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Driver Emotion Recognition Algorithm for Driving Behavior Analysis

Zhao Hua, Fan Honggang, Feng Yifang, Chen Daxin, Liu Zhixi, Chen Tao
(State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract: Drivers’ emotional changes considerably impact their driving behavior. However, current research on
driver behavior prediction mainly relies on statistical analysis, failing to capture the influence of emotional states on
driving behavior. This limitation introduces information bias in predicting driver power demand. To address this
issue, a driver emotion recognition algorithm was developed for real-vehicle applications to assess drivers’ emotional
states during actual driving. Experiments were conducted to investigate variations in driving behavior characteristics
across different emotional states. To overcome the challenge of limited onboard computing resources, the facial key
points for happy and angry expressions were simplified by integrating the facial action coding system and face action
units, effectively reducing the feature dimensions. Recognition models for the two emotions were separately devel-
oped using a support vector machine, with model parameters optimized via a grid search algorithm to enhance offline
recognition accuracy. Subsequently, a real-vehicle road test incorporating emotion elicitation was conducted to evalu-
ate the model online recognition performance using a general-purpose computing platform. In addition, the driving
behaviors of drivers in happy and angry states were analyzed, and differences in vehicle operation under these emo-
tional conditions were compared. The results indicate that the offline testing accuracy of the simplified feature dataset

for recognizing happy and angry emotions reach 84.45% and 84.43%, respectively. Tests conducted on the general-
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purpose computing platform demonstrate that the algorithm meets the requirements for in-vehicle real-time applica-

tions, successfully recognizing the driver’s emotional state online and aligning with the outcomes of emotion elicita-

tion. Furthermore, compared with happy state, drivers in angry state exhibit more aggressive driving behaviors. In

particular, accelerator pedal operation changes from long-term steadiness to periodic vigorous pressing, with the

pedal spectrum amplitude increasing by up to 165.1% and overall vehicle fuel consumption increasing by up to 14.2%.

Keywords: driver emotion recognition; facial action unit; support vector machine; road test; driving behavior

analysis
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Fig.1 Location of 68 facial key points
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Tab.l1 Correlation between facial expressions and AU
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Tab.4 Ten-fold cross-validation results for the happy
samples after parameter optimization
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Fig.5 Test set accuracies and confusion matrix for two sample groups
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Fig.7 Spatial distribution of SAM scale indicators BARASGE—2 8908, 3% 8. 38 9 Fk.
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Tab.7 Comparison of participants’ accelerator pedal opening distributions
A5 IR 5 NGBS BER O1, 05/% FFREAERE) 01, 05/%
Ha 7.65,15.84 0,1.09
A An-1 4.92,17.49 0,1.64
An-2 0,20.22 0,2.19
4% 1,Ha 0,7.84 -0.39,0.78
iR 1,An-1 0,9.02 -0.79,0.39
B iR 1,An-2 0,10.58 -0.78,1.57
iR 2,Ha 0,8.62 -0.39,0.78
iR 2, An-1 0,7.45 -0.40,0.80
iR 2, An-2 0,9.41 -0.69,1.17
A% 1,Ha 8.20,14.21 -1.10,1.64
{5 1,An-1 0,21.85 -2.19,2.73
5 1,An-2 0,22.40 -1.82,3.82
c .
A% 2, Ha 7.73,16.39 -0.73,1.64
R 2, An-1 1.91,16.59 -1.64,1.95
5 2, An-2 0,23.50 -2.55,2.91
22 8 Pk 3 QSR B I I R PRIFE bR BH | 76 = 241545 T 2 36 51 s sk R 4k

HRUCMR (frequency center, FC) , T4 S il 1725
Oih 5 PR AR AR RE , TP ) i ) Bk 5 4
EM R, LA 8l Ui, Ha /) FC R
0.103 Hz, ifi An-2 f¥J FC “}y 0.096 Hz, ﬁni_ﬂ”%firﬁﬂi&
$i754k. Ha AOSTIEIEIE N 3.05%, An-2 AOATEIE(E
H 6.49%, FEAEIREERE KT 112.8% . B Ml C L2 BUIK
R IRARHIE, H B 7ERUR I8 A4V iR B2 5 K
Iy 165.1%.
%8 Bt ARKINEBRIAL B Ih E ST

Tab.8 Characterization of the accelerator pedal spectrum
and power spectrum of participants

N A6 40 5 A% HUL % /Hz
A Ha 3.05 0.103
An-2 6.49 0.096
B i35 1,Ha 1.46 0.237
R 1, An-2 3.87 0.175
c i35 1,Ha 1.92 0.209
6 1, An-2 4.93 0.175

hﬁ’%}i%?ﬁgiﬁ’uﬂﬁ ARG 26 T 25 30 5 i

SR AR AN P A I 2 AR T RO ) A e R s
B, BT 2B RS 25 B , BRVE R ZURE R I
.

TEBURAE L6 T, 2 5 53 6H i B A Ayl B 45 I
WeE5h 1 RS F I E RN RSP T AR S KRR
WA IEAER M E T & 9 PR IS A0 AL
B i 1 A C ik 1 MIlFEZS R, XFREAZEA
GORUL, 524 A BRI R, S s e i, 25 3 AH
HRGE , AERAR. B M T HURE 4R, 5wl
R EH T &, FEOMFE M T 7.6% ~
10.7%. 5 B AR, 72 A 1 C AiRIRh , RUEF
WA BIFRAR T 5.29%F0 6.3%, (HIIFER M B =, A
OB BRI IMEERS N T 7.9% ~ 14.2%, C HITEGR,
ISR T 2.3% ~ 11.9%. 45463 7 Bhnssie
FEEE 5340 DL AR AR 537, IR IRAE T2 3 I 7E An-2



2025 4 6 H

B ARSE s TR oA i B 2 B © 627 -

TG T A 2R S BOR SRS U0 TO0 BB .
T IR R FEAERR DG %, [FA T 442l B LR
MEXTE AT BTN, A5 X B 3A T 4T,
X AE T A D 0 217 2 00 225 B 5% 1 £ T e 5 | ke
WEZS T 00 N S BUREEA.
&9 EEFmFENL

Tab.9 Comparison of vehicle fuel consumption

o - R/ THFE/
At HHAA (km/h) (L/km)
Ha 42.00 5.06
A An-1 45.82 5.46
An-2 43.45 5.78
{5 1,Ha 35.38 5.78
B i 1, An-1 39.43 6.22
i 1, An-2 44.43 6.40
{5 1,Ha 38.55 471
C R 1, An-1 41.59 4.82
R 1, An-2 38.95 5.27
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Fig.8 Results of model recognition for real vehicle tests
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(D # T HT RBF #ZREUT) SVM 1 25 HEiUs
R, 255 A R A B T S EU L LAt — 25
PRI, R T S TR A AR IR
RS A T A 0 3 I E U A R 4 A 84.45% AN
84.43%. IERIFEAEIE L 20 A AE A 2 28
o 5 AT LR

(2) BTS2 G300 0 AR B SIS R AR I 43 B
TS 2502 AT R BB 25 R OR, S S T, 2
2508 53 A A 2B 0 B AR ) B MR R K
T 165.1%. [RIE, [Al—25 3 O3 i R ZUHA R A A Sl
Wk A 001G 0, S B0 O RE G 0 A oK T s
14.2%. BIRIUGIZE R TINS5 F X 0.
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