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Introduction: Human interactive machine

* Rely on user’s choices
* Nosingle standard process |
* Complex and variation ‘

» _
* How to improve the user experience of such a machine?
* User behavior study to reproduce use scenarios
* Observations: effort
* Interviews: prepare questions ” m !’

e User Feedback: a small subset

 Machine log

* Objective record 8 @

* No explicit privacy issue

G Introduction
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Case study: Azurion system
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' L I 7  Image-Guided system
; é ' Detector ) . e * Interventional X-ray
elm = | | | machine
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* Reproducing use
scenario: (X-ray usage)
*  What
*  When
*  Where

Foot pedal &

a Case study
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Reproducing the use scenario: Challenges

Video

* Time-consuming
* Anexam lasts around 30 mins
* No annotations
*  Manual annotation needed
* Privacyissue
* Only a few hospitals give permission

0 Case study
PHIL’IPS
. . . . . rd
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Research question

Given a machine usage log, what methodology
can reproduce use scenarios such that it can
enhance the user behavior study?

° Q Research question
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Reproducing the use scenario: Hypothesis

Ideally, the presentation of the use scenario can serve as an alternative to video recordings.

* Hypothesis 1: Spatial and temporal information is the key element in reproducing use
scenarios for user behaviour study.

* Hypothesis 2: Interactive features are essential for user behaviour study experts to do
exploratory data analysis.

° ° e Data & Design
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Data-driven Approach for reproducing use scenario using machine logs a TU/e
N/



Reproducing the use scenario: What do we need?

Hypothesis 1: Spatial and temporal information is the key element in
reproducing use scenarios for user behaviour study.

* Geometry movement - spatial

* Shared room coordinate system
* Table
* C-arm

* Exam and X-ray events - temporal
* All the X-ray events in one exam

* Ordered by timestamp
* Metadata on X-ray duration and image protocol

° 0 e Data & Design
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Reproducing the use scenario: First trial
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Coordinates and timestamp Radiation dot

Numbers -> where? No temporal order involved

° ° ° Data & Design
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Trajectory

Movement can be viewed
More spatial information?
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Reproducing the use scenario: spatial

100 Exam
-o— 220

=20

-40

-60

700 800 900 1000 1100 1200

Static trajectory (top view) Trajectory on patient body
Movement can be viewed Radiation area clear
More spatial information? Time order?
° ° e Data & Design
PHILIPS
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Reproducing the use scenario: spatial + temporal

Trajectory on patient body Trajectory on patient body with timeline

Radiation area clear
Time order?

° ° ° Data & Design
Pﬁg
. . . . . rd
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Process understanding

- Case: process instance

» Activities:
» Steps in the process

* Event:
* An activity in a particular case

* Trace:

« Sequence of all events in a
particular case

Eventld

20SSIEC0013000
20551ECO001004
20551GC0009921
20551GC0009921
20551GC0009921
2055IECO013000
2055IECD0D12502
20SSFLV0003503
2055FLVO0D3503
2055|ECO012511
20551ECO012920
20S5FLV0003502

° Data & Design
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EventTimestamp

EventDescription

2021-01-11 08:35:54 Viewpad: UiActivity detected
2021-01-11 08:35:55 User guidance: X-ray disabled
2021-01-11 08:39:09 Command: UlActivity

2021-01-11 08:39:09 Command: StopFluoroscopy
2021-01-11 08:39:09 Command: StopFluoroscopy
2021-01-11 08:39:09 Viewpad: UiActivity detected
2021-01-11 08:42:26 DataHandler: New patient added from RIS
2021-01-11 08:44:09 Lab: enable snapshot

2021-01-11 08:44:10 Lab: enable snapshot

2021-01-11 08:44:10 DataHandler: Start procedure clicked
2021-01-11 08:44:14 Lab: Exam Selected.

2021-01-11 08:44:15 Lab: procedure step

TU/e



Event-based visualization design

Hypothesis 2: Interactive features are essential for user

behaviour study experts to do exploratory data analysis.

A flexible, customizable, interactive visualization

1. Users specify their interests or needs

2. Event specification: automatic query and filter

data based on user’s interests

3. Eventtrace representation: A visual
representation is generated

13

__Physicians aré not
/~ always happy with the

Philips Azurion system

° Data & Design
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image quality, is it Where is the What happened
"> because they did not . . access created before the %’ ~r | ti"
( choose the right image ) of a exam? system shutdown? .
___ protocol? > — = -
Innovation User study System
expert experts engineers
Y \ 4 \ 4 )

/ Geometry \ Geor+netry C-arm status

‘ + | +

\X-ray event / dZ?éﬁirgn X-ray event

/,
Event specification Y, Query

Y

/ﬂmelineic-arm status, events(temporal)\

+
Viewer: Geometry coordinate(spatial)

KEvent traces representation/
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Implementation: Data flow

14

Uploaded daily by

) - SQL queries 'Q |
remote services ETL — l

Data: Retrieve machine log from Vertica Data Warehouse

Ul: Implemented in Python (PyQt5)

° ° * Application
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° ° e Application
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Example persona(1l): Innovation expert

O An innovation expert receives feedback on image
aih quality. Thus, he/she wants to see whether this is
Innovation expert caused by a wrong image protocol.

o o o O rovicair
PHILIPS
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Example persona(l): Innovation expert

W | Retrospective visual analysis for lab performance

Query Demo

Event Filter Area

Patient position

1
08:29:28
09:53:35
14:20:21
17:42:56
22:38:.06

Exam starts: 2022-05-18 09:53:35

Analysis

2
groin
radial
groin
radial
groin

Exam ends: 2022-05-18 12:42:31

Exam duration(min): 168.93

Cardio acquis™
Vascular acq
Neuro acquig

Xray start on

EPX protocol: optimal image
protocol for better image quality
Abdomen Single Shot was

J | EPx: Abdomen Single Shat

Patient

Start

17

Fluora

(@ == nose up head first

Cine

(O == nose down head first

Radiating

Select sub system

(O == nose up foot first

But radiation(trajectory)
is around the heart

selected!

[] petector

I
@

area of the patient!

Show detector trajectory

Speed up Si

[ RRiN|

ow dor

i

Select event description

() == nose down foot first

2022-05-18 11:18:42

I

Default Timeline

e Application

Data-driven Approach for reproducing use scenario using machine logs

ah

Innovation expert

Approach

* An easy and quick individual
EPX validation

* Quantification of multiple cases

Value

We understand why the image
quality is not always good. Maybe
we should investigate the smart
image protocol selection...

PHILIPS
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Example persona(2): User study experts

A user study group wants to know more about the
access creation phase.

User study experts

° ° ° 0 Application
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Behavior: Clinical access creation — Why

Business Safety

Radial vs. Femoral Approach in Chronic Total Occlusion Percutaneous Coronary Intervention
Meta-analysis of 9 observational studies (10,590 patients)

A /p& Lower Similar Lower risk Similar risk
ol n =~  complexity success
——= — § “
_ Radial approach, 4591 23 +/ - 12 7 1 7o 0.73 “/o 0.16% ~‘\ w
. . patients Lk N ln-hos1l>)1::l. :;onauty
38 Q-wave myocardial

infarction
p=0.13

. . ) g Pericardial tamponade
Technical success Access-site — Major bleeding % p=0.8
complications P<0.001

p <0.001 P024 P<0.001 Coronary
perforation
p=0.83
— (o) 0,
Femoral approach, 2.5+/-13 78°5 /o 1.79 % 0.9 % Emergency bypass surgery
5999 patients p=0.63

[1] M. Megaly, A. Karatasakis, B. Abraham, J. Jensen, M. Saad, M.Omer, A. Elbadawi, Y. Sandoval, M. H. Shishehbor, S. Banerjee, et al. Radial versus femoral access in
chronic total occlusion percutaneous coronary intervention: a systematic review and meta-analysis. Circulation: Cardiovascular Interventions, 2019.

° Q Case study
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Example persona(2): User study experts

B | Retrospective visual analysis for lab performance
Query Demo Analysis

A label calculated in

Event Filter Area

retentpostion — the backend showing heed irst
; , the access

08:56:32 radial

10:16:47 radial

11:09:28Q  radial

11:55:43 groin

13:3325 radial

14:40:00 radial

15:14:59 radial

-Exam starts: 202 -

Exam onde: 2021 1 N€ time frame th_at
Bxam duration(m  X-rays are made in
Cardio acquisitiol groin area

Vascular acquisit

roin evidence: 12:46:41 until
2:47:00

Xray start on 2021-01-11 12:46:41
Xray end on 2021-01-11 12:46:48
EPX: Left Coro 15 fps Low

Patient [[] petector

Start Stop

20

Cine Select sub system Select event description

() == nose down head first

(O === nose up foot first (O == nose down foot first

Radiating

The center point of
radiating detector is in
groin area of the body

The time frame indicated
in the summary

] orape Show detector trajectory 2021-01-11 12:46:42

| 0
(v @ ~vviication

Data-driven Approach for reproducing use scenario using machine logs

Default Timeline

| |

User study experts

Approach

* Quantification of multiple cases

* Validation(detecting the unique
activity) via spatial information

Value

We now can see how many cases
are done via radial and femoral
access. Reimbursement can be
more personalized. We may talk to
the lab manager about the
physician training...

PHILIPS
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Example persona(3): System engineers

[
@ A system engineer receives a complaint about a
Q‘ sudden system shutdown at a given timestamp.
. He/she would like to know what happened before
System engineers

this shutdown.

° ° ° 0 Application

21
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Example persona(3): System engineers System engineers

11 Retrospective visual analysis for lab performance

- ° ' Approach

Event Filter Area Fluoro Cine Select sub system - Select event description
.
e Zoom
Potnt pstion Y—r— oY O v ot up oot et oY oom In one case
1 2 o

08:34:25 radial
09:19:21 radial
10:38:26 radial

e All the information within the

13:04:27 radial

e selected timeframe

Exam ends: 2021-01-11 09:49:50
Exam duration(min): 30.48
Cardio acquisition count: 49
Vascular acquisition count: 0

Exam starts: 2021-01-11 09:19:21
Neuro acquisition count: 0

Value

» Find the timestamp of the
shutdown

¥ We now can see there was a ‘C-
Xray starton 20214 N X-rays were made in

Xray end on 2021-
EPX: Left Coronar  this time frame

o arm collision’ before this
«» A notification of User
[] patient gUidanCEi 'C-arm CO”iSiOh' [] orape [] Show detector trajectory 2021-01-11 09:21:11 1x Shutdown. Let’s See Whether the

Stop Speed up Default Timeline

- - collision can lead to a system
Ill I N R [ RAREUTRL
o o o O #iction
PHILIPS
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Implementation: Comparison

B BL (L] ) B aE B ba B BT BU
Firgavias Frosntal Fronta
Posison Prefian Position Beam Bz Rotsse hroegal Frontal Table labde Ishle
Carer * |Detecior  * Propefior - Lomgiiedin = Transwersa - Detector |- | Swing - | Inodation - Heght * Loters = | Longitudin -
10 10100 o 16200 o -S000 o 1M 500 550 B0
0 G540 a 16200 1] -3000 o 1M S500 5K im0
10 5540 o 16200 o -3000 0 1N 5500 450 T
50 210000 5040 16200 o -3000 0 1M 500 20 7150
50 o] 5040 16200 1] -3000 0 1M o500 130 7500
50 2000 3040 16200 o -3000 0 1N 500 -6 7500
50 10540 -0 16200 o -3000 0 1N S500 -9 T
50 10540 -390 16200 o -2000 0 1M 2500 -8T0 b7
50 1050 240 16200 1] -3000 0 13 2500 560 730
50 10830 15590 16200 o -3000 0 1 2500 530 i
50 10870 1550 16200 o -9000 0 12 500 3] 1M
B0 10970 1600 16200 o -2000 0 12 500 510 90
50 10T 1500 16300 o -3000 0 1 @500 -510 G20
090 11470 1ag 16200 o -000 0 1 700 =30 T
090 11870 L] 16200 o -B000 0 -120 700 300 910
1570 180 <10 16300 o 3000 0 130 700 1330 Til0
1570 180 3B 16300 o Q000 o 130 700 130 TA0D
T 140 JE80 16300 o F000 o 130 700 1500 Téd40
™ 140 &0 16200 o SO00 o 130 700 1490 TEOD
¥750 12030 1670 16300 o F000 o 130 0a0 B0 TiTa
¥750 12030 &0 16200 o F000 o 130 040 1020 TEad
1250 PRl ] 520 16300 o F000 o 130 @EE0 S 7550
1250 1200 L5: B 16200 o S000 o 130 SIS0 an T80

Temporal: text ordered by timestamps

Spatial information

Interactive & Customizable

23

W1 Retrospective visual analysis for lab performance

Query Demo  Analysis

Eveat Fiter Area & Fhora

Fatient position @) = nose up head first

1 2
085632 radial
101647 radial
10928 radial

11:55:43 [ igroin
133325 radial
144000 radial

151459 radial

Exam starts: 2021-01-11 11:55:43
Exam ends: 2021-01-11 12:47:00
Exam duration{min): 51.28
Cardio acquisition count: 28
Wascular acquisition count: 0
Meuro acquisition count: 0

Groin evidence: 12:46:41 until
12:47:00

Xray start on 2021-01-11 12:46:41
Xray end on 2021-01-11 12:46:48
EPX: Left Coro 15 fps Low

] potirt [ betectar

‘Selact event description

() = nose down foot first

2021-01-11 12:46:42

Skow down

Temporal order: Customizable timeline

Defaut Tmeine

[

Spatial: An approximation of the radiation area

Interactive & Customizable: Query/Filter/Zoom/...

e Application

Data-driven Approach for reproducing use scenario using machine logs
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Evaluation: Correctness - How accurate is the reproduction?

patient position

access creation

long X-ray event existence Spatlal |nf0rmat|on

Long exam

Duration of events

©

Accurate radiation area

C-arm in idle status

C-arm in working status

first X-ray location

last X-ray location

first X ray timestamp Synchronizations
last X-ray timestamp reqUIred
0 10 20 30 40
true @ false Visual Paradigm Online Free Editi
° ° ° ° e Evaluation
PHILIPS
. . . . . rd
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Evaluation: Usefulness — Can users perform the tasks?

Query the data

Indicate the number of exams on a certain day

Make expections on access creation

Identify whether the protocol matches the X-ray event

Indicate the type of the exam

Determine the position of the patient

0 1 2 3 4 5 6 7

Success Success with hints @ Fail Visual Paradigm Online Free Edition

25 Data-driven Approach for reproducing use scenario using machine logs

Query data

Make expectations/validations

Patient positioning

e Evaluation

PHILIPS

s

~—

3

w
’

TU/e



Evaluation: Ease of use - Does it become easier?

See whether the protocol mathces the radiation location
Presume the access creation location
Reconstruct the system usage scene in the lab

Enable to make expectations using own knowledge

Validate EPX protocol

Access creation

_@ Use scenario reconstruction

Bring values

26 Data-driven Approach for reproducing use scenario using machine logs
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Evaluation: Ease of use - Does it become easier?

Query the data that one is interested
Presume the type of an exam

Presume the starting and ending time of an exam

0 1 2 3 4 5 6 7

Strongly agree Agree Neutral @ Disagree @l Strongly disagree Visual Paradigm Online Free Edition

Query data: Easy for experienced Data people, but Ul is required for normal user
Type of exam: Protocol select might be wrong

Starting/ending time: Machine use # Human behavior

o o o o O st

PHILIPS
Data-driven Approach for reproducing use scenario using machine logs i TU/
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Future work: Annotation area

W] Retrospective vi

isual analysis for lab performance

Query Demo Analysis

Event Filter Area Fluoro Cine b syste ev
ati (@ == nose up head first (O == nose down head first (O === nose up foot first (O == nose down foot first
! Free ;
083425 racia Cardiac exam
09:19:21  radial
1038:26  radial
111202 radial .
B2 racial 31 mins
140409 radial
15:03:07 radial
Head first

Left-coronary

Patient

ector

I

[ Dete
Start Stop
[ ]

28

ppppppp

Shovr detector t;

rajectory 0
Slow down Defautt Timeline

Data-driven Approach for reproducing use scenario using machine logs

For each exam:
* Type

* Duration
* Patient positioning

For each X-ray event:

e Radiation area

* Image protocol selection
* Correct or not

* Dose usage

.



Future work: Annotation area Dashboard use Al training

For each exam:
* Type -
* Duration

* Patient positioning Extracted

For each X-ray event:

e Radiation area * Ratio of EPX wrongly * Input label for training
. tocol selecti selected X-ray algorithm on usage log
Mage protocol seiection or other data sources
Lol o et e Ratio of over-timed
* Dose usage AR

o o o o © rur wor
PHILIPS
Data-driven Approach for reproducing use scenario using machine logs A TU/
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Future work: other domains ¥ |t ‘m 2
7(3 7 3 la} *
* Health tracker(e.g., smartwatch) e |y
iz ]
e Similar data structure: + A b
* Daily event with metadata ’| =
*  Physical movement based on GPS =
* Visualization is required: | & ;rqA [ &
* Personal use - -
* Health provider: track patient’s daily life fib PN
* Product designer: new functionality @ &7 & = & ) i St ¥
ik 1 el ¢
s, o4
[ = w ]

° ° ° ° e Future work
PHILIPS
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Conclusion

- A data-driven methodology has been proposed to reproduce use scenarios
by combining spatial and temporal information from the machine log into
one concrete data presentation.

« An interactive application has been developed to do exploratory data
analysis and bring out domain knowledge from experts.

<
@ @ @ @ & O &
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Questions?
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