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ABSTRACT: In this paper, actual drone noise samples are collected for speech processing in disaster environments
to build noise-corrupted speech database, and speech enhancement performance is evaluated by applying spectrum
subtraction and mask-based speech enhancement techniques. To improve the performance of VoiceFilter (VF),
an existing deep neural network-based speech enhancement model, we apply the Self-Attention operation and use
the estimated noise information as input to the Attention model. Compared to existing VF model techniques, the
experimental results show 3.77%, 1.66% and 0.32% improvements for Source to Distortion Ratio (SDR),
Perceptual Evaluation of Speech Quality (PESQ), and Short-Time Objective Intelligence (STOI), respectively.
When trained with a 75% mix of speech data with drone sounds collected from the Internet, the relative
performance drop rates for SDR, PESQ, and STOI are 3.18%, 2.79% and 0.96%, respectively, compared to using
only actual drone noise. This confirms that data similar to real data can be collected and effectively used for model
training for speech enhancement in environments where real data is difficult to obtain.
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Fig. 1. Photos of the drone and the sound recorder.
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Fig. 2. Layout diagram of the drone and the recorder.
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Table 1. Speech enhancement evaluation results in
SDR,

SDR PESQ STOI

No processing 0.56 2.653 0.859
Spsub_avg 4.05 2.839 0.855
Spsub_min 2.78 2.700 0.850
Mask+Real Drone 18.81 3.673 0.934
Mask-+Internet Sound 15.32 3.299 0.877

Table 2, Mask—based speech enhancement evalua—
tion results with various mixed-rates of real drone
sound and internet scraped sound for training data.

Real (%) I“E;‘;‘;et SDR | PESQ | sTOI
100 0 1881 | 3673 | 0934
90 10 1899 | 3693 | 0935
80 20 1878 | 3693 | 0935
75 25 1879 | 3681 | 0934
67 33 1894 | 3671 | 0933
50 50 1865 | 3647 | 0930
33 67 1837 | 3643 | 0930
25 75 1777 | 3631 | 0921
20 80 1824 | 3633 | 0929
10 90 1820 | 3625 | 0928

0 100 1532 | 3209 | 0877
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Table 2= 1k 7)0H-E 4 A 7| ol 4 AR =
£ 49 09 ST AHY 24 BB 28 342
RS L REEE LT ERK )
slo] &4 A AE U 0|F 22 N EE B
7Kk Blolch. cllAke 4= Gl A3k o] QI 44
EE 28 gojee] B &S BUSE 34 o
A 0] J stekstel, QlEYl 47 B Agut
2 AT Aol T EH Q) A B A o
S BEY 5 Yk AT B R 125, 9
Byl SE S HolES 67 %2 EAWL 5o
AR EE 45T A8 7S il A% skt u

£0] SDR, PESQ, STOI®]| th3} 27} 2.34
0.43 %0l E3staL, S HIES 195, 2
S HIOTE S 90 %74 TS -0l = 4 5t
2} u]-8-0] 3.24 %, 1.31 %, 0.64 %ol A|UHA] 9=

|9} 2o A= Al Ak} dro] mdl S of &

(]

ET =2
B oFe] A4 B2 288 53] ojele 2
ofl A= QLEN L ol 4] e B2 SaEE o] 851l
oA AR B 9% £ Hlolel S A st] A}
884 982 onjgick

4.3 Self—Attention 22! Ms TI}
Table 3-2 12 1=3Z-0f| 4] A|¢I5}= Self-Attention 7]
VFET:—Hoﬂ XJ_Q_O}oq KX 61 /%P 61‘~ o) .1:17]-6]—7d
7H2 vpehdich. Fig. 59] 204 Queryol Sj5shHs
S AR E PR 24 TS ARG atol 1 5S
H|3ch o] AgoA= AA B8 &5 2H 54
o] Ef(Real Drone)s ©]-8-5ho] RS
System 10| A= A EY 2p71H 0] Ayt Hof

R

Table 3. Speech enhancement evaluation results
using Self—Attention model with different types of
noise estimation for query of the attention model.,

Query noise information SDR | PESQ | sTOI

estimation
System 1: N=X— 8 1934 | 3.705 | 0.937
System 2: Mean(V) 19.09 | 3.711 | 0.937

System 3: None-negative
interval mean value

System 4: Statistical minimum | 19.52 | 3.734 | 0.937

19.65 | 3.723 | 0.936
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Table 4, Speech enhancement evaluation results
using average method for the query noise of the
Self—Attention model with various mixed—-rates of
real drone sound and internet scraped sound for
training data.

z}.© o
22, 194

Table 5. Speech enhancement evaluation results
using minimum statistics method for the query noise
of the Self—Attention model with various mixed—rates
of real drone sound and internet scraped sound for
training data.

Real (%) I“sz/")m SDR PESQ | STOI Real (%) I“E‘;“)‘et SDR | PESQ | STOI
(1] 0

100 0 1965 | 3723 | 0936 100 0 1952 | 373 | 0937

75 25 1929 | 3688 | 0933 75 25 1915 | 3675 | 0933

50 50 1889 | 3626 | 0929 50 50 19.14 | 3658 | 0929

25 75 1881 3626 | 0928 25 75 1890 | 3630 | 0928
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