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Introduction Experimental results
Objective Input Time-frequency spatial filter

- To enable a micro aerial vehicle (MAV) to hear v B - $ia ] audio for comparison

multiple sound sources (e.g. talking people) =il 20z Audio » Audio-only [3]
<o targetA » Audio-visual (proposed)
g %2 Audio

Challenges | | | B larget B

- Extremely low signal-to-noise ratio [1-3] $ o2 Audio Setup

* Multiple sound sources at unknown locations g] . target C « Up to 2 people moving and speaking simultaneously
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« Ego-noise and speeches recorded separately and added at
different SNR for evaluation purposes

Proposed audio-visual solution
* \Video: to locate candidate sound sources

e Audio: to enhance each sound source Evaluation measures

* DOA error
\_ ) * Ratio between target and interfering speaker signal (SIR)
 Ratio between target and ego-noise signals (SNR)
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» Perceptual Evaluation of Speech Quality (PESQ) [5
Proposed method P P P y (PESQ) B
AV calibration !
Framework - 1, Candidate sound Target sound localization results (two speakers)
» Audio-visual calibration I, Camera = Sout 2
. . . reSGCtIOHIng sources eStImatlon 00 Traf:king (A) Track.ing (B) ———voice activity‘
* Visual target detection and tracking o =12 Hm,ectomm\w 1 . Continuous video tracking results
* Spatially informed time-frequency audio filtering r1(n)—1— Gae“‘;r:ﬁ]tgr‘]’f" o1|..| oN 5o V== «Accurate estimation for multiple
_ xp(n) S a i O N S O Y N T SR Y speakers
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Given Tamoa] ( 7 )> Spat|ally informed 1 (n) (@) Time [s]
I, : video signal alignment | (0qu | fmeedueney | - ()
o . ] iltering oo e ey rrowro . . .
{z1(n)...zm(n)} : microphone-array signals ) Ehanced Vido vacing (8) ——Videoreking () ———Audio ol  Audio-only and video-only tracking
Oc, Oy . camera and microphone-array origins speeches T | | | results at voice-active periods
R : location of microphones Temporal alignment A e = T  Audio-only cannot estimate the DOA
-1000 50 100 150 200 250 300 350 400 450 for mUItlple Speakers

(b) Time [s]

* to detect the time offset between the microphone array and the

To estimate
GoPro audio signals (§,,,)

N :number of speakers Sound enhancement results (two speakers)

{6,...0,...0.} : direction of arrival (DOA) of the potential o oo futoxinl —— Ao
sound sources on video coordinates 2 T T T T T 1T I

{0)...0....0.'} - direction of arrival (DOA) of the potential s | A ﬁ‘; %ﬁ, {Z‘z |+ Audio-only algorithm
sound sources on audio coordinates 9 ol—be L 1  can estimate only one DOA at a

{y1(n)...yn(n)} : enhanced speeches 3 | e time

| gor Y of o - - performs well only when the
Assumption Candidate sound sources estimation T K DOA is correct
* Hovering MAV and static active speakers « to track the DOA (0") of each target using EA-PHD-PF framework [4] oW mo me w0 w0

— ' * Audio-visual algorithm
e ;‘;( il - can separate signals
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Hardware prototype A A
- 3DR IRIS Quadcopter: 0.55mx0.55m 1 T e * outperforms state of the art
. U y ‘ 1 (c) Time [s]
GOF?FO HERO3+ | 7 | Object detection : DOA estimation ~ 0, Results for one speaker
» 8-microphone array: diameter 0.2m K and tracking - L gN _ y
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Geometrical alignment = Conclusions
» Calculate ggometric_al rellation between.audio and video r.eference T B New audio-visual method that
systeinsl US'T_Q a clzallbrg.tlon SdeCI_t(Jjem;e (i.e. a sequence with a clean sound — - localizes multiple simultaneously talking speakers whose number is
easy to localize via audio and video unknown
. . . Trajectory for target A, B and C DOA for target A, B and C
- To estimate parameters (a1, a2) that linearly relate both signals rejectory for target A, 5 an oriarget Ban  robustly works with strong ego-noise (SNR < -15dB)
. 0 = a100 + ag Time-frequency filters [2] L  separates and enhances each sound

U * to separate and enhance each target speech (i.e. for each DOA, 92)
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