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Using Jupyter Notebooks as a Data Scientist “Work bench” for
quality assurance of data processing flows and quality control
of data series

Rob Thomas, Sarah Flynn, Will Meaney, Siobhan Moran, Ramona Carr, Adam Leadbetter
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OUR VISION

Our ocean wealth will be a key element of our economic recovery and sustainable growth,
generating benefits for all our citizens, supported by coherent policy,
planning and regulation, and managed in an integrated manner.

THRIVING
MARITIME
ECONOMY

» Sustainable economic
growth of our marine/
maritime sectors

* Increase the contribution
to our national GDP

* Deliver a business-
friendly yet robust
governance, policy and
planning framework

HEALTHY
ECOSYSTEMS

* Protect and conserve our
rich marine biodiversity
and ecosystems

* Manage our living and
non-living resources
in harmony with the
ecosystem

* Implement and comply
with environmental
legislation

ENGAGING
WITH THE SEA

* Building on our maritime
heritage, strengthen our
maritime identity

* Increase our awareness of
the value, opportunities
and societal benefits

* Engagement and
participation by all
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MI Data Strategy

1. Policy

An up-to-date MI data policy is in
place which makes it clear how
data should be managed

6. Coordination 2. Governance

Irish marine data and related

information from a range of

sources is readily available to
national and international

stakeholders 2020 Vision

Irish marine data will
underpin the development of

Ireland’s marine sectors and A

N Conne ity the sustainable development

. . ! of Ireland’s marine resource .
Institute data is available 3. Quality

externally and connected with
national and international systems
to support marine management
and R&D

Tools and processes are in place to
ensure that Marine Institute data
are categorised and handled
appropriately

The Ml is a trusted source of high
quality data with well-defined
reproducible processes

4, Capability v

Data and information
management expertise, processes
and supporting tools are

continually developed
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Why is quality important?

e

Decision making Policy
Synthesis

Analysis Knowledge
Aggregation

Organisation Information

Collection

Data
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MI Data Strategy

1. Policy

An up-to-date MI data policy is in
place which makes it clear how
data should be managed

6. Coordination 2. Governance

Irish marine data and related

information from a range of

sources is readily available to
national and international

stakeholders 2020 Vision

Irish marine data will
underpin the development of

Ireland’s marine sectors and A

N Conne ity the sustainable development

. . ! of Ireland’s marine resource .
Institute data is available 3. Quality

externally and connected with
national and international systems
to support marine management
and R&D

Tools and processes are in place to
ensure that Marine Institute data
are categorised and handled
appropriately

The Ml is a trusted source of high
quality data with well-defined
reproducible processes

4, Capability

Data and information

management expertise, processes _ \\ ICSU
and supporting tools are . ) WORLD DATA SYSTEM

continually developed I
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Quality Management Framework R

e Data Technical Group created a QMF Working Group

* Data Co-ordinators and Stewards from: g
* Fisheries e

IODE 50th anniversary
Project Office 10th ann.

Data Management 11 September 2017: OTGA/QMF IODE Quality Management Framework
o Aq u a C u It u re :gfsE""c":Iiﬂ;m" training course 11 - 14 September 2017, Oostende, Belgium

he training course ‘IODE’s Quality Management System Essentials for NODCs

. . Expert Information land ADUSs’ is taking place this week at the I0DE Project Office in Ostend,
a rl n e e m I S ry Data/Info national Belgium.

Data global/regional .
How to.. 11 people from 8 countries are participating in this OceanTeacher Global
. ° |IODE Work Plan - y Academy (OTGA) training course, taught by Greg Reed. On Wednesday Mr Loic
® M a rI n e E n VI ro n I I l e nt Policy/Strategy/Parmers - / Petit de la Villeon from SISMER (IFREMER) will join via videoconference to share
1ODE Netwark structure his experiences and lessons learned on implementing a Quality Management

|ODE Management System (QMS3) for SISMER, the French Accredited National Oceanographic Data Centre.

. . Activities
g O C e a l l O ra I l I C S C I e n C e S Training / Education This is a practical workshop: the participants work in teams to complete exercises on each topic to reinforce
Products /Services their understanding of the requirements for a quality management system and the 10DE accreditation
IODE Calendar

requirements for NODCs and ADUs. More on OTGA: http:/ /www.oceanteacher.org
Standards

. a t a a a t Research Cruises Details
| ’ rT‘ r I ge I I l e I l Find IODE People Created on: Monday, 11 September 2017 16:31

D Publicati
ocuments Fublications Last Updated on: Monday, 11 September 2017 16:33

Country Participation
News

IODE Awards

 Corporate data out of scope =

Contact Us

* |IODE run course held September 2017 in Ostende, Belgium
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QMF Principles & Benefits R

Relationship management ¥ <
Customer focus | J
Engagement of people
Leadership

Process approach
Continual Improvement

N o U s W NhPeE

Evidence-based decision making
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Assurance vs Control? TR

Quality Assurance
* Proactive
* Aim is preventing defects

* Focus on the process
Quality control
* Reactive

e Aim to detect and correct

* Doesn’t consider the process

Effectiveness

Effectiveness of data checks over time on
the final data product

S
Time Fi

David Stokes (pers. comm.)
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QA vs QC: a case study TS

@ GooD

;(’@3;
16.8 hours per car 57 hours per car

34 defects per 100 vehicles 78.7 defects per 100 vehicles

All workers responsible for detecting defects
during assembly process.

Separate QC team involved post assembly.

Womack et al. (1991)

Today  |3weelstime

24x longer to fix an

issue 3 weeks later > mins 2 hours
30 mins ~ 2 days
1 day ~ 1 month

Sutherland (2014)
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What journey do our data take?

— -
- (" Water [ Ocean Data Interoperability
INSPIRE ‘ Frameworlk | Platform GI’GUP on
Spatial Data Directve A~ Earth
Infrastructure — - Observations

\\-‘_

’ |'f AtlantOS

[ Marine Strategy (" European AN )
I Framework Environment - Y
Directive Agency IODE Ocean
A Data Portal

ra T,

| e
Latlas.m arine.ie) = -

e - EMODnet
| European Food N
L\Eafety Authority — A
-~ T OSPAR
g data.gov.ie - 4 B
| Ireland’sd \_ 'a Food Safety N SeaDataNet/
.nll:egrate Authority of SeaDataCloud
Digital Ocean Ireland —
L\'\ “y Real-time:
EMSO,
) JERICO
— / Department of ¢ International
— Irish Spatial Agriculture, Council for the B N
EuroArgo D Food and the Exploration of GO-SHIP
Exchange e Marine iy the Seas

ry -,

I— r s

Marine Institute Data & Data Services

Ewvrapaan Maorilima
& Flskherics Fund
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Quality Management Framework

Monitor and measure
the processes and the

Establish the objectives
Take actions to continually and processes necessary to
\lmprovo :::'““ | . | deliver the and objectives.

E
& Fi

Marilima

LAS{HEan
sheries Fund
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4 Context of the
organization

Ml QMF Manual

S F—

15 Documented

9 Performance

evaluation

& Fisheries Fund
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Eusapsan Moritime
& Fiahoerios Fund

MI QMF Model

Outputs

Data Governance

Data Product or
Compliance

Service

J(

) /rOperatians e

-
T
]

a )

~

Processes

Procedures

GDPR

Risks

Acceptance Criteria

o

N

N

Performance
Evaluation
& Improvement

Input from
Customers &
Interested
Parties

J

7~ Planning

Plan

[ Data Management

Requirements
Document

> |

Requirements
Gathering

/

-

/

@
«\

Inputs

- N

Standards &
Methodology

s

MI Policy &
Strategy

s

Legislative
Drivers

-

mI
Architecture

s

Training &
Resourcing

-

Management
Systems
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MI QMF Implementation Pack

* Data Management Plan
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MI QMF Implementation Pack TR

* Data Management Plan
* Requirements and User Acceptance Criteria
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MI QMF Implementation Pack TR

* Data Management Plan
* Requirements and User Acceptance Criteria

* Process Flow and associated information

* What needs to happen to achieve the objectives
* Flow diagrams preferable to pages of text.
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= g 8”::::::::? p Tidal Gauge Acquisition & Data Processing
é ] (High Level Flow)
|
o snceci @) 0etaied operstion captured by
] A design doc
E Mobile Phone |
S Receiver
3 3 Transfer processed files s ouser comection bt
to folder structure Data files
T
Web Content
IMOS System Management
Files Irish Tides System
Database —

Application Development

Processed files pickup
Folder location

N Where
= Does
irish Tides & Tide | ™'
Prediction portal | 597

Public Internet

1
'
1
J
J
J
L}
J
!
'
J
1
L
!

Publish Data to Publish Data to
MI FIP server MI Web Portal

. [Rd«to Tidol Gauge (OS) Flow

SOP: Regular QC Processing and QC
of tidal Gauge data
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MI QMF Implementation Pack TR

* Data Management Plan
* Requirements and User Acceptance Criteria

* Process Flow and associated information

* What needs to happen to achieve the objectives
* Flow diagrams preferable to pages of text.

e Standard Operating Procedures
e How it will be done
* Documentation should be active
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INSERT TABLE FROM DATA LICENCE - Areaof activity — select a5 apprapriate E‘ Fisherics Fund

The fallo DUtfines the staps requnirad Bo Cary out the o - Comments — wse while data request is in progress to give any infarmation that might
the online dita reguest service poge on the M1 website Please notify us if thers are any constraints regarding publiching data as per be useful f anather member of the team needs ta pick up the request

canditions set out in Section “4. Publications™ of this licence agreement. - Resslistion — pUEWhat dats was sent

1. Adata request s recenved by email from institute.n Please note that all data delivered to the reguestor must be deltvered via the Dats RBequest Service - Datedrop down boa: — When Licence Agreement was received
s L Team.
dataregusest ! r— - - i
AR Also note if you are searching for previous emasils they will be stored in the Dats Reguest smail Datedrap down bow: When data was received
1. The mail will contain a link to and details of the dat falders and not yaur swn.
Opser hitpssfhwwow. marine. ieHomeuser and | 14. Each marming an email will be sent to the data reguest mailbox with a status of all requests

Cmail the data reguestor to acknowledpe receipt of their data request through the

Click an the data request link in reguest email
bl Data Request Service. Attach the data licence agreement (pdf} for their

which are still ‘Open’ or ‘In Progress’, to ensure we are tracking each data reguest,

Mest check the detail of the reguest to see if th hitp:'wwnwr. marine. ie/Hame fopen-data-requests

signature. Use the Following template:
the anline M| portals:

=  Marine Data Online — hitp:// data. marine e From:  datareguests B marine i 15, If & requester sends & guery far data to pour awn persanal mail, then you need to send them
= Marine Institute CRDAPP server - http: /ot To: Internal Data Requestar the anline data request page to wbmit a data request via
0 datereguests@marine i FreArine i nt ibute-ren uest gt

= Irefands Marine Atlas

. Subject: Marine Institute Data Request 2007 oo
= Irelands Marine Renewalile Cnergy Atlas Wave rider data
= INFOMAR Wel Map Viewer The Marine Institute | M) acknowledges receipt of your data request through the M
- Monthly data is zipped fram 'l.".,g,alwal.lfsﬂ]'l.'l.'.l'ﬂuﬁidur and transferred inko

IF thee data cannat be downloaded from amy af | Diata Reguest Service. We have taken your request details and shall pass them onta
nesds to be sert to Dats Steward and a licence the refevant data steward in our crganisation. We will be in contact with you in due 3\DataRed uests) WaveRider
" " course.
3. Click on "Edit” tab on the top of the page. Change t - The fallawing documents ta suppart the data are lacated on
name under "Assigned Te'. vyra b3 Dvba R et Wiane Rid e

Qur signed Marine Institute Data Licence Sgrepment s attached. We require this @
be signed by wou within the Acceptance of Agreement section abowe “For the

Licensee” and returned to us before we release data to you. o DWR3 File Detsils vl
v Gabway Bay and West Wi — 2009 - 2012
Plesase mote that if you intend publishing data supplied that the conditions set cut in v Al Blmulel data

Saction “4. Publications” of this lcence agresment apphy.

o DWRA File Details
v Gabway Bay and West Waes — 3003 ta date

Mate: The licence agreement neads to be signed by the data requester before the data defreered.

4. Take nate of the data requeit number im the larma - Data & sent through HEAget or Ellesender (depending on sipe)
11. Once the data and signed licence agreement is received, the data & sent to the requester via o The above documentation is provided to the data requester
5. Open the Data Request Repart Manager dta reguest: datarequests @ marine i a Copy the link of where data is located and keep it in the data request 10 folder, alang
hetpaffe - o i 2l with the signed license agresment.

- IFthe datais too big to send via email then it can be sent via QEAGes Fike Sender.

g nsedypresment and uie the request number bo do

12, Store a copy of the dats and the signed icence agresment in.

13, Login to the data request page to close the data request and enter information to the
fallowing areas:

- Status - Close
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Jupyter Notebooks as SOPs

: JUPYtEV SCS_Underway_Overview Last Checkpoint: 10 minutes ago (unsaved changes) ﬁ Logout
File Edit View Insert Cell Kemel Widgets Help Trusted |P\,‘thnn [default] O

+ 3 & B 4+ ¥ 0 B C Makdown T =

=
Mlarine [nstitute

Foras wa Mara

Ocean Science - Data Processing & QC notebooks

| Contents | Data Processing | Quality Control

$CS Underway Data - Qverview
This section captures the complete lifecycle of underway data for inclusion in the core Ocean Science datacentre. This process includes:

« Initial data collection

« Extract Transform & Load (ETL) procedures.

+ Quality controls.

« Finalinclusion in the production Ocean Science datacentre.

Database Overview

The illustration below shows imporiant databases used in the processing of Undenwvay data. Each time a backup SCS database is received from a vessel, two
new databases are created to process the data (SCS & DataAgg). Two additional databases are available to support data extraction and quality control stored
procedures. Finally, the processed and aggregated data is loaded into a final yearly storage database

E 5CS data backups supplied from CE & CV

OceanSQLO1 DB Engine

DDMMYYYY5CS_CE
/~ Staging databases to process SCS data.
DDMMYYYYDataAgg_CE CV = Celtic Voyager, CE = Celtic Explorer

ac_scs
= Dataimportand Quality routines

-
—
- QC_Underway

ta

- Yearly Aggregated Separate database per year and per vessel
dal

: Jupyter SCS Underway QC Last Checkpoint: 04/25/2018 (autosaved)
File Edit Wiew Insert Cell Kemel Widgets Help

B o+ = @G B4+ % H B C| wMarkdown v =

Summary of Quality Check flags:
The following codes/flags are used to record the quality of each paramater under QC
In [6]: |# Display all

df = pd.read_sql_query('''SELECT * FROM dbo.[tblflags]''',SC5_QC_engine)
df.head(20)

out[6]:

qc_flag_id flag_description

0 0 NoQC
1 1 Good
2 4 Failed physical limits
3 5 Failed local limits
4 9 Missing
5 13 Location falls on land
6 14 Location falls in port
T 15 Impossible location
8 16 Failed automated sounding check
9 7 Failed sea temperature check
10 18 Thermosalinograph fails comparison with Ti20
1 19 Failed visual sounding check
12 20 Failed air temperature check
13 21 Failed atmospheric pressure check
14 22 Failed salinity check
15 23 Failed fluoresence check
16 24 Failed visual check

Trusted

Maritieme

Elfapaan
& Fishorics Fund

ﬂ Logout

| Python [conda root] O
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MI QMF Implementation Pack TR

* Data Management Plan
* Requirements and User Acceptance Criteria

* Process Flow and associated information

* What needs to happen to achieve the objectives
* Flow diagrams preferable to pages of text.

e Standard Operating Procedures
e How it will be done
* Documentation should be active

* Performance Evaluation template
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QMF - Additional Benefits

e Resources for new starters.
e Security around our digital data assets
 Understand our data protection obligations [GDPR].

* Business continuity and contingency planning.

* Transparency.

* Clear ownership and accountability for staff.

* |IODE accredited NODC status...

submitted for review October 2018...
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Eusapsan Moritime
& Fiahoerios Fund

MI QMF Model

Outputs

Data Governance

Data Product or
Compliance

Service

J(

) /rOperatians e

-
T
]

a )

~

Processes

Procedures

GDPR

Risks

Acceptance Criteria

o

N

N

Performance
Evaluation
& Improvement

Input from
Customers &
Interested
Parties

J

7~ Planning

Plan

[ Data Management

Requirements
Document

> |

Requirements
Gathering

/

-

/

@
«\

Inputs

- N

Standards &
Methodology

s

MI Policy &
Strategy

s

Legislative
Drivers

-

mI
Architecture

s

Training &
Resourcing

-

Management
Systems
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MI Data Strategy

6. Coordination

Irish marine data and related
information from a range of
sources is readily available to
national and international
stakeholders

5 . Connectivity

Institute data is available
externally and connected with
national and international systems
to support marine management
and R&D

1. Policy

An up-to-date MI data policy is in
place which makes it clear how
data should be managed

2020 Vision

Irish marine data will
underpin the development of
Ireland’s marine sectors and
the sustainable development
of Ireland’s marine resource

4, Capability

Data and information
management expertise, processes
and supporting tools are
continually developed

e

& Fisheries Fund

2. Governance

Tools and processes are in place to
ensure that Marine Institute data
are categorised and handled
appropriately

SN\

3. Quality

The Ml is a trusted source of high
quality data with well-defined
reproducible processes



Where next?
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Datacite DOIs for workflows

DataCite

DataCite - International Data Citation

10.1

resourceTypeGeneral

The general type of a
resource.

Controlled List Values:

Audiovisual
Collection
DataPaper

Dataset

Event

Image
InteractiveResource
Model
PhysicalObject
Service

Software

Sound

Text!®

Workflow

Other

See Appendix for definitions and
examples.
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Review and streamline processes

* |dentify bottle necks

* Provide tools to help

* Data stream visualisation screening tool for Galway Bay Cable Observatory
* <200 lines of Python
* Bokeh and Pandas toolboxes p

Pandas ’

@ python’
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Enhanced metadata?

into service
(High Level Flow)

Tidal Gauge

g Q Bring tidal gauge Tidal Gauge Acquisition & Data Processing

SMS Messaging
T
HYDRAS RX data
Mc:xle Phone | _ _ _ processing @
eceiver software
Transfer processed files s aer comection bt

to folder structure Data files

Detailed tion captured by

design doc

MI Oranmore

R
Web Content
IMOS Sy Manag:
System
——
s { " Where
= Does >
Irish Tides & Tide | 7'
% Prediction portal | ©°7
Processed files pickup

1
1
1
1
1
1
Folder location T — :
1
1
1
1

- -] - —————

T ’ [Rd«to Tidol Gauge (OS) Flow
SOP: Regular QC Processing and QC

Publish Data to Publish Data to of tidal Gauge data
MI FIP server M Web Portal

Public Internet
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http://.../data_dow
nload/.../
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:k Methodology

DIC

J

wasAssociatedWith

PROV-O

SAM Oo&M

Activity

informedBy

wasAssociatedWith

A 4

Algorithm

observedProperty
\featureOfInterest Observation procedure
Galway Bay ):
parameter
A 4
wasDerivedFrom LOD .
Correction
relatedObservation Accuracy
Precision
Uncertainty l
Sampling
feature Standards
1
\ 4
wasDerivedFrom
latedS lingFeat .
relatedsamplingreature Ana|y5|5

%
Specimen
~2sGenerateqs,

wasDerivedFrom

(=)

used

P
g

wasGeneratedBy

Thomas et al. (2016) AGU Fall Meeting.

informedBy

wasAssociatedWith

l informedBy

Fixation

wasAssociatedWith

03020

l informedBy

Sampling

wasAssociatedWith

v

Poisoning

Niskin

bottle

ol0

Y=aX+b

NVS:B02:M000001
SI0-Batch001

NVS:L22:TOOL0481
VINDTA-3C

CHEBI:31823

Mercuric chloride

NVS:L22:TOOL0412
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Thank you to Greg and Claudia @ |ODE

11 September 2017: OTGA/QMF IODE Quality Management Framework
training course 11 - 14 September 2017, Oostende, Belgium

he training course ‘IODE's Quality Management System Essentials for NODCs
and ADUs" is taking place this week at the IODE Project Office in Ostend,
Belgium,

11 people from B countries are participating in this OczanTeacher Global
Academy (OTGA) training course, taught by Greg Reed. On Wednesday Mr Loic
Petit de la Villeon from SISMER (IFREMER) will join via videoconference to share
his experiences and lessons learned on implementing a Quality Management
System (QMS) for SISMER, the French Accredited National Oceanographic Data Centre.

This is a practical workshop: the participants work in teams to complete exercises on each topic to reinforca
their understanding of the requirements for a quality management system and the 10ODE accreditation
requirements for NODCs and ADUs. More on OTGA: http:/ /www.oceanteacher.org
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