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StraboExperimental / LAPS*

S

What is StraboExperimental?
A digital repository for experimental rock deformation data. As part of the

Strabo Ecosystem, it utilizes features from Strabo in addition to capabilities
specifically for experimental data.

. *Laboratory Acquisition & Protocol Standards
What is LAPS? W v Aca

LAPS is a framework for preparing and storing experimental data locally. It
comprises a set of instructions and workflow tools for gathering and organizing

S

experimental results. Functionality includes import/export features and
compatibility with StraboExperimental.
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LAPS - Experimental Workflow
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Challenges

A. Technical Challenges
 Fragmented Data and Formats (Digital & Analog)
 Repository: Database Maintenance and Longevity
e Data Access (Software, API)
* Processing Tools

B. Societal Challenges - Community Standards
* No Metadata Standard
 Which data to include (processed-unprocessed)?
* Legacy Data, Pilot Data (published + unpublished)
 Data Quality Criteria
 Copyright, Citations, Privacy Issues
* Time Management
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Data Management - Options

Metadata
Data

Online Repository

) 2

1: Upload to Online Repository

E 2: Integration into local Workflow
3: Link to Online Repository (API)

Local Repository
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LAPS - Workflow Details
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LAPS - Anaconda/JupyterLab/Python Tools

Create a JSON file for Create Empty Directory from JSON
experiment (Strabo; JavaScript Function: LAPS_1_empty_dir_create_update
Web Form) based on JSON File
Metadata Schema Empty Directory Structure

Populate Directory with Laboratory Data

Manually organize data in the created directory
Recreate Directory from HDF5 structure based on the JSON File

Function: LAPS_3 create_directory_from_HDF5
HDFS5 File

Recreated Directory Structure

Convert Directory to HDF5
+ Function: LAPS_2 HDF5 from_directory
JSON File, Populated Directory
HDFS5 File

Interactive Time Series Plotting

Function: LAPS_4 interactively plot_timeseries

Input: JSON File, Time Series Data Store/Exchange HDFS5 File
Output: Interactive Time Series Plot

Share, move, or store the generated HDF5 file.
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LAPS - Python Tools/hdf5

Folder structure to HDFS5 file structure

v BB Paterson_Carrara_Test_2

Sl codes
v B dag
BB documents
v B data
v BE datasets
8w EBSD
B8 Imaging
Bl Parameters
BB Thin_Section
v B8 Time_Series
Bl test_1
v B experiment
88 documents
v B sample
B8 documents
v Bl system

B8 documents

B Name

B test 1

B Paterson#5_ExampleData
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HF HDFView 3.3.0 = (] X
File Window Tools Help

=0 €@E

Recent Files | rkflovAl_LAPS_processing_EB\1_Older_sriptsiCreate_directorAHDFS_datahb +| Clear Text

~ (B HDF5_data hb Object Attribute Info  General Object Info
» @ codes
~@daq Name: Parameters_patterson xsx
@ documents Path: fdatajdatasets/Thin_Section/
- & data ath: atajdatasets/Thin_Section
~ @ datasets Type: HDF5 Dataset
Q EBSD Object Ref: 589385
~ @ Imaging
- garri'{',s.]pg Dataset Dataspace and Datatype
g Canr7jpg _ ) .
€3 Parameters No. of Dimension(s): Scalar
~ @ Thin_Section Data Type: String. length = 8989, paddinc
£ Parameters_patterson xisx (Show Data with Options|

~ @ Time_Series
£] Paterson#5_ExampleData txt
Q) test_1
Q experiment

Miscellaneous Dataset Information
Storage Layout: CONTIGUOUS

~ @ sample Compression:  NONE
Q) documents Filters: NONE
~ @ system Storage: SIZE: 8989, allocation time: Late
~ @ documents Fill value: NONE
=] 709420 pdf

Paterson#b_ExampleDatatxt at /data/datasets/Time_Series! [HDFE_datahb in ClUsers\kathe\Dropbox
Parameters_pattersonxisx at fdata/datasetsiThin_Section/ [HDF5_datahb in CiUsersikatheiDropbox (M |
Parameters pattersonxlsx at fdata/datasets/Thin Sectionf [HDFS datahb in CiUsersikathe\Dropbox (M




LAPS - Python Tools/Interactive Plots

Interactive time series data plotting

Project: vield Point Study Carrara
Apparatus: Paterson Rig #5
No sample name
Datasets:
Time Series
Time Relative Differential , hour
Time Relative Differential , sec
Load Axial Internal , KN
Cisplacement Axial External High Gain (Fine) , =m
Cisplacement Axial External Low Gain (Coarse) , =m
Displacement Volumetric Pore Volume , =m
Pressure Pore Upstream , MPa
Pressure Pore Downstream , bar
Load Axial External , KN
Pressure Confining Vessel , MPa
Temperature Sample Average , deg C

X-axis: | Time Relative Differential , hour v

Y-axis: I Pressure Pore Upstream , MPa v
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0.300 4

0.225

Pressure Pore Upstream , MPa
e o
~ ~
w -~
o b
a

g
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0.0 0.1 0.2 03 0.4
Time Relative Differential , hour
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(Example)

Temperature Sample Average , deg C

Load Axial Internal , KN

Time Relative Differential . hour ~

Xeaoais:

Y-axis: ‘ Temperature Sample Average , deg C |

=237.00
=237.25
=237.50
=237.75
-238.00
-238.25

—-238.50

-238.75 [

0.0 0.1 0.2 03 0.4
Time Relative Differential , hour

X-axis ‘ Displacement Axial External High Gain (Fine). mm ~

Y-axis: ‘ Load Axial Intenal , KN ~

o

w

s

w

3 4 5 6 7 8 9
Displacement Axial External High Gain (Fine), mm le=5+1.1621




LAPS - Python and JupyterLab/Notebook Tools

In Development

e Strabo Metadata/Data upload and download via API
e Parsing tools for other Open Data Repositories
 Data Processing Tools (e.g., Calibrations)

e Acoustic Emissions Machine Learning Code

 Time Synchronization (between DAQ Systems)
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Comparison - Table

Digital Repository
Public Access

Access Control
Metadata Standards
Structured Data
Open Source

Data Entry Forms
Database

External Data Reference
Workflow Integration
Strabo Integration
APIl/Import Export

Readiness
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LAPS - Python/Html/Javascript Form Tool

# J50N

Facility Apparatus DAg Sample Experiment Data

Apparatus Form

experiments of relatively large samples up to 15 mm i ster and 30 mm in length ternal load cell and compensated piston design which eliminates

M/ --- /1_LAPS processing_EB

& C @ O D localhost:5888/1ab/tree/Documents/AEdata to_h5/LabData @ ﬁ ] Q Search Apparatus (DUT] Information (Description, Features, Parameter. Manuals and Documents)
- e 5 = = Apparatus Name Apparatus Type Location Apparatus ID
~ File Edit View Run Kernel Tabs Settings Help
Paterzon Rig #3 Triaxial {conventional) v E54-715 Pat_54 715
=] + c = README.txt X | ) paterson5_CarraraTestjson X = [® Main.ipynb
D st
B+ XD » m C » Coude v
Q This apparatus is capable of re: ng confining pres: to 500 MPz and temperatures up to 1300°C with Argon gas serving as the confining medium. Itwas ~
o R . . designed by Prof. wyn Paterson and is one of 13 axis paratus of this type world-wide. paratus is uniquely suited for high-resolution deformation (¥
## LAPS project data convertion, storage, and plotting based on the . /
A

X s ¥ # Ekaterina Bolotskaya o A e e e e
/ 2_dir_to_HDF5_to_dir v2 / # 07/17/2023
Apparstus Festures:
Name v Last Modified _
e e e e e e e S D D S S S T D S e B Losding B Unloading Heating [ Cooling @ HighTemperature [ Ultra-High Temperature [ Low Temperature
B Test_input_output_data a minute ago ## Import modules
* B B 9 - _»_‘_’ ______________________________________________________________ [ Sub-ZeroTempersture B HighPressure [ Ultra-High Pressure [ Hydrostatic Tests B HIP Synthesis | Deposition/Evaporation
[ README.txt 4 months ago - . ~
import os Mineral Reactions O Hydrothermal Reactions O Elasticity O LocalAxialStrain O Local Radial Strain - O Elastic Moduli
. Main.ipynb a minute ago i ;
i g Empont ;J,SM [l igldStrength B Failure Strengsh B Strength () Extension Cresp [ Friction [ Frictionzl Sliding [ Slide Hold Slide
@ LAPS_4_interactively_plot_timese... 4 months ago import hSpy o
- ) ¥-plo 9 import numpy as np [ Stepping [ PureShear [ SimpleShear [ RotaryShear [ Torsion [ Viscosity [ Indentation [ Hardness [ Dynamic Tests
@ LAPS_3_create_directory_from_H... 5 months ago - ; ) - , ) - ) y - Y :
Ol Hydraulic Fracturing [ Hydrothermal Fracturing  © Shockwave B Reactive Flow Pore Fluid Control ' Pore Fluid Chemistry
@ |APS_2_HDF5_from_directory.py 5 months ago B e o ; = - = - i
Pore Volume Compaction [ Storage Capacity B Permesbility B Steady-State Permeability B Transient Permeability
: ## Import functions
@ LAPS_1_empty_dir_create_updat... 4 months ago e O Hydraulic Conductivity B Drained/Undrained Pore Fluid [ Uniaxial Stress/Strain [ Biaxial Stress/Strain B Triaxial Stress/Strain
1 v_di : : 3 s = i - -
@ LAPS_1_empty_dir_create_delete 4 months ago from LAPS_1_empty_dir_create_update import * O DifferentialStress B TrueTriaxial ) Resistivity O Electrical Resistivity [ Electrical Capacitance ) Streaming Potential

from LAPS_2 HDFS5_from directory import *

. . e i N X s ] ti +-Situ X
From| UapsE3Ycr cateldiectony LT romIPDES) import® B Acousticvelocity [ AcousticEvents B P-WaveVelocity B 5-Wave Velocity Source Location ) Tomography [ In-SituX-Ray
from LAPS_4_interactively plot_timeseries import * O Infrared () Raman [ Visual [ Other
Select Apparatus Test Capabilities
T o e o e e o e o e e A e e S e S A S e S
:# Create the initial directory structure based on the JSON schema .,  Parameters
# Define paths (platform independent) Oyetert Parasmeters sl Limits
cwd = os.getcwd() # get the curre:
schema_path = os.path.join(cwd, 'Test_input_output_data', 'PatersonS, +  Documents

empty_dir = os.path.join(cwd, 'Test_input_output_data’', 'Paterson_Cari

## Call the function to create the initial directory structure based
LAPS_1 _empty_dir_create_update(schema_path, empty dir, json, os)
< >

Empty directory created successfully. Please populate it with data for further processing.
C:\Users\uli\Documents\AEdata_to_h5\LabDataWorkflow\1_LAPS_processing_EB\2_dir_to_HDF5_to_

dir_v2\Test_input_output_data\Paterson_Carrara_Test
v

Simple 0 1 @&  Ppython 3| Idle Mode: Command @ Ln 1, Col 1 Main.ipynb
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LAPS —Python Tools

/tree/Document:

o_h5/LabData 5] f{lo\Search B BB oo

: File Edit View Run Kernel Tabs Settings Help
= 1+ c = README.txt X | ) paterson3_CarraraTestjson X | [ Main.ipynb X |+ %
scnemd TIie, 7%
ame O\‘ 65 You can either manually fill the form or use templates to generate the required .json file.
o 66 Save the created .json schema file to a location on your computer.
M/ - /Testinput_output_data 67
/ Paterson_Carrara_Test / 68 2. Place Main.ipynb and the provided function files ("LAPS_1_empty_dir_create_delete.py’,
— “LAPS_1_empty_dir_create_update.py’, LAPS_2_HDFS_from_directory.py",
= | Name b Last Modified “LAPS_3_create_directory_from HDFS.py, “LAPS_4_ interactively plot_timeseries.py’)
sample 4 minutes ago 69 in the same directory (not necessarily where you want tc manage your laberatory data).
70
* B facility 4 minutes ago 71 3. Specify the path to the JSON schema file: schema_path.
™ cxperiment 4 minutes ago 72 This file defines the structure of the data to be stored. Specify the name for the empty
. directory to be created: empty dir.
B data 4 minutes ago 73
™ dag 4 minutes ago 74 4. Run either version of **LAPS_1 empty dir_create** function to create the initial directory
. structure based on the JSON schema.
B apparatus 4 minutes ago 75 This function will create an empty directory structure in a folder named empty_dir.
76 Please see comments above on the difference between the two versions if rerunning the functien.
5. Populate the generated directory structure with your laboratory data.
You can organize the data according to the subfields defined in the JSON schema.
o If you want these scripts to be part of the HDF5, add them into the directory.
81
82 6. Specify the path to the populated directory: popul _dir (if you populated the original
directory, the path should be the same as empty dir).
83 Specify the name for the HDF5 file to be created: hdfS_file.
84
85 7. Run the **LAPS_2 HDF5_from_directory** function to convert the populated directory structure
intec an HDF5 file.
86 This function will read data from the populated directory, generate an HDFS file that
represents the same structure, and dump the data there as binary files.
8. The HDFS file can now be stored, exchanged, or used for further analysis.
You may choose to move it to a different location or share it with others.
9. To reproduce the original directory structure from the HDFS file, specify the directory name:
output_dir,
the file name for the recreated schema: recr_scdir, and the HDFS file name: hdf5_file.
Run the **LAPS_3_create_directory_from_HDF5** function. It will recreate the directory
structurs bt
Simple 0 1 @&  Plain Text Ln 71, Col T Spaces:4 README.txt
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LAPS - Anaconda/jupyterLab/Python Tools

O D localhost:8888/lab/tree/Documents/AEdata_to_h5/LabData 5] ﬁﬁ?l Q Search B L (58]
: File Edit View Run Kernel Tabs Settings Help
[ b o (6] = README.txt X 1) paterson5_CarraraTestjson X | (% Main.ipynb X |+ %
B + XTO B » m C » Code v Python3 O
ame Q =
O 1 LaPS ing 8 1]: ## LAPS project data convertion, storage, and plotting based on the .json schema file
-’ /, e/ o _procfssmg_ # Ekaterina Bolotskaya
/ 2_dir_to_HDF5_to_dir_v2 / # 07/17/2023
= | Name v Last Modified -
@8 Test_input_output_data a minute ago ## Import modules
R D resomEnt 4 months ago e
S . import os
- A Main.ipynb a minute ago import json
@ LAPS_4_interactively_plot_timese... 4 months ago import hSpy
. import numpy as np
@ LAPS_3_create_directory_from_H... 5 months ago
@ LAPS_2_HDF5_from_directory.py 5 months ago ey
@ LAPS_1_empty_dir_create_updat... 4 months ago :.e Import functions
@ LAPS_1_empty_dir_create_delete.... 4 months ago from LAPS_1_empty_dir_create_update import *
from LAPS_2 HDFS_from_directory import *
from LAPS_3_create_directory_from_HDF5 import *
from LAPS_4_interactively plot_timeseries import *
e e e e e e e e e e S S S S S S S S
## Create the initial directory structure based on the JSON schema
L
## Define paths (platform independent)
cwd = os.getcwd() # get the current working directory
schema_path = os.path.join(cwd, 'Test_input_output_data', 'Paterson5_CarraraTest.json')
empty_dir = os.path.join(cwd, 'Test_input_output_data', 'Paterson_Carrara_Test')
## Call the function to create the initial directory structure based on the JSON schema
LAPS_1_empty dir_create_update(schema_path, empty_dir, json, os)
< >
Empty directory created successfully. Please populate it with data for further processing.
C:\Users\uli\Documents\AEdata_to_hS\LabDataWorkflow\1_LAPS_processing_EB\2_dir_to_HDF5_to_
dir_v2\Test_input_cutput_data\Paterson_Carrara_Test
- v
Simple 0 1 & python 3 |Idle Mode: Command @ Ln1, Col1 Mainipynb
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Laboratory Workflow

Combine Experimental Information + Data

ST: System Template

ET: Experimental Template
Sample Template

D: Data

TD: Test Dataset
TT: Test Template

Meta Data

- Data Set (e.g., Time Series)




Templates

Templates simplify user input

Metadata

User Apparatus Sample

Experiment

Information Information

" 1] "

Information Information

o

App_Editor

User_Template App_Template Sample_Template Exp_Template

A & i ﬁ

Exp_Editor

Sample_Editor




Alternative Editors

Many ways to modify and edit Experimental Data and Metadata

[EIEE NI cxperimental-schema.json™ Solution Explorer - Folder View

Schema: system-schema.json

Load JSON document: Mo file selected. Save JSOMN document:

Download MIT Machine Templates here: Paterson#5 - Permeameter

1

2 "§schema”: "system-schema.json",
3 =] "facility info": {

4 "facility_address
14 "institute name":

15 "facility type": niversity Lab",
* 16 "facility name”: "Rock Physics Laboratory”,
- Tree = 17 "facility_contact™: I:l,
25 "facility id": "45re-tyu"
object » system_info = dagme 0w 28 b .
27 EI| system_info": {
¥ System Profile v3 {3} = 3 d2q”: [
i . E] "analog_input":
fschema @ system-schema.json 177 "analog_outpu
- . 287 B “dagq_paramete : [
» facility_info {6} 268 "daq_name”: "NI
- i
269 daq_manufacturer Lupannel number's 0,
¥ system_info {7} 31? :::aq_’escieticn: gur_atmn”:"Dif'f’erentia\",
aq_samplingra it": "volt”,
¥ daq [1] }’. ) “range_low": 0,
@ "digital output™: "range_high": 10,
B "digital_input™: |.| “rate™ "1KHz",
v e {5}- } "calibration": { "cal_date": "2011-06-26" },
. 1. "sensor': {
» analog_input [9] & "deta: [
=] "system_capabilities™:
L4 Eﬂall:lg_l:lutﬂut [2] "Acoustic Emission”,
485 "Permeability”, i o .
» dag_parameters {4} ag6 "Stress Deformation”, channelname’sAxal Stress’,
487 "Strain Deformation” channel_name_add1": "Internal
b digital_output [1] 488 "Hydrostatic Stress” J
- . 459 - . "channel_number": 1,
P digital input [1] 498 ;tEln_lCCaElCl;l: mI "configuration": "Differential”,
491 stem_name": "Paters “unit"; "volt”,
492 stem_type”: "Patersd ‘range low": 0,
¥ data [1] 493 E "system_parameters”: {| “range_high" 10,
494 "app_distortion™: 75 ‘rate”; "1KHz",
L {5}- 495 "f_max": lee, "calibration": { "cal_date": "2011-06-26" },
e 496 "disp_min": 28, =
P system_capabilities [5] 497 "disp_max": 49,
498 "p_min": @,
system_location ! MIT Cambridge Bldg.S54 - 715 499 "p_max": 500,
58 "pp_min": @,
system_name : Paterson Apparatus #5 561 “pp_max”: lea,
5@2 "t min": 2@,
system_type ;|Pater‘sor‘| Apparatus w se3 "t_max": 1488
- 504 ]
585
system_parameters {18} aae } :




Laboratory Data Workflow - Scenario

|

I Data Storage : Data Storage : Data Groups

I Measurement Processed Narivad

Sensor Data Lo 4 5 h + Narivad
ataset Dataset ;

I I I Derived

| I I I I Dataset

I - I I

! .enso'r | Normalizations |

| Calibration I I

I I I

| | Calibrations |

: Hardware I I ‘Soft’

I Calibration : : Normalizations

l Data Storage | | Model

| Other i | Presumptions
Measurements !

Non-Standard Data/Units:

Calibrated or uncalibrated

Standard Data Units:
Normalized to standard Sl label/units or community

accepted label/units/prefix
Public Repository Data
Data Quality Label

Label/units/prefix depends on user and/or lab
conventions and manufacturers specifications




Table Headers - Schema

Header Specifier A \ Specifier_B \ Specifier_C =
Length = -medium - location - label

WERNS

Pressure

Force

measured — absolute
caIcuIated rel/ratlonal

Temperature Add ibrated
calibrate '
Calibration uncallbrated

Lookup Table Lookup Table [__4 Add Sensor Add Reference
Value(s)
Channels: Units: Reference: Sensor: Calibration:

Strain-Sample-Radial-sgl Strain Shunt-0 SG-250-6-1 (L/LO)/V@R

Pressure-Vessel-Confining MPa 0.1MPa Kistler-AEO1  P/(mV/V)
Temperature-Sample-Internal-top C RT Type-K K/V
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