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flight data recorder and crash survivable memory
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of “life limited” parts within a helicopter’s critical
systems.
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Python R

Python Notebook demonstrating how to read and access IVHMS data¥| _

Import needed libraries.

In[};

import os
isport pandas as pd

import sqlited

import sqlalchemy

from sqlalchemy import create_engine, cast, Date, Table, Colusn, Integer, DateTime, MetaData

‘Set the directory to where the data is located.
Inf1)

data_dir = <data_path>

>
S
o
o
©
|
o
O
©
-
>
o0
o)
o
c
L
o
-
C
o
-
@©
=
|
o
Y
E

Approved for public release; distribution is unlimited.



The U.S. Army Engineer Research and Development Center (ERDC) solves
the nation’s toughest engineering and environmental challenges. ERDC develops
innovative solutions in civil and military engineering, geospatial sciences, water
resources, and environmental sciences for the Army, the Department of Defense,
civilian agencies, and our nation’s public good. Find out more at www.erdc.usace.army.mil.

To search for other technical reports published by ERDC, visit the ERDC online library
at https://erdclibrary.on.worldcat.org/discovery.



http://www.erdc.usace.army.mil/
https://erdclibrary.on.worldcat.org/discovery

ERDC/ITL SR-21-7
August 2021

Data Documentation Tool (DDoT) User
Manual

LaKenya Walker, Joshua Church, and Dr. Amy Bednar

Information Technology Laboratory

US Army Engineer Research and Development Center
3909 Halls Ferry Road

Vicksburg, MS 39180-6199

Final Report

Approved for public release; distribution is unlimited.

Prepared for Joint Artificial Intelligence Center
Fort Meade, MD 20755

Under MIPR HC1085015834



ERDC/ITL SR-21-7

Abstract

This manual is intended for new users with minimal or no experience with
using the Data Documentation Tool. The goal of this document is to give
an overview of the main functions of DDoT. The primary focus of this doc-
ument is to demonstrate functionality.

Every effort has been made to ensure this document is an accurate repre-
sentation of the functionality of the DDoT. For additional information
about this manual, contact ERDC.JAIC@erdc.dren.mil.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.




ERDC/ITL SR-21-7

Contents
Abstract ii
Contents iiil
Figures iv
Preface v
o O 111 o o (1 o 1
IS B == Yot 14 =1 (01U o PRSPPSO 1
IO U o o 1Y 1
R T U7 oL PR 1
IO {0 [0 1 =10 1= (= R 1
1.4.1 Recommended OPerating SYSLEIMS......cuccuercreeereerseeesiessseeseesssessseeessresnesasesssesssseesssesasesssees 1
1.4.2 Hardware
G B Yo Tz (= DS
2 User Interface .3
DN R Y/ o = =L OSSR 3
B O 1YY V1= 4
DG T Y F= 1 4 I 7= o1 5
2.4 Army Black Hawk, Navy Seahawk, and Air Force Pave HawK .........ccccoceveeericcicieeneennn. 6
2.4.1 SECONAAIY SEIECHIONS ...ttt ettt ste et s s e e se s s e ssneneese s s esnneneeanes 7
DL Y o Lo U LB L= - | - N 7
Do Gl = (o (o1 g T = L= L= = [P SP 8
2.4.4 USING ThE AATA.... e eeeeeeeeee ettt an et e s s e s et s s e s nneanesnneanan 9
B T~ 111 17 11T 1/ 11

Report Documentation Page 12



ERDC/ITL SR-21-7 iv
Figures
1 Initial screen after OPENING DDOT ....covcviernereereresesesesese s ses s sseses e sessssessesssssssssessssens 3
2 TS 0 0 0 o OSSOSO 3
3 S TSToTo ] 0o [ o] (0] 1 0T o AP SR SRR
4 OVerview tab .....c.oceceeererereercnereneeens
5 Drop down menu button
6 VEISION TOOTEN ...ttt se s e e en et 5
7 MaiN 1D SEIECTION ... 5
8 Army Black Hawk tab SeleCtion WINAOW .......c.cccerrreneresercrec e 6
9 Navy Seahawk tab SElECTION WINAOW.......coceuerierireeirireeeeeres e 6
10 Air Force Pave Hawk tab Selection WINAOW .......c.cccecrerererenereseneeesesesssesesesesseeesesesessenas 6
11 Informational tab OPLIONS ....cicceererererer et 7
12 Army IVHMS dataSel PAEE ....cceevreererererieireses e see sttt e e see s ss e et ses e e ssenneas 7
13 Army IVHMS—ADOUL the Data tab .....ccceccecrerereeece e s se e sa e enean 8
14 Army IVHMS—Exploring the Data tab
15 Army IVHMS tables and descriptions
16 Army IVHMS fields and deSCriPLiONS.......cccciereererereresee e ees s e er s sessesesseseeseesassesessessens
17 Army IVHMS- Using the Data tab........coccoeererrerecreererceee e 10
18 Contact INFOrMatioN TaD .....ccoceereeererere e 10



ERDC/ITL SR-21-7

Preface

This study was under MIPR HC1085015834 under Project “ERDC PMx
Product Transition to the Joint Artificial Intelligence Center (JAIC) Joint
Common Foundation (JCF).” The technical monitor was Dr. Maria Niki
Goerger.

The work was performed by the Computational Analysis Branch of the
Computational Science and Engineering Division, U.S. Army Engineer Re-
search and Development Center, Information Technology Laboratory
(ERDC-ITL). At the time of publication, Mr. Joshua Church was Acting
Branch Chief; Dr. Jeffrey Hensley was Division Chief; and Dr. Robert Wal-
lace was Technical Director for the Engineered Resilient Systems (ERS)
program. The Deputy Director of ERDC-ITL was Dr. Jackie Pettway, and
the Director was Dr. David Horner.

COL Teresa A. Schlosser was the Commander of ERDC, and Dr. David W.
Pittman was the Director.



ERDC/ITL SR-21-7

11

1.2

1.3

1.4

Introduction

Background

Across the Department of Defense (DoD), there are multiple datasets that
support maintenance of the H-60 rotor craft. In an effort to consolidate all
the documentation for these datasets into one centralized location, the
U.S. Army Engineer Research and Development Center created the Data
Documentation Tool (DDoT) to host all the information needed for a user
to become familiar with and use these datasets for each service, namely
the Army, Air Force and Navy. This application provides the Joint services
the capability to explain their datasets without directly communicating
with each other. This capability enables ease of access and ultimately re-
duces the time required to analyze datasets between the Joint services.

Purpose

The DDoT provides users a single, unified, interactive interface for tri-
service H-60 data documentation, exploration, and usage to support
analytics and artificial intelligence model development.

Usage

DDoT is designed to be user-agnostic. Any user that is interested in the
cross-service H-60 helicopter data currently supporting the Joint Artificial
Intelligence Center (JAIC) Joint Logistics (JL)/Predictive Maintenance
(PMx) efforts should find the tool easy to navigate.

Requirements

This section covers the following recommended operating systems and
hardware and software requirements for using DDoT.

1.4.1 Recommended operating systems

e  Windows: Windows 10
e Mac: macOS Sierra or newer
e Linux: Ubuntu.
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1.4.2 Hardware

There are no specific hardware requirements for running this tool.

1.4.3 Software

DDoT can be executed on any browser that supports R shiny
(https://shiny.rstudio.com/).

Software Needed

e Rversion 4.0 or greater
e RStudio.

Optional Software Needs

To execute the Python code provided in the tool’s Using the Data tabs, a
user will need to install Python version 3.0 or greater.


https://shiny.rstudio.com/tutorial/
https://shiny.rstudio.com/tutorial/
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2.1

User Interface

Main page

Once the DDoT loads (see Figure 1), the user is presented with the follow-
ing prompt:

Figure 1. Initial screen after opening DDoT.

JAIC PMx Data Documentation Tool

Announcements

imer: This soft is not public use. The ofus.
of Defense (DeD) visual information does not imply or constitute DoD endorsement.

access page is currently static but code can be copied and executed from a R or Python
Ifany reference in the ‘ABout the Data’ tabs cannot be reached or is aut-dated, please contact the
development team.

For further guidance, contact the development team.

The initial prompt is current information on the DDoT (see Figure 2). The
user must click the Dismiss button to proceed to the tool.

Figure 2. First prompt.

JAIC PMx Data Documentation Tool

Announcements

Disclaimer: This software is not intended for public use. The appearance of U.S. Department
of Defense (DoD) visual information does not imply or constitute DoD endorsement.

The data access page is currently static but code can be copied and executed from a R or Python
session.

If any reference in the 'About the Data’ tabs cannot be reached or is out-dated, please contact the
development team.

For further guidance, contact the development team.

Dismiss

The second prompt (see Figure 3) provides a Toggle Full Screen button for
a better experience of the DDoT. The preference is optional for the user.
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The user must click the Close button on this prompt to go to the main page
of the DDoT.

Figure 3. Second prompt.

Attention!

For a better experience, please maximize fullscreen.

Toggle Full Screen

Close

2.2 Overview

The Overview tab (see Figure 4) is the starting page after the prompts.
This tab contains information on the purpose of the DDoT.

Figure 4. Overview tab.

JAIC JL/PMx H-60 Data Documentation

Overview

JAIC Joint Logistics (JL) / Predictive

(PMx) Mi: Initiative (MI)

Army Black Hawk
The mission of JAIC JL/PMx Ml is to use

artificial intelligence(Al), deep learning,

and predictive analytics to forecast major
issues on the H-60 helicopter platform to | "
Air Force wk better enable services to respond to
upcoming failure. Al/Machine learning
Contact Information (ML) helps to identify component failure
relationships to principle end items to
predict critical failure prior to corrective
maintenance and reactive supply chain
requisitions. This increases efficiency,
decrease fleet operating and
sustainment costs for equipment R e
platforms, and reduces the time and ot e et
costs associated with repair part il
requisition, management and
transportation. Predictive maintenance
can increase fleet operational readiness Cok
through reduced deadline or degradation e

time, particularly by preventing critical failure during missions, thereby providing certainty for availability and tasking to
combatant commands and Joint Farces. The goal of this Ml is alsa to apply Al and ML to optimize positioning of tools, parts,
and personnel to provide the Joint Force with the best location to provide efficient and cost-effective repair and supply depots.

N, 2a Hawk

= ‘ C . VL Requirements

Controlled Unclassified Information (CUI)

JAIC PMx Data Documenation Tool - VERSION 1.0

NOTE: When using the DDoT tool, refreshing or closing the browser tab
shuts down the application.



ERDC/ITL SR-21-7 5

On the left side of the screen, different tab options are available. Infor-
mation for these tabs can be found under Main Tabs. On the right side of
the screen, information based on the selected tab is shown. The three-bar
button (see Figure 5) will make the main tabs disappear and reappear.

Figure 5. Drop down menu button.

JAIC JL/PMx H-60 Data Documentation =

-

The footer as shown in Figure 6 displays the version of the DDoT that the
user is using.

Figure 6. Version footer.

Controlled Unclassified Information (CUI)

JAIC PMx Data Documenation Tool - VERSION 1.0

2.3 Main tabs

There are six main tab options (see Figure 7) available for the user to se-
lect: Overview, Army Black Hawk, Navy Sea Hawk, Air Force
Pave Hawk, Joint Forces, and Contact Information.

Figure 7. Main tab selection.

Overview

Army Black Hawk

Navy Seahawk

Air Force Pave Hawk

Joint Forces

Contact Information
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2.4

Information about each tab is located in the following sections.

Army Black Hawk, Navy Seahawk, and Air Force Pave Hawk

Once one of the tabs (Army Black Hawk, Navy Sea Hawk, Air Force
Pave HawK) is selected, there is an additional set of selections as shown
in Figure 8, Figure 9, and Figure 10. These selections refer to the current
dataset for each branch of service that is in the DDoT. For additional infor-
mation on this section refer to Section 2.4.1 below.

Figure 8. Army Black Hawk tab selection window.

Army Black Hawk

Integrated Vechicle Health Monitoring System

Navy Seahawk

Navy LogBook

Navy Parametric Data

Air Force Pave Hawk

» Air Forc
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2.4.1 Secondary selections

Once a dataset is selected, three different informational tab options appear
as show in Figure 11: About the Data, Exploring the Data, and Using
the Data. For example, in Figure 12 the Army Black Hawk Integrated

Vehicle Health Monitoring System (IVHMS) dataset tab is selected.

Figure 11. Informational tab options.

AbouttheData  ExploringtheData  Using the Data Army IVHMS

Figure 12. Army IVHMS dataset page.

JAIC JL/PMx H-80 Data Documentation

About the Data Exploring the Data Using the Data Army Integrated Vehicle Health Monitoring System (IVHMS) Data

Background
d Vehicle Health Menitoring System Data ¥

In 2004, Skirkosy selected the Goodrich VHMS for
the U.S, Army's UH-60M Black Hawk program. As a

Health & Usage Monitor
VHMS monitors the
s to detect

systems.

IVHMS Data Supporting the JAIC JL/PMx Efforts

ntly supporting the JAIC JL/PMx efforts contains historic operational fleat data for all HH & UH-50 AILIM models from 2008 - 2019, equating to 1,747,782 flights.
yw Data Farmat (RDF), this 0.2 5QL format using the Mechanical Diagnostic Application (MDA) developed by QTEC Aerospace. The format of
Each flight operation is r Lite file.

uh {aug.-17).htmi

lled Unclassified Information (CUI)

smenation Too! - VERSION 1,0

2.4.2 About the data

The About the Data tab displays background information on each da-
taset, such as the source of the data and how the data supports JAIC
JL/PMx. For an example, see Figure 13.
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Figure 13. Army IVHMS—About the Data tab.

About the Data Exploring the Data Using the Data Army Integrated Vehicle Health Monitoring System (IVHMS) Data

Background

In 2004, Skirkosy selected the Goodrich IVHMS for
the U.S. Army's UH-60M Black Hawk program. As a
modernization plan, the U.S. Army upgraded existing
UH-60A and UH-60L aircraft to the UH-60M

i ion and P! UH-
60M Black Hawks.

As a derivative of the Goodrich Integrated
Mech ostics - Health & Usage Monitor

IVHMS Data Supporting the JAIC JL/PMx Efforts

The dataset currently supporting the JAIC JL/PMx efforts contains historic operational fleet data for all HH & UH-60 AJLIM maodels from 2008 - 2019, equating to 1,747,782 flights.
Delivered in its Raw Data Format (RDF), this data has been extracted to a SQL format using the i (MoA) ped by QTEC . The format of
the data is SQLite. Each flight operation is represented as a single SQLite file.

Image Source: https://www.dvidshub.net,

http defen articl 118/goodrich _60m-contract-{aug.-17) html

2.4.3 Exploring the data

The Exploring the Data tab (see Figure 14) displays information about
the number of files in the dataset, dataset size, and dataset format. This
page also contains tables and fields related to the selected dataset.

Figure 14. Army IVHMS—Exploring the Data tab.

About the Data Exploring the Data Using the Data Army IVHMS

1,597,430 52TB SQLite(.db)

Files Size Format

Integrated Vehicle Health Monitoring System (IVHMS) Tables

Refer QTEC DBDD Rev 8 for additional table information.

Integrated Vehicle Health Monitoring System (IVHMS) Fields

Refer QTEC DBDD Rev 8 for additional field information.

Fields +

The + or - buttons on the right side of the table expand (+) or minimize (-)
the tables and field boxes. For an example, see Figure 15.
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Figure 15. Army IVHMS tables and descriptions.

Integrated Vehicle Health Monitoring System (IVHMS) Tables

Refer QTEC DBDD Rev 8 for additional table information,

Show| 10 | entries Search: |:|

Table Name Description
1 accel data ing the flight istics of a i device. The data provided is to determine the quality, duration, envi , and i istics of a device
2 accel_config data describing the configuration characteristics of devices that are measured by an accelerometer
5 ah (Acquisti d: p 2 to di d operation events. The data is stored with overall environment and operating characteristics of an event and the relationship keys necessary for
Header) deriving operating cl istics of indexers, and other related components.
4 anomaly data from the reporting module of the ADA. Data exceeding a defined set of operating thresholds is organized and stored in this table
5 arrdata data containing single dimensional arrays of numbers that contain the raw data for mechanical diagnostics.
6 armxydata data containing x/y data points for parametric data
7T brg data from the bearing component. This data is necessary to identify event and operational characteristics including relationship keys for i p d devices
8 brg_config data describing the configuration characteristics of the bearing component

9 calib_raw_data  data for the gain ad calibration which accompanies some mechanical diagnostic raw data

10 env data applicable to deriving related bearing componenet information

Showing 1 to 10 of 45 entries Previous 1 2 3 4 5 Next

As shown in Figure 16, the user can select which table to display by select-
ing a table option in the Choose a Table dropdown box. A Search op-
tion is available for the tables displayed. The Fields table shows a list of
fields and a description for each field.

Figure 16. Army IVHMS fields and descriptions.

Integrated Vehicle Health Monitoring System (IVHMS) Fields

Refer QTEC DBDD Rev 8 for additional field information.
.

Choose a table:

accel -
i ) s sovers ]

Name Description

y UniqueKey identity column

2 AHLink AH relationship

3 AlLink idx relationship

4 CNFGIdx accel_config relationship

5 sampleRate condition indicator

6 sampleDuration condition indicator

7 SpectrumDecimation condition indicator

E FFTSize condition indicator

9 SpectrumType condition indicator

10 adeBitUse condition indicator
Showing 1 to 10 of 37 entries Previous | 1 | 2 3 4 Next

2.4.4 Using the data

The Using the Data tab (see Figure 17) displays information about what
the user should consider when using the data. The tab will also contain a
Python and R script to read and access the selected data.
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Figure 17. Army IVHMS—Using the Data tab.

About the Data Exploring the Data Using the Data Army IVHMS

Below are some important infomation to considered when using this data.
1) Mechanical Diagnostics, RTB, and Vibe Diagnostics are all collected in bursts. The BMU (M model only) and Parametric data is continuous

2) All of the vibration sensors are triggered to record their burst of information based on a particular flight regime. They follow a sequence and if the aircraft is in the regime long enough, the entire sweep will be recorded. The
translation tables contain all of the expected parameters.

3) Vibe data is sampled at 104167 Hz when the aircraft meets the parameters for the acquisition. Parametric data for the H-60M is recorded at the different rates. The H-60A/L will vary slightly in frequency.

4) Time is recorded based on the start of the .rdf. (when the flight began) The time stamp on the file is based on the current time (which is programmed into the IVHMU when it s installed, or when a battery dies and gets
changed)

Python R

Python Notebook demonstrating how to read and access IVHMS data¥|

Example .db are from Army IVHMS.
Import needed libraries.
In (]

import os

import pandas as pd

import sqlite3

import sqlalchemy

from sqlalchemy import create_engine, cast, Date, Table, Column, Integer, DateTime, MetaData

Set the directory to where the data is located.
In [1):

data_dir = <data_path>

The Contact Information tab (see Figure 18) provides the contact infor-
mation for the developers of the DDoT tool.

Figure 18. Contact Information tab.

JAIC JL/PMx H-60 Data Docur X +

C O 127001

B3 Python [3 Docker B3 DataScience [F Aviation [5 ERDC ER WPl [ AvistionNews [F LearningResources oD_ImageRepe B MDM Training

JAIC JL/PMx H-60 Data imentation

Information Technology Laboratory
US Army Engineer Research and Development Center
Vicksburg, MS 39180

Email: ERDC.JAIC@erde.dren.mil

Contact Information

Controlled Unclassified Infor

x Data Documenation Tool
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3 Summary

DDoT includes a user-friendly graphical user interface (GUI) which pro-
vides access to a centralized location to explore the data history, specifica-
tions, and documentation for the multiple datasets used to perform vehicle
maintenance for helicopters between the Joint services. The ultimate ben-
efit of this tool is that it provides a single, unified, interactive view for data
documentation, exploration, and usage for helicopter data.
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