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Fast Similarity Comparison Algorithm for Real-time Broadcast Audio Based on Cepstrum Analysis

SHAO Yubin, TANG Chuanlin, ZHAO Zhirou, LONG Hua, DU Qingzhi
(School of Info. Eng. and Automation, Kunming Univ. of Sci. and Technol., Kunming 650500, China)
Abstract: In order to solve the problem of inaccurate audio comparison caused by noise and delay in broadcast audio, an audio comparison al-
gorithm with delay-adaptive-aware was proposed. To tackle the poor noise immunity of audio feature distance measurement in conventional al-
gorithms, cepstrum was used to analyze the mixed signal of two audio to estimate delay adaptively and comparison, which has a strong ability to
resolve equidistant frequency components in the power spectrum. Then, a method of short delay was proposed to obtain accurate similarity
between two audios in different situations, which is added short delay in one of the audio. Afterwards, the optimal short delay was selected ac-
cording to the effect of adding different short delay, so as to improve the performance of the algorithm further. Finally, the simulation experi-
ments were conducted to evaluate the performance of the proposed algorithm, in which multiple audio clips of different broadcast programs were
utilized under the condition of different SNR and additive white Gaussian noise. And the delay estimation results and audio similarity under dif-
ferent SNR are compared to verify the effectiveness of the algorithm. Experimental results show that the proposed algorithm outperforms existing
algorithms and can achieve 90.36% audio comparison matching accuracy at a low SNR (2 dB), and the calculation speed can meet the require-
ment of real-time comparison.
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Fig. 10 Results of delay estimation for two audio with dif-

ferent SNR and processed by different bandpass
filters

9 r
0T, g R
70 F=-w-=2.0sA-"

60
50
40 +

HRABLE

1 3 5 7 9 11 13 15
FARF L/ dB
E 11 AEERETEETEFENTBEERILER
HIR F SAE L B EE X 45 2R
Fig. 11 Similarity results of two audio with different SNR
and processed by different bandpass filters

3.4 KEAREZMELIS

N T SRS B HE R RS R, SO S0 A
A L 5 B 3L 100 b 1 & AU P EEHLIEFE T 5000 &
W B (RS Fr BeR 2210 s), o, A8 3RO ] i A
ATE S AR R 2R, it L SR B AR IR
1 BRI | R IR A BN BT £ 0 A 3 8 I
DAL H, [a] s 7 A 0 B i A v i

P ARAT AN R AR e LAY 5 05 BE o 50003 R Bedk
AR I REAR , So 28 5 10 i 04 45 akb B, PR H
IR RGP F Y 50005 43 BEMK U SEARUEE . DT i
W B RE XA TE By DT BE 05 5 000 A B A K2 HE o HER
SEUR T T AN [R5 M LT T £ L 435 20 Ak R R
PR Bk A DEPCRT JEE , SR AN TR

®3 AEMEMRLETAM A AN LE SR

Tab.3 Comparison of matching accuracy of two methods

under different SNR
g MR,
WRIREEEE Bl iris
oM 100.00 100.00 —
15 60.71 93.56 32.85
5 13.73 92.47 78.74
2 2.53 90.36 87.83

W3R : IO 26 I, S PR AT L
S R L o B 1 1R LU A A, IR TG 2 7k Y DL
i RE TG [, T T i A 2Ty PR AT 12 A2 O E
PR RT UG R 458, AR SR A #0335 23 B ik LU RR TG
BEVEAT B B E ABURH AL BE ST A | SE AR AR, O HLoT DATE
Ao BB R 235 SR A [R] IR A T 1 8 5 030 2 [ A A I
3.5 BEAGHRELR

oAy 6 IR AR 7 [ — 5 MR L (P 5 431 ) £ T
HN15 dB) | A —S250-F 5 R8T, 35 BT i) i f31
T AT I FPHIER PR 8 9 B 0 X T B[], 4] 12
JIe7i o o B2 AR, R A (R3S e A i 2 B iR
A B T 38 /N T B PR B 9 o TG I DAY R G B ) 3
S 43 B IO A A MFCCARAE AR P, P AP
MFCCHFEH [ 22 [8] A4 I FGHE 75, $ 38) d /N g DA T
FEBIARUEE , R I BRI o 22 ) J8 A 7 I ] s B
C1 e masmmmit 15a8 - o -ABE R
014 f4 - - -

0.12 tn

(B}
0.10 |4
0.08 | 1
1 o R
0.06 1o po pitee's
0.04 |
0.02 |

0

R

iafr

] *
00000% ‘00 200090000000¢ 1000000

B e 0 0t 0 e 0 s TRy 1t it 0t 0 0 0 s 0t s et B

0 5 10 15 20 25 30 35 40 45 50
EHUT BT S

12 A AT E RS TR
Fig. 12 Average running time of two methods when calcu-
lating similarity

4 &

g A8 i AR A e LR 7 S s P9 79 ) 7 2 0 7 5



5339

FR A, 55 e BT 43T A S TR AR DL PR X Bk 185

I PRARE T LR A B, 1 — R TR S

FR A R RE DR TR 0k o B RS  E ABE A A

A AT L 0T B IO P 8 5K K 180 3% 2o A sk s 1 T

PHE AR, EL 58 B et , W] Sk B S L0 i

SR, REAE I SR AL B DR A 8 I R AN T

XoF R L GF 118 5 55 47 4 BOMIF CC 36 35 ARRAE S50, B

3H 3o AR 3 23 BT A H T A2 ] £ S IS A 2 SR AR

DL FEXF A AR o SEIR 25 SRR, A B T3 T35 DAL

P ) A2 98 8 T LG X T3 1%, AR SCARD I B AT L ) 2

SN MERR, R IE BB AT B SE Al THE5 SR 2 SNR Y

B R 15 512 B, AR SCEE I Y 0 LE %) DT BC RS 2

G390 LE I I BE B T4 5 1 32.85% ., 78.74%F187.83%,

FEUHE RS BT B - 2458 17 I [R] L 46 4

SR HTT T4 H B3 23 M R AL PR AR

T3 1%, A1 Bl T v S T A A L S8 A R v

JEE, R HE ARG AR B B B R Rl TR G

ETR B RN AR SO VR RE R e 2, AR IR A

T 5 0 e B 9 Af 3t LU X% 2R R A 0, LAk — 2D 4R

THEEVERE o A, AN SCH vk BRE T 0 5 MR A 7 SE

it AN BEE— 25 W7 ) 4 i A TE SRS 0, Anfer 2

B FA B 1 ok 3 2 T YA 100 B I A T 2 SR R —

A HYBFFETT 18]

B2 R

(1] B TR A S & A S5 W RG]
FIT,2019(2):235-236.

(2] AU R L S 5 I M A R g i [J ] TR
FL2019,26(4):46-47.

[3] Liu Chunjiang.Radio program intelligent monitoring sys-
tem based on audio signal comparison[J].Radio and TV
Broadcast Engineering,2018,45(4):100-104.[ X &L 5T
TGS X R TCL ) HE T B R R A )].) HES
PR AR, 2018,45(4):100-104.]

[4] Fu Rui,Zhang Dingjing,Niu Tailong,et al.Research on the
components of broadcasting monitoring system[J].China
Digital Cable TV,2019(2):146-148.[f} i, 7K & 58,4 2
T, 554 W R Gl R R WE AT (] A e A,
2019(2):146-148.]

(5] s O A P apl [ 20 47 R ) 14 AR A28 53 [ ] 8K
T {E 1 ,2018(10):102.

[6] Zhang Lin,Zhou Tao,Du Qingzhi,et al. Audio comparison
algorithm based on physical characteristics[J].Video Engin-
eering,2017,41(11/12):110—114.[ 7K 3, JE 48, 4L POIG 45 36
T BRI B4 U DL RE L Bk S (] R A
R,2017,41(11/12):110-114.]

[71 Guo Xingji,Fan Bingqi.Feature-based comparison of
audio[J].Journal of Henan Normal University(Natural Sci-
ence),2006,34(2):35-38.[FF 247 JUFEHL IE TAHFAE 435 451
BT 52 A [T 900 1 Ui S R 27 2 4 ( F AR B2 1), 2006,
34(2):35-38.]

[8] Huang Yuyuan,Yin Ying,Zhao Yue,et al. Acoustic inspec-
tion of internal defect in magnetic tile based on bispectrum
analysis[J].Journal of Sichuan University (Engineering Sci-
ence Edition),2014,46(5):188—194.[# 07T, A% /& X
7, A5 LT UL 3T BTG BU PN B T AUAGLIN 5 ¥4 0]
JIRZEZRCUARRAR),2014,46(5):188-194.]

[9]1 Yu Xiaoqing,Pan Xueqian,Yang Wei,et al. Audio similarity
measure based on Renyi’s quadratic entropy[C]//Proceed-
ings of the 2010 International Conference on Audio,Lan-
guage and Image Processing.Shanghai:IEEE,2010:722-726.

[10] Sonnleitner R,Widmer G.Robust quad-based audio finger-
printing[J].IEEE/ACM Transactions on Audio,Speech,and
Language Processing,2016,24(3):409-421.

[11] M RH R AU U3 S il B 7 R AT IR A B —Fh bk
R RE AL X 7 12::CN201510244557 4[P].2015-10-21.

[12] Ye Yuqing,Zhang Shaoran,Hong Weijun,et al. Audio simil-
arity comparison system of english dubbing on android plat-
form[C]//Proceedings of the 2017 IEEE International Con-
ference on Information and Automation.Macau:IEEE,2017:
692-697.

[13] Yao Shanshan,Niu Baoning,Liu Jianquan.Audio identifica-
tion by sampling sub-fingerprints and counting match-
es[J].IEEE Transactions on Multimedia,2017,19(9):1984—
1995.

[14] Jaiyen N,Hantula P,Tongta R.Real-time audio similarity
comparison algorithm[C]//Proceedings of the 2017 IEEE
15th Student Conference on Research and Development
(SCOReD).Putrajaya:IEEE,2017:477—480.

(wE & %)

L e S S S S S S S S SR S S S R D S S S R S e R SR S S S S SR SR SR R S SR S S S S S R SR R e Sl

]
+ S|IA#E3X: Shao Yubin,Tang Chuanlin,Zhao Zhirou,et al.Fast similarity comparison algorithm for real-time broadcast audio
* based on cepstrum analysis[J].Advanced Engineering Sciences,2020,52(3):178—185.[HF T, B ALK, X 22 32,55 FL TS 43
¢ e =71 N > N S S

o DTSR S URR (RLJSE DR H S 0], TR R 540K ,2020,52(3):178-185.]

LR S S S S S S R SR S S R SR S S R S S S R S S SR S R R S S SR S IR S SR R R S SR S S S 2

> o o o o


http://dx.doi.org/10.19395/j.cnki.1674-246x.2019.02.129
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.1109/ICALIP.2010.5685066
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/ICInfA.2017.8078995
http://dx.doi.org/10.1109/TMM.2017.2723846
http://dx.doi.org/10.1109/SCORED.2017.8305436
http://dx.doi.org/10.19395/j.cnki.1674-246x.2019.02.129
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.1109/ICALIP.2010.5685066
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/ICInfA.2017.8078995
http://dx.doi.org/10.1109/TMM.2017.2723846
http://dx.doi.org/10.1109/SCORED.2017.8305436
http://dx.doi.org/10.19395/j.cnki.1674-246x.2019.02.129
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.19395/j.cnki.1674-246x.2019.02.129
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.3969/j.issn.1006-4222.2019.04.028
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.16171/j.cnki.rtbe.2018004018
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.12071/ccatv.2019-02-010
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.3969/J.ISSN.1672-7274.2018.10.196
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.1109/ICALIP.2010.5685066
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/ICInfA.2017.8078995
http://dx.doi.org/10.1109/TMM.2017.2723846
http://dx.doi.org/10.1109/SCORED.2017.8305436
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16280/j.videoe.2017.h11.020
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.16366/j.cnki.1000-2367.2006.02.009
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.15961/j.jsuese.2014.05.058
http://dx.doi.org/10.1109/ICALIP.2010.5685066
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/TASLP.2015.2509248
http://dx.doi.org/10.1109/ICInfA.2017.8078995
http://dx.doi.org/10.1109/TMM.2017.2723846
http://dx.doi.org/10.1109/SCORED.2017.8305436

