Fast Online Source Steering Algorithm for Tracking Single Moving Source using Online Independent Vector Analysis O MU

aishi Nakashima (TMU)  Rintaro lkeshita (NTT)  Nobutaka Ono (TMU)  Shoko Araki (NTT) omohiro Nakatani (NTT) @NTT
ICASSP 2023, Paper ID: 2514

Overview [l Conventional and Proposed Methods

Single source tracking (1-ST) Online 1SS Conventional Room layout
> § J > y,— W, x, // “Predict” estimated sources A Ve -4 mic./sources
Fixed M >\// fork=1,.. K _He'ght:mg 2 | Fived > Source 4 moved instantaneously
. \(Ig 1 ¢ b]; We = \ =8 L Th o \/ S ¢|G. 1.2 // Update “weight” E  *Moving ;T_he others Weregg%d
= . . dPProx. MS
Moved ',))_, J EJ/\} B ’ Vi aVi, 1+ (1 —oz)go(rm)a:taz,f' // Update covariance 4\4/ 60 pp
. forall k& £ ¢ // Update “non-target” wy, , i A When/which source moved
. . 6.0m > " "
-BSS under situations where only one source moves Tt Wiy Vi W R | | was given in an oracle manner
¢r Fast online algorithm for 1-ST Gl Wy 1 Vi Wy _
. b Gt Separation performance
Conventional methods s L Source | Source 2 FastORS ara theoretically identical
-Online IP [Taniguchit2014] .Online 1SS [Nakashimat2022] Gﬁ £5 'we {/2 Ve iwp sy // Update “target” w, , = Update all W, Update all W;, .
- . — G, N 10 -
o Must update all demixing vectors o Can directly update a,,, w; t% —_- Wee-—1 L Undate stimatod = (\/\/\/\/
2 Not suitable for 1-ST 2 Suitable for 1-ST yet not optimal . i PR B e c Of -
g P QCalc. Vi, 4, g4y Gpyi O(K?) for each k= O(K”) in total R — o S—
- - : : O ,
Contribution «» Construct recursive formulae for g, ,, G, , to avoid V,_, - [ updatean;, Update all IV}, |
' - * online source steerin - = Q101 B i
Methoad Coaﬂflo|e><lty502.1 .STW ¢T3 ot suces rames Derivation of OSS - JWVMJ
— m Imlze . target source Inaex O :
Y, t ¢ 9 ¢ - Gt = wzt_lvk,twk,t_l — wzt_l (Osz’t_l + (1 — oz)go(rk7t):13tzc'£') Wy ;1 - e BIO Y
Batch Optimal O(K*T) O(KT) < Parameter: a, € C = O‘w?,t—lvk,t61wk,t—1 + (1 - O‘)Sp(rk,t)(w?,trlwt)(th“{k,t—l) Time (s) _5ss/Fast0Ss —Online P, 1M (8)
* | — =Uoe = Uh
(*per freq.) ”:) K2 KBT Wlth y17 coe o yT B - ~ e ; ; .
Qg gEKz ; gEK )> & Ootimal = (L= )p(re ¢ )¥e, Uk O O(1) -Online IP updates K2 parameters (w, ,, ..., wx )
Ima ’ ’
P Gry=wh, Viwp,  =w), (ozv,ﬁt_1 + (1 — a)o(ry, t)a:ta:tH) Wy 4 - Proposed OSS/FastOSS updates only K parameters (a, 4)
Online Optimal  O(K?) O(K) <> Parameter: a,, € C* = ow), Vi, qwp; g+ (1— a)go(rk,t)(w'z',t_lwt)(w?wg i—1) by OSS/FastOSS performs as well as online IP
(*per frame/freq.) |P O(K2) O(KS) > glzj::i :: @E,t N yg 2
1SS O(K?) O(K?) - ©) Not optimal... — ag';t L (1= a)p(ry )[Gesl* 5 O(1) Runtime performance
9 2 ' *Experiments were run on AMD EPYC 7643 48-core processor@2.3 GHz, and signal length was 30 s.
0SS’  O(K?) O(K*?) o Faster than Online ISS 0SS Proposed e 778
- ' i FastOSS
FastOSS O(K ) O(K) lf] Optlmal y,«— W, x, // “Predict” estimated sources N Are Qagé 3'?9
for k = 1,...,K \ZJ 3 — Onl?neISS
— | GE) Online IP
Backg round Pt S \/2f|yk,f,t‘2 // Update “weight” =) .
// No covariance update! e (g7 121 L8l
Online Blind source separation (BSS) forall & # ¢ // Update “non-target” w . ' O30032. . 0.37.
- — (1 —a)o(ry 4 )Yp+Ys S0 0- SO0
-BSS using past/current data é’“’t ( G 1)@((‘i’t)y€>)ty’z7t i 2 0 : -
: , < (L —a)p(r
Observed =stimated . Necessary for real-time app. ’“’L Gram - WPk The number of channels
- Popular methods: Wrt™™ Wht—1 7@, Wt -
BSS - Onling VA Kim2010 Gpy a+ (1— a)p(re e // Update “target” w, , & FastOSS was 5x faster than Online ISS for 6 channels
> Online AuxIVA [Taniguchi*2014] w4 G_1/2’w€’t_1
y,«— W.x, // Update estimated sources - _
EctOSS Proposed Conclusion References
- dS [Kim2010] T. Kim, IEEE Trans.
Onllne AUXIVA . 5 Summary ImC/rcu/z‘s S)g‘ /, vol. 5?,7?10. 7,
OBsarvedl (Estimated . Ootimization broblem OSS requires O(K<) to update wy, , fork=1,..., K .1-ST: online BSS Unc it pp. 14311438, 2010.
K - P P L SRTPNT . online under a conaition Nakashima*2022] T. Nakashima
T n @Sk Y= Wiy | . 2 ? Redefinition of OSS by multiplicative update of W. 7
S — min. Zk wy, th’twk .~ log|det Wt‘ t Where On/y one source moves and N. Ono, in Proc. APSIPA,
il T Fauieier pp. 750-754, Nov. 2022.
QCovariance update il %t Wi Wt — QtWt—l . OSS/FaStOSS [Ono2011] N. Ono, in Proc.
| B | 1 e 0 = Q,(Q,_W,_,) o Fast online algorithm for 1-ST WASPAA, pp. 189-192, Oct.
View < aVi o1 + (1= a)p(ry o )Ty ~ o [@ o (I wity : ) FastOSS achieved optimal cost 2011.
Forgetting factor Prev. cov. Weight Currentobs.| | B | [ gm """""" ' B L [Scheiblert2020] R. Scheibler and
0 PFe| 1 — Qt(Qt—l Q1>WO = QtW() Future work N. Ono, in Proc. ICASSP, pp.
) Optimization of W, for batch AuxIVA directly applicable - Update one column of Q, (K variables) = Calculated O(K) , , , , 236-240,2020.
> Iterative projection (IP) [Ono2011] gf?Q 9 Q S also O(K) — Obtimal cost! lf] - Real-time |mplementathn/evaluathﬂ rran|g/ugh|;2014/]_/2;’Ajgguch|, et
. _ : . al., in Proc. , PP.
o lterative source steering (ISS) [Seheibler™2020) t t—1 P - OSS for two source trakcking 107-111, May 2014 PP




