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Abstract:

Pedestrians have difficulty in noticing electrical vehicles (EVs) and hybrid vehicles (HVs) approaching from
behind quietly. We propose a vehicle detection scheme using a smartphone carried by a pedestrian. We
exploit a high frequency switching noise generated by a motor unit in HVs and EVs. In this paper, we
propose an approach of machine learning which is robust over the ambient noise, vehicle type and vehicle
speed. In our evaluation, a J48 classifier implemented on the smartphone can tell whether an EV or a HV is
approaching or not in the accuracy of 92% and 82% respectively. The first alarm was issued as early as 11.6
seconds before the vehicle approaches the observer the most. The scheme can also tell the vehicle speed and
vehicle type.
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Fig. 1 Differences in noise level between HVs and gasoline

engine-vehicles
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Fig. 2 The concept of the proposed system
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Fig. 3 Snapshot of the environmental measurements
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Fig. 4 Acoustic pressure versus motor speed over the frequency
band [2].
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Recognition Result
no evs evi0 ev20 ev30
no 98.81%| 0.00% 0.60% 0.30% 0.30%
ev5kmn) | 2.99%| 88.06% 7.46% 0.00% 1.49%
ev10kmn) | 3.45%| 8.62% 84.48% 3.45% 0.00%
ev20kmn) | 0.00%| 2.08% 4.17% 89.58% 4.17%
ev30kmn) | 14.29%| 0.00% 0.00% 4.08% 81.63%

@Parking Lot

Ground
Truth

B8 IfIFhHMD EV O8ET —8 TOHERKE

Fig. 8 Confusion matrix of an EV moving at different speeds.
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Fig. 9 Cumulative probability of the alarms fired ahead of the

arrival of the vehicle.
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Recognition Result
no ev5 evi0 ev20 ev30 hvs hvi0  hv20  hv30
no [95.92%| 0.09% 0.00% 0.09% 0.09%| 0.53% 0.18% 0.89% 1.24%
evs 0.00%| 97.06% 2.94% 0.00% 0.00%| 0.00% 0.00% 0.00% 0.00%)
evi0 | 6.45%| 6.45% 83.87% 3.23% 0.00%| 0.00% 0.00% 0.00% 0.00%
ev20 |10.34%| 0.00% 3.45% 86.21% 0.00%| 0.00% 0.00% 0.00% 0.00%
ev30 | 11.76%| 0.00% 0.00% 5.88% 76.47%| 0.00% 0.00% 0.00% 5.88%
hvs 6.41%| 0.00% 1.28% 1.28% 0.00%| 70.51% 19.23% 1.28% 0.00%)
hvi0 | 9.76%| 0.00% 2.44% 0.00% 0.00%|31.71% 56.10% 0.00% 0.00%
hv20 |27.66%| 0.00% 0.00% 0.00% 0.00%| 0.00% 2.13% 57.45% 12.77%)
hv30 | 30.56%| 0.00% 0.00% 0.00% 0.00%| 2.78% 0.00% 16.67% 50.00%

K3 IFIEHAED EV & HV OFE 7 — 8 TOHERE
Table 3 Confusion matrix of the detection performance of an
EV and HV.
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Fig. 10 Comparison of an HV and EV in terms of the cumu-

lative probability of the time alarms are fired.
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Fig. 11 Position of the microphones during the measurement.
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@Parking Lot Recognition Result

Eliminate FN no ev hv
round 10| 65:46%[ 13.07%[ 21.47%
T'°”" ev | 0.00%|99.10%| 0.90%

ruth

hv | 7.43%| 3.96%)| 88.61%
B 13 False Negative KBl E R E

Fig. 13 Decision accuracy when the false-negative rate is re-
duced.

@Parking Lot Recognition Result
4096 sample / frame no ev hv

no 96.02%| 0.73%| 3.25%)
ev 15.57%| 83.98%| 0.44%)
hv 35.67%| 0.38%)| 63.95%)
(1) Frame Size = 4096 Samples (0.085 sec)

Ground
Truth

@Parking Lot Recognition Result
8192 sample / frame no ev hv
no 96.70%| 0.54%| 2.76%)
Ground

ev 10.67%| 88.89%| 0.44%)
hv 29.02%| 0.25%| 70.73%)
(2) Frame Size = 8192 Samples (0.171 sec)

Truth

@Parking Lot Recognition Result
16384 sample / frame no ev hv
no 96.82%| 0.29%| 2.89%)
Ground

ev 7.62%| 91.93%| 0.45%)
hv 24.31%| 0.00%| 75.69%)
(3) Frame Size = 16384 Samples (0.341 sec)

Truth

@Parking Lot Recognition Result
32768 sample / frame no ev hv

no 95.92%| 0.35%| 3.73%)
ev 6.31%| 92.79%| 0.90%)
hv 16.34%| 1.49%| 82.18%)
(4) Frame Size = 32768 Samples (0.682 sec)

B 14 7V —AsREHERMEDORRF
Fig. 14 Relationship between the frame length and the recog-

Ground
Truth

nition accuracy.
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B 15 A<—F 74 ~DFEHE

Fig. 15 Implementation on a smartphone.
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Google Glass ~ D EAIBEREZ Mirror API % T L
7z. Mirror API D% & LT, A9—1F 7% v & Google
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A —F 7% v & Google Glass 23 ) ¢ DIREIZH -
T3 (E51213, Google Glass WAV —F 74 DT HY
VIURHERZBLTA v — %y B L TV BHRTS
Z), A¥—F7 455 Google Glass ~D X v — %
—E 7 77 Py — ok E 3, AR 7213 Wi-Fi £
H1C Google Glass ~EJHIT 5415,

Fxixzo THEDE) Ik 2EER O M %2 175 72,
Wi-Fi ##ilf & LTE i, 224 20 [l D-FIgEIER;
M & B Ik 22 3418 (0 = 1.40 ¥), 3398
(c=0718) Thot, —J, K9 TIE, KilhORE
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