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1.1 HREBE=

A, Fa—Y ORFENEAR, HRICERE L RN TETWwE., TFa—v
(Drone); (&b &b & AR, 2RZ2IETERETDH 205, HATIIEBNIZ =L
F 2 7% — (Multicopter)) Z$57. Fr—VI3EROFANY 2 785 —p KA &
P/ - RO, R a R CRLEASATRE & v ) R &, 228k, R, e, RKE
®h, 7N =5 BRA g2 E L CHRENED S NTw» 5

Lo Lo, Fu—rv 27T %9 A TCRETORE S, BERHORM S, X
IR 2 A & v o o EATEE S 2% { 7K .

AETEFe—vDEHZED 128 LTESINERICER L, I L 25 H1E
T 5 P —r OREE 2 LD B < FHEIC O W TG 5.

1.2 fHFEEN

AR CHET 2 FEEFREL T T, Fu—r OREFE I LTI & Wihz
HOGEZFHEIE, WEEZObDOZ2THIHET I & TRINT 2 Fike, GHHEEICAT
SN HBEZ N TUIET 2 2 & THENE 20T 2 Fihko 2 2L 0 s,

INGDOFEZFEHT 27-0120F, EE & HWEZORAREE S, BEhE D
ZED R MEDDH B, ZOWNIEELTH - DITE, BIIZ 7 4 VY DIRBEZELE ¥
%357 4 V% (ADF, Adaptive Filter) Z{HH 2 & 23— RN TH 5.

BN T7 A VZ D7 A NVIRBEFET 27103 ZLAFEBH N THEH, 7
L3 XL OYHGRAE L INFRE I T 28681 H 5. Lcdd> T, BHET LN —
R =7 ORI, RO SN LINHEE R E2BEL T, 703 XL %2ERT 50
W 5.

AFZE T, FHEEDON—F7 27 £ LTRaspberry Pi%, Y7+ 727 &L T
Go g ClllfE L7 7u 77 5297 L, RENZEIG 7V 2 XL 2 H L 72 5@0E
TANTIZED U — v OB EROFMZTH) 2 L2 HWET 3.



B2E H

&b

2.1 @71y DER

2.1.1 D14Fr—7«1ILY
(1) D14F—7 1LY DEE

74 F =7 A VF I MMSE i (/N Zgeiiszh) 2@ i 2R8I w A
LRI CH D, B D@EIL T VT RLDHEREE 72 5.

T4 F—=T74NFDOT7ay 7XEX2.1.1IRT.

EiE
dy,
717
AT D4 e
Yk
L > w — Ek
— A’LU <
74 LY ERH
X 21174 F—74 %070y 7
T4 F =74 NI DAHNIERATERINS.
yr = w'ay, (2.1.1)

ZIZT, wl ERATHEZONE 74 VIRERI PV THS.

w = [wi, - wi]" (2.1.2)



—Ji, 74 WY AIERAD & 9 BRI 2y, 2 BNHICHARTD D ER S,

Ty, = [Tp, Tpo1, 5 Thokr1] (2.1.3)

24, (2.1.1) Nk, RAD &) RGHEHIRO B HIAARHAZ R T 7D TH 5.

K
Ye = WiTpin (2.1.4)
=1

Zruc kb, RE 7 4 VI RE w ZRFOREFEIRO FIR 74 Wy 2R T Z Lk
% . ANHIRERF 2, IZDWTUE, Sl Elay] = 0 DFEED 5 WIFEHFRZIRKEL T
VW5,

T4 F =7 4N THETREMIL, EBDH2CIIEERDAD T —Rd, L5 5.
dp ZEARDIEE EWEN, 74 VI Ty Ik D, HARDOIBEZHEET 2. T4b
Lody=yr 7%, 74 LY OHEEBRTIE, KN TERINBHESEE, KT
AR HH D b L IcRAMET 3.

€ - — dk — Yk (2.1.5)

FBD &9, @ET7 4 VE DENIE, ATMET €, 206 & ZHETZ L TH 5.
INEERT27-0DWRLE LT, 745 w DRBEIET 24 ER L (2.1.1)
ATk dp ZHEET 27405 ) VBB EICH T BN, 7 4 L5 O¥EBBT
3, 55 d, 2B E LTHA, dp & o, ODBIRZRTREBw 2 28T 5. —77, 74
WY v BT, BT d BRAIOEEIZ DWW T, BllH x), &EEERAD 7 4L
B w S, BHOMEM dy(= ) 2152, FEBRTLARADIBE d, & £ -
THZ 50, JERNITHEAF 5 [1].

(2) Da4F—71ILYDEH

T4 F =7 4N T, BllfEx, 225655 d 2T T 5. 74 V57 OFEBRT
1%, KD " FFPgREz a2 MBS L TiIMET 5.

J = Ellex[’]
= Bldyd]] — w” Elzd}'] — Eldpxi |w

I TRAZEET .



O'Czl = E[dkdkH], Trd - — wkdkH,’l"dm = dk.’L‘kH, Rx = E[wkwkH] (217)

Trd iiJ:Ui\rdx Oi, ]\jjl\\\ﬁ ]‘ )z Iy k‘%}}@ﬁf‘f\% dk &.@*ﬁﬁ]ﬂ%ﬁ’*\y }‘ 1]/, Ru Ci,
x, DHCHBITIITH 2. ZhoZHGT (21.6) RFXKD X H ICHEET 5.

J =02+ —wr,y — rew + w’Ryw (2.1.8)
2R FREBE w IOV TRBT T 2 ERAD K )12 5.
oJ

ow*

(21.9) X% 0y EBL L, XE2ES.

= —7ry + R,ww (2.1.9)

R,w=r.d (2.1.10)

(2.1.10) HF, IEBRGERD 20137 4 F— - Fy 7GR EFEN S, (2.1.10) K
IS LI DEE 7 4 L E 1E, RAD K H IRk E 3 [1).

Wy p = R, o (2.1.11)

2.1.2 BE7 s IVYICBIFBIRIN_FE (LSE)

WG 7 4 VZIZEBIT 5 LS, 4 F—7 4 VY OERELZ GROY >~ 7ud 6
KD2HDTHD, 223 TS RLSIEDHMEL 2> T 5.

W7 4 WZICET 5 LSBT, RAUTRTIRAD "N RIMLI N 5.

Ls Ls
T=Y e’ = ldp — w'amy|? (2.1.12)
k=1 k=1

ZIZTC, L3V Y INVETHDL. 74— 7 4 VY OELERICE T 5 RHEE
Yo VEICE E R Z FRRICIER AR Z K 2 L XA EH» D,

R,w = 7,d (2.1.13)

THED, LSHEICH T 2@, Kk X 1k 3 (1],

wrs = R 'i,d (2.1.14)



2.1.3 BREET®

211 TR 4 F—7 4 VFTlE, ZIEFEEERINET 27407 w i,
ERABRAOMBE L TR, 22Tl Tz REEZFHGTERNITKD 3.

RAGETIE, 7 4 VY REOWIEZ #E2ICE D, 3 A R T (w) DFNEZEH
HBLT, 74V R7EEDPLTOBMIE TN, (21.8) XA L X FREHKD
B, J(w) 13wz owTo 2R E 20, TIiaMoBEAEREIT & %2 5. 2K
TTIE, k- 1REHOKIEICE T2 7 4 VIREE w,_y & LTEEA, w=w,_, T
DEFEREMA O AR ZHEE L, COARLEMD RN 7 4 VIR E NI 5.
w = wy_ BT DAY PV (2.1.9) X6, KDL HIckF 3.

0J(w)
ow*
KB D AE THBL E NN AR E LS 2720, 74 VIREXT LD
AT I RAD L H 12k 5.

VJ<wk_1) = |w:wk_1 = —Tuxd + szk—l (2115)

Aw = —uVJ(wy_1) (2.1.16)

plE 1BOBEFEZIRET 2HDERTHD, AT v 7 A ARNF XA =5 LN
5. 2T, 740y 0EHAE, XD LI kD,

wy = wi_1 + Aw

(2.1.17)
= Wy_1 + (W(T2q — Rowi_1)
£7, (2117) NBRAD LY ICTEZET I LTS 5.
wy, = Wi_1 + p(Elxydy) — li[a:k:ckH]wk_l) (2.1.18)
= wi—1 + pE[x(dy — ) wi—1)]
Z 2T, RADHAHERAZZ ERT 5.
e = dp — wi Ty (2.1.19)
(2.1.18) i (2.1.19) AZMRAL T, X235 [1].



2.2 RKRIJMEBEIGZILIIYX L
2.2.1 BRNZFEEFEE (LMSE)

VTPNIA LT AT LAZRET 28R E1E, A2 PHERICHZH S 2 &
D3H 5. Al MEOHEFRIZS v PN, MEHEREZ Y~ P oEET 3
CEIChD, AR YRHAREZMLEL TS, ZOMEWRE L DD RN IR
(LMS ) THh 5. LMSETI, (2.1.20) R B 1T 2 WIRHEEE 2 v 7 Ao H#EE
%, RAD & H 1, BRHEOHEEMHICTE SRR 5.

Wy, = Wy_1 + [TkE), (2.2.1)

F72,(221) XE AT DAY —TIERIL L 72 b DL, FEEEE (NLMS %) & W
X4 5. NLMS #id, RADHH AT & Rl 58 2 ENTE S,

min||wy, — wi_1]]? (2.22)
subject to w,?:vk = dj

C DigEUER, 777 Y 2 DREFRBEEZ TR 2 ENRTES. 777
v ¥ 2 DREFLIETIE, RADa R M ERIMET 5.

J = Hwk — wk_lHQ + R@()\(dk — w,fwk))

(2.2.3)
= (wi — wi—1) ™ (wy, — wi_1) + A(dy, — wi' @) + (dy, — wy @) AT
a2 MRABT & wi o WTRE ST 5
0J
aw;; = Wk — Wg_1 — )\.’Bk (224)
INZ Ok T2, XX2H 5.
W — Wi = )\ka (225)
(2.25) ADLp S aff ZFEL, MTOWTHLS &
/\—;wH(fw — Wg_1) (2.2.6)
- mgmk Lk k k—1 e

ZHUSHIR AR ((2.1.18) ) B L O E#E ((2.1.19) )



1 Y 1
— *_w w;i._ :—e* 227
TP O~ @ W) = [Ttk (2:27)

(22.7) RZFX (2.25) RRATEZ LIk D, 7408 DELE Aw 1FXKXD
EIITKRE 3.

A

1
Aw=—— * 2.2.8
W = (i (2.28)

PLEXD, NLMS D7 4 VF X7 P VEHFRIIRAD X )12k 3.

1
Wy = Wi_1] + A\——=T€; (2.2.9)
[N R

FIEOMEI T, ANEED8T — ||oy|[2 RIS & X ICHEH RS RLE
B DEET T, 1||@][2 DO CIEOEK o ZIAT, KXz M3
[1].

1
= _ A————— ¥ 2.2.10
Wy, w1+ a—i—HJ}kHkaek ( )

2.2.2 FP7«aVHEE (APAE)

7 7 4 VEHEHNE, NLMS #2:02 1%, NLMS 2 81 2 # A & ok o ) i gk
HaRXRD X S ITEBICIERT 2 2 LIk DEL Z L TE 3.

mm||wk — 'wk_1||2
. . B (2.2.11)
subject to w; X = di

ZIT, Xi (Kx L, Df15l) BLWdy, (1 x Ly DFTX7 FL) IZRXATEES
nz.

dk = [dk—Ls—i-la ey, dk] (2212)
Xk = [wk—Ls—i-l; cee ,.’Bk] (2213)
L = [CEk, s ,ack_LSH]T (2214)

PR3, XD L HOMHRSEME 24T - X7 P VA TEL b DTH B,



NLMS ¥ EFIRRIC T 7T v ¥ 2 DAREFTLRE Z Wi, iz 8 X b, ZXa
D7 4 I HEFADES LS [1].

wy, = wy,_1 + pXp(ad + X7 X) el (2.2.15)

2.2.3 BRERN_-FE (RLSX)

P/ =3 (RLSE) 13, LS M2 RN KD 2 FETH 5.
F v VI X 2 HOHEBITTHE X OMHEAEBEN 2 FLOHER R, 8 X0 f,y
ZRAUTRNT .

k
Ry =) ma = XX/} (2.2.16)

i=1

k
Fri= Y aid] = Xipdih, (2.2.17)

i=1

Z :VC‘, dl:k; s X U{\Xlzk

dig = [dy, -, dy] (2.2.18)
X = [T1,- -+, 2] (2.2.19)
L = [Jik, cee ,uk,K+1]T (2220)

%k I2B1T 5 R, B X7, 1, —HZIHT (k — 1) ofiz VT, XA D & 5 12H
JRIICRT 2 LB TES,

R, =R, +x ! (2.2.21)

T = Tr_1 + Tpd}, (2.2.22)
WATHI ORI EE % v 2 & ACHBTHIOMITH P, = RV b, XX k) i
FHFIRD B Z LB TE 3.

H
quwkwk P,

14 wkHPk_la:k

P.=P,_, — (2.2.23)



(2.2.22) 3, (2.2.23) X ZHVWT, KOLZXRE 74 VIRV TIE, RAD X )14 5.

T, HHRICE T 2B 2T 2720, RADTA v X7 MLV 2ERT 5.

P 1z,
= 2.2.25
9k 1 + wkHPk,lwk ( )
e HwT (2223) X2HEZET L
Pk = Pk,1 - gkCC]Iij,1 = (I - gkwkH)Pk,l (2226)
—77, (2.2.25) X6, X215 5.
gr = (I — grzy!) Peyy, (2.2.27)

(2.2.26) 2, (2.227) XZHWT, 74 v R7 PVIERAD & J ICHEEE 5.

9r = By, (2.2.28)

(2.2.26) KB L OV (2.2.28) A% (2.2.24) MITARATE 2 LITE D, 7 4 WIREAN
7 bovaw, DFFRE, KDL Ik 3.

. (2.2.29)
= wy_1 + gi(dy — T} Wr_1)
BRI, (2.2.29) i (2.2.27) K2 RA L T, RADHEH X212 [1].
Wy = Wi—_1 + grey, (2.2.30)

2.2.4 @EHFZILTVXLDLLER

F 221 IIRFEFENLEICT L) XL DR E =2 — b Uik L TEEL Y
DTH 5.



% 221 REFEMZZEEIG 7L 2V XL DREEHR

Aw
LMS UL EEL
NLMS | p(al + a:k:z:kH)_l TLE

AP ,uXk (OéI+ X]?Xk)_l €L

RLS | uXj, (o + X{ X))

1

€L

22210703V ALIETOFEEZEFHNICHG 25 v ZVEBREINT 5.
ISR, —RICIRERE 3 C 5. — 75, ZofUMFE L CRIREDERT 5.

n
L7

D30T, FETEZN—FT 27 ORISR, ROSNIHRHEEZLR E2EEL T, 7L

3 R L EERT 2 E B B (2.
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2.3 LT 1LY ZERLICEBTERDOFE

2.3.1 PO9747/4XaAcO-=)l (ANC)

TI7T47/4RXaryru—) (ANC) tlF, w4 7 AE— 2D Z A
L, WRETIEF EHNHOEZENRAEDLE LI L TEZERT 2 TFETH 5.
ANCO7my 7K%ZX 231127,

» Aw |-

1LY EH €k

2.3.1 Fa— v O@EIZFIcxd 2 ANCOME 7 ey 7

Fa— ZBREE IS0 5 ANC XX 2.3.1 1B T 2 2RET o, EiEAEET ¢ D
5 ADF (w) TRHZ AT LZHETH I ETRY Y I VDEFZTFHIL, AE—

11



H =l EDOFEREERN O 7 4 VY Ty, 2 TREI S THBHE TEHEZED
BT

L7232 C, @I 7 V3 ) X LD HITERE S EREN S I O %) 3R % P -0V % A
b,

2.3.2 BEIFLSH

HENESALBE T 774 7/ 4 Ray ba—)L 38D, FEENEcES o0
B2 PiETH 5. —RIC, BIE 7 4 VLIS 3 AES IZERBETEE% L 3
&, Fa—volREIEIcs L TEHROIRILE —2VNS . BEF(LERTIE, 7401
Y DOHEFRBAENSIKTEHIET7 4 VIREDIF e — v OEENRT O AIHEIET 5
ZEERMML, 74Ny, £ D e, # HIESOFHME & L THY H§ Tk
Th 5.

HENE LD 7 m y 7 %X 2.3.2127R7.

NA47AHD (RO—>+8&F)

d
BEAS  TALS gy |
(AE#E) Uk
Tk w €k
- mE
HEDM)
Aw |«
74 LY EH

2.3.2 Fu— v OREHEICNT 2 BB LaofE 70 v 7
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F38 N—RUzT7ORHE

CDETIEAMETHHT 2 Fu—, A 7, Raspberry Pi & \wo7en—F7 <
7 DR & BUYEIC DWW TR 5.

3.1 FA—2IEDOWT

Na— % Lynxmotion Rt DA TH P e — v (HQuad500) ZfEH L 7.
ZOFa—YREEICA—RY 7 7 A N—% AL CE Y, BiE, SR, Sz
Wiz Twb. i, IRREDE , BSITHEREDBM DS RE T4 R iF%E &I
WL 7B TH B,

3.1.1 {EFR
RS % DU ISR

(1) Fua—rv ok HQuad500 Hardware kit Lynxmotion R

&

3.1.1 Fa—y okkik

13



(2) ESC (Electronic Speed Controller) 12A ESC (SimonK) Lynxmotion ¥R\ &4t

3.1.2 ESC

(3) 7°7 ¥ L A€ —% Brushless Motor 28x30 1000kv Lynxmotion #zizxt:

-

"3

X 313 79 LAE—%

(4) 774 Fa¥ bua—7 Quadrino Nano Lynxmotion #RE24k:

X 314 794 Fravrua—7
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(5) YAy 7Y —FELA 18W LiPo Battery Charger Lynxmotion #Rz 2k

3.1.5 VRN 57 —RE

(6) VAR Ny 71— 11.1V (3S), 3500mAh 30C LiPo Battery Pack Lynxmotion #
Aatt

316 YUARNy T —

(7) 74 L2 —,¥ RIODS 10 channels 2.4GHz DSSS FHSS Receiver RadioLink
Rt

31.7T 7V ALY —N
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(8) P 7RI v ¥ ATIS 2.4GHz 10CH transmitter RadioLink R\ &4t

X 318 FIVAI VY

3.1.2 HHMITH LU EERESR

Fa—y DA TE XOEEMERIZ 7 74 b ay ba—J OFiHE 3] IZ/Ew,
RD XA To7-.

(1) WD
(2) BERDRLA T - T2 X OIS BB Btk
(3) BfEHER
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3.1.9 Fua—y ok
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FO—>

75V LR 7S5V LR
tT—4 —%
7R
ESC |— Ny T 1) — —>» ESC
A A
7714 k
J>kO-3
A
\ 4 \ 4 \ 4
ESC |« sS4 —> ESC
LY —/N—
751X 7231 R
—% T—4
E f—%i
NN A
|—>|
L BIR
_________

kS RZvH

3.1.10 Fu—yo7av 7 ¥
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3.2 NA/—=FILYA1 I DEE

3.2.1 ¥A47IKDOWT

INE IS I3 DIIE TIT o 7, BIREMERD 72 DICB-EL 7oA ) —F v~ A 7
ZIH L 7.

L 7R IFMHETFOZLZ FLy bavyFyd~vA7aFs Yy (SPL (Hong
Kong) Limited, XCM6035) TH 5. EiHIcZznEnLL 7 Ly bavyrry
A7@FaRy br—7NVERARMNTIL, =7 VDR AT VA =T 5 7L
e L CEEL 7.

X 32184 ) —9)V=2A7

3.2.2 (EFE
(1) V27 by FaryFri=4 7 XCM6035 vtk H E1ErE
(2) =N FRYLaRY br—70 KRT-SW HRa ik H & 1

(3) 3.5mm AT LA 2 =75 7 MP-319 tR & tLfk H B 1l
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3.3 Raspberry PilcDWT

Raspberry Pi (ZZED 7 A XY — 34 I X > CHFESI LT 5, ARM 7’81
Ly Y EEEH L VIR —FarEa—¥TH%. Raspberr PildEEH & L
THWESI N3, BITETIE oT BmBYE 72 £ 0B A L E D OBC (On Board
Computer) IZbHH I N T3

Raspberry Pi & Linux 2@ OS TEIfET 570V 7 bV = 7HFEICEAZ D S,
GPIO v %@ L TSPIL, 12C, I2S %2 EDIBEZITZA 572, v ¥ 7 &% w7
F2BHIATA L. 72, USB i fZ##k L, Wi-Fi, Bluetooth i b A[RE T, 71
Z A THFIHE L 12T N A TH S,

3.3.1 OSDEFE

Raspberry Pi T A[EE 7 OS 121

o FEL TR LEICHE L 7223 OS Raspbian
o Linux 74 AFYE 22— 3 r®d Ubuntu 2256 Ik4E L 72 Ubuntu MATE
e Microsoft Windows 10

5 EDBET 5.

AWZEClE 312 GPIO Z i L CH¥ %2479 72%, Raspbian Z i L 7z. 2%, OS
D/N—3 3 13 10.1 Buster Lite TH 5. 7, A—RI)IVDN— 3 V13 4.19.75-v7
TH 5.

3.3.2 #IHARREICDOWT
Raspberry Pi Z EBRCHH T2 L LT, LFOFHTCHEEZT- 7.
(1) OSDA ¥ A F—)L

(2) Hiusk, SEEDORE
3.3.2-1 2947 L, Localization Options % #R L T, Hilliz HA, S5k % 0551
WIE LTz
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Y —Aa2—1F 33.2-1 Raspberty Pidav 74 L —yavy—)LoiE#a<r F

1 sudo raspi-config

(3) ssh DFE
3.3.2-1 Z 9247 L, Interfacing Options %% L T, SSH Z HRNIEKE L 7.

(4) Fv bV =7 « FuX BT 5 %E
/etc/wpa_supplicant/wpa_supplicant.conf,
/etc/apt/apt.conf, /etc/dhcpcd.conf, “/.bashrc,
“/.curlrc, ~/.ugetrc ZfHEL, *v F7—7 - Fux T IlHTIRER
f1o7z.

(5) 7v7T—1
3.3.2-2 #5947 L, Raspberry Pi % i #T DIRFEICHEFT L 7.

Y — A a—F 3.3.2-2 Raspberry PiD7 v 75 —bha<w v ¥

sudo apt update

sudo apt upgrade -y
sudo apt dist-upgrade
sudo rpi-update

[ BV N

sudo reboot

3.3.3 AD ZTAODILERERR—KICDWT

Raspberry Pi i ADC (AD 23 —%) 2L TOEW0wid, 4 72 5DA
HEBZWIITIETAD a v N—F 2B AT Z20ENH 5.

Atz cHwZ D= vy =Ly 7 #EA&4ED Pumpkin Pi TdH 5. PumpkinPi
FEHHH E A =T 4 AHD T 27 )V A-D av =% & L TE D, Raspberry Pi
A =T AFAN, 7Fa 7 ANERZINA 5 2 L3 k5.

Pumpkin Pi Oft:Ak%E DL ISR T,

e Xf)i% OS Raspbian

o MHILHERE Raspberry Pi Model B+/Raspberry Pi 2 Model B/Raspberry Pi 3
Model B
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e LEDII 1A

o ARV E 2 VEERE XRE

o FA—FTA4AAFVH ¢35mmATLAI=ZY Yy Y

o F—T a4 F AN BFLE Y FE=24, %> TV ¥ 7 PHE=48/96kHz
o FMHHADZEH22F ¥ 2L 16 E Y b

o AR 65(W) X 56(D)mm

o AR{RKHE Y 25g

3.3.1 PumpkinPi

3.3.4 WIHARRTE
PumpkinPi OFIHERTE L F 7 > P R EAT F 7 v 2 27 Bdhi 2017 45 1 H5 [4] 1<
L7edio T 7. UM% N2 FIEZ RS
(1) Pumpkin Pi Zfi[]§ % 72 ® @ Raspberry Pi [EH DFE
EFTWELLEET 4 L7 PYTUTOa»Y F2HETT 5.

Y —Z 32— F 3.3.4-3 PumpkinPi DEE7 7 A V¥ va—Fa<ws K

1 wget http://einstlab.web.fc2.com/RaspberryPi/PumpkinPi.tar
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2 tar xvf PumpkinPi.tar
3 cd PumpkinPi
4 ./PumpkinPi.sh

(2) A—FNETNA R« FFTANDN= 3 v DR
A—=FNDN=2a v ETNA R FIANDN=Y a VIZFE U TH 258D
H5H. H—FND)N—=Y a3 ViZuname -r T, TNA A+ FITANDN=Y 3 v
! modinfo snd soc_pcm1808_adc.ko TZNZIERTE 5.
(3) AD a2y NN=FHDFTNA A+ FTANDA VA =)L
RD2DODTNWNAZX « FIANEZAL YA P—LT 5.
1. pcm1808-adc.ko
PCM1808 [ElH DEIfEZIRET 5 F 7 A /3.

2. snd_soc_pcm1808_adc.ko
Raspberry PiD¥ 7 v FE L TEEZRET S F 74N

¥9, 5—2474 L2 bVYIZ PumpkinPitar 247 >a—FLTEHT 3.

Y—RaA—F 3344 FTNA A F7ANFyva—Fawy P

cd
wget http://einstlab.web.fc2.com/RaspberryPi/PumpkinPi.tar
tar xvf PumpkinPi.tar

NV VN

cd PumpkinPi/Driver

RICTFNA A« RIANRNEZAL VA=V T 5,

V—A2—F 3345 FNXAL A+ FIANDA VA r—)Law v K

1 sudo cp Backup/pcm1808-adc.bak/ /lib/modules/‘uname -r‘/
kernel/sound/soc/codecs/pcm1808-adc.ko

2 sudo cp Backup/snd_soc_pcm1808_adc.bak /lib/modules/‘uname -r
‘/kernel/sound/soc/bcm/snd_soc_pcm1808_adc . ko

3 sudo depmod -a # MKFERELR % FEE

OSDH—=FNAAVRETIETNA A V) —fEEZBEALTCH B0, T4
A )= 774NV EaE—TF 3%,

V—=ZA3a2—F 3346 TNNA R - VY—ER7 74 VvDaE—a< s F

1 sudo cp pcm1808-adc.dtbo /boot/oberlays/
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PRI T NA A B 7 A NHSERIFERENRE I HBIICHAA F 15 K 9 12 /boot/config. txt
IZ dtoverlay=pcm1808-ad Z BT 5.

DLEDTEREZSE T L 74k, FldE)§ 2 2 & TiEDPEI S 1 5.
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F4FE VIV T DORE

4.1 ERHIBY 7807« 7ATFLICDWT

AMATIEY I aL—varve T —FUBDOHD 71 77 L% Python & Go &
a2 LB 7.

4.1.1 PythonIcDWT

Python i, WO 7027 S v VEHETHS. 2= FBy ¥ 7T #
FFENTHEY, CERBEICHANT, SE3547m 070200003, Phw
I— FTBTET S Lo BENREVD 5.

BT A 77V RY = FR—F 4 ®D 74 77V 58, S I RFHICELL
TR RIS Y — VDI S 1, B S DR FIICIE U CRERE 2 R L T
{TEWTED,

4.1.2 GoT/BICOWT

Google ThAF E Wz, WHD 70 77 S v 7SZiETH 5. Go Sikld, S EIAHT,

BBl o 72 a v XL VERE, X B VLEWN A=Y aLr sy a v WlifT
W EORZE RO, £/, BEAL Y T4 ¥ 7 D72 DORE, Python @ X 9 2By
RNISEDL IR T I I Vv IORBE L EORBLH 5.

72, GoSiElZ Python D X Hice vy itz E L, HffEEFIC LS TRIL a—
RIZR DRI EEH LR T WD, IRARIGHEL - SETH 5.
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EDEWVWRFICDOWT

4.1.3 7O93=v9

Python (% 4.1.1 fi TR 7R & ) BRA 23872 L 23647 9 BFEICE L T
. =T, FATHEEINEL , U T NLNY A LI IZ AR, Lddo T, AR T
X 2 ORHEERTE> L, PIEFEER - 7 —F 0 - 77 7 EIC Python 2 L 7.

72, Go Bt 3 FREAARDBIRIN T, FHATHEEDMH ) 71 2 a3 v 31 )LHYAlHE
Vo 7R S, ADF 74 77 ) OFEE X OVFEEEICHH L 7.
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4.2
1F

SR771IVABELCIZ7RTAY 5 LD

AHEITIEBRIB DO EFAREROUBIEH L 72 7’1 77 L OFHEICOWTHRS.

B 7 7 A VO ZATIEE SN CH 5. Z ORI XA % D3R
AT O DIREREY 2 — )L TH 5 NumPy ZfH L 72. 72, IO 7a v +icik
NumPy Z M L7277 7 i1 Z 4 7°7 Y matplotlib ZfEH L 7z. HH 7 74V
DAHINIIEHES £ 775 ) TH % wave R 7 A 77 Y @ PySoundFile % fifi ]

L7.

4.2.1 Python THHELEZ7OYF LA

Python CHIfEL 7 70 77 L% £ 4211277,

7% 4.2.1 Python THlfE L 72 70 75 4

EE JHi& NFzSisaas

W7 v v Mgk 1.1.1-1

EYa2a—) | HET7 7 A VAR 1.1.1-2

BYEL D FATIRFREIG I - RN 1.1.1-3

T 7 7 A4 NVERIAR 1.1.2-4

AT VAERT7 74V % LRE/ 7 )VEHIC0E 1.1.2-5

200D wav 7 7 A IWVRIDIRERIE % BT 1.1.2-6

csv 7 7 ANDRIND T =8 % ZNFilway 7 7 A WVITEH | 1.1.2-7

g HNDOER 7 7 4 Vipb ) A ZDHFHT7 74V 128
WZEEN ST 2 HLD B <

TREME T DA HES %2 > 7)) v J TR 48kHz THERK 1.1.2-9

csv 7 7 A VS mpd ¥ 7213 gif B % AR 1.1.2-10

csv 7 ANV BIEIBEE ey b 1.1.2-11

BED wav 7 7 A W6 —KOINPEIE%Z 71 v b 1.1.2-12

AR AT T hEFIR 1.1.2-13
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4.2.2 GoEREETHMELIEETOT S L
Go S CHIEL e 70 7' 5 b2 FK 4221017,

F422GCoSETHIWEL =70/ T 4

B JHi& NFZSiss
HUZE LB 1.2.1-2
7472 | FHEAH 1.2.1-3
7 7 A VAT 1.2.1-4
i€ L 72 SN HTE S 2 5K 1.2.1-5
20D wav 7 7 A N EBAARK 1.2.1-6
20D wav 7 7 A N %= B ARIA R 1917
(7 =V &% o 7= mERR)
v —)L 20D wav 77 A NS Ll esv 7 74 IN%2ERIAH 19.1.8
(7 =) &% Ho 72 =R )
esv? TANDT =I5 wav 7 7 A NVEERT S 1.2.1-9
56 EDOFE T2 ADF OE# b L 7 L2110
JSON 7 7 A V7% Ak
esv 7 7 ANDT—=FPOIEELLY Y T LD
S e (MSE) %EMEL, 1.2.1-11
csv 7 7 A WICH A E L CGERD
PortAudio ZfiH L 2% F ¥ » 2 VI H 1.2.1-12
DSB 7 7 4 V6 wav 7 7 A4 WA 1.2.1-13
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4.3 ADFS473YDHEHE

4.3.1 477V DKE

Python Tl S N7 EIMEZT D 7 4 77 V) & L T Padasip[b] DA I 1T\
%. Padasip (E5D 7 4 V&) v 7 P, T, 53 & 0o 7E)ME 5B % i 5
BT 2 7%dI@EISNF74 77V THD, LMS « NLMS, AP, RLSZIZ U LT3
FHELET7 LY ALl HEINTnS.

AW CHIVE L 72 ADF 74 77 V13 Padasip Z 25123 L, Go S CHEL 7.

IA77VDa— P2k A221TRT.

7477V DOEFBEBICIZFI=y b T A RIELNTE D, GitHub Actions % Fl
LCHET X b MfTb sk, ~EDOEPHEIN TV S,

7, 94V RAIIMIT 28 L T2 720, i, FHEAG, @R & 23580
INTn3,

4.3.2 AYVAM=ILAE

BUEL 75 4 75 V1% GitHub[6]) TABAL 72720, KD a<~y F&2FTFT2 2 LT
A VAL —NVTBHILENTES.
go get github.com/tetsuzawa/go-adflib/adf

4.3.3 (ERAE

74 77 O % Padasip L HECTH Z, T, EED 74 LT DA VR
FUVABER L, AV F2FTTEIETTIANIV Y T RITZ D,
L WEWITIE GoDoe (Go DXy 7r =) 7 7L v R) [T z2RI v,
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BoE REFERDRDDFIRRER

5.1 RO—YOEREFOY > TIVIE
5.1.1 SSEREM

AWZETH VS LMS « AP - RLS 7L 2V R A ZBIBESE @ik 2 5 L IUE
MREME T T 3R Z D, L7223> T, U 79 A4 DU HNOSE, 2IRES
D JAPERFEDS S RIS R I T Z L2 b, L3> T, Fua— v ORE
DB 2 FARD 120, v TNINGE ZITo 7=

5.1.2 SERAE

(1) WEDEHDIN—RI7BKICOWT

INFE PR =Y NS )=V A 7% AL, Kb511D7 0y 7 KOWKT
f1o7-.

7220, BBDNA ) =T =L 7 DA TR ANEBIEDMG S\, IX
Filx~Ar7a72xr 7y 72T 20ERD .

TR, A TIEENTY v VNG ZT5 O, BB S Mo~ 707 1~
TV (A=T4 AT 7=, AT-MA2) ZfEHL 7228, EFIC Fa—IicfE#T 2
BRI~ 707 3 v 7y THRE LRI NS,
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Fo_~ F—F1F
=1 kv —
EE P USBY — 7L
4074y F—FAH
77 A9 —=T1—X
ST,

PC

X 5.1.1 Fe—yol#EEy v 7VIED 7y 7K

(2) WEIERAISZYIhUI7IEDOWVWT

HREDOIERICIE Go B Catik L 7z AfEDIGEH a2~ F 794 vy —)v (fh8%1.2.1-
12) ZffH L7, 2O70 77 41ES0X (a2 Y FI4 vy R—ZADHFFREY 7 b
7278 Drec aw Vv FELHITIKEI L. A —T 4 4 A1} API @ PortAudio9]
ZRIHALTED, %5 v 2L TOIGRFICRIG L T 214t s ofeE & L CF /A
T—=8 2K CEIFHIN T SIEA (DSB - 5 EBEM 16bit 2N A V)
77A4N) TIHRETZZENARELE o TV 3.

AREBETIXAEDY 7 b 2 72 L 725, wav 72 EDO— N2 EH T — 5
K2 T 2854, B0 SoX ZHIH L TH RG2S HgETHh 5. 7, LU <
PortAudio ZX—2 & L7 GUIDEFHEY 7 b7 = 7 Tdh % Audacity[10] HH /I
s s, WINOY 7 b7 2 7 b ERICHATTEETH B

5.1.3 (BRI
g % DU IcR T

(1) Fr—v
3.1 iz 4.

(2) =47
32fiDNA ) —F )= A 7% 1ch DAFEH L 72, 56f1Z 3.2 ffi 2 2.

(3) ¥4 7ua7 x> 77 AT-MA2 W&t A—T 4 477 =%

(4) A—Ta4 A4 v ¥ —7x2—A2 v—7 v P& DUO-CAPTURE EX S/N.Z6C6056
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5.1.4 SREREER

gk L 72 Fa— v 0BG OWHIEZ Mk 1.1.2-120 70 7" L2 H L, #EL 7
MZM 5121278 T. $72, M5%1.1.2-130 70 27" L %680 U, FIREEE: 2 i@t L
7o BEEDOAR7 ba 27 L% M 51.3I1IRT.

1.0
0.5}
% 0.0}
£
-0.5
105 7000000 2000000 3000000 2000000
Sample
5.1.2 Fu— > ORRENE OITEELHIRSH
Spectrogram
b S 0dB
-10 dB
20000
~ 15000 -30dB
L
>
S
c 40 dB
>
g 10000
L -50 dB
-60 dB
5000

-70dB

-80 dB

Time [sec]

5.1.3 Fa— v OREIED A7 ba 7 5 LELHIH

5.1.2, M 5.1.31281F % 0710[sec] B & U 70[sec] DIFEDXHIZ F e —> 2{FIE S
FRMEXMEZ>Tw5. L LA2s, MEXEICM S 2 D& H LM S e
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570 R0 — DREIGDOAZBITT 2720121, ZDEHHES 2D bk HED
bH5.

ZITC, fM11280 707 LML, AR FIANY T T 7 a vik(l1]
I &0, e X O RIS DV % P SHU) Brvwie, ARXZ P I VH TR 7
7 ya VIEBEABOWEEZX 51412, A7 +a 7T AR 5.1.5I12R7.

1.0
0.5}
% 0.0}
g
-0.5
-10—75 7000000 2000000 3000000 2000000
Sample
X 5.1.4 Fv—> OBRERT OB TEEBIGRE R G 0rEs)
Spectrogram
b 8 0dB
-10 dB
20000
~ 15000 -30dB
L
>
2
S -40 dB
=]
8 10000
I -50 dB
-60 dB
5000

-70 dB

% 10 20 30 40 50 60 70 80
Time [sec]

-80 dB

M 5.1.5 Fa—yDEREIRGD A7 Fa 25 A ML)
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51.5 &R

5.1.5 & 0 BXE)E 1 100Hz A DIRIB)R 77 & Z DIEE ST, 5kHz A8 D Higy,
57, 18kHz fhE D EIS D % Ao BRI 2R T 2 L Bbhr 5. 2DH b, K
W E IR T IZ e — v OPEE LI NE—YDOREFICE 5D, 7, @RS
X7 7 VAE—Y DR ZGIHT 24 v N—FHliKIc k25D ELEbNS.

XD, Fo—rol#iEz A atko Rtz /o 2 LR TE .
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5.2 E5DHEEMICKNT S ADF DHEADEE

5.2.1 SHERBEMN

AEITIE ADF ICN T 22 E52 51 H8CIE L7z Fa— v oll#ig & Lx5e
EHOMEE E LB EOIRICET 29 v VB (BURHEEE) | IOR L 2% DR
(HEEREEE) 2T 2. ZhUck D), FWE7 LTV ZLDEFOHEEMEIINT S
INH BN D ZEZ G T2 2 L 2 HNE T 5.

5.2.2 RERAE
T2 LT ISR

(1) 5.1 6T L MBS TR OTH (BF, BB & 3 3) ISk LT, ADF
DETNTY RALIBITERERAT Y 7 A X%RKD 5.

(2) (1) Tk 7 ADF 18 LT, BB % 2S5, BREIEIC FIMs 2 A 72 b
D% HINES L LT HRISE7 4 Lo ) v 2% %

(3) Mkkic, At 2 2IRES, AtMF coloAateME 2 MA7zbox HW
BE L L TtoRRf7 4 VY ) v 7 %57

(4) 74 VE#H&EE MSE THRLL b D% 77 7{LL, &7 3V X L THIE -
it

7R L, RFEBRICEIT 2 ADF D7 4 VY RiZ 43 v 7V, 55X SRESIC
® L C-30dB DIRIE, MSE D% v 78X 5129 >~ 7V & L7,
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5.2.3 SRER{ER

BRI EE 2 L 25508713V RADOIRE %X 5.2.1 1287, [AkE
I, FAEMES 2 L 725608 7L 2 R L OINKREERK 5.2.2 1287

0 NLMS |

— RLS

=70

~80 0 200000 400000 600000 800000 1000000

Sample

5.2.1 B5 ICBEE 2 L 72356087 )L 37 R L O UHRHEHIE i R
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ol NLMS |
AP

1ol —— RLS

_20 L

_30 L

MSE [dB]

_50 L
_60 L

_70 L

—80—5 200000 400000 600000 800000 1000000
sample

X 5.22 B5IcHEBEME 2 L 725808 7L 3 X L OIRRFE RN E &5 R

5.2.4 EE

€ 5.2.1, X522 X b, F5ICBEE 2 HH L 723856, B D JORTERME T L
TW3ZEbh 5. FIZRLS 703 XL D84, PORKRFD MSE 2% 80dB 2>
5850dB £ 72D, PR T % ETIbBi ey > 7 VD £ 300,000 ¥~ FLVERE £ C
BIMLCwa ZEbhs. 7)) v ZTHEENL 48kHz TH % O TIUR £ TITHY
6 005 Lils. —J, NLMS 7)La ) AL & AP 7L 3 XL IFIKHFED
MSE 12 10dB 12 & L L T3 28, RLS 713 A LIFEREWLHRIE T IR S
ot

PlEXD, U7 Lo 4 2% HINE T 5854 NLMS « AP 7)) XL DD
HWLTWwsEEbLNS.
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5.3 ADFZATZVDRIYFI—Y

5.3.1 SHERBEMN

ADF OWREZ FHIi T 2 RED 1o & LT, PURMEEES, #EE kR oM BN (5
BiE) DFETS. B 7L I A LTT7 4 VYU ZLT S 854, 7075 L DELT
TR I MR DYERE IR F i 2% U T

AT, Go BB CHEL7 ADF 74 77 ) OXRVF2—7 %270, £70 3
A LDFEITICET HEGR 25 T2 2 L2 HNE T 5.

5.3.2 SERAE

ARFEFRTIE Go FrBICHEHETCHEIN TV IRV F2— 7 DA ZFIH L T
1o,

Go Bt TIX7T A M 7 7 A )VIZ func BenchmarkXxx(b *testing.B) D X 9 ICBI%L
PESTHIETHEDIIRVF 22— 2T ENTES. /2, for i 1= 0;
i< b.N; i++D X I for Xzt 5 2 &C, HEIWIZ 1 W H 7 ) O TH%Z
HE -T2 ERHTHD. B, XRVF—TJIFT A 774V ERL T4
L7 bV Tgo test -bench . -benchmem Z%{79 52 L TITA 5.

NvFe—7EZNENETE L THOMEZHL, 74V IRIZ8 Yy 7L
L7.

FATERE X Raspberry Pi 3 Model B Th 5. 72, SR & L T MacBook Pro
(13-inch, 2019) LB W THRVFv—7 2 FfTL %,

5.3.3 SEERFER

1YY TNH) D7 4 WIREEER « XY ¥ 7NV DFHN D0 5 EFERE & X
T EHEOHIER R %2 5.3.1, £5.321TR7.
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# 531 ADF 74 77V DXy F2—7HEREE (Raspberry Pi)

T AL | FEATIRER] [ms/op] | A€V fHHE [B/op]
NLMS 1.9 84
AP 78.4 941
RLS 52.9 2549

.3. 7 " Ry F<— 7 HERE acBook Pro
#532ADF 54 75D F 7 HERER (MacBook Pro)

T XL | FEATIRE [ms/op] | A€V HHE [B/op)
NLMS 0.13 96
AP 5.40 1248
RLS 3.25 2920

5.3.4 ER
(1) XEVYEHEIDWT

%531, %532k, K7L ITY XD AEYHiHRIZNLMS 7L 3 X LH0—
VIl AP 7L XL, RLS 7V Y AL ES L hoTwd ., ZiudBim=ic
BIL7ZMEoTEY, ZURETH 5.

GoBREICIIA— Ry Y aL oy avPEEINTED, XEVYL—7ThH5. £
7z, Raspberry Pi 3 Model BD X €V 12 1GB EHIRTH 270, FHHXEVICEHL
TIFEHHHNTH 2 L BN S,

(2) EEREIKOWT

#5.3.1, %532 X D, NLMS 7V 3 XL DOWEREIZ AP - RLS IZHARTH A+
EEHTH S Z LD 5. —J5, Raspberry Pi Di#EEIR[E I MacBook Pro 12 FbX
2 CHERERE W L3b 5.

ZIT, INGDTNIYVRALET 7T 47 /A Rayra—)ViEHTAI L%
EZ 5. HHRN340m/s, ZRESHO~A 7 L HWEEH DO~ A4 7 ORE#EDS 30cm
THHIERRET DL, BWEMN2OD2A 72 BT 2 7201287 2 HIZ

0.3
— =~ 0. 3.1
30 0.88[ms] (5.3.1)
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TH5. L3> T, ADF D 7 4 )V % FITIFIRILASS DIERE 72 Ml U 72 FRAR S Tl
R TH 0.88ms/op L L DFHEHREDRS NI 2 L1225, £/, THUE7 4 VRN
#4357y TIHY T 2 ChH 5. EETHOIL 74 NVIEIZSY Yy T TH B0,
7 ANERPATIITT, AT LDREVBAAETH S I E2ART. LEB>T, A
HEBOEMHETDOT 7T 4 7/ 4 Xavyra—LoEE L HELLI4 75 %2l
T 25A I BENTRW L3R IToNs. 4k, HEUCHIT TOURER L
LTlE, 7077 0037 E%E B2, SHEEOMERZ & 2, FFRHIHNTY
Y)Y TR AR TERERETF NG,

72, AP 7L 3 XA DEFEKRIAIRLS 703 ) X LR TREWI 3% X
D3, B EoEEEIZRLS 73 XA ER>TWw572d, 713 ) XL
DFMERETHEND 2 EEZONS. ZHUTOWTIZSHROIFEE L2,
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EeE W71y ZRAWEREFE
BEDES

6.1 SRERBIE

KRBT, FEBRICATTINAE5 %2 B L, ADF 12 X 2 BB IO R0 5 % 1
T 5. 55 OEHED - DI FH W OLEER S KD, WH)E - HHEES LEARA
A BEDSNHTERT 5, TNHDEFITHL T, BHD7 4 VIR TADF %2
FITTHT LTSN s 74 VI ERZZBMMIVLEEDT 4 VYY) v TIERED MR
DB E 72 %, ZHUT XD, PiiFER L Ab¥ BRI O EH AR 2 R Ea i
A3 % .
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6.2 EERAE

AREFILL T DFIHTIT- 72

(1) RA—>0vA o Omb T

6.2.1 D X ) GBI~ A 7 2 KM LG T — 7" ClElE L, LD 7 7.

621 Fa—ri&~A 27 OHD T

(2) BFEESOEERENS 2DODVA I XTORERBDAE

HINEED 62 A 7 FTOLEEEEZHE L2, itk FREOEFEES2E
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T #&A (TR

A.1 PythonTHIELEZ7OY S L
A.1.1 EYVa-l

Y — A a2—F 1.1.1-1 plot_tools.py

1 # coding: utf-8

2

3 import matplotlib.pyplot as plt

4 import numpy as np

5 from matplotlib.colors import Normalize

6

7 # diagram display settings

8 plt.rcParams[’font.family’] = ’IPAPGothic’

9 plt.rcParams[’font.size’] = 16

10 plt.rcParams[’xtick.direction’] = ’in’

11 plt.rcParams[’ytick.direction’] = ’in’

12 plt.rcParams[’xtick.top’] = True

13 plt.rcParams[’ytick.right’] = True

14 plt.rcParams[’xtick.major.width’] = 1.0

15 plt.rcParams[’ytick.major.width’] = 1.0

16 plt.rcParams[’axes.linewidth’] = 1.0

17 plt.rcParams[’figure.figsize’] = (8, 7)

18 plt.rcParams[’figure.dpi’] = 100

19 plt.rcParams[’figure.subplot.hspace’] = 0.3

20 plt.rcParams[’figure.subplot.wspace’] = 0.3

21

22

23 class PlotTools(object):

24 """ PlotTools — plotting utility class for research

25 nmmnn

26

27 def __init__(self, y, fs=44100, fft_N=1024, stft_N=256, *x*
kwargs) :

28

29 if "start_pos" in kwargs:

30 self.start_sec = kwargs["start_sec"]

31 else:
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32
33
34
35
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50

51

52
53
54

55

56
57
58

59
60
61
62
63
64
65

66

67

68

69

self.start_sec = 0

#

self.y = np.array(y) # data

self.fs = fs # Sampling frequency

self.dt = 1 / fs # Sampling interval

# Start position to analyse

self.start_pos = int(self.start_sec / self.dt)

self .fft_ N = fft_N # FFT length

self.stft_N = stft_N # STFT length

self.freq_list = np.fft.fftfreq(fft_N, d=self.dt) # FFT
frequency list

if "window" in kwargs:
window_name = kwargs["window"]
else:
window_name = "hamming"

self .fft_window = define_window_function(name=
window_name, N=self.fft_N)

self.stft_window = define_window_function(name=
window_name, N=self.stft_N)

self.Y = np.fft.fft(self.fft_window * self.y)

self.samples = np.arange(self.start_pos, fft_N + self.
start_pos)

self.t = np.arange(self.start_sec, (fft_N + self.
start_pos) * self.dt, self.dt)

y_abs = np.abs(y)

# Complement O or less to mean to prevent from
divergence

self.y_abs = completion_0(y_abs) # Absolute value of y

self.y_gain = 20.0 * np.loglO(y_abs) # Gain of y

# Spectrum

self.amp_spectrum = np.abs(self.Y) / fft_N * 2

self.amp_spectrum[0] = self.amp_spectrum[0] / 2

self.gain_spectrum = 20 * np.loglO(self.amp_spectrum /
np.max (self.amp_spectrum))

self .phase_spectrum = np.rad2deg(np.angle(self.Y))

self .power_spectrum = self.amp_spectrum ** 2

self .power_gain_spectrum = 10 * np.loglO(self.
power_spectrum / np.max(self.power_spectrum))
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70

71
72
73
74
75
76
77
78
79

80

81
82
83
84
85
86
87
88
89
90
91
92
93

94
95
96
97
98
99
100

101
102
103
104
105
106
107

108
109
110

def

def

def

self.acf = np.real(np.fft.ifft(self.power_spectrum / np
.amax (self.power_spectrum)))
self.acf = self.acf / np.amax(self.acf)

plot_y_time(self):

"""plot_y_time - y vs time [sec]

nnn

fig = plt.figure()

axl = fig.add_subplot(111)
axl.plot(self.t, self.y, "-", markersize=1)
axl.axis([self.start_sec, (self.fft_N + self.start_pos)

*
self.dt, np.amin(self.y) * (-1.1), np.amax(
self.y) * 1.1])
axl.set_xlabel("Time [sec]")
axl.set_ylabel("Amplitude")
axl.set_title("Amplitude - Time")
plt.show()

plot_y_sample(self) :

nnnplot_y_sample -y vs Sample number
nun

fig = plt.figure()
axl = fig.add_subplot(111)
axl.plot(self.samples, self.y, "-", markersize=1)

ax1l.axis([self.start_pos, self.fft_N + self.start_pos,
np.amin(self.y) * 1.1, np.amax(self.y) *
1.11)
axl.set_xlabel ("Sample")
axl.set_ylabel ("Amplitude")
axl.set_title("Amplitude - Sample")
plt.show()

plot_freq_analysis_log(self):
""" plot_freq_analysis_log - 1. gain vs frequency. 2.
phase vs frequency

nnn

fig = plt.figure()

fig.add_subplot(211)

ax1.set_xscale(’log’)

axl

axl.axis([10, self.fs / 2, np.amin(self.gain_spectrum),
np.amax (self.gain_spectrum) + 10])
axl.plot(self.freq_list, self.gain_spectrum, ’-’,
markersize=1)
ax1.set_xlabel ("Frequency [Hz]")
axl.set_ylabel ("Amplitude [dB]")

axl.set_title("Amplitude spectrum")
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112
113
114
115
116

117
118
119
120
121
122
123

124
125
126
127
128

129

130
131
132
133
134
135
136
137

138
139
140
141
142
143
144
145
146
147
148
149

150

def

def

ax2 = fig.add_subplot(212)

ax2.set_xscale(’log’)

ax2.axis([10, self.fs / 2, -180, 180])

ax2.set_yticks(np.linspace(-180, 180, 9))

ax2.plot(self.freq_list, self.phase_spectrum, ’-’,
markersize=1)

ax2.set_xlabel ("Frequency [Hz]")

ax2.set_ylabel ("Phase [deg]")

ax2.set_title("Phase spectrum")

plt.show()

plot_freq_analysis(self):

""" plot_freq_analysis - 1. amplitude vs time [sec]. 2.

amplitude vs frequency
nun

fig = plt.figure()

axl = fig.add_subplot(211)

axl.plot(self.t, self.y, "-", markersize=1)
axl.axis([self.start_sec, (self.fft_N + self.start_pos)

*
self.dt, np.amin(self.y) * 1.2, np.amax(self.
y) * 1.21)
axl.set_xlabel("Time [sec]")
ax1.set_ylabel ("Amplitude")
axl.set_title("Amplitude - Time")

ax2 = fig.add_subplot(212)
ax2.axis([10, self.fs / 2, np.amin(self.amp_spectrum)
* 0.9, np.amax(self.amp_spectrum) * 1.1])

ax2.plot(self.freq_list, self.amp_spectrum, ’-’,
markersize=1)

ax2.set_xlabel ("Frequency [Hz]")

ax2.set_ylabel ("Amplitude")

ax2.set_title("Amplitude - Frequency")

plt.show()

plot_power_gain_spectrum(self) :

""" plot_power_gain_spectrum - power vs frequency

fig = plt.figure()
fig.add_subplot(111)
axl.set_xscale(’log’)

axl
ax1l.axis([10, self.fs / 2, np.amin(self.

power_gain_spectrum) ,
np.amax (self.power_gain_spectrum) + 10])
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152
153
154
155
156
157
158

159
160
161
162

163
164

165
166
167
168
169
170
171

172
173

174
175
176
177
178
179
180
181
182
183
184
185
186
187

188

189

def

def

) )

axl.plot(self.freq_list, self.gain_spectrum, ’-’,
markersize=1)

ax1.set_xlabel ("Frequency [Hz]")

axl.set_ylabel ("power")

axl.set_title("Power spectrum")

plt.show()

plot_acf (self):
""" plot_power_gain_spectrum - auto correlation
function
mmnn
fig = plt.figure()
axl = fig.add_subplot(111)
axl.axis([-self.fft_N / 10, self.fft_N / 2, np.amin(
self.acf) * 1.1,
np.amax(self.acf) * 1.1])
axl.plot(list(range(self.fft_N)), self.acf, ’-’,
markersize=1)

axl.set_xlabel("sample number")
ax1.set_ylabel ("Correlation")
axl.set_title("Auto correlation Function")
plt.show()

plot_spectrogram_acf (self):

""" plot_power_gain_spectrum — 1. spectrogram. 2. short

time auto correlation function

nnn

# The degree of frame overlap when the window is
shifted

overlap = int(self.stft_N / 2)

# Length of wav

frame_length = len(self.y)

# Time per wav_file

time_of_file = frame_length * self.dt

# Define execute time

start = overlap * self.dt

stop = time_of_file

(self.stft_N - overlap) * self.dt
time_ruler = np.arange(start, stop, step)

step

# Definition initialization in transposition state

spec = np.zeros([len(time_ruler), 1 + int(self.stft_N /
2D

st_acf = np.zeros([len(time_ruler), 1 + int(self.stft_N

/ 2)1)
pos = 0
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190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

for

fft_index in range(len(time_ruler)):
# Frame cut out
frame = self.y[pos:pos + self.stft_N]
# Frame cut out determination
if len(frame) == self.stft_N:
# Multiply window function
windowed_data = self.stft_window * frame
# FFT for only real demention
fft_result = np.fft.rfft(windowed_data)
fft_result = np.abs(fft_result)
fft_result = fft_result / np.amax(fft_result)
power_spectrum = np.abs(fft_result) ** 2
acf = np.real(np.fft.ifft(
power_spectrum / np.amax(power_spectrum)))

acf = acf / np.amax(acf)

# Find power spectrum

fft_data = 10 * np.loglO(np.abs(fft_result) **
2)

# Assign to spec

for i in range(len(spec[fft_index])):
spec[fft_index] [-i - 1] = fft_datalil

st_acf [fft_index] [-i - 1] = acf[il

# Shift the window and execute the next frame.
pos += (self.stft_N - overlap)

#

plot

fig = plt.figure()

axl

= fig.add_subplot(111)

im = ax1.imshow(spec.T, extent=[0, time_of_file,

axl
axl
axl

ppl
plt

0, self.fs / 2],
aspect="auto",
cmap="inferno",
interpolation="nearest",

norm=Normalize (vmin=-80, vmax=0))

.set_xlabel ("Time[sec]")
.set_ylabel ("Frequency[Hz]")
.set_title("Spectrogram")

= fig.colorbar(im, ax=axl, orientation="vertical")

.tight_layout ()

# ppl.set_clim(-80, 0)

ppl
plt

.set_label ("power")
.show ()

#

plot

fig = plt.figure()
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237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

276
277
278
279
280
281

ax2
im2

ax2
ax2.
ax2.

pp2
plt.

pp2

plt.

= fig.add_subplot(111)
ax2.imshow(st_acf.T, extent=[0, time_of_file,
0, self.fs / 2],

aspect="

cmap="inferno",

auto",

interpolation="nearest",

norm=Normalize (vmin=0, vmax=1.00))

.set_xlabel("time[sec]")

set_ylabel ("frequency [Hz]")

set_title("Short Time Auto correlation Function")

= fig.colorbar(im2, ax=ax2, orientation="vertical")
tight_layout ()

.set_label ("power")

show ()

def plot_all(self):

self.
self.
self.
self.
self.
self.

self

plot_all - execute all of plotting functions

plot_y_time()
plot_y_sample ()
plot_freq_analysis()
plot_freq_analysis_log()
plot_power_gain_spectrum()
plot_acf ()
.plot_spectrogram_acf ()

def completion_O(data_array) :

completion_0O - intermediate value completion

under_Olist = np.where(data_array <= 0)

for under_0 in under_Olist:

try:

exce

data_array[under_0] = 1le-8

# WIHHZ L, FHZRD 2oGGax vy b7 b EAT

# data_array[under_0] = (

# data_array[under_0-1] + data_array[under_0+1]) /
2

pt IndexError as identifier:

print (identifier)

data_array[under_0] = le-8

return data_array
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310

© 0 N O O ks W N

e e e e
S U R W NN = O

def define_window_function(N, name):
"""define_window_function - defines window function
mnn
if name == "kaiser":
# TODO kaiser_param kakikaeru
# kaiser_param = input("Parameter of Kaiser Window
kaiser_param = b
else:

I
ol

kaiser_param

windows_dic = {
"rectangular": np.ones(shape=N),
"hamming": np.hamming(M=N),
"hanning": np.hanning(M=N),
"bartlett": np.bartlett(M=N),
"blackman": np.blackman(M=N),
"kaiser": np.kaiser(M=N, beta=kaiser_param),

if name in windows_dic:

return windows_dic [name]
else:

raise WindowNameNotFoundError

class WindowNameNotFoundError (Exception) :

"""Window name not found
mnn

print ("Window Not Found")

u)

Y — A a2 —F 1.1.1-2 wave_handler.py

# coding:utf-8
import wave

import numpy as np

class WaveHandler (object):

def __init__(self, filename=None, **kwargs):
if filename:
self.wave_read(filename)
else:
self.ch = 1
self.width = 2
self.fs = 48000
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1

self.chunk_size = 1024

def wave_read(self, filename):

# open wave file

wf = wave.open(filename, ’r’)

# wave 7 7 £ VD OMUE 2 FUS

self.filename = filename

self.ch = wf.getnchannels()
self.width = wf.getsampwidth()

self.fs

= wf.getframerate()

self.params = wf.getparams()

chunk_size = wf.getnframes()

# load wave data
amp = (2 ** 8) *x self.width / 2

data =
# data
data
data

wf.readframes (chunk_size) # /N4 F V) FEAIAA
np.frombuffer(data, ’int16’) # int IZZHA
= np.frombuffer(data, dtype="int16") # int IZZ:4f

data / amp # fRIEIERAL

self.chunk_size = chunk_size
self.data = data

# self.data = datal::self.ch] # date % 1ch IC[RE

wf.close() # fERERN

print ("IHTIR 7 7 A Vi ", self.filename)
print("?“v>/7‘&/f;fl", self.chunk_size)
print ("Y' ¥ YA ADNA FEL Y, self.width)

print ("F ¥ FIVE ", self.ch)

print ("wav 7 7 A VDYV 7)) v TTEBEEC ", self.fs)

print ("7 X —% . " self.params)

print ("wav 7 7 A VDT —F % 1", len(self.data))

def wave_write(self, filename, data_array):
ww = wave.open(filename, ’w’)

ww.setnchannels(self.ch)
ww.setsampwidth(self.width)
ww.setframerate (self.fs)

amp = (2 *x 8) *x self.width / 2

data_array = data_array / np.max(data_array)
write_array = np.array(data_array * amp, dtype=np.int16)

ww.writeframes (write_array)

ww.close()

Y — A 2—F 1.1.1-3 decorators.py

import time

2 from functools import wraps

3
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def stop_watch(func):
@wraps (func)
def wrapper (*args, **kwargs):
print ("###t#HH 4 START ######H###4HH###" )
start = time.time()

© 00 N O Ut

10 result = func(*args, **kwargs)

11 elapsed_time = time.time() - start

12 print ("######HHHHHHE END ####### S aH")

13 elapsed_time = round(elapsed_time, 5)

14 print(

15 f"{elapsed_time} [sec] elapsed to execute the function:{
func.__name__}"

16 )

17 return result

18

19 return wrapper

20

21

22 def print_info(func):

23 @wraps (func)

24 def wrapper (*args, **kwargs):

25 print ("func:", func.__name__)

26 print("args:", args)

27 print ("kwargs:", kwargs)

28 result = func(*args, **kwargs)

29 print("result:", result)

30 return result

31

32 return wrapper

Al12 Y=l

Y — A 32— F 1.1.2-4 calc_convolution_wav.py

#! /usr/bin/env python
# coding: utf-8

import argparse
import pathlib

import numpy as np
import soundfile as sf

© 0 N O Otk W N
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11 def main():

12 description = "This script calculates the convolution of two
wav files."

13 usage = f'"Usage: python {__file__} [-m full|valid|same] namel.
wav name2.wav /path/to/output_name.wav"

14

15 # initial setting for command line arguments

16 parser = argparse.ArgumentParser (usage=usage, description=

description)

17

18 parser.add_argument (’ input_paths’,

19 nargs="x*",

20 type=str,

21 help=’paths where the wav file is located.’)

22

23 parser.add_argument (’-o’, ’--output_path’,

24 nargs=’7’,

25 default="conv.wav",

26 type=str,

27 help=’0utput file path where you want to
locate wav file. (default: current
directory)’,

28 )

29

30 parser.add_argument (’-m’, ’--mode’,

31 action=’store’,

32 nargs=’7’,

33 default="full",

34 type=str,

35 choices=[’full’, ’valid’, ’same’],

36 help=’Convolution type’,

37 )

38

39 # parse command line arguments

40 args = parser.parse_args()

41

42 input_paths = args.input_paths

43 output_path = pathlib.Path(args.output_path)

44 mode = args.mode

45

46 # validation of command line arguments

47 if len(input_paths) != 2:

48 print (f"Error: number of arguments is invalid. got:{len(

input_paths) }")

49 print (parser.usage)

50 exit (1)

51
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if mode != "full" and mode != "valid"

print (f"Error: mode of convolution is invalid. got:{mode}")

print (parser.usage)

exit (1)

input_path_1
input_path_2
output_path =

output_path

# read audio

= input_paths[0]
= input_paths[1]

output_path
pathlib.Path(output_path)

file

data_1, fs_1 = sf.read(input_path_1)

data_2, fs_2

# convolve

= sf.read(input_path_2)

print ("working...")

wav_out = np.

# write audio
sf.write(file

convolve(data_1, data_2, mode=mode)

file

=str (output_path.stem + ".wav"), data=wav_out,

samplerate=48000, endian="LITTLE",
format="WAV", subtype="PCM_16")

print (f"output files are saved at: {output_path}")

if __name ==

main()

_main__"’:

Y — A 32— F 1.1.2-5 calc_stereo2mono_LR.py

# coding:utf-8
import sys

import soundfile

def main():

print ("start"

as sf

)

filename = sys.argv[1]

filename_L =

filename_R
print ("input:
print ("output
print ("output

sys.argv[2]
sys.argv[3]

", filename)

L: ", filename_L)
R: ", filename_R)
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16

17 data, fs = sf.read(filename)

18 mono_L = datal:, 0]

19 mono_R = datal:, 1]

20

21 sf.write(file=filename_L, data=mono_L, samplerate=48000, endian
="LITTLE", format="WAV", subtype="PCM_16")

22 sf.write(file=filename_R, data=mono_R, samplerate=48000, endian

="LITTLE", format="WAV", subtype="PCM_16")

23
24 print ("done")
25
26
27 if __name__ == ’__main__’:
28 main()
Y — A2 —F 1.1.2-6 calc_pseudo_ir_between_wav _files.py
1 #! /usr/bin/env python
2 # coding: utf-8
3
4 import sys
5
6 import numpy as np
7 import soundfile as sf
8
9
10 def main():
11 1_path = sys.argv[1]
12 r_path = sys.argv[2]
13 out_path = sys.argv[3]
14
15 data_l, fs_1 = sf.read(1_path)
16 data_r, fs_r = sf.read(r_path)
17
18 F_1 = np.fft.fft(data_1)
19 F_r = np.fft.fft(data_r)
20
21 F_pseudo_ir = F_.1 / F_r
22 f_pseude_ir = np.fft.ifft(F_pseudo_ir)
23 f_pseude_ir_real = np.real(f_pseude_ir)
24
25 sig = f_pseude_ir_real
26 sf.write(file=out_path, data=sig, samplerate=48000, endian="
LITTLE", format="WAV", subtype="PCM_16")
27
28
20 if __name__ == ’__main__’:
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main()

Y — A 32— F 1.1.2-7 csv_to_wav_each_column.py

#! /usr/bin/env python
# coding: utf-8

import
import

import
import
import

pathlib
sys

numpy as np
pandas as pd
soundfile as sf

def main():
input_path = sys.argv[1]
output_path = sys.argv[2]

df

= pd.read_csv(input_path)

output_path = pathlib.Path(output_path)

arr

= np.array(df)

for i, data in enumerate(arr.T):

print (f"output files are saved at: {output_path}")

if __name == ’__main_

sf.write(file=str (output_path.stem + f"_col{i}.wav"), data=
data, samplerate=48000, endian="LITTLE",
format="WAV", subtype="PCM_16")

) ) .

main ()

Y — A 2 —F 1.1.2-8 calc_subtracted_wav.py

# coding: utf-8

import

import
import
import

sys

librosa
numpy as np
soundfile as sf

def main():
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input_file_path = sys.argv[1]

noise_file_path = sys.argv[2]

output_file_path = sys.argv[3]

print (’input file:’, input_file_path)
data, data_fs = 1ibrosa.1oad(input_file_path, sr=None, mono=
True)

data_st = librosa.stft(data)
data_st_abs = np.abs(data_st)
angle = np.angle(data_st)
b = np.exp(1.0j * angle)

print(’noise file:’, noise_file_path)

noise_data, noise_fs = librosa.load(noise_file_path, sr=None,
mono=True)

noise_data_st = librosa.stft(noise_data)

noise_data_st_abs = np.abs(noise_data_st)

mean_noise_abs = np.mean(noise_data_st_abs, axis=1)

subtracted_data = data_st_abs - mean_noise_abs.reshape(
(mean_noise_abs.shape[0], 1)) # reshape for broadcast to
subtract
subtracted_data_phase = subtracted_data * b # apply phase
information
y = librosa.istft(subtracted_data_phase) # back to time domain
signal

# save as a wav file

sf.write(file=str(output_file_path), data=y, samplerate=data_fs
, endian="LITTLE", format="WAV", subtype="PCM_16")

print (’output file:’, output_file_path)

if __name == ’__main_

) .

main()

Y — A 32— F 1.1.2-9 generate_white_noise_as_wav.py

#!/usr/bin/env python3
# coding: utf-8

import argparse
import pathlib

import numpy as np
import soundfile as sf
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def main():
parser = argparse.ArgumentParser (description="This script makes
white noise to designated path.")

parser.add_argument (’duration’,
action=’store’,
type=float,
help=’The length of noise.’)

parser.add_argument(’-d’, ’--dst_path’,
action=’store’,
nargs=’7’,
const="/tmp",
default=".",
type=str,

help=’Directory path where you want to
locate output files. (default: current
directory)’)

args = parser.parse_args()

duration = args.duration

output_dir = pathlib.Path(args.dst_path)

output_name = pathlib.Path.joinpath(output_dir, f"white_noise_{
duration}s.wav")

sig = np.random.rand(int(duration * 48000))

sf.write(file=str (output_name), data=sig, samplerate=48000,
endian="LITTLE", format="WAV", subtype="PCM_16")

if __name == ’__main__’:

main()

Y — A 2—F 1.1.2-10 plot_animation_from_csv.py

# encoding: utf-8

import argparse
import pathlib

import matplotlib.pyplot as plt
import pandas as pd
from matplotlib import animation

plt.rcParams[’font.family’] = ’IPAPGothic’
plt.rcParams[’font.size’] = 11
plt.rcParams[’xtick.direction’] = ’in’
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plt.
.rcParams[’xtick.

plt
plt

plt
plt
plt
plt
plt
plt

def

rcParams[’ytick.

.rcParams[’ytick.
plt.
.rcParams[’ytick.
.rcParams[’axes.linewidth’] = 1.0

rcParams[’xtick.

.rcParams[’figure
.rcParams [’ figure
.rcParams [’ figure
.rcParams [’ figure

main():

description = "This script plots graph from a csv file with 3

columns."

direction’] = ’in

major.width’]
major.width’]

b

top’] = True
right’] = True

1.0
1.0
.figsize’] = (8, 7)
.dpi’] = 100

.subplot.hspace’] = 0.3
.subplot.wspace’] = 0.3

parser = argparse.ArgumentParser (description=description)

parser.add_argument (’csv_path’,

action=’store’,
const=None,
default=None,
type=str,

help=’Directory path where the csv file is

located.’,

metavar=None)

parser.add_argument(’-d’, ’--dst_path’,

action=’store’,
nargs=’7’,
const="/tmp",
default=".",
type=str,

help=’Directory path where you want to

locate png files. (default:
directory)’,
metavar=None)

parser.add_argument(’-s’, ’--samples’,

action=’store’,
nargs=’7’,

# const="/tmp",
default=50,

type=int,

help=’Samples to draw.’,
metavar=None)

parser.add_argument(’-i’, ’--interval’,
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action=’store’,
nargs=’7’,

# const="/tmp",
default=100,

type=int,

help=’Interval to draw.’,
metavar=None)

args = parser.parse_args()

input_path = args.csv_path
input_path = pathlib.Path(input_path)

df = pd.read_csv(input_path, header=None)

print("analize file name: ", input_path)

d, y, e = df[0], af[1], af[2]

output_dir = pathlib.Path(args.dst_path)

output_name = pathlib.Path(input_path.name) .with_suffix(".gif")

# output_name = pathlib.Path(input_path.name) .with_suffix(".mp4
u)

output_path = pathlib.Path.joinpath(output_dir, output_name)

samples = args.samples
interval = args.interval

fig, (ax1l, ax2) = plt.subplots(2, 1)
axl.set_xlabel("iteration n")
axl.set_ylim((-1.6, 1.6))
ax2.set_xlabel ("iteration n")
ax2.set_ylim((-0.5, 0.5))

ani = animation.FuncAnimation(fig, update, fargs=(d[:samples],
y[:samples], el[:samples], axl, ax2),
interval=interval, frames=int(
samples / 2))
ani.save (output_path, writer=’imagemagick’)
# ani.save(output_path, writer=’ffmpeg’)

print ("\nfilterd data plot is saved at: ", output_path, "\n")

update(i, d, y, e, axl, ax2):
if 1 ==
ax1.legend(loc=’upper right’)
axl.set_title("Desired value, Filter output and Filter
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error"

else:
plt.cla()

i=1* 2

axl.plot(d[0:i], color="b", alpha=0.7, label="desired value d(
n)")

axl.plot(y[0:i], color="r", alpha=0.7, label="filter output y(
n)")

ax2.plot(e[0:i], color="y", alpha=1.0, label="filter error e(n
")

if = ) ) .

main()

_name _main_

Y —Aa—F 1.1.2-11 plot_from_csv.py

# encoding: utf-8
import argparse
import pathlib
import matplotlib
import numpy as np
import pandas as pd

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

nnn

Note that the modules (numpy, maplotlib, wave, scipy) are properly
installed on your environment.

Plot wave, spectrum, save them as pdf and png at same directory.

Example:

python calc_wave_analysis.py IR_test.wav
nnn

plt.rcParams[’font.family’] = ’IPAPGothic’
plt.rcParams[’xtick.direction’] = ’in’
plt.rcParams[’ytick.direction’] = ’in’
plt.rcParams[’xtick.top’] = True
plt.rcParams[’ytick.right’] = True
plt.rcParams[’xtick.major.width’] = 1.0
plt.rcParams[’ytick.major.width’] = 1.0
plt.rcParams[’font.size’] = 11
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plt.

plt
plt

plt

def

.rcParams [’ figure.subplot.wspace’]

rcParams[’axes.linewidth’] = 1.0

.rcParams[’figure.figsize’] = (8, 7)
.rcParams[’figure.dpi’] = 300
plt.

rcParams [’ figure.subplot.hspace’]

Il
o O
w w

main():

parser = argparse.ArgumentParser (description="This script plots

graph from a csv file with 3 columns.")

parser.add_argument (’csv_path’,
action=’store’,
type=str,

help=’Directory path where the csv file is

located.’,
metavar=None)

parser.add_argument(’—d’, ’--dst_path’,

action=’store’,

nargs=’7’,

default=".",

type=str,

help=’Directory path where you want to
locate png files. (default: current
directory)’,

metavar=None)

parser.add_argument(’-1’, ’--log’,
action=’store_true’,
help=’Use y-axis logarithmic display.’)

args = parser.parse_args()

input_name = args.csv_path
pathlib.Path(input_name)

input_name
is_logarithm = args.log

df = pd.read_csv(input_name, header=None)
", input_name)

print("analize file name:
d, y, e = df[0], df[1], af[2]
fig, (axl, ax2) = plt.subplots(2, 1)

if is_logarithm:
ax1.set_yscale("log")
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ax2.set_yscale("log")
d /= np.max(d)
y /= np.max(d)
e /= np.max(e)

axl.plot(d, "b--", alpha=0.5, label="desired signal d(n)")
axl.plot(y, "r-", alpha=0.5, label="output y(n)")
ax1.legend ()

ax2.plot(e, "y-", alpha=1.0, label="error e(n)")
plt.grid()

ax2.legend ()

plt.title(’ADF Output’)

output_dir = pathlib.Path(args.dst_path)

output_name = pathlib.Path(input_name.name) .with_suffix(".png")
output_path = pathlib.Path.joinpath(output_dir, output_name)
plt.savefig(output_path)

print("\nfilterd data plot is saved at: ", output_path, "\n")

if __name__ == ’__main_

) .

main()

Y —A a—F 1.1.2-12 plot_multiwave.py

#!/usr/bin/env python
# coding: utf-8

# Usage:
# python3 plot_multiwave.py foo.wav
# then you can see the wave’s abstruct

import signal
import sys

import matplotlib
matplotlib.use(’Agg’)

import matplotlib.pyplot as plt
import soundfile as sf

signal.signal (signal.SIGINT, signal.SIG_DFL)

plt.rcParams[’font.family’] = ’IPAPGothic’

plt.rcParams[’font.size’] = 11
plt.rcParams[’xtick.direction’] = ’in’
plt.rcParams[’ytick.direction’] = ’in’

plt.rcParams[’xtick.top’] = True

plt.rcParams[’ytick.right’] = True
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plt.

plt
plt

plt.

plt
plt
plt

def

if

main()

.rcParams[’figure.dpi’] = 300
.rcParams [’ figure.subplot.hspace’]
.rcParams[’figure.subplot.wspace’]

main() :
args = sys.argv

if len(args) < 2:

print("error : please pass the wave file argument")
print ("Usage: python3 plot_muiltiwave.py foo.wav'")

sys.exit ()

for i in range(len(args) - 1):

rcParams[’xtick.major.width’] = 1.0
.rcParams [’ytick.major.width’] = 1.0
.rcParams[’axes.linewidth’] = 1.0

rcParams[’figure.figsize’] = (8, 7)

=0.3
=0.3

data, sr = sf.read(args[i + 1])

plt.plot(data, alpha=0.5, label=args[i + 1])

plt.legend ()
plt.xlabel("Iteration")
plt.grid(True)

plt.show()

_name == ’_ main_

) .

Y — A 2 —F 1.1.2-13 plot_spectrogram _librosa.py

#!/usr/bin/env python

# encoding: utf-8

import argparse

import pathlib

import librosa

import librosa.display

import matplotlib

import numpy as np

import pandas as pd

matplotlib.use(’Agg’)

import matplotlib.pyplot as plt
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plt.rcParams[’font.family’] = ’IPAPGothic’
plt.rcParams[’font.size’] = 16
plt.rcParams[’xtick.direction’] = ’in’
plt.rcParams[’ytick.direction’] = ’in’
plt.rcParams[’xtick.top’] = True
plt.rcParams[’ytick.right’] = True
plt.rcParams[’xtick.major.width’] = 1.0
plt.rcParams[’ytick.major.width’] = 1.0
plt.rcParams[’axes.linewidth’] = 1.0
plt.rcParams[’figure.figsize’] = (8, 7)

plt.rcParams[’figure.dpi’] = 300
plt.rcParams[’figure.subplot.hspace’] = 0.3
plt.rcParams[’figure.subplot.wspace’] = 0.3
def main():

description = "This script plots spectrogram from csv or wav

file."

parser = argparse.ArgumentParser (description=description)

parser.add_argument (’ input_path’,

action=’store’,

type=str,

help=’Directory path where the input file is

located.’,
metavar=None)

parser.add_argument (’-d’, ’--dst_path’,

action=’store’,

nargs=’7’,
const="/tmp",
default=".",

type=str,

help=’Directory path where you want to
locate img files. (default: current
directory)’,

48
49
50
51
52
53
54
55
56
57
58

metavar=None)

parser.add_argument(’-1’, ’--log’,

action=’store_true’,

help=’Use y-axis logarithmic display.’)

args = parser.parse_args()

input_path = pathlib.Path(args.input_path)

output_dir = pathlib.Path(args.dst_path)

is_logarithm = args.log
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if

__name == ’__main_

sr = 48000
data = []
if input_path.suffix == ".wav":
data, sr = librosa.load(str(input_path), sr=None)
elif input_path.suffix == ".csv":
df = pd.read_csv(str(input_path), header=None)
data = np.array(df[0], dtype=np.float)
else:
parser.usage ()
exit (1)

d = np.abs(librosa.stft(data))
log D = librosa.amplitude_to_db(d, ref=np.max)

plt.figure(figsize=(8, 7))
if is_logarithm:
librosa.display.specshow(log_D, sr=sr, x_axis=’time’,
y_axis=’log’)
librosa.display.specshow(log_D, sr=sr, x_axis=’time’,
y_axis=’log’)
else:

librosa.display.specshow(log_D, sr=sr, x_axis=’s’, y_axis=’

linear’)

plt.set_cmap("inferno")
plt.xlabel("Time [sec]")
plt.ylabel ("Frequency [Hz]")
plt.title(’Spectrogram’)
plt.colorbar (format=’%2.0f dB’)
plt.tight_layout ()

plt.show()

output_name = pathlib.Path(input_path.name) .with_suffix(".png")

output_path
plt.savefig(str(output_path))

print (f"\nimage is saved at: {output_path}\n")

) ) .

main ()

75
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V—Aa—F 1211 74 L7 kUMK
1 .
2 }— converter.go
3 }— filehandler.go
4 }— calculator.go
5 —— cmd
6 }—— calc_noise_mix
7 | L main.go
8 }— convolve_wav
9 | — main.go
10 }— convolve_wav_coef
11 ’ — main.go
12 }— convolve_wav_fast
13 ’ L main.go
14 }— csv_to_wav
15 | main.go
16 }— drone_json_generator
17 | L main.go
18 }— multirecord
19 | }— main.go
20 ’ }— multirecord.go
21 | }; util.go
22 |  —— wav_to_DSB.go
23 — wav_to_DSB
24 }— main.go
25 }— util.go
26 L wtod.go
Y — A 23— F 1.2.1-2 converter.go
1 package goresearch
2
3 import (
4 "math"
5
6 "gonum.org/v1/gonum/floats"
7
8
9 func abs(x int) int {
10 if x < 0 {
11 return -1 * x
12 }

76



return x

3

func AbsFloat64s(fs []float64) []float64 {
fsAbs := make([]float64, len(fs))
for i, v := range fs {
fsAbs[i] = math.Abs(v)
}

return fsAbs

3

func AbsInts(is [Jint) [Jint {
isAbs := make([]int, len(is))
for i, v := range is {
isAbs[i] = abs(v)
}

return isAbs

}
func NormToMaxIntl6(data []float64) []float64 {

maxAmp := floats.Max(AbsFloat64s(data))
if maxAmp > math.MaxInt16+1 {
reductionRate := math.MaxInt16 / maxAmp
for i, _ := range data {
data[i] *= reductionRate

+
b

return data

3

func Int16sToInts(ilés [Jint16) [Jlint {
var is = make([]int, len(il6és))
for i, v := range il16s {

47
48
49
50
51
52
53
54
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56
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58
59

is[i] = int(v)

return is

func Float64sToInts(fs []float64) [Jint {
make([J]int, len(fs))
range fs {

return is
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func IntsToFloat64s(is []int) [Jfloat64 {
fs := make([]float64, len(is))
for i, s := range is {
fs[i] = float64(s)
}
return fs
}
func Float64sToComplex128s(fs []float64) []complex128 {
cs := make([]complex128, len(fs))
for i, f := range fs {
cs[i] = complex(f, 0)
}

return cs

}

func Complex128sToFloat64s(cs []complex128) []float64 {
fs := make([]float64, len(cs))
for i, ¢ := range cs {
fs[i] = real(c)
}

return fs

Y —A2—F 1.2.1-3 calculator.go

package goresearch

import (
"errors"
n fmt n
IImathll

"github.com/mjibson/go-dsp/fft"

func CalcAdjustedRMS(cleanRMS float64, snr float64) (noiseRMS
float64) {
a := snr / 20
noiseRMS = cleanRMS / (math.Pow(10, a))
return noiseRMS

3

func CalcRMS(amp []float64) float64 {
var sum float64
for _, v := range amp {
sum += v * v
+

return math.Sqrt(sum / float64(len(amp)))
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by

func CalcMSE(a []float64, b []float64) (float64, error) {

3

if b == nil {
b = make([]float64, len(a))
} else if len(a) != len(b) {
return 0, errors.New("length of a and b must agree

u)

var sum float64
for i := 0; i < len(a); i++ {

sum += (ali] - b[i]) * (ali] - b[il)
}

return sum / float64(len(a)), nil

func Convolve(xs, ys []float64) []float64 {

}

var convLen, sumlLen = len(xs), len(ys)
if convLen > sumLen {

ys = append(ys, make([]float64, convLen-sumLen)...
} else {

convlLen, sumLen = sumlLen, convLen

xs = append(xs, make([]float64, convLen-sumLen)...

var rs = make([]float64, convlLen)
var nodeSum float64
var i, j int
for i = 0; i < convlLen; i++ {
for j = 0; j < sumlen; j++ {

if i-j < 0 {
continue
}
nodeSum += xs[i-j] * ys[j]
+
rs[i] = nodeSum

nodeSum = 0

}

return rs

// FastConvolve - Linear fast convolution
func FastConvolve(xs, ys []float64) []float64 {

L := len(xs)
N len(ys)
M N+L -1

79



69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

3

// zero padding
xsz := append(xs, make([]float64, M-L)...)
ysz := append(ys, make([]Jfloat64, M-N)...)

var rs = make([]float64, M)
make ([]complex128, M)

var Rs

fmt.Printf ("calcurating fft...\n")

Xs := fft.FFT(Float64sToComplex128s(xsz))
Ys := fft.FFT(Float64sToComplex128s(ysz))
for i :=0; i < M; i++ {
// progress
fmt.Printf ("calucurating convolution... %d%%\r", (i
+1)*100/M)
Rs[i] = Xs[i] * vs[i]
+

fmt.Printf ("\ncalcurating ifft...\n")
rs = Complex128sToFloat64s(fft.IFFT(Rs))

return rs

func LinSpace(start, end float64, n int) []Jfloat64 {

res := make([]float64, n)
if n == 1 {
res[0] = end
return res

}
delta := (end - start) / (float64(n) - 1)
for i := 0; i < n; i++ {

res[i] = start + (delta * float64(i))
}

return res

Y — A a2—F 1.2.1-4 filehandler.go

package goresearch

import (

"bufio"
"fmt n
n os n

"path/filepath"

30



8 "strconv"

9 "strings"

10

11 "github.com/go-audio/audio"
12 "github.com/go-audio/wav"
13 )

14

15 func ReadDataFromCSV(inputPath string) (ds []float64, ys []Jfloat64,
es [lfloat64) {

16 fr, err := os.Open(inputPath)

17 check(err)

18 sc := bufio.NewScanner (fr)

19 var ss []string

20 var d float64

21 var y float64

22 var e float64

23 for sc.Scan() {

24 ss = strings.Split(sc.Text(), ",")

25 d, err = strconv.ParseFloat(ss[0], 64)

26 check(err)

27 ds = append(ds, d)

28 y, err = strconv.ParseFloat(ss[1], 64)

29 check(err)

30 ys = append(ys, y)

31 e, err = strconv.ParseFloat(ss[2], 64)

32 check(err)

33 es = append(es, e)

34 }

35 return ds, ys, es

36

37

38 func ReadDataFromCSVOne (inputPath string, column int) (fs []float64
) o

39 fr, err := os.Open(inputPath)

40 check(err)

41 sc := bufio.NewScanner (fr)

42 var ss []string

43 var £ float64

44 for sc.Scan() {

45 ss = strings.Split(sc.Text(), ",")

46 f, err = strconv.ParseFloat(ss[column], 64)

47 check(err)

48 fs = append(fs, f)

49 }

50 return fs

51 }

52
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53 func ReadCoefFromCSV(inputPath string) (ws []float64) {

54 fr, err := os.Open(inputPath)

55 check(err)

56 sc := bufio.NewScanner (fr)

57 var ss []string

58 var w float64

59 for sc.Scan() {

60 ss = strings.Split(sc.Text(), ",")
61 w, err = strconv.ParseFloat(ss[0], 64)
62 check (err)

63 ws = append(ws, w)

64 }

65 return ws

66 }

67

68 func ReadDataFromWav(name string) []int {

69 f, err := os.0Open(name)

70 check(err)

71 defer f.Close()

72 wavFile := wav.NewDecoder (f)

73 check(err)

74

75 wavFile.ReadInfo ()

76 ch := int(wavFile.NumChans)

77 //byteRate := int(w.BitDepth/8) * ch

78 //bps := byteRate / ch

79 fs := int(wavFile.SampleRate)

80 fmt.Println("ch", ch, "fs", fs)

81

82 buf, err := wavFile.FullPCMBuffer()

83 check(err)

84 fmt.Printf ("SourceBitDepth: %v\n", buf.SourceBitDepth)
85

86 return buf.Data

87 }

88

89 func SaveDataAsWav(data []float64, dataDir string, name string) {
90 outputPath := filepath.Join(dataDir, name+".wav"
91 fw, err := os.Create(outputPath)

92 check(err)

93

94 const (

95 SampleRate = 48000

96 BitsPerSample = 16

97 NumChannels = 1

98 PCM = 1

99 )
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100

101 wl := wav.NewEncoder (fw, SampleRate, BitsPerSample,
NumChannels, PCM)

102 aBuf := new(audio.IntBuffer)

103 aBuf .Format = &audio.Format{

104 NumChannels: NumChannels,

105 SampleRate: SampleRate,

106 }

107 aBuf .SourceBitDepth = BitsPerSample

108

109 aBuf .Data = Float64sToInts(data)

110 err = wl.Write(aBuf)

111 check(err)

112

113 err = wl.Close()

114 check(err)

115

116 err = fw.Close()

117 check(err)

118

119 fmt.Printf("\nwav file saved at: %v\n", outputPath)

120 }

121

122 func SaveDataAsCSV(d, y, e, mse []float64, dataDir string, testName

string) {

123 n := len(d)

124 fw, err := os.Create(filepath.Join(dataDir, testName+".csv
"))

125 check(err)

126 writer := bufio.NewWriter (fw)

127 for i := 0; i < n; i++ {

128 if i >= len(mse) {

129 _, err = fmt.Fprintf(writer, "%g,%g,%g\n",

dlil, yl[il, e[il)

130 check(err)

131 continue

132 }

133 _, err = fmt.Fprintf(writer, "%g,%g,hg,hg\n", dli

1, yli], elil], mse[il)

134 check(err)

135 +

136 err = writer.Flush()

137 check(err)

138 err = fw.Close()

139 check(err)

140 }

141
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142 func SaveDataAsCSVOne(fs []float64, dataDir string, testName string

) {
143 n := len(fs)
144 fw, err := os.Create(filepath.Join(dataDir, testName+".csv
n))
145 check(err)
146 writer := bufio.NewWriter(fw)
147 for i := 0; i < n; i++ {
148 _, err = fmt.Fprintf(writer, "%g\n", fs[i])
149 check (err)
150 +
151 err = writer.Flush()
152 check(err)
153 err = fw.Close()
154 check(err)
155
156 fmt.Printf ("output file is saved at: %v\n", testName+".csv
")
157 }
158
159 func SplitPathAndExt(path string) (string, string) {
160 return filepath.Join(filepath.Dir(filepath.Clean(path)),
filepath.Base(path[:len(path)-len(filepath.Ext (path
))1)), filepath.Ext(path)
161 }
162
163 func check(err error) {
164 if err !'= nil {
165 panic(err)
166 }
167 ¥
Y —Aa—F 1.2.1-5 ecmd/calc_noise_mix/main.go
1 package main
2
3 import (
4 ||flag||
5 "fmt"
6 |llog||
7 "math"
8 "math/rand"
9 |IOS||
10 "path/filepath"
11 "strconv"
12
13 "github.com/go-audio/audio"
14 "github.com/go-audio/wav"
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16
17
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22
23
24
25
26
27
28
29
30
31
32
33

34

35

36

37

38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

"gonum.org/v1/gonum/floats"

"github.com/tetsuzawa/research-tools/goresearch"

func main() {

log.SetFlags(log.LstdFlags | log.Lshortfile)

var (
cleanFilepath string
noiseFilepath string
outputDir string
snrStart float64
snrEnd float64
snrDiv int

flag.StringVar(&cleanFilepath, '"clean", "/path/to/clean_file.

n
b

wav "designate clean file path")

flag.StringVar (&noiseFilepath, "noise", "/path/to/noise_file.
wav", "designate noise file path")
flag.StringVar (&outputDir, "output", "/path/to/dir/", "

designate ouput directory")

flag.Float64Var (&snrStart, "start", -40, "designate start value

of S/N Rate")

flag.Float64Var (&snrEnd, "end", 40, "designate end value of S/

N Rate")

flag.IntVar(&snrDiv, "div", 19, "designate number of divisions

u)

flag.Parse()

if cleanFilepath == "/path/to/clean_file.wav" ||
noiseFilepath == "/path/to/noise_file.wav" ||
outputDir == "/path/to/dir/" {
flag.Usage()
os.Exit(1)

}

fmt.Println("clean file path:", cleanFilepath)
fmt.Println("noise file path:", noiseFilepath)
fmt.Println("ouput directory:", outputDir)
fmt.Println("start value of S/N Rate:", snrStart)
fmt.Println("end value of S/N Rate:", snrEnd)
fmt.Println("number of divisions:", snrDiv)

f1, err := os.Open(cleanFilepath)
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56 check(err)

57 wl := wav.NewDecoder (f1)

58

59 f2, err := os.0Open(noiseFilepath)

60 check (err)

61 w2 := wav.NewDecoder (£2)

62

63 wl.ReadInfo()

64 w2.ReadInfo ()

65 chl := int(wl.NumChans)

66 ch?2 := int(w2.NumChans)

67 bitDepthl := int(wl.BitDepth)

68 bitDepth2 := int(w2.BitDepth)

69 bpsl := bitDepthl / 8

70 bps2 := bitDepth2 / 8

71 fs1 := int(wl.SampleRate)

72 fs2 := int(w2.SampleRate)

73

74 bufl, err := wl.FullPCMBuffer ()

75 check (err)

76 buf2, err := w2.FullPCMBuffer ()

77 check(err)

78

79 err = f1.Close()

80 check (err)

81 err = £2.Close()

82 check (err)

83

84 if chl != ch2 ||

85 bitDepthl != bitDepth2 ||

86 bpsl != bps2 ||

87 fs1 != £fs2 {

88 err = fmt.Errorf("format of wav files are not agree")
89 panic(err)

90 }

91

92 cleanAMP := goresearch.IntsToFloat64s(bufl.Data)
93 noiseAMP := goresearch.IntsToFloat64s(buf2.Data)
94

95 cleanRMS := goresearch.CalcRMS(cleanAMP)
96

97 var start int

98 var cutNoiseAmp []float64

99 if len(cleanAMP) == len(noiseAMP) {

100 start = 0O

101 cutNoiseAmp = noiseAMP[start : start+len(cleanAMP)]
102 } else if len(cleanAMP) > len(noiseAMP) {
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104
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147

start = rand.Intn(len(cleanAMP) - len(noiseAMP))
cleanAMP = cleanAMP[start : start+len(cleanAMP)]
cutNoiseAmp = noiseAMP

} else {
start = rand.Intn(len(noiseAMP) - len(cleanAMP))
cutNoiseAmp = noiseAMP[start : start+len(cleanAMP) ]

}

noiseRMS := goresearch.CalcRMS(cutNoiseAmp)

snrList := goresearch.LinSpace(snrStart, snrEnd, snrDiv)
var (

adjustedNoiseAmp = make([]float64, len(cutNoiseAmp))
mixedAmp = make([]float64, len(cutNoiseAmp))
fw *os.File
ww *wav.Encoder
wBuf = new(audio.IntBuffer)
outputName string
outputPath string
)
wBuf .Format = &audio.Format{
NumChannels: chil,
SampleRate: fsi,

b
wBuf .SourceBitDepth = bitDepthl
for _, snr := range snrlist {

adjustedNoiseRMS := goresearch.CalcAdjustedRMS(cleanRMS,
snr)

for i, v := range cutNoiseAmp {
adjustedNoiseAmp[i] = v * (adjustedNoiseRMS / noiseRMS)
mixedAmp[i] = cleanAMP[i] + adjustedNoiseAmp[i]
}
maxAmp := floats.Max(goresearch.AbsFloat64s(mixedAmp))
if maxAmp > math.MaxInt16+1 {
reductionRate := math.MaxInt16 / maxAmp
for i, _ := range cutNoiseAmp {
mixedAmp[i] *= reductionRate

}
wBuf .Data = goresearch.Float64sToInts(mixedAmp)

= goresearch.SplitPathAndExt (cleanFilepath)
outputPath = filepath.Join(outputDir, filepath.Base(

outputName,

outputName)+"_snr"+strconv.Itoa(int (snr))+".wav")
fw, err = os.Create(outputPath)
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3

check(err)

ww = wav.NewEncoder (fw, fs1, bitDepthl, chl, 1)
err = ww.Write(wBuf)

check(err)

err = ww.Close()

check(err)

fmt.Printf ("\nSuccessfully created following SN Rate files!!

SNR: %v\n", snrList)

func check(err error) {

if err != nil {

¥

panic(err)

Y —Z2a—F 1.2.1-6 cmd/convolve_wav/main.go

package main

import (

"flag"
"fmt"
|llog||
"math"

os
"github.com/go-audio/audio"
"github.com/go-audio/wav"

"gonum.org/v1/gonum/floats"

"github.com/tetsuzawa/research-tools/goresearch"

func main() {

log.SetFlags(log.LstdFlags | log.Lshortfile)

var (
inputFilePathl string
inputFilePath2 string
outputFilePath string
)

n

flag.StringVar (&inputFilePathl, "x", "/path/to/name.wav",
designate input wav file path")
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n

flag.StringVar (&inputFilePath2, "y", "/path/to/name.wav",
designate input wav file path")

flag.StringVar (&outputFilePath, "o", "/path/to/name.wav", "
designate output wav file path")

30
31
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70
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72

flag.Parse()

if inputFilePathl == "/path/to/name.wav" ||
/path/to/name.wav" ||
== "/path/to/name.wav" {

inputFilePath2
outputFilePath
flag.Usage()
os.Exit(1)

+

fmt.Println("wav_1 file path:", inputFilePathl)
fmt.Println("wav_2 file path:", inputFilePath2)
fmt.Println("output file path:", outputFilePath)

f1, err := os.Open(inputFilePathl)

check(err)

==

wl := wav.NewDecoder (f1)

f2, err := os.Open(inputFilePath?2)

check (err)

w2 := wav.NewDecoder (f2)

wl.ReadInfo()
w2 .ReadInfo()

chl := int(wl.NumChans)
ch2 := int(w2.NumChans)

bitDepthl := int(wl.BitDepth)
bitDepth2 := int(w2.BitDepth)

bpsl := bitDepthl / 8
bps2 := bitDepth2 / 8

fs1 := int(wl.SampleRate)
fs2 := int(w2.SampleRate)

bufl, err
check (err)

buf2, err
check(err)

err = f1.Close()
check(err)
err = £2.Close()
check(err)

wl.FullPCMBuffer ()

w2 .FullPCMBuffer ()
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73 if chl != ch2 ||

74 bitDepthl != bitDepth2 ||

75 bpsl != bps2 ||

76 fs1 = £fs2 {

7 err = fmt.Errorf("format of wav files are not agree

)

78 panic (err)

79 }

80

81 ampl := goresearch.IntsToFloat64s(bufl.Data)

82 amp2 := goresearch.IntsToFloat64s(buf2.Data)

83

84 ampOut := goresearch.Convolve(ampl, amp2)

85

86 var (

87 fw *os.File

88 ww *wav.Encoder

89 wBuf = new(audio.IntBuffer)

90 outputFileName string

91 outputPath_1 string

92 )

93

94 wBuf .Format = &audio.Format{

95 NumChannels: chil,

96 SampleRate: fsi,

97 }

98 wBuf .SourceBitDepth = bitDepthl

99

100 maxAmp := floats.Max(goresearch.AbsFloat64s(ampQOut))

101 if maxAmp > math.MaxInt16+1 {

102 reductionRate := math.MaxInt16 / maxAmp

103 for i, _ := range ampOut {

104 ampOut [i] *= reductionRate

105 }

106 }

107

108 wBuf .Data = goresearch.Float64sTolInts (ampOut)

109

110 outputFileName, _ = goresearch.SplitPathAndExt (
outputFilePath)

111

112 outputPath_1 = outputFileName + " .wav"

113 fw, err = os.Create(outputPath_1)

114 check(err)

115 ww = wav.NewEncoder(fw, fsl, bitDepthl, chi, 1)

116 err = ww.Write(wBuf)

117 check(err)
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err = ww.Close()
check (err)

fmt.Printf ("\nSuccessfully calcurated convolution! \n")

3

func check(err error) {
if err != nil {
panic(err)

b

Y — A a—F 1.2.1-7 cmd/convolve_wav_fast /main.go

package main

import (
|lflag||
||fmt n
||os n

"path/filepath"

"github.com/tetsuzawa/research-tools/goresearch"

)
func main() {
var (
wavPath string
coefPath string
dataDir string
)

flag.StringVar (&wavPath, "wav

b

nn

, "wav path")

flag.StringVar (&coefPath, "coef", "", '"coefficients path (.

wav or .csv)")

flag.StringVar (&dataDir, "dir", "./", "save dir")

flag.Parse()

if wavPath == "" {

fmt.Printf("please specify wav path\n\n")

flag.Usage()
os.Exit (1)
}

if coefPath == "" {

fmt.Printf("please specify coef path\n\n")

flag.Usage()
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os.Exit (1)

}
name, ext := goresearch.SplitPathAndExt (wavPath)
if ext !'= ".wav" {
fmt.Printf("please specify wav path\n\n")
flag.Usage()
os.Exit (1)
}

fmt.Println("wavPath:", wavPath)
fmt.Println("coefPath:", coefPath)

fmt.Println("dataDir:", dataDir)
wData := goresearch.ReadDataFromWav(wavPath)
_, cExt := goresearch.SplitPathAndExt (coefPath)

var cData []float64
switch cExt {

case ".wav":
cData = goresearch.IntsToFloat64s(goresearch.
ReadDataFromWav (coefPath) )
case ".csv":

cData = goresearch.ReadCoefFromCSV(coefPath)
default:
fmt.Printf("file type is not valid. coefficients
file name:%v", coefPath)
os.Exit (1)

wDataF := goresearch.IntsToFloat64s(wData)
convData := goresearch.FastConvolve(wDataF, cData)
outputName := filepath.Base(name) + "_convoluted"
data := goresearch.NormToMaxInt16(convData)

goresearch.SaveDataAsWav(data, dataDir, outputName)

YV —Aa—F 1.2.1-8 emd/convolve_wav_coef/main.go

package main

import (

“flag“
"fmt n
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IloS n

"path/filepath"

"github.com/tetsuzawa/research-tools/goresearch"

)
func main() {
var (
wavPath string
coefPath string
dataDir string
)

flag.StringVar (&wavPath, "wav
flag.StringVar (&coefPath, "coef", "",

wav or .csv)'")

"
b

nn
b

"wav path")
"coefficients path (.

flag.StringVar (&dataDir, "dir", "./", "save dir")

flag.Parse()

if wavPath == "" {

fmt.Printf("please specify wav path\n\n")

flag.Usage()

os.Exit (1)
}
if coefPath == "" {
fmt.Printf("please specify coef path\n\n")
flag.Usage()
os.Exit (1)
}
name, ext := goresearch.SplitPathAndExt (wavPath)
if ext !'= ".wav" {
fmt.Printf("please specify wav path\n\n")
flag.Usage()
os.Exit (1)
}

fmt.Println("wavPath:", wavPath)

fmt.Println("coefPath:", coefPath)

fmt.Println("dataDir:", dataDir)

wData := goresearch.ReadDataFromWav(wavPath)

_, CExt := goresearch.SplitPathAndExt (coefPath)

var cData []float64
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switch cExt {

case ".wav":
cData = goresearch.IntsToFloat64s(goresearch.
ReadDataFromWav (coefPath))
case ".csv":
cData = goresearch.ReadCoefFromCSV(coefPath)
default:
fmt.Printf("file type is not valid. coefficients
file name:%v", coefPath)
os.Exit(1)
}
wDataF := goresearch.IntsToFloat64s(wData)
convData := goresearch.FastConvolve(wDataF, cData)
outputName := filepath.Base(name) + "_convoluted"
data := goresearch.NormToMaxInt16(convData)

goresearch.SaveDataAsWav(data, dataDir, outputName)

Y —Z2—F 1.2.1-9 cmd/csv_to_wav/main.go

package main

import (
||f1ag||
n fmt "

os
"path/filepath"

"github.com/tetsuzawa/research-tools/goresearch"

func main() {
var (

csvPath string
dataDir string

flag.StringVar (&csvPath, "path", "", "csv path")
flag.StringVar (&dataDir, "dir", "./", "save dir")

flag.Parse()
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24 if csvPath == "" {
25 fmt.Printf ("please specify csv path\n\n")
26 flag.Usage()
27 os.Exit (1)
28 }
29
30 name, ext := goresearch.SplitPathAndExt(csvPath)
31 if ext != ".csv" {
32 fmt.Printf("please specify csv path\n\n")
33 flag.Usage()
34 os.Exit (1)
35 }
36
37 fmt .Println("csvPath:", csvPath)
38 fmt.Println("dataDir:", dataDir)
39
40 _, _, e := goresearch.ReadDataFromCSV(csvPath)
41
42 outputName := filepath.Base(name)
43
44 data := goresearch.NormToMaxInt16(e)
45
46 goresearch.SaveDataAsWav(data, dataDir, outputName)
a7 }
Y —A 2 —F 1.2.1-10 cmd/drone_json_generator/main.go
1 package main
2
3 import (
4 "encoding/json"
5 "flag"
6 "fl’ﬂt"
7 "os"
8 "path/filepath"
9 )
10

11 type ADFConfig struct {

WavName string ‘json:"wav_name"‘

AdfName string ‘json:"adf_name"‘
Mu float64 ‘json:'"mu"‘
L int ‘json:"1"¢

Order int ‘json:"order"®

19 func main() {

var (
wavName string
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adfName string
L int

Mu float64
order int
dataDir string

flag.StringVar (&wavName, "wav", "../wavfiles/dr_static_20.wav",

"wav name')
flag.StringVar (&adfName, "adf", "NLMS", "algorithm")
flag.Float64Var (&Mu, "mu", 1.0, "mu")
flag.IntVar (&L, "L", 256, "L")
flag.IntVar (&order, "order", 8, "order")
flag.StringVar (&dataDir, "dir", "./", "save dir")

flag.Parse()

fmt . Println("wavName:", wavName)
fmt .Println("adfName:", adfName)
fmt.Println("mu:", Mu)
fmt.Println("L:", L)
fmt.Println("order:", order)

fmt .Println("dataDir:", dataDir)

var testName string
applicationName := "static"

switch adfName {
case "LMS":
testName = fmt.Sprintf("%v_%v_L-%v", adfName,
applicationName, L)
case "NLMS":
testName = fmt.Sprintf("%v_%v_L-%v", adfName,
applicationName, L)
case "AP":
testName = fmt.Sprintf (")v_%v_L-%v_order-/%v", adfName,
applicationName, L, order)
case "RLS":
testName = fmt.Sprintf("%v_%v_L-%v", adfName,
applicationName, L)
default:

err := fmt.Errorf("\nadfName is not valid:%v\n", adfName)

fmt .Println(err)
fmt.Printf ("Failed!\n")
os.Exit (1)

+

fmt.Printf ("testName: %v\n", testName)
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var adf = &ADFConfig{
WavName: wavName,
AdfName: adfName,
Mu: Mu,
L: L,
Order: order,

outadfJSON, err := json.Marshal (adf)

check (err)

fw, err := os.Create(filepath.Join(dataDir, testName+".json"))
check (err)

defer fw.Close()

_, err = fw.Write(outadfJSON)

check (err)

fmt.Printf("json file saved at :%v\n", filepath.Join(dataDir,
testName+" . json"))

func check(err error) {

if err != nil {
panic(err)

¥

Y —Za—F 1.2.1-11 emd/calec_mse_csv/main.go

package main

import (

||f1ag||

n fmt "
"gonum.org/v1/gonum/floats"
||math||

"path/filepath"

"github.com/tetsuzawa/research-tools/goresearch"

func main() {

var tap int
flag.IntVar (&tap, "tap", 256, "mse taps")

flag.Parse()
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19 fmt.Println("mse taps:", tap)

20
21 inputPath := flag.Arg(0)
22 fmt.Println("inputPath:", inputPath)
23
24 dataDir := flag.Arg(1)
25 fmt.Println("dataDir:", dataDir)
26
27 ds, ys, es := goresearch.ReadDataFromCSV(inputPath)
28
29 var mse = make([]float64, len(es)-tap)
30 var v float64
31 var err error
32 for i := 0; i < len(es)-tap; i++ {
33
34 fmt.Printf ("working... %d%%\r", (i+1)*100/(len(es
)-tap))
35
36 v, err = goresearch.CalcMSE(es[i:i+tap], nil)
37 check(err)
38 mse[i] = 20 * math.Logl0(v)
39 }
40 floats.AddConst (—1*floats.Max(mse), mse)
41
42 name, _ := goresearch.SplitPathAndExt (inputPath)
43 outputName := filepath.Base(name) + "_mse"
44
45 goresearch.SaveDataAsCSV(ds, ys, es, mse, dataDir,
outputName)
46
a7 }
48
49 func check(err error) {
50 if err !'= nil {
51 panic(err)
52 }
53 }
Y — A2 —F 1.2.1-12 emd/multirecord /main.go
1 /*
2 Contents: multi channel record.
3 This program works as typical recording app with multi
channels.
4 Output file format is .wav.
5 Please run ‘multirecord —-help‘ for details.
6 Usage: multirecord (-c ch -r rate -b bits -o /path/to/out.wav)

secC

98



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Author: Tetsu Takizawa

E-mail: tt15219@tomakomai.kosen-ac.jp
LastUpdate: 2019/11/18

DateCreated : 2019/11/18

*/

package main

import (

IlOs n

"github.com/urfave/cli"
func main() {

app := cli.NewApp()
defer app.Run(os.Args)

app.CustomAppHelpTemplate = HelpTemplate

app.Name = "multirecord"

app.Usage = ‘This app records sounds with multi channels
and save as .wav file or .DSB files if --DSB is

specified.
app.Version = "0.1.2"

app.Action = multiRecord

app.Flags = [Jcli.Flag{
cli.IntFlag{
Name: "channel, c",
Value: 1,

Usage: "input number of channels",

cli.IntFlag{
Name: "bits, b",
Value: 16,

Usage: '"number of bits per sample",

},

cli.IntFlag{
Name: "rate, r",
Value: 48000,

Usage: '"number of sample rate",

},
cli.StringFlag{
Name: "outpath, o",
Value: "out_multirecord.wav",

Usage: '"specify output path",
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cli.BoolFlag{
Name: "params, p",
Usage: '"trace import statements",
1,
cli.BoolFlag{
Name: "DSB, D",
Usage: '"make .DSB files",
T,

Y —Z a—F 1.2.1-13 emd/multirecord /multirecord.go

/%
Contents: multi channel record.
This program works as typical recording app with multi
channels.
Output file format is .wav.
Please run ‘multirecord --help‘ for details.
Usage: multirecord (-c ch -r rate -b bits -o /path/to/out.wav) sec
Author: Tetsu Takizawa
E-mail: tt152190@tomakomai.kosen-ac. jp
LastUpdate: 2019/11/18
DateCreated : 2019/11/18
*/

package main

import (
"fmt n

os
"strconv"
“tlme n

"github.com/go-audio/audio"
"github.com/go-audio/wav"
"github.com/gordonklaus/portaudio"
"github.com/pkg/errors"
"github.com/urfave/cli"

"github.com/tetsuzawa/research-tools/goresearch"

)

const (
FramesPerBuffer = 1024
PCM = 1

)

var (
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wl *wav.Encoder
RecordSeconds float64
NumChannels int

SampleRate int
BitsPerSample int
NumSamplesToWrite int
NumWritten int

aBuf = new(audio.IntBuffer)
err error

func multiRecord(ctx *cli.Context) error {

[/ FExxkkkxkkkkx check argument k¥ xkkkkxskk*k
if ctx.Args() .Get(0) == "" {
return cli.NewExitError(‘too few arguments. need
recording duration

Usage: multirecord (-c ch -r rate -b bits -o /path/to/out.wav)
duration

}

/] ®xkkxkkxkkxkk validate ext *kxkkkkkkkokkk

name, ext := goresearch.SplitPathAndExt(ctx.String("o"))
if ext !'= ".wav" && ext != "" {

return cli.NewExitError(‘incorrect file format.
multirecord saves audio as .wav file.

Usage: multirecord -o /path/to/file.wav 5.0, 2)

}

// kkkkkkkkkkkkkx yalidate parameter 3k >k 5k 5k 5k %k %k %k 5k >k %k %k %
RecordSeconds, err = strconv.ParseFloat(ctx.Args().Get(0),
64)
if err !'= nil {
err = errors.Wrap(err, "error occurred while
converting arg of recording time from string to
float64")
return cli.NewExitError(err, 5)
}
NumChannels = ctx.Int("c")
SampleRate = ctx.Int("r")
BitsPerSample := ctx.Int("b")
if BitsPerSample != 16 {
return cli.NewExitError(‘sorry, this app is only for
16 bits per sample for now‘, 99)
}

NumSamplesToWrite = int(RecordSeconds * float64(SampleRate

))
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74

75 [/ x¥*kkkkkkkxxkk create output file kkkkskskxskskskkkk

76 f1, err := os.Create(name + ".wav")

77 if err != nil {

78 err = errors.Wrap(err, "internal error: error
occurred while creating output file")

79 return cli.NewExitError(err, 5)

80 }

81 defer f1.Close()

82

83 wl = wav.NewEncoder (f1, SampleRate, BitsPerSample,

NumChannels, PCM)

84 aBuf .Format = &audio.Format{

85 NumChannels: NumChannels,

86 SampleRate: SampleRate,

87 }

88 aBuf .SourceBitDepth = BitsPerSample

89

90 [/ Fx*kkkkkkkxkkk initialize portaudioxxkskkkkkkkkkx

91 err = portaudio.Initialize()

92 defer portaudio.Terminate()

93 if err !'= nil {

94 err = errors.Wrap(err, "internal error: error
occurred while initializing portaudio")

95 return cli.NewExitError(err, 5)

96 }

97

98 h, err := portaudio.DefaultHostApi()

99 if err !'= nil {

100 err = errors.Wrap(err, "internal error: error
occurred while searching host API")

101 return cli.NewExitError(err, 5)

102 }

103 paParam := portaudio.LowLatencyParameters(h.

DefaultInputDevice, h.DefaultOutputDevice)

104 paParam.SampleRate = float64(SampleRate)

105 paParam. Input.Channels = NumChannels

106 paParam.Output.Channels = 1

107 paParam.FramesPerBuffer = FramesPerBuffer

108

109 stream, err := portaudio.OpenStream(paParam, callback)

110 if err !'= nil {

111 err = errors.Wrap(err, "internal error: error
occurred while opening stream on portaudio")

112 return cli.NewExitError(err, 5)

113 +

114 defer stream.Close()
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// 3k 3k >k 3k ok 3k >k >k 5k 5k k k k print parameter 3k 3k >k 3k 5k 3k >k >k ok ok ok >k k

fmt
fmt
fmt
fmt
fmt

.Printf ("\nOutput File: \t‘%s‘\n", name+".wav"
.Printf ("Channels: \t%d \n", NumChannels)
.Printf ("Sample Rate: \t%d\n", SampleRate)
.Printf ("Precision: \t%d-bits\n", BitsPerSample)
.Printf ("Duration: \t/f [sec] = %d samples\n",
RecordSeconds, NumSamplesToWrite)

fmt .Printf ("Encoding: \t/d-bits Signed Integer PCM\n\n",

BitsPerSample)

if ctx.Bool("p") {

fmt.Printf ("\nFrames Per Buffer\n", paParam.
FramesPerBuffer)

fmt.Printf ("\nInput Device Parameters\n")

fmt.Printf ("Input Device Name\t\t\t/v\n", paParam.
Input.Device.Name)

fmt.Printf ("Input Device MaxInputChannels\t\t)v\n",
paParam. Input.Device.MaxInputChannels)

fmt.Printf ("Input Device DefaultSampleRate\t\t/v\n
", paParam.Input.Device.DefaultSampleRate)

fmt.Printf ("Input Device HostApi\t\t\t/v\n",
paParam. Input.Device.HostApi)

fmt.Printf ("Input Device DefaultLowInputLatency\t/%v\

n", paParam.Input.Device.DefaultLowInputLatency)

fmt.Printf ("Input Device DefaultHighInputLatency\t%v
\n", paParam.Input.Device.

DefaultHighInputLatency)

fmt.Printf ("\n\nOutput params\n")

fmt.Printf ("Output Device Name\t\t\t)v\n", paParam.
Output .Device.Name)

fmt.Printf ("Output Device MaxOutputChannels\t\t/v\n
", paParam.Output.Device.MaxOutputChannels)

fmt.Printf ("Output Device DefaultSampleRate\t\t)v\n
", paParam.Output.Device.DefaultSampleRate)

fmt .Printf ("Output Device HostApilt\t\t)v\n",
paParam.Qutput.Device.HostApi)

fmt.Printf ("Output Device DefaultLowOutputLatency\t’

v\n"

, paParam.QOutput.Device.
DefaultLowOutputLatency)

fmt.Printf ("Output Device DefaultHighOutputLatency\t
%v\n", paParam.Output.Device.

DefaultHighOutputLatency)
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}

[/ kEkkkskkokkskokkkk record audio kkskckskskskokskskokkk
err = stream.Start()
if err !'= nil {
err = errors.Wrap(err, "internal error: error
occurred while starting stream")
return cli.NewExitError(err, 5)

}

fmt.Printf ("\nrecording...\n")

st := time.Now()
for time.Since(st).Seconds() < RecordSeconds {
fmt.Printf("%.1f[sec] : %.1f[sec]\r", time.Since(st
) .Seconds (), RecordSeconds)

}
err = stream.Stop()
if err !'= nil {
err = errors.Wrap(err, "internal error: error
occurred while stopping stream")
return cli.NewExitError(err, 5)
+
err = wl.Close()
check(err)

fmt.Printf ("\n\nSuccessfully recorded!!\n")

if ctx.Bool("D") {
err = wavToDSB(ctx, name)
if err !'= nil {
err = errors.Wrap(err, "error occurred while
converting .wav file to .DSB files")

return nil

// kxkxdokkkxkokkk callback function kkkkskkokskkskskok
func callback(inBuf, outBuf [Jinti16) {

if NumWritten+FramesPerBuffer > NumSamplesToWrite {

numWrite := NumSamplesToWrite — NumWritten

NumWritten += numWrite

aBuf .Data = goresearch.Int16sToInts(inBuf [:numWrite
D

err = wl.Write(aBuf)

check(err)

return
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186 }

187 NumWritten += len(inBuf) / NumChannels

188 aBuf .Data = goresearch.Int16sToInts (inBuf)
189 err = wl.Write(aBuf)

190 check(err)

191 }

Y — A a—F 1.2.1-14 cmd/multirecord /util.go

package main

func check(err error) {
if err != nil {
panic(err)

+
b

© 0 N O Ok W N

—_
[e=]

var HelpTemplate = ‘NAME:
{{.Name}}{{if .Usage}} - {{.Usage}}{{end}}

—_ =
N =

USAGE:
{{if .UsageText}}{{.UsageText}}{{else}}{{.HelpNamel}} {{if
VisibleFlags}} [options]{{end}} {{if .ArgsUsage}}{{.ArgsUsage
}}{{else}} [arguments. ..]{{end}}{{end}}{{if .Version}}{{if

not .HideVersion}}

—_ =
- W

15

16 VERSION:

17 {{.version}}{{end}}{{end}}{{if .Description}}

18

19 DESCRIPTION:

20 {{.Description}}{{end}}{{if len .Authors}}

21

22 AUTHOR{{with $length := len .Authors}}{{if ne 1 $length}}S{{end
}}{{end}}:

23 {{range $index, $author := .Authors}}{{if $index}}

24 {{end}}{{$author}}{{end}}{{end}}{{if .VisibleCommands}}

25

26 OPTIONS:

27 {{range $index, $option := .VisibleFlags}}{{if $index}}

28 {{end}}{{$option}}{{end}}{{end}}"

Y —A2—F 1.2.1-15 ecmd/multirecord /wav_to_DSB.go

1 /%

2 Contents: multi channel record.

w

This program works as typical recording app with multi
channels.
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Usage: multirecord (-c ch -r rate -b bits -o /path/to/out.wav) sec

Author:

E-mail:

Output file format is .wav.
Please run ‘multirecord --help‘ for details.

Tetsu Takizawa
tt152190@tomakomai . kosen-ac. jp

LastUpdate: 2019/11/18
DateCreated : 2019/11/18

*/

package main

import (
"byteS n
"encoding/binary"
"fmt "
n os n

"github.com/go-audio/wav"
"github.com/pkg/errors"
"github.com/urfave/cli"

func wavToDSB(ctx *cli.Context, name string) error {

[/ ®¥kkxkkrkkkkk create output file dkxdokkdokkskokkk
f, err := os.Open(name + ".wav"
if err != nil {
err = errors.Wrap(err, "internal error: error
occurred while creating output file")
return cli.NewExitError (err, 5)
+
defer f.Close()
w := wav.NewDecoder (f)
if err !'= nil {
err = errors.Wrap(err, "error occurred while
processing .wav file")
return cli.NewExitError(err, 3)

b

// kokkkkkkkkkkkkx yvalidate parameter kkiokskkokkkkokxk
w.ReadInfo ()

ch := int(w.NumChans)

byteRate := int(w.BitDepth/8) * ch

bps := byteRate / ch

fs := int(w.SampleRate)

if fs != 48000 || bps != 2 || w.WavAudioFormat != 1 {
errMsg := fmt.Sprintf(‘audio format error: wav
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format must be as follows.

49 sample rate: want 48000 Hz, got %v Hz

50 sampling bit rate: want 16 bits per sample, got %v bits per sample
51 audio format: want 1 (PCM), got %v‘, fs, w.BitDepth, w.
WavAudioFormat)

52
53
54
55
56
57

58
59
60
61
62

63

64
65
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70
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75
76

7
78
79
80
81
82
83
84

85
86

}

aBuf,

}

return cli.NewExitError(errMsg, 3)

err := w.FullPCMBuffer ()
if err != nil {

err = errors.Wrap(err, "error occurred while
processing .wav file")
return cli.NewExitError(err, 3)

if aBuf.SourceBitDepth != 16 {

iter
wBuf

err = errors.New("sampling bit rate is incorrect.
need 16 bits per sample")

err = errors.Wrap(err, "error occurred while
processing .wav file")

return cli.NewExitError(err, 3)

aBuf . NumFrames ()
make ([]byte, iter*bps)

// **xx*x*kx*x*x**x split channel and write to .DSB files
ok KKK KKK KKK K

var fw *os.File

for j

= 0; j < ch; g+ {

if ch == 1 {
fw, err = os.Create(fmt.Sprintf("%s.DSB",
name) )
} else {
fw, err = os.Create(fmt.Sprintf ("%s_ch’d.DSB
", name, j+1))

}
if err != nil {
return cli.NewExitError (err, 3)
}
defer fw.Close()
for i := 0; i < iter; i++ {
fmt.Printf ("converting... %d%%\r", (i
+1)*100/iter)

b := new(bytes.Buffer)
//err = binary.Write(b, binary.LittleEndian,
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value [ch*i+j])

87 err = binary.Write(b, binary.LittleEndian,
int16(aBuf .Data[ch*i+j]))

88 if err != nil {

89 err = errors.Wrap(err, "internal

error: error occurred while
writing data to buffer")

90 return cli.NewExitError(err, 5)

91 }

92 copy (wBuf [bps*i:bps*(i+1)], b.Bytes())

93 }

94 _, err = fw.Write(wBuf)

95 if err != nil {

96 err = errors.Wrap(err, "error occurred while

writing data to .DSB file")

97 return cli.NewExitError(err, 3)

98 }

99

100 }

101 if ch == 1 {

102 fmt.Printf ("\n\n%d file created as ‘%s.DSB‘\n", ch,
name)

103 } else {

104 fmt .Printf ("\n\nY%d files created as ‘%s_chX.DSB‘\n
", ch, name)

105 }

106

107 fmt.Printf ("\n")

108 fmt.Println("end!!")

109

110 return nil

11

Y —Z a2 —F 1.2.1-16 ecmd/wav_to_DSB/main.go

1 /%

2 Contents: wav to DSB converter.

3 This program converts .wav file to .DSB files.
4 Please run ‘wav_to_DSB —-help‘ for details.

5 Usage: wav_to_DSB (-o /path/to/out.DSB) /path/to/file.wav
6 Author: Tetsu Takizawa

7 E-mail: tt15219Q@tomakomai.kosen—ac. jp

8 LastUpdate: 2019/11/16

9 DateCreated : 2019/11/16

10 */

11 package main

12

13 import (
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IloS n

"github.com/pkg/errors"
"github.com/urfave/cli"

"github.com/tetsuzawa/research-tools/goresearch"

func main() {

app := cli.NewApp()
defer app.Run(os.Args)
app.CustomAppHelpTemplate = HelpTemplate

app.Name = "wav_to_DSB"
app.Usage = ‘This app converts .wav file to .DSB file.
app.Version = "0.1.0"

app.Action = action

app.Flags = [Jcli.Flag{
cli.StringFlag{
Name: "outpath, o",
Usage: "specify output path like as /path/to

/file",

func action(ctx *cli.Context) error {

if ctx.Args().Get(0) == "" {
return cli.NewExitError("too few arguments. need
input file path. \nUsage: wav-to-DSB-multi /path
/to/file.wav", 2)

}

fileName := ctx.Args() .Get(0)

name, ext := goresearch.SplitPathAndExt (fileName)
if ext != ".wav" {

return cli.NewExitError("incorrect file format. need
.wav file. \nUsage: wav-to-DSB-multi /path/to/
file.wav", 2)

}
if ctx.String("o") != "" {
argName := ctx.String("o")
name, _ = goresearch.SplitPathAndExt (argName)
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f, err := os.Open(fileName)
if err !'= nil {
err = errors.Wrap(err, "error occurred while
opening input file")
return cli.NewExitError("no such a file", 2)
+
defer f.Close()

return wavToDSB(ctx, f, name)

Y —Aa—F 1.2.1-17 cmd/wav_to_DSB/util.go

package main

var HelpTemplate = ‘NAME:
{{.Name}}{{if .Usage}} - {{.Usage}}{{end}}

USAGE:

{{if .UsageText}}{{.UsageText}}{{else}}{{.HelpName}} {{if .
VisibleFlags}} [options] {{end}} {{if .ArgsUsagel}}{{.

ArgsUsage}}{{else}} [arguments. . .]{{end}}{{end}}H{{if .
Version}}{{if not .HideVersionl}}

VERSION:
{{.version}}{{end}}{{end}}{{if .Description}}

DESCRIPTION:
{{.Description}}{{end}}{{if len .Authorsl}}

AUTHOR{{with $length := len .Authors}}{{if ne 1 $length}}S{{end

}}H{{end}}:
{{range $index, $author := .Authors}}{{if $index}}

{{end}}{{$author}}{{end}}{{end}}{{if .VisibleCommands}}

OPTIONS:
{{range $index, $option := .VisibleFlags}}{{if $index}}
{{end}}{{$option}}{{end}}{{end}}*

Y —Aa—F 1.2.1-18 emd/wav_to_DSB/wtod.go

package main
import (

||bytesll
"encoding/binary"
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||fmt n
"github.com/go-audio/wav'

IIOs n

"github.com/pkg/errors"
"github.com/urfave/cli"

var err error

func wavToDSB(ctx *cli.Context, f *os.File, name string) error {

//w, err := wav.NewReader (f)
w := wav.NewDecoder (f)
if err != nil {

err = errors.Wrap(err, "error occurred while
processing .wav file")
return cli.NewExitError(err, 3)

b

w.ReadInfo ()

ch := int(w.NumChans)

byteRate := int(w.BitDepth/8) * ch
bps := byteRate / ch

fs := int(w.SampleRate)

if fs != 48000 || bps != 2 || w.WavAudioFormat != 1 {
errMsg := fmt.Sprintf(‘audio format error: wav
format must be as follows.

sample rate: want 48000 Hz, got %v Hz

sampling bit rate: want 16 bits per sample, got %v bits per sample

audio format: want 1 (PCM), got %v‘, fs, w.BitDepth, w.
WavAudioFormat)

return cli.NewExitError(errMsg, 3)

}

//data, err := w.ReadSamples(int(w.GetSubChunkSize()) /
byteRate * ch)
aBuf, err := w.FullPCMBuffer ()
if err !'= nil {
err = errors.Wrap(err, "error occurred while
processing .wav file")
return cli.NewExitError(err, 3)

}

//value, ok := data.([]int16)
if aBuf.SourceBitDepth != 16 {
err = errors.New("sampling bit rate is incorrect.

111



48

49
50
51
52
53
54
55
56
57
58
59

60
61

62
63
64
65
66
67
68
69

70
71

72

73
74

75
76
7
78
79
80
81

82
83
84

need 16 bits per sample")

err = errors.Wrap(err, "error occurred while
processing .wav file")

return cli.NewExitError(err, 3)

:= len(value) / ch

aBuf . NumFrames() / ch
make ([]byte, iter*bps)

var fw *os.File
= 0; j < ch; g+ {

if ch == 1 {
fw, err = os.Create(fmt.Sprintf("%s.DSB",
name) )
} else {
fw, err = os.Create(fmt.Sprintf ("%s_ch’d.DSB

n

, name, j+1))

+
if err != nil {
return cli.NewExitError (err, 3)
}
defer fw.Close()
for i := 0; i < iter; i++ {
fmt.Printf ("working... %d%%\r", (i+1)x*100/
iter)

b := new(bytes.Buffer)
//err = binary.Write(b, binary.LittleEndian,
value [ch*i+j])
err = binary.Write(b, binary.LittleEndian,
int16 (aBuf .Datal[ch*i+j]))
if err != nil {
err = errors.Wrap(err, "internal
error: error occurred while
writing data to buffer")
return cli.NewExitError(err, 5)

}
copy (wBuf [bps*i:bps*(i+1)], b.Bytes())
}
_, err = fw.Write(wBuf)
if err != nil {
err = errors.Wrap(err, "error occurred while
writing data to .DSB file")
return cli.NewExitError (err, 3)
}
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85 +

86 if ch == 1 {

87 fmt .Printf ("\n\n%d file created as %s.DSB\n", ch,
name)

88 } else {

89 fmt.Printf ("\n\n%d files created as %s_chX.DSB\n",
ch, name)

90 }

91

92 fmt.Printf ("\n")

93 fmt.Println("end!!")

94

95 return nil

96 }

A.2.2 ADFSA475Y
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| base.go
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Y —Aa2—F 1.2.2-20 ap.go

package adf

import (
"errors"

//FiltAP is base struct for AP filter.
//Use NewFiltAP to make instance.
10 type FiltAP struct {

1
2
3
4
5 "gonum.org/v1/gonum/mat"
6
7
8
9
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filtBase

order int

eps float64

wHist [][]float64
xMem *mat.Dense
dMem *mat.Dense
yMem *mat.Dense
eMem *mat.Dense
epsIDE *mat.Dense
ide *mat.Dense

3

//NewFiltAP is constructor of AP filter.

//This func initialize filter length ‘n‘, update step size

projection order ‘order‘ and filter weight

4

w

4

4

mu

func NewFiltAP(n int, mu float64, order int, eps float64, w []

float64) (AdaptiveFilter, error) {
var err error

p := new(FiltAP)

p.kind = "AP filter"

p-n =n
p.muMin = O
p.muMax = 1000

p.mu, err = p.checkFloatParam(mu, p.muMin, p.muMax, "mu")

if err != nil {
return nil, err
}

p.order = order

p.eps, err = p.checkFloatParam(eps, 0, 1000, "eps")

if err != nil {
return nil, err
}
err = p.initWeights(w, n)
if err != nil {
return nil, err
+
p.xMem = mat.NewDense(n, order, nil)
p.dMem = mat.NewDense(l, order, nil)

elmNum := order * order

//make diagonal matrix

diaMat := make([]float64, elmNum)

for i := 0; i < order; i++ {
diaMat [i* (order+1)] = eps

}

p.epsIDE = mat.NewDense(order, order, diaMat)
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56

57 for i := 0; i < order; i++ {

58 diaMat [i* (order+1)] = 1

59 }

60 p.ide = mat.NewDense(order, order, diaMat)
61

62 p.yMem = mat.NewDense(order, 1, nil)
63 p.eMem = mat.NewDense(l, order, nil)
64

65 return p, nil

66

67

68 //Adapt calculates the error ‘e‘ between desired value ‘d‘ and

estimated value ‘y°,
69 //and update filter weights according to error ‘e°

70 func (af *FiltAP) Adapt(d float64, x []float64) {

71 xr, _ := af.xMem.Dims()

72 xCol := make([]float64, xr)

73 dr, _ := af.dMem.Dims()

74 dCol := make([]float64, dr)

75 // create input matrix and target vector
76 // shift column

77 for i := af.order - 1; i > 0; i-—- {
78 mat.Col(xCol, i-1, af.xMem)

79 af .xMem.SetCol (i, xCol)

80 mat.Col(dCol, i-1, af.dMem)

81 af .dMem.SetCol(i, dCol)

82 }

83 af .xMem.SetCol (0, x)

84 af.dMem.Set (0, O, d)

85

86 // estimate output and error

87 af .yMem.Mul (af .xMem.T(), af.w.T())

88 af .eMem.Sub(af.dMem, af.yMem.T())

89

90 // update

91 dwl := mat.NewDense(af.order, af.order, nil)
92 dwl.Mul(af .xMem.T(), af.xMem)

93 dwl.Add(dwl, af.epsIDE)

94 dw2 := mat.NewDense(af.order, af.order, nil)
95 err := dw2.Solve(dwl, af.ide)

96 if err != nil {

97 panic(err)

98 }

99 dw3 := mat.NewDense(1l, af.order, nil)
100 dw3.Mul (af .eMem, dw2)

101 dw := mat.NewDense(1l, af.n, nil)
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dw.Mul(dw3, af.xMem.T())
dw.Scale(af.mu, dw)
af .w.Add(af .w, dw)
+
//Run calculates the errors ‘e‘ between desired values ‘d‘ and
estimated values ‘y‘ in a row,
//while updating filter weights according to error ‘e’
func (af *FiltAP) Run(d []float64, x [][]Jfloat64) (y []lfloat64, e
[1float64, wHist [][]float64, err error) {
//measure the data and check if the dimension agree
N := len(x)
if len(d) !'= N {
return nil, nil, nil, errors.New('"the length of slice d and
x must agree")
}
af.n = len(x[0])
af .wHist = make([] [Jfloat64, N)
for i := 0; i < N; i++ {
af .wHist[i] = make([]float64, af.n)

+

y = make([]float64, N)

e = make([]float64, N)

w := af.w.RawRowView(0)

xr, _ := af.xMem.Dims()
xCol := make([]float64, xr)
dr, _ := af.dMem.Dims()

dCol := make([]float64, dr)

//adaptation loop
for i := 0; i < N; i++ {
copy(af.wHist[i], w)

// create input matrix and target vector

// shift column

for i := af.order - 1; i > 0; i-- {
mat.Col(xCol, i-1, af.xMem)
af .xMem.SetCol (i, xCol)
mat.Col(dCol, i-1, af.dMem)
af .dMem.SetCol (i, dCol)

+

af .xMem.SetCol(0, x[i])

af.dMem.Set (0, 0, d[i])

// estimate output and error
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146 // same as af.yMem.Mul(af.xMem, af.w.T()).T()

147 af .yMem.Mul (af.xMem.T(), af.w.T())
148 af.eMem.Sub(af.dMem, af.yMem.T())

149 y[i] = af.yMem.At(O, 0)

150 e[i] = af.eMem.At(0O, 0)

151

152 // update

153 dwl := mat.NewDense(af.order, af.order, nil)
154 dwl.Mul (af .xMem.T(), af.xMem)

155 dwl.Add(dwl, af.epsIDE)

156 dw2 := mat.NewDense(af.order, af.order, nil)
157 err := dw2.Solve(dwl, af.ide)

158 if err != nil {

159 return nil, nil, nil, err

160 }

161 dw3 := mat.NewDense(1, af.order, nil)
162 dw3.Mul (af .eMem, dw2)

163 dw := mat.NewDense(af.n, 1, nil)

164 dw.Mul (af .xMem, dw3.T())

165 dw.Scale(af.mu, dw)

166 af .w.Add(af.w, dw.T())

167 }

168 wHist = af.wHist

169 return y, e, wHist, nil

170}

171

172 func (af *FiltAP) clone() AdaptiveFilter {
173 altaf := *af

174 return &altaf

175

Y — A a2—F 1.2.2-21 base.go

1 package adf

2

3 import (

4 "fmt"

5

6 "github.com/pkg/errors"

7 "gonum.org/v1/gonum/floats"
8 "gonum.org/v1/gonum/mat"

9

10 "github.com/tetsuzawa/go—adflib/misc"
1 )

12

13 // AdaptiveFilter is the basic Adaptive Filter interface type.
14 type AdaptiveFilter interface {
15 initWeights(w []float64, n int) error
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16 //Predict calculates the new estimated value ‘y‘ from input
[

slice ‘x
17 Predict(x [Jfloat64) (y float64)
18
19 //Adapt calculates the error ‘e‘ between desired value ‘d‘
and estimated value ‘y°,
20 //and update filter weights according to error ‘e°
21 Adapt (d float64, x []float64)
22
23 //Run calculates the errors ‘e between desired values ‘d‘
and estimated values ‘y‘ in a row,
24 //while updating filter weights according to error ‘ef
25 Run(d [Jfloat64, x [][]float64) (y [Jfloat64, e []Jfloat64,
wHist [][]float64, err error)
26 checkFloatParam(p, low, high float64, name string) (float64
, error)
27 checkIntParam(p, low, high int, name string) (int, error)
28
29 //SetStepSize sets the step size of adaptive filter.
30 SetStepSize(mu float64) error
31
32 //GetParams returns the parameters at the time this func is
called.
33 //parameters contains ‘n‘: filter length, ‘mu‘: filter
update step size and ‘w‘: filter weights.
34 GetParams() (n int, mu float64, w []float64)
35
36 //GetParams returns the name of ADF.
37 GetKindName () (kind string)
38
39 clone() AdaptiveFilter
40 }
41

42 //Must checks whether err is nil or not. If err in not nil, this
func causes panic.

43 func Must(af AdaptiveFilter, err error) AdaptiveFilter {

44 if err != nil {

45 panic(err)
46 }

47 return af

48 }

49

50 //PreTrainedRun use part of the data for few epochs of learning.

51 //The arg ‘d‘ is desired values.

52 //‘x‘ is input matrix. columns are bunch of samples and rows are
set of samples.

53 //‘nTrain‘ is train to test ratio, typical value is 0.5. (that
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means 507 of data is used for training).
//‘epochs‘ is number of training epochs, typical value is 1. This
number describes how many times the training will be repeated.
func PreTrainedRun(af AdaptiveFilter, d []float64, x [][]float64,
nTrain float64, epochs int) (y, e [Jfloat64, w [][]lfloat64, err

error) {
var nTrainI = int(float64(len(d)) * nTrain)
//train
for i := 0; i < epochs; i++ {
_, _, _, err = af .Run(d[:nTrainI], x[:nTrainI])
if err != nil {
return nil, nil, nil, err
}
+
//run

y, e, w, err = af .Run(d[:nTrainl], x[:nTrainI])
if err != nil {
return nil, nil, nil, err
}
return y, e, w, nil

3

//ExplorelLearning searches the ‘mu‘ with the smallest error value

from the input matrix ‘x‘ and desired values ‘d‘.

//

//The arg ‘d‘ is desired value.

//

//‘x‘ is input matrix.

//

//‘muStart‘ is starting learning rate.

//

//‘muEnd‘ is final learning rate.

//

//‘steps‘ : how many learning rates should be tested between

muStart‘ and ‘muEnd‘.

//

//‘nTrain is train to test ratio, typical value is 0.5. (that
means 507% of data is used for training)

//

//‘epochs‘ is number of training epochs, typical value is 1. This
number describes how many times the training will be repeated.

//

//‘criteria‘ is how should be measured the mean error. Available
values are "MSE", "MAE" and "RMSE".

//

//‘target_w‘ is target weights. If the slice is nil, the mean
error is estimated from prediction error.
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o //

92 // If an slice is provided, the error between weights and ‘target_w
¢ is used.

93 func ExplorelLearning(af AdaptiveFilter, d []float64, x [][]float64,

muStart, muEnd float64, steps int,

94 nTrain float64, epochs int, criteria string, targetW []
float64) ([]float64, []float64, error) {

95 mus := misc.LinSpace(muStart, muEnd, steps)

96 es := make([]float64, len(mus))

97 zeros := make([]float64, int(float64(len(x))*nTrain))

98 for i, mu := range mus {

99 //init

100 err := af.initWeights(nil, len(x[0]))

101 if err != nil {

102 return nil, nil, errors.Wrap(err, "failed to
init weights at InitWights()")

103 }

104 err = af.SetStepSize(mu)

105 if err != nil {

106 return nil, nil, errors.Wrap(err, "failed to
set step size at StetStepSize()")

107 }

108 //run

109 _, e, _, err := PreTrainedRun(af, d, x, nTrain,

epochs)

110 if err != nil {

111 return nil, nil, errors.Wrap(err, "failed to
pre train at PreTrainedRun()")

112 }

113 es[i], err = misc.GetMeanError(e, zeros, criteria)

114 //fmt .Println(es[i])

115 if err != nil {

116 return nil, nil, errors.Wrap(err, "failed to
get mean error at GetMeanError()")

117 }

118 }

119 return es, mus, nil

120 }

121

122 //FiltBase is base struct for adaptive filter structs.
123 //It puts together some functions used by all adaptive filters.
124 type filtBase struct {

125 kind string
126 n int

127 muMin float64
128 muMax float64
129 mu float64

120



130
131
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152
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154
155
156

157
158
159
160
161
162
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167
168
169
170
171
172

w *mat.Dense

}

//NewFiltBase is constructor of base adaptive filter only for
development.

func newFiltBase(n int, mu float64, w []float64) (AdaptiveFilter,
error) {

var err error
p := new(filtBase)
p.kind = "Base filter"

p-n =n
p.muMin = O
p.muMax = 1000

p.mu, err = p.checkFloatParam(mu, p.muMin, p.muMax, "mu")
if err !'= nil {
return nil, err
}
err = p.initWeights(w, n)
if err != nil {
return nil, err

}

return p, nil

3

//initWeights initialises the adaptive weights of the filter.
//The arg ‘w‘ is initial weights of filter.
//Typical value is zeros with length ‘n‘.
//If ‘w‘ is nil, this func initializes ‘w‘ as zeros.
//‘n‘ is size of filter. Note that it is often mistaken for the
sample length.
func (af *filtBase) initWeights(w []float64, n int) error {
if n <= 0 {
n = af.n
}
if w == nil {
w = make([]float64, n)
}
if len(w) '=n {
return fmt.Errorf("the length of slice ‘w‘ and ‘n¢
must agree. len(w): %d, n: %d", len(w), n)

}

af.w = mat.NewDense(1l, n, w)

return nil

3

//Predict calculates the new estimated value ‘y‘ from input slice
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func (af *filtBase) Predict(x []float64) (y float64) {
y = floats.Dot(af.w.RawRowView(0), x)
return y

3

//Adapt is just a method to satisfy the interface.

//1t is used by overriding.

func (af *filtBase) Adapt(d float64, x []float64) {
//T0ODO

b

//Run is just a method to satisfy the interface.
//It is used by overriding.
func (af *filtBase) Run(d []float64, x [][]float64) ([]lfloat64, []
float64, [][]float64, error) {
//TODO
//measure the data and check if the dimension agree
N := len(x)
if len(d) !'= N {
return nil, nil, nil, errors.New("the length of
slice d and x must agree")
}

af.n = len(x[0])

[=}

y := make([]float64, N)

make ([]float64, N)

W make ([]float64, af.n)

wHist := make([][]Jfloat64, N)

//adaptation loop

for i := 0; i < N; i++ {
w = af.w.RawRowView(0)
y[i] = floats.Dot(w, x[i])
e[i] = d[i] - y[i]
copy (wHist [i], w)

e

}
return y, e, wHist, nil

3

//checkFloatParam check if the value of the given parameter
//is in the given range and a float.
func (af *filtBase) checkFloatParam(p, low, high float64, name
string) (float64, error) {
if low <= p && p <= high {
return p, nil
} else {
err := fmt.Errorf("parameter %v is not in range <%v
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, %sv>", name, low, high)
return 0, err

}

//checkIntParam check if the value of the given parameter
//is in the given range and a int.
func (af *filtBase) checkIntParam(p, low, high int, name string) (
int, error) {
if low <= p && p <= high {
return p, nil
} else {
err := fmt.Errorf("parameter %v is not in range <Jv
, %hv>", name, low, high)
return 0, err

3

//SetStepSize set a update step size mu.
func (af *filtBase) SetStepSize(mu float64) error {

var err error
n

af .mu, err = af.checkFloatParam(mu, af.muMin, af.muMax, "mu
u)
if err != nil {

return err

}

return nil

by

//GetParams returns the parameters at the time this func is called.

//parameters contains ‘n‘: filter length, ‘mu‘: filter update step

size and ‘w‘: filter weights.
func (af *filtBase) GetParams() (int, float64, []float64) {
return af.n, af.mu, af.w.RawRowView(O)

¥

//GetParams returns the name of ADF.
func (af *filtBase) GetKindName() string {
return af.kind

3

func (af *filtBase) clone() AdaptiveFilter {
altaf := *af
return &altaf

Y —Aa—F 1.2.2-22 lms.go

123



© 0 N O Ot ks W N

e e T S
N O U e W N = O

18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38
39
40
41
42
43
44

package adf

import (
"errors"

"gonum.org/v1l/gonum/floats"

//FiltLMS is base struct for LMS filter.
//Use NewFiltLMS to make instance.
type FiltLMS struct {
filtBase
wHistory [][]Jfloat64
}

//NewFiltLMS is constructor of LMS filter.
//This func initialize filter length ‘n‘, update step size ‘muf
and filter weight ‘w°
func NewFiltLMS(n int, mu float64, w []Jfloat64) (AdaptiveFilter,
error) {
var err error
p := new(FiltLMS)
p-kind = "LMS filter"
p.n=n
p.-muMin = 0
2

p.muMax

p.mu, err = p.checkFloatParam(mu, p.muMin, p.muMax, "mu")
if err !'= nil {
return nil, err
}
err = p.initWeights(w, n)
if err !'= nil {
return nil, err

}

return p, nil

3

//Adapt calculates the error ‘e‘ between desired value ‘d‘ and

estimated value ‘y°,
//and update filter weights according to error ‘e°

func (af *FiltLMS) Adapt(d float64, x []lfloat64) {

w := af.w.RawRowView(0)

y := floats.Dot(w, x)

e :=d -y

for i := 0; i < len(x); i++ {

wli] += af.mu * e * x[i]
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45 }
46
47 //Run calculates the errors ‘e between desired values ‘d‘ and
estimated values ‘y‘ in a row,
48 //while updating filter weights according to error ‘e’
49 func (af *FiltLMS) Run(d []Jfloat64, x [][Jfloat64) (y [lfloat64, e
[Jfloat64, wHist [][]Jfloat64, err error) {

50 //measure the data and check if the dimension agree
51 N := len(x)
52 if len(d) '= N {
53 return nil, nil, nil, errors.New('"the length of
slice d and x must agree")
54 }
55 af.n = len(x[0])
56 af .wHistory = make([] []float64, N)
57 for i := 0; i < N; i++ {
58 af .wHistory[i] = make([]float64, af.n)
59 }
60
61 y = make([]float64, N)
62 e = make([]float64, N)
63 //adaptation loop
64 for i := 0; i < N; i++ {
65 w := af.w.RawRowView(0)
66 copy(af .wHistory[i], w)
67 y[i] = floats.Dot(w, x[i])
68 eli] = dli] - ylil
69 for j := 0; j < af.n; j++ {
70 w[j]l += af.mu * e[i] * x[i][j]
71 }
72 }
73 wHist = af.wHistory
74 return y, e, wHist, nil
75}
76
77 func (af *FiltLMS) clone() AdaptiveFilter {
78 altaf := *af
79 return &altaf
80 }
Y — A 2—F 1.2.2-23 nlms.go
1 package adf
2
3 import (
4 "errors"
5
6 "gonum.org/v1l/gonum/floats"
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7 )

8

9 //FiltNLMS is base struct for NLMS filter.
10 //Use NewFiltNLMS to make instance.

11 type FiltNLMS struct {

12 filtBase

13 eps float64

14 wHistory [][]Jfloat64
15 }

16

17 //NewFiltLMS is constructor of LMS filter.

18 //This func initialize filter length ‘n‘, update step size ‘mu’
and filter weight ‘w°

19 func NewFiltNLMS(n int, mu float64, eps float64, w []float64) (

AdaptiveFilter, error) {

20 var err error

21 p := new(FiltNLMS)

22 p.kind = "NLMS filter"

23 p-n =n

24 p.muMin = O

25 p.muMax = 2

26 p.mu, err = p.checkFloatParam(mu, p.muMin, p.muMax, "mu")
27 if err !'= nil {

28 return nil, err
29 }

30 p.eps, err = p.checkFloatParam(eps, 0, 1, "eps")
31 if err !'= nil {

32 return nil, err
33 }

34 err = p.initWeights(w, n)
35 if err != nil {

36 return nil, err
37 }

38 return p, nil

39 }

40

41 //Adapt calculates the error ‘e‘ between desired value ‘d‘ and

estimated value ‘y°,
42 //and update filter weights according to error ‘ef

43 func (af *FiltNLMS) Adapt(d float64, x [Jfloat64) {

44 w := af.w.RawRowView(0)

45 y := floats.Dot(w, x)

46 e :=d -y

47 nu := af.mu / (af.eps + floats.Dot(x, x))
48 for i := 0; i < len(x); i++ {

49 wli] += nu * e * x[i]

50 }
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51 }

52

53 //Run calculates the errors ‘e’ between desired values ‘d‘ and
estimated values ‘y‘ in a row,

54 //while updating filter weights according to error ‘e‘.

55 func (af *FiltNLMS) Run(d []float64, x [][]Jfloat64) (y []Jfloat64,

e [1float64, wHist [][]Jfloat64, err error) {

56 //measure the data and check if the dimension agree

57 N := len(x)

58 if len(d) '= N {

59 return nil, nil, nil, errors.New('"the length of
slice d and x must agree")

60 +

61 af.n = len(x[0])

62 af .wHistory = make([] []float64, N)

63 for i := 0; i < N; i++ {

64 af .wHistory[i] = make([]float64, af.n)

65 }

66

67 y = make([]float64, N)

68 e = make([]float64, N)

69 w := af.w.RawRowView(0)

70 //adaptation loop

71 for i := 0; i < N; i++ {

72 copy(af .wHistory[i], w)

73 y[i] = floats.Dot(w, x[i])

74 eli] = dli] - ylil

75 nu := af.mu / (af.eps + floats.Dot(x[i], x[i]))

76 for j := 0; j < af.n; j++ {

77 wljl += nu * e[i] * x[i][j]

78 }

79 }

80 wHist = af.wHistory

81 return y, e, af.wHistory, nil

82 }

83

84 func (af *FiltNLMS) clone() AdaptiveFilter {

85 altaf := *af

86 return &altaf

87 }

YV —Aa2—F 1.2.2-24 rls.go

package adf

1
2
3 import (
4 "errors
5
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"gonum.org/v1/gonum/floats"
"gonum.org/v1/gonum/mat"

© 0 N o

10 //FiltRLS is base struct for RLS filter.
11 //Use NewFiltRLS to make instance.
12 type FiltRLS struct {

13 filtBase

14 wHist [][]float64
15 eps float64

16 rMat *mat.Dense
17 }

18

19 //NewFiltRLS is constructor of RLS filter.

20 //This func initialize filter length ‘n‘, update step size ‘mu‘,
small enough value ‘eps‘, and filter weight ‘w°‘.

21 func NewFiltRLS(n int, mu float64, eps float64, w [Jfloat64) (

AdaptiveFilter, error) {

22 var err error

23 p := new(FiltRLS)

24 p-kind = "RLS filter"

25 p.n =n

26 p.muMin = O

27 p.muMax = 1

28 p.mu, err = p.checkFloatParam(mu, p.muMin, p.muMax, "mu")
29 if err != nil {

30 return nil, err

31 +

32 p.eps, err = p.checkFloatParam(mu, O, 1, "eps")
33 if err !'= nil {

34 return nil, err

35 }

36 err = p.initWeights(w, n)

37 if err !'= nil {

38 return nil, err

39 }

40 var Rs = make([]float64, n*n)
41 for i := 0; i < n; i++ {

42 Rs[i*(n+1)] = 1 / eps
43 }

44 p.rMat = mat.NewDense(n, n, Rs)
45 return p, nil

46 }

47

48 //Adapt calculates the error ‘e‘ between desired value ‘d‘ and

estimated value ‘y°¢,

49 //and update filter weights according to error ‘e
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50 func (af *FiltRLS) Adapt(d float64, x []float64) {

51 w := af.w.RawRowView(0)

52 R1 := mat.NewDense(af.n, af.n, nil)

53 var R2 float64

54 xVec := mat.NewDense(l, af.n, nil)

55 auxl := mat.NewDense(af.n, 1, nil)

56 aux4 := mat.NewDense(1l, af.n, nil)

57 var aux?2 float64

58 aux3 := mat.NewDense(af.n, af.n, nil)

59 dwT := mat.NewDense(af.n, 1, nil)

60

61 y := floats.Dot(w, x)

62 e :=d -y

63

64 xVec.SetRow (0, x)

65 auxl.Mul (af.rMat, xVec.T())

66 aux2 = floats.Dot(mat.Col(nil, O, auxl), mat.Row(nil, O,
xVec))

67 R1 = mat.DenseCopyOf (af .rMat)

68 R1.Scale(aux2, R1)

69 aux4.Mul (xVec, af.rMat)

70

71 R2 = af.mu + mat.Dot(aux4.RowView(0), mat.DenseCopyOf (xVec.
T()) .ColView(0))

72 R1.Scale(1/R2, R1)

73 aux3.Sub(af.rMat, R1)

74 af.rMat.Scale(1/af .mu, aux3)

75 dwT .Mul (af .rMat, xVec.T())

76 dwT.Scale(e, dwT)

77

78 floats.Add(w, mat.Col(nil, O, dwT))

79 }

80

81 //Run calculates the errors ‘e’ between desired values ‘d‘ and

estimated values ‘y‘ in a row,
82 //while updating filter weights according to error ‘e°
83 func (af *FiltRLS) Run(d []float64, x [][]float64) (y [Jfloat64, e
[Jfloat64, wHist [][]Jfloat64, err error) {

84 //measure the data and check if the dimension agree

85 N := len(x)

86 if len(d) !'= N {

87 return nil, nil, nil, errors.New('"the length of
slice d and x must agree")

88 }

89 af.n = len(x[0])

90 af .wHist = make([] []1float64, N)

91 for i = 0; i < N; i++ {
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92 af .wHist[i] = make([]float64, af.n)

93 }

94

95 y = make([]float64, N)

96 e = make([]float64, N)

97 w := af.w.RawRowView(0)

98 R1 := mat.NewDense(af.n, af.n, nil)

99 var R2 float64

100 xVec := mat.NewDense(1l, af.n, nil)

101 auxl := mat.NewDense(af.n, 1, nil)

102 aux4 := mat.NewDense(1l, af.n, nil)

103 //aux2 := mat.NewDense(af.n, af.n, nil)

104 var aux2 float64

105 aux3 := mat.NewDense(af.n, af.n, nil)

106 dwT := mat.NewDense(af.n, 1, nil)

107 //adaptation loop

108 for i := 0; i < N; i++ {

109 copy(af.wHist[i], w)

110 y[i] = floats.Dot(w, x[i])

111 eli]l = d[i] - yl[il

112 xVec.SetRow (0, x[i])

113 auxl.Mul(af.rMat, xVec.T())

114 aux2 = floats.Dot(mat.Col(nil, O, auxl), mat.Row(
nil, 0, xVec))

115 R1 = mat.DenseCopyOf (af.rMat)

116 R1.Scale(aux2, R1)

117 //R1.Product (aux1.T(), xVec.T())

118 aux4.Mul (xVec, af.rMat)

119 R2 = af.mu + mat.Dot(aux4.RowView(0), mat.
DenseCopy0f (xVec.T()) .ColView(0))

120 //for j:=0;j<af.n;j++{

121 // floats.AddConst (af.rMat.RawRowView(j))

122 //}

123 R1.Scale(1/R2, R1)

124 aux3.Sub(af.rMat, R1)

125 af .rMat.Scale(1/af .mu, aux3)

126 dwT.Mul (af.rMat, xVec.T())

127 dwT.Scale(e[i], dwT)

128 floats.Add(w, mat.Col(nil, O, dwT))

129 }

130 wHist = af.wHist

131 return y, e, af.wHist, nil

132}

133

134 func (af *FiltRLS) clone() AdaptiveFilter {

135 altaf := *af

136 return &altaf
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137 }

Y — A a—F 1.2.2-25 fdadf/base.go

1 package fdadf
2
3 import (

4 "fmt"

5

6 "github.com/pkg/errors"

7 "github.com/tetsuzawa/go-adflib/misc"
8 "gonum.org/v1/gonum/mat"

9 )

10

11 // FDAdaptiveFilter is the basic Frequency Domain Adaptive Filter
interface type.
12 type FDAdaptiveFilter interface {

13 initWeights(w interface{}, n int) error

14

15 //Predict calculates the new estimated value ‘y‘ from input
slice ‘x°‘.

16 Predict(x [Jfloat64) (y [lfloat64)

17

18 //Adapt calculates the error ‘e‘ between desired value ‘d‘ and
estimated value ‘y°,

19 //and update filter weights according to error ‘e°

20 Adapt(d []float64, x []float64)

21

22 //Run calculates the errors ‘e‘ between desired values ‘d‘ and
estimated values ‘y‘ in a row,

23 //while updating filter weights according to error ‘e

24 Run(d [][Jfloat64, x [J[]float64) ([][]Jfloat64, [][]floaté4,
[][lfloat64, error)

25 checkFloatParam(p, low, high float64, name string) (float64,
error)

26 checkIntParam(p, low, high int, name string) (int, error)

27 setStepSize(mu float64)

28

29 //GetParams returns the parameters at the time this func is
called.

30 //parameters contains ‘n‘: filter length, ‘mu‘: filter update
step size and ‘w‘: filter weights.

31 GetParams () (int, float64, []float64)

32

33 //GetParams returns the name of FDADF.

34 GetKindName () (kind string)

35 }

36
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37

38
39
40
41
42
43
44
45
46
47
48

49

50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

68
69
70
71
72

73

74

//Must checks whether err is nil or not. If err in not nil, this
func causes panic.
func Must(af FDAdaptiveFilter, err error) FDAdaptiveFilter {
if err != nil {
panic(err)

}

return af

3

//PreTrainedRun use part of the data for few epochs of learning.
//The arg ‘d‘ is desired values. rows are
//‘x¢ is input matrix. rows are samples and columns are features.
//‘nTrain‘ is train to test ratio, typical value is 0.5. (that
means 50% of data is used for training).
//‘epochs‘ is number of training epochs, typical value is 1. This
number describes how many times the training will be repeated.
func PreTrainedRun(af FDAdaptiveFilter, d [][]float64, x [][]
float64, nTrain float64, epochs int) (y, e [][lfloat64, w []1[]
float64, err error) {
var nTrainl = int(float64(len(d)) * nTrain)

//train
for i := 0; i < epochs; i++ {
_, _, _, err = af .Run(d[:nTrainI], x[:nTrainI])
if err != nil {
return nil, nil, nil, err
+
}
//run
y, e, w, err = af .Run(d[:nTrainI], x[:nTrainI])
if err != nil {

return nil, nil, nil, err

return y, e, w, nil

3

//ExploreLearning searches the ‘mu‘ with the smallest error value
from the input matrix ‘x‘ and desired values ‘d‘.

//The arg ‘d‘ is desired value.

//¢x¢ is input matrix.

//‘muStart‘ is starting learning rate.

//‘muEnd‘ is final learning rate.

//‘steps‘ : how many learning rates should be tested between °
muStart‘ and ‘muEnd‘.

//‘nTrain is train to test ratio, typical value is 0.5. (that
means 507% of data is used for training)

//‘epochs‘ is number of training epochs, typical value is 1. This

number describes how many times the training will be repeated.
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75 //‘criteria‘ is how should be measured the mean error. Available
values are "MSE", "MAE" and "RMSE".

76 //‘target_w‘ is target weights. If the slice is nil, the mean
error is estimated from prediction error.

77 // If an slice is provided, the error between weights and ‘target_w

is used.

78 func ExplorelLearning(af FDAdaptiveFilter, d [][]lfloat64, x [][]

float64, muStart, muEnd float64, steps int,

79 nTrain float64, epochs int, criteria string, targetW []float64)
([1float64, []lfloat64, error) {

80 mus := misc.LinSpace(muStart, muEnd, steps)

81 es := make([]float64, len(mus))

82 zeros := make([]float64, int(float64(len(x))*nTrain))

83 ee := make([]float64, int(float64(len(x))*nTrain))

84 _, _, w := af.GetParams()

85 for i, mu := range mus {

86 //init

87 err := af.initWeights("zeros", len(w))

88 if err != nil {

89 return nil, nil, errors.Wrap(err, "failed to init
weights at InitWights()")

90 +

91 af . setStepSize (mu)

92 //run

93 _, e, _, err := PreTrainedRun(af, d, x, nTrain, epochs)

94 if err != nil {

95 return nil, nil, errors.Wrap(err, "failed to pre train
at PreTrainedRun()")

96 }

97 for i, sl := range e {

98 ee[i], err = misc.MSE(sl, make([]float64, len(sl)))

99 }

100 if err != nil {

101 return nil, nil, errors.Wrap(err, "failed to find MSE
of e at misc.MSE()")

102 }

103 es[i], err = misc.GetMeanError(ee, zeros, criteria)

104 //fmt . Println(es[i])

105 if err != nil {

106 return nil, nil, errors.Wrap(err, "failed to get mean
error at GetMeanError()")

107 }

108 }

109 return es, mus, nil

110 }

111

112 //filtBase is base struct for frequency domain adaptive filter
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114
115
116
117
118
119
120
121

122

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

140
141

142
143
144
145
146
147
148
149
150
151
152
153
154

structs
//It puts together some functions used by all adaptive filters.
type filtBase struct {

kind string

n int

mu float64

w *mat.Dense

3

//NewFiltBase is constructor of base frequency domain adaptive
filter only for development.
func newFiltBase(n int, mu float64, w interface{}) (
FDAdaptiveFilter, error) {
var err error
p := new(filtBase)
p.n =n
p.mu, err = p.checkFloatParam(mu, 0, 1000, "mu")
if err != nil {
return nil, err
}
err = p.initWeights(w, n)
if err != nil {
return nil, err

}

return p, nil

3

//initWeights initialises the adaptive weights of the filter.

//The arg ‘w‘ is initial weights of filter.

// Possible value "random": create random weights with stddev 0.5
and mean is O.

// "zeros": create zero value weights.

//‘n‘ is size of filter. Note that it is often mistaken for the
sample length.

func (af *filtBase) initWeights(w interface{}, n int) error {

if n <= 0 {
n = af.n
}
switch v := w. (type) {

case string:
if v == "random" {
w := make([]float64, n)
for i := 0; i < n; i++ {
w[i] = misc.NewRandn(0.5, 0)
}
af .w = mat.NewDense(1, n, w)
} else if v == "zeros" {
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156
157
158
159
160
161
162
163
164
165
166

167
168
169
170
171

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

189
190
191
192
193
194
195

196
197

w := make([]Jfloat64, n)
af .w = mat.NewDense(1l, n, w)
} else {
return errors.New("impossible to understand the w")
}
case []Jfloat64:
if len(v) !'= n {
return errors.New("length of w is different from n")
}
af.w = mat.NewDense(1l, n, v)
default:
return errors.New(‘args w must be "random" or "zeros" or []
float64{...})
}

return nil

3

//Predict calculates the new output value ‘y‘ from input array ‘x

[4
func (af *filtBase) Predict(x []float64) (y [Jfloat64) {
//T0ODO
//y = floats.Dot(af.w.RawRowView(0), x)
//return y
copy(y, x)
return

3

//Adapt is just a method to satisfy the interface.

//It is used by overriding.

func (af *filtBase) Adapt(d [Jfloat64, x []Jfloat64) {
//T0D0

}

//Run is just a method to satisfy the interface.

//1t is used by overriding.

func (af *filtBase) Run(d [][]float64, x [][]float64) ([][]lfloat64
, [1[1float64, [][]float64, error) {
//T0DO
return nil, nil, nil, nil

3

//checkFloatParam check if the value of the given parameter
//is in the given range and a float.
func (af *filtBase) checkFloatParam(p, low, high float64, name
string) (float64, error) {
if low <= p && p <= high {
return p, nil
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199

200
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203
204
205
206

207
208
209
210

211
212
213
214
215
216
217
218
219
220
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222
223
224
225
226
227
228
229

© 0 N O Ot ks W N

} else {
err := fmt.Errorf("parameter %v is not in range <Jv, %v>",
name, low, high)
return 0, err

3

//checkIntParam check if the value of the given parameter
//is in the given range and a int.
func (af *filtBase) checkIntParam(p, low, high int, name string) (
int, error) {
if low <= p && p <= high {
return p, nil
} else {
err := fmt.Errorf ("parameter %v is not in range <Jv, %v>",
name, low, high)
return 0, err

}

//setStepSize set a update step size mu.
func (af *filtBase) setStepSize(mu float64) {
af .mu = mu

}

//GetParams returns the parameters at the time this func is called.

//parameters contains ‘n‘: filter length, ‘mu‘: filter update step

size and ‘w‘: filter weights.
func (af *filtBase) GetParams() (n int, mu float64, w []Jfloat64) {
return af.n, af.mu, af.w.RawRowView(O)

}

//GetParams returns the kind name of ADF.
func (af *filtBase) GetKindName() (kind string) {
return af.kind

}

Y —A 32— F 1.2.2-26 fblms.go

package fdadf

import (
"math/cmplx"

"github.com/mjibson/go-dsp/fft"

"github.com/pkg/errors"
"gonum.org/v1/gonum/mat"
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10

11 //FiltFBLMS is base struct for FBLMS filter
12 //(Fast Block Least Mean Square filter).

13 //Use NewFiltFBLMS to make instance.

14 type FiltFBLMS struct {

15 filtBase

16 wHistory [][]float64
17 xMem *mat.Dense

18 }

19

20 //NewFiltFBLMS is constructor of FBLMS filter.

21 //This func initialize filter length ‘n‘, update step size ‘mu‘
and filter weight ‘w°

22 func NewFiltFBLMS(n int, mu float64, w interface{l}) (

FDAdaptiveFilter, error) {

23 var err error

24 p := new(FiltFBLMS)

25 p.kind = "FBLMS filter"

26 p.n =n

27 p.mu, err = p.checkFloatParam(mu, 0, 1000, "mu")

28 if err != nil {

29 return nil, errors.Wrap(err, "Parameter error at
checkFloatParam()")

30 +

31 err = p.initWeights(w, 2%*n)

32 if err != nil {

33 return nil, err

34 }

35 p.xMem = mat.NewDense(1, n, make([]float64, n))

36 return p, nil

37 }

38

39 //Adapt calculates the error ‘e‘ between desired value ‘d‘ and

estimated value ‘y°,
40 //and update filter weights according to error ‘e‘
41 func (af *FiltFBLMS) Adapt(d []Jfloat64, x []Jfloat64) {

42 zeros := make([]float64, af.n)

43 Y := make([]complex128, 2%*af.n)

44 y := make([]float64, af.n)

45 e := make([]float64, af.n)

46 EU := make([]complex128, 2*af.n)

47

48 w := af.w.RawRowView(0)

49 // 1 compute the output of the filter for the block kM,

L, KM+ M -1

50 W := fft.FFT(float64sToComplex128s(append(w[:af.n], zeros

o))
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53
54
55
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60
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63
64
65
66
67
68
69
70
71
72

73

74
75
76
7
78
79
80
81
82
83

84
85
86
87
88

89

90

91
92

//Predict calculates the new output value ‘y‘ from input array ‘x

xSet := append(af.xMem.RawRowView(0), x...)
U := fft.FFT(float64sToComplex128s(xSet))
af .xMem.SetRow(0, x)
for i := 0; i < 2*af.n; i++ {

Y[i] = wlil =* U[i]

}

yc := fft.IFFT(Y) [af.n:]

for i := 0; i < af.n; i++ {
y[i] = real(yclil)
eli] = dli]l - y[i]

}

// 2 compute the correlation vector
auxl := fft.FFT(float64sToComplex128s(append(zeros, e...)))
aux2 := fft.FFT(float64sToComplex128s(xSet))
for i := 0; i < 2%af.n; i++ {

EU[i] = aux1[i] * cmplx.Conj(aux2[i])
+
phi := fft.IFFT(EU) [:af.n]

// 3 update the parameters of the filter
auxl = fft.FFT(float64sToComplex128s(append(w[:af.n], zeros
o))
aux2 = fft.FFT(append(phi, float64sToComplex128s(zeros
).
for i := 0; i < 2*%af.n; i++ {
W[i] = aux1[i] + complex(af.mu, 0)*aux2[il]

}

aux3 := fft.IFFT(W)

for i := 0; i < 2%af.n; i++ {
wli] = real(aux3[i])

}

4

func (af *FiltFBLMS) Predict(x [Jfloat64) (y [lfloat64) {

zeros := make([]float64, af.n)

y = make([]float64, af.n)

Y := make([]complex128, 2*af.n)

W := fft.FFT(float64sToComplex128s (append (af.w.RawRowView
(0)[:af.n], zeros...)))

U := fft.FFT(float64sToComplex128s (append(af.xMem.
RawRowView(0), x...)))

for i := 0; i < 2%af.n; i++ {

Y[i] = wli]l * U[i]
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93
94
95
96
97
98
99
100

101
102
103

104
105
106
107

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

133

134

3

yc := fft.IFFT(Y) [af.n:]
for i := 0; i < af.n; i++ {

y[i]l = real(yc[il)
}

return

¢ ¢

//Run calculates the errors ‘e‘ between desired values ‘d‘ and

//while updating filter weights according to error ‘e

estimated values ‘y‘ in a row,

¢ (4

//The arg ‘x‘: rows are samples sets, columns are input values.
func (af *FiltFBLMS) Run(d [][]float64, x [][]floaté4) ([][]

float64, [][]lfloat64, [][lfloat64, error) {

//measure the data and check if the dimension agree
N := len(x)
if len(d) != N {
return nil, nil, nil, errors.New('"the length of
slice d and x must agree")
}
af.n = len(x[0])
af .wHistory = make([] []float64, N)
for i := range af.wHistory {
af .wHistory[i] = make([]float64, af.n)

zeros := make([]float64, af.n)
Y := make([]complex128, 2%*af.n)
y := make([] [Jfloat64, N)
for i := range y {
y[i] = make([]float64, af.n)

+
e := make([] [Jfloat64, N)
for i := range e {
e[i] = make([]float64, af.n)
}

EU := make([]complex128, 2*af.n)

for k := 0; k < N; k++ {
w := af.w.RawRowView(0)
copy (af .wHistory[k], w)

// 1 compute the output of the filter for the block

kKM, ..., KM + M -1

W := fft.FFT(float64sToComplex128s(append(w[:af.n],

zeros...)))
xSet := append(af.xMem.RawRowView(0), x[k]...)
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136
137
138
139
140
141
142
143
144
145
146
147
148

149
150
151
152
153
154
155
156

157

158
159
160
161
162
163
164
165
166
167
168

U := fft.FFT(float64sToComplex128s(xSet))
af .xMem.SetRow (0, x[k])

for i := 0; i < 2*af.n; i++ {
Y[i] = wlil * U[il
}
yc := fft.IFFT(Y) [af.n:]
for i := 0; i < af.n; i++ {
y[k][i] = real(ycl[il)
elk] [i] = x[k][i] - y[k] [i]
}

// 2 compute the correlation vector
auxl := fft.FFT(float64sToComplex128s (append(zeros,
elk]...D))
aux2 := fft.FFT(float64sToComplex128s(xSet))
for i := 0; i < 2*af.n; i++ {
EU[i] = aux1[i] * cmplx.Conj(aux2[i])
}
phi := fft.IFFT(EU) [:af.n]

// 3 update the parameters of the filter

auxl = fft.FFT(float64sToComplex128s(append(w[:af.n
], zeros...)))

aux2 = fft.FFT(append(phi, float64sToComplex128s(

zeros)...))
for i := 0; i < 2*af.n; i++ {
W[i] = aux1[i] + complex(af.mu, 0)*aux2[il]
}
aux3 := fft.IFFT(W)
for i := 0; i < 2*af.n; i++ {
w[i] = real(aux3[i])
}

return y, e, af.wHistory, nil

Y — A a—F 1.2.2-27 misc.go

package misc

"errors"
"math/rand"

"gonum.org/v1l/gonum/floats"
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54
55

)

func ElmAbs(fs []float64) []Jfloat64 {
fsAbs := make([]float64, len(fs))
for i, f := range fs {
fsAbs[i] = math.Abs(f)

}
return fsAbs
+
func LogSE(x1, x2 []float64) ([]float64, error) {
e, err := GetValidError(xl, x2)
if err != nil {
return nil, err
+
for i := 0; i < len(e); i++ {
e[i] = 10 * math.Logl0(math.Pow(el[i], 2))
}
return e, nil
}
func MAE(x1, x2 []float64) (float64, error) {
e, err := GetValidError(x1l, x2)
if err != nil {
return 0, err
+
return floats.Sum(ElmAbs(e)) / float64((len(e))), nil
+
func MSE(x1, x2 []float64) (float64, error) {
e, err := GetValidError(x1l, x2)
if err != nil {
return 0, err
}
return floats.Dot(e, e) / float64(len(e)), nil
}
func RMSE(x1, x2 []float64) (float64, error) {
e, err := GetValidError(xl, x2)
if err != nil {

return 0, err

}

return math.Sqrt(floats.Dot(e, e)) / float64(len(e)), nil

3

func GetValidError(xl, x2 []Jfloat64) ([]Jfloat64, error) {
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7
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90

if len(x1) != len(x2) {
err := errors.New("length of two slices is
different")
return nil, err

}
floats.Sub(x1l, x2)
e := x1

return e, nil

}

func GetMeanError(x1l, x2 []float64, fn string) (float64, error) {
switch fn {

case "MAE":
return MAE(x1, x2)
case "MSE":
return MSE(x1, x2)
case "RMSE":
return RMSE(x1, x2)
default:
err := errors.New(‘The provided error function (fn)
is not known.
Use "
MAE
n
|’|
MSE
n
or
n
RMSE

return 0, err

// NewRandn returns random value. stddev 0.5, mean O.
func NewRandn(stddev, mean float64) float64 {
return rand.NormFloat64()*stddev + mean

3

func LinSpace(start, end float64, n int) []Jfloat64 {
res := make([]float64, n)
if n == 1 {
res[0] = end
return res
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91 delta := (end - start) / (float64(n) - 1)

92 for i := 0; i < n; i++ {

93 res[i] = start + (delta * float64(i))
94 +

95 return res

96

97

98 func Floor(fs [][]float64) [Jfloat64 {

99 var fsld = make([]float64, len(fs)*len(fs[0]))
100 for i, sl := range fs {

101 for j, v := range sl {

102 fsid[len(£fs[0])*i+j] = v
103 }

104 +

105 return fsid

106

107

108 func NewRandSlice(n int) [Jfloat64 {

109 rs := make([]float64, n)

110 for i := 0; i < n; i++ {

111 rs[i] = rand.Float64()

112 +

113 return rs

114 F

115

116 func NewNormRandSlice(n int) [Jfloat64 {
117 rs := make([]float64, n)

118 for i := 0; i < n; i++ {

119 rs[i] = rand.NormFloat64()
120 }

121 return rs

122 }

123

124 // NewRand2dSlice make 2d slice.
125 // the arg n is sample number and m is number of signals.
126 func NewRand2dSlice(n, m int) [][Jfloat64 {

127 rs2 := make([] [Jfloat64, m)

128 for j := 0; j < m; j++ {

129 rs2[j] = NewRandSlice(n)
130 }

131 return rs2

132}

133

134 // NewRandNorm2dSlice make 2d slice.

135 // the arg n is sample number and m is number of signals.
136 func NewNormRand2dSlice(n, m int) [][]float64 {

137 rs2 := make([] [Jfloat64, m)
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138 for j := 0; j < m; j++ {

139 rs2[j] = NewNormRandSlice(n)
140 }

141 return rs2

142}

143

144 func Unset(s []float64, i int) []float64 {
145 if i >= len(s) {

146 return s

147 }

148 return append(s[:i], s[i+1:]...)
149 }

144



