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Introduction

Intersections s Physiological signals are a
among the most useful metric for providing
complex road feedback about a driver’s state

environments
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Skin conductance response
(SCR) could be a useful
indicator of activities of the
autonomic nervous system
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Research aim

The aim of this research is to search for a correlation between:
« variations of Skin Conductance Response (SCR); and
« variations of speed

in approaching to different types of at-grade intersections.
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Experiment design - Participants

Participants' requirements:

« 28 and 50 years old;

 driving license valid in the UK for a minimum of 3 years; and
» evenly divided between males and females.

Final sample:
* 19 participants (10 males and 9 females).
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Experiment design - Instrumentation

Vehicle:

Standard 2010 model year
Nissan LEAF

Wrist band sensor:

Empatica E4 (skin conductance
response)

| Empatica Inc., Cambridge, MA, USA
www.ictct.net October 29, 2021 | 7




Experiment design - Instrumentation

Vehicle:
4 colour cameras:
» 1 forward facing
= 1 driver facing
» 1 steering wheel facing
= 1 feet facing
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Data collection

T-Junction (T1)

Roundabout (R)
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Data analysis - Skin Conductance Response (SCR)

Parameters :
= Number of peaks SCR
= Peak amplitude

» Electrodermal Impact Index
(=23))

- — Maneuver 1 (T1)

——Maneuver 3 (R)
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Distance from the intersection center (m)
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Data analysis —
Skin Conductance Response (SCR)

Non-parametric tests Median Testand Mann-
Whitney U-test

Hypothesis Test Summary

0 P e
- Manoeuvre -
ol ¥ 5

Null Hypothesis Test Sig. Decision

The distribution of EEI is the Independent-Samples Mann- 1.000 Reject the null
same across categories of Whitney U Test hypothesis
Intersections

The medians of EEI are the same Independent-Samples Median Test Reject the null
across categories of Intersections hypothesis

The two distributions of EEI related to
T-junctions and roundabout are
statistically significantly different

www.ictct.net

(I - - D VR
SCR EEI SCR EEI SC. EEI
Part.  Peaks 100m- Peaks 100m- Peaks 100m- Peaks 100m -
ampl. center  ampl. center ampl. center  ampl.  center
1.069 1.069 - 0 1125 3933 1.090 2.504
| - - 1.276 1.414
- - 1.532 -
2 - 0 1.088 1.088 1.020 1.020 -
1.004 1.004 1.005 1.005 1.002 2136 1.085 2.205
- - 1.134 1.120
4 - 0 - 0 1.054 2.068 1192 2.243
- - 1.014 1.051
5 - 0 - 0 - 0 - 0
6 - 0 - 0 - 0 1.015 1.015
1.017 1.017 1.007 1.007 1320 3.639 1.660 1.660
7 = - 1.110 -
- - 1.209 -
8 - 0 - 0 1.001 1.001 1.098 1.098
- - 1.155 -
1.009 1.009 1.023 1.023 1.042 3.244 - 0
9 - - 1.142 -
- - 1.060 -
10 1.029 1.029 - 0 1.014 1.014 - 0
11 1.025 1.025 - 0 - 0 - 0
12 1.213 1.213 - 0 1400 2472 1110 1.110
- - 1.072 -
13 - 0 - 0 1162 1.162 1.036 1.036
14 1.006 1.006 - 0 1.017 1017 1.016 1.016
15 1.027 1.027 - 0 - 0 1.045 0
1099 3.644 1228 2345 1257 3396 1.121 3.408
16 1.240 1,117 1.090 1.067
1.305 - 1.049 1.220
- - 1.036 1.033
1.048 2.054 1137 1137 1.214 2218 1.018 1.018
17 1006 : 1.004 2
1.006 1006 1,011 1.011 1041 1.041 1289 2.298
18 - - 1.008 1.009
- - - 1.291
19 1.180 1.180 - 1) S2P) 2ePal 1103 12:599




Data analysis - Speed

Parameters :
= Speed variation (AS100_0); and
= Sign of speed variation (SSV)
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Data analysis - Speed

Manoeuvre 1 Manoeuvre 2 Manoeuvre 3 Manoeuvre 4

Py 48,00 0 (%) AS;100 0(%) 48,00 0(%) 48,00 0(%)
Statistical tests — - - - -
Participant n.1 +15.9 +14.6 -26.2 -38.3
Tests of N°”“'a“tVl _ icipant n.2 -15.7 +42.4 -22.2 -30.8
Int ction-T Variabl Stati'::::mogorodvf_smlrn:VvaIue Statistic Shaplr:;W'lk p-val jCipant n.3 -6.6 -14.5 -22.5 -34.3
ntersection-lype ariable - -value o
T-Junctions AS100_0 0.117 38 0.200 0.966 38 0208 dcipant n.4 -135 +20.2 -15.8 -12.2
Roundabout AS100_0 0.062 34 0.200 0.987 34 0.958 dcipantn.5 -4.0 +32.3 -4.1 -21.3
", This is a lower bound of the true significance icipant n.6 -5.3 +28.3 -25.6 -26.2
a. Lilliefors Significance Correction :icipant n7 -20.6 +35.3 85 -23.4
rarticipant n.8 -7.9 +29.1 +11.8 -17.9
Participant n.9 -2.9 -33.0 -20.6 -27.0
Independent Samples Test 0 +6.0 +12.6 -15.6 -22.4
L s Test for Equality of t-test for Equality of M
evene's VZiia:cresqua ity O est Tor equality o eans . 1 -14.0 -2‘7 +4.0 -28‘1
95% Confidence 2 -10.7 +30.7 -11.3 -32.2
P-Value Mean Std. Error Interval of the

E Pe¥alue t of (2-tailed) Difference Difference Difference 3 -13.4 +53.3 -3.6 -17.9
Lower  Upper 4 +2.8 +5.2 -3.1 -23.8
AS100_0 Equal 16.249 0.000 6.186 70 0.000 242063  3.9130 16.4020 32.0106 § -4.3 +13.1 -11.8 -18.1
b 6 +0.9 +34.0 -13.1 -51.9
Equal 6.407 54.657 0.000  24.2063  3.7784 16.6332 31.7795 .7 -31.9 +26.4 -17.0 -16.8
VErArcesndt 8 -10.2 +3.6 +17.5 -49.2

assumed
9 -14.1 +5.6 -10.0 -38.0

The two distributions of AS100_0 related to T-junctions and
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Methodology

Association Rule with Apriori algorithm
data mining techniques

IT EEI sV S5V - Sign of the
Intersection Type Electrodermal Impact Index Speed Variation Speed Variation
ITR = Roundabout  EEI0 = No Peak (EEI =0) SV0 = Up to 10 % e
(speed increase)
SSVN = Negative
sign (speed
reduction)

SV1 = Between 10 % and
20%

SV2 = Between 20 % and
30 %

SV3 = Between 30 % and
40 %

SV4 = Between 40 % and
50 %

SV5 = 0Over 50 %

Threshold values : S =2 5%, C 250%, and L = 1
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ITT = T-Junction EEI 1 =Between 1and 2

EElI 2 =Between Zand 3

EEl_3 =Between 3and 4




Results
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Results

35 rules:

16 rules for

Intersection Type T-
Junction; and

19 rules for

Intersection Type
Roundabout.

ID Rule Consequent Antecedent Support (%) Confidence (%) Lift
#49 ITT SV2 and SSVP 5.600 100.000 2.029
#58 ITT SSVP and EEI_O 14.100 90.900 1.844
#18 ITT SSvp 23.900 85.000 1.724
#40 ITT SVO0 and SSVP 5.600 80.000 1.623
#84 ITT SV0 and SSVN and EEI_O 5.600 80.000 1.623
#41 ITT SVO and EEI_O 8.500 75.000 1.521
#62 ITT SV1 and EEI_O 8.500 75.000 1.521
#61 ITT SSVP and EEI 1 8.500 75.000 1.521
Ha4 ITT SVO and EEI_1 7.000 71.400 1.449
#13 ITT SVOo 15.500 68.800 1.395
#57 ITT SV1 and SSVP 5.600 66.700 1.352

ID Rule Consequent Antecedent Support (%) Confidence (%) Lift
ITR SSVN and EEI_3 7.000 100.000 1.972
ITR EEI_3 7.000 100.000 1.972
ITR SV1and EEI_3 5.600 100.000 1.972
ITR SV1 and SSVN and EEI 2 5.600 100.000 1.972
ITR SV2 and SSVN and EEI_O 5.600 100.000 1.972
ITR SV2 and SSVN 15.500 91.700 1.808
ITR SSVN and EEI_2 11.300 88.900 1.753
ITR EEI_2 11.300 80.000 1.578
ITR SV2 and SSVN and EEI_1 5.600 80.000 1.578
ITR SV3 and SSVN 7.000 71.400 1.409
ITR Sv2 15.500 68.800 1.356
ITR SV2 and EEI_1 5.600 66.700 1.315
ITR SSVN 46.500 64.700 1.276
ITR SV1 and SSVN 16.900 60.000 1.183
ITR SV2 and EEI_O 5.600 57.100 1.127
ITR SSVN and EEI_1 16.900 54.500 1.076
ITR SV1 19.700 53.800 1.062
_______________ ITR SV1and EEI_1 9.900 SFe 10620
ITR SSVN and EEI_O 11.300 53.300 1.052



IT EEI SV S5V - Sign of the
Intersection Type Electrodermal Impact Index Speed Variation Speed Variation
SSVP = Positive sign

R e S u I t S ITR = Roundabout  EEI_0 = No Peak (EEI =0) SV0=Upto10% (spesd increase)
SSVN = Negative

= 0,
ITT = T-Junction EEI_1 = Between 1 and 2 ;zi% Betwveen 16 9% Al sign (speed
Variables Ty T R ———
EEI_ 2 =Between Zand 3
30%
= SV3 = Between 30 % and
EEI_3 =Between 3and 4 40 %

SV4 = Between 40 % and
50 %
SV5 = Over 50 %

Consequent Antecedent Support (%) Confidence (%) Lift

#49 ITT SV2 and S5 5.600 100.000 2.029

#58 ITT SSVP ang EEI_0 ) 14.100 90.900 1.844

#18 ITT SSYDNe— 23.900 85.000 1.724

#40 ITT SV0 and SSUP—~_ 5.600 80.000 1.623

#84 ITT SVO0 and SSVYand EEI_O 5.600 80.000 1.623

#41 ITT SVO and EEI_O 8.500 75.000 1.521

#62 ITT SV1 and X/ 0 8.500 75.000 1.521

#61 ITT SSVP and EEI_1 8.500 75.000 1.521

#44 ITT SVO and EEI_1 7.000 71.400 1.449

#13 ITT VO 15.500 68.800 1.395

#57 ITT SV1 and SSVP 5.600 66.700 1.352

#22 ITT EEILO 23.900 65.400 1.326

#47 ITT SVO and SSVN 9.900 63.600 1.291

AT #24 ITT EEI_1 22.500 53.300 1.082
— #7 ITT SV3 7.000 50.000 1.014

#93 i SV1and SSVN and EEI_1 7.000 50.000 1.014




Results

IT

Intersection Type
ITR = Roundabout

EEI
Electrodermal Impact Index

EEI0 = No Peak (EEI =0)

sV
Speed Variation

SVO=Upto10%

SSV - Sign of the
Speed Variation
SSVP = Positive sign

{speed increase)

SV1 = Between 10 % and

SSVN = Negative

Va ria b Ies ITT = T-Junction EEI 1 =Between 1 and 2 20 % :leznugst})::]d
EEI_2 = Between 2 and 3 g‘(;f/: DECWERR A% A0c
EEI_3 =Between 3 and 4 %i; HeRween ) v% and
§V4 = Between 40 % and
50 %
SV5 = Over 50 %
ID Rule Consequent Antecedent Support (%) Confidence (%) Lift
#30 ITR SSVN and EEI_3 7.000 100.000 1.972
#3 ITR EEl 3 7.000 100.000 1.972
#35 ITR SV1and EEI_3 5.600 100.000 1.972
#81 ITR SV1 and SSVN and EEIl 2 5.600 100.000 1.972
#88 ITR SV2 and SSVN and EEI_O 5.600 100.000 1.972
#56 ITR SV2 and SSUN 15.500 91.700 1.808
39 ITR S5VIN ana tEl_Z 11.300 88.90U 1.753
#10 ITR EEI_2 11.300 80.000 1.578
#91 ITR SV2 and SSVN and EEI_1 5.600 80.000 1.578
34 ITR SV3 and SSVN 7.000 71.400 1.409
#15 ITR Sv2 15.500 68.800 1.356
#53 ITR SV2 and EEI_1 5.600 66.700 1.315
#28 ITR SSVN 46.500 64.700 1.276
#73 ITR SV1 and SSVN 16.900 60.000 1.183
#51 ITR SV2 and EEI_O 5.600 57.100 1.127
#79 ITR SSVN and EEI_1 16.900 54.500 1.076
#20 ITR SV1 19.700 53.800 1.062
#66 ITR SV1and EE|_1 9.900 53 800 1062
#75 ITR SSVN and EEI_O 11.300 53.300 1.052




Study limitations

« A limitation to the presented study is the sample size.

« They have been analyzed only drivers’ electrodermal
activity to evaluate their physiological and behavioural
responses to different intersections.

* The results of this study should be regarded as indicative of
central issues worth studying further.

www.ictct.net October 29, 2021




Conclusions

« The stress level induced by roundabouts is significantly
higher than that one induced by T-junctions.

If correlations between physiological parameters and
behavioural responses are found, design decisions could be
optimized.

 The safety analysis of a road infrastructure might be done
by applying the analysis of the driving behavior and the
analysis of the physiological response resulting from the
perception of the infrastructure scenario.
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Thank you for attention

Natalia Distefano
University of Catania
Email: ndistefa@dica.unict.it = = =
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