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High Speed Audio Fingerprint Detection and Search Using a FPGA
YASUSHI INOGUCHI™  MASAHIRO FUKUDA

This paper introduces an implementation of audio fingerprint detection using a FPGA as an acceleration
example. FPGA is effective when the circuit requires reconfiguration while the process, design cost reduction is
required for a small number of products, and significant performance improvement can be expected when the
algorithm uses only simple calculation. This report shows an example of acceleration simplifying calculation
such as fixed-point addition and subtraction, and introducing multistage hash searching. Adapting these schemes,
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processing speed is accelerated over than 1,000 times faster than the original algorithm executed by software.
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Figure 1 An example of use of audio fingerprint.
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Figure 2 Audio fingerprint calculation and comparison.
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Figure 3 Bit error rate caused by lossy compression.

(d) Original EOID of difforant music
(" Overjoyed" Stewe Wonder)

i\ NI \ :
(b) FPID of MP3(128kbps)
("Ain't Nobody", Chaka Khen)

R

(c) Blt error between (a) and (b) (e) Blt error between (a) and (d)
B 4 EEEOHM O FHE S 7o E A
Figure 4 Audio Fingerprlnt calculated by an exist song.
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Figure 5 Audio Fingerprint Algorithm proposed by Haitsma.

OBy MEFIDOEFEWE o> TERBEIND. M 3LEOHITIE
BER (Bit Error Rate) 8 2/27 L 72> T\ 5. —J5, JLOHH
ﬁﬁ&ofwé%é,%@%é<£&6@f 2 SOR
D Eh & BRI L 7= T FR X F.P. of Song A & F.P. of Song
B9 D HEAAF fi%u%ﬁ&é ER B ooy MidAI & T
S>THEY, BERIF 05T 22D, K 4 TEBEOREMNE
HAE SN EREBE RO ORTTHD.

3. BEEBFHEHURE®D FPGA =X

(1) BEE®RR

FREEBICOWTE, TOFAEDOTEDEL O
PIBINMFIEINTE 2. HMATE L LTIE Haitsma
LIZED FFTR—2OFERHH[1]. Z OEOHEN &
B 5 27”7, PCM EBRINEERERT 7 A /L% 370ms
(441KHz V> 7V 7 & LT 16K o 7)) T kA —
— T LENGB6HOTL—AE L THY HEND.
T —AZTLIZ33 8D FFT #HERR S, XU RFTED
TRAX—NFHEEIND. BEA RTEOZ R L X —2%
DEFEAIZE->T U0 OE Yy MIFIES T b, 7L—AT
LT3Ry FORBPEHEIND. ZTh% 256 7 L— A

L, &KEHIC 8,192bit DEFE I EZETVA. fich
FERERCMVER S, WX RO SN LA R T LT Y X AN

EINTWD A, Haitsma 5O FEFBHEAREETHY
R OIIAEE LS WTFIETH D,
(2) Haitsma &M AED FPGA RE
IAIZ Haitsma & Ok % B HE FPGA #4252 L 2R
HIz[2]. TAFTYRLEFAY PFADEET, VHDL (2
T FPGA FEi %47 o702, # LICFBEREE, £ 2 ITHEFH
OFER %9, Radix-4 O FFT Z W 2354, FPGA FH T
V7 MU= THBICHARTEIZE 10 FOHEER XSS
ni-.
N—BRICHEATHI L E2EZDER, EE T 741 1D
WXL COLBRE B XD N TED. b oz
E@a‘i‘eﬂzﬂ% 128Kbps @ mp3 7 7 A VICT B L, KK
AMiByte THHDT, ZHxk LHEHOT 7 A NP A XK

104



DA
Design Automation Symposium

FPGA Board Hitachi Logic Bench
HW/SW Interface Hitachi Virtual Turbo PCI
FPGA chip XC2V6000FG1156-4 X 4
Host PC CPU AMD Athron 3.6GHz

# 1 Haitsma {5 FPGA FEUEBREE
Table 1 FPGA implementation environment for Haitsma.

Time to AFP | Search Performance
calculation time ratio
Software 3,353ms - 1.00
FPGA
. 650.24ms 0.543ms | 5.15
radix-2 FFT
FPGA
315.53ms 0.533ms | 10.66
radox-4 FFT
7% 2 Haitsma 7 0 JUER 53

Table 2 Processing speed of Haitsma method.

4-input Critical Max Freq.
LUTs Path
FP extract 3.0% 11.5ms 87.0MHz
Searcher 6.4% 26.6ms 40.0MHz
(40 parallelized)
Total 9.9% 26.6ms 37.6MHz
(40 parallelized)

* 3 FPGA BRIHE & Bh RS %k
Table 3 ULT Usage and critical path length.
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4,096 bit finger print
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Figure 6 Outline of HiFP2.0.
Format Description Index
32Kbps M32
MP3 128Kbps M128
192Kbps M192
Real Media 20Kbps R20
Resampling 44.1kHz—22.05kHz—44.1kHz RS
Windows 20Kbps W20
Media
Audio 48Kbps W48
WAVE No ORG

& 4 FEELLE O 72 O JEHE 1k
Table 4 Lossly compression to compare accuracy.
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Figure 7 Accuracy of HiFP and Haitsma method.
Execution Bit
Method .
Time Throughput
Haitsma (FFT Base) 1,701.741ms | 0.0188Gbhps
HiFP1.0 (5-level
. 0.274ms 116.8 Gbps
subband decomposition)
HiFP2.0 (3-level
. 0.095ms 336.8 Gbps
subband decomposition)

7 5 HIiFP 1k & Haitsma 75 0 (L ER i J#
Table 5 Lossly compression to compare accuracy.

77 ANE—HFTEOHFHEMETEMR LIHE, £h
LD WAVE 7 7 A VIZR L, TOHEET 7 A A HEHE
D BER #FH L7=. BER 28/NEWITE, FEa[WiERMEN
Holz LTH, TORMNLELNDETFREBIEWE
WG HNDDT, WHIKERSWEE XD, EMlEY 7 b
7 = 7%, MP3 JEfiTix lame 3.98.2, Real Media TiZ
ReadProducer Basicll 3 & U dBpoweramp Music Converter,
Resampling %J:U“ WMA (Windows Media Audio) Tl Lilith
0.991b & H 7. VNG R O 5 $ % 7R 3. Resampling
m&%%<&%ﬁ&fwwmomemm6@%&&@%
B W (BER MEW)F#BIEEZA L TCND Z EMRX00 5. RS

DOBA X Haitsma 5O FIEN LD @B E 2R LT
DN, TOEITLIENTHD.

HiFP2.0 DAL & % 5K 5 |27~ 9. Haitsma @ FFT ~— X
DFEEFEDEE FPGAFEE LA LY b, 8L Z 2,000
ERRICE R ENTWBE Z ENyNnD. ZORXZ2FERI
FFTIC X 2B MR E 2 PR c& - 2 LICERT 2.
336Ghps DRHEE N HE, Hepl—F 2 HEHTE,
FHEOHEII o ThHDHEE RS,

(© 2017 Information Processing Society of Japan

DAS2017
2017/8/31
: FRAL (096K 1y :
LT RRD B IR0 H7IRRLR BTIRES T HRR0T

(321 b e (321 B2 )32 by (32 b

I Ox8TES291D | Ox481D620F | Ox3A1580E3 | OxSYBEIWF | oo 0x357AD20 I
v i T v i i

PO T N1 11 =00} P—

—— VT L1 O6 )

I*f/[ - L125

T 1T E) sym— — 96179 ) —

X8 FEJEH LSH D7z th D 7 L— L55E|
Figure 8 Frame division for Staged LSH.
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Figure 9 Calculation of locality sensitive hash
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Figure 10 Outline of the neighboring hash search.
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Figure 12 Audio fingerprint search using on-board memory.
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Figure 13 Audio fingerprint search through PCl-express.
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