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Progress of LIDAR technology and its industrial application

Yoshihito HIRANO

Mitsubishi Electric Corporation, 2-7-3, Marunouchi Chiyoda-ku, Tokyo 100-8310

(Received February 20, 2021)

Regarding the progress of LIDAR technology and its industrial application, I describe my experiences for

the last 30 years and the latest technical progress of newly commercialized “LiDAR”. With the maturity

of LIDAR technology and the clarification of social needs, I hope that LIDAR will make a leap forward

as a “remote sensing technology that makes invisible things visible” and that our traditional Laser Radar

Society of Japan will be activated.
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REZ:BHBERG 2O N B & L HIT, HEWELETH
52 Lnn, 0Kk, WENE, BETOL— b
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Visible and UV Laser by Frequency Conversion for Sensing Application

Junji HIROHASHI, Tatsuya MIYAZAKI, Masayuki HOSHI, Koichi IMAI, and
Yasuhiro TOMIHARI

Oxide Corporation, 1747-1, Maginohara, Mukawa, Hokuto, Yamanashi 408-0302

(Received February 1, 2021)

Visible and UV lasers for sensing application were investigated. In order to realize compact, relatively

high repetition rate, high peak power, and reasonable price pulsed lasers, pulsed fiber laser with 1064 nm,

50 kHz repetition rate, and 1 ns pulsed width laser was selected as a fundamental source. Frequency con-

version part, proper non-linear optical materials were selected and the focusing and device dimension

were adjusted to achieve compact frequency convertors. For visible (532 nm) laser, convertor size was
achieved down to 100 cc size by utilizing PP-Mg:SLT device. For UV (355 nm and 266 nm) lasers, by
selecting PP-Mg:SLT, PP-LBGO, and BBO devices, 100~200 mW level output power were achieved
with the convertor size of 120~220 cc. Those compact configurations were available for mounting them

on drones.

F—T—F IR RRUMAREES, 7 AL —F

Key Words: Nonlinear optics, Quasi phase matching, Fiber laser
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AR, #MoR Yy FOHBEIZBWT,
V=932 F 0B M, EIATn
5. ZOWT, L—WVoRfEE, BRE)HA GEBNK
RNV AP (ns, ps, fs)), WE GRAL - THL - &
b, Mt 2 &, ZHERTH D, HBIZEDbYE
TeRED RSN TE 7

L—FZ2Hwitr vy ZTHEOREN LI DL
L T4 5 4 ¥ — (LIDAR: Light Detection and
Ranging, Laser Imaging Detection and Ranging) #l il
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pm i) OV AT 7 ANV —=FPRHHNTw5
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XL ENHE SR TWSY,

—7, ®IEH T4 =~ HE, bz
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HIEDNEIFNS, FFIZ, AT Drone ~NDOFE#HL
PHIREENTEY, FO¥% 4 X - EEO/MNULE X
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ORER I & 2 L% Table 1 [ 7”7

—fIZ, DPSSR—ZAD L —Hi, Emi#bhELD
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Ny T QAA v FHADL =¥ Eix, /ML
MBURETH LT, MBI E LIFHZ &
HBHEELL, VAT Yy —=3dHY, FHLIEE &
BENDH D, FIThUbIZEHRYEL, &
Y= 787 — WA e 2 72 L — 9Ot & L
T, 774N L —FR—2OHREIZEHL, hbd
LW REEREMAGDE R EELR L —F OB
HDT V5B,

AT, VA7 743 —=F L LT, 1064
nm V—¥ZEHL, ZhEMAaGbEkREER
L—HIZOWTHHT L. 7SV AT 74N L —Fid
IMTHBIZZEAEINTWED, ZolgtA LR
BEMIEIE am T Y AHEE%->THEY, K
REWRHEIBIGICECHEL TR, 2 TRE

Table 1 Comparison of pulsed laser properties by different laser
configuration.

DPSS DPSS Fiber
High Low rep. laser
rep. rate rate
Rep. rate High Low High
Jitter Small Large Small
Peak power Low High Medium
Portability Unable available available
Cost High Low Medium

DPSS laser: diode pumped solid state laser

= - ==
G . laserRadarSocietyof lapan L —H&v 2 %a
g ad ——————

T, &K 1064 nm, FHHIFK1W, E—27 )]
K25 kW, #: 0 o UREPER S0 kHz, 73V AR 1
ns D/SIVAT 7 ANL—FT, FEELHWCEEL
7 B P HIE X 200 pm BLF, R OE T LMA
(Large mode area) ® PM 7 7 A 7N (2 7 % 20 um)
TEREINZZD ORI L7z, 4 Xl 120 mm ¥
120 mm X 27 mm & Ry 2 > 2% 7 b CHevm i FC/
APC I % 7 # THIGENTW A, LUF TIEALHE
RIEARWL —FE LTHCZTH, 8L —F12o
WTHET 5.

2. INMTHL—Y

K ToFHl 2% 2 72304, KIS L TR EH
KO 460~480 nm AT D F A L T 5 25,
INLOWREZBEHEEIR, T 7213 920~960 nm
DWREHRE T MR EE 2 126, FHlloREL
LFE7200E =) - L -2 EHTLI L
VL. 07z, KBhI4 ¥ —of&IzE, B
EOEBRERFM & LTIE, IVEwE—2 3
7 — & BB S NS 1030~1070 nm Fi7 D HRAL I
KW REWS 5 HANT A - UREOH THENR
TWa. IV RAICERT 2 EEHRMELE L
TiE, AEMHEEZ Hwz LBO &SP
% F\» 72 PP-KTP, PP-Mg:LN, PP-Mg:SLT % &% { @
M A3 % (LBO: LiB30s, KTP: KTiOPO,, Mg:LN:
Mg-doped LiNbO3, Mg:SLT: Mg-doped near stoichio-
metric LiTa03) ™. ZOH T, WiioiAdEL —
PN T HWELERET L LT, Walkoff 237 &
mEELSTRET, Hous (74 b 75774
TR VL= b7y 7) T 50 %oy
PP-Mg:SLT ZfRM L7z, WRZEHRT /N4 ZDBEEIC
BT, B, MR (E—2r1g— F
BT ONT YA %REZEZ TRELVPLETD 5.
TNARAREE =T NT B (Tr—h I V75
) ZBEBORMETHE L72HR, 2mm B%2 #EE
T52 LT, Fig. 1IIRT &) ITEHBRK 50% O
M EGLZENTE, WHE— A TH g2
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Fig. 1 Frequency conversion property of 532 nm generation for
different units,
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Fig.2 532 nm laser module.
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COHET— 5D E, HREAWL —FEHEK
L7z, BRI T IIPERE S & 5 72 0 (I T B )
WLETH DA, Z D720 ORI B IR RE
WEY 2 - VNIRRT HEEFTELT, 774N
L — L RAWIOW ) O/NULE K> 72, 20
M, Fig. 2 1283 X 912, 100 cc DT D E25
EV 2R AR TE 7.

BUE Z OREBIE Drone 1S3 S L7z KB EHIN F A4
F—~DISHPHEATHS, T2, HETIE, &l
ik, AL E O 2 ERREIREIL, XD FHICE
WEREOLV R LR LL L, BAEENENLD
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3. NRIEAL—Y

W2, BAL—=FIZOWTHHT S, ELoIC
355nm L —#2EZ R 724, 3550m 2L SED
72¥121%, SHG (Second harmonic generation) # &
¥ THG (Third harmonic generation) @ 2 2 @ K &
BARBFEAS LI L %2 %, Table 2 (2B FED P KA
WE T OMAE DM ZRT.

FEoFT, WFEE % ARG ¥ — A0
EROZILDTEDN0.3 L No.4DRTIZONT
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Fig. 3 Schematics of THG setup for monolithic device.
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Fig. 4 Frequency conversion property of 355 nm generation by
monolithic PP-Mg:SLT device.



RHUH OV 2T - MR L — 5 (G 520

355nm/~100mwW
40(W) X 40[H) % 87(L)mm’

Fig.5 Compact 355 nm laser module.
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HS: harmonic separator

Fig. 6 Schematics of THG/FHG setup. (FHG: forth harmonic
generation)
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Fig. 7 Frequency conversion property of 355 nm generation by
PP-Mg:SLT and PP-LBGO devices.

Fig. 8 355 nm beam profile generated by PP-LBGO.
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Fig. 9 Conversion properties of 266 nm in different focusing
condition and device length.
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Fig. 10 Beam profile of BBO with and without optimization.
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Fig. 11 355 nm (left) and 266 nm (right) laser module.
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Security applications of laser remote sensing
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We describe the application of laser remote sensing technology to a wide range of environments by using
our laser radar technology based on Mie scattering lidar, with various laser-sensing methods such as spec-
troscopy and image acquisition. Among various targets, this paper focuses on the field of security, namely,
CBRNE (Chemical, Biological, Radioactive, Nuclear, and Explosive) remote detection. The use of a
high-power, compact femtosecond laser (terawatt laser) enables classifying cesium aerosol (radioactive
and nuclear simulated) and riboflavin aerosol (biological simulated) at a stand-off distance of 10 m and
identifying different plastics (explosive simulated). In turbid water that simulated seawater, visualization
of the 1951 USAF (U.S. Air Force) resolution test chart was achieved using a pulse laser as part of turbid
water visualization technology. Since no information was available from a normal camera, the results
have confirmed the superiority of our method. We also describe laser Raman measurements that have
shown the ability to identify underwater substances.

F—TJ—F:L—¥YE—-ItI 7, LIBS, nPEF, f X—=J 7, I< 40
Key Words: Laser remote sensing, LIBS, nPEF, Imaging, Raman spectroscopy
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Fig. 1 Schematic of our proposed lidar system for detecting and
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of the cesium aerosol of 3.2 ug/L (0.001 wt% of cesium
chloride in aqueous solution) 9,
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Fig.3 TPF spectrum observed for riboflavin aerosol, with laser
energy of 10 mJ/pulse, pulse width of 100 fs, laser beam
size of ~3 mm of diameter at the aerosol position, ribofla-
vin aerosol concentration of 1.3 ug/L (0.0032 wt% of
riboflavin in aqueous solution) K
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Fig. 4 LIBS spectrum observed for bulk organic plastic samples,
with laser energy of 0.6 mJ, the actual pulse width of 150
fs (slightly longer than the nominal value of 120 fs), the

spot diameter of approximately 0. mm (an estimated
).
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Fig. 5 Classification of LIBS spectra of organic materials based
on 2D plot of peak intensity ratios'".
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Fig. 6 Schematics of the underwater visualization system !,
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Fig. 7 Examples of visualization of USAF chart in turbid water
by a normal camera and the underwater visualization
systemﬂ.

SIS XD BHEY TR O K S OBELDEE R
L, @AKHTOEHREGREZGLIENTES.
Fig. 712, S2i3s & BidiE L 72Kk h T ot E 2
AT KA N O K TE KA AR SR ()
V) IBALTHEENTS OWAKZMBEL, HEk4
mTHRELTWA, EVEED AT L OMEER
B, HAHPRIAT AL BIEMETHE. KX
7 AT, WPGRIZHEE 532 nm @ Nd:YAG SHG
(R ARHTI50mI, 7V AEHK 5ns) 2 H W, A4 H
A X USAF (U.S. Air Force) fRIEET 2 b F v —
I (1951 USAF resolution test chart) % % —%7 v b &
L CAMmICIEEIg L, #&iElJt% 1CCD (Intensified
Charge-Coupled Device ; JGHEIRAERE (T & BATA A%
T) BAFTTHERFEL TS, ICCD D7 A ¥ % HlH
L CH 20 ns OIER 7 — N &2 0F, #ARD» S OHLEL
Fa B L TWA, EHA AT TIIRERTHTH
550D, HWAPLOWMBEIZ L - THEBLTLE
W, F—7y FOREEZHRT S EATE R
—HTARY AT LI BRI, KFE7—MZXD
BRSO OBEDCE IR L, SR WA 5T
W5,
WHRIZBTAL—F I v oL LT,
TEAR - WAREHR] A 2 R S 3 D ARANER S S A T
HbH. WK S T4 VB EDTRNVF— -
FEROWXETFEE LTHHEHIN TS, JRIICH

14



X2 T A HIIBTLL—F)E— LTV T (PHE P

1l —20mm 0.2

- [ — 10mm L

3 - L

e — 5mm ;’//\

g | 0.1 F

5 L

§,0.S o '—-—/v

2 0 T

o

£ 2500 3000
0

1000 1500 2000 2500 3000 3500 4000
Raman shift (cm)

Fig. 8 Raman spectra of canola oil with thicknesses of 5, 10, and
20 mm located 2 m away in the water tank'¥.
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Wind velocity measurement technology by coherent Doppler lidar using 1.5-um laser

Hidenobu TSUIJI, Masaharu IMAKI, Kenichi HIROSAWA, Shumpei KAMEYAMA, and
Takayuki YANAGISAWA

Information Technology R&D Center, Mitsubishi Electric Corporation, 5-1-1 Ofuna Kamakura, Kanagawa 247-8501
(Received February 15, 2021)

Technology for visualizing wind is required for weather forecasting and aviation safety. A wind LIDAR
has been developed for measuring wind remotely as movement of aerosols and molecules in the atmo-
sphere by detecting laser scattering. Especially, the coherent Doppler LIDAR can detect wind with high
sensitivity regardless of day or night and it is put in operational service as a measuring instrument for air-
port weather to prevent aircraft accidents due to downbursts and wind shears, wind power generation effi-
ciency improvement and wind turbine damage prevention. This article describes the history and the types
of wind measurement lidar, and introduces the configuration and performance of the coherent Doppler

lidar system commercialized and under development by Mitsubishi Electric.

F—U—F:ae—L Y MRy 7FI5=54%, AEHN, fizedess, KESGH
Key Words: coherent Doppler LIDAR, wind measurement, aviation safety, water vapor density measurement
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FENTWE. 54541k, L—% (RADAR,
RAdio Detection And Ranging) 2% ff H 3 % ¥ &
mm~km FREDOEMITH 5 [EI] (Radio) %,
PWE03um~10um OB TH 5 ] (Light)
WCHEEHZ 2D0ITHN L, Z2oelizizFicr—
FRBHENE., T4 7wz E— Tt
vy vy (GER» L OB 2475 FEO—DOTH
D, 79V ANG,  F IR R LA & 25 L 72 ot

17



L5um L= NhE V7 Ky 75 —5 4 F12X 2 mWaHEd Gt

ZETTOMFGIHEG L, € ORGE%E 2E LTl
T5ILICED), FRETOWEE HEE HSEO
kRS .

KEATICIZBICRZ w7 a0V VKR4 178
BELHAEL, INSWEWE T A FICE VEHIY

52 LT, RAOMA ZIERETIEMTIENTE
5. BIZAEZ T 0 VRLT EAXRETITE D Mol 72
FFTHY, ZOVA ARG+ EI3ITEL
Wilinm A5, BB LS % 100um F THRIL < 5
LTS, FAFIMHHT L L= R3ER LN
FICHEBEO—MTH Y, HOMHEZFF2720, K
HI, BOWEL Y RELWERO S HILTE 5.
KEHIIE T4 FIHEH SN L0 E & RS
DIT O WKFDHEE CAETET 5720, JeOHRAT
F R X BT 2 2 L RETH 5.
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1 http://www.mitsubishielectric.co.jp
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L—HFHIRICTEHE =27 2800 ZABEHD T HE 2 Tm,
Ho R L —¥ M2 w7z, 74 —7HET
H52um WORFHN T A4 ¥ EERE LD sl
(3,54 Wind Tracer™) % EH L7z, AREEIL, 22
WL O eI O R & 7 5 FLATTE R SRS
LAREDED S, 2002 FEICRBZEETEHD
THRUEZEUEIC mﬁﬁ%hﬁﬂﬁﬁtbf S X,
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FRIAFIHFHEINTWS 2um i & 13RO 7
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2 https://www.lockheedmartin.com/en-us/products/
windtracer.html
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Fig.2 Outlook of the compact and high-resolution coherent
Doppler LIDAR for wind power.
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Table 1  Specifications of the compact and high-resolution
coherent Doppler LIDAR for wind power.

Parameter Value Note

Range 40 to 250 m depens on aerosol
Resolution 20/25/30 m

Measuring -30 to 30 m/s

wind range

Measuring 5 line of singht (fixed) by optical switch
Direction

Direction North, South, East, West,

and Zenith

Output data | Wind velocity and
direction, SNR

Laser 1.55 um
wavelength

Laser output | 10 uJ X 16 kHz

Size WO05XH06XD0.6m
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Fig. 3 Outlook of the long-range coherent Doppler LIDAR.

Table 2 Specifications of the long-range coherent Doppler

LIDAR.
rameter Value Note
nge 34 km (max) depens on aeroso

solution 30/75/150 m

:asuring -38 to 38 m/s
nd range

:asuring Omnidirectional
rection

by scanning mirr

rection Azimuth 0 to 360 degree
Elevation -5 to 185 degree

itput data | LOS wind velocity, Wind
and SNR distribution

ser 1.55 um
velength

ser output | 3 mJ X 1 kHz
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Fig. 4 Outlook of the All-Fiber Doppler LIDAR system.

Table 3  Specifications of the All-Fiber Doppler LIDAR system.

Parameter Value Note

Range 3 km at 150m resolution depens on aerosol
Resolution 30/75/150 m

Measuring More than 30 m/s

wind speed

Measuring Omnidirectional by scanning mirror
Direction

Beam 180 degrees in Azimuth

scanning 90 degrees in Elevation

angle

Output data | Doppler velocity

Spectrum width

Signal to Noise Ratio
Vertical wind distribution
Horizontal wind distribution

Laser 1.5 mirco meter band

wavelength

Laser output | 10 pJ X 16 kHz

Size W02xH04XDO04m Optical Antenna

W0.6XH03XD0.6m Laser Transceiver &

Signal Processor
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Fig.5 Outlook of the Nacelle-mounted LIDAR.

Table 4  Specifications of the the Nacelle-mounted LIDAR.

Parameter Value Note

Range 40 - 400 m Longer range as
option

Resolution 20/30/45 m

Measuring -10 to 60 m/s

wind speed

Measuring 4 line of singht (fixed)

Direction

Output data | LOS, Real-time / 10 min
average wind direction,
velocity

Size W03 XH03XD0.5m

Optical Antenna
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This paper describes our challenges to realize underwater LIDAR. We have provided a LiDAR kit suitable

for developing prototype LiDAR's for various applications. Based on our developing experiences regard-

ing these LiDAR'’s, we have started to challenge the research and development of an underwater LiDAR.

In this paper, firstly we introduce ALAN consortium that promotes underwater optical wireless technolo-

gies including underwater LiDAR. Secondly, we explain loss characteristics of underwater optical propa-

gation and optical devices usable in underwater, which are important issues for developing an underwater

LiDAR. After that, we explain our developed prototyping underwater LiDAR and also show a 3D scan

image of an object located in underwater, which were successfully obtained using that.

F—TJ—=F: 954 F—, KPhIAF¥— 421657754, WEEKL—VF—=F(F—F
Key Words: LiDAR, Underwater LiDAR, Time of Flight, Visible light laser diode

1. ZLBIC

LIDAR (Light Detection and Ranging) X, L —
F—tx TR BRBENE 217 ) Bl TH 5.
FRICIIBE IS H W 2854 % LIDAR W53 5 2 & 2%
, bL=¥F—tzudgWicifgds2LicksTHE
U2 RO - TL % F TORRMA, HNEWE o
PHEEIC X o TR L & 2F)H L CHEEZHE T
%Y. F7-LiDAR &, Z2H5HREEDE om DUT &5
, L—¥F—bEEET A EICEYEITEERST
W B ORIRRL B & 2R T 52 LW HETH
L. FOiz, LTI, BEOEILOKE VKT
R OBRA, WL ERZ K LIS WIESEY
BA0Aid 2 W OBE, ANOB) X % EMEICEHIS
7200t =R HEEEO £ ¥ — % LI
LiDAR 23 E L FIH ENIZ LHTW S, 2, &k
OHFEROBEOFE VICL Y, HEERNTO
Y Y= L TP LDAR DN H E23s 2 &
TY, LiDAR O/NEL - &2 2 MEASHEA, ZDIE K
T AR5 2 L PFEEIN5.

©2021 Laser Radar Society of Japan

—7J7, KRAFR#EHEIT O LIDAR IZ2W T, (3
EAEEMTRESTH OB EEE 5T
7225, AKRABIERREART 72 & DK F R % 8 L
72 LAN (Local Area Network) Of§sE2 Hiy & L7z
ALAN (AquaLAN) I >V —37292% Y, ki
FEHf O —> & L T/KH LIDAR O #EEALICH)) 72
WFRBFEAEE SN TS, AETIE, ThETI
BA%E L C & 7222 LiDAR KON s & O 4K
AR SN B K LIDAR, RSB IS HL L 72
LiDAR ~O LY M A DWW THANT 5.

2. Z°[ LiDAR NDEL V) 2 A4

Frld, TNFTIEAVAROL —F x5
WIS 3 5 2 810 % o THEL B EHED R - T
LIRS, MG EDHREIZ X > TRED Z &2 F]
FH L 7- B8R 52 (ToF ; Time of Flight), K UNAF ¥
FI2 X 5% HEN S EE % LIDAR O3 %475 C
&7, BZ L7 LIDAR X, 4 HEZME L
LiDAR OWFFERE, FEERITAEZ 2 X 9512, JlEi
eV oY, Ad v omE MERE, EE Ot
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A ABEN X B WP~ ERANOXIS), W%
EDONAY <A X, B, SotEs,  HilEn EE
DHAATIA RIHIBTREE HoTWDT . Flzi
ADHIZEZ S5 212 < v 1,500 nm 715 9% £ 0GR %
w7 [ 74+ —7 LIDAR] %, K ToELD
N E W HEG TR 2 H v 722 [Ta]#6 LiDAR ] 4%,
Kex e H#E% BB L7 LIDAR D70 + ¥ £ 7%
WHEH SN TWA5,

B L7274 & — 7 LIDAR DAV &l E 6l %
Fig. 1 12”9, JGiE & L T E 1550 nm, “F3 /3
7 —20mW, 7SV A 10ns, #VELEEE 10
kHz, €E— 2% 2mm OV ANGEEHW 2
ZTISS0m iDL —F = o KHFFHELE
(MPE : Maximum permissible exposure) %, 905 nm
WA HARB OV ZFIRIC BV TRE L A2 BY, Bz
IEAREE BT V72O 79V 21 10 ns T MPE %
5L, #5240 FBKREL 22729, 1550 nm 7
TRE—=I7 1T —DE MLl EETH 5. REE
T, HEEE OV 2L, KR R LEEECH
fESEDZEICED, FH T —% LIFFICE—2
N —0E It FEBRL Tnwb, & BFHN
7=, 2SVANE, RO I UEB A HHRE L 72
NN ZADE =787 — 13K 200W TH 5. /2
ARILHE L, ZHE, TDC HPETH/NIV AT Y VK
HORE BE A & 0.5 em F2EE o> Bk 43R Ak, 30 52 18 F@ 2>
LAESMEE00S ZHLTWDLEEZLLNL.
Fig. 1 (b) QMENIIRTHEY, T4 t—7HEE
(1,550nm) 2 AT A2 LICEVE—r T —%

(a) Appearance
Distance
Outdoor

Maximum detectable distancejl50m

(b) Measured example

Fig. 1 (a) Appearance of eye safe LiDAR and (b) measured
example.
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JBY = ST
wa . Laser Radar Society of Japan b—iﬁ/J,/ﬁ?;‘%

—————

b L7722 &£ T, SN}t (Signal to Noise Ratio)
DL WEHEETH B2 RN E, 3D AF v~
2 & B o EF O 3D B4, EHRO B A g
WS REE (10 Gb/s BB T /N4 2@ IS
%3 BfLoEsie) 2EHLTWS. &b,
RU—HF—Y A7 AT, KEERTEESES L
PONVATZANF =ML, =737 =25 ilh
L322 Eenn, BEHURICHEIA 7 — Y &2 Hwiz
WAETH 45 WM, TN 35— HwzillET
F 1 RERAREZE L TW 5.

3. ALAN OV —=27 L

HARZ Y 2 IRR BN O DB 2GS
HEEDEHE - THBN Y, ThSOWEREHEE
AT 57201203, #BHICERA ¥ 7 7 2 %if
THLEDBDH L. £TT, WEhRKPE —DDH4N
BlE LT, TNEXXLEMA 77 LTK
F1Z Local Area Network (LAN) % H#i%9 % HIWT,
BT 1 HB AN 2 3E 15 2 (JEITA ; Japan Electronics
and Information Technology Industries Association) [3&
fl7wa 5 4] & L TALAN (Aqua LAN) I ¥
V=T ADRENTY,

Lo LA b 2 3T 2 KBRS, &ss
WONZFELPMEZ BV [REDOTYZ VTN
FEIE TH D, FWROAOFHTIE, H# EiEAD
WEAY VT =0 2ETHILEINETHDL. £
D728 ALAN TI&, #Hr7zZzwietk s LTk
WICHEBL, Kbk y b7 —27 OWSELHEET S 2
Lot

NS EBF 272 ALAN TR % 47 9 Ktk
WIZOVTHBNRL. e, FFICEF 2BV TREE
EDPRETHSH &, ZRERBEI/NSVE W) R
BB, F72100m FEE T H Hid K H T £ 100
Mbps LL_E DR EE TS 237 2 5 W HetE & ik
TwaW, K miEETHNIE, 1Gbps ZHR
BAZIHIECTOMEATRETH D 2 & AHE ST
w312

PEBEN 2 2% MOE S X B 3D AT, AA
I Ni% K% (AUV 5 Autonomous Underwater Vehicle)
WCHER L 72K LIDAR (3D L —H#— A F ¥ F—)
&%, KRB O 3D TR S Tw Y.
F B WEAE TR RO E A TTRETH B 2 &
5, Wi &M A G D 72 E #PH 0 A BEEEN € )7
AOEBMFWFTE 5. MEIZOWTIE, Hzflio
7o IR AT RIS 2 S, A PR R R AT K
% (ROV ; Remotely Operated Vehicle) 7 & @ K H
TRy~ OIEB R O HFFTE 5.

SNSRI 7 &2 WG L 72K A b

V=Y v v sk 82488 15 (2021)
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(Interwork with local 5G system)
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Underwater Robot

Fig. 2 Concept image of underwater network utilizing underwater
optical wireless technologies in ALAN consortium.

7 — 27 OMER % Fig. 2 12", 22T, Ko
Ry MK LIDAR 4 A2 5 Tl L g o
T = %, KAPGEERGELE I XD i IR SR
SR PR 2 A LT bRk 5 2 & 2R
LCWwWh., INPEHRITLIEICED, Hi k&K
TUTIVIALNTOT =5 IHEDP L 2D 2 LD
Wrrsh s,

4. IKRTDHRDIRK

RO 720, FERLOCBEROFBBEL L Kb (H
1) TOIIEE Table 1 IRT 24 2 BEWRO
fiE1E, SCHR 13 722 &2 12 L2 SCHk 14 o FFHE Y —
WV, BEOMEI L5 2 LHVEHLA
Table 1 1Z/RF & 912, AP TIZEBIEOHEHIK
&<, HERFHNIIEEER S SIS HWLENTE
7o, — I REHEETIE, KPP TOBEBIEOHELEIVN
S b lhn, MEWRFE (VLEW) OB
W& IV kHEEM ThhTwa !y,

BRI, SEEICRB1EEKRPTOEENKE
o TWLA, MHDLHETHENNS 2D 2
ERASNTWSY, THEO ¥k E & KiEDHE
P % Table 2 IC/R Y. 7% BEPOMHILICHK 16, Fig.
3 () XDEHBLA

Table 2 IZ7/R T £ 912, SEOKPTOEKIET 7
A NGB 3IHFIFERE VA, ALAN THE

Table 1 Underwater propagation loss of sound wave and radio
wave in their frequencies.

Frequency | Propagation loss[dB/m]
[kHz]
Sound wave Radio wave
0.1 1.3x 106 0.386
1 7.0x10% 1.22
10 1.1x103 3.86
100 2.8x 102 12.2
1000 0.44 38.6

Table 2 Propagation losses of visible lights as relationships
between their colors and wavelengths in each sea area.

Color | Wave Propagation loss[dB/m]
Length Deep sea | Inshore/ Shallow sea /
[nm] Coastal water | Bay water
Purple |430 0.23~ 0.57~ 1.2~
Blue 480 0.20 ~ 0.44~ 0.7~
Green | 530 0.21~ 0.41~ 0.64~
Yellow | 580 0.21~ 0.44~ 0.56~
Orange | 605 0.41~ 0.56~ 0.76~

5 F m~100 m 2O NEW T T REETH
5. FKIE, KOBHEIC X o TR R R
%0, EHEORWERTIERO, EWEILT
VTR Clkkkt o, BHEIE L Rk
HERENTIIHECOBEINSLS R D, ZBIhs
DK, FHTEOIZTY DB EOKPBE
2 SN NE R F o PR

5. KPTRAWLWSNDHAT/NT A

KHEIZHEATE W BET A XL ZEoMREE
Fig. 312”9, #iFTHILOMWFENGI &L LT
(&, AR GHz FREEDLT & Akvas, &AL,
a2 MEoHEREDYE L S AFEOEWELT Y~
2 LD (GaN-LD) 28% K L Tw 5. %72 GaN %
LD &, WigehiseAasdEAfktiie LT HfFs
TWwb., F72LD X NPT VD, 77 43—
L—H—, BRL = =R RAHI X 2Rkt
BAFWRETH D, waHHEE LT, Bkl —

Inshore / Shallow sea /
Deep sea Coastal water Bay water
_— § I 2
2 1w b o <R
2 R | & w22 5~
= | 100w ) 2 lpE 8~ s v
- =
© [= I ] N Iwc = N~ -
O JE!'§Q~Q_N5~§Q” T s
= 10W I=|Z§ N o 5 J8)
5 o133 25,098, 85 25182
O |w S3110~ T IX8 QuelisR
o< Sl 1¥< SihijEnm
450 nm 530 nm 575 nm
% Wavelength
=
=
[%2]
c
o
Qo
[0}
(0]
o

PMT
MPCC
APD
PIN

Response time

CMOS-APD
Responsivity

Fig. 3 Visible light devices and their performances.
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PR W R X 2B BT TV,
ZHFEFELTE, WHBICEKEYND ) &2
Si-APD %, & 5 (T & J& EE 2 MPPC (Multi-pixel
Photon Counter), JGE T-IR54% (PMT : Photo Multi-
plier Tube) DFIHAFEEN TV 5.

6. 7krh LiDAR

WRE4500m, € —27 87— 1.6W, 7SV A0E6
ns, E— A% 4mm>x1mm (FEEE I m THlE) ®
FH LD & w7270V 26 & MPPC 263, RO
TDC (Time-to digital converter) [, A ¥ v F % #l
A b7 LIDAR & W, KEAKZ 72 L
72T 7 VVKMINO 2 7 ) — R R AR S
WE L7z, B H 2 Fig. 4 ISR 7. o7k
W, AREOY =787 —, /NVAIE, E—AF%
F§ o 729 K 905 nm DAY LD 23V 2 G & v
72 LiDAR (NIR LiDAR : Near Infra-Red LiDAR) @
HEREH D 7R, NIR LiDAR 3K o xf 5 % 5t
WTERho7z0ixF LT, WL LIDAR (X4} 5
WoOFHIAWEETH L., Thoarr ) — b oE
ek (Fig.4 (b) ®&EIL) % Fig. 51IRT

Fig. 4 Measured 3D scan images of (a) NIR LiDAR and
(b) visible-light LIDAR.
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1,120
-100 -50 0 50 100 150
Location [mm]
Fig. 5 Surface shape of a concrete piece.
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REEIE, 7OV ATy VRIKEEE A O W e
05cm F2JE, W LWHEED 1.3m THE L 72
C— A0S, W im CHlE Lz — AR I1213
Bbbhholzl LM LERGHIEL L TE— A%
BEOKMmm AL TWALI ERWHENE, H#
LKW, S HBAEEDH & 5 7 shill i
WL ORBEEIT) 2 & THREZITW .

% 72 H6 LIDAR Z i A4 ICINAET 52 L T
ROV (Remotely Operated Vehicle) (¥4 # ] f 72 Ak
H LiDAR % BH%E L7z, BH%E L 72/KH LiDAR #% Fig.
6 RS, MEAZE, W 205 mm, JEE 10 mm,
A 440 mm O PIERIZEER T, otiof, W
W HE LIDAR O F B TH 2 A F ¥ F, A
FyFRFIAN, TDC AELZ AL TS, K
LiDAR ~O & F AL, FH8 2 & o, K OB
T =7 ORElE, KFIARTF RO —TVEAHNL
TiibhTwb.

ROV (2588 L 727K LIDAR % J\WC, {EEIF%E
B ZE MM (JAMSTEC) #HBE AT DL H Iy K
(&K 40m, @MW 4m, KE2m OREH) TT-o
723D A ¥ ¥ Ol K OME RS R & Fig. 712
AY. FELLTUENEOEELRY. £H
HYZK AP ETE L 72 e oo L, e B 1
m OHPATID AF ¥ VY E2EET S LT, KFT
@ 3D WP W RO PG I L 727, 7 BRI
210 3 HREEL TV 5.

L2 L%A5, Rz BwTidmm e atic L %
WEOWE, WEBEMOKRPAFy Y AE—-FD
1) b7 EOREEABAL Lz, BIE, oK
EERBBE 2 BT 5 & & b, ERloMERA~Ox}
WaRER L CHEREIToTWD, HEROKRIC
DWTI, TN FLFEo2L TATRINOES
ERFTWEEZTHS.

Fig. 6 Developed underwater LiDAR.
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Fig.7 Scenery and result of 3D scan measurement utilizing
underwater LiDAR.

7. BHYI(C

IND D OB RBWIFRF S N B 3DE LD % H
W 727K 1 LIDAR O H Y FL AN D W THA L 72,
% 727K H LiIDAR % & T /K OB MERR BT 2 FH W 720K
WAy b7 — 2 OWSEEERT 5 ALAN 2 Y —
T T AW OW TSR L7z

KH LIDAR ~OHL D fAIZ DWW T, F 3356
& 72 % 22 LiDAR BAFEIRIIC DO W TR B & 4E1Z,
K LiDAR % B383 % L CHEE L 2 5 KB THN
I R OOKPTHW AT N, ZIZOWTER
L 72 1T, /KH LiDAR ®BZRIIZ O W TRRA L
7z.

AR EHAIGEER T, Fth LD JGiR & w72k
LiDAR ZJH\ 5 Z &2 X Dkt <o 3D HIFE M % %

WETEBLIEER L. 5% EBTH L2
7o T2 IE A~ O B O ERE 1TV L 72K
H1 LiDAR DR EZ M L3¢5 FETH 5.
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Light Detection and Ranging (LIDAR) has become an indispensable technology for lunar and planetary
exploration. LIDAR for lunar and planetary exploration in Japan starts with “HAYABUSA" and leads to
“Martian Moons eXploration (MMX)" via “KAGUYA” and “HAYABUSA2". Here are some of the

LIDAR technologies that have been developed so far.

FoU—F 1545,

L — RN, HRERE

Key Words: LIDAR, Laser altimeter, Lunar and Planetary Exploration

1. [ZUBIC

20204F 12 H6 H, hRE [V a7 y] o
TV LT2h TRV E—ZA DT ) TOT— X
TEBMXIMOMEICE L7z [1ZR RS 2] 252
WDy v F 5 ROk BEFRBERNEEL I Y
vavEET LR TS af [iiess ]V
Ziho, MREETRPEHEEI v v a Y259 X
UL B o Twa, H - REEEICLHOR
Mi&Zeo>TWbDOAT 4 % — (Light Detection and
Ranging: LIDAR) T& 5. GPS % OHiikcizs4% &
Y, WERPSD) 7V 4 2 OFIHIK A 7 v
WIRFH T, EERE BENICEESE 572012
1, BEHBEARCTES 54 5 —0REIIKE
v, TARTEEY B, T4 5 — AR O
e U LAk 4 2 RIFO BN R ST w

http://www.hayabusa2.jaxa.jp/

©2021 Laser Radar Society of Japan

%, HATRAHED [V, BUEET T
o KB # 2 # & (Martian Moons eXploration:
MMX) |¥, K Tix %4 ® Lunar Reconnaissance
Orbiter”, /INEEHEA D OSIRIS-RExY, KM TIZH
1E RS HEA 1 O BepiColombo”, A ~ K& HiETIX
Z 2N 4 O Chandrayaan-1¥ % Chang'E-19 45,
BEOMA L RERIZT [ F—PHEWEIN TV 5.

IR R > TWA A - BEREDO T A ¥ —H
Wi LF ISR 5.

2. [1&*A&E] LIDAR

W NI S8 132003 5 Hicirs s
NT/NRBHERERTH . 2005 FEI/NEE [4 b
HTLIZE v F 5T ik, 2010 4FE 6 H IS HIER~NR
WL [ b7 o ThveEth TeVvedk
%, KREAEICHZALL. LIDARE [4 M5 7]
W HEMARABL, SEHSOkm S [4 M
T BRZ, BV TRY v F T T ETO
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Fig. 1 HAYABUSA LIDAR.
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Fig.2 Rendezvous and touchdown sequence for HAYABUSA.

WSR2 AT 5 7219,

[1ZR 5 &) LIDAR 22 b oz i, 2ok
OHADH - BMEHEAI v v a VICKELHBLT
Va LW Y AT A E TR EROR T
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3. <] L—Y5E:t
(Laser Altimeter: LALT)
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[ Rl oL — ¥ 5 ¥ EF (Laser Altimeter:
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km 7° 5 150 km O #ipH CTZ&ALT % B3l & Wi
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7»:11,12)_

[ R LALT X 2202 =y MIHhRTwv
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W, HEESHEEX ImTHD KBOXRZREEITH
L —H¥%ZEH (LALT-TR) OPEMEE % Fig. 4 12
ZNEN

LALT-E

LALT-TR

Fig. 3 KAGUYA LALT (Control electronics: LALT-E, Laser
transmitter/receiver: LALT-TR).
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Fig. 4 Structure of LALT-TR.
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Parallel
Plate
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Foo
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s N

Output_ Quarter Pockels cell

Coupler Wave Plate
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Fig. 5 LALT laser oscillator optical layout.
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4. [13® A& 2] LIDAR
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L, 10005 EFCTHIRB LML L 72 (Fig. 7).
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Fig. 6 HAYABUSA2 LIDAR.
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/
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Fig. 7 Stricture of resonator.
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Fig. 8 HAYABUSAZ2 LIDAR laser oscillator
(Engineering model) .
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JLHE— NIZIEEE OREEE — Fofl, FH-Eii
FHBHELZZF AN Y Y FE—FE, HEROHAE
L —3 I (Satellite Laser Ranging: SLR) J&j & StV
VY EBEITINRY V- RPENEFND 5.

[1Z% 5% 2] LIDAR O L TOL =¥ a v
MU 2021 41 ABETH 711 7Y a vy b TH 5.

5. XE®HEHRE (MMX) R LIDAR

MMX ZHIERFE T ORERETH D, 2024 FEDFT
5 ETAEITH SR TS, KERE (74 FR) 12
HHEEEZELY TV ) 7= 2795 TH 5.
MMX LIDAR O #EPH X 100 m 2* 5 100 km TH
D, TEens2] LAMEED0OIB DY A F3I v
ILYIUHRERENTNE?),

MMX LIDAR (& [1Z% 5 & 2] LIDAR D % 5l %=
WHLDD, L=l KEZERROL R %
fToTw3s. L) [1IERHRE 2] TlE2 R/
DNEERE L1205, JAXA THET TH - 72554
FIv Ly VOEMIC EMEE) LIDARX?
MR L, 1R LAsFEBIL 7.

LIDARX D7 F v 7 OHMR % Fig. 9, [al BHE Ak
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34

" sssuusuueusseeeesest

=T ——

="

B
-
-
'
9
b
L
-
|
9|
2
]
3
3|
a9
,.
|
il
. i

Wy =~

L AnnoNNNe seconnRcete

Fig. 9 Bare chip of LIDARX (Prototype).
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