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Reconstruction of 3D Motion Image from Video
Captured by a Single Camera on a Moving Body

Ryuichi Oka*', Yasuhiro Hashimoto®', Yuichi Okuyama®', Keisuke Hata™"
University of Aizu™!

A new algorithm called Motion-Parallax-Method is proposed based on motion parallax for reconstructing
a 3D motion image from a motion image. Each pixel of frame image of 3D motion image has a vector
composed of four elements of RGB-D. The method is deductive without any learning algorithm. We show
many experimental results of reconstruction of 3D images and 3D motion images of scenes from motion
images captured by a single camera attached on a moving person, a moving drone, or a moving car. When
a moving body with a camera becomes stationary, 3D motion image reconstruction is possible for only

parts of the image corresponding moving objects in a scene.

Keywords: 3D motion image reconstruction, Deductive algorithm, Visual SLAM,
Motion parallax, Moving object
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X 5i%, BEiAE Fao—r &L, ZOBEIATI2L > THBEZIEE L, b FEREICIEE L 2o
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R 7-(a) (X, D A TOHEGEFDO 1207 L—AHEGETHY, KM7-(b) 3ZD 7L — AWGIZRIE
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EY I 12 & 42 pixel I2OWTHIELTW5hH, 22 THWTWSEIE X Youtube 225 UG L7 D TH S
A3[19], C OBYEIIARD THRHME L2 EIZBWTHEEI X 700 ENTbDTH D, 20 3D BiEif
TEHHEON XI5, BATESLHELZBWRTHE WHER, SITH, HIEHEZ E$ TOHBED pixel
wise [ZBAFICHM ST W5, BB IZ DWW TIERICin %,

BRI EI O T O A BEMEICHER SN A FIC L 2BWG 2 WA 2 L 2HHRICLTWD, 2
BIHEEDSK VISR LB EOBRICE TV L THh L, TOFHRIE, AFLAF - Vg 028
WEIZ2ODH AT, 0K AHIEL TVA I EREHRICLTWA I L B TH S, Lzh o
T, BIWHEEDS, 72 T OEBL T 2BEMENEIC T WEIcE 0 L) RHHERIEZ 5 2 23 EE
RIEThHDH, INEHEmT o

BN AR E R ECTEIE L TWAIGE, B X 3@?%%2@“%*’3’}&%%{% oW, BUADHEIE L T\ 5 IR7E
W7 be ZOEE, BIENSWIZIET 5 M F121S optical flow 23583, Zofiiz¥uThi, Tk X
O EREEL T D P 5 hf:ﬂﬁ%ﬁEF&J@mﬂEH&fﬁ% Eho CORKIEHHIEEREREE 25720, HHE
B OHBEEGE CTIZBESFRINDE 2 L% b, B8-(b) TEAR SIIHILT 2MONEVERLE Lo TW
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(a) (b)
R7 H#HEHIATICBITL2EFTAHEGETO1o07 L — 40 RGBHIG (K7-(a) &, FOMWIC
IS Y 2 EWEOHBEE (G (X 7-(b) 2R d (HZWIZEHETEH ATITHENI EE2RLTW5),
2ODMHEMTIX, ¥ 7 LUIHIBEL TV,

(b)
K8 BENMATHLHEAMEL LS A0BHD 1 7L — A% (M8-(a) £FD17L—AHOD

EHICE > THRONDHEEGEO 17 L — A% (K8-(b) 27R7.

LDIEEDIRNEZIRT o BEPE)NTWTH 2275 SR T 2 BFEAIIMD TEFITH S DT, optical flow X
izt o e, FERICHESOHBTEGE CIIRIFRENL, LirL, oA, EPMEELTLZ YTV
EREIFIEL WSS, UV VORI D AATHEENDL I EIZLD, BYWR AL EOHERTV D
DIFZDORIMIZEL DN AT OEXIZL Y, optical flow 23FEL, THICE->TH AT OHEENEIE S
b, TOHBEFTHEIZBWTIZ/NE 7 optical flow f[EDQFETH - TH, IEHALEIZ L > T, T4 %EDs
EONBT LD, TV UPEEIFEIEL TGS, Wrkby— Y OFIEWICET 2 HFE 121
optical flow 2354 L 2\ DT, £ ZOWMFRITHKREHEZ LT 5, —F, B ATZOHSHTHEH HITE, H
BRI ER AT AHEL S, FNSAEIC T & T, optical flow DFEENT5H Y, BFEE L OHEEN
FHEEND, BEMEDSAB THL5E, L TWA I AT EERNICEH» S 2T, F7LICL DN A
T DB &2 L - T optical flow 235842 L, ZHUZ X o CTHEEDEIE SN LA, Zh B0z L vEIR L7
FIZLDZ VDV OIRBIIZL > THELL E VR b,
6-2 ERERRHEOFEE

3D Byl {5 % L, ZOMH L TV AHBEORIEIZ X > TiTb b, BEEH W T 2 81 Youtube 2
SHEL 72 o T[19], FHEHEIZ DWW T O ground truth ® 57— % 13 7% v ZUC, BFEIL heuristic 12, ¥
b b EEM ZRIBIEEEOREE 2 -l 2 1B DT b, FFIC, EHLEY, o, smE, BuikEo
HOBRTERHBREZ EORET ST — Y I2BIT L HEED ground truth OTERIZHEETH % 2%, #FEOH)
FIHZEE L SN S OBEBOBN RMPRET S —  TOFMAEETH L EEZTWDH, L FEEOIE
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ME2BL72007NVT) ALOUBZBAEED TWE, BIEITHEOLEME 1 m YINOREOEEEA S 100
m Yo F C%FBED dynamic range & L TV 5%, EfTT B OUTIEEEIC BT 5 HRLAATH 2 &2
# S N7 BRI BT 2 BREEEEE O B SICERYH 5 L E LT 5b,

B 9-(a) D6 2D 7Vl (FRONEHITTRLTVD) ZZOH 2 7V Tl S5 Bkl 7R
LCTwWa, COY Y TVEOHT, BEEKERLRDE AT [HEAE] 254628 [cm] L %> Tnb LA
Thbo ZOMIIMD 5 O>DY » TNV EOREHEEIET 5 &, EBELDEVEREEZRLTWDS L) IR
Zho COXHIIHAETIRELEAEBRLGEEEL/RT & ZAPRETIIR L, HEQME 7 VT X 24 [17]
FWMEELTWLEWZ L, F72, BEATOMEEOHREIIERI D A X FISEVEEHEY T 5, =

TUEHTH ST 5 BEOEE & RMEO TR AEEIIIME SN, 22X Y optical flow 28 & 1) K &
xR FET 5720 THbH, ZORBIEEOFAETL ZW0ED), RESEELRVD, Z0L) %%
ROFAET D LIIEET DUEND L. —T, WiHIHDHEATHEIIOWTIE, HEOHFAHHE L [F—7
mTHbHI &L % optical flow DK E L DA HH5HZ b %%)ﬁ@"%%?&ﬁ‘&)%o

—HT, MEBHBEEZERSIN VSIS 25, Hl21E, 3D BEOREY— L A%, AR% ED 3D
T =5 B OVER 7 &, EROFHICBWTAPHETE LREOHHALH ), ZORN TIIBAEDKEE T
bEMIMT L ENTE S,

bo Lo h AT i DFEE[em]
=529 751.8
BARARE 9695
wMAESR 2422.7
e 462.8
MEFH 150.6

HHEFS o 649.3

(a) (b)

X9 HEAATHOSOBEED1OD7 L —LH{ED 6 DDH 7 ) pixel DALE Z ROV THRL,
D6 DODF YT pixel ICBWTHRIEENZH AT 05 0MEEE cm B TRY (M9-(a). X 9-(a)
D6ODY Y TNVEIZBIT LA AT LOHEEEX, X 9-(a) DEEDTRTO pixel I2BWTHH S
N7 BB O RS (£ 2R CTd 5 9-(b) DFRVIUMDY ¥ TN EOLDTH S,

6-3 3D HRERKICDWVT

C O 3D BEEE o ToO 3 RITHKDOIER S BEEZICHTH 5, BETH Lidar % fli> T 3D #HiX 1L
DLBENTWVD, 2D IT LN A3 RTHETH D, BEEZETT L L ZIIAR D EHOLELG DR
JEHERH Y — VIR Z A EFRERE 7”9 3D HIKTld v, BIRHZEETIE, BB Y — > LEk
T OFEEE 72 &0 3XILERE & 3 WITHIKOER L WREL 72 5, 3D Bl O 7 L — AT, BYh L
DI ECOHBIASHEORBHHAFAL, ToOBBLAMEIL, 7L —2HBEmEICONT,
RGB %% F FHEH L, FEIZTXTO pixel DH X 555 FHEE D I2OWT, Dsin@ & 24 %,
ZorE, 0137 A THIZTEBE ORI EAENIE4] A3 A T WO pixel & @85 D% T HTH %,
INHDOEWHIZ, RGB-D @ 3D Hi{§ % D% A b+ 5 stitching WM 2179 2 & T LEELD 3 RICHIKAME
WT&E b, BH D2 ODM{%O stitching ALFE[11]1X RGB B {EIZRE SN TWA DT, ZHIZHBEEEHR D
M2 TDOARITTDINT A — % % b O stitching WA LEE T 5, $72, Fa— Y ORITIZONTIE, 3D
B %2> O RATITREZ 3 IRTCZEH & EREH TR 3 2 FIUHEEDH % o
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7. PO XLOERE

HAR A X T OBYE{§ % RIS HEMRAEDE, PCHEECTEIC V7 MY 7 OATHEEINS, Bl
A X% 940 x 540 (pixel) L35 & %, LELRXEY—IZ150M THY), FIHEEHIE 1.7 s/frame TH 5,
Z 2 CEIMERM @ 50% L E I ETLEE T3 5 mean-shift 18 IZE L T\Ww5b, E7F L — b OERFHLEL &
%121E, FPGA % H\»%, Nvidea % EDmMMIEEZ A\ 5, EEOEEY A XDO/WE T 5, N5HE
BB ARET S, 7V —AMEEZHEI 2 EOWADPLEELE L D,

8. 5 hH 1 I

AFTlx, AW, H, Fu—r2EoBBERICHERLE—F 25 OB)E 25 3 RICOBE % FiEK T 5
T B ORFE L ZOEBFRE R L7, TERMIZETIE, DL O X9 2IEMi T TiFEa% A
LNTWEA, REFEIFEENFETHY, Wk 2FHNHEZLEL LeWwbOTHhL, REFEOT
VI ZALE, KIETRLEL) IO CTHETH Y, TOEEIELTH L, BUE, HEEHEEOREDR
FERSEEOTEY, TOFHBHDOILDY Z]FFL TWb,

BE BRAEEOFERIIBWT, SFRFAORLKERICIIEMEHS Lo, BHLET

X [
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MO KO- FEITEEY A7 LRHESR D S

R T

WHKFANA 70 2T 4 7S

N — > O R H—6 2 13 BT (BVLOS: Beyond Visual Line of Sight) 7 &—=% Fu— > o
FIRH O A7 —VALIZRE, &, Fa—ro@EHEH (UTM: Unmanned Air System Traffic Management)
T AT LAOWIFERSE DS ENIF CIERIATbN T b, o 7N a—a ¥y v AH £ feE stk E
b4 (SESAR: The Single European Sky ATM Research Joint Undertaking) 1%, RKINIZBWT, Fo—
CHEORELRFEEOT-OO—HEOWZE (UTM & I:E 3 USpace EFELTWv5) 2HLD FLHOTW5,
UTM (F 721 U-Space) &, HILWHHBOEHTH Y, RFEMOBHFIILHLAAEETH LD, &
LREDERD IO OWHMIEEL B2 E L B2 CTUEZ, TPEO N — » OB &N O Ew S
DA NZET ARBEAES, F25B%0EEHIIO 0, SESAR O—EOEEO KR AW IZEH L,

weam 9% o

SESAR U-SPACE Project Overview

Hiroko Nakamura™*

Sky Frontier Research Initiative, University of Tokyo

*1

Unmanned Air System Traffic Management (UTM) is considered necessary to scale the use of UAS and
Urban Air Mobility (UAM) around the world. Single European Sky ATM Research Joint Undertaking
(SESAR) run multiple R&D projects to obtain knowledge for building blocks to enable UTM (they call
U-Space and there are some difference of notion between UTM and U-Space). Based on SESAR'’s recent
publication and the presentation at a workshop in Tokyo in November 2019, I discuss what we can learn
from them to enable UTM in Japan.

Keywords: UTM, U-Space, NEDO Dress Project, UAM

1. 13 U & (<

Bl A XBEEBIGERO 7Y ¥ VAl KERO—RWEEROLER, EHREHY CORIWE OHELR
E, Fa—r2 7256 L1580 - SmMENOIIRHIRZZE V., BIRPREEHA 2 84 TIZLL Fa—
YOERADPIEE > TV ALY, FHEERLHSNER L2 B 57208 % 5 5 E 2 FH—6 2 (£ 3 H3 AT
(BVLOS: Beyond Visual Line of Sight) X% =% 72 SEEMHALKEL, SHICIEALZEED Nyt
YV —Fua—= " R RRIC TR, HIEERET R HAM B 5 e & OBRBEEE A X EIN LTI S 7S,

KEO UTM (F, NASA 25 FLIZ BB UTM i 2812 ML A 722 & A S B E B 2R3 % s,
U-Space & #5935 BRI UTM #H38 H ARFE CTOERII A %0\ IR OFF T % 51T & 95 LoKE &L O
Fr- ML B L 20O ATV S, WIHOBMOIE L, 4%0 HAROEEEHE O RIEORE



BRI B o — > @B S 2 7 222 B S8 Bhin) 70 & 15

WFE LT, LTI, USpace Oimfi#imx £ &, dEmd b & & L7

2. SESAR & U-Space

2004 fEICFMN# A (EU: European Union) 2536 BF7eA =754 7—3 o7 va—a¥¥y s AnA
(SES: Single European Sky) —IZIERIAL DD F ¥ /83 7 4 — DR FE % T 2 T B BRIN O ML 2228 1848 %
BEEL, Ry 714 —%2 3510, etz 10512, BEAMZ -10%12, Z L THEREER (ATM:
Air Transport Management) ® I A b &S L) L WL RA =0T 7477, LT, Y7L
-0 7 AN A L2 I 7E 3 F FE bE % (SESAR: The Single European Sky ATM Research Joint
Undertaking) (&, HEFEHO-OOFMEASEEHS DL LTSES L FEFICVH EIFo/-7ad =7 k
Thl), TOH2007FIHD TERO/S— b F—2 v THlik e L THIZ SNz, SESAROFHE (Fl 213
2016-2024 £ 0 SESAR 2020 7’1 7 7 A O FHIZ 16 B2 —1) &, EU, EU OHEMEEE D —>ThH % KK
Wrzefi % &% (Eurocontrol), Z L THIZERE £ — H — R & HIE B I LRI (ANSP: Air Navigation
Service Provider) 7z &D/%— FF—MFENPLB I N TV A[1],

—77, EEO PO — AEHIC L S BFERENOESOBEANOE T ) IZH SN LTET, 2016 4 11 FI12FK
P Ze 20 41% B (EASA: European Aviation Safety Agency) & K—F ¥ FYRFIfE TN Fo— 2 I12H
FTAHINALNLVEFIIBWT, “BAIC USpace D2t 7N ICHYML I ENEE L4700y
JEESHEINT, %5, EASAIE, EUOHEHMEMO—>TH ), REMEEREEOLLEIZHET 5585 T
DHEMZEH 21T (BINZBTAHERE bER5) #MikTHb, £ LT, USpace L&, KET 2012 4
THMBNE ENoTWD UTM 12V b D 7255, SESAR L O Guillermet K12 L UL, “EEED IR
S5V (RETHENTEF 2T %) 2 (NOEBONO—rOT7 72 A%%25) O (EEOTFY &L
BIUHBLEN) H—ERAOELHK (R1)" THY), He2KEEEROEH Y AT LTI RV,
UTM & OBEZOE % 583 L T\ 5 (2],

U-Space @ EAR{L - 312D\ T, SESAR £ 2017 4£12 “U-Space D G-, (blueprint)” %3817 L TV T,
ZoOHT, Ul-U4 @ 4 B2 U-Space D5 % EFR L C, BHERZEU L EOBRENLEEIN TV S,
TR LCHIREN TS FE—2DF XL = 3 YOIEZ ETF 5 720 BB — 2241 4t L Tw
CRIMEITH 2 Lk _Twd (B2), UlBR Tld USpace DML %2 2% — E A0 M %, BARMIZIE,
BEFWNR FO— 08, RITT26 Na—V2RETLTAT Y T4 7475 —Yary, £ L TRITEEBOE
HICHHATE YA 72 v A0 — A0 BIET . U2 BB TRIMEY—EX L LT, Fa—rof
ITEHAIET A — YA ORITEHE, RATARGE, BEF, ZHEoB)nyEHRiEdt, kOB & OFHmxnyk
A0 —=T7x2—=RA%E) OfRME HIET, USEMTIX, BEEL FO— U PRITd 5 EEREYHEL,

U-space is SESAR +

* New set of digital and automated data services
* Safety: dynamic g management of

emergencies & ¢

= Interface with co

1 U-Space 2 [X[2] 2 U-Space ®a— K< 7[3]
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F oy T 4 —EHHPERBEOBRALIE 2 EOBET U2 ORITEHY —E A% 26 L3872 — K
ADPME HIET, ULEBETIZ RO — 2 —E 2ADEASKTH 5 USpace 75, HENML - 24227571
TA— - TVINE=Ta vORTEHEICELL, AAROEHICT L TCOMESNIA V-T2 — A%
AL, BWEMF v XY T4 —RFEHTELEMEZRL T3],

SESAR 3% @ blueprint 735847 & 4172 2017 4£LA%, USpace D7 —F 77 F vz &b ar w7 M+ 74+ R
L—>a ¥ (ConOps) Zimid A 70y h&, U3, U4RWHREICT 27200 EEHENML - fiiz2s AT
LMW b ATL Ty s RO UERER - v X2 ) T4 T AT 0T 2 PR GEI D,
V2L NVDOFEY AR L—2ar&21070Y 27 P INFTUL EIFTWE, FNHORKEREET 2T,
SESAR (&, 2020 4F-3 H £TIZ, Ul - U2 O8] % @I CEELHBILICET 2458 L, U3 - U412
W74 HB LHT & HHNELOF ¥ v TOHE LR ROTFIEFRIEOETHE % 1T ) FE,

3. ConOps

CORUS (CORUS: Concept of Operations for European UTM System) 710 = 7 M, ZEEAHT % &K
BEEZRMTO, FO—YORETEERS T IANY —IZRE LA XL = 3 VLR )V — VB
P—E2AZME LI 0b0E, TNIT=MIEITL T 5 2019 4 9 FIZAR SN2 =HR[4] T,
U-Space I2BWTC, REAESINDZFT - AR, FIHOBICARL =& —|ZFREONL1) 7 T4 7 A ¥ NEHPR
7% 3D X/Y/Z 2 EFLTwD (F1),

ZE X AL, R EOEZEAND) AT HPRNEHTH Y, HH TORFT (VLOS: Visual Line of
Sight), F7z1ZHBI#E O HHNOMRIT (EVLOS: Extended Visual Line of Sight) 2"&S ICRITTC& 5 ) 7
725 U-Space 25 1d, RATREEE DT 7)) 7 NfRik$ 2 X9 - RIS v, Fo—ro
ATy PHEEFEOEMLE SO, HIZITHFAE—-FO— VR8BI X TELL I L &% %, BVLOS D
RATODARTRETIX R \WZA 928, HRETRIFL TWwa L) 2Rl Fu— v & OffzehlE %z 5 5179 LERH
D, HHTIE RV,

ZE Y 32 X LDV A7 DOEWZETH ), U2 EEOT — A S G722 & ZITEATTERIC 2
L TH L, =Y OEH OB 7234 0y b, KB SN/ RATENHE, U-Space (2455t S L7252 [
it (remote piloting station), A7 15O AT RE 2 AR & Bt L2, o ZEEAHD ) 7
JAT A2 MI7% Y, USpace DY —E AN, Z47 VLOS, EVLOS # L T BVLOS RITZ 4R — M5,

eI 721, PEkoMZEER] (ATM), T 7238 AMZEEH (UTM) ICEB SN S0 CTZa L Zullm3iT s
N, Zald 35 TITEATEE, Zu 1 U3 BERELAEICER TR & 2 5 288 CTh %o 22 Z OEF DI % 21T,
FKEE S N7 RATETHI, U-Space |ZHeft S L7 im B ERARE I, (7 & 1RO 5 2S0T BE 70 BRAR & 2 PR3t 2 b s,
ZOFHEDY) 2 TAT AL Mllab, S6I2, HEREED 72O D DAA ¥ AT MMUOHFAMAY) 7 T4 T A >
FOFREONLZAH ) TOZEETIE, VAZICHRT 52— ARZEHRY DL RIZiRftens720, L0
=, 4412, VLOS, EVLOS, BVLOS, €L CHEIFO—YRITAIT) T EDTEL L)% b,

CORUS 75% £ & 72 ConOps %= Tld 2 Dfh, FO— 2 DRERETOAT —Wbx Lz ) % 5HEH —
Y 20, WINDSHERFTON=2A L LTWhH3O0EH ) A 71206 U 724758 — “Open” “Specific”
“Certified” —1Zxf L T U-Space DALENF T 72 EAVFHH S T 54, #EOMTIX, U-Space D AT — 7
RV —OBEH EH) 5], FE—rofESN5 I v a 1% LT USpace DL—A7 — A (H—
0 [6]A5FC S MTH Y, 1FKD U-Space/UTM DL & MG T 2 ICEE L EHRT, ZIFFHATD bz,

I ORE LS I NS0T uY 2 s FOMEY T L7 0% https://www.skyfrontier.t.u-tokyo.ac.jp/#download (235K,
A 3000 HL—OFEET, ZO6ENMINL Y THINTWES,
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%1 USpace DY — VY 2 & Z2FROFHO & Jj4]

HF—E 2 2B X KA e 7
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UL BB | BT ATV T4 74— ay e e e
VET T LT AA (ZFOHIBOTITHIRFHROFRAL) e e e
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AT NST YTy MR e e 7%
7 R #% T 5
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O — 2 EATEFE QML (B3R WRFEDHERT -7 70—%, ¥ . .
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BRI T I FH T g e e
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HEEA N Y DIEHR FIH TR FIH T B8 FIH T HR
MLZEEH L DM IIA v 5 —7 2 — A (Fa— 2o 8412
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4. 7—X%79F v

SESAR (%, blueprint  ConOps OfttilZ, SESAR D%~ 10 = 7 bR ZDJEdD U-Space & % L T ¢
FAfR%E 7% U-Space DFfR#F U LTWL 7201, 7—F 77 F ¥ BT AEH%Z ¥ & 672, Guillermet X
WZEE, WO Y 27 PTHBRBOEZZ D), =2l LD T DML <, 2P0 #EEE %
ANBBIE—2ICT L TLI ) DLBEYTIE ARV E V), SEDFITS, ¥4 L% initial view (#IHI D
) L, EEINZEHE LT ELTwA[T7],

112, ‘U-Space DEHI, HLREENPEINTVE, Y—EAF)LYTY FRT7T—F77F % T,
FAHSLRESTTRZEY 27 71 280, URGDPOLEVREZT, L LRI oMz EEa &£
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Drones have been attractive for its consumer usage. A drone communicates to the ground station to operate
flight plans and requires high quality wireless communication. It is mandatory to understand a quality
between drones and base stations. A radio quality of drone flight area also should be understood. This
paper proposes methods to estimate received radio quality of a drone body and a drone flight area. It also
reports evaluation of the proposed method by using real observed radio data in a drone flight area. The

evaluation realized the error between the estimation value and the observed value was about 4 dB.

Keywords: Drone flight area, Power distribution estimation, Monitoring
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Attitude Control of Drone by Using CMG
(Control Moment Gyro)

Shigeto Ouchi™', Nariyuki Kodani*®, TakeshiInaba®™’, Tomoyuki Miyashita®', Kento Inoue™'
Faculty of Science and Engineering, Waseda University *'
Department of Electronics and Bioinformatics, Meiji University **

School of Information Science and Technology, Tokai University **

The drones are used for many purposes such as structure inspections, pesticide sprayings, photographies,
load carriages and investigations in the world. The drones have a week point that it is difficult to fly them in
the strong wind. However, it is an important task to fly in the strong wind for the disaster relieves. We have
already developed the non-linear controller using a back-stepping method for the attitude control system
of the drone. In this paper, we report the modeling of the drone and that using two gyro actuators and that

the experiments of the drone with the gyro actuator show good performances.

Keywords: Drone, Attitude control, Modeling, Gyro, CMG
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3D Capturing Trend: Accelerated by Drone

Koji Kawamura
Spar Point Research LLC.

Around 20 years ago 3D capturing technology using laser scanner begun to be used for landscape and
large scale structures. Since then related new hardware and software including photogrammetry have
been continuously developed. Recent drone technology heavily affects and promotes these development
and market. This article illustrates these movements and tries to propose new human to machine interface

as 4th industry revolution.

Keywords: 3D capture, Laser scanner, Drone, AR/VR/MR, Disaster prevention-safety, Use-ware
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NEHR~Y 727 2A68IGHEAL, LR 7 A Y 25682 B2 MEZER Lz, ZOF
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Development of High Strength Magnesium Alloy Round
Bars by Deformation Restricted Forging Method

Hiromi Miura™!

Department of Mechanical Engineering, Toyohashi University of Technology ™'

A new technique for strengthening of commercial magnesium alloys has been developed. The fabricated
round bars with diameters of 20 mm¢ and 49 mm¢ possess excellent mechanical properties of tensile and
yield strengths of 450 MPa and 400 MPa, and 5% ductility, which are superior to those of the rare-earth (RE)
added magnesium alloys. Because REs are not necessary, low price from 1/5 to 1/3 of those of the RE
added ones are expected. Techniques of rod bending and strengthening of irregular-shaped magnesium

alloys as plates were also developed, therefore, applications to various structural components should be
quite easy.

Keywords: Magnesium alloy, High strength, Mechanical property, Round bar, Low price
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[1] H. Miura, G. Yu, and X. Yang : “Multi-directional forging AZ61Mg alloy under decreasing temperature conditions and
improvement of its mechanical properties”, Materials Science and Engineering A, Vol. 528, pp. 6981-6992, 2011.
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ordered structure”, Materials Transactions, Vol. 48, pp. 2986-2992, 2007.
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Urban Air Mobility
— For New Utilization of Sky Above —

Gaku Minorikawa*!, Kazuhiro Shirai*', Misao Mizuno™'
Urban Air Mobility Laboratory, Graduate School of Hosei University ™'

Urban Air Mobility (UAM) is a brand-new air vehicle that can move autonomously and ubiquitously
over the city and is sometimes called as a “Flying Car.” UAM is premised on electric vertical take-off and
landing (eVTOL) and has been developed around the world based on drone technology. In addition, from
the viewpoint of passenger transport, the performance and safety should be equivalent to conventional
transport aircraft, but it is also meaningful to look at approaches to utilizing sky above. In this report, we
reviewed the global trends of UAM aircraft development and regulation work and introduced the case

studies on UAM design.

Keywords: Urban Air Mobility, UAM, eVTOL, Multicopter, Vector Thrust, Fan, LSA, FAA, EASA
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) RLERFEHM Rz, HEARAT, T LZEoRIT, BE % CoBREHEIZY») 3eTicdk
WTLHETH LD, 7= AB U THSES L0 FHlETn5,
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F1 UAM OfERBIC & % 475E[3]
I‘-’. . I\'v
& e L ERY—ER 2TFAA @ | Bxriry—
WFROA L OREOAXTEMMERA  |Doortodoor®54 Kz 7. nAX—LM
FRNT o FRARA P ~ADNyir—9 (5H
— F*;) E;‘”ﬂ';t:m;m;m 7w mpohia— b, EROERERCE> |8, REARDOSHIVTOLEFUHL, RE
iuﬁ;:ia»—-m%a s T |TEME NG, EFHOXAROSLIV T |FEEXNLERE (ELOBLELE) TRE
ksl BRA (R) 2RO, T3,
2~5ARVOEDHEE (A10y L) 2~5ARY OEHEE (<NfOyrEL)
v = Eh |
ik NER AR (FO—2 Sty YTk
sfA-F 2kgi2fE 450kghl F 450kgELF
1754 41y ofEkE |[RESHTI0OZ 4 LEAR 10~70= 4 10~70= 4 1
B A F—H— %R SAEAL— SR> THFS.  |R$HONIA— EHARAY CERTS. FyFTrF (h—b EHMRBERLES) .
10 HBHY, —EICFH3~6OVTOL |Door to door¥ —E RERBT 3760, BY
P — ERAZL, HENT. ForrV/RBAT— |2 EMTEIHME (HA—F4F—F) 28X ([ LELRBYOEOFERIBEELCENTA
vav, UTM (RASZRES) 100~ 30047, R/ (8Bl) RF—av., |vb K—F4Rb97) . XD @@ 2
uUtTm F—¥a¥, UTM
EREH Ky FU—Hl, BRRTRI. Kl LE# (LIDAR. hAFEV a3 r&Y) ., BRHEE. EGPSEMREH
DELGERS BVLOS (BiR%) MiT. MEERSE, UTM, HibEtZOoMT. SEMR, F<L—4—-RIE. By, =SSR
BAZRBAOM EREY—ER (FedEx., |MTH. <2, BEE,. 54 Fx7, A8E AEGETIENESIUVADERE (ARA
Bat—E=z UPS. Amazon Prime% ¥) , SR{EY—F EE (AR, nAv—, FEREFAF¥x B ndfy—, F4F¥z7) . AHEE &

A, AGV (BA®)EEE) nyh—, FAAF

7)

Tk, <2

2030EDNT A NA b=

2030 1B
£5005 8. 4H5H. 1EHL-YIR F42F R,

20285 I BPE
FTARE. 2358, 1EH2YIAZF30F N,

@BHCEFLES 22 ([ ES37EA) CHRR
Ry bERIDERAENHZIAZAFCEOAEWL.
FRCRBELEABTTRI VAL VEERN Y

FTHAZAFERES AiElESHY.

3. BEEREOKRR

UAM (HIZE D & 9 @B L 0 [FEEREERE] 22> [EEHELE] 2SHift s 2 5, Z OEBIE IS
FEt%% (electric Vertical Take Off and Landing: eVTOL) & If:A T\ %, K[E® Vertical Flight Society 252%
L CT\Ww% eVIOLDH A M2 Xk 5L, BIEHF THIEFR D eVIOL BORATHIEIZ L 2 58RI 1 D X9
2% 5 [4]e T/, WEIWBFESEA TS eVIOL OB A K2 IR T, vV F a7y =Tz Fo— 2 LA
B, 40 F 723 Z N EOEEY v T 7 7 oA EINCHIET 5 2 & TREAZISETRITT 5.
ANV AT =D L) LR T = =~y FEEPAETH Y, MEd Y v 7VIZHER A )], 7aRT 0
HWENDFEICHEEZZLZ TN A70, AT 2EEROE N CTHELY L2 2 RATHRICHRTEIHEEIKE L
hho F7, FEEEAREIOBORIT (FEF-E4—bu—T7—2 a3 r) PREER-D, BRaRKoLet
FERICEEDLR D Lo LRSI NF a7 7 RN 10 km FREOHEEHMETHIVTAR AL EINT
B, #z1E Kittyhawk[5], Ehang[6], Volocopter[7]%: 12 & 1) Tl LR EFEREI BT > T b, Wold
I, WHORBEHELTIE, L) REME (K100 km F25) Ok a7 X<, KPRITREORIEI B
THTI D eVIOL A L & 2 W 2o dh B0 BARMIZIX, 77 2= v b ZRIM L THE#E L VIOL %479
Vector thrust type 7>, #EHEF 7 7 > & VIOL Hl 7 7 >~ % jll %4 |2 F5 72+ 72 Lift+ Cruise type 78 1), PEIZE
BEARATICHLEN L T\ A48(K & L Ti, Boeing/Aurora PAV[8], Wisk Coral9], Airbus Vahanal[10]7: & 7258
%o %72, DEP (Distributed Electric Propulsion) & FEiZIN %, BHE D7 7 v 2RO LA sECHED O
7 v ZIREFM LT V/STOL R 253 2O b Db H V), Lilium[11]7% EAFFEHTH %,

eVIOL 13Ny 7 1) — + BEJE— & — O 7 VEHEMUT L A E7205, Ml (FhbbnNy 7)) —FE)
EREEEO N — FE 705, BRATEI00REORITVEA L ES5N TS, £ 2 THEMARD
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Flying Electric
Rotorcraft

8% Vector Thrust

38%

bike/Personal
Flying Devices
18%

Type Samples
Vector Thrust 95
Lift + Cruise 37
Multicopter 54
Flying bike/Personal Flying Devices 46
Electric Rotorcraft 19
Lift + Cruise
21% 15%
1 eVIOL OffifH & fiss 5k [4]
*2 BUERFET O eVIOL O Hl[4-12]

P4 B FE A3 et - F RO JE ESeE B | UBEERE | 84 0y N | WIRAT | B L E R
Ehang 184 | Ehang VT Ty — (84) 1 16 km EEIN 2016 Wi 5e
CityAibus | Airbus TNV FaTy— (84) 5 30km | HN/HEA 2019 2023
A*Vahana | Airbus w7 7>~ (84) 2 100 km FIIN 2018 | FLAfTIRAEAE
NEXUS Bell Whmm 7 7~ (64) 5 241km | HN/EAN — 2025
Lilium jet | Lilium SR 7 7 >~ (36 3%) 2 300 km EIIN 2017 2025
PAV Boeing/Aurora | #Ee7 7 v 1 ®+F L7 7 v 83k 2 80 km FLYN 2019 2024
Cora Wisk W77 1E&+FE77 v 12% 2 100 km EIPN 2018 2023

PRI EHOT A Y — E/%%ﬁbfﬁﬁ%%Lﬁ77/b‘mﬁ%&—ﬁlV7FUv7ﬂﬁ%$éﬂ
THY, H21XBell NEXUS[12]1%, 1 EDOHT A ¥ -V VBN S % 6 DOHEMEF EH 7 7 ~ IZE b
?éﬂ/k7bk&ofwéoit,ﬁ@@ﬁ%ﬁfi%ﬁﬁﬁ1&~h/k%@77/@h47U7Fﬂ
HIRET STV 4725, eVIOL TId R 4725 %\,

4. FBHEORR

UAM FEBLO 720 121 XBI 3 2 LB R a2 (22 E) OV — IUIEY DBLETH L, §I)FTL 4L
UAM 134 L Wit Zekk & S 2 55, fitZet<ad 5Lk, FAA (EASA)[13, 14112 X 2 BEAEfitzeté h 7+ =
1) —Td 5l ORATHE © Part23 (CS-23), [l H% : Part25 (CS25), #@HOMEREME (N) a37%—) !
Part27 (CS-27), k% @ Part29 (CS29) OBHEIZUTIEELHFIEERSINLIRETH D, BEILE
B U MLZEAR T O B % R & 3217, FAA 1 2017 4F12 14 CFR Part23 (— &AL Zef ot Z2pE 2 4E) 12f 9
BLIEIEZATVY, BRI [N EMIC L o TR A b TREM % 50 5 5l O /NEIfL 228~ 0 A # 7z #
A RET 5] MOC %547 L72[15,16]c ZAUXEENLZ & & HEF M 2RSS [MHEREN— AT AHIZFR
FAESNAEHEZRLIZBDTH D, Part23 O KHEFEE 85719000 &R > FLIT, ERIZ19FELLT LI K
EEWZUAM DIZEAEDR AL Z RS, UAM OFEFEICS BWEER R AL B b, WwolT) EASA IR
M40 150 {4 VIOL BASS 61 % Fi4E L 72455, VIOL P:fE<° DEP (4Bl EEAE) 12 X 2 Hizeskl iE}E
MO 7 T) —1ZND 5 2 ENHEETH S LT L, 201947 HIZ [/ VIOL fiLZ2 k12 k3 %
B4 “SC-VTOL-01: SPECIAL CONDITION Vertical Take-Off and Landing (VTOL) Aircraft” | #3847 L
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72[17]c A& SC Tl KB E & 7000 Ib (3125 kg) VLT, EEIXLTFO VIOL AR E LT, %
H2o07 T AL TRERER 2 BE L7z, BN, BfFEP 73 —TF) BRARICHS T
&% THAITI) — 1 &, REEHEZAT) FERRIHUT L L) % [Wbh 7)) —1 1289, §i
Bl THEAEF FEBEBICERGAEAGIE U COBEERENITRERZ L] L L, HmEIE (RN L - TraH
fizeiikOEM 2§25 b 0T, #HA - F EEEICERLEESE U CORITEReERARITREZ L] &
LTWwb, UAM OBAZIZE A ENELY 7 T) =18 T 52 L &), BEFIRERIE A DR SN ER
ENDLI LD, HBBRETIE, EFEHRGERLBFERITOL VI L TR TEH T, 1oy
FERIZIN S DB R o 2R THEICIG L TERETLE L TWD, 72, B0 72— XTiL, Bf
FTOLHBEHERIZE DT —F 0 77— THRERIATbN T 5, KETIE, FAA %402 AUVSI, ANSI,
ASTM, RTCA & 2o 723 FURHERIEDIL — WAE D ICHUD M ATE D, FFIZASTM IZBWTIE, M ZERE
AT A (F38), fitZets A7 4 (F39), —MMiZErE (F44) DA D N—h 0 7% 5 W AMUZEOE & 56
WS —F 277 )0V—7AC377T Z MK L TH Y, HRLEHI/ITHLN TN 5[18-22], TDXHITV—
WAED IIAREBHE LT L TE A LED LN TE D, [HBEKIED 20T\, [HAARIED D HHEED
] LW HEBIEIALEVAE LW EEDNS,

5. eVTOL MDE%EHI

A CRIZE R O eVIOL 1, il CRERATISHII L2 1E0 0 L W EL £, Ny 7)) =R EF 720
HE L OEFEFM % FAATHIEL TWaH 7200, ALY D £ ) PEICAH ST v, 22T,
HE O DI A 24T o 72 2 H D eVTOL 12O W T L7z, 123~ v Fa 78— (R MM-
18), b9 1 23N RH S R ORATHER! (IFFFF Stingray) T&h 5. Wb oklEREEE % EFO/NEA
1) 27 % — (#] 21% Robinson Helicopter R44 72 &) #4231, e KHEFETE & 1000 kg L ke L, A 0O —
F200kg (2%DFE (77kgx2) &y (46kg)) Lidion /N 7 1) — % 300 kg (54 kWh #24), HAEE
#500kg L L7 DTHb, LFIZZOMEL RS,

5-1 wJFa7s742—8

R 2I1cFEEPHEEL T bB YT 375 —FleVIOL (MM-18) O#ElAZRT . AIHTHER/ZLH I, *
VWF ATy —RORRKOFEILT 7 VABEEOZENETH L, 77 VAKENT1EZITE VI RI LD
b, G LARMEAREEZRDO NI TIICEoTET7 7 A= T 23 IET§5 L v ) HEZHEETNE
Tdbo MAT, eVIOLIZEEEZRITT 2720, 77 YHBEHICLEL TIEZ BORMIZIZE A LKRS
NTwuiwnizo, AT 2—- ORIV EEBDLNL, Lz05-> T, HEHEROEROZ 2N
(799 vad—=—UAR) BE-IIEZLRETHD, —RIIINVF ATy —FITIFLEONT A ML
RT7 YT FPRBLTEFYEVICEATLIIEDN VI, 77 v &2F v Uy LEBICRET 2 57°
VS, REGFICIE7 7 2=y M3V 2EEE LTCXFY BV L) THICKET S 2 & T, H EHZERIC
Ty =y NOVEBERINT S L) ikl Lice o~ F a7y —oga, TN EEEDME  LE
MY, FEEITFICEBLMENS, AT T 7 2=y M23F v B2 37 L CEsts 20T, B
FFRICF v EDPRECHEL Z2WERDLELEZ T b,

CITRT 7oA X EFERRE D A 7 7 OMWREHBAI TR D 720 RRELETIED DAY
AT —0u ==L T 7 VOENFHEPECEMELT, RELRT7 7V 1BOENENELRT 7 nHD
WEHENDELLRBEHIILT, Z0LEDE—Y —HH1xRDIz0 NEINY) T F —D kN v 7
DN ARBEREEETRRB R AEE L LGS, AN 375 —TldE—% — 1025 130 kW 25
BOWZKLT, ~VFaA7y—Tld7 7 YEFE245m, [H§E 2400 rpm & 5L 2E0—¥ —%FDO7 7
v 8 EOMAM A 190 kW F2E (47%38) (2B e Dbholze BB, 77 7L — FORFHEEIN)
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2 <)V F a7y —ReVIOL O (HUAM MM-18) 3 eVIOL &/NUAY) a7 — D

7% =TI 2183 m/s BETHLIDICKH LT, YV FI 75 —TI1E300m/s 22 TEY, S5ZHRITE
CEREHMB B S SNG, ZORETHESHERT 5 &, 54kWh O\ 7 1) — TIIRATEERIZ D922 17 55T
HbHo RMII/NEIN)aTy—LDRES (7y b)) OHEEIRT,
5-2 #HEEE

R 4 1235 5 HRET S HEIRME eVTOL (Stingray) [24] # 7”3 eVIOL 7 7 Y IHED/NE L % 513
EWENHTIEIARNC 2 5720, TEF EREOHENMHERIEEIC R 20 VW olT), RIERHIFEIA DT H
TE 5720, RATRREKECH ET 2, 72, FERITFEICEIVI) AT 2B TE %, AXFHEFHHFIT
X, @HEMO eVIOL R FEF L7z ERBILPHAKE {, FIREROGIUL S EN S, T 7285k
NHOFEEERE CHUL, Ny 7)) —HFBICEMEE 272 FEHOKE 7 7 2 FREMNIC 2 K, % E -3
HEHOHED RN REZ2 /N7 7 > Z RN 8 FEFEH L 720 T D &) A TIZ5E 47 VIOL# & L Tk
MT2E03, BOEEREZHCZERNLEEL TWD, BEAOHEEHTH S LICLEORMIDH L EEZ
bbb, #ILLODOHET VI NT V=T Y TOERBIE LT, ESEHSIN TS Y AL —T 17
THA L ETTATATR=ZaT7 77 F %) Y7 2EH LT, BIAEORE ZiftFE L oo w2 FZH S 58
TG HEOME ZFEELIEEZE LT 5,

0%
S e rﬂ]«I»LLf[\,’ =2 _
10.4m

&4 3ESiwmE eVTOL o] (HUAM Stingray) [25]

6. UAM OEZRICEITFT

R 5%, BEfFACZERE, Fo—r, UAM P EIERITT 2 SEICOWTHENIIR LSO TH 5[26],
UAM 2SRATS 2 & EB 0 mE B2y, Mg ZemE L LCRITZ 5 2 b F 1200 ft LR I272 % &%
ZHN, EREAREAIZE 2T EI 2 A BRIXIEE AL R, BERDL LV, 0L REE 2 SEE
THZERE & M A6, IR e BB & A HEhEE:, JE GPSIREEIC BT 5 L RAT, IR
RIS B HAER 2 MEATEI DS WE & 72 B0 F 72, BREGEREICHT 228N - BEBII e kT, ok Nge 4
FRARSAMT & ERAZERE L X R 7 7O —FBRETH S ).

HTE L2 TR E P ER B REE 25, MR THEI D 6 A FREOMEREY T L35I R
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18000ft~: EICHEH v

18000
o 10000~18000ft: BHWLTITHE  ~&
~ 10000 = '
E 1200~10000ft: —AROHLHE (LSAZE) x
d'i 1200 s

“~ ~1200ft: UAM 2
400 .
] ~400ft; KR— a2k
0 s

\CIEpED FE, @O®BEISOmL EOFERICO2LTIE, BREHSE

STRATAR X X BN BEE PR O BE T (- E3kmE 72 (F0%km) DI

FEIT AT HE
» ~AUITE-2BUHAERE. AFELE0RLEVRES, S, FE2000f, LF1000fIIRITTE.

5 PEAEATZelE L UAM 02845 [26]

ANN)ATY =7 FADT 7 YHENIPLETH LD, R Lz )N 3Ty —ICHRT7 7 Y EEIEED
WS L, TOGHERENRKELS 2D, EHRWICENEEEIAN) I Ty —LDENTL2ZL0EZ 6N
bo MZEREL D QINEE, BHE, REECEMITONL I L EZ L L, UAM IC & 2 BE5RE 3B
THEATH Y, ERFTNEBAZ L 7 7 Y HEALBMN P LHEE 2 5,

WK Cld, Light Sport Aircraft (LSA) %7213 UL (Ultralight) &\ 9 fitZet&y 7 30 —HfFEfE L, T3EH
FEAZ X BT Ze LD, FHMR LT T SN REFEKICE 285 914 A, @REE THbNI
TEY, HBEARZOAYIOE LTHRMENT WS, LSA TIIEELCHEMA/ ST ¥ 2 — b 7 E ORI )
FEMAIEA SN TEBY, IHEKROFMICENT S 2 L2 UAMIZELSHT LWZEDOENYTH D,
LSA @ & 9 BGAERMZERE L (3875 5 b DED, ZmBEDV—HE %o THMAZIED A F A VITKRVIZEE
2% 5 L Bbi 5 [25,26], UAM IZESTHH O HENRMEE RidE L LCB Y, KEERA 7 MR
v, L L7edss, FEBERFZECRATIBRIOM A T, EERNABEEY B QT2 WEICITIETXD ) 5%
Vo £ 2T UAM OFiERE & LT SAM (Suburban Air Mobility) § 7 b & BB R0 75 72 W Hu3d T 0 5,
¥ 72 RAM (Recreational Air Mobility) T 7&bb L Vv =R AR—v#EEE L TOEH, L wiLddHnis
LOTIE e TCHEB] I2HDH LI, UAMDEL AT v I Fu—VIZX 2B/l —EREFED
NTHY, Fa—VEESTLEDOY — AL ALEBIIRPE v, K TR O A T UAM OEMfLE
B O(UTM) REZEFMOFMICOVWTITEE STV nz, Fu— U Hifif e & 3 1245%0 UAM O35
AR L 72w,

X ik

[1] https://www.meti.go.jp/shingikai/mono_info_service/air_mobility/index.html

[2] https://huam.ws.hosei.ac.jp/wp/lsa/

[3] https://www.nasa.gov/sites/default/files/atoms/files/uam-market-study-executive-summary-v2.pdf
[4] https://evtol.news/aircraft/

[5] https://kittyhawk.aero/

[6] https://www.ehang.com/ehang184/

[7] https://www.volocopter.com/de/

[8] https://www.aurora.aero/pav-evtol-passenger-air-vehicle/

[9] https://wisk.aero/
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[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
(23]
[24]
[25]
[26]

https://www.airbus.com/innovation/open-innovation/a3.html

https://lilium.com/

https://www.bellflight.com/products/bell-nexus
https://www.easa.europa.eu/document-library/certification-specifications
https://www.faa.gov/aircraft/air_cert/design_approvals/small_airplanes/small_airplanes_regs/
https://www.aopa.org/advocacy/advocacy-briefs/understanding-part-23-rewrite
https://www.faa.gov/news/updates/?newsld=88746
https://www.easa.europa.eu/document-library/product-certification-consultations/special-condition-vtol
https://www.astm.org/COMMITTEE/F38.htm

https://www.astm.org/COMMITTEE/F39.htm

https://www.astm.org/COMMITTEE/F44.htm
https://www.astm.org/standardization-news/?q=features/promise-urban-air-mobility-nd19.html
https://www.faa.gov/aircraft/gen_av/light_sport/media/StandardsChart.pdf
https://robinsonheli.com/

https://huam.ws.hosei.ac.jp/wp/stingray/
https://www.meti.go.jp/shingikai/mono_info_service/air_mobility/pdf/002_02_03.pdf
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V=T =T L= EIREPL O A NF -2 KGEMBIZE > TERTANVF—IEHL, Zh%tE
KE—FIMRT A2 ETEETL7URTRO—F — R E 2 AR S CTRITT 2RITETH S, 7k
R RE 2 Kt = AV F—F 2R L CRITT 5720, BHFEELCENDZEELTHE, &
Mo ) LTHAT 2R TENUL, V=TT L — VIEPRAMICHRIT LT 5 2 & 245 E ¥
bo BHEIIBT DEMGESRIE, V=T =T L= UAWESFIER SN TB Y, B, SCERE K
HAGHE Y — EANDIGH 2180, MWEENOBEFREMNRPE DD L LTHRFIN TS, AT
3V =9I =7V — ORI B T 5 —FBOFEREZRH N L HMTREIIOWT IR b DMEE RE %
fEais %0

Technical Problems of the Solar-Powered Aircraft

Zhong Lei*!

Department of Mechanical and Electrical Engineering, Suwa University of Science ™"

A solar plane is an airplane which is driven by electric-based propulsion systems with power supplied
continuously by the endless solar energy. By replacing conventional fuel and electric power with solar
energy, the solar-powered airplane is possible to be a solution to achieve a long endurance. Recently,
industries are making efforts for unmanned aircraft systems (UAS) with capabilities of high altitude and
long endurance to develop technologies, for low cost, environmentally friendly and energy efficient. This
UAS is capable of wide view, disaster response and communication service. This paper will discuss some

fundamental subjects and technical problems for the solar plane.

Keywords: Solar plane, Electric-powered, Unmanned aircraft system, Communication service

1. 13 U & (£

AR, WEY—-E X, KERE Wit —-E X, EERE BMEERCEZHME LT, RAMEAMZRE
2 A7 2 (UAS: Unmanned Aircraft System) ~OB.LAEE > TB Y, MHOIAPERATFN TVE T,
WET— R L SERIRIZE L CULVWEIFTOBRIUE, #ifg, B2 ie 35700, REMICBER
TCELIEIAMERL TR SN TS, 2030 FROFEHIALATNS 6G (5 6 HHABEERE S AT 4)
OFERMEHIRLT, HRSEDS P - HELXFHL, #lEfE, fEEHE BLEaEEr Mty o8
Ay b7 — 7 HEOFE A4 5K L TV bH o MAMZEREDEE 20 km BED FZEIZHEEFE T T Y b7+ —
AL L CEREERETIUL, kot LG L HEBEICRSN, I A MR- EARETER L SI2BIT
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LEMMEZBIETEX LI DS, SHEFEHEINTWS, RI1DOLH I EER 5 ELITS 20, Bz
FRATEEE 20 km THALL T2 5 UAS A i, #b B 200 km #PH (R F 2L AR (2HHY) % 73—
L, BETKEROMEFEET —CAZRMT 2 105 oC, HEP#IEHF %22 IS 3 2 & AT EEIC
%o RWEMHZEHLFERTEIUL, EIHRE L EERKR 2 B L, SFEMIC L 28E - A%t
I L2 LN TED, RIS, BHEMH SEELEEEICHL CREIZI A MEHIRT S 2 &%
Bo HRIZ, BT, W, ML, SOICAOBREIMRA Y 7 TORREELRT 7 ) I Rw K4 & #Bfih 2
KaX POEFERA T —F v e EORHICHEL TWb, $72, B, dk, HEZR SHREEDNSA L
2Bz, UASHH LA > 750D VICHHAT LI EDTMRETH ), WHRE BN T, HBHEHIZSM
ERAE

BIRTIE, b, KEMEARE (BEE: Htror 9200 OBKIZE OBREZ AT 2R EHT s Y
YEBERT A0, B OERERITATRETH S, INHIE, kRS KEEABIIEEHWTHHE S
T&E7275, RMAHOEAKE, H—0HWTHHT2HEPZ V0, ZROFE - BEHRAORKR % 15
TLOORELEEEFHAT 2LEN R, $72, MNIBATIX, Y VF3 75— k) ZEERE), [E
ERBOFRITREHAHIEENTE 5720, WHEBRDVST, LDIRLHETSIEATE, AHIZHED)
WCBMT& 5%, LAL, BfFo/NEE (B 253075 407F) Tld, Ny 7)) —IZRVF—FEIN
T ThY, BEENVPEONTVDE720, Borh bk 30 5FE L 2R\, BNy 71 — 2%
H1E, BENVHEINT 525, EFELBMLTLE ). TN LD Lo L RVEMTRITT 2 12 IZHEY 1
A RELTHI LR DD, NEENFEORRDO X)) v FERSTLE ). WHBHEMZ V2 Y OFHIK
RIBRARICIRO N, EHI A ME V. 20X RERPL, BN A—T7r -~ 22 EHT 2 REFIHIC
X, BB ORITATE L UASARD LN TW 5,

V=T —3BEENIFEE L THZER, solar plane (LLF, V—7—7L—2 L) ICHHT 52 &0
BCAEAHINTRAMN] 212V =9 =T — VBV AT AOERME R BRICHER L 72K
BWIZE VKBS ORI AN F -2 BRI ANT AL, ThEBERET—7 IMRTsrZ T E
THLTURTRU—F =R RIS, V=TT L= U PRITT 5, KGRI R RGBT AL
F—IEExFH L CTRITT 5720, BHRIBELAEBENZERLCBE, KHMOBHE LTRHTAILENTE
L, PARABIIRIT LA 2 2 &1k %,

V=5 — T L= OEAT1970 FERXP ST o720 BB ICRENL Y —F—T L — v 2Rt R,
BB GBI IR O N TB Y, e RERH O @i RIT25E R L 720 KREHLZEFH B (NASA) %% 1980 41X
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(1) Sunrisel. I
The first solar plane, record a 3 hours flight in 1974

@ Gossamer Penguin, 1980
The first solar plane, man pilot

3 Solar Challenger, 1981
Crossed the English Channel by Shr 23min

@ Solar Sunseeker, 1981 ~ present

Crossed North American continent, man pilot ® Solar Challenger @ Sunsealis
h=-

B NASA’s Helios, 1999-2003
Recorded an altitude 29.524 m, broken in June. 2003

® Boeing SolarEagle,2010~2014
high altitude long endurance, 30-90days. canceled in 2012

@ QinetiQ-Airbus Zephyr S, 2010~present
Recorded a continuous flight, 25 days in July 2018

&

Solar Impulse, 2003 ~ present

8.500m, 26hrs long endurance flight in July 2010 ———
Conducted a circumn avigation of the globe in 2015-2016 (@ Zephyr ® Solar Impulse

@ Facebook Aquila,2014~2018
Planned to fly for 90 days, stopped the project in June 2018

) Google Solara 50,2014~2017
Stopped the project in June 2017

© Aquila 10 Solara 50
B3 v—-9—-7L—rOlEl

A Bl 30 m D43 A% Pathfinder, % L T 1990 42> 515 75 A — MV @ Helios 2 #BiFE L, 2003 412
14 EEEO®ZE L BEICKY L7z L L, 24 R OMERITAER CTX e o720 $72, 2003 4E 6 HICHE
1% o RECREBARIT I 28 L 72 (2], 2010 4F 9 12, KEIEF; 4 @ DARPA A3 K — A > 7t & L[ T,
5 4R HEFERAT 9 % AP [SolarEagle | #BA%S L, 30 HMOFEY A ML — a y 2 FEEd 5 [3] %
FEFRLIZH, 201241270 27 PEHIELZ, 2010 124 F) AOMEEEF AT 4 v 7 (QinetiQ) #
PSS L - EFEEH O v — 5 — i A% Zephyr[4]7%, 14 H BEGRITOFEE: % 3E W L 720 Zephyr 7% 2013
EIZZ T NZRIZEHILE N, Zephyr S 7% 2018 4E 128k 25 H M O #GRAT 2 5C8k L 72[4, 5] —F, AAf AD
BIR 512 L o TS/ ANV —F —R147#% Solar Impulse 12 20154 6 A5 16 2 HIZh 72 5517 X
M & 23 HMORIT TR BT AV F— 7217 THR—EIEI L7261,

HATIE, 1998 4E74 5 2005 4 % TIZIEHGEERF7eME, (D) Hz2 = d Bl semr, W rEmt e Jeping 2
R A AR L C, MJEREEIE TS v b 7 — 24 (SPF: Stratospheric Platform) ORFZERASE % 17\, KBt
FEPOENEZRML, RATHOE mii 225 bk % F5E L 727, 8]0 2013 4425 2017 4F 12 () 4 1) v &R
AL L UF TESSEMERPAAREOANY —F— T L — VST RAA2[9]0 T rVF— - FEEH
WGBSR (NEDO) & A #/5— JSAT(H) £, 2017 4E 11 HICEBTTOSLL LEFAA A 8= 128w
T, WEMELHBRFO =2 E2O0% Ok 2 | CEAZHE L TV L EEEE MOV, B
WRFEDPHAE L TWDE Y —F =R D SunFalcon 2 # H\WC, 2FEEOMIT - MEEBRLFEHBL T L71-
[10Jc ¥ 7 b N ¥ 7 #1013 2019 4F 4 H 12 NASA & It [7] C Pathfinder % Helios 72 & % Bl %8 L 72 K
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AeroVironment, Inc. & DEFEHTH S HAPS ENA NV (BR) 2@ L C, HEE SHEELAY T — 7 &3t
I 2y -7 =T — EAEREHET LM 2 58E L7211, F& 512113 2008 4025V —F — 7
L= I3 209852 A4 — P L, fERERRLZMA DK ZITV, 20134FE 8 JIZA T — V8w Y/
BIRRDIRAT 2 BTy L 726

V= —=7 VL= EFEBRTLON, LEREZFME L TEREOE W KEETEE, 223G
itr, HEEoREL, ESMWROB Y AT A, SRIEROBEBLMEIEIEE, BHERITHAM, RATEH &#EE
iy, WAE, EAEW L, BRA REmSFIT O NS, BERICHERT 28R L BGERPBR 4 IR E NS,
BRI ATALAELT, ROLHITHERESE S,

O PR BEERET, MR L, MAILT

@ BHYAFL L TOTHEE - BUE -5 EE

@ BHYATL EBENyT)—, KEEMEY 22—V, BRHEEHEY 22—

@ BT AT L EEEIE, G, ESEE, AY—-Far ba—) ' — MR HERITH]
1, et

® WEYAT L EBHERE A0y — 4y Mg, RERgEEE

® BEMIATL 7 ATEE, T, Sl

@ FHNZ AT A &R, IREE, SR, RPAGEEE, chHbEEE, Na#EE, GPS

® M REEE S - ETER], BEEH, [FE0E, 78T, gL

AETIEY =7 = 7L — Y OWFERZEIC BT 5 — RO IEARZZREA & PArREIC DO W T IR S O &
L MH T %o

2. V—=7—TL -0

V=5 =T L= EBRTLLESRMEE LT, ENLEERORE, BEME Boo gL -2
POBEKGEMEY 2 — b, BWIEHESLOEI S AT 4, BRFELZBLAGIEEIEZ S8BT 5,
T/, HHERATORZ O FTERBEISHIET 2720128, EBIAT LAEERWT 2LED D 5. BEKEEE
FRATUAMZ S, FACHERCI®E 2 SIZHEETIOBEE LTI o2 BEE 2 MRL 2T R 52w, #E
KR OBAERTE B ), RATTREDBH 2 MRS 527200 KB b= ANV F -2 BB 5V —F =
AN EBREL FEAOENERDPEER/NT A= b, KpBEBOBEEIIRG LIRSy —
T =R NVOHRBIZHBIT 5720, REZBRMBEILE Lo LALAEDS, KEEMOF ML e
&, TR, BEOAL LT, K&, FBEY AT ARTENCLERM ISR EOE= 8L
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TLE9.
—HZIZ, TaRTEEEACTFRIT RIS LEE T — i3k TSNS,
CD W3/2
P= LMW
T, pldZREE, SITERNM, C 3% IRE G 3\IRE WIEakERTH L, Bk
(C/Cp) MMFNF—EET DL, WEREEIPKZIVIEZLE, LEIT—DE,
K EMI & 238/ 87 — R RE OB R IR I BT 205, ROBEREZ RO,
P, ocSocW*? (2)
VBN — LR E R P.~W, 7203V — 7 =BT — LA ERE O Py ~ W 2RI 5 1277 F
X 512d 2N IBIERFINT — % S OFEBWREOHPA 2 3. K EMOSKE /X7 — IFEIIER L 728
FBEBICEEL, BEHRTOL X BEE— 7 1085, £RST—2KEWVITE, FHEHAKE
SR, BAMLNEL b, TEBWICER/LZBEDEZAAINL, EACRERZ EICRERHEDEB L
D, 2YVORICALEEIZBENEZMAELZD, HFORWIRIZORITT LI EDWHREIC R 5. AP KE
{, EEPKELS D E, BENRT=DKEHIEE ST — L) HIBEIML, H2EELSBINED B L%
bo 2F D, KEGFEMIZLAKE L AN —2FIHT LY =T =T L=, BERT—PRKE%DHH
U)K A4 A3 0, F 7K A X BB H D 2 L0505,

(1)

3. KBEMDOMEEE KBTI RILX—

KT ANF—ZENFEET L7720, V—F—TL— BT LREERIC, FEEOFHVI AL
F— R B0/ VHERE, BAEOMEIZET 5 FHER Elkoonsb, V—F—TL—r
EDRFHIBWTIL, KEEMO =X)L F—ZHRICHEHLET, EROBEICHRTRE LB LE L
ho KGBMIIHAELLAHINTRBY, BEfbs T AVF—ZHEEREELOOH Y, BJHE LT
FCT& %,

K ST NI~ B D B0 TAICHAEMH SN TV L LHERGEMOLE L RT, ) 3>
AR GILCFHIN TS, HfET ) ar KB <rofHS N, SfTh i8I F -2
BFEPENOT, FRIBIIRKDENE & X Ilb b, ST ) 3 v K EMIE AR RS HA T L )
Tnwdon, (Ko A M THb, 7EINVT 7 A (amorphous) ¥V IV KEGEMIZ T LFL VML EL, F

1 KBALOLH O
Type efficiency | flexibility | cost - %B% 12A22H
o . R — -E® 128228
Multi-Junction Cells | 32~46% X X // \\ — % 128228
SingleJunction GaAs | 27~31% | & N £ N |---BBcA2A
HIT 20 ~ 26% X O 1000 f R Roof2H
’ /L L R
CIGS 20~ 23% O @) A Y
] . \
CdTe 12~17% | O © HIE AR
it -/ N \:;".
Dye-Sensitized cell 8~12% VAN @) 500 a7 ‘\\ i
:';I .I . “;.,.
Amorphous Silicon | 6~14% | O o) iy \qw
.:.';I;I .I \ . “\‘.
.':;'I, ! \ ‘\‘\\...'
0 oy Vo W
0 4 8 12 16 20 24
time(hours)

6 = 60,000 ft KPR 3BT 5 HEGREE O ZEL
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HLRT WS, BRI, 72, &, (LEWPHERRL R SNGEDO TWEDS, TANF—HE
REWROE S, V—F—FL—VIZHHT 52 EIMKRNETDH 5. GaAs LR EIO T 4L F—
TGS 30% L LA E L TB Y, HEFBEINS W, FKESEH 2720, BHIRTIR, vV—9—-7TL -1
LB LTWAEME LTEITONE,

KIGEMDIEEE Py RO SHEET 5,

P =TI, sin () 1N See (3)

ZITC, L KBasmEAST 2541080 2 BRI S 72 ) oFGERE [(W/m], n,: K&
OV F—ZSRER . g, TRIRIERR 2 ) B 7o miE A s A S, S, o Kb EaF H ik, 0 Kto
AHAETH D, 18] OFHEL Y, KFMHICB 2 BALHRED 72 ) OIRGRE Isin(i) ZKD7-, B 6
VRS L9112, Lsin(i) PRATEERHEE R T 2 IR E (BRI R, BICAGICKEEBLO B DD 7%
WZEDG L. BERES LD 1 HHROKRGEMORIEER Py o [ 2 Wh 255K 5N 5,

*Hss
Prar =], 1, (8) sin (i) 1.0, S.at (4)

Z 2T, Hsr & Hss I3FNZENHBOBAMGIH & TR TH L, BEICHESINY—TF—T L —VE
IBEIZAEH L 72 KRG B IR KRB kW 225 8+ kW 2588 L 72
BREICKEGEMAEELZZENEMELT, V=9 —7L—=VIEIRITLEHYS, FHMENEZERNNY 7
)= IZHET S Ny T ) =IO EB VKBTI SN S, RITOLESEMAE LTE, —HHIZ
Ny F) = ICHRBLEBESTITREERHEH I AT LA EICHHENIHERENL Y REL b h0E
WiF v, F72, VT ALt CEMOYE, HiLED CToRRKERID 5% 2EEE L TERS NS,

4. — R B

V=T =T L= VB R RN BRI 5720, HRT 2 EEMICE L TR AR T ER
PR A4 7 VF R EOMRICE VLNV ERD D, RI7ICKEEBILO T L X — %L H
NEEOBRE RS Bibs ZORBIEEII A LR ETS 2 USRS %o M2 EBTE &
L COMHBEEEE R UKD 5N 5 HREIZ— kA 2 AR IZHATHEICE L <, BELiZkoo5ns 1
F—FELE PN T7OBRICDH L. YA 7 VEGHPES LD E, TAVF-FEI/NSoTLE

R
H T T I T T
i . 100000 ——— P
L R—ri—%asiss s i uel-powered airplane
0 - '\ 2ERKE o glider s y=44095x'3
o solar plane UAV &.gy e
10,000 vy

R o
= _ N y =8.9345x!5
o a0 1,000 3
E 4 A %;?
L = A y = 0.3949x!5
B 5 100 - -
] 13)
R z
|

10T 7Puz=%L -

10 =
FrU LA { \ /
10 : . I L
10° 10' 107 10° 104 P T N
THILF—EE (Whkg') " BIILF— 1.0 10.0 100.0 1000.0
1 EMREASTY wing Area [m?]
K7 H[EZEBOZ VT —FE L BEEZOMR 8 MO B & Ea

(it J-PARC News %5 1315 & b, 2016/03)
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9o VAERBERGRITORA, 4 27 VHEmH500 UL ETHIUE, ERMLELZBEIIEONS,

2020 FERF T CIE S E R LT D) F 7 A4 F VEBIET OV F—E 200 ~ 250 Wh/kg, 500 [AI DL EOFE
WEY A 7 VIZTF 2 5. B 21X, Panasonic 18650 BN ) F 7 & A + » BN ES H BB Tesla (2
SNz, F72, TARINVF—HE 400 Wh/kg, FTHREY A 7V 300 BIOY) F 4 4 4 VBl FTIZHRE
TWwb, —, BEMEEI AT —FKE, REMTIIFQMZ-2EFNEREL TS 2/ 0 7 BIEEEER)S
FRAEDE, BEFERIZY T A4 & Y EBOEE T 4OV F — % 3000 ~ 4000 Wh/kg % FFOPEREA T
HEND, EEAEEBZRBETNEY -5 —FL— > OUREPKIBICSEESNDL Z B PETE 5,

5. BEIE—4#MES T L

RRMICE 22 5720, ENCIAMELE SRROBEE— ¥ DB RTH L. BhH»OEEMIZHIzo
TERM, EHNIcHIT2E— IRV —F—T L — VIl o THROTEHEETH D, RITHICHESNLE
NEMR D720, V—F—TL— IR EL L B KA TRETE NS, BHOBET— ¥ 25K
L7722V —=9—=TL—VEAENELCAONL, BT ORKIEIINT =051 0 5H W~5KT W
DHIFTH D, BRHBEDE—Y VAT ATEENNHEEN1~3kW/kg TH Y, HEH#EI AT LOER
HED BN SN EDRT N5,

6. #® & = &t

CNFETHEINLY —F =T L — VITKBGEBIC L ZEER L SVENEREERT 5720, Wil
REGEHERS LT ANRY PEEF>TWwz, B8 ER2IIRY L 912, REBEDORIEI LA A — b
Ve7p ), BEE MR R R L TRBGEREEL 2 M > Twdo COXIE, 20X ) 2RFIIHLEH
JELRATRZEMNE TR T 5 2 EAIREICHEETH 2, €D b, EffERO 4 FIL EPFEBIZED 517z
LHEbN D,

8IS MEDET— 5 Z/RLTH Y, HEf L BAEER 2% 3FORIBEERTH L 2 L0 0h
%o DERD/NEINIRBEBARATIE L 1B 22BN T, B CERBEOL &1, Vv —F -7 L — U iEEE)E
PSS, BDBEEI LS Db, BV E, WERERE CELIMERFDVLEI R D,
A EHCBI L Cid, BENR T — 7 R ERER M2 &, WEmED KO 5N 5 HRALIZ BV TR

k2 V—5—7L—rmAEOD L

Solar Plane Vear Length | Wing Span | Mean Chord | Wing Area AR Empty weight | Payload | Wing Load
UAV [m] [(m] [m] [m’] (ke] (ke] [N/m’]
Sunrise II | 1975 4.83 9.75 0.860 8.36 114 10 2.0 14.33
Pathfinder | 1994 3.6 29.5 2.400 70.8 12.3 207 45.0 34.92
Centurion | 1997 3.6 61.8 2.400 148.3 25.8 533 315.0 56.09
Pathfinder
Plus 1998 3.6 36.3 2.400 87.1 15.1 248 67.5 35.47
Helios 1999 3.6 75.3 2.480 186.6 30.4 600 329.0 48.84
FlyG 2002 2.7 6.0 0.600 3.6 10.0 10 — 27.25
Zephyr 2005 — 18.0 1.550 279 11.6 30 — 10.55
Zephyr 7 2010 19.8 22.5 1.185 32.6 15.5 53 2.5 16.70
Zephyr S 2018 — 25.0 1.440 36.0 174 62 5.0 18.26
Zephyr T | 2020 — 33.0 — — — 145 20.0 —
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EREE MR, B Z R FWHEE SR (CFRP) ORRHMTE L\, T/, BENH T HLEL SN W
AT AT B IR b R W 7 4 VA T &k TR SRR .

—F, INOOEKTIE, BREMZKELLT5720, WINL T ARY MEOREZIZREIRFA SN T
L, TR, B L EIR T T A 720, M4 YA 1213 Helios D & 9 IZEEE L TL F 572
KEBRTAXRZ VNEOFEREZFOV—TF—T L —VORBIZBWTHEERE & RITREEEHERT A2 &N
RKEGEMBETH 5,

7. BEH AT LERK

BRICHRT AV AT 20, EFRNICEEY AT LA ERITHIE Y AT L LBV AT LA LMEV AT L
ENLEREND (K4)o BEVATLEZY =T =30 ), BEOMDEHIET 258 L, TEBEML,S,
IS 27 232 ER BBy T —, T—KRE— 2ol ENL, B AT 213 AE—-Fa b
0—5, =%, 7UXIRLEHRINL,

AT 72 HIZ(LIC KRG ERO MK E LT 2L, 7aXIMPMENV BT OALEL 2D,
R RBEICBR A BN DD 5o FFIZ, ERFRICRE L LSRRI, BERM D2 HOER B LY £—
5 & EREN T 2 HEANEE L, BERITO0, TEFESEL L KEEMOEIIAILT L HHERGEIC R S
X 9D, RATHIB S A7 2 & B2 ERIEMN L - SRR 3R E L, iEERAT & k2 S F ISl T
XL LIS L RIFIUI R S v,

e LI RAT 2 MR 2 7201218, K tEEEOEEHIL S 5720, Ny 7 —%2HT 5 2 LA
BChHbo B AT AP ENPOE S CTELEFEZITT, Ny 7)) - KEEBOMEY) L—A 1 v F
ko TN BEZOENL L), BHVATARHKEIT 5. —H, V—7— 730 VOB IITERKBIBEO G
KT 5720, B ZI) 3720 O KE HEHERE MPPT (Max Power Point Tracking) 12X %
HENGIES LI L 7 b, KGEE, BE, ERLICL2ELEORELZ, KEBEREY 2 — Vol
ZALd HB5Z, MPPT X KRIGEIMEY 2 — VOELE*AWMICHEHOE THEINIZHES 5, KEEih» 5 1
N LB RPCENNT — XD S NERo 722 EEBMICHEEL, A2 EBHNRENIARIC R/ &
(CHBEMLD S HEIICE— 7 ISR T 5.

EAL, EE, W COHBMICHERT 2 EEEFICE LT, ARICBARLEHFATIE W0, 22T
BWET Do

8. It H

V=TI =T L= VEAERY AT ALEEHFASL , BMABELY IA MPENIDEV, 51T, EH
MIRBEERTH, AT TV ADOESDE, Wk — A0, & BUMIERITFONL, BRI
R ETHAY—F— T L — U EAMERY AT AR EH T, BEY -V A, BEEEBEICRE LR
WEBEHGZLIENEZOND, KO A L, JRVEFHATLEZELSEETAEMMEICKRELRT V¥ v VDNE
T %, MW EIZEBRLER Foavil, BEHEGESHATERT DA Y7 IPAETHL, 1 EEED
FFRPAEL T LR EFRT 2 FEE LT, KRBEBE AT AL LTLEEHRFETT v b7+ — A4
FEATIUL, BHLOEERZAIMBL, f % —4v b, EFESFEIRT—C2E2RM L, Hinilihz
BT 5T v v AR EALT14] o BEFEOHFHZBA - AREEZEZTVIREICLSTE, V=TT
L=V DREBEVAARARNEDRE LT XV Al b,

/2, BETIV NI r—LEREETHIELY), BESFICRANY - A ZMT 5 L %2 b,
RO IZRT &) 2 EREITE EMAaGbEDL L, EHICKERICERIGEEY - Y ARIT) LN T
&b,
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9. % W F A

V= =7 — VEEF LB IC R B OB L (RENTB Y, & 51RO R -
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o FEHBRAS - MEMS #li & 0, #EREG T &0 TN, BENEA TV S,

o BEGEMEL L R, DO IRMRED S VIR E AR S O RS HEA TV S,

HiRTIE, KEEELoOLEEEOIZ, FICKH Y —F =T L —ro@ijiie L TIRERLVIZIEE
PEFS MR EZEL T v, FETIEREGEBOMREDOR EDAMHZL, BRE—Y 2 WO L T 554 &
T-iBeh & FEEM RO R, MEREM LASESR L T b, EENO— 2, BREAZ IV~ BEEIHZERZ SICH
LTk A B SH 72 ICZE ST, RBWZERSIFEINTW D, ERICHN, XD EWEREORFED
WEEE 20, RATCHEHT A2 AN T =2MRIRINL 2 s, L) REMICRITT 2 2 L REIC R o

HKTIE, TR ANV -BERNLOMENRKOEETH 5, ) F 7 L4 F VEBOT AT
PR TIL, BEY - RAERMET AT 20 kg Z2HMTE L L) 12% 5, Tk, EEEEBIFIH
TEDLEH)I bl IDREEEHREGELEEL, BER BEHEEISKIREILEINS,

10. #& & W (C

V= =T L= YR ET A F— 2R L THRAIHES 5 2 EHMESTER S, Thh 5%
FEPIESIND 22 TllT 5, V=T =T L—VEAEY AT LADFEICBNT, SRR LEE,
AV — M, 2D IPURREEAT, BARE RS, SERROBII Y AT A, EAEROEKM
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Halbach Array Field Motors for Drone Motors

1

Mimpei Morishita*

Department of Electrical and Electronic Engineering, Kogakuin University ™’

It seems that the structure of the drone motor and its drive system have already been solved. In this paper,
the author will clarify what will change when Halbach array field motors are introduced in such fields, by

showing the design method of Halbach array field magnets and the characteristics of coreless coils.

Keywords: Surface permanent magnet synchronous rotating machine, Halbach array, Coreless coil,
Sinusoidal magnetic flux density distribution, Sensor-less vector control, Drone
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(a) NSarray. (b) Halbach array.

Fig. 1 Magnet arrangement and magnetic flux lines.
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Fig. 4 Structures of dual Halbach array field magnet.
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Fig. 5 Comparison of B, at the pole facing position.
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(a) Replacement by miller image method. (b) Single Halbach array field magnet.
Fig.6 Miller image method and single Halbach array field magnet.
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(a) Dual Halbach array field magnet. (b) Coreless coils.
Fig.7 300 [W] @300 [rpm] generator.

Table 1 Generator specifications.

Rated output 300(W) Hight 127 (mm)
Rated current 2.63(A) Diameter 246 (mm)
Rated speed 300(rpm) Number of coils 24
Rated Voltage 66 (Vms) Number of poles 32
10}
‘;_- L
& 08
a8
o6t
s |
1.4 = 047
E’; L
S o2l
0.2 0.0 i i ‘ L
00 05 10 L5 20 25
(a) Cupper line. (b) Ritz wire. Gap ratio a (p.u.)
Fig. 8 Winding line structure. Fig.9 Number of interlinkage magnetic fluxes for gap

length of dual Halbach array field magnet.
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Table 2 10 [kW] @10,000 [rpm] motor specifications.

Rated power P 10 kW
Rated voltage V' 185.71 \%
Rated current / 3241 A
Rated frequency f 1333.3 Hz
Rated rotation speed N 10,000 rpm
d-axis inductance L, 17.1 mH
g-axis inductance L, 17.1 mH
Magnetic flux linkage ¥, 20.8 mWb
Fig. 10 10 [kW] @10,000 [rpm] motor. Winding resistance R, % me?
Moment of inertia / 0.026545 kgm®
Pairs of poles P 8 —
Outer diameter/Length 170/210 mm
PM rotation angle 45 deg
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Fig. 11 Configuration of position sensor-less vector control system.
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Development of a Low-vibration New Structure Engine
by Using the XY-separate Crank Mechanism

*1 *1 *1 *2

Takumi Yoshizawa™ ", Yutaka Yoshizawa™ ', Satoshi Yoshizawa™ ', Rei Koyasu
Z mechanism Technology Institute Co., Ltd. ™

Heiwa Sangyo Co., Ltd.™

The XY separation crank mechanism is a new linear motion mechanism devised by the authors. It eliminates
the conrod’s swinging and makes the piston displacement sinusoidal, so that no higher-order vibrations
occur. The authors succeeded in eliminating 1st order vibration by incorporating this mechanism into
the engine as arranging the mechanism and cylinder in a mirror image, and minimizing 2nd order and
3rd order vibrations by the effect of the mechanism itself. In this report, we report the ultra-low vibration
characteristics of this new engine, the two-cylinder engine with XY separation crank mechanism arranged in

mirror-image, and suggest its applicability to drones.

Keywords: Heat engine, Vibration, XY separate crank mechanism
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Fig. 1 Oblique view of XY separate crank mechanism.
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Piston A Piston B
moving moving
direction |

direction
—>

rotating ‘ ‘ rotating 4
direction Variation1 direction Variation2 Variation3
Horizontal coaxial Vertical arrangement V-type arrangement
arrangement
Fig. 2 Variation of arrangement of XY separate crank mechanism.
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Divided crank connecting plate
Fig. 3 Internal mechanism of XY separate crank mechanism multiple cylinder engine[5].
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Combinator

(Yellow Parts) Crankshaft-2

Fig. 4 Internal structure of XY separate crank mechanism multiple cylinder engine.
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Fig.5 Mirror arrangement XY separate crank mechanism multiple cylinder engine.
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Table 1 Specification of XY separate crank mechanism multiple cylinder engine.

Dimension Specifications

Engine specifications Air-cooling, 4cycle, OHC 2-clyrinder

Total length [mm] 600

Total width [mm] 690

Total height [mm] 410

Weight [kg] 45

Total displacement [cm®] 100 (50 cm®x 2-clyrinders )

Cylinder bore x Stroke [mm®] 39x41.4

Compression ratio 10

Ignition device CDI system

Lubrication Pumping

Table 2 Specification of conventional 50 cc single cylinder engine.

Dimension Specifications

Engine specifications Air-cooling, 4 cycle, OHC 2-clyrinder

Cylinder bore x Stroke [mm®] 39x41.4

Compression ratio 10

3. iR By % #r K B& (5]
3-1 EEREE

Table 3 IZFEEREED EEFEILE R T, T2, FEBEBERBESY 177 7 L% Fig.6 IR T, SOOI
BWT, MEEY IS MEECIETE S ) 4 VB VITC H o F 72, HERAIB0 cc AR T Y
YORERIZOWTIE, HBRKTI7T70EF%, A 7=y a2V ARBEIC L - THlE L 72,
3-2 EEBRFE

RERRE, TV BT OEREHERT LI EFNHWTHLDT, BITIE—K, ZRIZOWTIT ),
LoT, BT AL > VId500Hz $TE L7ze COFRBTTERNT v X2 7T ZITH. F72,
IV AR CEIE S, [HEHiE 20~ 30 km/h F£E O EATE 2 F05%E L 3,000 rpm (275 E L 720
TEREX L, 79y 78EEERDL 7Ty 77— A ERICEE L7, SEERELT Y YV IEFig.7, it
REIHAB T Y V1L Fig. 8 IR T @ISR o 2 EiE L, RO ARTHSH XEh, Yih Z6h
ZHANIZFNZENKF D LD liEE Lz, $72, YA VETHIIIOWTY, ZNENROMFD LS 7%
FHark b,

Table 3 Main specifications of experimental devices. X. Y. Z axis vibration Charge FFT
Accel t Amplifier analyzer
Equipment Model number/Manufacturer =
FFT analyzer CF-3600TR/Ono Sokki Co.,Ltd. V- UV-
- - 97C ':> 06A E> CF-

Charge amplifier | UV-06A/Rion Co., Ltd. Experimental 3600T
Accelerometer . .

(Triai ) V-97C/Rion Co., Ltd. Engine LG-

Triaxial type 9200 TM-
Digital tachometer | TM-3100/0no Sokki Co., Ltd. Dl 3100
Digital detector | LG-9200/0no Sokki Co., Ltd. detector Digital

tachometer

Fig. 6 Diagram of experimental device.
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Y axis S o~ N Piston moving

direction

7 ,“

Piston movihg direction
Fig. 7 Accelerometer mounting position Fig. 8 Accelerometer mounting position
(manufactured engine). (conventional engine).
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Fig.9 Z-axis tracking analysis of engine vibration Fig. 10 Z-axis tracking analysis of engine vibration
acceleration (1st order). acceleration (2nd order).
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Fig. 11 Engine vibration shown as Campbell Diagram Fig. 12 Engine vibration shown as Campbell Diagram
(manufactured engine). (conventional engine).
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Fig. 13 Product image of drone engine with CRP using XY separate crank mechanism.
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