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Abstract : Voice recognition technological development has prompted the creation of many convenience functions using a
driver’s voice recognition in a vehicle. However, the driver’s voice recognition in a vehicle has some difficulties in the
recognition process due to various noises generated by the vehicle. This paper proposed a powertrain control strategy to
improve voice recognition rate by reducing noise in electrified vehicles. In an electrified vehicle equipped with various
powertrain modes, it is possible to obtain the effect of reducing the noise inside the vehicle through appropriate mode
transition during voice recognition. The suggested control strategy was implemented in the Hybrid Control Unit of a hybrid
powertrain, and vehicle tests were conducted using the Kia Niro Hybrid vehicle. The results demonstrated that transitioning
the powertrain mode from HEV mode to EV mode during voice control achieved noise reduction effects of approximately 12
dB during idling and 3.5 dB during driving. The noise reduction of the vehicle using the proposed algorithm helps improve
the voice recognition rate and is expected to increase the utilization of various voice recognition applications.

Key words : Voice recognition(2%]214]), Powertrain mode control(IT+Y E #| Q1= =A]0]), Hybrid electric vehicle(SFo]E.
2] =X}15F), Vehicle dynamics(A[55-E35h, Hybrid control unit(Slo]EE|= AAEE -4), Voice applications(2-434]07),
White noise(H§ A1 4~-2)

Nomenclature WER : word error rates
TMED : transmission-mounted electric drive

P,,.. :average power of noise W ECU ) Lunit
. . : engine control uni
Pyna  : average power of signal, W MCU ) ol un
. . : motor control unit
SNR,; :signal to noise, dB
TCU : transmission control unit
MCA : modular clutch actuator
Subscripts DCT : dual-clutch transmission
HCU  : hybrid control unit
. . M2
ANC  : active noise cancel LM E
SDV  :software defined vehicle Algho] B4 5 o] 83 S Ao = 24421 7] & o)
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2. SEAMAIO Y CHYAEF
A0l Aol Tad Axe 54 dAEIH &
g %ﬂ%’r% Adubd o 2 52145 (Signal)e] 719k &
1521 SNR(Signal-to-Noise Ratio)°ll <3

SNR = Psignal/Pnoise Q)
SNR;p = Psignat,dB - Pnoise,aB 2
SNR #to] 2= WER(Word Error Rates)”} 7+4-&}o]
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Fig. 1 The correlation of WER-SNR under white noise'”

Table 1 (P)HEV Power train mode

Engine
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Fig. 2 Diagram of TMED powertrain
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Fig. 3 Control sequence of the proposed control
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Fig. 4 Cooperative control configuration diagram
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Fig. 5 The location of the microphone used for voice control*”
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Fig. 7 BOSCH jit: iNVH App(version 2.1.1)

Table 2 Vehicle testing by powertrain mode

Driving route

Fig. 8 Driving course, Hyundai Motor Company Namyang
Research Center driving test center turning road
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Table 4 HEV/EV noise dB measurements while stop

Stop HEV EV Diff.
Avg. dB 60.75 48.07(V) 12.68

Stop HEV to EV
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Fig. 9 HEV/EV noise dB while stop
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Fig. 10 HEV/EV noise dB box plot while stop
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Table 5 HEV/HEV (rpm change) noise dB measurements

while stop
HEV HEV .
Stop Diff.
(1,400 rpm) (1,100 rpm)
Avg. dB 62.24 53.42(V) 8.82
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Fig. 11 HEV/HEV (rpm change) noise dB while stop
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Fig. 12 HEV/HEV (rpm change) noise dB box plot while
stop
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Table 6 HEV/EV noise dB measurements while driving

Table 7 HEV/HEV (Higher Gear) noise dB while driving

Driving HEV EV Dift

Avg. dB 72.83 69.25(YV) 3.58

Drive HEV to EV

-
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ol
65
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Fig. 13 HEV/EV noise dB while driving
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Fig. 14 HEV/EV noise dB box plot while driving
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Fig. 15 HEV/HEV (Higher Gear) noise dB while driving
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Fig. 16 HEV/HEV (Higher Gear) noise dB box plot while
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Table 8 Noise SNR summary table for vehicle(stopping) test

land 2
Test Division Before Proposed control
Power train .
HEV series EV
mode
PsiqnaLdB 63.55 63.55
{ !
RwiscAdB 60.75 4807(V)
SNR 2.80 dB 15.48 dB
ASNR 12.68 dB
Power train HEV series HEYV series
mode (1,400 rpm) (1,100 rpm)
Psignal,dB 63.55 63.55
2
Pm}i,sex]B 62.24 5342(V)
SNR 1.313dB 10.13 dB
A SNR 8.82dB

Table 9 Noise SNR summary table for vehicle test(driving)

3and 4
Test Division Before Proposed control
Power train .
mode HEV series EV
Piignatan 63.55 63.55
’ Pise.an 72.83 69.25()
SNR -9.28dB -5.70 dB
ASNR 3.58 dB
Power train HEV series HEV series
mode (1,400 rpm) (1,100 rpm)
Pionaran 63.55 63.55
* Bise.an 69.3 68.85(%)
SNR -5.75dB -523dB
A SNR 0.52 dB
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