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A signal reconstruction method, an electrical stimulation control apparatus, and a mapping method of
cochlear implant are provided. The signal rebuilding method includes following steps: sequentially
providing two electrical stimulation signals with opposite phase to a first electrode; receiving a first
combination signal and a second combination signal by a second electrode; performing an independent
components analysis (ICA) according to the first combination signal and the second combination signal, so
as to calculate a first component function and a second component function; sampling the first combination
signal during a plurality of timing point, so as to generate a plurality of characteristic equations; calculating
intensity coefficients of the first and second component functions according to the characteristic equations;
and rebuilding a neural signal based on one of the first and second component functions and the intensity
coefficient thereof.
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SIGNAL RECONSTRUCTION METHOD, ELECTRICAL
STIMULATION CONTROL APPARATUS, AND MAPPING

‘ METHOD OF COCHLEAR IMPLANT
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A signal reconstruction method, an electrical stimulation control

apparatus, and a mapping method of cochlear implant are provided.



201635256

. .

The signal rebuilding method includes following steps: sequentially
providing two electrical stimulation signals with opposite phase to a
.yr, dirst, electrode; receiving a first combination signal and a second
.~combination signal by a second electrode; performin“g an independent
components analysis (ICA) according to the first combination signal
and the second combination signal, so as to calculate a first
component function and a second component function; sampling the
first combination signal during a plurality of timing point, so as to
generate a plurality of characteristic equations; calculating intensity
coefficients of the first and second component functions according to
the characteristic equations; and rebuilding a neural signal based on
one of the first and second component functions and the intensity

coefficient thereof.
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AREREGE  BRBEHRERER ATETENRIES &
SIGNAL RECONSTRUCTION METHOD, ELECTRICAL

STIMULATION CONTROL APPARATUS, AND MAPPING

METHOD OF COCHLEAR IMPLANT

[ £ 1 5 ]

[0001] ABHAREWN —BEARERAERELEA  ARFHE
BN —BHEARNARERESE  ALBEFENREAER
FERECER BMIEHEE -

P

[0002] ZHIHFERESEHIEENL (evoked compound action
potential - ECAP) I fiif (R BE P 7 1 i MM < FIE 1B T R ThREAR 78
EEARALEM (cochlear implant » CI) fE A Filf 2 % H K E
(mapping) BEFTHZEEENIEM -

(0003 ERMATEE S ECAP BHIFM T » 5 — B/ ATk 2 &
AR T 2 0 1 A A ST T 5 38 Y 1 AR ER R /ECAP FABE B AL
oo BERIEMELEAMBLOERNEIROEE - Rt &
BB FE M o ECAP 8 31 5 1l Fr T & 09 & 22 f8 R 2 0] 75 32 I B 69
RGBT o HE i S 40 B AR AR ER SR /ECAP FRSR I AL 43 o
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[0004] EHRBEHIRMT - FAREREHZEA ECAP FMMN 5k
15 A E A E R EK % (forward-masking subtraction method) L/
K Z & Pt (alternating polarity method ) « #A7f7 - Fi7 it /i 5 s B
FHREBERNEHFETEHERTREZ®/IE ECAP HAME
BoRNEFEANLEFENREEAY SR EREZRES -

[BHAR]

[0005] AZEARHE—EHCIARNAFERFE - ALETH
WIRIEAEREAEZBERBMERERE KR S#QANNE
RN > BUBRBALEFERHKIERHE -

[0006] A FFBAMMRRAMOASER i ERERNAER
WA FTah 8 M AREASE - PR FASRER S EBEUTHE K
iR AN — BRI SRR E —BERAREE —Em &
B_EmERENRE BB ERNE - RSTAFEER
B_BRIBFAR A RAE RSN KBE - RBGINHEE
—ESFIREITHILK S 247 (independent components analysis -
ICA)  BUGHEHMERE - BEEAREE _RGARNE —RH
BREEE RO ELEGHEIERE - BSAR  BELUE
MRE—EOEBERERSERELESEREAES S KB
ZEBETEAAEE R OHEAEABL - Ao E8n —EER
o URERE B EREEE ko EHBE S — K HERNR
BE 1% BB 2 1 AR ERLE
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[0007] ZEAFH-BHEIF  E—REFFEE _REART
SRILUFRRRZ © Smu(t)=aixsi(t) + axsa(t)  Sma(t)=asxsi(t) - a
xsa(t) e - t RIGHE - Smi B Smy SR BE —BREFFHEHE R
BB s RE-HKOEE  :>0RE _HOEH > a #H a; BE—
BROEBHNBERY IR BB RO REEERE -
(0008] FEAFH—EFEMOIF > FIRARERFEFELEUTS
B RBE-HOEBEBE RO EENEE  EBE—KSE
BHEZ_HROEBEFZI-—RARKRARHH®  LHERE—RD
HHRB_ROEBEF LS —REAR ST -
[0009) “EAZH-—EMOIF  SEFEFEAGRUBEARE
HHMAR T HEBERBEERRAMBRRLZ
(0010] YEAZTBA—FMHAITF > KBRS EREHEAGFES
—HROEBEE RS EHBENBRERBNSREE ERATRES
ERtESEXEZIBEERESEN  LRUBHEESE (pseudo
inverse) KRR BRI 0 38 LUS H 10 A% B 5% Bk B B BA Y
o7 B B S R B B /N U5 8 (least-square solution) o
[0011) FEARBEA—EHEHIH > BEEHOERARSHQAEE
R EBERBAIFE HULTHRRZ  ECAP=a;xICAgcap(t) ©
Hep ot KR > ECAP SRS > ICAscar BHIEATE Y -
LA R ay 551 A% EA 5 Bk SR 78 B2 (R B -
[0012) FEABHA—FHEHIF > FAEWEEAENTAEERHE
BREARAIEFE  ALRWEEUERESHEESHSEBEELH
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hZ—HERABTER -
[0013] 7<% B B9 R B RS BRI ML H L B OB EHET
DR EmZES S - EMEINELAEE -—BEHREE " ER - EiF
EFI AR EAES] - A B LUE 4 % (8 & R 3R 5% 2k 56 8 E &
FREF - P50 B M P 1 0 2 fIBVR & B BT I R DL EE 2 T L A AR A A
FITEE A B9 1 AR BRI I AR 4R 1R O SOAH R 55 — O A R
BB BRI GE —FEh  BRE_E/RBERENRE—ER
BATFFRNE - RBREFAREENE BRI FHEHIE
“IREANR c EHREHSKREE ESANESE ZRSATET
WIS T BMUGFELHERSE - BSAREE _RBRSARH
—HOEHBEE RS EH THEZSEREENEE—RE
A BLUENRE RO EBEE RO EHEESEAREAE
N - BEBEHSKEMLES ESESENFES RO BHBESE
RO EBEREERE  ERE RO REEE o RBES
K BT FE R 5 R 1R OB 2 R RS A -
(0014) 7EAZEBA— B MBI P - 75 M 42 ) BRI I 58 — Rl 40 i B B
BoEROEBNKE > EREBE-RORBEEIRIERETZ
—RHEAREY > LHERF RO RHESE Ry EHEEF
L RMAR T HE -
(0015] 7EARZEHH—FH O - &5 ik 7518 248 DL AR ER 5% B 8
ER A A 0 B BT SR R BUE R R ABE R L -
[0016] FEAZFEA—E W F - EREHFIHEN TR S EEES
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RAEITREEBE AR > W H LS P E B KRB 5 e
Ao FELUB KA S MRS HHRERERNF
il

[0017] FEARSFBA—E MG - B MR % 28 F7 8 12 A9 1 AR BRR
RSN L BEREARE -

(0018] AZHMATIEFEMNREAE > BRREAIETE
HY % ] B8 M B B (K JEE 57 (threshold level » T-level) H4 816
B PR SR (comfortable level » C-level) ¥ - Frat i IE A
BT - IR IR A58 — B R B 9% L 55 — 3 W S GER o
TS EEBE T — ERRSEEBATZE —BRER
B—BERBEAASFERE RS AT EE RS Z BRI EAY
BRNBRESAT KBE-REAREE _BEEGHANETHE
MR BLUERHARS - REFAFEE _BREAKRNE
—HROEBHEEINRSEYR  ESEARMEBERNERERBEAY
BUERE-ROEBRE_RIERELESEREAFERX S K
BRI ZEFESEXNGEE RO HBAEE RO MR E
RE ERNB-ROEBEE RSB P RN ENEE
RBEREFZRESHEEN (electrically evoked compound
potential - ECAP) EAST  ENERHNEFZ R ESEHIEE LA
BT EEP L - EEAMHENRERRAE DREEWNT LS
BRUESEREBMEENREERE TBUEEREERER
o M B A o TR U SR -
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[%N]EK%%—E%%¢’%%%§@ﬁ%%%ﬁ@é@¢
BAANGEEF L EBMAYENEEEREN S RUE © 12
HEZEERERNEREA  FEAMMLEERER THOES
%@é@@%ﬁﬁ%%%ﬁiiu&%%%m%%%%%%%%
T b SE -

[0020] ZEAFH—FMHEIF  BERT RS BUEEREM
FTHENREESE > YTBRUEEREERERAFEEREER
R AR RS R - RS E S Pl % (8 & #R 1Y &K B 5 R R E
B £ 3H BB UL W SR E 5 EL S P &R 43 Bt 2% 1 BB AR O R 1 SR B
ARE R SE > UELE —FABRE  LhHARI B RS
 EEENFEE R EEEEERERE BEUEELESE _HERF
B IRKBE - RARRBARRIATR S EERNY S EETE 3
DLE & s BB R DURARIR S AR AR 2 I AT
% {6 B8 M B R 1R R SR BELLE 4 BB B R

[0021] Ep bt » A EMEHIREH — B QARG ER
At NLETENRESERERECERMEFHLEE - Frik
AT B T kT R BB 0T B 00 43 BT B 7 X T S OR U H  A A
IS Fir 575 5% HO B Fe AR AR 0 I B VT [R] IR A R (A B I R A
BEEFELFSRENRE > Mo EHASNEREREX
s - Wt BAREFRERE A EERARALEFERIEF
REZO RIE M HE T E AR > M A LEFENEAERSE
EREE -
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[0022] SEABANW LAFHRMEHEERESE > THE
BHEH > WA S BECEFMARANT -

[ B =X BB B )
[0023)

B 1A 3 B — T 1 A R ag e R A e ) R U I SR B Y

B 2 55 A3 0 — 1 5 GRS 1 RS ER SR B R AR A 5 R B BRI
EHE -

3A BA[E 3B 5 AN 90 — B it B B9 LA TE A 5% 3 5 e AR A
W EE MR IER -

AARBARBH-BRIINBLRS SO RFERESR -

4B 525 3 B — B Jfe 1 A9 R B R & FR BT B EXUAR BF R BE R SR

5 T ¥E N3 U MG ) AT I B B R B A U R EE A Y M AR AR
HFERRGEMELENHRTRYILE IR -

6 RAFW —HHEGIRIERN N TEF B/ E R s il 5
BRREE -

B TABAFEH BRI TEFENRE HEHNE B
T2 -

B BAFEHSE —HEPIE AN TEFHWRE HEN DR

TAE E -
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SRABH BN ENEFBESHEEBMARTE
FFERFENREE -

IRABH-BHAINIKBEERYHEEERAEERERE
BEMEATTEEEEERERA SN REER -

CUED

(00241 15T G745 B8 2 o e o BLA S 25 5 A0S » LU T 45 S 5 1
B 4 57 45 O B S SR LB G M T - B4 - FLRTREZ I 0
B 5% 0 5 2 o AR R RSB T (4 A 5 B (R AR A
A5 1) 4 -

(00251 B 1 15 7 5 H5 — B0 66 1 1 0 o A 0 A B o o 2
BEOTREE - HEEE | A B RS S E 100 BIEE
RS 110 LB B A 58 120 - EARIESY 110 £155 % [ bLIE 51 5t
ST E1~En (n>2 BBEEE) HFLEME Bl-En RS
B T 0 A A WS -

(0026] 5605t 58 120 #24 BAGHE 3] 110 ity & — A E1~En:
A B P B 2 % (B AISERSE (BIA0 Sst) REEBEAIET 110 -
s WEEBATE M Bl~En §/FB— RS (stimulator) » LU
BB IS S TR RSE Sst BB + 7F LURNON T 80 10 SR
NE (BIAIER R ) - 6578 6 A A NF S J 5B AU WORER Sst 2
BT ECAP - 1L 73t HASFAYE ECAP B 41 5 & 75 5 4

& B {EE AL (electrically evoked compound potential - ECAP ) EA 5% »
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EARFHANERKI -

(0027] HEfth R # & E MK El~En B & F B — XAl 25
(sensor) » DARILE R M REASE ECAP EAE R AT Sst FrEf &
HIIE &S EA5E Sm - Rt » ERESIER 120 IR K B A B INEIIR S
ASTETT AT R B 0 7 LUE 2 1 AR ME P 2 AR A 1 AR EA 5 B9 B
SRR AN o
[0028] EETHECHE 2 kA0 LB R PS4 E 100 ﬁﬁﬁﬁﬂ’ﬂ
MR EIE - K B 2 BSAEHE— B A @ KA A
BEREASENSRRER -

[0029] MBS HRME | B 20 B BRAILH] 8 120 IR FE M
AR — BRI BGASREE E — BRI SEARAAEmMES] 110 hig—
B (FI208EMR E1~En Hh—3& ) (£ B S210) - %% > #EEHME
FI110 Py 5 —ERB (FIMNER E1~En EhE—F) BIWENE
— BB FE RN E I REAREERE BRSNS
BE ZIREGAT (SR S220) - H1k » EHFEHISS 120 &K R AT
EREIENE—REAREE _BEAFETHEILRDS SN

(independent components analysis » ICA) » 3& L5+ 1 40 p 8 —
BEFHEBE_REEAFNE RO BEEE_LIHE (FB
$230) .

[0030] % > BHIEHEIZE 120 A EZ AR EIES —REEH
W BMUERB-—ROEBEE_RHOEHBEELESESREHER

(FBS240) BIRBAREENFEFEARTES — 9O g
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BRI EBEIRERE (FE, S250) - [tk - EEIEHIE 120
B ERE - HBEE — o HEA P ARG RARHE
BN E e E (R BURE 2 1 85T ECAP (£ BR S260) -
(00311 Hoch » Fy sl 4 48 A 555 B9 B 5% B2 7 5 1% ] DA ME A R 5 5
HEBERSHFENEAEEFREY  IMATZETE - ALK
MR R ERAE QSN EEBENFSERERE -

[0032] BT EEBHNREE 2 EHEAFMRNARERE  E
TREEE3AZE 58N E 2K S A 0 E R A E M
H#E— B R

[0033] FHScRIEF2IRE 2 B 3A $2E 3B - FIL{RUF A EE
El fERREes > L ALIER B3 (FRREBES - EAZHETRE
BRISIL - EARE M FIRIIASE EE ST iE69 8 BR S210 B2 5220 & > B8
MG Ay 120 SR IEMA R BRI BERS Sstl (FIUEE B AT
BRERGEAS > ETERNLE) (EMR El > FEMKHEE NF
RFER MR E1 AT 3% A B BB R B SR Sstl 2 4 A 5% ECAPI -
PR UL #AE AT ECAPL (A& R LUE B & & B FE AL (electrically
evoked compound potential » ECAP) FASIHIE R B H - HEK
AREEHFHRBAERE KA NI E & Pl BEKIE P1 L%
WG ENTAE -  BEXRBHARLUEER -

[0034] FE MM NF EERER - B E3 §EMNER E1 Fr
R ERIBEAST Sstl B iR NF 89 S JE T B2 B — IR & 7R
B Sml o IR S FAHE Sml b HERT AE&HENHKHMAE NF

10



201635256

B A5 Sk 0 W S IREE ECAPL B9 2 4 » B0 2 B A
Sstl Ff 3 B0 B B 59

[0035] ZEE@REHEE Sml 2% » BESHE 120 GREEE
P OB RIBGREE Sst2 (BUATHTY Bk A% EMFHAY - B FE
R ) T L (5 M NF R JEREAE EL 5 340
TGRS Sst2 7 4 W E S ECAP2 -

(0036) JE {1 » 7676 L AR NF 25 4 R JE (% » 48 B3 B ENE
5 E1 5 th 9 B A SRS Sst2 57 45 8 46 NF B 5 77 B0 B —
WL Sm2 - £ B AT Sm2 o KR T A4 A
NF [ B 55 58 LAY S AR BE ECAPY MR35 + B4 A
WA Sst2 i AR S - Hoh - EREBIE NF R IEFT
B ATTASE ECAPI 8 ECAP2 B L /7@ 5 E M BN
Sstl B2 Sst2 89 H i1/ 7 2 77 B 2 3R -

[0037] 3t BT B — 25 BEHIE S S Sml/Sm2 oy 48
St ECAPL/ECAP2 45 » 71—‘%5’@@”@55% S230 IR T HIL K
5517 B0 SE B RSB LR & B Sm1/Sm2 R0 BE T A (7
FIWERGE Sstl/Sst2 BT ) LUR M @AM ECAPI/ECAP 4 -
Mo BEBIRS S EREA RS E B CAYE RS
ECAP1/ECAP2 IR UIE 4A A o

[0038) ZEAEMHIS  BARAE Sml & Sm2 7 L5 5I% 7 B i
FHE TR R R AT (s~ 52) LUK B I B03 SR B Carmas) 7 4R
REFRER - TR -

11
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[0039] Smi(t)=a;xsi(t) + asxsy(t) (1)
[0040] Smy(t)=asxs;(t) + asxsa(t) (2)
[0041] EA tBEM s BE—RORB 2 BE_FoHE
a1 Bl ay BB - M BRERE UK a8 . BE - WoEH
By R R -

[0042] FEHBIIH S SFEE > E—WAOHH s HE w5
B s LA RIS - EREE —R O EE s BE RO EH
so 1R 0 BMRIEHIES 120 ATLMKIRE — K BB s BB Z &
B SRS RS s EHE ZHS R s EPAER
FERBLTSE Sstl BL Sst2 Fras R AR S > ME P A EREE
PRy R EA 5% ECAPL B ECAP2 47 -

[0043] fAh > BEMRBERE BHEAFTHREZE-—ROEH
Si B AU R AR M AE S TE B9 M AR EA AR BB (LU ICAecar BoRZ ) > T
5 R BB So B RS SR BB R B EA BIR P 3 BRY B ER R B Y AR
SEHE (LL ICAuine RIRZ ) o fF HIHI IS AR KB ICAPEcap H
HEF 5 BB IC Artinae 21 B 4B FT7R -

(0044] (EE—REZE > EAEMOIF - BHRERBERTE Sstl &
Sst2 BEHtH[E Y5 EAE MM - KIESE —BE S A Sm,; &
5 TIREGFIE Smy 0 ZFE RS Sstl B Sst2 & E LR
ARSI AR EEEGHERAYEEEMAMAEE - #BEZ (1)
B (2) WHERE M a, cAEF as= -, (U8R - Eit > £
M= (2) AE—-SEAB TR

12
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[0045] Smy(t)=asxs;(t) - axsa(t) (3)
[0046] ETLAZ (3) MR (2) MBEE 2 RE 4A #[E 4B
EITRH

[0047] FERARF 2 (1)~ X (3) B 2 R[E 4A #[E 4B
AR IL RSy o3 W B RE BRI H R 0A 89 1 4R FA5% ECAPL B2 ECAP2 i
BT > (E#FEASE ECAPL B ECAP2 Ay B BREASE 8 I Mk 75 05
VA AFRERE > REEERTRILR S ST % - SRAREH
ICAecar B2 HEEA B 53 B B IC Aurtitaes TEVR & AHE Sml B2 Sm2 1 #Y 58
BRE a~a R RMH -

[0048) {EG—HREIZ - R BB 7 1o A% MR A S E P EE 4 A9 1 IR A
Bt ECAPl B ECAP2 B A FEF R BFRAMM KR EAEE » Kt
SREEAREL ai B ay FIRBHHRE - N ERTELEERHY o &
a3 Hop— & > RIH] 3K & #E 58 37 5 43 43 07 B A8 B e AR ERL B B B
ICAgcap B2 E BR 0 RS 5% ECAPI/ECAP2 HUBRE LB ZE - S8
R ETH—LUESAR Sml RENENEERY a) 6 a,
FRTENERRETRY > BEXABHETULSRE -

(0049 R 7T i — 45 b il b 4 AR A B B0 ICAecar B9 TR EE R
ay > FELBR S240 > BEREIEHIE 120 @ ELSERNEWRBME (KB
LEARDARF I BE ti~ts S0 > (ERNERA L) $HE S A Sml #ETH
B o FFRE P IRF REBE ti~ts AU AR BT A BR P AR A A e AR ER 8RB
ICAgcar BEEFARK D B E ICA i F BUEA S ERESER -
Pt s SR A AT AR AT ¢

13
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[0050] Sm;(t;)=a;xICAgcap(t1)+ asXICAareifact(ti) (4)
(00511 Sm,(t2)=a;xICAgcap(t2)+ a2xICA ritace(t2) (5)
[0052] Sm(t3)=a;xICAgcap(ts)+ azxICAaritace(ts) (6)
[0053) Sm;(ts)=a;xICAgcap(ts)+ arxXIC A rtiface(ts) (7)
[0054] Sm(ts)=a;xICAgcap(ts)+ azxICAqriface(ts) (8)
(00551 Sm;(ts)=a;xICAecap(te)+ a:XICAariface(ts) (9)

[0056) Sm;(t;)=a; x  ICAgcap(t?)+ ay X ICAarifact(t?)

(10)

[0057] Sm;(ts)=aixICAgcap(ts)+ asxICA rtitace(ts) (11)

(00581 b » b oft HYASR A9 BRp PTG ti~ts £ 25 1A T AR AL 8% 0 %
ICAgcar HLFEAR D BB 1CA e I T FE BB R E - BB 2K
B BERAEE t 6ot B IREUH FE R T RS B 1CArcar B9 16
B A A RERTBE - O B RFRAEE 65 Bt B BRI ER AR S &
B ICAitac BYIFRTBL - T HERIFRIBLAI MR IB /K BE > NAE
B B oo £ 3R 4B 4 T A SRS B B IC Acap B2 B SR B 43 TR B IC Aurtitact
SHIEE 4 ERREERIEL - HIL S/ EE T RIS t4 - 7 K 8
EARFHNERR L -

[0059] 7& battyfstE i@t - DARRRAIES & RS A ERXS
Bl - BFFfEE 6 TRYRE AT Sm(ty) » SRR BB ICAscar(t) K
FERR S BB ICAaninee(t)E B EHD TS E R a H a, IS IL A
BAPRRME - E L EEUEE 8 [ERF B ti~ts BB & AT Smy
tk > BERZESIE 120 TLBE SEEAE 2 RABHREELTER -

14
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[0060] Fraft4f SRR F ABEBEARAFTRAT

[Smt)] [ICAscir®) ICAuia )]
Sm] (tz) ICAECAP (tz) ICAa,ﬁﬁw’ (tz)
Sm,(t,) ICAeeirt) T CAarriﬁzct (t)
Sm, () ICA:cirt) T CAartifact (t) o O

(OO ) ™| ICArant) IC At M ‘2
Smi@) | | [CArcirtd ICAuieto
St | | ICAecwr @) ICAumie (£
_Sm1 (t s)_ _I CAECAP (¢ s) 1 CAamfm (¢ 8)_

(0062] =X (12) BNBERA R R AR XTI AR R S
Bl - ERUEHEEREGENXES 8 EHINAEAXLAERE 2
{8 R A B AT iR — B E R #E (overdetermined system ) « (& It
FEL B S250 o > BREGIER 120 FLAMBYCER /B M ER (pseudo
inverse) KM (12) BURFMEERE AER » # LS B K AR
BB ICAgcar BYFR B AREL ai B HE AR 53 BB [CAariinae HY 58 B (R EK
2, B B% /NS S5 f# ( least-square solution) e

[0063] #:3% » 7E5BR S260 th » FEfR HHAERE a8 a, 2 1%
B ZEFEs 120 AR E N ARHE [ICAecar X EEBERE a
PREEH W AEAIE ECAPL BYFASRIEA » HFUITFTHXERRZ ¢

[0064] ECAPI=a;xICAgcap(t) (13)

[0065] ETFLIE 5 RARBEMR LRARER FEFRE LR
5T ECAP1 B FEHG IR J7 ¥ AT BE £ B9 W QA5 ECAPc BUE R - [
5 RJA - E RSB E e B ATt O BRI B IR 5 VR T A A MR
st ECAP1 KRB & B FE IR IR 7 15 A B 4 09 0 A8 EA5% ECAPc B
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