linked to MAARC entries

Files can be downloaded from the 
APS Data Management system
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IOC Apps in a Searchable Index



High Level Apps in a Searchable Index
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Originally developed @ FRIB

Olog – NSLS II, FRIB, SNS



Managing Assemblies
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A catalog item can be an “assembly” 
of other catalog items



Managing Assemblies
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An assembly inventory item captures 
the exact parts used for this 

assembly
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Defines & Captures “Installation Kit” Inventory



CDB Update upon eTraveler Entry 
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eTraveler is an MQTT client that can 
publish all user entries to MQTT 

subscribers … one of which updates 
CDB via the API



CDB Holds Links to eTravelers

Instances

Templates
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CDB links to the eTravelers
has been used extensively



Equipment Calibration Tracking
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A “calibration” property was 
defined and applied to any 
inventory item that requires 

calibration tracking



Equipment Calibration Tracking

Semi-Custom Web Page – Data From CDB
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A web page pulls all items 
that have a “calibration” 

property



Supports Customized Web Pages (API)
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Data fetched from CDB
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CDB + eTraveler + External Tools

Catalog 
Each unique type of 

component or component 
design or COTS item + 

properties 
/drawings/specification/..

Inventory
Each unique instance of 
component procured or 

fabricated) + 
properties/serial # QR 

code/travelers/pictures/…

Machine Design
A simple hierarchical model of the 

components to be installed. 
“What & Where” for installation +  
Properties/pictures/locations/…

Cables
Cables are defined by Cable Type 

+ 2 endpoints. Endpoints are 
referenced to the Machine Design 

components

eTravelers
(Electronic forms to capture 

inspection, measurement, test 
results of components. 

Accessed through CDB)

Application Programming Interface (API)

Work Processes/Flow 
with Real-time Update

• CDB Auto-update
• Cue sheets
• Trello

Calibration Info

QA Consistency
• CDB entry
• Hazard Property
• Consistent ACL
• Consistent Discrepancy 

Forms/Reports

Progress/Status Reports
• Dump to spreadsheet
• Tableau

Real-time 
Inventory Status 

Displays
• In work areas for 

inventory mgmnt

Installation Coordination 
<planned>

• Work Process/Flow
• Inventory
• Progress/Status

User Support
• Training
• Assistance
• Bug reports/fixes
• New features

Component Database (CDB)
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CDB + eTraveler + External Tools

Catalog 
Each unique type of 

component or component 
design or COTS item + 

properties 
/drawings/specification/..

Inventory
Each unique instance of 
component procured or 

fabricated) + 
properties/serial # QR 

code/travelers/pictures/…

Machine Design
A simple hierarchical model of the 

components to be installed. 
“What & Where” for installation +  
Properties/pictures/locations/…

Cables
Cables are defined by Cable Type 

+ 2 endpoints. Endpoints are 
referenced to the Machine Design 

components

eTravelers
(Electronic forms to capture 

inspection, measurement, test 
results of components. 

Accessed through CDB)

Application Programming Interface (API)

Work Processes/Flow 
with Real-time Update

• CDB Auto-update
• Cue sheets
• Trello

Calibration Info

QA Consistency
• CDB entry
• Hazard Property
• Consistent ACL
• Consistent Discrepancy 

Forms/Reports

Progress/Status Reports
• Dump to spreadsheet
• Tableau

Real-time 
Inventory Status 

Displays
• In work areas for 

inventory mgmnt

Installation Coordination 
<planned>

• Work Process/Flow
• Inventory
• Progress/Status

User Support
• Training
• Assistance
• Bug reports/fixes
• New features

Component Database (CDB)
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Item Quantity

Registered Users 372

CDB Catalog Items 3,581

CDB Inventory Items 42,739

CDB Cable Types 387

CDB Cable Inventory 8,560

CDB Machine Elements 34,553

CDB Cable Design Elements 17,582

MAARC Items 185,615

eTraveler Forms 1,370

eTraveler Instances 42,414

Semi-custom Web Pages 34+

Custom scripts to manipulate data numerous



§ Get management & QA backing (the fact that it benefits ”Controls” is not sufficient motivation for 
other groups)

§ It is a lot of work to track tens of thousands of components
– Decide what the general staff will do vs. what the “CDB Team” will do

§ Critical Step: Mapping “site domain knowledge” into CDB domains
§ Have the database ready *early* … if it is not available staff will use other options
§ Train the staff on how to use it
§ Set up conventions of how to do standard things
– eTraveler format, properties, naming of machine elements, …

§ Be prepared for entering / editing / deleting *large quantities* of items … 
§ It is hard to beat Excel for mass changes & entries
– export -> modify -> import

§ Don’t do “customized views” for users in CDB … have them use an external tool

Lessons Learned
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