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Disaster Type: "Landslides"
Cause: "Human development that has altered the terrain's natural drainage and caused soil erosion from surrounding slopes."
Observation: [] 5 items
8: "The picture shows a mountainous region where numerous small landslides have occurred”
1: "The landslides appear to have originated from the ridge lines of the valley systems"
2: "The soil from the landslides has flowed into the low-lying areas and created temporary l kes"
3: "It is llkely that the area experienced heavy rainfall at the time the picture was taken
4: “The presence of trees suggests that the slopes have a relatively gentle incline"
Future risk: "The area is hkuly prone to similar landslides in the future, particularly during heavy rainfall.”

Disaster Type: “"Landslides, Debris flow"
ause: “The

on of Hiroshima Prefecture, Japan, with clear evidence of landslid

are signs of cracks, which suggests that the area has likely exper

urface is covered in loose material, indicating that the soil has likely slid d

s0il, suggesting that the sediment contained by the

ebris flows in the future, especially during heavy rainfall,
iave likely caused the landslides.”
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”The risk associated with the slope movement is high. The large—scale landslide cliff
can cause a large amount of debris to fall, which can cause serious damage to buildings
and infrastructure in the vicinity. In addition, the large—scale residual soil and debris
can cause secondary disasters such as floods and landslides. Therefore, it is necessary

to take measures such as slope reinforcement and evacuation of residents living in the

. . . »
vicinity.
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%ﬁb:iéiﬁ@qﬂﬁaﬁx%yfﬁﬁﬁ%ééﬁfﬁfﬁéﬂ Heim 7 e ADFH ikﬁﬁ)ﬂ‘f
PEAs ) B,

# 512, GPT-4 2105 i C1IEfif T — X Lk SE7- ETD VQA-LLM A7 U R
%%JWDHMﬂﬁﬁ%%mﬁ FRCRICEM/ HAL R DA EIZIZES MLLM OfE R
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HOFFEL CTH D, AET IVITFFICRESRIAY | 7 I VICB O TEN TR R LT,
Fine—tuning LZRUWMII VB WRE AT Z 2L TWOAN, Ziud, FRiEE A LLM
DG LS NI VQA 12 BHNALEE UFRIR CEDRE N &2 FF> QDI L Z/RIBL T
W5, BEZZIZL D5 K R Ol (3R 6: BEFIZRIZID IEMfREMRAT RS R o Helssis 2R (5
S D) ) T AR LD VQA-LLM NA TV RBRRICBIER LSRR OFHE T &
WA T ZERKR LT,

K 5:GPT-4 [ZKDIEMLAFHTHRE R D LR R (103 R)

GPT-4 Similarity Score

e sipduning Disaster Type Cause Observation Future Risk  Overall
VOQA-LLM X 7.33 5.83 733 8.00 712
VOA-LLM v/ 733 5.33 7.33 7.67 692
MLILM X 433 4.50 3.67 4.67 4.29
MLLM v/ 733 6.83 7.50 1.50 7.29

# 6: HMFITIDIEM LT RO LLBHE R (6 R R)

Expert Evaluation Score

it BES Disaster Type  Cause  Observation  Future Risk Overal
VQA-LLM X 133 3.00 4.00 4.17 3375
VQA-LLM v/ A33 3.00 3.50 2.7 3.38
MLLM X 1.50 3.00 2.67 2.17 2.33
MLLM v/ 4.00 3.50 3.83 3.67 375

PUR ISR OfENT B 22 OfE RZ2 7T,

L e e R L A |

KEOFH - LRIV ET IR B

JEIR - ZFoofth

BUINAE © LR ATUTHE — ORI EZ KIF L, RO EEBICIERAREAE T ANRIEL
THEIZIT FNEB RN AT DRHE A/ L TOET, T DAFEEL, I OFRI IS ERT S
TWET, FERHANICIIRE 8 R, BMEOBENFELET 2, EE, B, Bl DN LI
EYOBRBEITME SN TOER A, Fio, ERKINTO O A TBIROFA LRSI T
WEE A,

Lt DIARY A% O RPN O fTREMIT B FRICKREE . A BEOWHEOIFENEKX T
T TR KRN TO 57V 7 O R AL, Mk N S 522 58 FREE DV A7 IZEHE
TWAZEARLTWET,
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F7o. CESIUM fEHILE 7T N7 — LK AT LEHET A2, AWS B2 —
EHEEEL | APl OB ZATOV AT LEEE LT, TORER, F — L THEELTZ
CESIUM 1§ LA 77> h 74— LI Al OfEFR % APl #ifit CRR TEHINNTRoT2, &
UL, 7= A . BUIGTE RO LR8I Th o,

(4 PI 45)

BHERELIZ 3 DO BIZHSE B E DT, DL IS, FHE ONE, B,
EHIZOWTEZES TR T2, 2k, IR T2 F =4 Al DZ&% LIRTD
WA ETIX VLM EFEA TV, B 3P IS 381 A FREOE i T OZE LIZHEV,
ZTIEMLLM EFESZEIZT 5,

(1) SKEHIE DY A7 FA A HE7: MLLM O (77— 72 F %) DA 5E

2024 FEFEIZBWTE MLLM OB 7 —% 77 F ¥ 2L 52 <0 TERA LR
Fpa TR, TORR, BENOR AT T 2B B a—4 | S f s
R N—2 2 1B 57 a0y =74 (Visual Projector) . BLX O DB F A LILM
MO SIS MLLM ZBA% LT,

ZOT —F T 7F v, B ARESG OV AZFHhE N BEEZER T D702, AT
DT RERLUT-, £F°, Bifgp= a2 —X |ZITER RS SR I 957290, CLIP
E7 /LD Vision Transformer (ViT-L/14) Z8H LT, 7=, D7 —Z TR T
BHEMED DT, QLoRA ZE AL | FEZNE DM L& -T2,

Ioput ~~~ MLM Output

Tmage 7: 1
- ' | { Disaster Type: "Landslide",
,  Cause: "Likely due to the accumulation of

=
@
=
i
=
o
>
°
=
@
N

1y = D | weathered material from the collapsed slope",
| . |Image Encoder| [ 5 % Large Language Model ! . Observation: ["The collapse has led to the
z OF ‘ D __________________ i | formation of a landslide cliff, which has
u > 5.9 = 5 %‘ | ' subsequently caused further erosion of the area.
! { = = 2 |+ Signs of soil erosion can also be observed in the
b § |:| = g g : ] surrounding region.", "The collapse appears to have
i » S b = |1 ‘ originated from a slope situated at the end of a
e S = e e it = B2 i W valley, with the resulting debris subsequently
Instruction 7: . ez ! flowing into the nearby river.", "The river
Describe the image in the aspects of | ! . = i 1 | subsequently carried the debris downstream,
disaster type, cause, detailed £ = = | = | ' leading to the accumulation of soil and debris within
observations, and future risk using the - . = © |« the designated construction area."],
following template. '  pm!| | ——— 1 Future risk: "There is a potential for further soil
Template: { Disaster Type : [TXT], Cause ; . n Layers | ' erosion, particularly during periods of heavy rainfall.

, ' Additionally, the presence of the river may
I contribute to further sediment accumulation.” }

[TXT], Observation : [[TXT], [TXT], [TXT],

-], Future risk : [TXT] } Text Tokens X

X 43:BE%L7- VLM (MLLM) O#EE Lm0+

Z D%, 2024 -5 2025 FITHT T, BESFFIZE W TV FE—F L Al NETE
FTIEBRAZED  AIFFED FREINLE DITHDH LT MLLM O7 —*%7 7 F v 23
FTHOMZEHIERICHER U=, 2O L-® a4, M A B IZINZ T, LLaVA, Mantis,
Qwen-VL 72 EDOREAF MLLM % ARG CHE H TEDMMI OV THLRT &1 To72,

INHD MLLM DL, KT — 2 &2 AW TS~ VT T —F I H R % KRR
IZFEEL TR, TOREE., — e Z A7 2B T AIERENERIZEE~TRIgIZH EL
TWD, L)L, 2HL7 2 FIoo CHELT ADITaANMYIZBLEZA TIEnW e, A&t
I CIXEE T VORI L DIE Aa il A dz, Z O/ R, Kig/orE & m EA2 R T
7,
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2) MLLM D=3 « HEGm 7 1L DM

MLLM D5 E FIEIZDOWTEAMITKRETL . 9B ORFAREZ T AN SR, LT
DL FEAHRA L, MEBRLE MLLM 1%, i, a—F L KB S3EET L
(LLM) 22DAERLS AL TN D, B a—2 2%, Web ED 400 5 RLL OB - 7%
ARRT CHEBESNIETTALHEAL, O FF IR T 22— =27 (Visual
Instruction Tuning) &V 7z, BARAIIZIE, B EZIUCKTINT D7 1 7 BIOME
B TR SN M= B AT EL RO =7 BT 5, ZO5FE T, Hig =
va—gl LM KIEOKE G D/RTA—=BEWHEL, BINLIT X T H—FT 2— )L
XTI BT 2T ZDINTA=EDHE T HTDH, ZIUIED, N —= TR A2 gD oD,
T NV OMREE R KIRICHI S22 B LT, £72. QLoRA &AWV T, HEH
WETXAME RO I RTA—H DB ENRANTH T DI bbiTo72,

— 5, BEFD MLLM OFF B WTE, finRnTF 2—=71ZM4 T, CoT (Chain of
Thought) ZHi{t. 58 CTFE T2 FEAE A LT, AL Cld. Qwen—2.5-VL-Instruct
BHAELL BIRDOT —2E AW 7T,

FEIEETIL, BT VAR A THINEL G 2 Tk U7z, BRMICIX, Lo 4

DDAAT TG DRI,

O R : B IicBW TR ESILZ# 2 (f]: <think> <> <answer>) 25 IE L7
NQAYSYIR - ik

Q@ FEEHRM =7 VO SN Z OGRS ORRE —HT 202227k 5,

@ HFIRBIA=T B R OB R B W UL T E R 5,

@ THEHRERMEATT BRGNS E EITODZHE T D,

DT, BRSO TIF MmN 22 B A5 R HLARET D726 | FRIE DU F e I RS
T HHMALE AL, 2H LIl I, IEREMFICHEEMED m O H 1035
NHIIRIELTWD, 2B, BHIFHEIZE £ TV 72 RAG (Retrieval-Augmented
Generation) [IZ DWW THRFIEIT 7223, ZERIZRMERER _ EIZIZESR ) oT77,

(3) RHA AR 2 R E LTS8 7 — F ORI R G T LA S
FEBIOFMOT=DIZ, LFO A FEEOT — 22y ML,

1D HIZ, ENOHEY K FITBE T2 68 BOBEBRIZXL, 2 4 DOFEFFITLD kg
ZRLEKLTEH D TH D, HMZFEIT, KEORKCBEINT R H, 5% DVAZIZONT
HHEEXTIHEL, TOFF 2T A ik AT L TTXANMIEHBLT-, BHHN-TF Ak
ITE RSB AR SO U B S, ZOEZIT 4 G CEBMIEE G M EFT
FEhiL ., 4 G Tl HAGETF AN GPT-3.5 THERL., &HIZ GPT-4 # VW T Al %
BT LRI U, BT —21%, [SFE o) [RK | TR R TR koY
AT D 4 BENOHERRESND, M2 T, GPT-3.512Xk5E Va2 (paraphrasing) T7 —#
ZPREEL, 136 D T NG, EDHE 124 E R M 12 FEFHIH &L=,

2 D HIX. EEEMET — L&z, 149 Mo HiEy S EmG Lmy T gy
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DT —HTHDH, ZNHEIEIZ MLLM T 742 BRI LRIZ DT 24 sl L5358 R
L7

3 DHIF, HIFVREDAT TV W LEITF OB THY, V=7 Dbl Y e —T —
RERHWTHE T a—RLb DO THD, ZIHIET ANHIZO A HWS,

4 S HIL, I DOl LTy 7 L a DT ThD, [landslide] <2 earthquake |
IREDF—T—REMH > TE I RO LEHBE L, MLLM TSIHLWAT 2L,
FFEORTICHESE MLLM 20T QRA 2L, fEREL T, K 1.2 TARDH
M5 20,736 D QA AR LTz, ZbiE, T —4 'y hedHioE T, MLLM D%
Bz,

TR, BRFEL 72 MLLM (Z XD HHE 4T DG R DO— 2R LT2b D THD,

Question: "Is there a landslide occurring in this image?”

Ground Truth: (Implied: Yes, landslide is present)

Baseline Output: "The image shows signs of a potential landslide. The affected area exhibits
a distinct, elongated shape with a steep slope on one side and a gentler slope on the other,
suggesting a slide-like movement. The color contrast and sparse vegetation further support
this interpretation. The possible causes include human activity, such as construction or
deforestation, and natural processes like heavy rainfall. Further investigation would be required
to confirm the exact nature and cause of the event.”

Finetuned Output: "Yes, there is a landslide occurring in this image. The characteristics of the
landslide include a distinct scarp and a fan-shaped deposit of material at the base. The possible
causes of this landslide could include excessive rainfall, erosion, human activities, and
geological factors. It is important for local authorities to assess the stability of the slope and
implement appropriate mitigation measures to prevent further landslides.”

44: FATH, £ AJ1EHR, £ : MLLM OH 77,

BRI L7= MLLM OFEFEFEAIL, €7 VO ERKAIE EHFAFZ O IEfRFIEDO—EFEE 1 2
25 10 BOBIAr— VTR T2 NERHAL QD FHEICIZT AN Q&A Hif
6 #. Fr 7 ar Ao OE 8 £, FEKFE B 10 K DF 24 oY A H
BHL, &V 7Tk (think) 27 WO HEGRIEFE & (answer) 7 7 N O Fc & A1 Z 2 BUS L C
LLM 2EFFRI D> GHIZT T, FHlRHZIZH TNEEZSREEERAEL, F5E
DI RN OE AR LIZOZ T, 52— 8D 10 A, R R EoRILD
—BMERINPHIUX 5~9 K, ERZRFRDMmEBIRIE M E FNDLGAIL 1~4 mDKE
WTRaTHEM L, 0% . &Y T NOAaT HEH L CEF AT LD %
ML, N—=RET LT T VO RS 22 E mIICFHL 72, TRITRT IO,
BRFE L7290 LT R—AD TR IR — AT A MR DO FR 8 & Kig i ERlDA=a 7
8.15 L . £ DH DR TET,

# 7: GPT-4 ZFH\W = IEfREL OBELIUE SR 2 (10BfERaT)

T — 2 B L OEHE NR—=2F A | fREY Rl E
HMZEMT — % (Q&A ) 7.6 7.52 7.88
HMZEMT —% (v 7 ay) 7.17 7.43 8.00
HME ST — 5 6.51 6.20 7.93
FEK FEmBR 9.8 9.40 8.80
VA AT 777 7.63 8.15

49



A FEBE FE R 54 ()18 PAZE R ZER M 2N B oY D B 52 4E)
RREMEME S . R 1B (FEELERS)
St N

]38 PAZE XTI DB IRV CUE, Bl O M AL B 3 D1 WAk I IS 772
VEDR DD, EDEBDTZOAMFERFRETIT, LLFD 3 DORERFRFHAR
ELTND,

(A) KFEFRAEELDRINRREICEBIT D AT LOME 7285 )

(B) BIRZEALDOEUNERBRIC Téﬁ%fﬁéﬁf;ﬂit&ﬁ/ﬁr/ﬁu

(C) EMRHUZI T DM ENL T —Z D HH 72 1E 15
(A)ICBALTIE, Re—r CHEIE L= B 2T MR CTH DI E PAZEO BLG IZ5%
BEINDT2D | RIS R IRF IS H P ke 19 L B8 3~ 2 72 D D B BE - B K D kF i
DIARIR M ZH L7025, A FIOHFE T, [EIBEIR %Q%(IP International Protection Fi&)
TEDOLNDBKE R IPX4 DL EOMREZ FEELT 572010, FEAESR B I OERRE
DPRFEFBALIZBIL TiX, ZR T DR K M2 i 2 7 85 (i‘% 8)%&%/&1/%“/\1,710

& 8BEL E AL - Bk %k

P i BHEE -+ ik 2k
M RHAN 3%t LiDAR Livox AVIA IP67
REGIEA Y —RE— X Dynamixel XW540-T140-R IP68
GNSS7 > 7 ANN-MB1-00 IP67
WRER WitMotion HWT905-RS485 IP67

- BEOB YL AT AEFE AR E T A2 THIIE RN 3B DI A A iR
5720, IS DR AAL AT B AT 2R LT, 512, BT,
KERICHDOE AT LELU TOHARERFIL, FRITIHEPAZEX IS OB IC R e —
VCEMRLEE T A0 YU AT ARY T HOY R Lz, BERIZIE, O
i ERRE DFRICR T — BRSO B AT BE 7o . B LY @ BRI B
AT LOFHZ LT 72 R A T2 A L Z— T = — RE B LT,

180dog

(a) RREHXIH (b) FEkk
45: 3 VERE
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(B)(ZREIL T, BARICIE LW HIE 23R E S DB PFAZE O Bl Tl st gl
2 FR 72 < T RBZR BRY IR G PH Coh R R<EHAIT 2003 85, AAFZERRE CIRE %t
L THHBGOHMIIET THEEO BV 2@ U EL & 35728 O Hifd & kO 4R
ZHEEELTERY, FROYAFEEIILL T O 2 DO EE #ER LT,

L REL BRI R L CL SO A DRI OIEA E L |
7S —F e RRA LT B YR R

2. RR—AC KBRS0 DAL TR E ol B LB R o0 B
T RO AR LT DT YRR

DT, IR T DAL B 152 F2ER O 8 PHIE B 55 2 A0 LT BREE THGEL

2o BARBIITIE, 2004 ARIZF8 AR LT8R IR FPRCHh R "CORBUBE 21 PAZE DS £ U T2 8TR
WA TS0, RO B & LD IEAR D 8 2 [ K 7 T 381 PT RE 70 A 5 IR
LR 2B OWBHELER T 2 B Lo 2 W EHIIERZ1T 572, DL ED
BRI, IRBHE FHNC B 9~ 5~ A VA= L LTZ,

ST E o N "‘ Frequency
Target area Installation point candidates LW S IIEA B3 i {e = 3 o

B Lot

B 46: YFEITHEELUEEF BT VIV (F) LB R )

(OIZBELTIE, B YV AT DIV EHAIL = I BN T — 2 1, Bz RN
SEE TR O Y F- O IR LS NDML TR DD, Lol 3 IRTTOHE T —X 13—
WRICEEDREI2DT-0 , ZDEEI121E 5G 72 O & mEENMLIELI AN, K
ERAEEREOBIGTENLDO RN — IR T DRIV, Z2C R EED
W7 — 4% B IR EALERE IS CTEE T 572012, BXHEBZEMEH W7 R~
— 7 (V7L 8) 2 ANTE=E T =2 D=0 D T iEim e E LUz, BARRIZIZ 7L o4
EREHSIGE L, EOEHOME T —2 DA E2MNT 52 TT — ¥ BEEZHILT, £,
FEBENAEBEEHOBEGEHSEZELE, BEHOEREY 2 — VITITARH
250 kbps (IEEE802.15.4) ?DE /U AL 28l TWELITE RED % V7=, 2004 4E 0D Bk I
H Bk LR C SR BRITIRT T PAZE AN AR L7 9T B R ] T 21 CHlfE J2R a7 o 70, Bk
IE, RABELO B W 650 m~750 m OO HSIZBWTERL, Wb iET —4
DEE N ARETHLZ LA MR LT, FERNTERLIREDOMIE T — 2% AW TITU), 10
B 7205 0.6 MB (59 3 J5 50 OMIFE T — X DiR(E12 % Eh L, LPWA (Low Power Wide
Area) HERRERIRE N COEBGBICLVHE T — 4% RIEHHE X PR THHZ L2 MR LT,
ST B, BSGICEA LT L I A DEM B IO T L7 X JE O AL /)N
KT —ZIZONWT, BRHIZHDL [ ~D(rixz EHLL , CESIUM fFHItF 77y
N7 4=~ T DO DT —H R EDY TN 2T A2 —T 2 A RAE R ELE
LT,
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(6) WFICHHIEIA B 6 B AL BB IBEEDV AT LA T T —ay
WIS R T H OBEEL -

THEMESABIREELEBTAEDDY AT AEMET L, 2O 27 AT, AHF
R T 0 Y = 7 RO R AR 1-3 TRR A D T 7= TR OB A
Pl A2 B9 & U7 MR A ) | FFEBRFERRE 1-5 TR 2t ed T & 7= [EPHZEREE
BT I BIE IBEZESAN (xS~ > b HEKR 7 5E) | WFFERREEE 1-
1 CRAZ A D T & 7o TEPAZE OIS HAR H IR D Bl I A FIRE & 3 2 ks FEAF 2 EL Al
(R—ABEEDT=HDOIEHE) |, 72 b ONT, WFERAFEIE 3-1 TR A D TE 7 E
PAZEBREEIC BT A INAE IREE A2 BT 28 Ry R o REn s (4 47),
INLDEHEA T L —va A2 T, BBICERe N A 2~3 A) DB
B (WEEBON) 128D, BAEE Ry MR 7IZEA L URREIFEEZ
Ehid DY AT LAOEBNFREL 725,

HAE . 2025 4ER, /N O R Y a2l E L EEAZEREIC BT 5828 IHEEE:
WERE LY AT AEERT A, 7=, TRLS OEKEZ T 70, [TEMED K EX
71— \ZE LT IE AN S T U D@ ~D % | il F R B I CHEMT 5,

® ISEEIBEROUE R (Mg O LISEEMRE MERB ORE, PRy FORE) &
R B FAT,

@ HEAKR > 7 ORRERS QN HEKENE 2 5 L 0 FE17,

6-1 :OLNMRERRC S SICRQIEERERD
SI (ELEME (CR{BISLMOEL) (Eall) 6-1 : MM I 517 SCRRIAE
RIZROSI(FANR L TIHR) (MaH)

MEMNRORE(LHR
(2220 10))

6-3 : BENNFEONMR
(FO= 5Dt M7/(
AARTF) (HEX
izl ) 6-2 : RNy FOTERE
EROER (R FE
FRNTS) (Pv-)

6-4: UMy FOMR - =K -
mERe (X -am

‘ 6-2 : RROAKY FOWM
R el ; BARDER (HAK—2
6-1 : SEEMERI ) B / :
GREIBFRERDSI(fFR DRE) (V>3=)
BOEMREE) (MaH)
ERKBRBEOLATE

(BRTFIRW)

7-1. T TR LsHbFEDRET (Z03H)

47 FF32EA%EE 6 OV AT AT — gy
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A FEBR SRR 6-1 [ E PAZEER BRI BT DI A IREERIN DOV AT AT T — a3y
AR LR (BRSNS AR )
TN :

M

AWFFEIE, WFZEBAZ IR 61 AEPAZEISRIE HIEED T AT AA LT 7L —a JND
WFZEBH 38 R E T 6-1. WEPHZEREEICB T A AE IIEERIN DY AT AT 7L —
ar | EBHY LTS, BRI iR X, [ E B ZE I E R OB %8 | TH D,

AWFZEEA IR T, k98 AR IC 31T DR EFEM Z2 W EERE ORI L OVE
FXIE, IVEERR RNy MR DHEKAR S T ORRE AN, /N vy SO R R
VAT IA(w AR AR) VR =T A/ NI R R RO R RAb A 2 —T =
—ADWFERFEETI, ZNHDOEANA  WFZEBRFEIHE 6 (Z3WCTHLEER 2328 BR J6 %
1B PRy R OERERE LYK R —ADE E ., B A% H A& U= ARG A
FIEREDFHMEL AT MR EATO, AT T U4 ERE IR LT,

BAREIZIE, WFFERRTEERE 1-5 THFERRFE At s) T 7o, iR R IZ 31T DI A1
Z W AEERE ORI E RN OB R 25N, T 2~ UZ KD PR 7 D% E
B oM FEFE Mk L. 2O DI Z Bl EAE T 2302 MFFERHTEIHE 6 128\
CHIASEA DR TE B R 2 ATO K BT EH A LT E P ZEIS BB IH U AT AR LT, =
Di=sh AR T LT, MEER A O~y O — M LS OB EIC LD W ik &
b, BEVET/n =I5 IR B SR L ORRE (B 48), B e itk o 1= Rk
TEICR AR E (X 49), BFERIPEAKR L 7T ORE 7L — LD Eb LB )
Tl BAER PR 7RRE 7L — A PEAKR S 7 O E B I OWEK (X 50)% %
fi L7z, R OER I LOVERBR BN ORI, BEOHEIKR 7 O E it o
BRI OWTIL, MY AT LEHA LT AN 4 — /LR COFMRBRE ST 745 3 H
6 HIZ3EmL ., BEMRB LS RE21To7-, 7T HDIUNKFED 7 4 — VR FEERTIL, 3%
& U7 ER IO EER  ~ o MG B L ONEFE PR AR 7 B E 7L — A &{E L, =
— R =T p— I OMET N —REABEIT/n—TF T 2RICEDHEARR
T ORBENA T TVAEBRELTHEELT,

oIz, N TRy FOE R E AR T AT A CIE, SRR EE I L DR O R A
BiTiesh = o TAX AT OME T 2~V OREERL | R EEZRIRITH
W2 (X 51), B—F V=T 45— DL HAL AT DOWTULERN =0 IMU &
n—F)—xa—F@ 2 A= hkFATL BEREB) L/ —4) —x a—F L
LZIEERA L, TR ETFTOERROZDIZ 1 50 IMU ZFELE, EH TR
TeZ EHIEL TNDT= | MHE KB ZR~ IMU 28T, 72, 1EEOFEIE X
Bl AN —Z N EY 2~V THEEZ LN D, 7u—JX 7 OETE kL
T, WATEEAFE L T=, SHIZ, VR I —7 Wk A/ VR aR Y S Al b A v 2 —
72— ADFE DT mIFERIEENOOME  a vy a—T X T O EE L
M CHELL-, AU, JUNRFD Unity BREE THEINTWD, £ORy N —7{FH
ZHERRL ., BRI S ST D GPS GO Rk N — 7 3% E & LN K TR
THRYNT =TT ANIET LTS E LT, ZIHIZEY, Lo BAEEZER LT,
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O z=—45%% 200~300kN/m2 DOERFFHIARIZ BT, R FEOEEKOFREIZID,
TR I EITREE (B LIIVEE R RE) 72 2 &2 R,

@ FEFREARYMILY, WHEPAZERBER 2RV T, 500L/min LA EDOMEEEEH 358
KA T 725N 50m ®T§F7KT—X%JZ/%T/F¢?®BHM§2 ZHASEBENHRRE, 1B
1L, 1 BOHEKR L T HEAK R —ADRIZ X 2 B LLNIC 0,

@ TEEBMEM . KTRZBLOR TRETL — L8 OB, BT
MOIERET)T TR R Y O BB EITICL D@ E i,

X 51: ~I U HAF L RZLBMET a~ NV DERBDHEIE
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A SRR FE R 62 < A58 P FE b B H AT O BLG i % AT RE & -2 ks B (SR O BF JE B %8
ALEAEER 2 E (Por~—h— T g 7 AR HAATS)
St N
[IEET — 2D T Ok B
Ny NEFETT SEA O CAFE ~OFEHF K OB TR 35720 Ok
[2] B YRR/ PkBs—AEEH T 2T A RO G, [E7E « 3% E A% RERH 7
TUNKRZER N V—TBIORERMEDEEE, 7 €% Eli
[31F DL SEEE 2 M CO R A
[AWEZET — 2D T Ok B
2024 FEEIZBASE LT-h— a3 —T SEA & CAFE (Z#5# L . BLGF I 7-83EE
ZFERLTZ, GERDIAANAT YR SEA ([ZH NS EE R LA EBL TWD
(B4 52) , AAEFEITFARFER EMERBRFEZA TV, AR E THLHIEMERE 27 L &d
(2, BN BRI LD R RIS T 72,

JMERCERATR—>3> 7
N —Zp\PETEEZR LTS

-1)UER :

., k=23 )(—: g8 ST EOSEADIREY,
ADERITRO oy miTRLNS ™ - -~ (h=232)(—@R)
909[Nm/deg] - 3858[Nm/deg] RIRIDFT TDSEADIREY

(D-1UEnfER)

52:SEA D% B, aA/ViZRpbh—Tar N—~DEH

K AT DIZ 7 B i 2 T2 | SR 8 B 5 3T COR B S R
725, — W IINEZ B o 2 EHAEE I SR R LA MERR X M 3203, SRR E
AT D7D, EDORBELBETHNENHD, KRUAT LTIV —AROH|E JE A3
200Hz THHZEND, b—Tar " —B LA (237 M) O ILHR 5045 90Hz
IZEREL Ml FTREE PR 1SN D Tz, ZORER, Ny Mebs I B A - Th LRI
FAUTpinotz, Fo MLEBREMEREIZ AT v 7 IS ERBRIC LV HERR L . EATTREO I E
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1. Outline of this R&D proposal

In this project, we research and develop a superhuman-scale robotic hand that can be
mounted on construction robots to help address river blockages. We focus on the design,
production, and evaluation of Prototype 1~ 4 of the robotic hand. Additionally, in
collaboration with Kumagai Gumi, we mount the prototypes on construction robots to
conduct field experiments in realistic scenarios to determine the effectiveness and identify

any issues with the hand.
(1) Develop a 1st giant hand prototype P1 (2024/09 — 2024/10)

Based on our existing human-sized, fully articulated, robotic hand, we have developed,
fabricated, and tested the first giant (35cm long) hand prototype P1 with 25kg loads using
electric motors. Different hand poses were tested, including power and precision grasps and
medium and large wraps. The results were analyzed to determine improvements for further

prototypes.
(2) Optimized and reinforced 2nd hand prototype P2 of 50cm long (2024/11 — 2024/12)

we used the data from the previous P1 tests to develop a larger, stronger and sturdier hand
prototype P2 that can hold 50kg. It was designed to be roughly 2x size of a human hand.
This was tested in the lab and was used as the basis for designing the P3 hand which will

be tested in the field.

(8) More durable and integrated 3rd hand prototype P3 of 50 cm long (2025/01 — 2025/03)
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P3 was the same scale as P2 with further reinforcements and design optimizations to
increase robustness and force output. In March 2025 it was integrated onto an excavator
(CAT 303), in collaboration with Kumagai Gumi of Japan, which was modified to be
remotely controlled. We have tested various tasks simulating river blockage situations,
such as picking up water buckets, wood logs, hoses, and mock dirt bags. We demonstrated
its potential to remotely conduct disaster response tasks that previously required humans

on site, and identified improvements needed for the next prototype version.
(4) Stronger and larger P4 hand prototype (2025/04 — 2025/06)

Based on previous field test results, optimization and improvements wwere be implemented
to strengthen the hand even further so that it can grasp vertically loads up to 100kg. Both
electric motor and hydraulic piston (at 5MPa) actuations were implemented and tested. The

hand has four fingers with abduction and will be a three times scale up of human hand.
(5) Refined controls to improve P4 dexterity (2025/07 — 2025/08)

We have implemented better controls, improved feedback signals, and clearer interfaces to
improve the usability and dexterity of the P4 hand prototype to achieve more advanced

demonstrations based on heavier, complex, or fragile objects.

Ultimately, the goal is to develop a Flexible Hand capable of grasping irregularly shaped
objects, such as drainage pumps weighing approximately 50 to 100 kg, rocks, and driftwood.
To verify this functionality, a grasping test using the Flexible Hand mounted on a
construction robot was conducted in August once again in collaboration with Kumagai Gumi

to confirm its effectiveness.

Figure 1: a) The P4 hand prototype is powered by a Lipo battery and controlled by a
raspberry Pi 5 equipped with a UPS. The hand footprint is small and b) it can be integrated
on an excavator gripper support along with the smaller P3 prototype. ¢) The P4 hand is
capable of grasping big and heavy objects like thick branches.
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Overall, the final hand prototype P4 performed well during field tests and was able to grasp
several objects proposed by the collaborators. A public demonstration was conducted on

August 7, 2025 and was widely reported in the Japanese media.

One important limitation for grasping with dexterity objects laying on the ground is the
separated and rough control of the excavator. Coupling both the motion of the hand and the
excavator would drastically improve grasp performance and would avoid incidents such as
crashing the hand on the ground. In particular, dexterous grasps require the coordinated
movement of the hand, the wrist and the arm which are currently separated. Nevertheless,
the current results are promising and provide strong motivation to continue the
development of the hand and the excavator with a deeper integration and coupling of both

motion systems.
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