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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Scenarios

Smart Production simulated with
Fischertechnik and robot

Smart Healthcare (Blood donation process)
simulated with various loT sensors
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Scenario 1: Smart Production
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Scenario 2: Smart Healthcare (Blood Donation)
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Motivation

Sensors:

Switches Actuators:

Light barriers * Motors

Color sensors « Compressors
Environment . Valves

Camera « Lights

NFC, Touch, Proximity

Motion, Distance m) Low-level loT Data / Events

Accelerometer

How to link low-level IoT events to process executions?

eeeeeeeeeeee

3 Perarm . - .
3 preiiminary Prerform hand Perform [r—— P Perform hand Pastorm firal
L ‘parations voene [~ 7| weripuncure el s . operataions
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Given

« |loT Data from sensors and actuators (as time series)
» Not segmented, no activity labels
* Assumption: no BPM System is available to

orchestrate or monitor processes

All CPS Components

1048576
524288

262144
131072
65536
32768
16384
8102
4006
2048
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15:15:00 1516:00 151700 15:18:00 15:19:00 15:20:00 15:21:00 15:22:00 15:23:00
== agEC_1 brEC_1 == grEC_1 == HEC_1 == i1_pos_switchEC_1 == iZ_pos_switch EC_1 == i5_joystick_x_fEC_1 == ib_joystick_y_fEC_1
== i7_joystick_x_bEC_1

i8_joystick_y_b EC_1 == jaq EC_1 == |drEC_1 == pEC_1 == rhEC_1 == tEC_1 == tEC_1
i1_light_barrier HEW_1 i2_light_barrier HBW_1 i3_light_barrier HEW_1 i4_light_barrier HEW _1 15_pos_switch HEW_1
iB_pos_switch HBW_1 == m1_speed HBW_1 == m2_speed HEW_1 == m3_speed HBW_1

current_pos_x HEW_1
current_pos_y HBW_1

i6_pos_switch HBW_1 == i7_pos_switch HEW_1
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Goal

» Assign activity labels—start & end—to loT data segments (event abstraction)
» Detect activity executions / start & end events at runtime
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Process Mining on loT-enhanced Processes

Y
Q-> . Artivitine Pathe
Statistics views o
- Activity
@ Cwverview > Activity event classes
Global statistics
7 Activities 13
2.4 sacs y classes
[+ conceptinstance 3 Hectanldinon Minimal frequency 18
HCW chedk in Other attribute Mean duration
doses Median frequency 16
p lifecycletransition > Duration range ’
Ot attributs .
her attribute Agaregate duration Mean frequency 19.69
Mazximal fregquency 64
Freguency std. deviation 13.31
Firstin case (1) ‘ Lastin case (1) ]
Activity | A Frequency| Relative frequency | Median duration | Mean duration | Duration range
Hand hygiene 64 25% I 6 secs, 794 millis [ 19 secs, 744 millis [ 55 secs, 874 millis
Denor check in 16 6.25% N 3 secs, 237 millis [l 3 secs, 283 millis [ 3 secs, 314 millis
HCW check in 16 6.25% 4 secs, 250 millis 4 secs, 467 millis [l 6 secs, 399 millis
Check blood drawing machine 16 6.25% 4 secs, B48 millis [ 5 secs, 109 millis [ 6 secs, 598 millis

Apply tourniguet 16 6.25% D 8 secs, 243 millis [ 8 secs, 24 millis [ 2 secs, 549 millis

I I Insert needle 16 6.25% 10 secs, 276 millis 11 secs, 24 millis [ 12 secs, 392 millis
e Remove tourniquet 16 6.25% [N 4 secs, 591 milis [ 5 secs, 203 millis [ 6 secs, 315 millis
Start blood drawing machine 16 6.25 % 3 secs, 630 millis 4 secs, 126 millis - G secs, 607 millis

Monitor patient 16 6.25% 7 secs, 442 millis 7 secs, 524 millis [ 10 secs, 50 millis

Stop blood drawing machine 16 6.25% [ 3secs, 606 millis [ 3 secs, 506 millis [ 3 secs, 478 millis

Donor check out 16 6.25 % 3 secs, 30 millis 3 secs, 126 millis . 2 secs, 500 millis

Take out samples 16 6.25% 0 7 secs, 986 millis [ 2 secs, 799 millis [ 3 secs, 349 millis

HCW check out 16 6.25% [N 3 secs, 858 millis [ 4 secs, 33 milis [ 4 secs, 802 millis

Stop biood drawing machine
35secs
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

H . Seiger, R., Kurz, A. F., & F hetti, M. (2026).
PreVIOUS WO rk'. . ] . . Oill?ne(; detec’zgw of processraanc(;i?/?t(;/ e8xe|>cutions from loT
Automated Act|v|ty Detection Service Generation sensors using generated event processing services.

Future Generation Computer Systems, 174, 107987.

Annotation iﬂ‘g
Files

loT Interactive
Dashboards
Sensors  —] Message loT Event Data Fetchers Activity Detection CEP
Broker Subscriber > Service Generator Service
Actuators | loT Event
Log
vvvvvvvvvvvvvvv ‘ |Time5tamps (ts, t1+1)‘ Changes
1 (to, t1) ml_speed: 0 — -512; o7_valve: 0 — 512
.. 2 (t1, ta) il_pos_switch: 0 — 1; m1_speed: -512 — 0
Der|V| ng Change 3 (ta, ta) o7_valve: 512 — 0
H H 4 (ts, to) il_pos_switch: 1 — 0; m1_speed: 0 — 512; o7_valve: 0 — 512
pOIntS In data 5 (t10, t11) i2_pos_switch: 0 — 1; m1_speed: 512 — 0
6 (t11, t12) i2_pos_switch: 1 — 0; o7_valve: 512 — 0

@info (name="Detect-LowlLevel-Pattern-1")
from every el = OV _1Stream, e2 = OV 1Stream[(el.ml_speed—0 and
Encoding Change e2.ml_speed==-512) and (el.o7_valve==0 and e2.07_valve==512)]
. . . select "LowLevel-Pattern-1" as event, "burn" as activity,
points in CEP queries | ;0,5 03-20710:11:032" as originalts
User annotates one activity insert into DetectedLowLevelActivityEvents;

execution (start / end) = Activity Signature

https://swa-rwth.github.io ;:as(;::::gh ;:jnn.:‘
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Software Architecture

Process
Mining
Services

A

CEP Platform

Seiger, R., Kurz, A. F., & Franceschetti, M. (2026).
Online detection of process activity executions from loT
sensors using generated event processing services.
Future Generation Computer Systems, 174, 107987.

Communication:

————— » subscribe
—— publish

<4—» request/response

loT

T
i
i
A 4

Sensors

N

Actuators

Message
Broker

A
!
|
i
i
i

Interactive
Dashboards

Activity 1
Detection
Service

Activity 2
Detection
Service

Process 1
Detection

| Service
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Problem: Variations in Sensor Data - Low quality in activity detections

« Completely automated approach based on
activity signatures not sufficient

—> Incorporate expert knowledge

- Domain-specific Language
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Radiant: Meta-model
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Radiant: Syntax

l| "Process ' name=I0 ;!
s (activitissb=mictivityle;
4
d| Actiwity;
i "Activwity' pamamID '
& startPattearn=8tart
il [intarsadliatea+eIntaraadiatal} =
B endPattern=End;
Process with Activities
l| Pattern:
3 Start | Intermediate | Emd:
3
4| Btart:
5 "Start:!
i [conditions+eConditions | cases+wCasa+];
T
Bl Intaraadiata:
& ‘Intermediate; °
1is {conditiona+=Condition | cases+=Casal+:
11
1% End:
13 VEmd; *
14 {conditions+eCondition | caseas+=mlasa)+;
15
1| Casa:
L7 "Cage; !
1E (conditions+wConditionl+:

Types of Patterns with Conditions and Cases

B =

| = - T

Conditiem:
"In®

stakion=I0 'menzer’

senser=IF ConditicnTrpe

{time_constralat+eTisalonstralntle

TimeCometraint;
'pithin’

aBsueteINT tisa_unlitw=]ID;

Conditions with optional time constraints

Condition Type Syntax
ChangeCondition changes from Value to Value
(TimeConstraint )*;
Changing Condition is changing (TimeConstraint)®*;
RangeCondition in.range Value to Value;
IsEqualCondition is.equal Value;
IsLowerCondition is-lower Value;
IsLowerOrEqualCondition | is-lower or-equal Value;
IsHigherCondition is-higher Value;
IsHigherOrEqualCondition | is-higher-or-equal Value;
IncreasingCondition is-increasing [ TimeConstraint)®;
DecreasingCondition is-decreasing (TimeConstraint)*;

Types of Conditions
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Radiant: Examples

L o L PBa

o =] o

1
z
3
4
5
51
T
=

2
1o
11
1z
LE
14
15
L&
17
15
12
an
|
o]
X1

Frocass FProductiom:
betivity Mill _workpieca;

Start:

Im HH_1 saensor L1_pos_switeh
Im MM_1 =ensar ol _compressar

changes_from off
Emd :

te o

is_agual 1;

Im HH_1 saensor mi_spasd chaeges_from EBIZ te O

ketivity Bert produoet!
Start:

Im BH_1 sansor mi_spaad

change=z_frem 0 teo

=5132;

Im BH_1 sensor i1 _1ight_harrier iso_aqual 1;

Intermediate;

Im BH_1 sensor L2 _color _Sansof ig_changing;

Emd:
Cagda!

In SH_.1 eensor oS _valwve
changes_from epen tos cleoped;

Cagda!

In SH_.1 eensor =f_valwve
chapgas _from opan To cloaad;

Frocass Blecd_demation:

Activity Samitize_hands;

SBTart:

In CHS zemzar lead_soll
changes_from low To high within 30 gaconda;

End:

In CHS =snzor lead_cell
changes_from Bigh to lew within 30 seconda

Sensor configurations in external YAML files

1| prosste;

2 - 14 moter_prasat

3 pin_value; =512

4 maX_value: 513

5 pkaken:

i low: -E13

T eif; 0

k- | high: 512

a

lll| staciong:

11 = id; BM_1

12 nama:! Sarting Machime

13 source: SH_18tresm

14 gengors:

15 = id: i1_light_barrier
16 type: switch

17 - fd: 12 _eolor_SaBScr
158 discratization:

14 lowar: [1725, "rad”]
20 intermediate: [1725, 1780,
21 appar: [1790, "whita®]
22 = id: ml_speed
23 typa: imt
24 preazet; meoter_presst
2h - fd: ob6_wvalva
28 type: int
i statas:
28 apem; T8
24 closad: O
o]
31| sources;
e F] - id: SH_18traanms
a3 Eype: mqtt
34 url: §{MQTT_URL}
a5 clisnt_did: mgst.SH_1.50rt
L toplic: FTFactory/SM_1
37 content_type;: jacn
54 gchasa:

il te: strimg

40 £ _light barrier: int
41 12 salasr_eensar: imt
43 Bl_spaad: int

43 eS_valwe; ink

"Blum®]
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Radiant DSL in VS Code (Langium-based)

nitked Yet

Ln 19, Co

{} Radiant
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Radiant: Generated CEP Apps

Siddhi CEP platform

k= =

-] = @

11
12
14
14
1h
1
17

14
18
21
21
2

24

Bhppinane " Productieon=8ort product ')

fpourceltypes = '‘mpgit*, url = "${HQTT_URL}°, topic = 'FIFectoryS8M_1',
fmap{typa = 'fomom"})

defins =tream SH_15treamite =tring, i1l_light_barrier imt,
1k _color_semnser int, =1 _apaad ist, oB_vwalwae imt, o6 _walva int);

goink(typa = 'log"}
define Stream Detecteadictivities{svent =tring, astivity s&rimg.
tEp_opkart estring, te_snd stringl;

finfo (name="'StarsPattern ')

fros avary «l = SM_iEtraoas, &I = EH_LBt:nnn[ﬂni.nl_tpiidlln and
a2 . nl_spead===512) amd {e2.11_light_bkarrier==1]]

galuct "Start' as event, 'Bert product' as activity, @2.ts as ts

insert inte [DetectedPatterne;

F' rra '-II-

ginfo(manas"EndPFattare™]
from svery sl = SH_15tream, &2 = SM_i1Stream[{{el.=eml_of_valve==T5 and
a2 . a6l_ob_valvawsd)) or {{al.sml_o&_walva=usTs and
od, gnl _of _valve==0GF0]
Galact "EndPacttarn” as avant, "Sort product” as actiwicy, @l._ts as t©a
ingeart imnte [DetectedPatterne;

finfo (nape="Oeatect=kctivity®}

fEoE avary ol = DatactadPattarns [avaent == "BtartPattare"™] -* @ot
IetectadPatterne [sveant == “"StartPattesrn®] and sl =
DetectadFattarns [avert == "IntermadiateFatterm™] -» mnet
DetectadPatterns [evest == "StartPattern”] amd g3 =
FetectedPatterne [svent == “"EndPattern®]

galact "Hort product” oao actiwvity, al.ta as to_start, @3.ta asa ta_and

2| ingart inte Detectedictivities;
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Software Architecture

Cormamun kot one
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Pracess Mining
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17

IoT System e o Service-hased CEP Platform
Sensard - - B Ell:::l: Suddhi r:':éfl.'j;u-;t
o 1 a1 — --"E
Semwor | Meszaps Prees Ap ":-ﬁflﬁrf .
petks | Broker g :m" Sddh |- sur)
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Actuators - . App2 | wEmen
Sersor & Process Dwms
Iteractive
Cashboards
EFE Software
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A DSL and Architecture for Detecting Process Activities from Sensor Streams

inloT

Prototype: Activity Detection at Runtime

Note: Video does not match data

Donor checkin @ HCW checkin @
1

Insert needle @ Take out samples @

3 1

DONATION_STATION @

5000
o Data outside time range
Zoom to data
-5000

15:35:00 15:35:15 15:35:30 15:35:45
== $25JW_ambient_light_illuminance == s22P4_nfc_status
== 522P4_nfc_tag == Sj7_motion_status
== /MM _button_|_pressed == VMM_button_r_pressed
== TGJ_ir_short_distance == s23V3_button_state

== \/DY_accel_x VDY_accel.y == VDY_accel_z

Hand hygiene @

Apply tourniquet @
4

Start blood draw... @ Donor check out @

No data

HYGIENE STATION @

1000

800

600 e
Data outside time range

200 Zoom to data

200

0
15:35:00 15:35:15 15:35:30 15:35:45

== s23xq_load_cell_weight == SeG_ir_long_distance
== 523UU_button_state == s22Pa_nfc_status
== s22Pa_nfc_tag == air_quality_iaq == X2n_air_quality_temp

== X2n_air_quality_humidity == X2n_air_quality_air_pressure
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Evaluation: Smart Manufacturing

Analysis of processes executed in smart factory
181.4 minutes, 424 executed activity instances
/7 sensors

Ground truth recorded by workflow engine

Metric Category | Metrics

=

[ Two Set | Precision Hecall F1 Bal Acc |
o | 0.3482 | 05056 | 0.4395 | 0.7513
Fvent Analvsis Precision Recall | F1 -
' T (.6276 D667 | (L6464 ot - :-
- N = - '..-\j' ﬁ..l. __\_Q' .-_-"' = -_-ﬁ ._-\. -\:\'\-I. -\.- .ﬁn 0 -..:.-I. -\.-ll?
Other | Damerau-Lev-Norm | Cross-Correlation _ p ry _1:.;.‘%:'* F & &
LR L. T4.48 o F F '* - - &
1 1 [ =
Dataset: https://zenodo.org/communities/iopt
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Evaluation: Smart Healthcare

Analysis of processes executed in smart

healthcare by medical students

65.31 minutes, 240 activity executions
31 sensors
Ground truth recorded manually

Metric Category | Metrics

Two Set

Event Analysis

(ther

| Precision Recall | F1  Bal Acc

| U.1558 | 0.3387 [].].’J‘J!.’J‘ (6l4d

| Precision [Recall | F1

| 02643 | 0.7578 | 0.3919
Damerau-Lev-Norm  Cross-Correlation

| 0.725 | 0.7109

Dataset: https://zenodo.org/communities/iopt

F 130

o
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Lessons Learned

» Variations in sensor data heavily influence detection qualities

« Highly automated activities are less prone to variations vs. activities executed by humans
* Domain-specific knowledge can help to improve detections

« Start and end patterns are a must; intermediate patterns help with robustness

- Overfitting vs underfitting (depends on the activity characteristics)

» CEP as efficient and light-weight technology for detection at runtime

 Combine DSL / domain knowledge with other (semi-)automated analysis techniques
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4
=
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A DSL and Architecture for Detecting Process Activities from Sensor Streams in loT

Summary

Files
Previous

Work:

22

Annotation

f

loT

Interactive d]TU
Dashboards
Sensors | —| Message loT Event
Broker Subscriber
Actuators |

Detection at runtime

S S— s g
AuTE B S

Data Fetchers

Activity Detection
Service Generator

< ' Corsemicatin
'p?._”_,_.;'ﬂ | Pracess Mining = m,_ :'-'I -h:
,_E\'L"". Log Taoks & Serwces ——

CEP
Service

1048576

Al CPS Components

i3 Jight barrier HBW_1 — i4_light barrier HEW_1

curr

w1
i5_pos._switch HEW_1

M1 _speed HBW_1 = m2_speed HEW_1 == m3_speed HEW/_1

= —
12 ; f
25 | i T T I
5P T T <
3 i A I r I 1]
s T T T i = i
| | (LR T 1B
: I ‘ | |
151500 151900 152000 152100 152200 152300
bIEC1 == QrEC1 == hEC.1 == il_pos_switchEC_1 == i2_pos_switch EC_1 == i5_joystick x fEC_1 == i6_joystick y_f EC_1
EC1 = PECT = MECT = RECI = tEC1

VGR_1

Smart Factory

@ @ @& @ @&
“"‘ ' ""‘;k‘h“ . Read Color Move to HBW Hold at HBW Calibrats
Start Storage Stocapa sndsd
@

Architecture

=T S:,-S:.Ep- F.;I,::::,,L,\_\ Serviceshased CEF Matform
Sensars T ?:l.-l-;:.::-. Siddhi wi Bt Stard)
Semer | Message " P— App et Erd )

frems | esker o ,E“: N Siddh: w {2 Sy

Artuators " o Anp 2 T

Sergor & Process Bt
nteractive
Cashboards

? Event abstraction

BpoED - & %

Prof. Dr. Ronny Seiger | Software Architecture Group | RWTH Aachen University

EDOC 2026 | Enschede, NL | 16.09.2026
https://swa-rwth.github.io

Software
Architecture
Teaching and
Research Unit



	Titel- und Kapitelfolien
	Slide 1: A Domain-specific Language and Architecture  for Detecting Process Activities from Sensor Streams in IoT
	Slide 2: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 3: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 4: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 5: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 6: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 7: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 8: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 9: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 10: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 11: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 12: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 13: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 14: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 15: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 16: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 17: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 18: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 19: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 20: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 21: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT
	Slide 22: A DSL and Architecture for Detecting Process Activities from Sensor Streams in IoT


