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Functionalization of liquid metals
Osamu OTANT*, Atsushi NISHIZAWA *and Akihiro YABUSHITA * *
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Abstract

In this study, we have investigated the basic characteristics of liquid metals and their functionalization. Liquid metals were
prepared using gallium, indium and tin, and their properties such as electrical conductivity were evaluated. Self-healing flexible
wiring was fabricated by embedding liquid metal in silicone resin. We prepared a liquid metal in which a filler with magnetic

properties was dispersed and confirmed that this liquid metal could be moved freely by using a permanent magnet.
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3.2. ILXVTUNTFNRAIRADERETOR Y

YVa— iR IZ GalnSn R LIAATE 7L T
IWNTNAADEBE B %X 4 12777 . GalnSn (FvVa—r
BHIE P I DA ENTWD. 4 SFIEICIVEPIE R

ELIEZA, 10°5Q UL T ThLHZLB RSN, £,

VVa— R ORBITIRESR THL-D, o T
THMB LW EWIF En3H5. EVniz i, B O
BEMEERETHIVLI VT IAT RAREZTIZENTE
5.

f

Fig. 4 Flexible device with GalnSn embedded in
silicon resin

3.3. Magnet@GalnSn DEM LZF D&

Wz, WtEK % GalnSn ([ZIRAL7Z. BRICED
BLE T, AR ICBATERL 7 23 L CODER T 23
RSN, SOICHEMARBIEAITH>72D, SEM % H

W GalnSn ONERIRREZBLERL7- (X 5) . ZDfE &R,

GalnSn FIZREMERL 7 230 BL CTWVDER T 23 iR S

7= (X 5(b)) . F7z, 44 FIEICIDIEHTRAE O R,

W tE R %2 5 S EDETERERIZ105Q UL F THHT
ERFEFRS LT (Table 1) .

Table 1 Resistance of each sample
P 7 B
GalnSn <1073
Magnet@ GaIlnSn <1073

%\ T, Magnet@GalnSn Bl [ 45 4 38 B % 5 Jiti
L7z. LU, Magnet@GalnSn (25 4115 Ga AT A
WL CTEm Wtz /R L7272%, Magnet@GalnSn
WAFZAAFFELTCLEST. 22T, R RV
VR AR\, GalnSn &6 12 Magnet@GalnSn %

;
' 100um :
Fig. 5 SEM-EDS image of Magnet@ GalnSn (a)
and FeKao (b)

YT NVEICAN, ZOEBBRFEZLLT O FIE THE
BLT=.

Yo FNVEOmEICKABAEEEL, THNS
EH A~ R EsBE@IELEIA, A LEELIC
Magnet@GalnSn "B &) 28k F 2R S 7z (
6(a)) . TD%, WA EBRVEE Magnet@GalnSn 1%
TOMBICRE--. 2O/ %R, BEICXY
Magnet@GalnSn % H H ([CE) 22T Z &I D L7z,

ZORERIL, GalnSn F OREME T 4T — BB I Lo
THELHIL, GalnSn EEBITBEL-ZEAREBL TS
(¥ 6(b)). 5%, ETHMBEELHVTEEMELAL
MIZTDHFETHD. -, RO T — 22T
L, ZOEMOIEHEMREZHEFTLTHL. i, Y7h
2Ry ERFE DD DO B~ %% 2 Tnb.

4. HHYIC

48], GalnSn ORI e HEOFEM L, Zivg: H
WS RE (L IC O W TR R L=,
UTICEERRRZRT.

*Ga, In, BXO Sn ZHAWTIHELE B ZERL, 20
HMERMNREOEARFEEAFEM L.



Magnetic field (bottom)

Magnetic field (top)

(a)
B cornsn
L J HiERF
(b)

Fig. 6 Magnet@ GalnSn migration when a magnetic
field is applied (a). Schematic diagram of magnetic
particles aligned by magnetic field (b)
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Development of linch size Autonomous Moving Microrobot

(Fabrication of and Experiments on the Prototype Microrobots to Participate in
the International Microrobot Maze Contest Category 2a)

Masahiro ISOGAI* and Taichi SUGIYAMA *

(Received September 30, 2024)

Abstract

Recently, there have been a considerable number of studies on microrobots, which can enter confined spaces that are not
accessible by humans or larger robots. Moreover, yearly contests have been held in order to develop microrobot technologies.
These activities have increased the significance of microrobots. Here, in this study, we fabricate and performe the experiments
concerning the prototype microrobots that can move autonomously along the test course to participate in the International
Microrobot Maze Contest Category 2a. Our aim is to fabricate the linch® size microrobot referring the microrobot that was
developed before at the authors' laboratory and had a size of 10cm X 10cm X 7cm. The principle of the moving microrobot
proposed is that the sensors, which are mounted on the microrobot, can measure the difference between the microrobot and the
wall of the course, and the microrobot can turn at the corner of the course detecting it. We use the photo reflectors as the sensors.
We performed some experiments to confirm the effectiveness of the microrobot proposed. Unfortunately, the experimental results
show that the microrobot fabricated in this study has some problems and thus is incapable of running through the test course of
the contest.

F—U—R:~vAraaRyh, a7 A, HEB#SR, 73N 7L ox

Keywords : Microrobot, Contest, Autonomous moving type, Photo reflector
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Fig.3 Electronic circuit diagram for a preliminary experiment.

Fig.4 Photograph of the electronic circuit fabricated
on the bread board.
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Fig.13 Completed 2nd prototype microrobot.
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Table 2 Duty ratio and running time.
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10% (10cm) 3.58 3.32 3.64 3.44 3.41 3.46 3.61 3.57 3.54 3.20
20% (50cm) 1.40 1.51 1.43 1.37 1.44 1.42 1.5 1.41 1.43 1.39
30% (50cm) 0.87 X 1.12 0.92 0.99 0.83 0.79 X 0.91 X
40%  (50cm) X X x 0.73 X x X X X X
50%~ (50cm) X X X X X X X X X X

Table 3 Running velocity and success ratio of complete running.

Fa—7 41—kt (%] EITEER) | FI5EERR [sec] sEEmEEK (@] FIGRE [em/sec] | SEEMINE [%]
10%  (10cm) 3.48 10 2.87 100
20%  (50cm) 1.43 10 34.97 100
30%  (50cm) 0.919 7 54.41 70
40%  (50cm) 0.73 1 63.29 10
50%~ (50cm) oA L 0 AL 0
I HE LR STEERBEZRT. £ 3006
5. EEB& Ta—T4—hD 20% L FOEET—ELE KNG
BlT5ZEn7e<, 10 BT RTCEETHIENTET.
5.1 PWM [Z&BE—5 10% T I35 B AME o 7o 7230 4T BEBES 10em &LT
5.1.1 EEBEMW FHILZ. Ta—T 40— 30%DEEITIT T0%DHE

RKFFETHEHLIZ~vA2 D Seeeduino XIAO %
PWM #ll IR A REL7e>TEY, E—FDT 2 —T 41—
tEEAAESEDLILICE o TE—Z DB R E E N E A
L, BEDOETERELRHETLIENTED. E—FD
Ta—T4—lEETERELOREK, EITLEMIC
DWNWCTHARDLZEZEBROBBETD.

51.2 RBH*

AR CTIIRIESTHEEH O TPWMIZEDEITE
BRAITol-. TAMa—ZADRM 2B O - E o — 2%
BMEL. Ta—T4—t%E 100%ET10%ZkiC, &
L& -EEETOTOSTLEER L. &£T 22—
TA4—HT10 B EFREa—AEETIE, EEICDHNS
EEAZERIL, EELZERATHELT, ETHEE
LEERDEE RO,

513 EBRER

£ 2T a—Ta—hlEERHEZRT. £FD
[X IFEE TERDPSTIEETRT. Ta—T4— N
40%LL E DB AITIE, 1FEALEETDHIENTE N
ST, 40%DF AT, 10 BElF 1 BEILrFEETHZE
MNTEehoTz.

RCEEL, Ta—T4—HN 40%DLEEITIE 10%D
ERLNFEETIHIENTER ST, Ta—T 14—k
B 50% LN EDLXITIE—ELREETDHIENTET,
PR PN — A SR U= B IR iR L C L E o 7.
X 19 IZT a—T 44—t EEITHE, EERIIEKRO
BREE LT T7E2RT. Ta—T 44— KRELA
DL T, BT H EITHL D0, 58K E
PRS2 DZEN o7, EIEZ 100%IZHER L KD
LBk, 7“‘;~7‘4 A 20%LL FloL22id iuidien
T, ZOLEDOELITIEE X 35cm/sec THHI LD )

>7z.

120 70

100 - Meoecocsocan q‘.
80 y

a
(=]

[
o

T ]
= [ =
o / -"- 40 ..‘E;‘.
<t§,5 60 O o e EEERR(%) 5
o . —— TR /e T
iR 40 20 1
3 #

20 10

...,
0 o —— 30 - 0
10 20 30 20 50

Ta—T 4 —tt[%]
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Abstract

In this study, we consider a conventional scenario-based spoken dialogue on-campus guidance system that also uses a large
language model (LLM) to enable natural question-answering. We propose methods for automatically determining whether a
question is scenario-based or a general question that does not apply to scenario-based systems by identifying the question type
from the text of the speech recognition results. As a degree of similarity, the proposed method uses Gestalt pattern matching, a
BERT (Bidirectional Encoder Representations from Transformers) language model, or the combination of these methods to
identify the question type. Experimental results showed that Gestalt matching provides the best accuracy.
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FSH, EIEREOEINGEEERY, FIHE NS
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Fig. 1 The flow of proposed speech dialog system.

3. HMBEOHRERSE

3.1 BIXCEERE S DB H

ARAFFETIE, 2.3 HICTRETIEFMAGH VAT LI
BWT, ANEShHEMEEE#HN 25 Ex2 B
5. Thbb, UFIAICHR-T-ERITHD), — iK%
BB ChONEHA T 5. BEEREATLEL
T MMDAgent #*%t5L¥5. > FIVAT 7 ANVICE K
ENEEFEFEANTILE, THICH TG T 5K E LAV
S TLD. AL, AN THEFELETOIXF AT
WICERLTCEREITY. EFICEmM TR KFENCHE
HAENTWOIEFRRNGEFNENSALDOYFIAT 7
ANVICEBZEINTNDAF U —REZNIZH IR LTZEK
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WDHI AR T 5.

Fig. 2 ICANWEMZG % OEREELH T2
nzrd. £, BRI XEZ AN LB ICEOFEAM
LNZF—T =R R EENTWDENEIDEHRT5. &
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BERT (Bidirectional Encoder Representations from
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Fig. 2 The flow of question identification by
similarity discrimination.
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XFEINOEFHOEIN 15 XFED. HET D
XFEHE2/HELT, XIFHOEHORESEE S &
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LB H % M FH3 5. BERT I%, Google £t Jacob
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% . Transformer[7]@™ > 2 — & — Z W5 A, HilH &
BLOHAMETHEIT LH5ICLEELDOTH
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41. EBRRE

ATET CRLB L 723U 12 K 2 & R FE 5 o 3% Bl
HEEOFMZITH. 2B, F—UV—FB&EEh /A
WAL E LNV TFTIUANRBEL TR
EMTHHDOT, —OBEMLLHETXS. *

D=, F—U— KBHICET2HBEIEIThAR .

LL, ¥—UV—FBABREEINHE, XEICK
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107 XX & 72 %5 . Table 1 (2 3FAf 3C o il % 5= 9.

Table 1 The examples of evaluation sentences.

BIXoFIZE TBiIxLH) R TZAEBIT) %2
EDOX—U—RFOLOHI LR, MEZXD I ENR
WTHAIBINEENTHREOERI L. F iz,
BERT D% B EAEHET VITEILKRFEDO D%
A L7-[8][9]. Table 2 ICEBREMEART. B
BTIX0.0205 1.0 ETOHMET0.01 ZLICER
1T 9. A¥ BERT CHUEZHMH T 2561,
AIEI CRLBl L7z cos HRLE A L, ®PFHIZ-1.0
NH1.0E72%. L, EBREIToLETCILE
FZA0.005 1.0 DETHY, BAOKRENE N

FEAESC 1 (7 U AR 0

15X EZCHY £9 0
2ERESTCEZICHY T,
SEREIXLEZICHDD
A4FZE-TCEZITHDD

5 5fE->TEZ

6 FREIX X 2

7T SEEOSGETIXEZ
8FHRE L WOLGFTITE Z
43011 iz £ h
4301 HE-TCEZITH T30
4301 =T &

AEAHSC 2 (— iR O E R 30)

1 5 L X2 A TT 0

25 LI A TT M
3EE-> ThRATT N

4 SHE - TR ATT

5 FHEICOWVWTE I BWET N
6 FEEIC OV TE I BEWET 2
INIETEEICHY T
INIE8HEEICH Y ET M,
4301+1 (W< D TT»

4301 HEIZIIMAH Y T 0
4301 BFEIZITMAH Y F Lo,

TWhWize, FECRLEBETEE %

Table 2 Experimental conditions.

B (ERT D60 79 X

D I)

P il 3¢ 1 79 X
FF Al SC 2 79 X

B B 0.0~1.0
B 5 o BT 0.01
42. RBHEZR

9, Lo cErnFhoEUEZEE L

7-. Table 3, 4 2R 1, 2 O FIZ 3 5 M
E xR,
Table 3 The degree of similarity for evaluation
sentences 1.
AN A BERT
INH — =y
Fo T
1 5T & i 0.761905 0.936763
HYFEFT
2EBfE-TCLE 0. 636364 0.932117
[l /I /R
3HEEIXLE I 0.631579 0.891784
»HDHD
4 5fE-TEZ 0.5 0.887664
B0
55> TCEZ 0.625 0.854791
6 FHEILE 0.8 0.89008
7 548 O AT I 0. 666667 0.890014
Lz
SEFHEE L WO 0.6 0.881053
Friz &z
4301 1T it H 0. 782609 0.93113
D E T
4301 HEH-T L 0.615385 0.909626
ZiZhH EF
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Table 4 The degree of similarity for evaluation

sentences 2.

e .
0.9 &,ﬁ‘ Y a BV RN
8, B F
0.8 “
0.7 Ne —#=Bert
0.6 N
=T '\
< 0.5 5,
s o,
0.4 *\
0.3 *\
0.2 &
~.
0.1 Sy
0 P
0 0.1 02 03 04 05 06 07 08 09 1
FRR

Fig. 3 The ROC curves by the two methods.
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A I BERT
N — =y
Fo T

15fE L7 A 0. 736842 . 939929
TT
2EREL T A 0. 736842 . 942446
TT
3EfE->ThA 0.631579 . 879445
TT
4 B> T A 0.631579 . 884725
TT
5 BREIC OV T 0.521739 . 891297
EYyBWET M
6 ZHREIC DWW T 0.521739 . 881651
EYyBWET M
ZRIE 7 BRI 0.47619 . 896666
HY EFT
Zhix 8 BfEIC 0.47619 . 893151
HY ET 0
4301+1 1T W< o 0. 695652 . 874007
T3 h
4301 FE T 0.56 0.907215
NHH FEFT 0
Table 3, 4 75, 2KBYIZ BERT OFELLE N &
WZ Eengnd., EUEREHOMKRNLEEL
0.01 ¥ > & & L, & ZFEH % (FRR: False
Rejection Rate) & i % #! = (FAR: False

Acceptance Rate) ZRkK® 5. LT @)X niAHE

HE, WAPNEZEROEHKATH H.
FN
FRR = — (3)
n
FP
FAR = — (4)

n
ZZC, FN: fAretto¥, FN: a5E%E0K, n
DRl Lo TH B .

LR CRORIEARE LBEZHEEZ T ROC
g 4% (Receiver Operating Characteristic) %
<. Fig. 3ICEBRMRL 7. ROC dhfRIX 45 &
DEBNPOEENNITEEN D IZEFEIELRE W &
I TWwWb. Fig. 3 TIx, Hidh L fewmhr, =zn=
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LOLens, BEFEAGEICBVWTEEDOEKSE
WODIEERRTHDHEEZEXDH. 22T, il
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_19_



5. F&E3 HBECUEZRARICAV:AE
51. FEREAE

Rifffi <, BERT Zf# I L 7= 3500 ) E EBR D RE %%
HENELIEBEBVERICRoTZ RGN oT-.
L2L, BlOXTHLRIUEKRTHIHAENEET
HI-OEETHDLH. 2T, FEL, 2 TEH L
2ODHEUELZRERET L LETIVEENRL A
HDOTITR VN EEZ T,
HELLT, FYaZ L MRE—rvwyF o)
& BERT OFEUEAZFREL, RIFEOEBRLEFL
FET—FEBVEELRDS.

52. FX3INER

EBRITIIE TIT o ERERRORMTITo 2.

FMUXHC, BREARLBASZHEHELRD, ROC i
WaEREWZ. Fig. 4128572 ROC ghifR 2 R4 .
7T BERT LV ERERBERLEOLNL TS, L
ML, TNTHET VY aX )V IRE—v vy TF T
WCEARRICIILE DI bDER-T-. FfEL LTD
T—HEFELIRTNWS &, BEIX 0.66 B —F
BWHETHDIZ ENDNY, BEHNRNKY
0.4299, FEZ RN 0.2710 o7, FiaX
W ERE ==y F o IR EREART
HbHE, BZHEENRRBEORME TS D, BEIEH
FIZHI 0.0467T OENELCLTVWDIDON LN D.
BEEUEZHTIADLDELIZ LT 2L
hRE =~ F U TOROERLD, LVERW
FEENEOLNDEHFELEZ. L, SEOME
WOWTHREZITO &, FiaZ L b —r=
Yy F T OLTHUERHZIT) FAMED 2
ENDLRL, BENS WD, D& E BERT I
IO HUERHAFERA T AILE TRV EEZD
N5, AL~ BERT £EF LVIiX— %A 72 B KB
BETREEINTRY, ZOEEEH 2T TIX, &
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xH ko, BEITARZEnTENIE, EEET
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Fig. 4 The ROC curve by the combination method.
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Abstract

We hypothesized that addition of background sounds to the emergency warning announcements could increase urgency and

inducing evacuation behavior and thus investigated the changes in subject impressions of the announcements due to added

background sounds. As a result, the factor scores with added background sounds are higher than those without background

background sounds added to emergency warning announcements can effectively enhance urgency.
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Tab.2 Results for factor analysis wEZNA
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FEZVT e
H¥ FEERH 1 2 3
ThaMEF VT UFDHD 0.98 —0.19 —0.11 1
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REMAH D 0.80 0.04 0.09 g 03
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BRag L7 045 0.25 0.30
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FoAR 0.41 —0.12 058
FerLy 0.35 -0.05 057
B L 018  0.12 047
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B5E (%) 1938 732 4.36 speed
Fig.1 Urgency factor scores (Background sound
BLEEHL B VR EOB AL, TNHOE RE £ only and audio only conditions)
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BRAMERIT T CHLIRMELNGWVWES RS, —F Fig.2 Urgency factor scores (Added the sounds of
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Fig.3 Urgency factor score (Added the signal
sound and buzzer sound)
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Fig.4 Urgency factor scores (Background sound
only and audio only conditions)
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Fig.6 Urgency factor score (Added the signal sound
and buzzer sound)
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Abstract

We propose a mathematical model that accurately replicates the statistical properties of solar flares. Rooted in the physics of

magnetic reconnection, the fundamental process driving energy release in solar flares, our model comprises two sheets: a

magnetic energy sheet and a trigger sheet. The trigger sheet undergoes a self-organized criticality evolution.

F—U—F: B OMEMRERRS, KE7LVT, % RAl

Keywords: Self-organized critical phenomena, Solar flares, Power laws
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W (a)
Z S
> < (b)

Fig.1 (a) The configuration of magnetic field lines before
the magnetic reconnection. The symbols at the center
represent the current sheet. (b) The configuration of

magnetic field lines after the magnetic reconnection.
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Fig.2 (a) The distribution of the integrated intensity of
solar flares in log—log scale. The line represents the —1.97
power of the integrated intensity. (b) The distribution of
the peak intensity of solar flares in log—log scale. The line
represents the —=2.05 power of the peak intensity. (c) The
distribution of the waiting time between solar flares in log—
log scale for the datasets observed by GOES13 (squares),
GOES14 (triangles), and GOES15 (circles).
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Fig.3 The distribution of the number of cells where the
avalanches occur that is recognized as the magnitude.
Taken from [4].
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