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(@) Front view (b) Side view
Fig. 1. Mobile robot with tracking camera

Table 1. Specifications of the computer utilized

Part Name
Processor Intel® Core™ i3-8130U
CPU @ 2.20GHzx4
Memory 3.7 GB
Operating system Ubuntul6.04LTS 64bit

Left camera Right camera

108mm

IMU (BMI055)

Visual processing unit (V-SLAM)

Fig. 2. Intel RealSense Tracking Camera T265
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— N AT LEMEE S (IMU, Inertial Measurement Unit)7»bDFHHIT —# %
MnwT, AEICH D~ A =2 > VSLAM i (Vision-based Simultaneous
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Fig. 3. Coordinate systems of tracking camera and robot
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RA M VIR XD NEEHRE AW TRET 27 VT ZALERET D,

Actual route
== mm = Position estimated by odometry only
[ ] Estimated position by the camera only
=@=  [Estimated position after integrated ®

Momentary motion
for information fusion

Fig. 4. Concept to solve tracking camera’s instant position error due to vibration by

using odometry information

Ye

| Estimated position after integrated l\ o

Updated camera position
(xcuT‘Ol Yeuro: Br_‘urO)C .//p g

Odometry

A
(xpryC- ypruC: eper)C i

Ax
Position reset
{ (xpruDJ Yprvo 6;1)'!}0}0
|
—

Fig. 5. Obtaining current position with respect to camera coordinate system by
using odometry measurement during one-time interval
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W 0T R T v R T H A TIZ L AAEERICBM BN S HRHIA KA b
VIR X DAEREHZ M5 2 & CREMBRNEREEZ ATREIC T 5,

20187EFE Wrmmise i HeRwE# 35



SBS Kamata Foundation

201 8RS

D EAR 2 % Fig. 5 1R d, b7V U ZAMEI, FT RS AT
THELEBAEOMNELZ A RA NIEICE2a Ry NOBIEONE L L THEGT
%o FRFZ, BARy MIA R MUVEEZRHWTEOY 7Y o Z IR OB LR O
RrENHBE) LI BAENE & Z NS ESWEBENREAFHE L, T0EE T v
XU T NATITHRET D, NI X7 ATEFaRy Mo OBEIEREZ Hun
TIRENZ L 2 R EREZ RET D,

Tracking camera Robot odometry
node node
iti i Reset position
Position tracking p
(xcurC- Yeurc: ecurC)C (xcum, Yeurc: chrc‘)c
measure position
(xcurOJ Yeuro, Bcuro ) c
(x;m"vCJ Yprve, eper)C
4 Compute velocity
Integrate information C— (va' Voy )c

Fig. 6. Schematic of ROS to integrate information
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__ Yo~ YprvC
Yoy =T @

ZOBEHEITA FA N UIEEZHWEER TH 572, oMM L 5 HE)
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BEHEEICB W CTIRENC B 22 0T VB I X AN EREZRET D
wEEITHO L&D,
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3.3 HENREDT-H D BEHBIEEE
ARFFE TR Uiz B OALEHEEHAE 2 2RI, BB L 7RI O A2 0 CTHE L
B AECEIRT 2 BERE A B L, B ONEHEED DO ROS 7'r s
7L, FHLBEHRICBERRE A 508 5/ — R & BB EIERE TR
JFET D700 — REBNLTra T AalR Lz, ZOHE% Fig. 10 IIR

B
Recording
ode
node (xc, ¥e: Oc)
Position
topic
Move
command
node
Fig. 10. Schematic of ROS for memory homing
4 RERR

4.1 BEMEHEERR
BRFE LT BB X7 A LB LI HEZHWT, fmoMihz2 BT 550 R
O EHEETERRIC KT 2 B A 1T e o 72, Fig TIXFEBRGHTO T 2777, BA
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PO FE DORRFEICFH L TR S H 7,

Fig.7. Experiment environment
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ST MELITEZERET N7 vF 7 AT OB TIEHEE IR AT
Sl Rz K 81T, 4 BOBBFERGE RS, MhT v vy 7 Oy 2 E1TT
LA T TR RIS TRE)T £ R T b IRE) O 28 C R ALERRZE D
FETDHZLBDND,

4 3

3 . :

(a) First experiment (b) Second experiment

4 4

3

(¢) Third experiment (d) Fourth experiment

Fig. 8. Example results of position estimation experiment using only tracking camera

RLET ATV AN LD EHEEER O R E Fig. 91277, KA RY
ENLOBEINEE 2R U EREICEAT 22 8T, MY 7 vy 7 Oy &£
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(a) First experiment (b) Second experiment
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(c) Third experiment (d) Fourth experiment

Fig. 9. Example results of position estimation experiment using tracking camera
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75 (Fig. 11 (),
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(a) Start passive moving  (b) Save motion trajectory

(c) Switching mode (d) Automatic spinning

(e) Automatic moving (f) Automatic stopping

Fig. 11. Experiment of memory-based homing motion
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6. EXHERMIF

[1]

[2]

Takumi Miyamoto, Phillip R. Caronti, Jae Hoon Lee, and Shingo Okamoto,
Development of an Autonomous Mobile Vehicle Having a Memory Based Homing
Algorithm with an Embedded Tracking Camera, Proceedings of the Twenty-Fifth
International Symposium on Artificial Life and Robotics 2020 (AROB 25th 2020),
pp. 397-401, B-Con Plaza, Beppu, Japan, January 22-24, 2020.

M BEE(ERER), & EREER), MA ME, BEBEEELZ AT 5 HEOM
B, A T E W E S AR 50 A B AR R R HIES, 10a3, 2020
3 A.

20184 WImiaHse Bl pURR LS

£

41



SBS Kamata Foundation
201 84 EM IR

PRI B B (HERRERE S OHEAEIC
LI AT

BHIAHERT: REE A
A

FHE FEZ

42 2018%FFE WIFBIGERIA AR



SBS Kamata Foundation

201 8 EWFTR S
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STELEON, @X HFUCE il I O 7 &2 5 T3 B O EFE L2 BT DR
RETH D,

Bl 21X 2016 AFEEICITRRPFEZEA 1T KV | IEE B OREFRE B4 B E B 72 LR TR 2 CHRIK
BICE Y MTVEANZ B2 Dk (FTHAL) LR RIEAN & U CRRE - /KT 2 BHEH)
FENRBIRE S AL, BT HFENLRBEDIGE 72, 2 OFBEREE X RBUEE NPT & /AR
ENEBM O 23PNy ivdu, 2D A Yy MIZORERRE ICBWL R 3 L LT 2
FA A=V EHE S M BT 5 OWEEBDOREICRE T 2 REAEZ 27 ek X H
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EHATHRIEME 2 R D T E BN MBERAIRIZ/R DRI ->0oH b & FRENDLNLTH
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IZB W TIEE B OREFHEIEIC KT 2 HEE R T VD HREFERE 1L TR Sz B ORI
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FETHLHMABEEZmLS T2, S6I12, ZOMBAEDLEICL Y BB E RN EERICE
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Fig. 1 The rebound reduction mechanism in this paper. Figure (a) shows the scheme of the proposed mechanism.
Figure (b) shows the details of magnetic damper.
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Fig.2 The proposed mechanism model. Figure (a) shows the scheme of the model. Figure (b) shows parameters
of the model.
Table 1 Parameters of the simulation model
Drone body
Mass My 0.600 kg
Moment of inertia Ia 0.0077 kg - m?
Width Wy 0.382 m
Height Hy 0.089 m
Leg length Iy 0.090 m
Footpad
Mass | Mg, M | 0.050 kg
Ground
Spring constant kg 1.0x105 N/m
Viscosity coefficient Cg 75 N-s/m
S HEY S aL—Ya Itk BRES
3-1ETIE
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WL N OIEE O A A %GR E L, X2 O T /L ORKIHE 2 TEE 72 555 O J57 16 OFEENZ DUV T
B2, K2 DFETMMISNANT a7 ZRIE, AR e & ORISR O 3 550 HRER S
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AIRICE TS 4 HOMEEZERL TS, K 20b) TIEINRNTA—FEZRLTWAN, HE B, C
D JREFHEI Y DT — A > MIAFRTITE|A L T\ D, v v TF a7 RKIE L HERIXR 2 O
IR DRI E X R IEF L 7 HAEDRIC L VR SN TR Y 13 b kT
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Fig. 3 Maximum stroke vs. design parameters: spring constant and viscous damping coefficient.
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Fig. 4 Maximum rebound vs. design parameters: spring constant and viscous damping coefficient.
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Fig. 5 JMAG analysis setting.

FRI7RE L, K3, 4DV 2 b — g BT 2(@) DA EBHDHNITA & COFERET
IO HEZZEIZ 4.0 m/s & LTz, LLED X ) BRI L0 R PEEAREL c 2RIz & Z
% 8.8 Ns/m &7po7z, TORE, IRKA P —27 F(X35 mnf2fE L2508, %4 2 EED
WS OHE D ZE L CZ Z CTIXHIFRMEZ 24 mm FREE &l L7, EORER, (XE
B k13 1200~1300 N/m FZEEANHY) & #&iXi7z,

3:3 #HELIaAL—3y

AEICTOBEY I 2 L—2 3 Tl FPERGRERIL ¢ % 8.8 Ns/m, 1X#7E#IT 1200 N/m &
BATE, BERA 7 RO F M A TR T B 72T e & o MR B X 2 70 (T
BHEET V) LIESR) OFRERFOFEZRTITIICERD L HIZHE X TH5D,

0.5 T T -
— Proposed equipment
0.45 Rigid stick case
0.4
~— 0.35
E
.E’ 03¢F
o
T

o
)
3]

0.2 -
0.15 y
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time [s]

0.1

Fig. 6 Free fall response simulation results. The proposed equipment enables us to reduce rebound after landing.
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DT, WRE VSR Lo TIRK Y RN REER 0.02 m FBBEICHA DN TEY, TOH
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4 EEREBRE

AFETITREBE O I 2 ERINC LA LNCT 5720, v/ F a7 X 2R LTS
EHHE T IEDLEREIT), EBEO~ALFaTEE2B5EL, JuAL Ly FhE~LTFarldR
RICHESE LT OX St hE2 5D, V7oA L L FOEN 363X353X38m ThHY ., &
EN 1.0 kg THDH, £z, HWEHEEOEEIIBELELEOTH BEETT94.5 g £ 72o
7o OMAEERIL 46. 4 g, BEATRIL 48,1 g) o AMIERITIZIAES 1230 N/m D = A VT rEE L,
Z DO TIZHIET JMAG TRT L7256 & BHBMR O NCEN D OHENFR URFEORR S v~
NPT ENTND, ZOXMNBOBEEITOEFEIIX DI HIICE—TvarFrx 7 FrE2HNT
45, EHIEIZIL, SGNB & SUTLL & FREA 2 MIHE-SCRE PRI 23 A E rI6E 7 2 RO = A
— M &2 MW= (Miyata et al., $FaH), ZNUOHDREEINT/NT A—F &K 2TRT,

X 9 72 HONT 10 (Z5EERIFD B B TREZIREINE &R T 28EY R 2 b— 3 Y ORER %
T, FERRTCIIAAEREIZX LT 10 BOFEREZITV, ENENOFEHR RSB R b -
TR Z R LTV D, WS, BEOEREIZIW CERFERITERMS I 2 L— a3 U
REFDHEULIZEEEZRLTEY, $BE2EED Y Ny v RIHIMEREN EBRMIC LR Sz,

Table2 Ground parameters

(@) SGNB
Spring constant kg 8.194x10* N/m
Viscosity coefficient Cg 7757 N-s/m
(b) SUTLL
Spring constant kg 2
Viscosity coefficient Cg 65.00 N -s/m
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Fig. 7 Experimental object in this study. (a) The object consists of a cross wrench and four spring-magnetic
damper combinations. (b) The proposed mechanism: spring-magnetic damper combination.

Fig. 8 Experimental system. The object’s height is detected by a motion capture system.
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Fig. 9 Experimental result. The ground is SGNB.
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Fig. 10 Experimental result. The ground is SUTLL.
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