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ALIS combines an electromagnetic induction sensor (EMI sensor, metal

detector) and a ground penetrating radar (GPR), and visualizes the underground from two sets of data

acquired by manually scanning the sensor and combining it with location information. Synthetic
aperture radar processing (SAR processing) is performed on the GPR data to reconstruct a 3D image
and remove clutter. In this research, we have been examining the use of ALIS with the National
university and a local NGO CCCM, and have visited a local minefield directly under the equator to
conduct repeated field experiments and developed methods that can be applied to the field. As a
result, it has been decided to provide ALIS to a humanitarian mine clearance team of the Colombian
Army Engineers Corps through ODA.

GPR ODA



# X C—19, F—19—1, z—19 (Jt@)
1. WML PO R

MR EE VR A RBH O L — Z (SAR)Z BrBEFHAI, JsK - B S AT ~ISH T 2 F28 21T
S>T& 7, ERMAHMT L —% (GPR) L&RBEMEEZES LTeT = 7 & S HE R
P ALIS ZERE DI LA VAR TEBIFIZ 2 OV AT Lafith | 2009 A4LLK 80 f# LA
EOHE R - BrZEE L, 25ha DL EO B A EEICUE L7, ALIS X875 GPR Tii7
<LSARZFRIA LA A=V I E A2 b0, FEEHIZL SAR O 24T 5 e T, HfE
FHALTWD L —% « f A=V THRABOEREN I o T EFIZE Dt &
JEU, CSRAN—RT LA 72 8 L b — & H OFERRE) 7238 NI DWW THFSE 2 D T
Do

HEBREBIZT 2 7 V' 28 AT D503, K, JepERENEED 5 BEHERR LN %
P&, WAL KRZOF 2 PR CTHE—ZR L TBY . TOREIEERFESTHLRMINTND
ﬁﬁﬁ:hifﬁyﬁy7%ﬁ%kLTH%%@@T%tﬁ\?ﬁ%ﬁi%%lik%ﬂ
LN ETEE2OEKR 7 4 — L RELTREL, ERLICHEDOERH
PRMEIR A ZATROIZ B S T L2 S B B BREIFENCTRE O T <,

2. WO B

v BT TS0 L BICh 0 KBYHEY ) Tam v v 7 HEaEFARC) ) 27 ) 7 I15HE)

IZEBOERYZFIH L TEz, 2010 FICHE LoV M AKRFEITS U F k& oFnfig
ZHED | FARC % BS1EMRBUT & LN & #4665 S8 72, EOHEREITIT ) — L EFIE D E S
iz, LU KREICEWNIZE SN H#TE, BRI EORFEEROLT & 7> T s,

TENTD VRO T 7 EORBEWKENCI T 2 B FREFRENT L C, HileY, B
%ﬁof%toﬁEnD/ETi%%ﬂﬁwi%ﬁﬁl&&ofk@\ﬂﬁﬁﬁmméﬁﬁ
Bh%a ODA & L CTHEfEL T\ 5,

TR TRT TIH= AR 70 BTk, BRI BH ) B g S 7o g i3
H, HYbEx M POTHCTEESNERKELTHD, TEMLTHIME IV EDERE
HEBSER SN TS, ZHucstLCae sy 7 TIRKBS Y SN, 75 2 F -~ 7l
P SR FINE AR L CHZROHE SRR A S EEE LEH L TEX -, 2
LOME - BEWISENES RIS TWARVWHEH Y | &BIEAEEFIH L2wEkok
HNEII RIS WA RN H D, + 2 CIHBRIBEOMAATRER T o 7 L& OEAN
BREVFO, L U BEREY I 7 CRITNVEAFET A2 ENTEF, BiHiTo
FERIZR TR AT o T AUTET LOHE A o OB AT EE HIT D2 LR TR,

3. WD HikE

ABFRICHBNT, FTRLISTETRy MR MU EZARE 2 o8 U, g E 5 o 7= Al
BEIED) i LT VA28 YEL, anr e 7 - RIXHICHDHO A - 7T U5 ARE
Bustemante 5% D14 /1 %I & ALIS 12 & DN FEER 2 RIRF3H 2 FIH L TiTo 72, X 21X
EWLE%ED%@ HTHRMTH D, ZORER, ISLT?iOLAEWﬂ% GPR &

BRI BB ETA D Z L a2 R Lo, FRIZSy R RADBRHEHIHEZR SR T
(ER@E@M 522 A DAY

[ 1 ABE4E I A e 2 HFRIL  (mR - T T AR



(‘a) Image at 6.2cm (b) Image at 9.1cm
3 ALIS [T & 5 #5 IED OHif&AL

GPR TITFEM M ZAnH D 72D, AP BV O BRI RHME 2 IEME TR 92 2 & 28,
FEEED @\ W A A — 2 2 ZEANS DR %, MR ENI A9 2 &R PREE I H R ok
PE & BRAMERE DO BIR M BRAE STV DA, GPR ICB L CIE B2 BB 2803 KT
T T, 2002 45 —2006 4, AFFEREHERIL, EU (3 —u v/ SlE) OEARIE
ZEH S CEN 8D 5 Hirp L —Z OMIE BRI ~OF I DR HEDIERZE R R ICS N
L. O HIE CEN workshop agreement CWA 14747-2 “Humanitarian mine action - Test and
evaluation - Part 2: Soil characterization for metal detector and ground penetrating radar performance”
ELTARINTND, AL ZO®EN ST 2008 4k, NEHHEREICHEN S
% GPR EE T+ 72358 %2 H T T 63, GPR ORI LTI &2 R E T e
STz, B ITHE IR TOTME 2B E 2 HROBEBKAVREDO 2 MBI A0 & Htit & & LT
Rl L, THEETNEAMEET L ENEBELLEZZ TWD, 7 HEOFHFE, IR
ELHENL L2 TR b, 5% 29 LIEERICHESE | B REREEL ED 5 2 &3
TEUL, F—FEetmOMEPREICEHN L TS 2 EREE 25,

AWFZETIIHIE I TOFEFH & 2o o BT ENRECEICEH S TW D 7 7 T EH
sz S HHEOBERAMEE O T IEE R E2FH L, £ER L NTHE OMmBITE 21 5
M L7z ETHEREFET VEBEL, ZNICE> Can B 7 BNOMAIR e A5
FEFEOT-T A ML — U BMET 5, HIRITFE L L TREOMENSEN~OFRHH L, H
KADFFHIATITIERANIIEFITH LV, £27 A P L— U< e b 10 FL
LEOTENLETHY , AR~DOFRLIARITIAETH D,

4. WHIERECR

—J., an ETENTO ALIS OFEMHAZED 570, aa 7 O NGO #lfF CCCM
EWI L. CCCM MEBICHIERE 21T 0 BLGAIT o B3IT, BIEW & e L=k 2 8
FHUVALIS 77— X 2 BU&G L=, 2 OF — X ZfENT L, ALIS O 38255 2 s rE &2 31~ 7=,

4 CCCM & HiEEJFCTHhE L 7= ALIS iABR



GPR ZF|H 7 %kt NHUEE O iXiE % 20 £ CTHAR O 7 L — 7B e 2 D TE T
L0, WS 2 RO EEWHEH KB A ¥ v NERTTHICHED . BaxPTO 3 WLk
R(C AF ¥ NEATZ DIy, L LEBROMEFIIRSEEOSWHETH
L7, BIAAIRGEE 2 — & TR W2 O R SV E T — 2 ITHER M O R B &
T Z EITRET DAL,

4 1% 2022 4 4 HIcHEE, Ao ET7mEEO 7 b~ g koS A F5R L.
HEIR O LHET ALIS OFMERBR AT 72k CTh D, ki, arn BT ENOH
T CH 72 5 HHESRIFITHBV T CCCM & S L 7= RMiRRER O —H &2 X 5 12/~ T,

X6 1%, WOREICHEER L 72 PMN-2 ffE S 1D\ T ALIS THUS L7 GPR 7 — 25 L T
THEN O B AR A 2L K72 A O SARUERIZ L A 3R G D EREEZ R LTV 5,
B OZAIT, R OVREIZEED D DM, FAER S NZEBZ 0L Ok 5 E TS
FERELARY, LrL, e 87 OMER TEERED HEIZOWTREROEIELZ LT 56
WEBZOEDONRRKE LSBT D ENHRTE I, HHEOKSRITFEROBLIET TR
SPWERICKREREBELZEZ DN ZOMENEREZOER TIIHHA T TELT, &5
BN ETHDH EEZ D,

TV WO (T7VARaM) IED (%> I & L)
X5 ALIS 2L o> CHEf b L2 a2 B 7 & O E R CRE S L @ERY

Velocity (mins)
047928 | 0671 | 095586 | 014142 | 043156 | 012048 | 011180 | 0.10000

X6 SAR LR CIET D HEN X 7. ALIS 75— % Z T
R OEWIC X D 3 IRTTH R MATLAB = — R O [E{
Geophysics, 2022. (ARBFFERLF/AFE 5 S0)

T, 2O LR WAEKA L ALIS TF — X BUSEAZICT — & Z i+ 5 72D MATLAB
a— RZBRF L7,

2024 23 H aw 7 &ML, BN RF, Bl NGO ThH CCCM & ALIS OFIH
BT AR T, Eloan BV EE LEREKO GERERET — AIZK LT
ALIS O ik, T — X OffRiEZfRE LT,



Wﬁ%ﬁ@AHS&W%%

ZHLie—HEoan BT MBI 2MEREEY, NENMEREEE 2T a0y
l: 7@$0)IEDB% CHBZMEI)MT o CE T, ZOFER, au BT REENban BT
BT D NERHERZIFENC ALIS Z2EH L72WE W EERH T S, HAKRMEE: &
k%% L7, AARBUN S OEEE L L TALIS Ao n BT EEICM G52 &
DIRE S T2, ZIUIEFEIC X DHFFRIGENS, B COALE R & fRI 3 5 72O D F2HE T B
PRZHE OO & ODA 12X % HARBUS O OG- 23Thiu s & 5 1iied T 72 il 2h <451
LEZTNWD,

AW BIAT o -3 a o B 7 TOMEIES)
(1) 201944 A 2w 7 EN KT Vega #i% & [ HAHL, ERSILREINFIE 2 B AR SR B

G
(2) 20194£9 H =Zwo BT ESKRFICEWT, [EEE CREE FIEHBESS)  AP-S (7
VT EREES) EfEOMERIMEANCET S Y —2 v a v TEE
(3) 201949 H =Zwv 7 TIHEIT S NPO MK L ALIS I >\ CTEBI ik
(4) 201949 H CCCM & HOARIEE ~DINEIZBIT 5 ik & B a
(5) 2019410 A FHFEEEILFEE#RILB) TERERL—X O an v 7 BlERE
DI=ODT T FTHNT 7 a—F | BREREND,
(6) 20204F-2 H =w 7 AF ALIS W, A EUS,
(7) 2020 4F 6 H CCCM EAEzm > B 7 HARRMAI 6 L CEOARIEE ~0 H 5
(8) 2020 4E 4 HUFE #HiloavaF oA N ADT, FERMBHIRES D70, ALIS Z ik
FICRFE L Canr 7~ 27200 B5E, S TR R T & 7o & % 32,
(9) 202144 H ALIS 287K =4 @ CCCM H#5 J32 B35
(10) 2021 4£5 H 12 B [EZ K%, CCCM A > 23— & ALIS i FVEIC B4 555 1 18] web 2%
e e
(11) 2021 4 8 A HEOREEIC LD ALIS O 7 TOEMICHE LT, BLH A A KSR
i, ALK, CCCM 78 web 23370 & CHE( & 17,
(12) 2022 4 4 A PeplEns AR 3 Z55, ENL KT, CCCM A 73— & ALIS i HEIZ DWW T
ik, CCCM Y b~ a 2B 2 MIERETLFIM., ALIS ORERT — & i,
(13) 2022 -4 A =m > 7 [EHE CENAM (Army division against explosive ordnance) Research
and Development Director ({2 ALIS ® 21 > B 7 (281 2 1EE &2 #871, [ L 7= technical
advisor to the Mine Action Center (OACP )25, bk L~ A ZiRBRIGIZ IS T ALIS 7
Baito 2 amttsng,
(14) 2022 -4 H  {Eanr ©7 BARKMERERGM, S KE D & IHHRASH,
(15) 2022 F11 A EEN=a e BT, Putomayo COILHEHFHA, Tolemaida FIfH#fE
X ChEE B ERRETRIC ALIS DT F A M L— 3 U ETH
u®2m3ﬁ6ﬂ Pz N JEROHIE BRI E 1 6 £ 2RI K56, ALIS Bl O,
(17) 2023 4F 12 A pRENEMHIERERKE 1 0 423 BALK T3, ALIS £lf D7,
(18) 2024 43 H 7R =X THekEA ER N ERHE R EHRIZI W) T ALIS O
A AR KBERERG, ALIS OHEPEIZ DN TR KA & 123
KAEEFIZIB T CCCM A 2N —% 5 O FLOARIEAE |2 B3 2 5 s #e



4 2 1 1

Zejun Dong, Xuan Feng, Haogiu Zhou, Lilong Zou, Motoyuki Sato 12(4)
3D Migration Depth Focus Velocity Analysis of Hand-Held Ground Penetrating Radar 2022
Geosciences 178
DOI
10.3390/geosciences12040178
vol.123 no.236
GPR 2021
IEICE Tech. Rep. 30-35
DOI
Motoyuki Sato Yoshitaka Morita 1
Ground Surface Clutter Suppression for GPR 2021
[Proceedings, IEEE Int. Symp. Antennas and Propagation -
DOI
10.1109/APS/URS147566.2021.9703927
Tomohiro Kondo Kazutaka Kikuta Motoyuki Sato 19
Ground Surface Reflection Compensation for Hand-Held GPR 2020
IEEE Geoscience and Remote Sensing Letters 15

DOl
10.1109/LGRS.2020.3036671




4 2 3

Motoyuki Sato, Sead Vrana, Arnold Schoolderman

Accelerating Mine Clearance by Introducing a User-Friendly and Cost-Effective Dual Sensor Detector in Humanitarian Demining
Operations

Mineaction 2022

2022

Motoyuki Sato

Humanitarian Landmine Clearance by GPR in Mine Affected Countries

International Conference on GPR 2022

2022

Image Reconstruction and Processing Algorithm of GPR for Humanitarian Demining Sensor ALIS

International Workshop Advanced Technologies for Detection of Landmines and Improvised Explosive Devices

2019

ALIS Development and Activities Demonstration of Operation

2019




2019

Springer

331

Explosives Detection

http://magnet.cneas.tohoku.ac.jp/satolab/satolab-j.html

ALIS

http://magnet.cneas.tohoku.ac.jp/satolab/alis/

(Ishikawa Jun)

(10453797) (32657)
(Kikuta Kazutaka)

(70801249) (11301)
(Saito Ryuma)

(10967706) (11301)




(Yuta lzumi)

(50915197)

(10103)

International Workshop Advanced Technologies for Detection of Landmines and
Improvised Explosive Devices

2019

2019

Federal ministration of Civil
Protection

TNO

Cambodian Mine Action Centre

Campa Colombiana Contra
Minas




