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Occulusion-Free Video Superimposing System from Arbitrary Viewpoint
Using a High-Speed Blinking LED Markers and Multiple RGB-D Sensors

Mikihiro IKURA, Leo MIYASHITA, Atsushi YAMASHITA, Masatoshi ISHIKAWA and Hajime ASAMA

The demand that a teleoperated robot performs tasks in hazardous area instead of humans has been grown recently. Con-

ventional teleoperated robots are designed for operators to recognize the surrounding environment by presenting images

from multiple cameras. However, a high level of skill is required to accurately grasp the situation by referring to multiple

images simultaneously. To show understandable images to the operator, this paper proposes occulusion-free video super-

imposing system using a high-speed blinking LED markers and multiple RGB-D sensors. For superimposition of multiple

RGB-D data with a small misalignment even from high-speed teleoperated robots, the proposed video superimposing sys-
tem updates the relative pose at high speed by using blinking LED markers. Through the experiment, the blinking LED
markers obtained the position with an accuracy of about 1 cm and the attitude with an accuracy of about 1°, and the update
latency of the pose from the LED markers was 2.06 ms. Moreover, we also superimposed images with an update frequency
of 60 Hz and an accuracy of about 1 cm. The high-speed feedback from LED markers realizes video superimposition with
a small misalignment against high-speed pose fluctuation between RGB-D sensors.
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HIFEN S, F3 TakePic AL v FTIE, @A A Z 551000
fps THHEL TWa 7, Iz A 37 EMLAE LED = —
F O % 1000 Hz OEHEM Ty 7 7 1ML, FLT
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CPU GPU
—[Grea]  —[FED0
— | RGB-D1
s Point cloud
9 & Texture
—TakePic— ——GetRGBD 0— ——ShowGL—
@1000 Hz @60 Hz @60 Hz
v
> | Buffer H— | Buf-ferl dl Buffer object | * %
—CalcPose— Point cloud
@5030 Hz & Texture
——GetRGBD 1—
[ Process, @60 Hz
Pose
> | BufferI
L

Fig. 9 Software Configuration for Video Superimposition

CalcPose Z L v KT, RESIIZEEHE L7z LED 25547 L 7= Hifs
L {HAT U7z [Ei{§ % TakePic AL v FD Ny 7 7 pHIEH L, it
B LA % 8y 7 712 500 Hz O H A CHRE L=
—7T GetRGBD R L v FIZT, 220 RGB-D k> #hs, =
FITHEBE L 72 2 F % o8y 7 712 60 Hz O B CHg
L7. ShowGL AL v FTIZ, 290 RGB-D -t rH4h6n=X
TCABEY T 7 AF v 1A, 220 RGB-D & > H o fif {2584
% CalcPose WD 3y 7 7 BIECNH L, 60 Hz O A ET
GPU 125 fz. ItfRIZ GPUINT, EShTELT—XE Ny
ATV 27 PENL T 2—KICART, EAM&ERY LT
Whir, 2oV 7Y x27I2BWT, RGB-D EYHizHLT
ARG E R WS Z & C, (I ESEE R RGB-D &
HOEFEFBE 0Hz I2Hb8 2 Z e Wa[RETH LD, kb
SR =R A 7 AR EIRT B HETEE R LT, 500 Hz
DEE NI E LB % HB L7z, RGB-D & > O HE TR
60 Hz (236 L CEpdSE LED = — 4 4 & O [ 284 56 i 8 i
H3500 Hz & 1oz, 2 20 RGB-D & >4 &8Iz,
RGB-D & ¥ ¥ 657 =Rt B O EAARFIC BT 5 (L% E
HOLA 7y L3 EThENNILTAHIENTES,
FIRATIZ, RBEC A7 T, 3.2 Ml HiiF v V
TL—varvEiTolz. BEEHNARATONT AT X =21,
e MEL SR L-F = v —FK— FOHE&EEWTRD
7z. —H/T, RGB-D & »HDONHEAT A =R L TIXEGL
L@ eIl Zh, o dARBESATWA2EZFRAL
7z, 7z, —fHNZ RGB-D £ > H1X RGB & > & EEE 4
PHAGDHDELBDTHSH, Zhed 2250t R OAES
R A=HZIZBLTH INMRICEEhATwa o, B2 TA
IBRFEEATWAEEFRIA L.

4.2 REFHA

AT, BB AT AOHEMMERTED 7212 2 DD FER
A, B B{To/z. B A TIiE, ¥ LED v — 7 0%
BAEHr O AWRCE (1) 30 Hz & (i) 500 Hz WC3%E L7236 T
DN LB DRE 2 FFM L 7z, 1R U725k LED v — 4
OEFA BB DRI AprilTag?® OFFREE 12 5 5%
TUHRHEOMALBHELRETA I LItkoT, EhEH
BB 5 UAV 6 BUSHETS 21T 5 R B 1 5 i@l sk
LED ¥~ — A Ooa#EERT. (FALBMERHT T 508, 5258

(b} Ex. B: Demonstration
Fig. 10 Measured Object in Experiment A and B

(a) Ex. A: Evaluation

ATIER10@ DX5IC LED v —H DR ICEB LEF = v
H—K—FERIHNRE Lz, EBAOFHIBNT, 7
UAV filliciiR s Tn A8 E2 A X S TF 2y H—K—F
¥ LED = — A Oili ff Z i PUID THIG L. Zoif& L7
i e, F=vh—HR— FeiEehfih X 5 o Ess
CRpioc, “Toioc ¥, BHALH{IH X T ¥ LED < —H RO
g2 MRc:oM, MTCf,oM PHBTHIENTES. ZFLT,
ZD2ODMELEBENLT, Fxy I —FK—FE LED v—
HEDCBRLESE M Rpiont, M Toeom ZAHFH LTz, Hillin Ky k
o TEERAM A A S % 10 HEEH» LR TTZ oM
HEMEDIET Z LT, BHMZBLY M Rpiom, M Thionm %G
T3, ZDLE Fruvh—F—FLLED~v—Ahi3V—1 K
BERIZBWTEEENRTWS2D, MRpion, ¥ Thionr DR
WEEE RN A A OMEEREMCEb S THICEL 5.
FOHIORBTIE, F=vh—F—F¥ LED v—#Hof;
%% M Rpione, ™ Toion OREMZERNS % SEHEEBETRA I HEEEZE
BT EYE FRprom, BTBrom ZEHINGE ¥ LTI L 7.
MAT, @Esp LED ~ — A O EEEECE (i) 12385E L7z
2B B 07 S B IR o0 S (E % BRI 5 72, LED < —
H i SIS E T 5 CalcPose A Lw F OULBRFRE] % 5HE

Lz,

F25 B T, RS A7 A% W, EEICERERE PR
BEZR UG E AR Lz, ARBICB T 2 5HUN 502 X 10 (b)
WRY., Fzuvh—K— FEID I8 P 2iA L,
FOEMIZAR 0y 2 EREWQ L LTHAT S, ZLT,
SEOEENRH L LT2o008ETay 7 A, BERBLIZEHEL
72. MGV il RGB-D £ >4h 5T, 70y 2 AlZF=v
H—FR— B EO8E P I ZNATRAY, 70y 2 B B
S QI A TR AW, ZDizsh, UAV fllo RGB-D &
YHRAWTERRSET Ty 7 A, B OERITEEEEREL,
LED = — 7 7 515 & 4L 2 HIRHI 248 % v T A IS % fE K
T5. AEEICBEWT, UAV o RGB-D € > Hig#ifiin Ky
kEMAWT, EEEERO X #5AIC 0.6-1.0 m/s DEET T >~
KA, CO#RERER, afy F7—aEHWE
RO TGRS 2 7 A OB L ERTHO R E WY,
F7z, BEPRIEDHIEF 2y h—K—F2HWT, =RiCH
BCHEALEBOF = v b —BEEOME F 20 L 7.

5. #& s

51 BEESH LED ¥ —hIC & 30B A8 E T
LED < —A O L EEH AL % (1) 30 Hz & (i)
500 Hz IR ELEBAKBYS, Fxvbh—K—FrE#
R LED v~ — A MO EES oI EER D 6 B2
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(d) Attitude Error at 500 Hz
Fig. 11 Position and Attitude Error between Checkerboard and LED Markers

R RBtorts "Taion ZE 11 1257, MAT, LED = — A HiH
IR B 2 ELRBOEM O T b B REE, SUEEERT
Fo3izheiuc LT LEgRERLICRT. M1l L
F1H6, () D (1) ICHRTEEMTHEENR L, FHZ UAV
fijoo RGB-D £ ¥ OB AFTH 5 X o2 o Fig e
PR L L C e DR T E 2. i, (EssEE
DL A FroHMBERTRTEELTVWAZLIZEZDOT

HBLEZGND. Tibb, LED = — 7 ON L5458k
iS00 Hz ¥ Homv e &, E{§EHES L Th o RshsE

Result

Bupaisn|) pue ey aed

,Blue LED
"y

Fig. 12 Detection Result of LED Markers in Slow Loop

Fig. 13 Detection Result of LED Markers in Fast Loop

Table 1 Averages and Standard Deviations of Pose Estimation Error during Suc-
cessful Detection of LED Markers

Position mm Atitude deg
X Y Z Y :
(i) 30 H; average 1411 -193 088 156 044 1.02
* “Standard deviation  13.72 230 1.76  0.77 045 (.53
(i) 500 Hz average 023  -0.50 1.7 053 002 055

standard deviation .79 1.95 1.28 073 035 049

Table 2 Average Processing Time in CalcPose Thread
Slow  5.17 ms
CalcPose  Fast  2.05 ms
~Total  2.06ms

Bidy2ETOLA TN ELRB LT, FORTOHI
Ry ML AEERANA A S OBIRINE kD, R
YLUTMEESREEN NI RokEIZLNSE. EHITZO
10 FORT O LR R 2 v, = (6) TEHRT < — A
MR L.
et Rl & HIE & 7z R
LT | 7= (R

FORRE, (1)5399.70% THLDITHM LT, (1)5792.55%
THotz. HHILEHIZEWT ROI 2 WAL — 7 OHE
RHEITERTWhR I 2ERWT I, ZOV—IRHRIIED
FEEE, (1) RBUIBMEEBHEHDO LA T IMHREL, 2O
HREEMToOmERHMNA A S OBIRS K=< %D, LED
< —AH ROl O BEEBMZ - ThisrEZLN

L Bk XD, EHEBEEDS 500 Hz @ LED < — F O {48
d’n!ilnzc, WA O RN E S e e LT, EE
cm FERE, I 1° BEO/PXWIFEOFHIEClZ 5 Z
MTEL.

Fi, BBV AT AD CalcPose AL v FIZBIT A MR 0
KRMEDFEE 2SR 2 12RT. WA T, LED =— LD
L — 7 v L — A B 3 FhFh o B s R+ 5

< — B RH R = x 100 (6)
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Fig. 14 Time Transition of Video Superimposition

Superimposed image,

Fig. 15 Superimposition Error on Checkerboard

12, 131277, KL — 7T, K12 @ & 512 LED AT %
AT EGR DS R T 222124 D, LED ~— 3 O sSiEE
5y D AHEREDE SR IG L. 2k ->T, LED =— 4§
DT T AR IR H LED ~— b OMHEICE L, Bl
FEBEOEHFOZLEZ 420 ROI ZitHTCER —HEdEL—F
T, B 1317 & 512, E{fefos LT +4a9/h&EWw ROI
#MWT LED OFEEFEZND 5 Z & T, H{§4eh s LED
~—HhOMEERHT A —F L LB LT, FHERERA A
MicEf . 262, M132BnWT, BEDZL—AT
sHEL X7z ROI & 10 7 L — ARTD ROI DAL ZTA 6 px T
Hol-Z s, 7L —AZ YO LED % —#OALEZHEH ROI
DOREXIIHLTHANEI W DR TES. ZhiCkoT,
12 ROI WFT LED v —A 28 U THEEL— TH{KEL —
T LT H3E {#biEEh 5 Z T, CalcPose kDit
FIFEEE % 2 ms FREICHERF $A 2 L B CE .
5.2 EREIEE RS RERERRGENRE

B 1422 2® RGB-D £ >4 » o0 % EE LM GD
REMER 2R T, UAV {illo RGB-D & >4 H3EE P filic 5 5 I,
SRIEEBEF v K= FEECH L TEREXRL TV
(t=9.108). D7, MGV ¥ UAV ifi5® RGB-D & »#

EFHWTS, BIZH2 2200870y 7 A, BER#RTER
Moiz. UL, UAV {{lld RGB-D & > 445 +X HENZHH L
T BY, ZEITEE P oA D» o =RITHARMIIGERS &
Sk, MEHQORoOE Ty 7 B MBI REINT
(t =9.29s). X5zt Yy, UAV flldd RGB-D & > # DHEF A
BEP QM E DiAA, FOMIZHIHET 0y 7 A BIYRICE
BENi (t =9.56s). ZOXIIT UAV ONiEH eI ZEH L
Th, M LED ~ — A % T s i e B 2883 i
ENAZ LT, MEEHCLE2TREMA DD 2 2D =RKITH
BEETER L, 60 Hz OEHABBMOMGHIREFRHTE -,

%72, 22O RGB-D £ HEHAWT, EIRATFLADE Im
BEHMNZEBRICERE LF = v h—KR— FEZEO=RITr b
PEALZBORSE{REZRE 15 17T, Fx v 7 —HH3 32
mm QELFBCHREhTWEZ e, B LE=RTHR
OMETAUZ, 1em BECHNZ 2 Z 2P TETH2ODMET
Eh, —HT, vy b7 — A% OO EEGR R >
A7 AT, 1 m FREEREAL 25T S o B AR WLUEHS 3.5 cm
BEOThER->TWEY, zoZbths, REVAFATE
G IZE  RGB-D 2,6 ThH, (i 3o/ it
BRERTRTAIENTERLEZILNS.

6. %5 Ee

A TIE, A LED v —4 285 RGB-D £ 3% H
W7 SRR R SRR T RE A T R R A B YR R > 2 7 o B 1
BTz WHAIET 5 LED v — A R0 h X 5 Tl
5Z ¥ T, 206 ms THAELBEZEHTE, 1 cm BEON
TR AR, 1° REO LSRN ETHE T3 Z b TEL.
AT, SREEEAMRERERICX>T, 220 RGB-D £
F O ELRAIEHIICET L TH, =JoealEeiiEyh il
cm BRI A TEE L, 60 Hz O EHEHEOMG Yy L THRR
TAHRIENTE.

SHEOMEE LT, S0{#EH L7z RGB-D + > ® RealSense
D435 ®ftbH bz, LED ~v—Z ORI Lz fhd i h
AZEFMALT, &DEEREXTHRES 27 4 2P il

BRI HR:E/Journal of the Japan Society for Precision Engineering Vol.88 No.3 2022 289



SERM LED Y—HEEHD RGB-D YU ERL o ERBE R T URECERRRBEMGEN Y AT L

AEHE LTWw3. 4E RealSense D435 13 60 Hz TR
Z{T o7, RGB-D & ¥ ¥ OMEHNEHICEN L TWa5E,
RGB-D > o DIEEEH DL 4 7 > 310 & 2 HEH{GRO 3
NHTFET B, EESIR LED = — 4 C 2.06 ms i i 2584
HHAARER Z L BTG L, XD EER=XITBREH > 27
LRBATE LT, @HE»OME TN WIBIRETTATR]
RETHLHELEATNS.

AMEORREO—lEYy =—k3arX sV Va—-rar
ARARI L OHFHFRICL 25D TH 5.
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