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Measurement of PM» 5 and CO, on the roof of Aichi University of Technology
using commercially available compact sensors
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Abstract

Commercially available compact PM> s and CO, measurement devices were installed on the rooftop of Aichi University of

Technology. Observations were conducted from January 1 to August 29, 2025. PM, 5 concentrations were confirmed to show

similar trends when compared to data from the Ministry of the Environment's monitoring station in Miyuki-cho, Gamagori.

Furthermore, regarding the high PM» s concentrations observed on January 19, analysis using data from AEROS, FIRMS, and

AMeDAS enabled the estimation of the source.
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1. [XCE®HIC

KK E (particulate matter, PM) ®96, Fi £
10 v A7uA—=NMVELT ObL O, FFICTEREERL AR
¥ 'E (suspended particulate matter, SPM) &I/ £1 T
W5, SPM IEHUNTHLT280, KRR TICEREH L& %
DL, NDORKE I HFL TREFRICEREEL
FAEFT RN HD. 200 SPM 121X, LHNbHEH
SNDHHEESS, KRBT —BALHEBMSREINDT
4 —BVPER KL 1 (diesel exhaust particle, DEP) ,
THEOBE LT, BIERKILREICE-T, HH#EK
KPS —REL T2 E END1]. SHIZ, fit
SHIRAED (SOx) REFR ML (NOx) 72 & DI Ak
DHRRIFP T FERISEEIL, AR EDIR WY E
Lo TR AL 95 ki b & b1,

INBINEHITRLEE DS /NS VY PMas (T/INRL -4k )
B UL, FRICHE H ESITWD. PMas &, KL 2.5
~ATBA=RVEL T ORL A THY, FFEFIT/NINTD)
Jili DB FETAVIA BT, B & 5RO B 24 R~
DB RSN TWD[2]. PMosiTF EZARE KK TG
PN RZ| 7o IR 22D L CH RICHREL, EHN O
KRB EL H 2 TnhheshTna[2].

PM,s OB BT, 1 FFHED 15pg/m3LL T,
1 HEHME D 35ug/m3h FEEOHLNTERY (FEik 21

9 H 9 HER), RABGE IEICKSE, 50
5EEIZITARE 1,100 O — R BRERKSHE /R E 233
O B B8 B P T AR E R T REE RN T D
[3].

— 7, HUBR R [ CTIX IR T DK - bl - g 7 275
BRLTWS., MERERTRZE, 1| FMICRAETD
fefb ik 58 (CO2) D& IX, {bABRELOME HIZL>TH
58 & t-C, FRAAMAEEIZI-TH 15 8 t-C, A TK
738 t-C EHEE SN TERY, ZNIEREA T O COM &
(F9 7300 & t-C) DK 1% IZFH S T HLHEE STV
Bl2]. FALTZ COAUTME 0 L HEITR IS DTN,
WEKIZHIE T IA Z, & FF TR 38 fi& t-C 2 H K 9578,
BOOK) 35 t-C T RRPICEREIN, FxE0&E
DML TWB[2]. KRBT RBLIZIT>CWDFER,
S, 5 EE (50 1L 2024 4 3 A K TH#El
B T) TIE, KEH D COEEDRELLNY =
TR TABRENTEY, WOl S ThLEEHA
B AR U7 3 DR BE 138 N Le 1T T\ b [4].

PM, s =° CO XM LR MR H L ED
HoHEEZOENDTZD, MO KK BRELZINET L2
DOBENTEETHS. LLRRD, AKE 7281
HEEIIEMTHD. ARBFIE TR O /N 7251 1 4
BERKFOR FICHRELCEB R ZR 7. A0 HE

OB TRRYE TR EE ARy N LER, T 443-0047 5 G UL B o 75 06 BT S 3f 50-2
Department of Electronic Robot Engineering, Aichi University of Technology, 50-2 Manori, Gamagori 443-0047, Japan



=0T, BRELAE 258 H 30 RKG YW H IR
il > 2 7 A (Atmospheric Environmental Regional
Observation System, AEROS)DHIE @ B3HY, 2T
BoNBN T —2Ev =7 AR TABRSLTWD D
T, Tk D PMas 7 —F LB U CHIE B OB AEZAT
~7z[56]. Fio, BRIOKE R, 2025 £ 1 A 19 BIZHE
IR E D PMys BNHERSNLIZT2®, ZOFEEPIZHONT

BEREITol. AR TIE, 2hood) 3 e 83+
RIZHOWTHET5.
2. #a

PM,s & £ O E 21X, P-Sensor (B &7 47

v ER W BRI AT REZRRL 1 0.3 um BL BT, &
Hi AT RE 70 i FE &G PH 1L 10~600 pg/m3E72->Tno. %“
— X3 1 plBECcREINTZ. —F, CORE
HE I, TR—=76UiE RS T 47 R 74)%1%%
L7z, 2O E oW E kB 13+50 ppm (21 %, #EfE O
£5 % ThhH. bbbk 1 pRTT — & ek L
7.

R 2R T, W ORy 7 2% 3 LTI
ML, R AZERDOIAREZTRVIADDLS,
BIEIZ 3 >, FEIZ 2 2O —R_R—% 0T TT
FLiz. X 112, NG0B EE & LRy 7 A
EEM LA RFOR EICHRELZE 2RI T
5. BE T, E#IC P-Sensor, FH#IZ TR-76Ui 23
i %éﬂflﬂémﬁﬂiﬁmuf%é

'35'/—‘—)14

Fig. 1 PM, s and CO; monitoring on the rooftop
of Aichi University of Technology.

3. HREEE

20254 1 A1 B2 8 H 29 B TOMMIZ,
FH TR KRZEDOR ET PMys OB 21T - 72§ R
2 AR gL B ] RS oo R TS
MCRENRELS RIEMBELNTZL DD, iﬁs
ELTREIFES, BERAEL TR > T, 7
B, KENPLHE~K 2.5 km %ﬁhkﬁﬁ%ﬁﬁﬁﬂ%m
3350-1 (2, AEROS DO RIER 2N & 0, PMas 2 JE M
BHEnATWD. 3 TlE, RK¥E ETolERR
B LHSERT D AEROS F—4 ZHE L TEBY, &
EHICR ETOMEDOHFR/NE NS00, ik k
<—HLTWl RN BT RRIFA Yy 7 A(K
DOWERMEN B2 ENFEREEZHNS.
ZOZENDL, SEIOMERBEFIETH PMas
DOFEMEZHEETLHICE+THDL EHBTX 5.

PM, 5/ pgm?
w 5
o & g
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Fig. 2 PM3 s concentrations on the rooftop of
Building 7 from January 1 to August 29, 2025.
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Fig. 3 PM» 5 concentrations on the rooftop of
Aichi University of Technology and in Miyuki-
cho, Gamagori from January 1 to August 29,
2025.

— B DO TR E R E LR TN I EnD, %0)
JRR 2R DT80 PMys i B L AL [A) » JiV K & oD B4R (T
WTH T AT o7, B A LR O 7 — 2121, W%%V
O H I R S B > AT A (Automated Meteorological
Data Acquisition System, AMeDAS)Zffi HL7-. 7347
D e, PMos e BE L 1] & D S 13 Fle 7240 BE 13 R



LT, FEEDOF AICHEAWRBTFELRNZEN D)
ofc. —J, MEEORMK T, RERNEHWIZE
PMas ¥ JE DR A M AR Sz, LisL, 20
720 TiE, IR EE S & <Ze o T2 IR ] A 0 W ] oo
K &2+ ICiATH28I1LTERho20, T2
NOARNMZOWNWTH 4 DERPBHDHEE ZHND.
ZHET‘ WEFEIC 1 A 19 BB S 72 @ R B O PMy s

WHEBL, ZORAEPRIZONVWTEREZIToT.

B 4127795512, 1 A 19 HO PMas B EEI1L 11 B
EHS ER A2, 13 REHICE—ZIZEL, T0#%
B2 A LT, #3207 O AEROS 7 — X Th R I
13 BRRICE — 272 /R L CERY, il T—H L7 mn
B SAT=. AMeDAS DA - 7 — X LD L,
AT OY H O & X 10 FFIZPE R 75 (0.7 m/s), 11 K
\ZFd B R (0.7 m/s), 12 BIZrg (0.8 m/s), 13 Wi
7§ (0.6 m/s), 14 FFIZEI P (1.8 m/s) &, Wb TR
MW T NSO R BRI TN, ZDOZEND,
PM,s X M BEIZN CEZ A REHE R EHWEE 25
N5, 512, [ HICHE D L TH PMys R E S EH
LWz 5720, X 5 1R LA HNE R O
1 H 19 BOTF—4%Zl& L. 2083, 80|
ERTITREO EFIIRONT, HATH O TR
M 72 BB HER SN TN =2 el b o Tz,

—PM2.5 €02
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Fig. 4 PM, s and CO, concentrations on the
rooftop of Aichi University of Technology from
January 16 to January 22, 2025.
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Fig. 5 PM; s monitoring stations around Gamagori
City.

Fo, K413 Em TR RFRE E Tl EZiiz Co.
TEFE DR RH AR LTEY, PMys I L [F kO B A
MmN RNz, ZOZEND, BEEIZLX->THRAELR
PMys MK L CE-FREME RO D EHER Sz, 22
T, NASA 2342495 Fire Information for Resource
Management System(FIRMS)D 7 — X & fE B L 7=.
FIRMS (%, MODIS <° VIIRS 2 Dk P —2L->T
KFEREOBIFE A RHL, #iK EIZRWVEELTHE
m*ﬂ”é“/X?AT‘&;U A ST TRk L o
KRB, DI g IR o K KB R ICH A &S
TN,

B 6 12iE, 1 A 19 H O AR 2 O FIRMS [ 4
R LTERY, LN m % s B I B R 28
MeRENT-. MEEETIE, SLHEORHICNTHE X
EREIEND I REEXNITOND. TR N EZBEAN T
HZETHEBIOMEEECHRE KK O T, KW
DOBEREDIR2%Z B ELIBHRNRITETHY, HiF
MRl THEREEIN TS, EEEIZ, 1 H 19 BIZHEE
T CIEBEE TR TWZZED, g R
VEV&%%@/AE@EO)?I7/\O%:‘/TEEWD T%ZD[G]

Fig. 6 NASA Fire Information for Resource
Management System (FIRMS) satellite data for
January 19, 2025. Red dots indicate areas of high
temperature[7].

7021E, 1A 19 H O RICH T 5 E G - & [m)
D AMeDAS 7 —Z % /R~ LTW5. 10 Bine 13 FFET
DOIF 2B WT, M2 A TR E 25 o J&
IR NTEY, 3 A CIIR i 25 J7 16 O B )N
RINTZ. INODOIFHRMERABICEZDHE, MY
BTN REXICEo TR ALEZ PMys 8L O
JEAZ Lo T=E B2, TO%EENLE S
0] D JEZ 3 > T Jaj AT B LS 7 AR T ~ TR S L7 & & &
nNa. ZoHAEoR A I TfE EE@EBALZZD
JE 3 H I VAR B 9, AW ARSI BB T oD A8 i R
Lo AN Z 26N,



Fig. 7 Aichi Prefecture AMeDAS(Automated
Meteorological Data Acquisition System) Real-
Time Data (Wind Direction and Wind Speed) for
January 19, 2025[8].

4. BbHYIC

20254E 1 H 1 BS 8 H 29 HE TOHIM, &
MLBRFOR EICHRO /N PM,s i E G &
COJREFZRE L Tk 2Bl 21T 72, %
DGR, PMas I EE VLT AL i s2 BT 12 & 5 AEROS
WEROT —& LR LT, 13T FEEOMEN Z 5
LTWb Z RSNz, £72,1 A 19 HIZHE
W7 E R E O PMas 1220 Tk, AEROS,
FIRMS, AMeDAS O & FiT — & % W THir 217
W, BAEREHEST HZ LN TE.

Ak, 1A 19 BLUAMZ S PMasIBEDS B L
TWDHHRBIZOWT, BAEROKEZ #ED T L
FTETHD. BIZIE, 7H 29 HD 20 B 21
W TRENSSE S 2o TWEDN, ZOHIE
HERE SV BB INTED, 19 BN D5 21 K
W THE Kk RE RN T TV /2. AEROS O
Sz T E R AE K O FT B B 5 AT o BN AT
LTEY, YR IMEENRNTWEZZ b, 1k
KOBENBE SN REEREHVWEZ XN 5.

F72,3 A THIC PMasIRE DN EH LT 5 M,
INEHEBOEBIZLD L0 EHE N D[9].
EL,3A20 HICIHEHIZRENRELS > TR
D, 20O EFAICEMNOERNBEE L TWvD Al gedE
N DT, BIEZ O 2D TV D,

Stk b MBI BIZIToC, T— X &2E L
THMT56Z&7T, HEHORKREO RIS
OHTWE 2.
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Development of a Multi-Point Simultaneous Measurement for Tactile Sensor

Guoxiu LI, Yanling PEI*and Goro OBINATA * *

(Received September 8, 2025)

Abstract

In recent years, the handling of complex shapes and fragile objects has become a significant issue in robot gripping technology.

In this research, we have developed a light-transmitted tactile sensor to clearly detect the contact area and accurately estimate

normal and shear forces through multi-point measurement.

ST B, B, B

Keywords : Light-transmitted, Tactile Sensor, Multi-Point Measurement, Contact area

1. [XC®HIC

WA, aRy MR R EICE(LTH— 5T, 1k
DuRYINCURIZBITOEMERTEIRSERLLT VY
ROERIZIE, R I HIE O RS, AR IS
KRR, "EVOB LN ST-HRERERINTWS.
THOLOBE AT DI, N Ofil 7B AE (2 P L
THAE BT ORI NEIRKDLENLTNS.

KRELITOR Y IV RICERO T TR FEO®
Y EREL, BT, BEiE— AU, BHEEER
HUZ. &5, 2ol o4 laR v b Rafl &
AbLEDLIET, HK/AOEF I THAY ZIELETIC
TR 28y 7H I OFEBIZ KRB LZ[1]. LR
O, ZOBSYIFEMP LI ENTOREINTND
LVIOEIKI N DS. N2 T, a Ry A RARM YD H D
RER DR T8, Btk r2-o8 Eizhornd
AEEELHL. 20X R T, EFo®S ST
W HEEMICHETAZENRNETHS. T2 TH %
W, B AT O ) &R R ICHNE AT R E Var _X—
AR L CERZ[2]. L L, ZRHofil R
LUV OBEEIT B THLID, RELDOEE
IR ZT, TOREBREDRKRENEWVIBEZR 2
TW5.

KHFZETIL, it D2y F Ny RO %% i
TELNAEFIH L, £ il 65 38k O 55 54 B Al (2 H 9
LHIEEE -HBETD. EBIC, MO H DMK IZ%E
L, BEE T O S 2500358, 0 sisE o

DRy b~—A—Z2HWTER D OWE, BEOH L
DN AW )2 HEE § 2577 k1281 5
MO Z R BT

2. ESavR-ZfRtE Y DORE

AW FE DW= il B 2o, R A N s N el
CMOS A, HFE}X LED 4k, BILOR~v—h—n
fF W2 E Ny TRy RTHE RS TN,

CMOS Camera

////////%//% V77777

DMINN

Touch Pad

g7

Fig.1 Schematic diagram of a vision-based tactile

sensor

fih T E WX, IRy Ty NI L2 BRI,
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M A~DIRRYEEFLROBE) &S, #EilickiT5
BT, AW D2 ETHIER T RE TH D[2].

3. AYyFNvF

KRR T DXy TF Ny RITK 2 IR LT2XDIT,
YFZA R CE LN AR THY NI ZEN
ROV H Dz )VNT VNI TE ASN TV 5.

2y F Xy hORNMNIZIE, BERELRZALTLT D
O, BEOME Ry~ —I—RN< N y7 2RI 131
FEIRECRY, ZoFDIZiFE+FO~v—h—B—
SHIRIEN TS, 72, Rybh~—F—D 4l 41 J& 12
I, AR RICBODE R RS TVD.

Fig.2 Touchpad

4. XDFEHAM

KRR TF Ry R T DB, SR DR
B XY, ¥ 31T T KO 5 A3 fid 5E ik o JE B IZ AR
CHZENDD. ZHITEY, B2l 5E 54 B e (28 123
RS2 %, ARBFIEClE, BEARREIR OB R &2 I el
M52 —2DHMEL, ¥y T /Xy RFKmEODJHE
DHFBRBPEICONWTHEZIT7-. BEKIZIE, B
B0 LED IR, Xy T NN, BLOE Y 2/
HE DY, TOEEEFE &RWIZIEAMNT 5.

oo.ooo:::;/

R~ —

Fig.3 Shadows around the contact area

4.1 OB BYDREE

AEBRTIR.U T3 EEOLEKE2HRE L.
L. LED IR D gk, RFEBRCTIX, DLk, &, A0 4
TEJFE T, LED BIRAZK 4 12R7.

2. By TF NyROGED: ik, v —, HEO 3 fE

T, X5 TR,

3. MM OE Rk, R, H, D 4 T, 6
2R,

INHOMAE DL, B T4(LED f) X3 (&>
F Ny R) X4 (BEfilid) = 48 @DIZ K& 5.

FEIL, T EDEB O LED YIE THyF Ny RE M
L, 2o hicEmERE T LN TEMLE.
TIWCERBROK 277 . BEAETHHRFHIR (FiR
Yo, KEE, 82) 3 ATERWTREL, EANT T A
FRAT 24T .

Fig.4 LED light source

Fig.6 Four types of contact objects
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filt 4 % FA N2 35 B, R TE DT v L SRV O B E A N
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Fig.7 Experimental setup
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Fig.8 Image and histogram before contact
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Fig.9 Contact image and histogram when using a yellow contact object
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Fig.10 Contact image and histogram when using a green contact object
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Fig.11 Contact image
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Tablel Norma force measurement results
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Verification of Effectiveness of Relax Degree Advancement by Yoga
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Abstract

Yoga has been said that it has effectiveness of arranging one’s mind and body, and so one can lead a stable life. By taking yoga

poses, distortion of body can be concretely reformed, and change in flexibility of mind and body appears soon. In addition, yoga

poses can make relaxed mind state by combining leisurely breath and meditation. Yoga has a feature that it can dissolve one’s

accumulated distortion of body, and make an energetic and positive body and obtain mild mind by continuing to do it. In this

study, we measure change in brain waves before and after doing yoga, and relax degree in case of continuing to do it. We

confirmed the effectiveness of advancement of relax degree by doing yoga, using a simplified electroencephalograph through a

number of experiments.

F—U—R: BN, VTR, 347

Keywords : Simplified electroencephalograph, Relax degree, Yoga

1. [XE®HIC

SHFNE, LEEEEILDMRNHY, HHEICTLHZ
ETCRELIAEFEZEDILENTELESINTWD. 37
DIR—=AZLHIETHEDPNHBNFIESN T, PN T
FHMEREBICRALDE/ARE N, BAENIZIEZRO

FORNRPHLETEBA), EEMICE D THDIL.

(DA =R TEDODPR BB EIIL, N TR
ERICRZAZALREND.

(2)@ STV LI RCIRE A M A G bHHZIET, VT
Y ALT MR BB AEV I T 2L TED.

)IE Nl b TRY T4 7RI, B &
HEGHILNTED.
AHNIBLIED AN AL OO B OEEZRFF T2

I H #ECHE DI TWDEN, IO R E2F F 1

VR EE L 72 ZE 451 A3 72 S0 D5 JL & & o B

RIZE T A PR L L CIE, 34 O AR 1 o 0E 0 v & ik

WEOBEBZET AN, ZNENOHRICONTHZELE

BTN OB B[213][4]. LL, IH DR — X%
ST XD E T, TORFDOZN FIZ OV THIZEL
HNTIEEAE R, — 5, CERIBICIX, a0 #EhE,
MR 1k AL AR R EOBARIZOWVWTIHAEL T
WA, AEFEELT, DHEAH), ERa LT —
v, BRRIZED HIEDRH WL TS,

T, AW TIE R GITHWOR TWD kL
e, AR EMNmEE L LR, 2D
i HIERE S ThD, B KEND TRILN T
B, EREI TR REZRFETEDHE VT F]
RBHHEVHEH T, G M E2HNTamoR
— X & THETEHEDVT I AEDEALL, T DR—X
ERGE LTS A DOVTy I AEOEALER E TS, K
B2 TIT > CWBIH OR— X I8 A 72 E1E T, STk
(5] TIT> TV Aa T OBMEIXE R EILETHY, W&
TR ARDITOMEETHD. AWFFE T, 85 M e
ERWT, aTOENRIEETHLIRN—R2T5H2LT
Uy 7 ZEMNNE LT 5002 KB, &M, 2R

*OEMTARFLAEHEF ARy N TR, T443-0047 2 50 I i AR 7 75 18 BT 8§ 3R 50-2
Department of Electronic Robot Engineering, Aichi University of Technology, 50-2 Manori, Gamagori, Aichi 443-0047, Japan

11



FNCHRGET D G LR R, ERIZIVITDOZ R %
MEELTZOTHAE 5.

2. BEICDOLNT

A IR I IC X Tho SN, B E D
REWIEIZy (Fr=), B(N—=2), o (T1T77)
W, 0 (=), § (FAH)ENIHDH. ZOE K
MR ELTLDIZOIIN OB X DEFE 2720, /&<
RHIZONTIEB L TWRWIRRE L 72D, o P & 5L %
Wy B, BRI LAY, 09, 6 WITtRIE LD,
TNENDW T O 2K 112 3[6].

3. EREE
31 HEREHOBME

LT, AWFTE TR &R E T 5701 - i
5 ik 3t T A, InteraXon FHELD Muse2 DEE %
9. Muse2 (ZUTVZA LTI OARBEZ W E L,
TV —ary )7 e LR T 4 — RNy s %45
LHZEMARBMRAI OV 2T TT VT NRAATHD.
Muse2 ODEHT 7V r— a7 a2+ 52T,
Jibd DVE By - O F - FE AR DB XA T2 TV Z A
LDT A —R Ry 7 eig e cx5[7].

ARWFETIX, v, B, o, 03, 6 o5
BHOMBEZHEL TS, AFREOH BWIXFFICITY
I AFENZ AR DR a O, IH DR DAL Z A~
HIETHD.
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Fig.1 Simplified electroencephalograph
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Fig.2 Change in average of brain wave of subject Y
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Fig.8 Comparison of « brain wave between before

and after Yoga of subject Y.
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Fig.9 Comparison of « brain wave between before
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Fig.10 Comparison of « brain wave between before
and after Yoga of subject S.
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Fig.11 Change in average of brain wave of subject Y
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Detection of Pre-Performance Movements

in Wind Instrument Players Using Posture Estimation
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Abstract

We propose an automatic detection of pre-performance movements in wind instrument players using posture estimation

technique. The signal is given when the wind instrument player lowers the bell and then raises it. We employed a pose estimation

framework to estimate the posture of holding an instrument, and to derive the angles of both shoulders and both elbows. We

conducted classification experiments using four types of machine learning methods: SVM, Random Forest, Gradient Boosting,

DNN. Experimental results show that all methods achieved high accuracy, especially, Random Forest and Gradient Boosting

performed the best.
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Keywords : wind instrument player, motion detection, posture estimation, posture and movement features, machine learning
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Table 1 The differences between
and OpenPose.

tf-pose—estimation
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speed
Easy to Advanced C++
Scalability customize extensions are
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Prioritizing A high—
Real time real-time performance GPU
capability is recommended.
Programming C++, Python,
Python .
language Unity
Lightweight Detailed posture
.. pose analysis and
Applications . . . .
estimation industrial
application applications
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(a) Bell down
Fig. 1 Pose examples of Bell down and Bell up.
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Fig. 2 Input features containing characteristics

from multiple frames.
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frames by Gradient Boosting.
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Abstract

In this study, we developed a headphone-based three-dimensional virtual auditory display (VAD) and evaluated its performance
through two experiments. In Experiment 1, we compared the proposed VAD with a conventional binaural VAD regarding sound
localization accuracy. The results demonstrated that the proposed VAD achieved higher localization accuracy than the
conventional method and that its performance was not affected by the recording position of the stimuli. In Experiment 2, we
examined the effect of visual information on localization accuracy in a virtual reality (VR) environment. The results showed that
the proposed VAD provided superior localization accuracy compared with a panning-based method, particularly at wider azimuth
angles. Moreover, the system maintained stable localization performance even under audio-visual mismatch conditions,
indicating its effectiveness as a spatial audio presentation technique for multimodal VR content.
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Keywords : Virtual auditory display, HRTF, Sound localization, VR
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Fig.4 Sound localization results (binaural method).
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Development of an Automatic Image Cropping System
Based on Deep Learning
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Abstract

This study developed an automatic image acquisition system for observing gallium solidification and a deep learning—based

automatic image cropping system. Images were labeled with Roboflow, and YOLOVSs was trained on 273 samples. The model
achieved high accuracy (mAP@0.5 = 1 at 10 epochs). The trained model was converted to ONNX format, and a Python/Tkinter
GUI application was implemented. The application enabled efficient image processing, reducing processing time to about 1/70

compared with Photoshop. The system is expected to facilitate rapid preparation of machine learning datasets and support

research in materials science.
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An Interactive Robot with Speech Dialogue and Handshake Behavior

Atsuro TAKAGI*, Reona MURAGUCHI*, Mingxuan BAI *, Chenglong ZHOU**, Haoyang SUN *,
Chaofei ZHANG** and Yanling PEI *

(Received September 10, 2025)

Abstract

Speech-dialogue robots often lack non-verbal interaction such as handshakes, which play an important role in human
communication. Incorporating physical interaction into dialogue robots may reduce psychological distance between humans and
robots. In this study, we developed a prototype interactive robot that integrates speech dialogue, facial expression display, and
handshake behavior into a unified interaction flow. The system detects user approach, initiates dialogue, and triggers handshake
motion according to the dialogue context. This paper reports on the design and implementation of the proposed system and
presents basic operation results.
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Fig.2 Appearance of the robot arm.
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Fig.10 State transition of handshake motion by the

robot arm.
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Abstract

It is known that useless equations are contained as well as useful ones usually in homogeneous or nonhomogeneous
simultaneous linear equations. Therefore, by using the idea on the abbreviation of matrix in linear algebra, only useful equations
among those linear equations must be chosen in solving process for simultaneous linear equations. The simultaneous linear
equations are expressed.in the other form by an augmented matrix. The image of the rank of a matrix is explained by giving a
familiar example. We understand that the rank means the number of rows of a matrix which are truly useful in solving the
simultaneous liner equations.
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WCEICAH N TR OAE rank([A: b]) BNE2HNHZEITD.

FRERREMENIZEE, L2 OB TRMEIITHN DRI T2 KBTI ORRICEL, /TR
AEEOBIECTHEBMICRME R EZRNTNDZEIZTERNWIEN NS, LEEN->TC, 3 1 kR EH
FIETHRZEIZHARTHERO R FE LU 2 XA W2l AZ N KD, #N 1k H R CEE MM
LT, RIMEHOMEL, rank([A: b)) DIEICE->TIE, EAMEBEHRMODENELDLZEE R L. BIKEY
2, AL 1 REFBRREZZOSPLIY EF, 77800 FRe70 70K T, TIZEE AR LR 2RO oy Blx R
L7z, ZHICES T, HIFHICESTT 7O MMNEESINDIED ).

ARFFEIE, EFH O 60 FLHEOFRERFROILEZEVEILEZEE, 5B 2 NIEMTHLRNIEDXITIEH DN,
YEE, U7 DOBENHLL, AR+ ThotcZtEDORIETELHD.

& & X

(1] B0 %7, BEES, IWHZES, “BRIBAREAM”, 2l X EH R, pp.36, 2015.

Iﬂ_||-|,-l

=

PERBEBATHN DAL D FNAZFI LIZOWTHIT L. ATHEAE R ORIEIZLIENA T, L THDDILK
FREATHN D 2 ATHDOE K7D 1L ITHDOEK 3 ZLIHLT(Q -O) KDF 2 DITHNETD. 5 2 OATHID 2
TTEOEKTIC (=1/2) ZHFELT@X(=1/2)) KD 3 DITHNET S, HIZH 3 DATHO 14T H ORIy
MH2ITH DA 25 HLT(O-@) RDOFADTHINETHZLTHS. W, O, @7RLEDIAT OB 1Y %AT
SNOTEFEZRT.
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An Introduction to Mathematical Physics in Integrable Systems I

Morishige YONEDA *

(Received June 6, 2025)

Abstract

This overview article is intended to provide an introduction to mathematical physics for those new to integrable systems. In this

overview article, we introduce the wave function of an N-body by the Bethe ansatz and derive the Bethe ansatz equations using

only rudimentary knowledge of quantum mechanics.

F—U—F: A0 R, Bethe ()%, Bethe (R THEX, &1 /)%
Keywords: Integrable system, Bethe ansatz, Bethe ansatz equation, Quantum mechanics

1. [XC®HIC

w] % 43 % (Integrable Systems) &1, M BR {# o {£#
FRIZR SR &2 T . A I, BIED A
MR aeE e r i RO T —~H ThH, Rl
Wy B 22 ) 72 ST ICHE 5 C, Bethe (% 5 iE[1-2101C
EREZR S TR EZIT\V, P12 EF ) F 8 O
ik D % T, Bethe (KX IZXD N KD B BE$ %
AL, Bethe Rk F A OEHECTORMFEEFELL
fiE i3 5.

2. Bethe RN A%

Hamiltonian &L T, Lieb—Liniger A [6-7]& 0T
"5, LT DX57 delta B BEAEH ZL TV 5,
1% ¢ N Bose i+ %

N 2
ﬁz—;§?+2J;5(xi—xj), (1)
2%, 22cJ>0 [ R/[2m=1 L7,

A (D 72T B BEL wixy, x2,.. ,xn, 00D, KRR
VBT O BRIZFFICER T 720Dy, L FD22D(RE
), iEHZD.

i) NEOK+DEE &% Py, Py, -, Py, Py ELT,
INHOE W N T R EZE THY, ito
THE %S, TNOOEB) EOEBROMIZR>TND.
i) N EORL A DIFAETHURTHEEE L2 5 L2

ELT, ZNENESOXZIZHEIL, ZThHD X IC
fFAET D011, HAEEHOZRWEAIZENLELD
K ICHFEEL, lEAER OLDE A 1T A AR 7
TERIZRZHDET 5.

21 2@ EHEBKBRY S 175

RFE 1), i)EB B L2 0% # B IXk DL
25, (LIt Q R° P, £ILHD subscript D E ME D
FEMIZOWTIR[I~[13]2Z DL, )

v (x,, x,) ZZAQPH(an <Xg, )eXp(ike,xQ“ +ikp X, ) @)
o.P

ZZT, 01 step BB AEERL TS, X@IE, 2/ kL
T, TIRTCZERI DM xa & xp IV D6 O3 8BS %%
THY, Q IFTEEFT X CTOEM, P ILEIHETITO
EHAERL TS, RQ)ELIDLEKRMIZE T L,

l//(xa’ xb) = H(Xa < xb)|:AQahP”h ei(k“x“+k,,xh)+ AQ”,,PM ei(khx(‘+k"xh):|

+0(x, <x, )[A elbrmhi) 4 4 (3)

Osalan [

ei(k,,x,, +h,x,) ]

>

&7 AT By BE B oo 3 fot D 2 A

l//(xa’ xb) (4)

Yo=Y

AT DL, IRIE g 1217,

OB LRIR LR RMEHCE, T443-0047 5 J L AR T 75 90 BT RS 3R 50-2
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OQunFup +AQahPhu = AQI)aPah +AQmPIm ’ (5)
MR AL T 5.
BTNz, 24K ® Schrodinger J7 FE 7
I:Il'[/(xa’xb):(k:"'kbz)'//(xas xb): (6)
Bl BT AHLIRGMEERDDE, IROIH 7 1E 18 2B
KAV Eae

i(k,—k,) (AQ,mm —Ao,n, )+ J (AQ,,be,h + 4y, ) =0 M

i(k,~k,) (Agahfz,, — Ay n, )+ J(AQMBW Ay ) =0 ®

PDEMEIND. ZHDHIZHOWTHESE, IRIE I

A4 (9)

[

=S (ka - kb ) AQa/th

OEBNAEHEND. 22T S(k,— k)X, a HHD
EE Rk L b FHOEB R RS SITHITHY,

k, — k)P —iJ
S(ka— kb):( a b) . , (10)
k,— k,+iJ
LS TEFRSIND. 22T PO, L FEFE x, & xp &
BT DHE WA A ThHD.

DL Eo2iEoi 8B c ks, 2/ M B AEHOE
BEaNRRTDE, ROIDITRD.

\

ANEyS (k) (>3 >)

V\\ //v T
S
/\\S(ku— k,)
- oS (x, <x,:k,>k,)
(xa, ka) (xb, kh)
0 x

1 2K HEAERH DK

LICHED SATHIR OBEAR L T,
S(k,— k,)S(k,— k,)=1, (D

DHIHILTND.
XUDOBEBREAXIE, S 1751 unitarity EFEIEILT

50

W, L CHLEETHD.
Wz, 2R BEAE 22512, Sk AEEREZ%5 2
5k, 2 DIHITeAB.

tl kk k, k. k k
" 4 i > 4 X
\k 7 \ | 7
P\’ = \\/'/
| 7\ - a\|
J2BERN 7N
//l \\ Y | \\
k,” Ik, k, ki ky1 ke
0 X

X 2 SR AAER DX

2 120D, SATHIM ORI RO LIRS
S(k,— k,)S(k,— k,)S(k, — k,)

=S(k,~ k,)S(k,~ k.)S(k,~ k.). (12)

A 2)oBEAIL, S 74 DR 1k (factorization) &
FEIZND. ZUH2 D ICEE THSH. LLE, [ED
E BN, AR BEAER O, kOIS,

A
t
kb ka kd kc kd kc kb ku
O 4
./ k\ /7‘ R\ ; oA
vy N = Vv \ 7/
N Nt (\
/ /
I N NN
k,, kb kC kd k(y, kd ka \ kb
10) v

X 3 4{KAR A {EH DX

3UCHED, SATHIR OB XITR D EHIT72%

S(k, = k) S (k. = k) =S (k. — K,)S (k, = &) (19
KA RIT, 46 EAER N, 2004
U7z, 26 BEAEH S, IEENTWAZEEZERL T
W5,

2.2 N& KBS L Bethe RER

ATET O B s, S 175 OB 72 1%, LT
D3IDNZFEEDHBIND.
D) BELORTZ IR WT, B 021X/ ChL 1
BRI .



i) BELORITZIZHAWT, EE & O (ki,k, - ky) D
ZAbIE72 s GEB) &R A7 R, 584 WP HGEL) .
iii) 2R T OBELIL, T X TMALICE =28 7O
BELOM A G DOE TEDZEN A HETHD.

PLE, D~iDoEE2 3T X TEELE LT, 1%k
D2ROP BRI THHR(2)%, 1R ITD NIK DI B
BIE LT, W DIDTHRIR T DN KDL E

ERA

l//(x]’xz’...’ xQZ<...<xQN)

Xy)= ZAQPQ(xQ <
o.P

xexp[iZkP/xQ]J. (14)
N Fop 4%, KADDIHIRFICELZLE

Bethe {ii% (Bethe ansatz) &V 9. #(14) 0 22 [ )4 12
2R T AR R

<X, < <X <X,

L L
5<% o, <5 U9

QZ QN*I

DI E TS, WEh R %, KX(14)
EHT A0S, OXHICEL

(ZJE R B R S A

’/’(xw Xysto xN)EZQ:'/’Q
WQ_ZAQPeXpL R xN)J, (16)
JE B R SR II R D LI E 25,
=—L/2,%,,, %y )

Yo (x17x2’ XX

=l//Q(x1,x2, XX, =L[2,x,,, --,xN). (17

K(ANDNERAO)NTHETHE,

4, exp{ (kxl+kx2+ +k, 7L+ +k, xNH

L
_APexp[ [kxl+kx2+ +k, E+ +k, XNH (18)

L7, E ) & O OE WO AT BRIk A A D
5, PLPEEMRMICEIEKRDINITRD

-L/2 x, x, Xy o Xy
P % 1 2 N-1 N ,
kj kj+l kj+2 kzv k1 kz kj—2 k,-l
xQ| xQ7 xQs e [ xQN L/2
P - : - (19)
j+l kj+2 kj+3 kN kl kz : kj—l kj

51

- T, AR BE R S 2 aR Lot R

Ay = Ay exp ik L) (20)
OEFENE IS, KDDL, EEICE TS
EHEE T pe 2{EH éﬂiéé:/k@cl:ﬁ 5
Ao, n, _XabAQhP,,
_ s ab
g 2= ho) =B 21)
k,— k,+iJ
WEoT, X ‘i’“F‘ﬁT”F‘EJ&i@UE%:I_JH%E IR T DR
" CThd. OB TR 4y 0 & Ao p,, LD
\ZIR D EH72 B4R
0P, =X Ay (22)
DAL T 50T, ZORAKRKXERXADICTH WD E,
AQP :Xjﬂj)%jJij _“XNfleij
xXVURH LRI (23)
DI, PSP IIBRVE T2 R EOE R T, BHW

_izwé. ZHIZ QO D JE M R KA L

iR ERCEDICED X OEFREZM DL
N L L
G s § C
N
k,L=27zn,+% Ak, - k), (25)

m#j

L72%. ZIZT, m IMEE OB THD. X(23) K VN(25)
Li Bethe (7% J7 £ & (Bethe ansatz equations) &\

VY, Bethe W% (22 [E A E B O O H F AL
oA, GEHNZHOWTIELL] ~[13]2& oL, )

3. JE§EW Schrodinger FEERXEDRIHF 4

(1) Hamiltonian OMFHFEELDHE, D EH72
Hamiltonian % B

}[z—t//*(x)aa?t//(x)+2jl//*(x)l//*(x)l//(x)l//(x) (26)
LA, o, X(26)D Hamiltonian % X, T /1%
RIS BEAEZLCWD1IRIE N kL 1R EFR%ET
HOHZENMOENTWS. ZOEH HREAIE, 1+1K
JCIEHIE Schrodinger JT 2R THY, a[fE 45 % TH
% soliton 2D H X D—2LLTHBILTVND.



4. FLOHERE

BROEARN LA E D RELT, ME MR EIC
WoT, TAXBEBRMAEERELCWD1KR T N
Bose $i R IR UVWT, Bethe iR IZED NIRD L @
%% 8 AL, Bethe Rk X%, #5772 & T
NFEHEBEENPCERT2ETOBRBEEZMEH L. H.
Bethe |ZXA i H OF X115, 90 4FLL EDO R WE
& FE D Bethe (R a% (285 Al FE 45 58 OfEHT Y 5 15 T
HDHD, IETIEHIEFEERI2], B F TR
»R15], BRHEGR18-211~DJs &N s %, &6/
L3 BV/YIFENTHDIHH THLHS.
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Hyperbolic Functions and Integration by Substitution

Naoyuki OHSAKO*

(Received September 8, 2025)

Abstract

Hyperbolic functions are functions that are only introduced in university, but they are not used very often and are not very

familiar, with people only learning their names. However, by using hyperbolic functions in the substitution integral method, the

answer can often be found smoothly.

In this paper, we introduce hyperbolic functions, derive formulas similar to trigonometric functions, and discuss how to use

hyperbolic functions in substitution integrals.

F—U—N SRS, MBI, w7 BIsk, AR, B RFIR, AR, INEER, (54D, MO, BN

MREBEEL, BTy

Keywords : Exponential function, Even function, Odd function, Hyperbola, Parametric representation, Mutual relations, Addition theorem,

Double angle formulas, Half angle formulas, Inverse hyperbolic functions, Integration by substitution

1. [FCHIC
MR BIE 1L, RFPETIOKEIG T8 THD

W AFEAEDHFFE T, B<MNDLEE THDHID,

HEVHI G DRV THAY. L, B S E
T, MR EEZ A WDHE, AL—RICRETEHL
M. AT, AR DWW TERRL L,
AL A R oW S Ry IR
A B B AL DN TFIZ DN TR RS

2. WMEHREAH

FP, HEMELT, MEOERKYEHEIZONWTIRR
B R RICE LU TR X 2 E £k T 588 8 f (x)
WZOWT, f(=x) = f)ZEWM =T &, fF)EMMBE L
DWW, f(=x) = —f)EM T L, f)ZHEHLW
9. B, FOONBBEE»SFEETHDHEE, FOOIX
THAERIZ 0 EELLRY, L5 Cf(x) =0k 7. HE
¥, HEBOMEELILT, BEAKEILOMBLIOE
I, WTRBLMEEI S LAY, R, FBEEESILOM
BLOEL, WIhba ke ns, 70, WKL
B DO BLOREIZDOWTIE, a7 B B I 55 23 %%
B O%E X EEE 5, MO A 1TFEEERD.
5 20, x sinxl3FE O H A BB 2 E (I £ ) & &

NTODHIEBIR LAY, 223 O a5 B A 1

8 (FBEDE EN TV DL A B LR 5.
R 2.1, RSB LTI MR X 2 e e+ 58
%If(x)ﬂi, {l%Fﬁi&ﬁven(x)kﬁr%iﬁfodd(x)f:

f(x) = feven(®) + foaa(x) (2.1)
L—EmWIcRESND. ZOLE, BB fopen () &A1 B
B fraa )L, TN E R

feven(6) = 5(F () + F(=2))
1 (2.2)
foaa () = 5(f () = f(=x))
LEITD.
[REBAT BIES Qo)DM B X fopen (1) & AT BE 2K foqq () D
mTEDoOXIlcRsNTET DL, f(—x)=
feven(_x) + fodd(_x) = feven(x) - fodd(x)kfoﬁ%). ik
Q.DERLT2 TEDE, 2.2)D fopen () DXMBE LN,
<2-1)7D)Ef(_x) = feven(x) _fodd(x)%él WT 2 THID
L, 22D frga()DRNBELND. Wi, (2.2)TH %
DIV fopen ) & foaa GO ENE BB ¥, &A% T

b2 EETT . fuel2)=2(f(2) + () =
feven(x) v, feven(x) T SR, R RIS,
foaa(=%) = 2(f (=) = f(X)) = ~foaa )LV, foqa(x)

*OEMILEIRERGEE B Y —, T443-0047 25 B AR o V6 8 BT ES 3 50-2
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FEH LS. £, 2.2)D 2 DEETE()EEL
<720, C.OBELND. 2. DD fren () & fraalx) D —
FAHEIZOWTIE, ©9— O Ol B fopen () & 77 BI 2
foaa COZ AT, F(X) = fopen () + fraa()E RSN T2
FT2E, f0) = foven(®) + foaa(®) = foven () + foaa () &
v, feven(x) _E;;z(x) = f;:i/d(x) _fodd(x) L bH. 20O
BIEBUT MBI THY, oA L A0, [HEH
(20 EHELLIRD. T2DD5, faen®) = foven(x)
foaa(®) = foaa()&72%. (RIE B %)

HR A B B e, R RIS B L Ot 7 X [ (o0, 0)
TEHSNIEE THENE, 2.DICEHQ.DDRH
MAETHD. f()=e ET DL, fuenx) =5(*+

™), foaa(®) =§(eX—e—x)efoczm§, ZAUS I

B % & XX, coshx =%(e"+e"‘), sinh x =%(ex—

eMERIND. Lo T, fafiB e (2. 1)ICED
KB,

e* = coshx + sinh x (2.3)
Ele D QB VWT, xE—xICEEH DL,
cosh(—x) = coshx, sinh(—x) = —sinhx TH D05,

e ™ = coshx — sinh x (2.4)
D, 2.3)EQ.OITHHOBRIZHY, ZNHOFE X
HroE 11272505,

cosh? x —sinh?x =1 (2.5)
L7220, (X,Y) = (coshx,sinhx)IZ Wi f#p X2 —v2 =1
o THBZEN DI D, coshiE hyperbolic
cosine(NNARRY w7 et A ) EGE A, Bh 43 5% B K
EVI)L b RIEETHD. oM FR B SR IOV T,
“ABABOAHOKREIZh ZBRLLT,

sinh x 1 1
tanhx = , sechx=—— , cschx =-—
coshx coshx sinh x
1
cothx = LRIND.
tanh x

(2.5) D[]l Z# cosh? x THEI 5 &, sech x&tanh xD B #%
*®
1 — tanh? x = sech? x (2.6)
NEELIL, REEIZ, (2.5) D i % sinh?x TH| 5 &,
csch x& coth x® B 4% =
coth? x — 1 = csch?®x (2.7)
NELID.

coshx = %(ex + e ),sinhx = %(ex —e™MIZBN\T, x

ZixIZE TR DL,
cosh(ix) = cosx , sinh(ix) = isinx (2.8)

720, Wl MBI L = A BB OB NP EOND.
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WAz, WA BI %y = coshx, y = sinhx, y = tanhx
D77 % Fig.1 IZR7T.

Y Y
NS
0 -
x
y = coshz y = sinhx y = tanhx
Fig.1 Graph of y =coshx,y =sinhx,y = tanhx

Fig.1 £V, coshx, sinhx, tanh xDfE 1L, FiLF 11
1 < coshx < o0, —o0 <sinhx < @,
—1<tanhx <1
L0, Z A Dcosx, sinx, tan xDE K L 1T K EL
ey, Fio, AWML ER 2700, R E L = A
RIS O NNE EBAIZHELIL 2R O E BB T 5.

(2.9)

foRE 2.2. Wil # B Hcoshx, sinhx, tanhxIZEH 35
Nk e B

cosh(a + B) = cosha cosh 8 + sinh a sinh

sinh(a + B) = sinh a cosh § + cosh @ sinh
tanh @ + tanh 8

tanh(a + B) =

1+ tanh a tanh
DIRR ST 5.

[REP] (2.3)XV, e**F = cosh(a + B) + sinh(a + B) &
72%. —J7, e**F = e%P = (cosha + sinh a)(cosh § +
sinh ) = (cosh @ cosh § + sinh a sinh ) +
(sinh @ cosh B + cosh a sinh B)&720), [l F 1T 5 LD
cosh(a + B) + sinh(a + B)
= (cosh a cosh  + sinh a sinh )
+(sinh @ cosh 8 + cosh a sinh )

NESND. 2.11D)DOETIZHOWTIE, & 1 HAIXE
BE%L, o5 2 THH X BIEIC R I0 I HLThHD. =
T, QIO ak—allfE—BIZETNENEEHZ DL,
B 1HEBIXEEEOLDEDLSLT, 5§ 2 HE LA
BOT-DF 5 DRI DDHND,

cosh(a + B) — sinh(a + B)

= (cosh a cosh 8 + sinh a sinh 8)

—(sinh @ cosh 8 + cosh a sinh f8)
B, ZolE, 2.11)EQ12)FELT 2 THIHLE,
coshONIEE BN EF LI, (2.11)205(2.12)% 5\ T 2
THE|SHE, sinhdINE E #1540, coshesinhd ik
E B DtanhDNNE E DG LD, (RIE B %)

A BEBEOMEERR L, #HEERICONTHR T

THIENHLNTWDHEDT, (2.8)DREHEA L = /AR
oMk E#E A2 T, (2.10)0 B il ##1CB 3500
EEHAZEIZLLTED. ME 2.2 50, 2Bk
OB ELND.

(2.10)

(2.11)

(2.12)



% 2.1.
DN
cosh 2x = cosh? x + sinh? x
=2cosh?x —1=2sinh?x +1

Il R B % cosh x, sinh x, tanh x(Z B 35 1%

sinh 2x = 2 sinh x cosh x (2.13)
tanh 2x = 2 tanh x
an x_1+tanh2x

AL T 5.

(2.13) D coshD 5 A DR AING, FH DARXDPGFH
ns.

% 2.2. MR B %% cosh x, sinh x, tanh x(ZBH 9%
8 DN
2 x_1
cosh 2= %(coshx+1)
x
. 2_:_ _
sinh > 2(coshx 1) (2.14)
. hzf_COth_l
an 2 coshx+1
ML T 5.

xHEFEER, nEBELLZEE, ZABBIZHONT,
ReE®T7 7 LDRE
(cosx + isinx)™ = cosnx + i sinnx
BB, B # IOV TY, 2.3)&VF-E
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Electromagnetic Potentials and Fields of a Charged Particle in Accelerated
Motion
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Abstract

Lienard and Wiechert separately calculated electromagnetic potentials for a charged particle in accelerated motion and
resultant potentials are called the Lienard-Wiechert potentials. Lienard and other scientists such as Heaviside and Feynman
showed formulae to calculate the electromagnetic field of this moving charged particle. However, it is quite difficult to understand
that their formulae give the same electromagnetic field because their formulae have their own specialized forms, respectively.
Therefore, we first proved that their formulae are equivalent by using modern vector calculus. Then, we apply their formulae to
the case of a charged particle in circular motion with constant angular speed and get our formulae to calculate the electromagnetic
field. Finally, we compute numerically the electromagnetic field at a point on the central axis by using our formulae.
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Fig.1 A charged Particle in accelerated motion
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Fig.2 A charged particle in circular motion
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Abstract

This paper reports on a project aimed at improving the Japanese proficiency of non-native speakers at Aichi University of
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Fig. 2 Project Overview

31 BEDOIBLEIT

KF SR G A DAL, FEE B AT L CTaE
L AT, BARGERE NIRRT, BAFERETED
ZEIITE RV, 22T, B AREOEAE N LM
RV N2 k5K G e 52 G A 2 D7 T AITIL B RGE R
FEOREM AR E L, H AKGEOE B &
N1 %} 3RGEEEICILIE B RFEERGEREH CTHDHA, N1 %
WAL TCWDH#EMZRE Lz, Y 5880k -
Toth, MUBAHIERBET CHLFHBI—T 17 %
TV, I RAERR & O 72, b 5K i e o Bl 1513 %%
WEL, ArIE 3Tl NI Z2HELTWLEAEEX 5
WL Z2EDEEL T, BEAICRIREND
FEELT, B LB RFE - RFEFREOTAET, 2023
7 AD 2024 £ 7 A OMICAT OV B ARFERE )
BT NI ZEEL, FYV T2 —TCHREDOH A £
TICHFEEEARH LA LLZ. B HEEHITIT,
FEEOaY— oM, A ARGERE R BRE K ICm T
FRESL, 5% OEMTH RZETOEEIIXT5H
A, ZLTRBRIEE ~OWH /I >N TRl L
WA, 7l AN — |2 LB E DR R, 1
LDOFEICKHLEFEZHE L. WE2EXOK 71X

BB DOBYKFHR— LR =V D= — A B L7,

B RIS DL OWR, R i O A
ELTCREZHN~DF T DR %1T -7 (Fig. 3).

69

B Zs&B 6B I & &3
Sy Q@

SREH X 750015 DI A Hh— FGETOF v~ |

B LAZIE DS S

HRGAN O IFTRE QR e T X .
PR BREL 2T,

D OEhNF4F

R0 T F A D POk
L < AR

12ZH1H®GNTS L < IEN2
DEBFAHTET

WL LT

MBS . FHMA (REME) ASNRENOLIEENRYE - HWRRESO 2
D EMUC BTN &M 22 A AR C - BSEEOEBROER o—RMTY.
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