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The application of Mel-Frequency Cepstral Coefficients technology
based on fundamental frequency in vehicle recognition
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Abstract: The Mel-Frequency Cepstral Coefficients ( MFCC) are susceptible to noise in field vehicle
recognition. To enhance the robustness of features, this paper proposed a weighted and adaptive feature
extraction algorithm based on the MFCC method. Firstly, the energy to entropy ratio method was used to
detect the endpoint of field vehicle’s acoustic signal. Then, the fundamental frequency of vehicle’s acoustic
signal was extracted. The triangular filter bank was adaptively constructed according to the fundamental
frequency so as to improve the filter’ s sensitivity to the fundamental frequency. Finally, the obtained
frequency was weighted with fisher’ s ratio. Compared with the traditional MFCCs, the experimental
results show that the improved MFCCs improve the recognition accuracy by 7.10% , reduce the false alarm
rate by 3.93% and reduce the leakage alarm rate by 7.10% in field vehicle recognition.
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Fig. 1 Different vehicles’ spectrograms
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Fig. 3 Triangular filter-bank
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Fig. 4 Flowchart of spectral subtraction
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Fig. 5 Experimental scenario
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Table 1 Different field vehicles’ specifications

W

# RREAE R J s 7

R

b 72 66 30

it %5 10 999 7 311 12 887

KRGS AT T TR s P, FAEEN TR 2, FEARGR B T30 W 75 B, i AR A5 T8 o o 52 50 4
it s X AR S R AT v w0 L A5 B 2402 B B AR B . PR AT RRAE AR IBOR A3 200 . R R AR S 1 —
AR 2 B8 O W P O BURK BT B AR A L BRI L R T R LU 3 X 4R AT 5 R A g SR U

6 I 2 A ROECE B R e R AR N 23 (1) MFCC FRAE , SR S5 SR BCHE B Ol 24 B9 AR A 18 I A 2R {3 33 Ay
ik Ja P H AT FIIAL,

3.2 HRHW

TR SR TR i 230 e S R R 8 3 3 AR AT 0P S5 RNk 2 Fiom , /e h ik 1 RO
5 1) MEFCC YEFEAE ; J7 % 2 38R Je X5 5 3047 i R I L 9K 5 AL 48 ) MECC FEREAE 5 J7 1% 3 2R il s K
W5 FH A A 26 75 B R I 00 L 4R 5 FH 800 [ 3& B MEFCC VERFAE ; T % 4 27 Sty o K 00 5 FH 335 sk — 1 4 5% 15 3



22 T R K FFHK % 44 K

B LA S5 PSR A A 1 MECC A4 s J7 0 5 467785 4 BOIERN L3647 FHOIRC 46 77 5 o 2 SR T4
U B R 22 S B B 6. BRI TP 5 8 1 7 £ VL) BB L LS B ) GMMT”
SR BRHEAT UM 25 R 2 R

x2 FIEHRANGER

Table 2 Field vehicles’ classification accuracies %
WiRrS HERG R T % R
Fk 87.46 12.54 6.37
Tk 2 90.85 9.15 4.25
Ik 3 92.05 7.95 3.71
Fk 4 93.64 6.36 3.03
Jik 5 94.12 5.88 2.53
7k 6 94.56 5.44 2.44

o Hr A RS FT AT AR B AN AR T ik 2 507k 1A RN RS R 3,39 00, T B R AR
3.39 00, MEE AR FEAR 2.12 00, SRWITE SR IBURFAE Z 117 o A Sy s Az 0 T LA v RO BCR . X O ¥ 3 FIUT vk 4 %K
P mT LA 7 B A AR v L 1 - 1 A S TE S B L AR OC 1k B A SR GE . X EE Tk 4 FIOTA S
Bt T LA I S598  XHRHE S ROHEAT F OIS RORCR S T X 7k 5 M5k 6 Bdn v LU i, 5
S U EA AR FE 22 SRR O L PR RORA B $2 It B RE G A2 S PR I I oK

FHCInACR L5038 A /R 8135 2 805 15 G2 1 MECC AH L, 39030 0 6 S 42 = 7,10 %0, T 2 S [ AIK
7.10 %0 AAXHEFEAR 56.62 05 « M R FEAR 3.93 00, A E AR 61,7000 A BT w5 A 5 1 1, S 3 1) T M7 A 3R 5%
AR

4 & &

TE B AN TC LR A TR AR 9 285 v, 75 5 A RIS 0 42 S R A U I 26 T A0 75 35 15 55 9 2R 050, B0 MIFCC
25 By 52 W RS MR R O N AR AR R IR R R AT gt L B F HUASC R S0 1 O A R B R AE L T RE N L
X AR AR 5 AT S RS I o P9 Oel— 9 AR DG B3k SR R A . A J HURRAIE 2o 752 P L AR 4 0 22 01 R A
AUEPE AR . A HE 2D O = A S [ A AR 22 B X Bl YRR AE 1) B HEAT FOLE A AR . AR ]
GMM BERS G A5 3 PN S5 5 . SE g 25 R 3R WYL LG JAS A B 330 3 o7 A R ) 335 A i T 301 BB A0 2
I T 3R T R A I s S AR I DRI S ] T SR A IR 85 v A R

IR E OIS0 A 2% 8 3% AR B AT B0 PR L (BT R AT AR AR B2 U I, oF BF AP SR 4R 19 15 5 E AT 1 9 O
RN AR R 2 AN A R BRaz 3 H AR A 15 5 i 5 A RS R T — B PSR B N A

SE Wk

[ 1] Shaikh F K, Zeadally S. Energy harvesting in wireless sensor networks: a comprehensive review[]]. Renewable and
Sustainable Energy Reviews, 2016, 55: 1041-1054.

[ 2 ] Kurt S, Yildiz H U, Yigit M, et al. Packet size optimization in wireless sensor networks for smart grid applications[ J]. IEEE
Transactions on Industrial Electronics, 2017, 64(3): 2392-2401.

[ 3] Pandey M, Mishra G. Types of sensor and their applications, advantages, and disadvantages[ C]// Emerging Technologies
in Data Mining and Information Security, India: Springer, 2019: 791-804. DOI.:10.1007/978-981-13-1501-5_69.

[ 4 ] Witkowski M, Kacprzak S, Zelasko P, et al. Audio replay attack detection using high-frequency features[ C]// Interspeech
2017. ISCA: Swedon, 2017 27-31.

[ 57 Juvela L, Bollepalli B, Wang X. et al. Speech waveform synthesis from MFCC sequences with generative adversarial



% 114 ERAB,E R TR REEARKEFHIZA TR A 23

networks[ C]// 2018 IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP). April 15-20,
2018, Calgary, AB, Canada: IEEE, 2018: 5679-5683.

[ 6 ] Sharma R, Vignolo L, Schlotthauer G, et al. Empirical mode decomposition for adaptive AM-FM analysis of speech: a
review[ ] ]. Speech Communication, 2017, 88: 39-64.

[ 7] Sharma R, Mahadeva Prasanna S R. A better decomposition of speech obtained using modified empirical mode
decomposition[ J ]. Digital Signal Processing, 2016, 58: 26-39.

[ 8 ] Huang J C, Zhang X, Guo F, et al. Design of an acoustic target classification system based on small-aperture microphone
array[ ] ]. IEEE Transactions on Instrumentation and Measurement, 2015, 64(7): 2035-2043.

[ 9] Guo F, Huang J C, Zhang X, et al. A classification method for moving targets in the wild based on microphone array and
linear sparse auto-encoder[ J ]. Neurocomputing, 2017, 241 28-37.

[10] Zhao Q, Guo F, Zu X S, et al. An acoustic-based feature extraction method for the classification of moving vehicles in the
wild[J]. IEEE Access, 2019, 7: 73666-73674.

[11] Al-Ali A K H, Dean D, Senadji B, et al. Enhanced forensic speaker verification using a combination of DWT and MFCC
feature warping in the presence of noise and reverberation conditions[J]. IEEE Access, 2017, 5: 15400-15413.

[127 Shahnawazuddin S, Deepak K T, Pradhan G, et al. Enhancing noise and pitch robustness of children’s ASR[C]// 2017
IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP). March 5-9, 2017, New Orleans.,
LA, USA: IEEE, 2017. 5225-5229.

[13] Bhattacharjee U, Gogoi S, Sharma R. A statistical analysis on the impact of noise on MFCC features for speech recognition C] //
2016 International Conference on Recent Advances and Innovations in Engineering (ICRAIE). December 23-25, 2016,
Jaipur, India: IEEE, 2016. 1-5.

[14] Palo H K, Chandra M, Mohanty M N. Recognition of human speech emotion using variants of mel-frequency cepstral
coefficients advances in systems[ ] ]. Control and Automation, 2018: 491-498. DOI:10.1007/978-981-10-4762-6_47.

[15] Ludena-Choez J, Gallardo-Antolin A. Feature extraction based on the high-pass filtering of audio signals for acoustic event
classification[]]. Computer Speech &. Language, 2015, 30(1); 32-42.

[16] Kim ] W, Salamon J, Li P, et al. Crepe: a convolutional representation for pitch estimation[C]J//2018 IEEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP). April 15-20, 2018, Calgary, AB, Canada: IEEE,
2018, 161-165.

[17] Jouvet D, Laprie Y. Performance analysis of several pitch detection algorithms on simulated and real noisy speech data[ C]//2017
25th European Signal Processing Conference (EUSIPCO). August 28-September 2. 2017, Kos. Greece: IEEE. 2017
1614-1618.

[18] Huang J C, Guo F, Zu X S, et al. A novel multipitch measurement algorithm for acoustic signals of moving targets[]].
Mechanical Systems and Signal Processing, 2016, 81: 419-432.

[19] Hegde S, K A K, Shetty S. Feature selection using fisher’ s ratio technique for automatic speech recognition[]].
International Journal on Cybernetics & Informatics, 2015, 4(2): 45-52.

[20] Chettri B, Sturm B L. A deeper look at Gaussian mixture model based anti-spoofing systems[ C]//2018 IEEE International
Conference on Acoustics. Speech and Signal Processing (ICASSP). April 15-20, 2018, Calgary, AB., Canada: IEEE,
2018: 5159-5163.

(w3 ZE W



