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1. FU®IC

EW -ERYYAIT (ESS:Engineering Scien-
ces Society) (& 1995 F(CEBFIBEHEEER (EFD)
CBVWTCVYDAIT A HIORIEE EDICHELC. RE
(2024 F) BB &DERBUT I0EBDEEED V. Fh
WMEZFEDV U A LT 4 KR THHTHEXLIEDNE LD E
1995 %M 9 AT, MORVIDRBHMINDBESNIZDH
1995 & 1 ASOEZFAEMNGRIEE (JA) LWDTET,
DHEMKESS DFEFEEDICHARBEAEZSATERED
WA, ESS &IFAN LS DERZRLDECHTHD.
[C1995 F 9 BDV YA IT 4+ AR TODREXKIFS T
[CEERULTCWVS. T o IFIVESNEBDTE Y 3V THLEE
TOZENTNZNHKRZITL), EREOKREFBICSTH
BHFEICIE > CTVBEREDEEA D SRPVSBENTET «
IYIESIIEOD= 1 =7 4 NDEDZTEV 2 C & HFAD
BEREREDEDDRIITHELMRENECSREFEZSZ
fcEBoTWVS. &Ko, ADMELDZEEDEEICEZERD
RAEEMEE (19934 1 A) [CERLUICEEDIEDHE
THERRICEOITLD. TOHFOMARIFIERICEE SN
T, BRUCEBFSTCSMUTCWERICERDEED, [5
BHIEEFREHDDEWVDT 1 #éplcb 60 pIFEZEERD &
L&Dl EEDNT, 20 <K BLIDHE KRS A RUDHER
LCWWgh ol &EvdhmFah W e EBERICH U
L. o< DEBEZET D ET 30 pEEEICHRKRZS|EMH
FTEEFTERBOD, 30 pDEBERBBZRT &K
D, ESEBDBDNEB>TWeETH, SiIENTLEE
EANSLHOBREZIEED >EWVSHIC 60 ohHEEL
RERBRTEEofc. BRETRICHBDEDNHTIRREND
D, FRERFIBVLVDDIEHEEBOICRETHD

CNHSDIEY — REFBEEDMEFOMRIETIFEL, AR
DEENHINER, FROEBREREND—iHZRL TS
BOTHDEBV, BNUCKETHD. ZRIFELTDHR
HEX (FRERVFEUER) DB TIEEL, FRLYEAEDH
2VERHETDIETHD, BHICEVWARELZERLBICHERK
TOERBZEBNTCHS D EEDIC, ZRITRNUIEVANS

B R

V& D

B - IRV YA ITT « DRDECNEHRE

Future Challenges for Engineering Sciences Society

CBRYVAIFT«2E RIS

BANEMERFEDCEFDBEDA, TNADIEHE oL
FS5AICEELEDCENTED, TOXROIEI=Z2 =0 —
Va3VDGEER‘TOENERCTHD. ESS mRICHE
gBRICHED, IWBEMEZRD ORI LD L SEZR
FRBPHERZ, SOEFOMAEPLZEDESAICIULT
BDIEMTEDLD, BEZERDAV/I-DHIDBE
BRQ ISR 7ZEDH TV ETCWVFfF CH D

2. ESSI[CBIF2EEDHmb M

ESS [FCDHMF/E CHRABRESHHEICEDBATER
ZDFHMIFTNETOD ESS 2ROFARE @D ICBNT
IMARSNTWVNDDT, T TIHFBRICHIFITDEEDITKS
NICEREEZ IR,

2.1 fEESFF

CIEAIDKDIC ESS (& 2019 FE K D HE#HEE 4D
KIBFHEZTolc. TNECTHBREEEZEREVDE
SEHE oD, VIAIT 4 UNILDEREZETOHU
WEBEZRERE, TIVHA I« RUOHREMFZERLAN
IWOERZETOUTY - MERRDEBNLESRFHINEE
TUTE. COFUWVEERTHD 4 FHBBL, hEDEE
L, ZNZNORZECBVTURIICERNTRVE RO TD
NBOKRDICHOEBDND. EEIENS 2020 FhH
S5OIO0F BDHEETETCORFEADS VT4V TEEIN
fel&lCkD, 2D 3 FEBTREICIFHFELPI LML
CENSHBERANEDEFTDEVND XU Y OB oTzhHD
D, ZERTIHABREADETERIT DL OEHENEDHN
TECENDEDDERAD DR TECLD 2T ENEZITH
5. SEERGNECORELREDRBICANTEZER LN
EoKEBAICERCTEDRDIITHRRZRITONINUIEER
TWas.

2.2 MASEEDMEIL

RRFITEEFILELD, EFEOHEBYRT AIC
2020 ELOBT U, JOFBICBITDATVSA Bk
W&I|LTDEICHED, BITHRA—XITEAZDIFAZED
DEVEOIEEVAD. KTz, 2022 FELDF Y TA
BIEICII TR, WEEA VY TA VERHRLEIN\ATU Y
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REEDZHITOND L DD, RRELSMEOFEE
FBEICELELZEVWRD. —AT, MARKZESTOHS
HICE > CIFRENEPTES VT4 VICHNTaBHRE
<, ESS DEMRRRICBVNTHRLITEEFEANERINC
SNZMEEDRSTRERLN CDA V54 U TiTL, 153
DAV SAVEBEFE O T, MARCTOZNESEIIHIEDE
FIESNELDITED. ZUT, NATUw REHEICBITD
IS4 VEEICETDHEHFDIRLITERZB LT, BA
ZEZ NS HEZEDFEZE S BHEVEK DR EH P
BEFEINCEWVZD. ESSICBVT/\1( T U v REafED
TOMZEUHEUTEDRSIBAF—LTIOHELIPL
RGN, STHEELCFAEERNFINDZDDEBHOLND
B(C, MEORHERICDOVTH 2021 F£EH SELAD
BENMRCISED BN, SEED SIFRFZEHIFTRITASD
[CBEINDCEICED. CNICKD, AEBECBIT A
BEREEINDTET, KDFEUCHREDEEA N b
DOFEICHEIFTCEDEHHIEMENFNTEDDDEE DN
)
2.3 MG - BEEORX

ESS CTIENOLTA VYA ITT 4 EDOHBEIHEFE CHD
Fundamentals Review h'égo D, 2007 £FEDEITIN 5SS
F£T 17 F£HEEDH. Fundamentals Review (3£ 4 BIF
TENTED, FMORRICRRIND K D EE—HRDIAR
BICRDIFBICEDSVESHXDBHINDEE, ZODR]
HKDIFFZEE TV, — A THRMAXEE (JA/EA) [CD
WCIHFICTCOHFRH ZROONTVDEWVWAD. TR
FEDICFL/RBHHDRPDO—EZW>TED, FXGER
MEEIFEDKDICUTERBHZEBP IO KELEES
HoTHD, WEHGEF IFELENREDBREEE>TL
3. TXGRXEEICDWVTIR IF @ EC@EIFzEbiEd Oz
WERXGRIGEREZERDEEICEMLIED, FEZOUR
FRATHOTSERDERZRSFDICVNE A THSD. D
KROFEEDH, ZRPARDEEEUTCEZERLLY—ILDE
TORGHXEE CEADBRHONEID LTWVD. RKICF VT
BOMREICREZ CHATCDHOS D CEZRZBEICBEVLTLD
KDT, CNUCKODFERBICILNDDEUD CEZRFU
L. B, 2 ESS FIaRDEETHNGRNEE (JA) [T
BUVTHEEFHRILY —ILOBADRSIDED SN TND.

3. SEROBbBETHEME

B EDKSIC, ESS TIIRERDERDOYU—5—2 v TD
BHERAFEEPHRDBRASNCE. TR, SER
DHCREFRRICDODVTIRZEBRENERS.

3.1 YIVYYAIF 1 ZEAUELDHFESOMEL

AR UK DS, MEER(CHITDEIBOEREIL O
EDIeDIC, BEFFHORBANDBEL/\ATU v RFERED
feDDEM DIRFTIF EZEH TECWVD. DRIICHEANIES
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MEHFEEDEZEGBHLMIEHSNICEVZ DN, FE
FREBEHELEOLEFEVAEWVRRETHSD. Fe, HE
[CLDEFDELEDN, HEMZEIAMDHAREL TWVDH
BHAENSTHHDHRIRTHS. CHEHDLDICESS
TREMDYTAIT 4 ICIFEVRIETHD Y TVH AT
TAHENDD. FIEREROUITVYAIT «DEcdE
BHIENOLTAVYYATT 4 DLIIT, YPYATITANEH
BT ZRIcT Lol EVADD, RIRDZR2E
D=EHMDREMEBN SBEDENTDK DFERIFE L
DTFENDEVNRD. Ffe, YITVHAIT « [TBETEV
MED 128HD, YIVYAIT 4 BT DEDDMERX
DHEMICEZVRRTHSD. YVIA LT« IFDT&ZFEI
DENETDEZDRZEOHENZVNERDNDDT, it
BEE (BICMHERPEBANY ) ZHETT O /cHOR
HHE LT T TATT A HIEZFBTDILET, BED
MEEEDHRELARNDDTIFEVNLNEBRTSD. LUlc
HoT, BFEOUIVHAIT A BIHTESSICETD

19 ODMBEDBI V-T2 EERBOERDERD SESD
THTFESNEERD
3.2 MDA _ LU (CHREEFHIDFER

MR GEDRERFICOV T O FREHSENURERZES
[F—BRDBIMREZE 2 rE, FRFHGEDm S ZHEE LT
Tfc. —AT, MEEHXGETNZNICIREZER CREHS
B, BEF—FEECFEO>CWENofc. £CT 5
FELDRBEZERNMOREHFREICOVCH, MHFHIEED
WHaZEINY RUY T I HEHICEET S ETREF— KR
EHHETED. T, AA—RAFREZERMUREFED
RN ZRITI BIeDICBIREZER MO BIRERSZHIC
RITBDIELICHED. BREZERNUEMREFEOEHRF
1ECTHO, ZTOERAPRICHREZECDEETEZHD &
EHIC, BATVOREZERT SIcHDERHAR E U TII
BOJ2. TNICKD, MEZERWU(CHRESSECHET
B LA CERQTEHTC IS D H 2 RE I L O CRBE CE D E
HZlNS ZEDNTEDLDICHED. Fle, 2022 F 10 A
SHOTEA—T V7 I EREL D ERIGRNGEIC DT
B, TOBRDRCICERND CEDHRFSND I, DR
RICERDEFLDMERERFN T OMNENDD. BICEEHEI(L
YV—)LDOBAZENIGRGEICBRAT S LT, MGG
DOffifga LICERIFSNNEEERD.

MU EISERFZUNCOBRRFIRGZ D DD, HTILE
BERERA VI —2ETHAHLTHEZH LG, 2LTH
ESS DEERICHFSCEDSL OREZRCUEVERDS. &
BROCKEECH NZEZIFEDRD USBRERLVELET

(1) =BED ER BRYUTAITA 2REEULTEDSC
& EFRFRES vol. 15, no. 1, pp. 2-3, July 2021.



(2 mMB%E EBR BRVIAITDREREGR BF
FREE vol. 12, no. 1, pp. 2-4, July 2018.

(3) HOZ, FHUWGKHTTOER - ZERVYTAITT 4 DR
| EZFRE. vol. 13, no. 1, pp. 2-3. July 2019.

(4) SEEBYS, "ESS OREROAMRISEWENERLS. " E% FR
55, vol. 16, no. 1, pp. 2-4, July 2022.

(B5) \WINSIE, "HXHENGEADEHERKRERE,” EF FRE
vol. 14, no. 3, pp. 167-169, Jan. 2021.

EEBNY
RINFEE (E8: 7x0-)

1091 A EIEHEFLERZE. 1993 AAFAZRIFMER
BEFIZEWRELREENHREET. AEFLEHXSH AL 1994
BEAZTFEEFLEREIF. 1998 BAZEHEAM. 2001 Bz,
2007 ARE Y X7 LBITHFEHHERIR. 2009 #i%. £, 79717
JAXAL bA=I, IXTA RNy IRE=HKEEICH T BESUNER
MOMEICHE. B (IF). AHICT, ESSEISR (Y XTLEE
SH3E), KX HYNFE (EA) REZER, ESULEMREMEZEESZE
R, CHASEMREMEZEESEZERE 2 EE. 2012 FAXSEYS
{ZBESRE, 2017 & APSIPA Sadaoki Furui Prize Paper Award, 2020
FEARBYELE6NDEETHE.
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NOLTAVHAITFT 4V 2014E 108 1 HICHEEL
FUfe. FHDBK 10FBZLZ XD ELTVET. FH
DIYTALT 4 BT DERICETHINEL, ARAEFZ
D, REHDIRRETT. K, FEIEHFaENhd I EE
ATWVET. FEREME (NLP) HiEE=®F, 70 EME
DERZEDTHidOMASTY. #EI=2 " r— 3>
A IV (CCY) HARRCF, HEULTER 10 FE2E
DOFUWVIIERTIN, ERENED—IY 3 v JZBFRE
TOEEEFRFEEZ L CVWET. ERESHE NOLTA Y
MIDLIZE, BADSDELDSMEZEDTEDFY.
>+ —7 )L Nonlinear Theory and its Apllications,
I[EICE® (NOLTAE) (& AV KNITF7OI—&fFE5S
N&TENMREDFT UL, TITFITDEERIPHFTIND
NOLTA VT AIT 4 7%, DERTTHEN LWL EBWVE
ER

NOLTA (&, VHOAIT«(CIEDLFIE, B - BHRVY
AITABTOUIVTAIT 4 THOFEURE. B, o
REFIZERIFENLP DHTULIER, 2014 4 4 BIC CCS
HZDEDERMARBEFIZERELED ENERBINETL
fo. ZTDFIC, NOLTADRV YA LT 1 155 T EHERRS
NF U flEL, NOLTAVUAIT v (&, EifE - 1RV
YALT 4D OREICHIZIUTCVDDIFTIEEL, EEEE
DEEFOTVET. & - IBRV DA LT « [CZKECH
F7ZIBEENS, NOLTAVTDA LT 4 & UTDEEZHEESD
TWET. NOLTA VT A IT 4 (F, EEMFHEEZEL
BHOTWVET. R—LXR=JFHEEBDHTI . NOLTA
i5ld, Editor DFHEHNDBANDIFRE L L > THDFET @,

JERERE (NLP) HIR&®(E, 1951 FICHEERIER
MASELUTHREL, 1970 FICFHRERENTRACCIHR
UCIREICES>THD, 70FRULEDEENDODFTT. FER
ERFPNA R, DRR, @M% —1—3Ibxy hDJ—
J18E, DOWDIFE Y AT LAZMNRE UTIIENRERRKRS
NCVFT. ITEDHFHLDOBFIBRBEFZRDOF T, H7E
DUASTVRABZEEOEMANELHERINTVET.
NLP (&, I <ICHZICIZTEEWVRRTH, BHULAIVER
ZEm C e, FRLITERCERICRRCESMRRTY.

B2 -5 —Y 3P AT VR (CCS) HRECIZ,
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NOLTA

V& D

NOLTAVYAIFT«l& 10 FEBZHNAFET

10th Year of NOLTA Society

VY 14 IF 2R RYIEH

2011 FICHEMEELTREL, 2015 FENHERNE
O ULLVRRASTY. &5 FFRE, MiEZGns
U, O221Z5—Y3VICETUAI VR, YA VI
BEOFfcEIZ 225 —y 3 vVikeE, DB #EREmED
HERINTWEY. CCSIF, BRMEEULTRAY— MUK
HUh 5, HEAR CCS -2 3w T (JKCCS,
KJCCS) Z, HA L BETCRE CHELTCWLWERT
(2021, 2022 F(F, JOFDFETHESINFBATU
fo). 2023 F 1 AICF, BEDEMT JKCCS2023 7=
BELE L. 3ESDD In-Person TORRESHRD, H
BUHDZEEBICE > THEELRDEREEDFL
fe. REIOD KJICCS &, 2024 4 1 BIC, RIS CHEDT
EEFO>TVET.

B & & International Symposium on Nonlinear
Theory and Its Applications (NOLTA > RI D L)
&, 1990 FEpSHESNTVET (2021 FFOOFD
FETNOLTA Y VIRIDLAIFHAELFIREATLRED,
Nonlinear Science Workshop #4541 VEE#ELFE UL
12). NOLTA Y VRI DA, BATHEINSGI DD
bFEIH, I—0Ow/, KE, FIT7EE, BHNTEFHfE
TNTVEY. NOLTA Y VIRIDALTIF, FEBICEZLD
R IEDED Special Session REBEISNEYT. FEDHE
FHEL, BN CREBCRRITOEEIHSLLOTLDE
BUVET. SF (2023%) & 1FUFPDIYFUFET
OBICEELET®. 2024 F(F, NNFAD/\OVET
12 ARETFELE O THEDFT.

EBZ +—7 )L Nonlinear Theory and Its Application,
IEICE@IE, 2010 FICAFITNE Uz, F 4 BIHEMREN
THOH, FHFEEREZDINAZFOE UTCRIEWVWD EDR
XZBHUTWET. F5TIE, HRLEDBOIFENEEN
THED, LMY ZEDTHDODFRT. SHEIFAVINT
T7OF—DMI5SNSTENRELTHED, SHREBEICKE
LW TEDHAFENET.

lF, 2023 FE, E10ENOLTAVYAIT 4=
RZEBOHDCEEFEDFT UL, BRORERIC(F, FADFER
KOO TEEBEEHHREICHE O>TVDE 4 KEROMBOR
Kk F2REROBRE—FXREDBESNEIIH, D



10 {LED S NOLTA DHAPDULED O TLDHERKXUR
9. FeINFThaEF, RVLERZHD NLP TEZER
ERBESNICAPERRICE O TOER UZH, FFHHTD
CCSHEBDERLELEDET. INFTOREDDERESE
TERNOLTAVYA LT « 7%, EICHERG  FRIETCH
DEFNRFESBEVERZRUTVET. NOLTA YRy
DLW NLP IRETIE, FERADSRERSETCTEVTS
b, WEWBEBHMIOENTIT O CIRE, SEUFREZL
NOLTA [CECTEVZEKRUTWVNET. NOLTA [CERU
TEBDLDIC, RALTVERZVERSTVET.

(1) NOLTA Society, https://www.ieice.org/nolta/

(2) BETFEREBEEZRIFFEBEMRS https//www.
ieice.org/™nlp/

(3) BFEREBEFSEM IS 1"/ —yarvdA TR
=, https://www.ieice.org/~ccs/

(4) Nonlinear Theory and Its Applications, IEICE, Nonlin-
ear Theory and Its Applications, |IEICE, https://www.
jstage.jst.go.jp/browse/nolta/_pubinfo/-char/ja

(5) 2023 International Symposium on Nonlinear Theory
and Its Applications, http://nolta2023.org

EERBEN
AR (E8: Yy=7R8)

1995 RRIBRAY - E@T - EFISHIZ. 2000 BAFRRIET#%
HFRET. IEBREBEREMEAN RECELMRHEREEANERE
S ZRMAE). 2007 RREMAFZEEHEAM. 2010 FAHE. 20156
R BER). hFRZ2-FNhxy NT—7, BIRREYXT L, &
WAEZH LT 2R ICHESE. 2011 CCS 8 FH, 2012, 2016-2017
CCSEIZER, 2013, 2018 CCSZEFRK, 2014-15NLP &%, 2023
NOLTA VH A1 I 571 5E.
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d’iﬁj%ﬂ” Mitsunori MAKINO

1. FUSHIC

2022 4F 3 JIZAR S NI RHAA T BB B e KA 0B
BHEBEHLY AT AEEOEHRT Lo (B2 2% BIEA 7B HR
ALY AT ADWFE - BEICOVTIVTIE, FEBEEARMOKREHK
BHOEBICHT 500 - TEOHMEEL LT,

'V\J TR RAEIZOWC, B CRBEHIAS R & 0 808 % 53R

RNEFT BN ETE
%@&%@%ﬁ'%M%,ﬂ%%ﬁﬁﬁ,i%ﬁmwk%%
fili e~ 3B

D 215N 727z, 2008 4E 12 H O EEAH [ masE
DORESEN T TIPS CTHAIRS, BOE PR - F2h, A&
ZUAND 3 H#H % RNETH I L THERFOREOTHLEZX S
LIORDOENTHS 14 EDFTEE L, FREFEE OGRS
NTWHLIEHATHWE - FHIiLAZY), ZOREEAELZYT
LI TIERL, REFMO—FE L CHE=EILH - FHMlis
LHRICAYDOH L. 2O L) IR TIE, BEEETHEGRE
&, BB LRSI HE I bAGE L REL 2 L
%ﬁtf%éﬁ(ﬁ%ujﬁo,@U%:t%%ﬁ?éﬁﬁfu
, WEOBE BEREMETHMe e mHT 55
%L’C%ﬂ%@%ﬁ’“t 2T ) Y7 AF)) %éﬁjﬁét

WCATD (R%2) o) (3, 157T) £ Tr@bcaksat Ly
ORBANET DY AT L E LTEML, EfL, ZoOREx N
M3 22 eRkdDoNS. %@ﬁ%% M B ) ThIuTHIZ L
*HIET oo R Rl —ﬁf%?&ﬁbf&ﬁﬂ
WERDEZZHEEBD | f;%i'} WCFEHOUERD
b, TEbb, ¢%ﬁ%%fifi&< LN XY -
Tz &) BARMIORL, DEIOSLTFEELMRDL ZEHH
BOEBELRBO LABHRT 2 UEN D D, KEHREIEMED KL
(1991 4 7 H A7) BRICH-LARIERE 3 72 o 2R I2L 5 ¢,
KEHZ LT % BT 2B VBED L 9 BRFEETH - 7275,
E%ﬁﬁi%ﬂm&otwm$4ﬁu%’%A&ﬁlﬁ%%ﬁ
DI LMHEEMD %, BEICE->TWS., HHEOIARITZD S

BEERD IEH 7 xo— A R T AR AR
E-mail makino@m.ieice.org
Mitsunori MAKINO, Fellow (Department of Information and System Engineering,
Faculty of Science and Engineering, Chuo University, Japan).
EF ORGSR AU - RV A 27 4
Fundamentals Review Vol.17 No.1 pp.7-25 2023 4 7 A
OB TIHHuHEY % 2023
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DATED, HEDPEELBFEREIKOTWL I ERE L
722 EREEN R WES S
L2L, 2oL 2B X3S IRICAZED S H 2 I{D Tnie
L, L% RIZELOFEIEA U CTEIMRAZD > TE
7o ER, BFEHGEGEF S S R WK S Mk e b
e E - BELZYY. Lids T, BEHTHENRL

(72 70 WA 2 AR 2 72 B RFE Y A T 2 0 - Iz DT
ZOWT SRR 2 Bl 22 (i x LR TED L2 H L BH D ITHEN
WL, 9 THAHZLEMMFETS. ~ﬁ FHEBANFEDD
FE-BTICEL T TED L) ICH - (8% &2 EE L2,
%ﬁﬁ%k#éﬁm%ﬁﬁ&&ﬁiéﬂhﬁ& [ B M %
WREFEOBE AELND DG, HhhPEHT (BWER
ThHoTh) ZZ T ZLFEELY. Zozo, SHoftico
WTh, 2022 05 KW R Z MG, B R TIERITE
W EZAHLEHBHDLDTIERNTES ) H

FEE, HBMRMASREDPHRE Loy V=7 v IHE
OEUBFECBET 2 Z8RIITE L, HEET 7V T 57— ay
EREOEAEWZH-TWVL. /2 ZOT77LF15—V 3
VEERE, AEPHRBEHEO 2L LTHED D (—1h) H AT
BYHREWEN JABEE) ICHT23HHEZMHYL LWL, 20
T, HEHIIARSHEE CIJABEE OBHF 2 HOTWLH L LD
12, ZEREZH0 5 RIEFTEHLTIE COVID-19 5 0 H 1%
FEMET 2RO CTW A, 2T, HEOARBEILETIL 2008 FE LD
[BRpayErry—1 T2, FANEMTREM#EEZ
NEEHTAEDZEREEVIZONV—T71) v 7 2B L, Zh
¥ (C&BLIA0L) EBORE AL, AELO FD FH
D—2I2H LTHVTW A,
COMBENHZY, Hofzh L2 2 TIERL, KBk
WCCEBICIMYMATELZLOEOTARRFL LTHNTA S
LT, ERTOUREHRKOBHEIIRIUILE D bDOTH 5.

E ¥

2. ERIVIZFVUIIESR, DYV MRRE
EHFENENTRERE
B11d, R EORFYERMT 44D by V=
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Advantages and Challenges of Applying Nonlinear Optimization Techniques in
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Abstract The commercial deployment of the fifth-generation mobile communications system (5G) is progressing, and

applications and user experiences are gradually evolving. In wireless communications, the technologies must be applied to
guarantee high—quality transmission in spite of propagation channel fluctuations. Taking linear equalization as an example, in
this paper, several signal processing technologies that support 5G are introduced and the characteristics of linear and nonlinear
signal processing methods are described. It is shown that the linear and nonlinear signal processing methods reduce
computational complexity and improve system performance, respectively. The characteristics of 5G standardization trends are
also introduced, the situations in which use cases of use are subdivided and added are described, and the concept of cell-free
systems, which is the system model of 6G, the next generation of 5G, is presented. In 6G, the number of elements in
communication resources allocation will increase exponentially, and multiple objective functions will also arise. We describe how
to quickly derive a quasi—optimal solution using machine learning while separating and integrating interference, and how to
control the 6G system, including wireless resources. This makes it possible to accommodate future expansions of super—use cases
that cover all applications, areas, and communication styles.

Key words Sixth—generation mobile communications system, Cell-free system, Linear fading equalization, Interference separation

and integration, Super—use case extension
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CHUZE VB H B & 9 12 3D BhE R 4K/8K O i Hisll ) e
fiifs, XR (extended reality) Z{GH L7771 r—>a»
HREMWEBRENSL. LT 5G TIEH 7212 massive machine
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Enhanced Mobile Broadband (eMBB)

Gigabytes in a second

3D video, UHD screens

Smart home building
Voice Industry automation

Mission critical application

Smart city Self driving car

Ultra—Reliable and Low Latency

Massive Machine Type
Communications (URLLC)

Communications (mMTG)
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Mb
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Cooperative collision
avoidance between UEs 2,000 10 99.99 10
supporting V2X applications.

Intersection safety

information between an RSU 450 Blog | BloE [ LD 025
and UEs supporting V2X Z“L | &L | TYH 50
application.

Video sharing between UEs oz
supporting V2X application : L 10 99.99 700
Higher degree of automation

Information exchange
between a UE supporting HoE kv 25

5 99.999
V2X application and a V2X | 7% L Th 1

Application Server
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NOMA OEMA&FE LT, M12D L) % 5G VT VAT
LZBT LT Y 7 NOMA REIZOWTHPIT 5. il
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User equipment (UE)
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I—VHEREY PFEEICBWTRAEESE S, HOBITIEY
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32 3GPP release 18 ¥IFEEENDEEFE Y U

RAN1-led project-Radio Layer 1 (Physical layer)
1) MIMO Evolution for Downlink and Uplink

2) Study on Artificial Intelligence (AI)/Machine Learning
(ML) for NR Air Interface

3) Study on Evolution of NR Duplex Operation

4) NR sidelink evolution

5) Study on expanded and improved NR positioning

6) Further NR RedCap UE complexity/cost reduction

7) Study on network energy savings

8) Further NR coverage enhancements

9) NR Network—Controlled Repeaters

10) Enh. of NR Dynamic spectrum sharing (DSS)

11) Study on low-power Wake-up Signal and Receiver for NR

12) Multi-carrier enhancements for NR

30m o o

< »
< »
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X 14 #RFHALY X TFLETIL

R &R O A THAE 24T ) I, MESBEMTH LI
W (7> —/—=F 1 AN) ZEEEIIRET 52 LE D
L. COMEE I 57280, device-to-device (D2D) il
BERAVHRAMAED SN TWDEY, ZOFETIE
D2D ilfE % WV CRAMTH M 21T 2 LT, AR
APIRTE L. Lo LRERMMEEE b ORI O
KA T 2 &, HWIAREED MR LRES ST 5 v iR
N B o7z F 2 THEMEE % VTR O = & K
TAHH LV T EZ2RLRELAY. IR
S IHO—HETH 5.

REFLETE, WAROUMBRELHET 2FEETVESR
ACAERRT 2. ZOETFVEZMMOBETHWS Z LT, Ml
REFRED/N S VIR EZ TR L, BEMICIAZITS . 21Ul
LD HRE TR E VM EREAZR T 5 Z L 2B &2 L ATT
B2 72 4. EARAYIZIE support vector machine (SVM) % Jf§
WIWMEHEET L5 =7 b/ —F (TN) OMIRED
MM EBR L0089 a2 HEL, WAREZEIVNS 22 TN %
BRI T B & & CRREDO(RH 2 R 5.

B 14 1IZRT VAT ALAT Y MIBWTERERKY I 2
L= a YIC X D HReRHii 2 1T o 72, W) 7oORE S
30mx30m & L, AN i (10,10), (10,20), (20,10), (20,20)
IZAFHAEEE SN, TN T ¥ 4 LR BRI 20 HEE S
NTWBHDETH. #F AN TH T N2 #EPHA OB RS
BRELHILT A, 72, INAEZITIFAEL TV T b Rk
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7% BN CHRIFIICAR) T 2 255 ENEEE S L7z). B 15125
BB D) 7 2R3, ) 7O Z R L
T % —HOFEBICIRET 2 2 LT, FEHEFIVOREE
b S BB IS E T AR R I 72

MR RO IR 2 K 16 1R T, R LD, BFEO
— M 2 de s 2 ik (LS) ik & s L C BEAT 19 R AL T
300 L IREFFALAEII DR 64% M L L CTnb 2 &8
GhH. THUE S — FHORKEEHEHED 141m ThH 572
W, AN OH& % 5 LS & T AL 2SR E S b 7,
B R Tk & JREET 1T AN & RN CTHIRL S 2 720,
L VIREEH A TE 572D TH 5. 72 root mean square
error (RMSE) OGRS Z M 17 12" 7. BEAF O Az
Tk LI 2 & 4T H:1E RMSE 7% 54% e T & TW»
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THHTAIEDNELSNTWA, L L Euasidm U
FEICTOBBEIERREAAIINIEL %5720, HPED
BEAF 2V T OB & CLARERT - 220 - BRI R 81 T
JUXAERMTLIEDHLL LS. 22 THMD &9 7%,
MR R R DB R BRI TR LT 5220 7)) =D
P SEEL 70 . R OFERR TN 2 B8 )V — A
M COWEH - 220 - RO L HRE L2 1T C LS UET
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Recent Advances on Active Noise Control

1% i
1)
=B

;H%J I l%ﬂ Yoshinobu KAJIKAWA

TTARNS7 b+ ABTCRARGBEZA*SZCHIE -EKT277747/4Xa> bA—Jb (ANC) (ZDWT, Zhx TORIM

NEBERETDEEDHICREDE@ICOVWTEHET . ANCHIE—H (ZTKhER) »50OHBASICL)EZERE (—K
EZR) hPoDBRIHIE - EBRTAIRMCTHY, METE /A XF vt TNy RRCEEEBL T—RICH ZDOFI
PILECHONBEIICE S LALEDD, £ 74 ARAANY MEIFELE EQOARTRECPEACPEENL ENRRE - FIRE
ICHEWVT, ZRTHICEBZH#EHT 2 ERELCEEREIATVAL., 20L EZFEHICEW T RTHICESH
HEEHRTEILEOICIEYHAINIBEIZLFZIN TS, XIETIE, T ANC VAT LEERTELTEERELD
HEEE (ZoQ) EEBNMBICEBEIESEE/N—F vt Y JI2D20WT, REMNAIFEEZBNTHEEHIC, Thb
DEEEREETRT. 7=, 71— R7+T—FANC YRXFLICBVWTEEL L Z3ERMHFIICDOVTHEAL, 20 1R
ETHDIF—N—HLTULGEFALE ANC S XFLIZDVWTIHRNS. 2 LT, BEH4ESFICSVWTFHAIATY
BHIFBD ANC 2 X F LADBERAAEICOVWTENT 3.

¥—T7—K FIF4T/AXAL A=, N=F bt Py, RREGHR, #igFE

Abstract This paper is a review of the history of active noise control (ANC), which uses sound to control and reduce

unpleasant noise, and describes recent trends in the field. ANC is a technology for controling and reducing noise from
noise sources (primary sources) by using controlled sounds from loudspeakers (secondary sources). This technology has
become widely known to the public through noise-canceling headphones. However, three-dimentional (3D) noise control
in public spaces such as offices and event halls, as well as in traffic and residential environments such as inside cars and
houses, has not yet been widely implemented. In order to realize 3D noise control in such sound spaces, there are still
many problems to overcome. In this paper, three representative virtual sensing methods for moving the zone of quiet
(ZoQ) to an arbitrary location are first introduced, and their performance characteristics are compared. In addition, the
causality constraint that is important in feed-forward ANC systems is explained, and an ANC system using oversampling
is introduced as one solution to this problem. Furthermore, an application of machine learning, which has been used in

various fields in recent years, to ANC systems is presented.

Key words Active noise control, Virtual sensing, Causality constraint, Machine learning
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BlCBWTEFEMEh0, 2505 7 MNEE IS LTiE 7 1 —
K7 47— FHANC ISR SE, 74 —F7 57—
FELANC CTla s 7 b ki (BEEICEWE) s~ (7o
RUEHEEL, HE 2TV VEREICHE O 5 2 HE5 21
BL, ZOSBETEBESHE 74 Vs TN ) v TT D
Z L CHEMERE R R A, AR S N BRI TR &
EN B A=A oS, 7 Eihofaii L <&/
BEEERGDLINDL. FLT, ¥27 N GEFWY 2 FoH
CAHE) (CE S 7ziism~ A 7 ak Y HTIcB» T, Bl
xt U CHHRIG - A AE O#BR S 2 BT 572012, e~ A
sk THLNIEERE ST (FBRIZIE 2 JEiE) RME
THLIICREHIEH 74 VDT 4 VI RBEEILT V) X
LZEDVEHT S,

—)7, ZREEHEWICBIT A ANC Tld—f¢iicits~ A 7o
R A ICTE IR (ZoQ: zone of quiet) %A T A
CENTEDLY, ZoQ DRE SIIHIH R E %2 2 BE ORI
BOQEE) ko TE S, BAMIZIE, HED 1/10 DB
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DOERK (L IE=HAK) O#iPAT 10 dB OERH K ATER
END (FEBICE RFHEOY A X, REHEEEEY A 70
Ky O, BEFIHEOFINIC L 5T ZoQ OIIKCHIPHIZ R
%) ©=0) Z7ix 100Hz TIRERE 3decm & 7% ) ADOFHZ
N=FBI215TH DA, 1000 Hz TIFERE 3.4cm DR SN/
M LR DIDREYA 7R HICICHE L WD (3%
BOMEPEONR VT EFRIEL TV,

L7235 C, HEHE (ZoQ) %ILIFA S LIEHITIZHIZ
ZoQ HAEBT 5 % EORIES ZRILEHIZB W TLIHTO
BEERET ANC IZX o TEBTZHICELEE RS, b
FEBT LB LT, (1) ZHOA 70 Ry RAE =T
TRETAHILET, HEMERTHEEZRKET 270 -\
ANC (100~(18) (9) 25t < f y Uk 21— HFOHILR EOFF
ZOMTIZHET 5 2 LW IR NEE 2512 —F v Lt
Yy vy (VS) Hf19 =68 1) ZoQ FiE~YA s Ok
WA S L= FOHTICBH S5 0—7 ) ANC, (3) /u—
NV ANC & 00— %)V ANC OHICREST A EWR D, J1—
FOVAFE R BRI - PIRT AN 235D &, O IR O s
KT B Z L HTE BZEH ANC 39~ 43955, 7,

ARG TIEZD X9 % ANC IZHT 2 ol Fie 7 v T

)AL, HISEH LW 5 R SR oBn & A% o RIS
OWVWTHENT B, FEIZ, ANC Y A7 2% EMLT 5 ECTEER
IN—=F vt v v ZE O RS & s ICSi T 5 Lk
DI, wIEEH STV B EMAE L oG % E45%REIF SN
% IEREMIFZE R I AT I DO W T O RN T 5.

2. ANC OFIE & KRB 2 F#HAR

AV =7 i L ORI B 2 IR T 5 720 OIS %
B85 ANC 1E, Lueg 12 & % 1936 EOIFFFTHIO TIRE
744 ANC BEASHE ORI ED BATEHNT,
FRIE CHAAN D EAES % KRG (A= h4 L) 5%
AESETAESR (—R) BEEEBEmcFy L, MRkl
THRERE IR S5, ANCIE, Wt el SRE 2 LIc L b
28y 37 BRI AT T A A, AR R ST &
JEER S & R S DIZIEFICENTH 5. FERRIZ ANC OHF
FEBHFE DB AT s o 72D IF H LI O M & DSP (digital
signal processor) Fl DB Z o 72 1980 SFCLIETH 1,
% O EHE R REOHMENZ - TR ZHEEL, #
D7 — 41 1990 FM P Tl 7z, LA LAaAS, BRo
DSP HAMFCIE~ IV FF ¥ 4+ VI X BILE O HIEIZNETH -
772, BEE R SEAET ABORERER (7 year Ly
=) DOMBINENOBRERHR®E Y7 P e RET 5%
ELTHET 5 2 & TRl & B9 2 KUY HLAD —HEY
Thotz, ZOFER, 20 FEKEIZIE ANC BIZEIRL4 DR %
Mz, %L OREPHEMIE, SHBT LI IRk, —HT
Ma b L 7-RFFE RIS 1358 D D R R Tk L TiTb i, 21
AU A>T/ A XF v k) v Ty RRVOBE L Z08E R
120 ANC HlF 2 FHEH SN2 X ICR YV BEICE-> TV A,

LAL, EHMEICBWTIE, S TR Of 21t
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7FOUESE
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BERIZER R(z) ZRARER S(2)
TR VB
EET A (n) e(n)
o

’E_ 7/'I’l/ S(2)
L0 Jsgem gz

1 74—K747—FEANCOTOvIH

B0, —REEFORBESS, IRIE, AHL 2SS 2
o OREMIIZZEALT 5 —KEEE OFEIBIEL, —XKBEEDS
T F TR 2R Th 2 —REBOLEN DT 5
729, 1FEALYD ANC VAT L TIEBEIE7 1 VY 2FH LT
Wh, b EMICHEH SN TWAEIL T 4 V7L, RANEY
2% (LMS) 7T A% HO72ARA > 7w 2% (FIR)

TANMFIZEYERIND, T, BEEREEE, fEesE
3 U T & 5 BEBEE ORI & AAHDRERE I\ MAF S 2 728
g 74 VNI L > TEBT LI EHHTH L. L
72055 T, BHREPOKIANTOT 4 VI N— 727 D
L, EMWR ANCT ) r—2ayIZBWTEEE LSS
L, ANC VAT AIGHLZT 4 V7 o— R =TI
BIFE SR KCATDN T E 7z, FRIT, X 0 #CIURHE B % R
TAHELHIT, RELTT 20N MER R L LREES
ST VT X LADRSIEEE LTI O—D2L o TnA,
TATYVEFREICL ) EEINSL ANC Y AT A, 20
I AERIC LY 74— 77— & T 10— NNy 7RIS
HENLD, ARMCTEFEICTA— 747 — FRIZHE T2 H T
Ttk & D 5.

ANC OHERBEE I 1 IIRT ¥ Y ZVF ¥ RVILRIER T 4 —
F747—=FANC Y A7 2 2HWTHHTE., COTY AT A
T, BEE (—REH) CHAELL—RES o(n) ISEE
H R(z) ZHLTYA 20Kk B EOBBL L FI2L->THR
B r(n) E LTHRIBEING. ZOBRBESIESHE 7 1 Vs
W(z) TRE S, ZREFEEEES y(n) 40, AE=I%
EOTRFFE BT 5. GRS E SN s ak Tyl

L VWL, ANC VAT L OMRE R BT 5 720 12k Bk
He(n) T4, 2L T, #n7 4V ThLESHIET7 1
W W (z) lE—REEE P(2), K S(z), SHEEE R(2) T
WL S B IEEREL P(2)/R(2)S(2) ZHEE L, #EES e(n)
TiMET B 720 O REFERINE T y(n) ZERT 2720 D8
T 7 4 v 5 W(z) OREEBEILT VT ALIE ) HHT
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5. ZIT, —REEH P(z) $EEFE SN E TOEER
Eﬁ%,:ﬁ@%sg)m% Wi 7 1 v & W bt v
AT FE TO—BEOIREREY, SREKIIESH? S SHE o
AN FECTORERE, TNENERT 5. T, SHmER
BRI R ZAL T B A, IR TV T X LSRR
WAL 2 SR 18R 2 L v ) ¥ A7 i) 2 LTk B,

WIB7 408 W(z) OHEIE, LMS 7V TY) ALk EOH
BTN T) AL HCTZED T 4 )b & 155 % HEIY 2@ S &
BTEICEY, BEBEEe(n) ERAMETHZETH L. BEL
I—Fx 2 TDOL)BRHEETANET ) TOTT) =33
UTIE, BEGTIET A VY VHEEIT e(n) = d(n) —y(n) &
LCRMETE 225, ANC ¥ A7 ATl y(n) I3 REH S(2)
EAHLTHICERES R, %XE. d(n) & EBEICEWRENDE 720
TRFRME S(2) DFIEIZ X D ERAEE T e(n) DK ()?%E@Mﬁﬁ
y(n) kﬁ#ﬁ%ﬂﬂ"ﬂifﬂf L. Lo T, R EHIET
5 Z EDREGEIST VT AL T2ULErH L. B,
TURFRHE S(2) 121X, a4 Yy - T u s (DAC),
W74 Ns, T —=T 7, A=, A=A hLEET
{70k ETCOEHERY, 27—~ raky, 7VT T,
TYFIAN)T T TA4INE, THAT - T4 78 )VEREE
(ADC) ZENEING.

—MEI, KA S(2) OB RWIET L7012, T4 VI R
BEmCAE T2 2RETIOE LT, KEROET IV ()
S(2) EmBFATINTANTIZEY T4 NS ) 27T H, &
DIBEFISI 7 )L T1) X 21, filtered-x LMS (FXLMS) 7V
T XL EWEN, Burgess 25 ANC 7 7)) 7r— 3 a2 Y I

WCIRELEDDTHAH G, FXLMS 7VIT) LD 74 V¥
EE [FEs

w(n +1) = w(n) + pe(n)r’ (n) (1)

ELTHZONE, 22T, wn) ZEBEEHIE 7 1 L & OREAN
7 M, v/ (n) EERBHEF VL) 74y ) v ENS
WETNRZ My, pl3ATy THAZXNT 2—5 (IEOEHK) T
»5b.

T4 —=F747—=FE ANC &, Pllo k) IcBsEmb§
LhvAruaky (BEvA70ky) ROHEEMEEE=SY
YT AE~YAsuky BREYA 70K Y) SRV % EK

5 REFWACE =N POBRENTVD., LoT, BH~A
s aky TSN MDD G FRET A 7 1k
YHETERT A2 EDEETH Y, FhoEEvA s RV

CHE I (ZoQ) RAEMT 5.

O X ICHE SNZFICHE IR (ZoQ) 2T 2 Jiik
ZHREA Y ML CI3e—H ) ANC LR, o—# )L ANC
DOREWZICHBIE L CTIESHIE L EICBIF5 Y — POy
FLAMO#EM % EFFITFonsb, o— )b ANC I2BWT
X, BESA 70k YEBEIC ZoQ R LT, xR E L L5
FEZOEBIIBVWTOMUET LI L2 HWE LTS 70
ANy FLVAMOBEHEFEICS &, i~ A 708y RO
RERAE =2 —FoOWMEMEIC—>F >, S~ ( /1
R UGENEIEICIE LT 20 S BIARE CEEDI MR THS.
L£oT, EF v ANVED ANC ¥ A7 4L L CIHEWKEE =
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TEHRTHIENTESL., LhL, REYA 70k iz h
TN 1ﬂ0&§®%4XTngﬁﬁménét , mETA
UK Y % L= OEICICY I EHE T X 2 IR TR -
TEEER R LT EETE Ve v LI T —H )V ANC T
B3HELL. LD ->T, N=Fx bty (VS) Hiliz
MEHIET, ZoQ ZFrLOHTIIHE S5 LENEH 5.

3. N—=Fxlt>2>29

N=TFx Vv 2y FEdE, v A ruky 7 L—%2RMML
THEBRAMT 7 &2 & ) Bk T 2B 2 Tl T 20
P FArEEH I L ) S TR KOG IR ETT 5720

DIZEREER 2 HEE T 2 7B SN D D5, Afa TSR
FH (Fa—Z Y AT =T EIER) ZRET L EE LIS
HHT L. 22y IV F v ANV T 4 —F7+7—F ANC
’bv(ﬂ—%&»%yvVﬁ%ﬁk?%FA®%747U$
YEAE =N OREF ZRT. M2 12BWT, BEE L B
Lzzwiilfls (BEt%) I3 Fa—=r 7 A7 —=J12BWwWTh
BB A 7R 2 BRETH. TOYAruR DI L
EN—FxvA raky LY, EEOMEE (2> ho—
WA T = EMEE) AZIEHIE SIS ERY 2~ A 7 1ok o 3Ek
EINZw, 22T, FEREdEesfETN—F v Lk r v
YTHEME LT, Wil 7avEE, VE- by A s ak ok
VAR IS D W T HE T 5.

3.1 #Bh7 1Lz (AFVS) &

7 1 v (AFVS: auxiliary filter based virtual sensing)
FEo7ay 7MEK 3 IRY. (a) DT a—=V T AT —V%,
(b)y ’a» b= VAT =T ENTIURLTWA, Fa—=v
TAT—VTlE, ZoQ #HL L7212/ —F v )b~ A 7 Tk
CEREL, TOMRTHEZERT 2BEHIE 7 1Ly W, (2)
TRD D LFRES, £ OBERIE 7 1 V5 2 GOBERD bt
~A 70K HE T TOEEEE P (2) + Sm(2)We(2)R(2)
T 7 ANY H(z) 12X DHEETAH. £LT, a3 ha—
AT =VIZBWVT, Wilh7 45 H(z) »5DM)) f(n) it
XA 70K THRINLZZEARES em(n) XI5 2 T, BE
#7107 W) dFa—=r 7 A7 =V THE LT ZoQ T
BRI 2 EBT 2 BSHIH 7 4 V8 Wy (2) ICDOET 5 2 &8
T&5%.

AFVS BT 7 1 V¥ H(z) I© ZoQ CTEEILN % £H
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B2 N=Fxlbt>> TEBALLESTLF v
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(a) Fa—=VIFRT—Y
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L »l R (2) ! \2) |
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(b) ¥ bB—ARF—

X3 #Bh7 15 (AFVS) EQTH Y VH

TAHEGEHIE 7 4 V5 W, (2) DIERERFFL TV E720, KE
PETHH T2 E— b= A 7 05k ERHRKRED X 5 (12
BEEIRIW T 5 EN—F v~ 70k OREICH L THIR
M%<, ANC DFEEIIBWTYA 70k 2HBAICRETE 3
EVOHRENDH L., THIFEZY Y V7R EEIA 70k
Y% ZoQ Mo DN/ TICHE T A I L b REL 2D
EEEIRLTBY, ANC O@HHFIHZ K& (JRTAZ LTS
LEWIHFEELD.

3.2 UE— kv 70Ok (RMVS) &

JE—bh~v A 2705k (RMVS: remote microphone based
virtual sensing) EO 70y 7[X&x M 4 1IRT. () ST 2 —=
VIUAT=V%, (b)) HFAY MO VAT =V EZFNEIURLT
Wb, Fa—Z Y FAT VTR, BEE»DS ZoQ L7z
WHLE (ON=F X b A s ak L) FTO K& P (2)
L CELBERES do(n) EBEEEPSE=S ) V7RO
~Araky GEEYA7ORY) HEETOKEHE P, (2)
WL CELBEERE S dm(n) 2 FIHT 22 8T, WIE7 1L
¥ Cp(z) 2185, COWIET A VY Cp(2) 1 Py(2)/Pm(2) %
LIZEMBAEET A LICRY, I bu— VAT — VT,
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H4 UE—bvA 70K (RMVS) EOTAY IE
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BRI A EBT 2 2L TE S,

RMVS #ETlE, BEEELON—F ¥~ A 7 0k T
RUOBESA 7RV HETTOZRENO —REK O
Py(2)/Pm(2) HIET 4 V5 Cp(z) I WIS 2720, H
W= F v b~ A 7Ok S IdEET A 7Ok A X
Db EEHEC S S ICRET 2 UENH L. 727250, BEYA Y
Ok i THONLEGII L GRERIE 2N 52 E T
OMBEIIHIRTRETDH 5. 72, WEROMEIEIZ L ) —kEHKO
WA LT 4y THEL B EHIET A VY Cp(z) 2 ED
BRI BWTIEMEICHEETE 5B b2, N=F v b3 A
7 Uk T TOBRERES do(n) 2 EEICHEETE S, BEk
WEEREA LA BT REME D D . — /T, 2 hO— VAT —
DITBWT ZoQ 1T B i# 2 BEEHIE 7 4 V5 W, (2) &
ET AL, Fa—Z V7 ATF—YLar ba— VAT =V
BT KL SRR OZT 23 L CHEBHO NA FTh
B EVIHFEDD 5.

3.3 HEHHER (RPVS) &

HxHEE (RPVS: relative path based virtual sensing)
o7y 7-EH 5 IIRY. (a) IR TF 2a—= Y 7 AT —
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Abstract Accelerometers are used for many applications from smartphones and game consoles to automobiles, robots and drones.
In particular, MEMS-based accelerometers are promising for many future applications since they are suitable for mass
production and easy to implement in a small device. However, conventional MEMS accelerometers suffer from various noise
contributors and hence, it was not easy to attain high sensitivity and low power consumption simultaneously. Recently, we have
successfully developed a MEMS accelerometer with both extremely high sensitivity (ultralow noise) and low power
consumption. In this article, the operation principle of the accelerometer and several key techniques, as well as new application
are explained.

Key words Accelerometer, Vibration sensor, MEMS, High sensitivity, Low power
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Theory and Efforts for Practical Application of Sparse Superpositior? o'“ S
w

FARERK Yoshinari TAKEISHI

FTZXRSU b 2010 EICRESNABYITEFES THIAN—IEREHELHSE, HEEFEFNBTHOFNYT FILDR
N—ZBEBREDRICLYFESEEERT 2. COFSIEH 7 ZBEEE (AWGN channel) I(CEZE#ER S W, BERERI(C
FEERIGEWMEEL — FEERT DI EHNRBINTWS., £ OBFSOEGBERE LT, STEEZER L -RELES
(RWHIES) a7 IGEDERBRYIERIBEMEINTVS. —F, BRHESICOVWTIE, EEE P> TDOBED—D
T#% % Approximate Message Passing (AMP) M@ % &, EREICAI IR EH SN TE L. ARTIEIh 5 DEEE
IDWT, EESOMRRRETH S, BEDERLHEKBICHEREILL Z5E0ORW OBESDMEERMEOIZ A THBNT 2.

X—T7—K ZXN-XBhEHEHES, BERGTSILTIE, Eftt> > > 7, Approximate message passing

Abstract Sparse superposition codes are error-correcting codes proposed in 2010, which construct codewords by sparsely
superposing column vectors of a matrix called a dictionary. These codes can be directly applied to Gaussian channels
and have been shown to achieve transmission rates arbitrarily close to the channel capacity. To understand a theoretical
limitation, the error probability of optimal decoding (maximum likelihood decoding) without regard to computational
complexity has been analyzed. Furthermore, efficient decoding methods have been studied for practical applications,
such as approximate message passing (AMP), which is one of the solutions for compressed sensing. In this paper, these
topics are introduced with the author’s research, in which the performance of maximum likelihood decoding is evaluated
when the distribution used for generating the dictionary is greatly simplified.

Key words Sparse superposition codes, Channel coding theorem, Compressed sensing, Approximate message passing
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On Post—Quantum Security of Symmetric Cryptosystems
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Abstract Since Shor discovered polynomial time quantum algorithms to solve integer factorization and discrete logarithm

problems, lots of studies have been done on post—quantum public key cryptography. In recent years, some interesting attacks

using quantum computers have been found on not only public key schemes but also symmetric key schemes. This article provides

an overview of the history and recent trends in research on the post—quantum security of symmetric key schemes, mainly in

terms of cryptanalysis.

Key words Cryptography, Symmetric key cryptography, Quantum algorithm, Cryptanalysis
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Abstract The aim of Society 5.0 is to create a human-oriented society that balances economic development and social

problem solving using “digital twin”, in which various user behaviors in physical space are replicated in the form of data,
analyzed and managed in cyberspace, to a highly level of integration through search and recommendation. We have
been studying user behavior data, including SNS data and “review” data along with location information obtained from
mobile devices (smartphones), publicly available data on crime, purchases, and infections including time and location
information, and geographic data such as Google Street View images and building and road information, in order to
develop a system for recommending routes, stores and attractions. We have also conducted research and development
on routes, stores, attraction recommendations and hazard area prediction. In this paper, we present the role of digital
twin in solving social problems, introduce the basic mechanisms of data collection, management, analysis, and visualiza-
tion by digital twin using a smartphone device, as well as application technologies that provide a safe and comfortable

mobility experience for pedestrians and cyclists using smartphone.

Key words Behavior analysis, Information recommendation, Visualization, Digital twin, MaaS
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2023 International Workshop on Smart Info-Media Systems in Asia
(SISA2023)
31 August - 1st September 2023
Hybrid Conference
On-site: Okinawa Prefectural Museum and Art Museum, Naha, Okinawa, Japan

The Institute of Electronics Information
and Communication Engineers(IEICE)

Organizing Committee
General Chair
Takayuki Nakachi
University of the Ryukyus, Japan
Technical Program Chair
Naoto Sasaoka
Tottori University, Japan
Special Session Chair
Noriaki Suetake
Yamaguchi University, Japan
Publicity Chair
Yosuke Sugiura
Saitama University, Japan
Publication Chair
Takashi Suzuki
Micro-Technica Corporation, Japan
Finance & Registration Chair
Soh Yoshida

Kansai University, Japan

Information System Chair
Shingo Yoshizawa
Kitami Institute of Technology, Japan
Local Arrangement Chair
Keiichi Funaki
University of the Ryukyus, Japan
Advisory Board Liaison
Tomoaki Kimura
Kanagawa Institute of Technology, Japan
IPSJ-AVM Liaison
Kenji Kanai
Waseda University, Japan
General Secretary
Yoshiaki Ueda
Ryukoku University, Japan

International Steering Committee
Chair

Tomoaki Kimura, Japan
Members

Naoto Sasaoka, Japan

Hakaru Tamukoh, Japan

Yukihiro Bandoh, Japan

Soh Yoshida, Japan

Yoshiaki Makabe, Japan

Yosuke Sugiura, Japan

Pt
.\‘\\

Call for Participants

The 2023 International Workshop on Smart Info-Media System in Asia (SISA2023) will be
held in a hybrid format from 31 August to 1st September 2023. The on-site venue is Okinawa
Prefectural Museum and Art Museum, in Okinawa, Japan. The SISA2023 presents every
possibility on new information technologies and its smart systems.

The SISA2023 is aiming at promoting young researchers in the fields of multimedia system
and wireless communications. We plan to organize short oral presentations with poster
discussion for regular sessions as well as a keynote talk and special sessions. Prospective
authors are invited to submit their papers reporting original works in these fields.

The topics in SISA2023 include the following but not limited to:

1. Communication Systems
1.1 Smart Wireless Systems, Smart Mobile Systems
i stems, Intelligent Soft-Wireless Systems

2.5 Signal Processing for Medical Technologies
2.6 Intelligent Signal Processing for Multimedia & Systems
2.7 Security Signal Processing for Multimedia & Systems
2.8 Parallel Implementation for Multimedia & Systems
2.9 Emerging Technologies for Multimedia & Systems
3. Information Science and Technologies
3.1 Intelligent Transport Systems
3.2 Bioinformatics, Neural Networks and Fuzzy Systems
3.3 Informatics for Green Earth & Environmental Technologies

Registration Fee
The details of registration fee will be announced on SISA2023 website:

http://www.ieice-sisa.orqg/

SISA 2023 Student Paper Awards
Paper presented in regular sessions can be nominated for the Student Paper Awards,
provided that the first author is a full time undergraduate, Masters or Ph.D. student.

Special Section on IEICE Trans. Fundamentals

We plan to publish a Special Section on IEICE Trans. Fundamentals on November 2024.
Authors who presented their original works in SISA 2023 are solicited to submit papers to this
special section.
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Augusti29(Tue) — August 31 (Thu)
Institutelof Information Security,
okohama, Japan / ONLINE hybrid

Web: https?/iwww.iwsec.org/2023/.
Mail: iwsec2023-inquiry@iwsec.org

Call for Participants

Original papers on the research and development of various security topics, as well as case studies and implementation
experiences, are solicited for submission to IWSEC 2023. Topics of interest for IWSEC 2023 include all theory and
practice of cryptography, information security, and network security, as in the previous IWSEC workshops. We classify
the topics of interest into two tracks as follows, but not limited to:

A: Cryptography track

- Applied cryptography - Cryptographic protocols - Privacy-preserving data mining

- Biometrics security and privacy - Financial cryptography - Public-key cryptography

- Blockchain and cryptocurrency - Formal methods for security analysis - Real-world cryptographic systems
- Cryptanalysis - Multiparty computation - Symmetric-key cryptography

- Cryptographic primitives - Post-quantum cryptography

B: Cybersecurity and privacy track

- Cyberattacks and defenses - Internet-of-Things security - Mobile and web security
- Cyber physical systems - Intrusion detection and prevention - Network, system and cloud security
- Forensics - Law and ethics of cybersecurity - Offensive security
- Hardware security - Machine learning and Al security - Privacy-enhancing technologies
- Human-computer interaction, - Malware analysis - Program analysis
security, and privacy - Measurements for cybersecurity - Software security

- Supply chain security

Keynote Talks
We will have keynote talks from the following world-leading researchers.
Dr. Meltem Sonmez Turan (Computer Security Division of National Institute of Standards and Technology
(NIST))
Prof. Gernot Heiser (Scientia Professor & the John Lions Chair for operating systems, University of New
South Wales)
Dr. Kris Shrishak (Senior Fellow, Irish Council for Civil Liberties ICCL))

Committees
General Co-Chairs:

Goichiro Hanaoka (National Institute of Advanced Industrial Science and Technology, Japan)
Koji Chida (Gunma University, Japan)

Program Co-Chairs:

Junji Shikata (Yokohama National University, Japan)
Hiroki Kuzuno (Kobe University, Japan)
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