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This is the recommended first complete walkthrough of SF2 technology. You will follow one Waterpump
project from a CSV recording through preprocessing, semantic-map training, fingerprint generation,
failure-reference capture, alarm configuration, signed runtime export, automatic local Engine discovery,
and a real SCADA alarm.

The important idea is continuity. An SF2 project is a chain of versioned artifacts, not a collection of
unrelated settings:

sensor_in.csv -> UDTAT -> UDM -> UFP -> Studio Status Library -> signed Engine package -> local EngineRT ->
SCADA

Continue only when the artifact created in the current stage exists, opens successfully, and belongs to
the same upstream project state.

Before You Begin

Allow about 60 to 90 minutes if you run the training stages yourself. You need SF2 Suite RT, write access
to the selected SF2-Suite-Data folder, and the packaged Waterpump project at
SF2-Suite-Data/waterpump/project.sf2project.json. The local runtime demonstration also uses the Suite's File

Stream Server, SCADA Simulator, and one licensed local Engine slot.

The screenshots were produced on Apple Silicon. File pickers and acceleration labels can differ on other
platforms, but filenames and artifact contracts stay the same. Production Engine packages must be
signed with a trusted Ed25519 key. Unsigned packages are suitable only for explicitly configured

development environments.

Artifact ownership

Artifact Owner Purpose

waterpump_norm_binningj | pyat
son

Column roles, normalization, and binning

abe pui ot daiad UDTAT Continuous normalized UDM input

v

waterpump_binned_data.csv | UDTAT Discrete UFP input
waterpump_F_r64-
0.02_e100_g64x64_MAP.json | UDM Learned semantic map
1
waterpump_retina_64.jsonl UFP Runtime fingerprint dictionary
status_library.statuslib.json Studio Reference fingerprints and trigger policy
runtime.sf2enginepkg Studio Signed portable EngineRT package
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1. Start SF2 Suite RT

At startup, Studio asks where project data should be stored. Select the folder that contains the SF2-Suite-
Data directory. The choice shown below resolves the packaged Waterpump project without changing its

internal paths.

SF2-Studio RT

Semantic Folding Sensor Fusion
‘ [ NON ] Choose SF2-Suite Data Folder

Select where SF2-Suite should store project data.
The selected location will contain the "SF2-Suite-Data" folder and project folders.

‘ /Users/demo/SF2-Suite-Data Browse...

Default: /Users/demo/SF2-Suite-Data

< Cancel
"~ Machine sf2-demo.local (000000000000000)

Issued License: SF2-Suite RT

Figure 1. The splash screen and data-root chooser are the first visible states of the walkthrough.
Choose OK. Studio opens without requiring you to create an empty project.

| Checkpoint: The selected data root is writable and contains a waterpump project folder.

2. Open the Packaged Waterpump Project

Choose Open Project, navigate to the waterpump folder, and select project.sf2project.json.
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SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling

el e ooz | @scaon | Brisiean

> Network Favorites
@ Recents

< =

= waterpump a Q
) SF2-Engine Fleet npty)
Vv Project Projed A Applications Folder shared with File Sharing

) Desktop Name Date Modified v size Kind Date Added
v Preferences

[ Documents B project.sf2project.json Heute, 15:43 JSON Document: 27.03.2026, 21:25

Project Folder /a8 " project.live-demo.sf2project.json Vorgestern, 16:07 2KB  JSON Document Gestern, 09:14

© Downloads
Input Mode  F
iCoud > 3 snapshots 23.07.2026, 19:01 -~ Folder 23.07.2026, 19:01
Training Data Pat icloud Drive
Time Series Data Pat 9 Shared =
-
Timeline Gaps @ | . o § dark-red overlap
Numeric Data Pat & Macintosh...

paf & 192168.. &

Binned Data

Specs PG _ project.generated.phase2_strict_full_cli.sf2project json 02.04.2026, 04:07 12KB  JSON Document 09.05.2026, 13:26

Failure Radar
_ project.generated.phase2_strict_full_native.sf2project.json 02.04.2026, 04:06 12KB JSON Document 09.05.2026, 13:26

i Tags
Mapping Pat 1% =

Retina pat Media
1 Music

‘W Timeline Pane (&) Photos
= [E Movies
/Inputs Pane

\/ Actuator Pane frint yet

Blect a

—
\/ Sensor Pane SF2 Project (*sf2project.json) (2]

pr— New Folder Hide Options cancel  (EEZID

v Status Pane

No overlap timeline yet . 7
Load dataset files, then click Render Plots v Qs 2 Res

speed | (11
5 Auto
«

=]
~— LU 2 om >

 Ready (SF2-Suite RT license). Set project files above sensor plots, then render.

Figure 2. Open the packaged project rather than assembling its artifact paths manually.

Expand Project and Preferences. Confirm the complete artifact chain:

Field Expected value

Input Mode File CSV

Training Data Sensor_in.csv

Time Series Data sensor_in.csv

Specs waterpump_norm_binning.json
Numeric Data waterpump_numeric_data.csv
Binned Data waterpump_binned_data.csv

Mapping waterpump_F r64-0.02_e100_g64x64_MAP.jsonl

Retina waterpump_retina_64.jsonl
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LN ] SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling
Nowrront | osmarront [l see o eomemne @soron  Brtosuum
> Network V Status Library
) SF2-Engine Fleet [ Status Library (2)
“Project  waterpump 8] =] Failure 29
“! Failure3 ° e
v Preferences
Project Folder /Users/demo/SF2-Suite-Datajwaterpump =
Input Mode ~ File CSV e
Training Data sensor_in.csv vt || B
Time Series Data  sensor_in.csv ] —
] ="

Timeline Gaps (@ Compress Time Gaps Gap Threshold 10.0x = o Chiecka st to/showis darkcred overiap
I

Numeric Data waterpump_numeric_data.csv

Binned Data waterpump_binned_data.csv

Specs  waterpump_norm_binning json

L AL S AL AL

Mapping waterpump_F_r64-0.02_e100_g64x64_MAP jsonl uom
Retina waterpump_retina_64.jsonl urp
Resolution: - samples/px

> Timeline Pane Gap Lines

> Fingerprint View

speed i
* Auto
500
= «

LU 2 " »

Figure 3. The loaded project ties the source, recipe, numeric and binned data, map, retina, and Status Library together.
The recording contains id, timestamp, status, and sensor_00 through sensor_51: 52 raw sensor columns. The
packaged recipe removes the unused sensor_15, so the trained model contains 51 sensors. The tutorial
intentionally uses the same recording for training and playback so that the complete workflow is

reproducible. In production, training and validation or replay data are normally separated.

Checkpoint: No artifact field is blank, the project is named waterpump, and the supplied Failure1 and

Failure3 references are present.

3. Understand the Configured Project

Before rebuilding the project, take a moment to understand its finished state. The overview below is the
destination for Chapters 4 through 9: the Waterpump project is loaded, historical sensor and status data
are visible, reference fingerprints are available, and their similarity curves are aligned on the same time

axis.
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2 0
Rende: Project NewProject [ Open Project [ Save Project

Network
F2-Engine Fleet
Project  waterpump
> Preferences

pneline Pane

2018-04-01 00:00:00.000

A{W@;

SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling
e *((2 e SO
v/ Status Lib

= status Lib(75) (2) .

® v B Failure!

“2 Failure3
Nesa\u\%aw\us/px

2018-06-16 11:59:00.000 2018-08-31 23:59:00.000

L | LA

Tip: Check a status to show its dark-red overlay
channel.

|
———

17)
v Fingerprint

Fingerprint Inspector. m Radar
a4dS: Failure1

Current + St:

status i =

B siio 4 @)

Baseline K 5 & [Export) StripH .

-Mv,ﬂmv—wr——ﬁ,mﬁ-nwk»ﬁwﬁwvﬁmmWMW,M“ S SRR

Figure 4. A configured Waterpump project. The numbered legend connects each control with its role in the workflow.

No. Interface element

What it means in this tutorial

Loads the configured artifacts and renders the historical timeline, status channels,

1 Render Project . .
fingerprints, and overlap curves.
2 Help Opens contextual help for the active SF2 Studio version.
3 Export Engine / SCADA / File | Opens deployment and simulation tools. These controls are inactive in the SE
Stream edition, but the exported artifacts remain part of the same workflow.
4 Network Pane Configures discovery and alarm uplinks such as MQTT or REST.

5 SF2-Engine Fleet Pane

Discovers, adopts, and monitors EngineRT instances.

Project and Preferences
Panes

Identify the project and expose its source, preprocessing recipe, numeric data,
binned data, map, retina, and tool launch buttons.

7 Timeline Pane

Displays every selected sensor against one shared time axis.

8 Status Pane

Displays recorded operating-state labels, including the high phase used for

Failurel.
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No. Interface element What it means in this tutorial
Displays one similarity channel for each visible library fingerprint, plus the Baseline
9 Overlap Pane
channel.
. The vertical line selects one exact record and keeps sensors, status, overlap, and
10 Cursor position R . R
the current fingerprint synchronized.
11 Tape control Navigates or replays file-mode data and shows the current recording timestamp.
- Fit shows the full recording; Zoom changes detail; Lasso selects a range; Gap Lines
12 Timeline controls .
and Status Lines add context markers.
. Reports the number of samples represented by each horizontal pixel. Lower values
13 Resolution .
show more temporal detail.
14 Status Library Stores named, reusable reference states and their alarm settings.
. . . Failurel and Failure3 are named numerical reference vectors captured from
15 Failure fingerprints . ; .
reviewed moments in the recording.
16 Load / save library Reopens or persists the complete Status Library independently of the project file.
17 Fingerprint View Compares the current or selected fingerprint with a library reference.
Blue/teal positions belong to the current selection, yellow positions to the
18 Current + Status fingerprint P & . Y P
selected reference, and red positions to both.
19 Green check mark Accepts the current cursor or lasso selection as a new library fingerprint.
. - The library entry names the reference, the timeline marker shows where it was
20 The “Failurel’ link

captured, and the Failurel overlap strip shows similarity to it at every time step.

The repeated number 20 is the central relationship to remember. A Status Library item is not merely a

label: it is a named fingerprint vector with an origin in the timeline and a corresponding overlap signal

across the entire recording.

Checkpoint: You can locate the artifact chain, timeline controls, Status Library, fingerprint

comparison, and the three linked representations of Failurel.

4. Prepare the Data in UDTAT

UDTAT converts the raw table into two synchronized model inputs. Always enter it through the project

workflow: start SF2 Suite RT, open the Waterpump project, expand Preferences, and choose UDTAT

beside the training-data field. This preserves the active project context and its configured paths.

SF2 Systems | Page 7




SF2 Suite RT 1.1.90 | Waterpump End-to-End Tutorial

Render Project

> Network

New Project g Open Project | Save Project

> SF2-Engine Fleet

W Project
V Preferences
Project Folder
Input Mode
Training Data
Time Series Data
Timeline Gaps
Numeric Data
Binned Data
Specs
Mapping

Retina

waterpump

2-Suite-Dataf
File CSV
sensor_in.csv
sensor_in.csv
Compress Time Gaps Gap Threshold 10.0x
waterpump_numeric_data.csv
waterpump_binned_data.csv
waterpump_norm_binning.json
waterpump_F_r64-0.02_e100_g64x64_MAP.jsonl

waterpump_retina_64.jsonl

@ Export Engine

&3 scapbA

[ File Stream

]
]
=
UDM [}
v ||

Figure 5. UDTAT is launched from the open project in SF2 Suite RT, not as a detached first step.

4.1 Confirm the source contract

In UDTAT, open Original and verify 220,320 rows. Assign id and timestamp the role Ignore, status the role

Status, and the sensor columns the role Sensor. Status is supervisory evidence; it must remain available

for later interpretation but must not leak into the map-training feature set.

Original ~

Transformation Pipeline

UDTAT 1.1.84 - Universal Data Transformation & Analysis Tool

Load Clear

Clear

waterpump Preprocessing Pipeline

» Move (1)
» Delete (1)

» Min-Max (51)

» Binning (51)

Signal Catalog

Column Role
id Ignore  ~
timestamp Ignore
sensor_00 | Sensor
sensor_01 | Sensor  ~
sensor_02  Sensor
sensor_03  Sensor
sensor_04  Sensor
sensor_05 | Sensor
sensor_06 | Sensor
sensor_07 | Sensor
sensor_08  Sensor
sensor_09  Sensor

=

L Rows: 220320 | Sensors:

Save Output
Dataset Data Dataset Pipeline  Pipeline  Pipeline
164561
123420
£
3 82280
3
4140
o ~
S 2 ¢ & o S
o < o o < o
id (D) imestamp (Time status (Status) _sensor_00 _  sensor_01
0 2018-04-01... NORMAL 47.09201
1 2018-04-01... NORMAL
2 2018-04-01... NORMAL
Be I3 2018-04-07... NORMAL
Type  ~
4 2018-04-01... NORMAL
continuous ¥
5 2018-04-01... NORMAL
categorical ~
6 2018-04-01... NORMAL
continuous ~
_ 7 2018-04-01... NORMAL
continuous ~
8 2018-04-01... NORMAL
continuous ~
S 9 2018-04-01... NORMAL
continuous ~
- 10 2018-04-01... NORMAL
continuous ~
- n 2018-04-01... NORMAL
continuous ~
- 12 2018-04-01... NORMAL
continuous ~
= 13 2018-04-01... NORMAL
continuous ~
14 2018-04-01... NORMAL

continuous ¥
continuous ¥

51| Actuators: 0 | Timestamp: yes | Status columns: 1

Role: Role: Role: Role: Robust

Sensor  Actuator  Status  lgnore  ZS¢or®  Min-Max - Tyggp  Formula - Binning
Distribution: sensor_00

L ® & 2 & ¥ g & L
3 o IS < S 3 K © 4
sensor_02 sensor_03 sensor_04 sensor_05 sensor_06 sensor_07
53.218 46.31076 634.375 76.45975 13.41146 16.13136
53.218 46.31076 634.375 76.45975 13.41146 1613136
53.218 46.39757 638.8889 73.54598 13.32465 16.03733
531684 46.39756775  628.125 76.98898 13.31742 16.24711
53.218 46.39756775  636.4583 76.58897 13.35359 16.21094
531684 46.39756775  637.6157 7818568 13.41146 16.16753
5316839981 46.39756775 633.3333 75.81614 13.43316 16.13136
5316839981 46.39756775  630.6713 7577331 13.25231 16.12413
5316839981 46.39756775 631.9444 74.58916 13.28848 16.13136
53.1684 46.39756775 6417823 74.57428 13.38252 16.24711
53125 46.39756775  637.7314 76.05148 13.41146 16.16753
53.1684 46.39756775  635.6482 74.58654 13.41146 1616753
53125 46.39756775  630.0926 76.95988 13.34635 1616753
53.1684 46.39756775 638.6574 75.6731 13.31742 1616753
53.1684 46.39756775  632.4074 80.65949 13.38976 16.13136

Srede Coumn) P Cal com
R ! &
et ~ ~ o~ by
sensor_08 sensor_09 sensor_10
15.56713 15.05353 37.2274
15.56713 15.05353 37.2274
15.61777 15.01013 37.86777
15.69734 15.08247 38.57977
15.69734 15.08247 39.48939
15.89265 1516204 39.20406
15.65393 15.08247 38.20074
16.19647 15.08247 37.3396
15.47309 15.11863 38.45401
15.61777 15.11863 39.52119
15.65393 15.11863 39.90199
15.84925 15.11863 39.78521
15.73351 15.01013 40.04284
15.84925 15.16927 40.90296
15.53096 15.0897 21.82584

Cancel

Figure 6. The source table and Signal Catalog establish which columns are features, metadata, and recorded state.

The packaged pipeline moves the status column into the intended output position, removes the unused

sensor_15, Min-Max normalizes the 51 retained sensors, and assigns a semantic bin label to every
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normalized value. Choose Run Pipeline, then switch between Numeric and Binned to verify both

outputs.

1 Configure and run the pipeline 2 Inspect normalized numeric values 3 Inspect semantic bin labels

Transformation Pipeline 8 ®
waterpump Preprocessing Pipeline

» Move (1) B

» Delete (1)

~ Min-Max (51)
Min-Max: sensor_01
Min-Max: sensor_02
Min-Max: sensor_03
Min-Max: sensor_04
Min-Max: sensor_05
Min-Max: sensor_06
Min-Max: sensor_17
Min-Max: sensor_07
Min-Max: sensor_08

Min-Max: sensor_09
Min-Max: sensor_10
Min-Max: sensor_11
Min-Max: sensor_12
Min-Max: sensor_13
Min-Max: sensor_14
Min r_16

Figure 7. Three focused states replace repeated full-screen views: configure and run the pipeline, inspect normalized
values, then inspect semantic bin labels.

Numeric and binned data are siblings created by the same recipe. The numeric table is the continuous
UDM input; the binned table is the symbolic UFP input. Their rows must stay aligned because both
describe the same physical records.

4.2 Inspect and edit the pipeline

Expand an operation group to inspect its steps. Double-click any entry to open Edit Pipeline Step, where

the operation and target column can be reviewed or changed.
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“ vataset vata Udtaset Fipenne Fipenne Fipenne Sensur AGuawor Suatus ynure

Transformation Pipeline

waterpump Preprocessing Pipeline
pump P 9 7P Distribution: sensor_00

» Move (1) ~ 64902
» Delete (1)
~ Min-Max (51)

#8676
Min-Max: sensor_01
Min-Max: sensor_02
Min-Max: sensor_03
Min-Max: sensor_04
Min-Max: sensor_05
Min-Max: sensor_06
Min-Max: sensor_17 0
Min-Max: sensor_07
Min-Max: sensor_08

32451

Count

16225

Min-Max: sensor_09 ® © ® EditPipeline Step

Min-Max: sensor_10

Min-Max: sensor_11 Operation Min-Max -

Min-Max: sensor_12 sensor_00 sensor_01 sensor_05 sens:

= =

Min-Max: sensor_13 AD123 AE106 Al Channel / Column Al97 AJ77

Min-Max: sensor_14
- AD123 AE106 Al Cancel Al97 AJ77

Min-Max: sensor_16
Signal Catalog AD122 AE106 AF112 [AG113 [AH102 Al94 AJ76

Column Role CEE N /D123 AE106 AF111 AG113 AH100 Al98 AJ76
id Ignore ¥ | continuous ~
AD122 AE106 AF112 AG113 AH101 Al98 AJ76
timestamp Ignore  ~ | categorical ~
AD123 AE106 AF111 AG113 AH101 AI100 AJ77
sensor_00 | Sensor ¥ | continuous ~
AD1 AE106 AF111 AG113 AH101 Al97 AJ77
sensor_01 | Sensor ~ | continuous ~
AD123 AE106 AF111 AG113 AH100 Al96 AJ76
sensor_02 | Sensor ~ | continuous ~
AD123 AE106 AF111 AG113 AH101 Al95 AJ76

sensor_03 | Sensor  ~ | continuous

Figure 8. Double-clicking a pipeline entry opens the step editor; changes should be deliberate and followed by a complete
pipeline run.

Save the recipe as waterpump_norm_binning.json. This file is a runtime contract, not disposable setup

metadata. UDM, UFP, Studio export, and EngineRT all depend on exactly the same roles, normalization

bounds, and binning rules. A map or retina created from a different recipe may still open, but it will no

longer describe the same numerical space and cannot be trusted for correct processing.

4.3 Read the distribution bar graph

Selecting a pipeline entry or sensor column displays its value distribution. Each bar covers a value
interval; its height is the number of records in that interval. A narrow high cluster indicates a
comparatively stable operating band. A separated small cluster can reveal an alternate regime,
shutdown, dropout, or fault-related population. A broad distribution means that the sensor explores

much more of its range and will usually occupy more bins.
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UDTAT distribution comparison on the original Waterpump sensor data

Distribution: sensor 01

80000 -
40000
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30000

40000
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04— 5 . z _I--lqlll IIL oL
30 40 50

0 10 20
Observed value

Concentrated operating band
with rare low-value observations

Distribution: sensor_06 Distribution: sensor_34
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h 15000 |
S _.,.__,-I || ; o0- |‘II_ -I| ll‘lllllllllllll“‘lll.,_
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Observed value

Broad continuous variation
across much of its range

Record count
Record count
Record count

v
o
o
o

o

Observed value

Main operating band plus
a small near-zero population

Figure 9. sensor_01 has a concentrated operating band with rare low values; sensor_06 adds a small near-zero
population; sensor_34 varies broadly across its range.
Use the graph as a data-quality and configuration check. Unexpected spikes, empty ranges, or a
distribution unlike the source signal should be investigated before training. The graph describes

frequency, not importance: a rare value may still be the most valuable indicator of a named condition.

Checkpoint: UDTAT writes waterpump_numeric_data.csv and waterpump_binned_data.csv with 220,320
aligned rows, retains 51 modeled sensors, and saves the preprocessing contract used by every
downstream stage.

5. Train the Semantic Map in UDM

UDM distributes the training records over a two-dimensional semantic map. Records with similar 51-

sensor contexts are placed near one another, so neighboring map positions represent related operating
situations.

Open only Parameters Pane and use the reproducible Waterpump baseline:

Parameter Value

Grid Size 64

Map Topology Flat Map

Initialization Random Distribution

Epochs 100

Initial Radius 64.00

Final Radius 1.00

Radius Decay Strategy Exponential (fast start, slow end)
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Choose an available training implementation from the performance dropdown. The exact labels depend
on the operating system and CPU/GPU combination; select a supported accelerated backend when one

is offered, or use the compatible CPU implementation.

LN ] UDM 1.1.90 - Universal Data Modeler

NewMap || OpenMap | SaveMap | New Specs || Load Specs | Save Specs

~ Parameters Pane

Input Data File: waterpump_numeric_data.csv
Algorithm: Batch - Metal (GPU Accelerated)
Grid Size: 64

Map Topology: Flat Map

Initialization: Random Distribution

Epochs: 100

Initial Radius: 64.00

Final Radius: 1.00

Radius Decay Strategy: | Exponential (fast start, slow end)

Map File Name: waterpump_F_r64-0.02_e100_g64x64_MAP.jsonl

~ Signal Catalog Pane

Map Signal Role
id id

timestamp  timestamp

<

sensor_00 sensor

<

sensor_01 sensor

<

sensor_02 sensor

~ Input Data Pane

id timestamp. sensor_00 sensor_01 sensor_02 sensor_03 sensor_04 sensor_05 sensor_06 sensor_07 sensor_08 sensor_09 sensor_10
a 0.000000 2018-04-01... 0.967194 0.830145 0.876660 0.884816 0792242 0.764598 0.602472 0.683630 0.638905 0.602141 0.489146
2 1.000000 2018-04-01... 0.967194 0.830145 0.876660 0.884816 0792242 0.764598 0.602472 0.683630 0.638905 0.602141 0.489146
3 2.000000 2018-04-01... 0.959089 0.834736 0.876660 0.890052 0797904 0.735461 0.598568 0.679645 0.640988 0.600405 0.497561
4 3.000000 2018-04-01... 0.965264 0.830145 0.874763 0.890052 0.784402 0.769891 0.598243 0.688535 0.644259 0.603299 0.506916
s 4000000 2018-04-01 0959475 0830010 0876660 0890052 0794855 0765891 0599870 0687002 0644259 0603299 0 RIRRAR

~ Heatmap Pane

Sensty
¢ = .

Browse...

Reset Map Name

sensor_11 sensor_12 sensor_13 sens *
0.792070 0.691492 0.053911 0.8280
0.792070 0.691492 0.053911 0.8280
0.802954 0.713088 0.054781 0.8307
0.810935 0703827 0.050643 0.8305
0817716 0710045 0053990 08286~

Cancel Save

Loaded 220320 records, 51 source features, 51 map signals, 51 encoded features (numeric).

) g an ¢ ¢ AN eEmAR . & g = T rTTIrrTrTrrrrerrrerr e L 100

Figure 10. The baseline defines a reproducible 64 x 64 map while the performance selector exposes accelerators

supported by the current system.

Close Parameters and open Input Data Pane. Confirm 220,320 records and 51 source, map, and

encoded features. id, timestamp, and status must not be training features.
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LN ] UDM 1.1.90 - Universal Data Modeler
NewMap || OpenMap | SaveMap | New Specs || Load Specs | Save Specs
» Parameters Pane

~ signal Catalog Pane

Map _signal Role A
id id
timestamp  timestamp

V| sensor_00 sensor

v sensor_01 sensor

~ Input Data Pane

id timestamp sensor_00 sensor_01 sensor_02 sensor_03 sensor_04 sensor_05 sensor_06 sensor_07 sensor_08 sensor_09 sensor_10 sensor_11 sensor_12 sensor_13 sens *

1 0.000000 2018-04-01... 0.967194 0.830145 0.876660 0.884816 0.792242 0.764598 0.602472 0.683630 0.638905 0.602141 0.489146 0.792070 0.691492 0.05391 0.8280
2, 1.000000 2018-04-01... 0.967194 0.830145 0.876660 0.884816 0792242 0.764598 0.602472 0.683630 0.638905 0.602141 0.489146 0.792070 0.691492 0.053911 0.8280
3 2.000000 2018-04-01... 0.959089 0.834736 0.876660 0.890052 0.797904 0.735461 0.598568 0.679645 0.640988 0.600405 0.497561 0.802954 0.713088 0.054781 0.8307
4 3.000000 2018-04-01... 0.965264 0.830145 0.874763 0.890052 0.784402 0.769891 0.598243 0.688535 0.644259 0.603299 0.506916 0.810935 0703827 0.050643 0.8305
5 4.000000 2018-04-01... 0.959475 0.830910 0.876660 0.890052 0.794855 0.765891 0.599870 0.687002 0.644259 0.603299 0.518868 0.817716 0.710045 0.053990 0.8286
6 5.000000 2018-04-01... 0.962563 0.830145 0.874763 0.890052 0.796307 0.781858 0.602472 0.685162 0.652290 0.606482 0.516301 0.822842 0716404 0.053659 0.8265
7 6.000000 2018-04-01... 0.963335 0.829380 0.874763 0.890052 0.790935 0.758162 0.603448 0.683630 0.642474 0.603299 0.503236 0.826191 0711329 0.054027 0.8296
8 7.000000 2018-04-01... 0.961019 0.830910 0.874763 0.890052 0.787596 0757734 0.595315 0.683323 0.664783 0.603299 0.490621 0.822122 0.708516 0.052804 0.8236
9

8.000000 2018-04-01... 0.966422 0.830145 0.874763 0.890052 0.789193 0.745892 0.596942 0.683630 0.635039 0.604745 0.505263 0.838133 0.713163 0.054065 0.8333

T

~ Heatmap Pane

Density
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Cancel

Loaded 220320 records, 51 source features, 51 map signals, 51 encoded features (numeri
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Figure 11. UDM reads the normalized numeric output created by the same UDTAT recipe.

Choose Start Training. When training finishes, close the secondary panes and make Heatmap Pane the
primary view.
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LN ] UDM 1.1.90 - Universal Data Modeler
NewMap || OpenMap | SaveMap | New Specs || Load Specs | Save Specs

> Parameters Pane

> Signal Catalog Pane

» Input Data pPane

~ Heatmap Pane

Cancel

Loaded 220320 records, 51 source features, 51 map signals, 51 encoded features (numeric).

= ‘R N S M & mbdelal i Aalale ) = @ () A Sl T T T T T LTI 1=

Figure 12. The heatmap is the main UDM result: color and occupancy show how the training records use the semantic
map.

Interpret the result in four parts:

1. Spatial grouping: similar training records should form neighboring regions rather than being
scattered without structure.

2. Map-space use: aim to minimize or eliminate unoccupied positions so that the available 64 x 64
space represents the data efficiently. Large empty regions indicate unused capacity or a
training/configuration problem.

3. Distribution graph and legend: the graph summarizes how evenly records are assigned; the
legend maps color to the number of records occupying a position.

4. Hover inspection: move the pointer over a calculated map cell to read its position and record
count. Check both dense and lightly occupied regions instead of judging only the most saturated

color.

A completed epoch counter proves only that computation ended. A useful result distributes the records
across the map while preserving local similarity. A blank map, one overwhelmingly saturated cell,

widespread empty space, or a feature-count mismatch should stop the workflow.
Save the map as waterpump_F_r64-0.02_e100_g64x64_MAP.jsonl.

Checkpoint: The 64 x 64 heatmap is populated across the map, UDM reports 220,320 records and 51
modeled signals, and hover inspection returns plausible record counts.
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6. Generate the Fingerprint Dictionary in UFP

UFP combines the binned Waterpump values with the trained semantic map. For every bin label of

every modeled sensor, it creates a 64 x 64 fingerprint. The complete collection of these bin fingerprints

is the retina dictionary that Studio and EngineRT use to encode new records.

Open Data Sources and confirm that all three inputs have the same lineage:

Input Expected file

Binned CSV waterpump_binned_data.csv

UDM Map File waterpump_F_r64-0.02_e100_g64x64_MAP.jsonl
UDTAT Recipe waterpump_norm_binning.json

~ Data Sources
Data Sources

Binned CSV:

UDM Map File:

UDTAT Recipe:

waterpump_binned_data.csv]

Browse...

waterpump_F_r64-0.02_e100_g64x64_MAP jsonl

waterpump_norm_binning.json

Retina File Name: | waterpump_retina_64.jsonl

» Signal Catalog

» Fingerprint Configuration

3. Fingerprint Inspection

Sensor: | sensor_00 ~ | Bin Index:

| Active

ions: 136 | Total C
Loaded existing retina

ounts: 10208

nary: waterpump_retina_64.jsonl

Browse...

Browse...

Browse...

Figure 13. Binned data, map, and preprocessing recipe must belong to the same artifact chain.

In Signal Catalog, keep the packaged 51-sensor selection. In Fingerprint Configuration, keep the square

grid at 64 px, matching the UDM map. Generate and save waterpump_retina_64.jsonl.
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» Data Sources
» Signal Catalog

~ Fingerprint Configuration
Fingerprint Configuration

Square Grid Size: | 64 px

User Notes:

Generate Retina

3. Fingerprint Inspection

Sensor: | sensor_00 ~ | Bin Index:

Active Positions: 136 | Total Counts: 10208

Loaded existing retina dictionary: waterpump_retina_64.jsonl

Figure 14. Generation completes the count-based fingerprint dictionary used at runtime.

6.1 Understand fingerprint density and counts

Give Fingerprint Inspection the full working area and examine bins from several sensors. A bin
fingerprint can be extremely sparse or cover most of the map. A rare sensor value may have appeared at
only a few training positions; a stable or frequently observed value can be distributed across many
positions. Density is therefore a property of that sensor value in the training data, not a pass/fail

criterion by itself.
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sensor_00/ADO 65 active positions | 3,131 total counts sensor_00/AD123 1,770 active positions | 64,902 total counts

sensor_25/BB113 1,918 active positions | 25,917 total counts sensor_40/BQ11 2,854 active positions | 23,223 total counts

Figure 15. Four bins from three sensors span 65 to 2,854 active positions and make the expected variability visible.

These are count-based, not binary, fingerprints. An occupied square records how often the bin occurred
at that map position. Darker blue means a larger count; lighter blue means a smaller count. Two
fingerprints can therefore occupy similar positions while still carrying different frequency information.

Do not reject a sparse fingerprint merely because much of the grid is empty, and do not assume a dense
fingerprint is more important. Instead, confirm that the pattern is nonempty when the bin exists in the
data, that the sensor/bin label is correct, and that its active-position and total-count values are
plausible.

Checkpoint: UFP saves a 64 x 64 retina, the dictionary contains fingerprints for all selected sensor
bins, and inspected examples show plausible count shading from sparse to dense.

7. Inspect the Historical Time Series in Studio

Return to Studio, save the project, and collapse the setup panes. Choose Render Project. If the sensor,

status, or overlap curves do not appear, choose Render Project again.

Choose Fit first. This gives an overview of the complete recording before you investigate details. Scroll to
the bottom of the Timeline Pane until the Status Pane and Overlap Pane are visible, and keep the Status
Library and Fingerprint View visible at the right. Close panes that are not part of this inspection.
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New Project g Open Project lad Save Project @ Export Engine & scADA 13 File Stream 5 SHelp
> Network VStatus Library
> SF2-Engine Fleet T3 Status Library (2)
i Failure1
“Project  waterpump 5] v & Failure
* Failure3 oo
> Preferences
v/ Timeline Pane +zoom | Quasso  ([[NTUH Status Lines Resolution: 176 samples/px
2018-04-01 00:00:00.000 2018-06-16 11:59:00.000 2018-08-31 23:59:00.000
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! Tip: Check a status to show its dark-red overlap
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nnnnnn 49 | Vv Fingerprint View
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Fingerprint Inspector Failure Radar
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ssssss T e[l —————— T |

v Status Pane export) sip H (@)
i Faiturel —
sas ! e L I L1 1 |
\/Overlap Pane Baseline K 5 2 [Bxpon) sipn «=fff)
T R - e L e -
Baseline [’ [

V| @set | Qreset

Speed e
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Figure 16. The complete inspection layout keeps sensor curves, recorded status, overlap channels, library references, and
the fingerprint comparison in one synchronized view.

The three plot areas answer different questions:

Area Question

Sensor timeline What did the measured signals do?

Status Pane Which operating state was recorded or annotated at that time?

Overlap Pane How similar was the complete sensor context to each named reference?

Use + Zoom and - Zoom to change temporal detail. Once zoomed in, drag the horizontal scrollbar to pan
left or right. The Resolution value reports how many samples are represented by each pixel, so it is a
useful indication of whether you are viewing months, days, or individual records. Fit restores the entire
recording.

Enable Lasso when you want to inspect an interval rather than one cursor position. Gap Lines expose
compressed time gaps; Status Lines carry status transitions through the sensor viewport. Every
operation uses the same time axis, so a cursor position or lasso range remains aligned across sensor,
status, and overlap strips.

Treat overlap as a similarity measure. High Baseline overlap means the current context resembles the
baseline reference; high Failure1 overlap means it resembles the stored Failure1 reference. Similarity is
evidence about system state, not by itself a guaranteed diagnosis or an exact remaining-life estimate.
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Checkpoint: Fit, zoom, horizontal pan, and lasso are understood; sensor, status, overlap, Status

Library, and Fingerprint View remain visible together during interpretation.

8. Build a Library of Named Operating States

The Status Library connects two levels of description. A name such as Healthy - efficient operation, Failurel,

or Maintenance - post service is symbolic and understandable to an operator. The fingerprint stored behind

that name is a numerical context vector that Studio and EngineRT can compare with every record.

Historical status channels are especially valuable here because they tell you when known operating

states occurred. These named moments do not need to be failures. Periods in which the pump worked

perfectly, commissioning stages, maintenance events, or accessory annotations can all become useful

references when they describe a reviewed physical condition.

8.1 Capture one record

Click a precise position in the timeline to use one time-series record. For Failurel, one valid method is to

place the cursor exactly on the rising edge of a reviewed status = high phase.

& SF2-Studio File View Library Transport Help

Render Project

> Network

> Preferences

v Inputs Pane
> Actuator Pane

> Sensor Pane

v Status Pane

status

v Overlap Pane

Baseline

) SF2-Engine Fleet

“Project  waterpump

v Timeline Pane
2018-05-19 01:42:00.000

New Project g Open Project | Save Project

so MUY Status Lines

2018-05-19 14:08:00.000

©® @ O M O 2 @ % 3 ¢ O wxEHE Q B Sal5Aug 1932

SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling

@ Export Engine B3 SCADA

®

Resolution: 1.20 sanples/px

2018-05-20 02:34:00.000

s @
s @

Bow) st @)

Baseline K 5 £ [ Export) strip .

e i

o
B il stream $3He

> Status Library

\/Fingerprint View

[ Fingerprint Inspector Failure Radar

Current Status

vV Qs Qresst

Figure 17. A single click synchronizes the cursor across the timeline and builds the current fingerprint from one record.
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8.2 Capture a section

When one instant is too sensitive to noise, enable Lasso and drag across the complete contiguous high
phase. Studio creates a fingerprint for every selected record and sums those fingerprints into one
aggregate Section Fingerprint. Select only records that genuinely belong to the same named condition;

do not include normal operation, gaps, or a different regime merely because they are nearby.

® SF2-Studio File View Library Transport Help ® @ 9O M ® 2~ D T B € @ 0%xBY Q S Sa 15 Aug 19:35
eoeo SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling

NewProject [l Open Project |l Save Project G exportengine  EISCAOA [ File Stream $2hen
> Network

> SF2-Engine Fleet
“Project  waterpump ®

> Preferences

“Timeline Pane | Fit || -zoom || +zoom | Qasso [RRdULY Status Lines Resolution: 1.58 sanples/px
> Status Library
2018-05-19 01:38:00.000 2018-05-19 18:01:00.000 2018-05-20 10:24:00.000
-
v Inputs Pane
3 Actuator Pane suip @)
> sensor Pane suip @
Y Stafus pans) exwort) strioH (@) \/Fingerprint View
. 1
f
status | ‘ ( Fingerprint Inspector | Failure Radar
Current Status
\/Overlap Pane Baseline K 5 2 [epor) suion @) .
1
T T v
Baseline
!
Failre |
Faures | e
Qset || @rReset
speed | [[1( po
i Auto
500

Figure 18. A lasso selection aggregates all records in one reviewed high phase into a more representative Section
Fingerprint.

Give Fingerprint View enough width that the grid and buttons do not overlap. Whether the source is
one record or a section, the result appears in the Fingerprint Inspector. Select the green check mark,
whose action is Accept current fingerprint into Status Library.
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& SF2-Studio File View Library Transport Help

©® © O M O® 2« @ = 3 ) @ W%HE Q B Sa 5 Aug 19:36
LN ]

SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling
| e e [ el el oomtnne @scwr  Briesvom
> Network

> SF2-Engine Fleet
“Project  waterpump ®

> Preferences

\Timeline Pane  Fit || -zoom || +zoom | Qasso [(RId

Status Lines Resolution: 1.58 samples/px
> Status Library
2018-05-19 01:38:00.000 2018-05-19 18:01:00.000 2018-05-20 10:24:00.000
-
v Inputs Pane.
3 Actuator Pane suip @)
> sensor Pane suip @
\/Status Pane Export,| Strip H . \/Fingerprint View
F Status 1 1
| e [ g i ‘
\ Current + Status: Status
\/Overlap Pane Baseline K 5 & [Ewort) sip (@) e
T (states ) T ey 1
Baseline
1
e |
!
Faurea jpom—

Qreset

Figure 19. The green check transfers the numerical fingerprint into the Status Library.

Rename the new item immediately with a physical, reusable description. The tutorial uses Failure - Pump
degradation; a production library may contain any number of named states.
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& SF2-Studio File View Library Transport Help ® © 9O @M ® ~ @ % 3 ¢ @ 1%HH Q B Sa 15 Aug 1939
eoeo SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling
e e [ el el oomtnne @scwr  Briesvom

> Network \V/ Status Library

> SF2-Engine Fleet £ Status Library (3)
VProject  waterpump 6] £ Failurel )

©] Failure3 (X
> Preferences

> ¥ B Failure - Pump degradation

“Timeline Pane | Fit || -zoom || +zoom | Qtasso | [N Status Lines Resolution: 1.58 samples/px

2018-05-19 01:38:00.000 2018-05-19 18:01:00.000 2018-05-20 10:24:00.000

-
‘\ Inputs Pane
3 Actuator Pane suip @)
> sensor Pane suip @ 1@ ]
Tip: Check a status to show its dark-red overlap channel,
Vv Status Pane Export) stip H (@)

status I

\/Overlap Pane Baseline K 5 £ [ Export) strip .

- Failure - Pusp degradation T

Baseline

MM > Fingerprint View

Figure 20. Naming completes the link between the symbolic operating state and its numerical fingerprint vector.

8.3 Read the selected reference

Select a library fingerprint. The stored reference appears in yellow, the current cursor or section
fingerprint in blue/teal, and positions occupied by both are red. This comparison makes the numerical
overlap visible rather than reducing it to a single percentage.

At the same time, Studio shows the reference's source marker in the timeline and creates a named
channel in the Overlap Pane. For Failurel, the three representations stay linked:

1. The Status Library entry stores and names the reference vector.
2. The timeline marker shows the record or section from which it was captured.

3. The “Failurel” overlap strip shows, at every time step, how strongly that context resembles the
stored reference.

This means the curve can be read as a question repeated for every historical record: How similar was the
complete pump context at this moment to the context named ‘Failure1?

The library-item checkbox controls overlap visibility; it does not arm an alarm. Use the disk button to
save the Status Library and save the Studio project when the change should persist. Set and Reset

support expert edits inside the Fingerprint Inspector; manual changes should always be reviewed and
documented.
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Checkpoint: You can create a one-record or Section Fingerprint, accept and name it, interpret the
yellow/blue/red comparison, and follow the reference from library entry to source marker to overlap

curve.

9. From Failure Similarity to Predictive Maintenance

Select Failure1 in the Status Library. Zoom and pan so the viewport begins at the start of the recording
and ends shortly after the first Failure1 high phase, before the next fault period. This removes unrelated

later events and makes the development toward the first failure readable.

Failure1 inspection window: timeline start to before the next fault and fi int view
oo el s oo o v status Library
> Network [ Status Library (2)
v # Failurel
> SF2-Engine Fleet " Failure3 L)

“Project  waterpump

> Preferences

Timeline Pane | it | ~zoom | +zoom | Quasse ([T stets ines

2018-04-01 00:00:00.000 2018-04-12 19:53:00.000

e s S I T o

e -
LI e
Tip: Check a status to show its dark-red overlap
A channel
e BBV NP RV L0 O PP ISRY W PSSV WO I S vy | O USROS
v/ Fingerprint View

ensor_49
e e e Fingerprint Inspector Failure Radar

sensor_50 Current + Status: Failure1

v Status Pane

i =

\/Overlap Pane . o
P Failure1 source marker and status transition

s Ty e APy T
Baseline
Similarity begins rising days earlier } I

i ctnn = e o e ittt et s, WOV SV U NN N ere

V| Qset | Qreset

Figure 21. The selected Failurel reference, its source marker, the recorded status transition, and the earlier overlap rise
are visible in one focused window.
At the source marker, the selected context is the reference itself and therefore represents 100% self-
overlap. The important observation is what happens before that marker. The Failure1 overlap curve
begins to rise more than four days before the recorded total-failure state. Its detailed shape is dynamic
because operating conditions continue to vary, but the overall movement is persistent: the pump

context becomes increasingly similar to Failure1 as the failure approaches.

This is the conceptual core of SF2 predictive maintenance. Many industrial failures are not spontaneous.
An initial event, such as one ball breaking inside a shaft bearing, changes the system context. Secondary
damage and compensating behavior then accumulate until the final breakdown is recorded. A
fingerprint captured at the final condition allows SF2 to search backward through the complete
multivariate history and reveal when the system first began moving toward that context.
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The curve does not claim that every increase is a failure or directly calculate remaining useful life. It
provides an interpretable similarity trajectory. Domain review, repeated examples, and operating
context determine which part of that trajectory is early enough to act on and specific enough to trust.

9.1 Turn a reviewed trajectory into an alarm
Expand the selected fingerprint in the Status Library. Each reference has its own alarm controls.

Per-fingerprint alarm controls

W Status Library

! Failure1 ® @

"1 Failure3 ® @

"] Failure - Pump degradation ® @
Enable trigger

Play click sound on trigger

Density: 3.0%

Threshold: 80.0% & Show threshold line
Triggers only (spike view)

6 Sl

Tip: Check a status to show its dark-red overlap channel.

Figure 22. The expanded library item exposes trigger arming, density, overlap threshold, threshold-line display, local
sound, and trigger-only visualization.

Control Purpose

Library-item checkbox Shows or hides the overlap curve; it never arms the trigger.

Enable trigger Arms FIRE on upward threshold crossing and CLEARED on downward crossing.
Play click sound on trigger Provides local Studio feedback.

Defines the sparsity used for the stored reference and should be reviewed before

Density threshold tuning.

Threshold Sets the overlap percentage at which the named condition becomes an event.
Show threshold line Draws the configured threshold directly in the overlap strip for visual tuning.
Triggers only (spike view) Replaces the continuous curve with event markers when only crossings are needed.

Determine the threshold from representative historical timelines. A value that is too low can create
excessive false alarms; a value that is too high can miss a real event or detect it too late. The goal is not
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the largest possible lead time, but the earliest threshold that still separates actionable degradation from
normal variation. Keep Show threshold line enabled while comparing candidate values with known
status periods.

Some systems repeatedly approach a fault-like context without failing. Seasonal water volume, for
example, may raise similarity every year, while an actual failure occurs only when low water coincides
with an ambient temperature above a limit for several hours. Such examples must be represented in
threshold validation. A useful alarm catches every reviewed failure early enough while remaining stable
across non-failing near approaches.

Per-fingerprint controls decide when an event exists. Global settings under Network > Uplink decide
where it goes:

Alarm outcome Configuration

Visual analysis only Show the overlap and threshold line; leave Enable trigger off.
Local operator feedback Enable the trigger and click sound; leave external publishing off.
SCADA through REST Enable the trigger and REST webhook publishing.

SCADA or event processing

through MQTT Enable the trigger and MQTT publishing.

Redundant destinations Enable both REST and MQTT.

MQTT provides host, port, client ID, topic, QoS, credentials, retry queue, overflow policy, and spool
controls. REST provides the webhook URL and self-test. MQTT Self-Test and REST Self-Test prove
connectivity; Send Trigger Test proves payload routing. These tests do not prove that the selected

fingerprint or threshold is operationally correct.

Checkpoint: The Failure1 curve is understood as an early similarity trajectory, the threshold is chosen
from real timelines rather than guessed, and trigger arming is kept distinct from overlap visibility and

transport configuration.

10. Export and Validate the Signed Engine Package

Choose Export Engine. Keep the portable Broadcast deployment capabilities so source and destination
endpoints can be resolved when the local Engine is adopted.
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& SF2-Studio File View Library Transport Help ® © 9 @M ® ~ @ % 3 ¢ @ 1%HH Q B Sa 15Aug 1954

* Render Project New Project g Open Project | Save Project

> Network

G expotengne  @scAdA B il Stream $3He

‘W SF2-Engine Fleet [ ) Export Engine Runtime Package
Licensed engine slots: 10 | Available: 0 | Running: 0 | No new Engines

Favorites save as: [_runtime.sf2enginepkg
Slot Engine UUID Status.

A, Applications

1 66c3e5la-a674-43ae-bada-35080624313a [ ) Desktop

2 13cae492-c758-4920-8690-5d88e405bafd [ ) [ Documents Ev By [ waterpump e - Q

3 |smeus L./ Gjpcanicads Folder shared with File Sharing

4 <empty> [ ) i Name Date Modified
5 <empty> [} & iCloud Drive

6 <empty> [ ] E9 Shared

> Project  waterpump Locations > [ snapshots

& Macintosh...

23.07.2026, 19:01

& 192168... &
@ Network

SF2 Engine Package (*sf2enginep...

New Folder Cancel Save

-‘fi TEE0E @0*N0=*6000 -6

Figure 23. Studio assembles the retina, Status Library, trigger policy, and portable runtime capabilities.

Export runtime.sf2enginepkg. The tutorial package is Ed25519-signed and contains the required map,
retina, recipe, and Status Library blobs. EngineRT verifies the signature and hashes before execution;
production Engine trust must include the signing key.

Describe the package without starting it:

SF2-EngineRT \

--package /absolute/path/runtime.sf2enginepkg \
--describe-only

The current Waterpump export reports a present Ed25519 signature, four required artifact blobs,

Broadcast capabilities, and three configured triggers. Then run the deterministic smoke test:

SF2-EngineRT --headless \

--package /absolute/path/runtime.sf2enginepkg \
--input-csv /absolute/path/sensor_in.csv \
--run-smoke \

--output-json /absolute/path/waterpump-engine-smoke.json

The verified tutorial run completed with ok: true, 220,320 input rows, and valid required hashes and

signature evidence. Do not proceed if the package is unsigned, a blob hash differs, or the row count is
unexpected.

Checkpoint: runtime.sf2enginepkg is signed, describe-only validation succeeds, and the smoke report
accepts all 220,320 rows.
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11. Commission One Local Engine with Plug-and-Play Adoption

This tutorial demonstrates only a local Engine instance. Keep Studio and the Waterpump project open.
Restarting the Suite is neither required nor desirable; reset only the Engine instance when repeating the
sequence.

11.1 Begin with an empty Fleet

Stop and release previous tutorial Engines until the Fleet has no assigned or discovered instance.

Studio  File View Library Transport Help ® © 9 M O© -~ D T 3 ¢ @ 00%HH Q B Sa 15 Aug. 20:30
SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling
er Project New Project | [l Open Project | [l Seve Project G EwortEngine  EISCADA ) File Stream $Znelo
rk
ngine Fleet
angine slots: 10 | Available: 0 | Running: O | No new Engines Add by address | | Refresh
Engine UUID Status Last Seen Host/PID Actions
<empty> ®
<ampty> ® > Status Library
<empty> [ ]
<empty> )
<empty> [ ]
<empty> ®
it waterpump ®

 Fingerprint View

Figure 24. The sequence begins with an empty Fleet and all licensed slots free.

11.2 Start the local EngineRT service

Start one local EngineRT instance with its web control on 127.0.0.1:10032. The web page confirms the
service is alive before it is attached to the project.
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SF2-EngineRT Control

Help

Engine Package IUsers/demo/SF2-Suite-Data/waterpump/runtime.sf2enginepkg Use Path Auto Detect

Start Service Stop Service

"diagnostic_hint": ""
1 "7e9421c@-5060-4fc4-8d28-5d3b6e56c931",
rames_observed'
nbound_cenne
nbound_description”
nbound_enab led!
nbound_selected"

"lease_require
"lease_status": request failed: Error t
e,
"rest_publishe 8,
"runtime_state ,
elected_packag sers/demo/SF2-Suite-Data/waterpump/runtime.sf2enginepkg",
"service_running false,
"service_stopping": false,
"start_requested false,

"trigger_edges_observed": @,
u
[’

Live Logs

Web control listening on http://127.0.0.1:18032/\nINF0: Initial lease activation pending: Failed to acquire Studio gatekeeper lease. Attempts: http:

Figure 25. EngineRT is healthy locally and waiting to be commissioned.

Do not use Add by address in this walkthrough. The plug-and-play path is automatic LAN discovery. Wait
briefly or choose Refresh until Studio announces 1 engine ready to adopt.

wk

a9
S Qe

ngine Fleet (1 new)

line ready to adopt | Licensed slots: 10 | Available: 1| Running: 0 Add by address | | Refresh

Engine UUID Status Last Seen Host/PID Actions
769421c0-5060-41c4-8d28-5d3b6e56¢931 @ 2026-08-15 20:32:52 sf2-demo.local / 16184 Adopt
<empty> ® ~ B > status Library
<empty> ® = =
<empty> (4] & &
<empty> [ - =
<empty> ) = -
it waterpump B

> Fingerprint View

Speed

File |
Auto

500

“« P " »

Figure 26. The local Engine UUID and host/PID appear automatically with an Adopt action.
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11.3 Adopt and start the discovered Engine

Select Adopt. Adoption claims one licensed slot, binds this Engine UUID to the current Suite gatekeeper,

and resolves the package's portable capabilities without rewriting the signed package.

Studio  File View Library Transport Help

® ® o @G 2

SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling

ey | Ty - Per— Ot @scon Bk soun

ork
ngine Fleet

2ngine slots: 10 | Available: 1| Running: 0 | No new Engines

Engine UUID Status
7€9421c0-5060-4fc4-8d28-5d3b6e56c931 [}
<empty> [}
<empty> [ ]
<empty> (]
<empty> (@]
<empty> @

it waterpump

Add by address | | Refresh
Last Seen Host/PID Actions
2026-08-15 20:36:57 sf2-demo.local / 16184 start Release
> status Library

=

3 @) @ 1w0%wE Q B Sa 15 Aug. 20:37

9,
$SHelp

> Fingerprint View

Speed e
x Auto
500
- “« P H »

Figure 27. The discovered Engine is now assigned to the Suite.

Wait for the status indicator to turn green and for the Fleet summary to show Available: 1 and Running: 1.

SF2 Systems | Page 29



SF2 Suite RT 1.1.90 | Waterpump End-to-End Tutorial

Studio File View Library Transport Help ® @@ O M ® -~ @D T 3 € @ w%xEH Q B Sa 15 Aug. 20:37
SF2-Studio RT 1.1.90 Semantic Folding Sensor Fusion Tooling
N oo onenroicct [ sove proiect @ExportEngine  EISCADA D File Stream $3Hen
ork
ngine Fleet
2ngine slots: 10 | Available: 1| Running: 1| No new Engines Add by address Refresh
Engine UUID Status Last Seen Host/PID Actions
769421c0-5060-4fc4-8d28-5d3b6e56¢931 ) 2026-08-15 20:37:47 127.0.0.1/ 16184 JEa [ stop || Release
p— P ~ > Status Library
<empty> ) -
<empty> (4] 3
<empty> @ = -
<empty> ® E
it waterpump ®

 Fingerprint View

File 201 14:33:00.000 ‘
Auto

“« P " »

Speed
500

Figure 28. The adopted local Engine reaches Running in the Fleet.

EngineRT can be Running while waiting for its selected live source. Before File Stream starts, the control
page shows a valid lease and package together with the waiting TCP state.

SF2-EngineRT Control Help

Engine Package /Users/demo/SF2-Suite-Data/waterpump/runtime.sf2enginepkg Use Path Auto Detect

Start Service Stop Service

{
"diagnostic_hint": "Waiting for local TCP stream producer at 127.0.0.1:190@1. Start SF2-Stream-Server with the project CSV and click Start Streami
engine_instanc uid": "7e9421c@-5060-4fc4-8d28-5d3b6e56¢931",
frames_observed'
inbound_cennected’
inbound_description CP 127.0.8.1:19001",
inbound_enable 2,
inbound_selected": "tcp",
ast_error": ",
ast_frame_age_ms": -1,
lease_active'
lease_requir
lease_status "Studio gatekeeper lease is active
"mgtt_publishes_observed": @,
"rest_publishes_observed": @,
"runtime_state": "Recovering”,
"selected_package": "/Users/demo/SF2-Suite-Data/waterpump/runtime.sf2enginepkg"”,

start_requeste true,
"trigger_edges_observed": @,
"uptime_ms": 31

Live Logs

Web control listening on http://127.0.0.1:10032/\nINF0: Initial lease activation pending: Failed to acquire Studio gatekeeper lease. Attempts:

Figure 29. Commissioning is complete; the next contract is live input on TCP.
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Fleet state Correct response

Ready to adopt Select Adopt for the discovered Engine

Waiting Check binding resolution, gatekeeper lease, or source readiness
Running Verify frames and trigger evaluation

Offline (license reserved) Restore the Engine process or route and use Reconnect

Release frees the licensed assignment. It is not a reconnect action.

Checkpoint: One automatically discovered local Engine is adopted, the Fleet shows one Running

instance, and no address was entered manually.

12. Run the Local End-to-End Scenario

The runtime proof uses a simple local chain:

File Stream TCP 127.0.0.1:19 001 -> EngineRT -> MQTT 127.0.0.1:1883 -> SCADA Simulator

12.1 Configure File Stream

Open File Stream from Studio. In Data Source, select sensor_in.csv and stream_config.json; close the other

panes.
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[ XON ] SF2 Stream Server

Collapse All
Data Source
CSV File sensor_in.csv Browse...
Stream Config stream_config.json Browse...
Source ID waterpump
Protocol
Replay Timing
Realism Controls
Delivery
Metrics
Stop Tape |< Pause << >>  Step Rows 100 C State: Running
Monitor

[20:46:24.291] metrics: rows_sent=24750 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=24750

[20:40:29.791] metrics: rows_sent=25000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=25000

[20:40:35.269] metrics: rows_sent=25250 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=25250

[20:40:40.737] metrics: rows_sent=25500 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=25500

[20:40:46.226] metrics: rows_sent=25750 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=25750

[20:40:51.707] metrics: rows_sent=26000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=26000

Figure 30. File Stream loads the Waterpump recording and its stream configuration.

Open only Protocol & Endpoint, select TCP, and use 127.0.0.1:19001.
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(] [ ) SF2 Stream Server

Data Source

Protocol
Protocol =~ TCP
MQTT Capability MQTT support enabled.
TCP Host 127.0.0.1
TCP Port 19001
MQTT Broker
MQTT Client ID
MQTT QoS
MQTT Topic Prefix
MQTT Payload Shape
MQTT Check
Replay Timing
Stop Tape < Pause << >> Step Rows 100
Monitor

Collapse All

A

v State: Running

[20:46:35.269] metrics: rows_sent=25250 rows_dropped=0 events_sent=0 events_dropped=0

rows_processed=25250

[20:40:40.737] metrics: rows_sent=25500 rows_dropped=0 events_sent=0 events_dropped=0

rows_processed=25500

[20:40:46.226] metrics: rows_sent=25750 rows_dropped=0 events_sent=0 events_dropped=0

rows_processed=25750

[20:40:51.707] metrics: rows_sent=26000 rows_dropped=0 events_sent=0 events_dropped=0

rows_processed=26000

[20:40:57.140] metrics: rows_sent=26250 rows_dropped=0 events_sent=0 events_dropped=0

rows_processed=26250

[20:41:02.604] metrics: rows_sent=26500 rows_dropped=0 events_sent=0 events_dropped=0

rows_processed=26500

Figure 31. The deterministic local source matches the capability resolved during adoption.

Start the stream, then leave only Monitor open. The source contains 220,320 rows and 52 raw sensor

fields; EngineRT applies the packaged 51-sensor model contract.
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(] [ ) SF2 Stream Server

Collapse All

Data Source
Protocol

Replay Timing
Realism Controls
Delivery

Metrics

~

Stop Tape |< Pause << >> Step Rows 100 - State: Running
[ Monitor

Outgoing sensor strips from the active stream (normalized per channel to 0..1). Right labels show a slow running
average.

sensor_00 avg 1.223086
sensor_01 avg48.25921

avg 41.30227

sensor_02

sensor_03 avg 38.5256

rows_processed=26250

[20:41:02.604] metrics: rows_sent=26500 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=26500

[20:41:08.087] metrics: rows_sent=26750 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=26750

[20:41:13.547] metrics: rows_sent=27000 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=27000
[20:41:19.026] metrics: rows_sent=27250 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=27250
[20:41:24.490] metrics: rows_sent=27500 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=27500

[20:41:29.977] metrics: rows_sent=27750 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=27750
[20:41:35.359] metrics: rows_sent=28000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=28000 '

Figure 32. Running confirms that frames are being emitted to the local Engine.

To reach the labeled failure region promptly, use a large row step such as 40000 rather than changing the

alarm threshold.
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@ SF2 Stream Server

Collapse All

Data Source

Protocol

Replay Timing

Realism Controls

Delivery

Metrics

~

Stop Tape |< Pause << >> Step Rows 40000 | State: Running
[ Monitor

Outgoing sensor strips from the active stream (normalized per channel to 0..1). Right labels show a slow running
average.

11}

sensor_00 i I A st

sensor_01 M

sensor_02 Mﬂw
sensor_03 ﬂ - v 45.88116

[20:41:45.926] metrics: rows_sent=28500 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=28500

[20:41:51.205] metrics: rows_sent=28750 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=28750
[20:41:56.490] metrics: rows_sent=29000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=29000

[20:42:01.771] metrics: rows_sent=29250 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=29250
[20:42:07.048] metrics: rows_sent=29500 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=29500

[20:42:12.342] metrics: rows_sent=29750 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=29750

[20:42:17.620] metrics: rows_sent=30000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=30000

L
Figure 33. Fast-forward preserves the configured detector while moving through the recorded scenario.

Continue until the stream is near row 71,847, where the demonstrated failure transition occurs.

SF2 Systems | Page 35



SF2 Suite RT 1.1.90 | Waterpump End-to-End Tutorial

@ SF2 Stream Server

Collapse All

Data Source
Protocol

Replay Timing
Realism Controls
Delivery

Metrics

~

Stop Tape |< Pause << >> Step Rows 40000| - State: Running

Monitor

Outgoing sensor strips from the active stream (normalized per channel to 0..1). Right labels show a slow running
average.

T O oo e -l
sensor_01 vg46.53395

sensor_02 avg 51.35965
sensor_03 ,_I—’_'_'_,_’_’—’—_‘-\_L\‘\\ —avg42:595

rows_processed=30500

[20:42:33.421] metrics: rows_sent=30750 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=30750

[20:42:38.699] metrics: rows_sent=31000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=31000

[20:42:43.972] metrics: rows_sent=31250 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=31250

[20:42:49.241] metrics: rows_sent=31500 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=31500
[20:42:54.517] metrics: rows_sent=31750 rows_dropped=0 events_sent=0 events_dropped=0 rows_processed=31750
[20:42:56.558] Transport: row 71847 / 220320

[20:42:59.791] metrics: rows_sent=32000 rows_dropped=0 events_sent=0 events_dropped=0
rows_processed=32000

Figure 34. The replay is now in the part of the recording used for the runtime alarm proof.

12.2 Start the local SCADA receiver

Open SCADA from Studio. Start the managed MQTT broker on 127.0.0.1:1883, subscribe the receiver to

sf2/uplink/alerts, and keep only the active configuration pane open while setting it up.
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[ ] [ ] SF2 SCADA Simulator
Collapse All
Receiver
Managed MQTT Broker (Mosquitto)
Executable brew/sbin/mosquitto
Bind Host 127.0.0.1
Bind Port 1883
Auth Allow anonymous (test mode)
Endpoint Sync Copy broker endpoint to MQTT Inbound broker field
Receiver Sync If receiver is running, auto-apply config
Apply Config Stop Clear Dashboard Clear Log  State: Runn
Dashboard
Last Asset - Last Fingerprint -
Last Trigger = Last Overlap =
Last Transport = Last Time (UTC) =
Active Alarms
Asset = Fingerprint = Trigger Overlap % @ First Seen (UTC) @ Last Seen (UTC) Transport Source
Recent Alerts
Received (UTC) = Payload Time (UTC) | Trigger Asset Fingerprint | Overlap % Transport Source Alert

[20:45:21.313] MQTT connected and subscribed: sf2juplink/# (client_id=scada_auto_e2e)
[broker-err] 1786819529: New connection from 127.0.0.1:60642 on port 1883.

[broker-err] 1786819529: New client connected from 127.0.0.1:60642 as sf2_suite_rt_3f38_0 (p4, c1,
k60).

Figure 35. The local broker and inbound subscription provide the Engine's alarm destination.

12.3 Observe the real alarm

As File Stream crosses the failure condition, EngineRT emits the trigger transitions. SCADA receives a

FIRE followed by CLEARED for Failure - Pump degradation on asset asset-001 over MQTT.
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[ ] [ ] SF2 SCADA Simulator
Expand All
Receiver
Managed MQTT Broker (Mosquitto)
MQTT Inbound
REST Webhook Listener
Diagnostics
TactinA
Apply Config Stop Clear Dashboard Clear Log  State: Runn
Dashboard
Last Asset asset-001 Last Fingerprint Failure - Pump degradation
Last Trigger CLEARED Last Overlap 68.852
Last Transport maqtt Last Time (UTC) 2026-08-15 18:45:32.348 UT
Active Alarms
Asset = Fingerprint = Trigger Overlap % @ First Seen (UTC) @ Last Seen (UTC) Transport Source
Recent Alerts
Received (UTC) Payload Time (UTC) Trigger Asset Finy

2026-08-15 18:45:32.348 UTC 2026-08-1517:47:03.540 UTC CLEARED asset-001 Failure - Pur

2026-08-1518:45:32.348 UTC 2026-08-1517:47:03.535 UTC FIRE asset-001 Failure - Pur

Pump degradation | overlap=68.852 | source=sf2/uplink/alerts
[20:45:32.348] MQTT Rx topic=sf2/uplink/alerts bytes=324
[20:45:32.348] CLEARED a01e2042-56fb-485a-90e9-63e07bed1d03 | asset=asset-001 | status=Failur
- Pump degradation | overlap=68.852 | source=sf2/uplink/alerts

Figure 36. The dashboard contains the real FIRE/CLEARED pair received from the local Engine.

The last displayed overlap, 68.852, belongs to the CLEARED transition after overlap has fallen again. That
is why it can be below the 80% firing threshold.

Finally, inspect EngineRT. frames_observed and trigger-edge counters must increase, inbound TCP must be
connected, and the gatekeeper lease must remain active.
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SF2-EngineRT Control Help

Engine Package /Users/demo/SF2-Suite-Data/waterpump/runtime.sf2enginepkg Use Path Auto Detect

Start Service Stop Service

"diagnostic_hint": "",

"engine_instance_uuid": "7e9421c@-5060-4fc4-8d28-5d3b6e56c931",
“frames_observed": 386

B ound_cennected

"inbound_descripti CP 127.0.8.1:19001",

"inbound_enable

"inbound_select

"lease_active’
"lease_requir
"lease_status Studio gatekeeper lease is active.",
observed": @,
e,
ring",
"selected_pac Users/demo/SF2-Suite-Data/waterpump/runtime.sf2enginepkg",
"service_running":

q '
"trigger_edges_i ": 11604,
"uptime_ms": 545609

}

Live Logs

[20:39:29.313] Ingest/mqtt_sf2_stream: MQTT reconnect in 4800 ms (attempt=3, reason=disconnected).\n[20:39:31.305] Reconnect: Retrying uplink MQTT c

Figure 37. EngineRT shows the active package, inbound stream, advancing frames, and evaluated trigger edges.

Checkpoint: File Stream is Running, EngineRT observes frames from TCP, and SCADA displays the
matching MQTT FIRE/CLEARED events.

Troubleshooting by the Earliest Failed Contract

Start with the first stage that cannot prove its output. Threshold changes cannot repair a mismatched

retina, and restarting Studio cannot repair a stopped source.

Symptom Inspect first

UDM input is empty or has the

UDTAT roles, numeric output, and the deleted sensor 15 contract
wrong columns

Heatmap is blank or collapsed UDM feature selection, input row count, and training completion

Retina is empty or signals are
PrY & Binned data, map signal set, recipe, and 64 x 64 dimensions

missing
First Studio render is empty Choose Render Project again
Overlap traces are missing Keep the Overlap Pane visible and choose Render Project again

Failure fingerprint is noisy or

ixed Select one reviewed record or one complete contiguous phase without mixed regimes
mixe

Overlap is visible but no alarm

f Expand the item and verify Enable trigger, density, and threshold
res
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Symptom Inspect first

Local

receives nothing

click occurs but SCADA L. . .
Global MQTT/REST publishing, endpoint, receiver state, and transport self-test

Engine does not appear in Fleet Confirm the local EngineRT process is running, then wait or choose Refresh
Engine stays Ready to adopt Select Adopt; do not add its local address manually
Engine is healthy but Waiting Gatekeeper binding, selected package, and source endpoint

Engine is Offline (license

Restore the process and use Reconnect, not Release

reserved)
Engine runs with zero frames File Stream Running state, TCP 127.0.0.1:19 001, and frame age
EngineRT rejects the package Signing trust, package signature, and artifact hashes

Final Acceptance Checklist

10.

11.

12.
13.
14.
15.
16.
17.

The splash screen opens and the selected data root contains the packaged Waterpump project.

Studio opens project.sf2project.json with the complete artifact chain.

UDTAT is launched from the open project's Preferences Pane and saves the preprocessing recipe used by every
downstream stage.

UDTAT excludes metadata and status from features, removes sensor_15, and writes aligned numeric and binned
outputs.

. UDM trains a populated 64 x 64 map from 220,320 rows and 51 sensor features, with plausible occupancy under

hover inspection.
UFP generates a matching count-based 64 x 64 dictionary with plausible fingerprints from sparse to dense.
Studio renders the recording; Fit, zoom, pan, and lasso work while sensor, status, overlap, library, and fingerprint
views remain visible.
A named reference can be captured from one reviewed record or aggregated from one complete contiguous
section.
The selected reference is understood across its library entry, source marker, fingerprint colors, and overlap
channel.

The Failurel overlap rise more than four days before the recorded failure is understood as an early similarity
trajectory.

Threshold selection is validated against real failures and non-failing near approaches, and is kept distinct from
transport configuration.

The Engine package passes signature, hash, artifact, and 220,320-row smoke validation.

The Engine Fleet begins empty and discovers one local Engine automatically.

The local Engine is commissioned with Adopt, without Add by address, and reaches Running.

File Stream supplies TCP frames on 127.0.0.1:19001.

The SCADA managed broker receives the Engine's MQTT alarm on 127.0.0.1:1883.

EngineRT frame and trigger-edge counters advance, and SCADA records the matching FIRE and CLEARED
transitions.
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