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Manipulator-based Active Exploration Strategy for Unexplored Areas
Utilizing 3D-2D Spherical Projection
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Abstract: The rapid aging of the agricultural workforce and the continued shrinkage of the rural population have heightened the need
for affordable autonomous robotic solutions in agriculture. Visual simultaneous and localization mapping systems are widely used for
environmental perception and localization, but their narrow field of view (FOV) limits their ability to map complex agricultural
environments comprehensively. While multi-camera systems can address FOV limitations, their high costs and increased computational
demands make them impractical for cost-sensitive applications. Herein, a low-cost and efficient methodology that employs active
exploration using a robotic manipulator has been proposed to address these challenges This unique approach reduces computational
complexity while retaining essential environmental details by converting 3D point cloud data into 2D depth images through spherical
projection. Such a transformation allows the system to effectively identify unexplored regions within the depth images, guiding the
manipulator to explore these areas autonomously. As a result, this method enables comprehensive environmental mapping with minimal
sensor requirements, offering a practical solution for agricultural automation.

Keywords: visual SLAM, active exploration, spherical projection, manipulator control

I. MB

59 Foke] A7 o tx gtE g =Y ¥
WA 42 okslea Qlck A AbEe] wEH, =
7 S A 23% Hasked 2023 71E 1008 74
5 WUE o® JAHNAY 53 w1 AR aEst
7HESRE A, 654 o) 1T 7F WA A FARS] 50%E
dold Aoz yehyt) ol#fdt 1334 EAIE s
D3l F ool 23t ARs sk Alsglol gk ek A%
TR} A &H oz Fgar glow, ol wel Py B
AF-Eo] Eks] o] Folx| L QITH34,5].

F ok Awst s T3] e uiEA 2R
AlzElo g mukel ujyFeoE7l TR Qitk o] Al
B2 2k olFo] 7heet Hukd FAET 2918 vivE
olHE Z3d Fu=, g Y3 F2E Sl Aty
I AR RS BAbete] thekek sAsls aE o 9l
2ud wjuEgelHrt AR AYS ke T
34 A 2] §12] 4ol dEAolH, ol T
#3l SLAM (Simultaneous Localization and Mapping) 7]%0] &
Sk
12 @A) de] AR ¥ 7]9F SLAM (Visual SLAM)
Al2=ge FhjEke] Algkel Alopte g Rl 22X EHE

off I

O

7150l Aleke Zelshs S 7L ik 7% Aol
A B e AR EYstel oleld BAlE st
5 o, ol ofe] bA Mg Aok it uE
Fhilet A28 ShEslo] T4 S F7HA12
o k8 14 HlelElE Aagtoz Aefel
QU AN a7 ol Alzgle] A
EER LR DES R R
& 99loR 43 55 59 Agele Hg BEAol
Fa% aaw 485, Wiel B sele Asge 4
HgoM A Ak xAE 5ol Ack ¥ AT
ol EAIZ S123] S8l vlole A HAE BT 7
3

32 Awe] gL FEt GAg Wiy ol k] B
ol negro 2, HAadke] FhgtE Aok

¢

2 & 5 Qe PHES AR
TAHOE, ¥ A7 3ake ERIE FeeE W Y
TS Fgsto] 2249 Zlo] Ao WEAR 7, °F 7
W R wEhAh g AdetaL wuEolEe] gAF AR
S A WHES AR ol @ Hae algol
288 ¥QIE FekeE A S oo (ks

* Corresponding Author

Manuscript received June 24, 2024; revised November 20, 2024; accepted November 20, 2024

FAS AEiga A RE N A (hwhong98@jbnu.acks, ORC

B AEshL AR B8 A X Kbschoi@jbnu.ackr, ORC
g B TSk A7 B SH- m(jbpark@jbnu.acks, ORC

0009-0005-5858-9887)

0009-0008-1015-5328)
0000-0002-5771-2872)

¥ o 2004 AR ARLO R FRTAGe] 0L vl Sae 712 AT HAbAle W 98 Algle] Asigiic
(

% A7) =58 202315 ICROS-KROS ZEAF Il 5 shath3]olA] Zgko] s 1],

Copyright© ICROS 2025


https://crossmark.crossref.org/dialog/?doi=10.5302/J.ICROS.2025.24.8001&domain=https://jicrs.icros.org/&uri_scheme=http:&cm_version=v1.5

Manipulator—based Active Exploration Strategy for Unexplored Areas Utilizing 3D-2D Spherical Projection 55

B =R LS gy Aok ARl HE B
o mlUEo|E1S} Visual SLAM 7]8F 37 Ebale] )]s
HES AN E T B 71HE 83

)
jur]
0

P A7E 7
39 AEE 2349 o] U Wk WS AT
. Ao 0] olvlA Aol ol vig 9ol

_Or

A4

S EAR AR S 9 A9 sk poin) S FES
& AT, AP BEE A%hE oz nju
EEMEM B2 A2 L Ao) Aok A v
oA AT BN FF AT BES A

HE

THE 2R AME 283 34
3 AgFow AY9S sk, AssiE
o224 54 ok FAYE A 5 = Eﬁr@"d s
s} Alzsgloltie]. el 59 e A&H o7 Witk
o] ZEo] gl o= Q18| o] F za]"hﬂ na2s 5
/do] itk olggt o] fE HFARI v EXES FE #d
I 22 Xﬂdﬂ AHEE 2 olF WAS AEESTHT)

FHZo= olelgh Aloks SEa] 918l vk 71‘1“_?_ o]
& 7hseh Eukd o]z} miuEwolElE At ®hkd
UEelgE &85 tdst A7t o]FoXar 9tk I
Martin et al= =4 U] W35S 2dsta WAE] 9% =
vl mjuEolE AlAERS ARFEIOM[g], o] AR
s B B A 27 g Al =H E’J%EW, A5
GUI QIEjHo] 5 93 RO S 7%t ﬂOJ oA 74
wlo] itk ®E3L X Huetal > 7Hd 3-8 93 2nkd wjy
EHolg A&HS gl om[9] 1~ A T3 FAE,
o] 3D #E FA4, 1EaL ?2‘ Ao} A" o R 9%
o] 2l
2. SLAM (Simultaneous Localization and Mapping)

SLAM[10]> =Jto] m|x|9] oA FH A =gF 2Hdst
= SAlel T Aol A L] fAE FAsHE T]selth
o] &, 7F¢ &e] A7l lE FoF= LIDAR ANE &
88 LIDAR SLAM [11]} 7hlehE ARS8z vl Al 7]k
<] Visual SLAM©|TH12].

LiDAR AlME #& AEEet H& Alopzs Algsto]
A AMRRe 2 E T S A Fetd ¢ e RS
7HAAL Stk vt =8 vlgo] AA| Al o] 9l
T8 AloF gQlow A3t} Wb, Visual SLAMS gl 2o
2 A 7HlekE &8ab, Ikt AlZF Al2Eld) ARG
HIA HolHE E58 = glo] A 143 22 aixkd &
7 Q12 Afell FeElait) ol g 54 Yol Visual SLAM
< e 2R S8 HopollA g &85

12} Visual SLAMS FheEke] Algkel Alopto 2 Q13|
3 1A gAZE Qlom, o]& AEl] g thekek
T7F FE 3 QI Y. Dong etal 2 1 Bkl 255 9%
U wek Fhdel 7|wke] SLAM AJ2ERS Alekslai T3],
o] AJZ~ElS DispNetS 7Ag 45 Adst MESIE &8

=2 =0
3 zlo] RS FATo RN A Ass A £,

o{w

mlo

AV

i

[e]

C. Hiine et al > A-&78 25| 47)|19] ofot FivE}E 283t
3D Q12 Fpo|ZERlS st AlAE FES HAskeh
M gabARl 3 Q14e] 7hseks JEsileh14] 1evt
olelgh Tk Zhle} 718k A WAl v Ak E daw
s, o]E F& 8 H[-E 28 o]ojx] g3l Aloks: %
Y& 5= gtk 53] 598 23l A&He AME 549
3] B oR Qla T 2 o] 8o
et vlgo] BATL ool waf AA FE A

< HlE G284 A84E FHs] A% S8 VA
HArtgolnt), wEglh o 7}“113} et o At L s )
33 2 ARk v8-S aste] AR Aghe] ATk
2 AT = “HL]EE] B & 283 554 34 ~
k erelt}. olF Fdll FHAgke] shHiRtozw
Fs axos S5, sAlo AL 28449
A4S 3 slax} sk

H
F1

. 7™ £ 7|t 3p2p M st

BT
HQIE 9= Ak 1A HolE A <)
At AQE aTHEE, B ATNNE AN B84 AN

S8 ¥ T FPES FEETh MEAL Gololut ol

R 49 5 b Aol Lad AuE 397 9l

rlo

d
2zl

A 3D ERIE Feh-E oA 23] A AAE 7=
o= wjuEeely 24 F W BAL Thed s AEd
o} 24 02, RTAB-Map [15]% &-8-3te] A4 3D 22
E ZThHE flolA A 99 W 'AL s e 2D A
o] olm|#] Hiow W) o5 Fal dolE AU FA4
o7

bal

Fnd-Fffeetor §

Occuluded Arca

9% 1 el QA% s o,
Fig. 1. Occluded area caused by obstacle.



56 SE S 84 LN
Z a0 Unexplored Area
P(x,y,7) 4
K " elevation . L--omomoe- D(, 0. 10))
L Y e angle O ;
PN !
-90 ‘
360
X azimuth angle ¢
3D Pointcloud map 2D Depth image map
a4 20 7 59 7]k 302D Wk
Fig. 2. Spherical projection based 3D-2D map conversion.
gk vhAuro.w, wUFEeolEle] /) ebA Aok 2
#gtol dF Pl v 37 WAL 40 SRRk
2. 7H £
ERIE Sehesi 33 30 W PPE o BE
2 Akl sk glolE xR, 7F e 33 HuA
el 913 Arg TR o] dloE = A9 7135 elevation
o 549 ngUE Fdshs W del A e angie
TIE = delele] uAYYT Y SHoz 55
3l AARE Aol 2 ARE WG] 8T, 58] At 5 e L hoals
L “ nexplored Arca
b el Alefe] gl Enpel 2R FAFCl s AR s 50 100 150 200 250 300 350
fda]oﬂ Oi@]%o] HLA(EBL T 2}]\ (b) Spherically projected depth image map i angle @
o= A3 Hx Ko A= 7)Fo
R st W AT IROE o co o apap 1 W A3
uEelE7t =2 7hsdt 49 Wl 8= 7k des ) ) o :
. L Fig. 3. Result of spherical projection based 3D-2D map conversion.
2@t} o) whgel A Fhdlet Al %zf}r& =4 At 3
&= Q13 7 A T EEA Ak E’%OM glolE olg)gt Wke 3x}¢l Hlo|EE 2at o R FHadte] at
& RERET o, U AL B IS FHEE g oz g e pEe S0l ol Jojat 19 3w
2 el WS #AS sk, A Al HAF 7k = ojuEolee Molx Zad AEAE 7FoR 33D
g AFS B S8l #EAle] 2 i dEE w2 FoE Zeor B el a9 3= 7E RS B
B oolaziy b 7he Huke Augit)h o2 B4 & wisky Ay ek,
Ae]sfop g vlole] ¥ EYo=N ul&F tolHR ek
At e ghskel 5= Qlk IV. O|O|X] ®2| 7[gF F AlH 3 EAL AR MM
v Eto g G RS A83te] 32k HlolElE 2414
Zo] o)A o wWakdch Wak A W9 bazimuth 1. P A
angle, @) 221 o|H]X| 2] x5, 3= ZN(elevation angle, 6)< y B Zo A= 13 59 HAS E3)] 2D o] o|nX] wo
% Zlele HA A0, )= ERC AE A 3 F A vjga g7 o] Jol g ke e Actac

FAISE Wk 5 22k Al F 29 2k

(a) Spherically Projected Depth Image Map

(b) Normalized Cropped Depth Image Map

o o, viyEeoler} A€

(c) Binary Image
(CLAHE + Adaptive threshold)

60 1.

301,

-30

(d) Region Enhancement
(Morphology: Opening + Closing)

(e) Contours Detection

I 4.
Fig. 4.

L

150

"

50 150

100 200 250 300 350 [ 50 100 200

ojulA] A2 7|uk g Ad B BAL A= Ay At

250 300 350

Image-based region identification and exploration path generation results.



3D-2D0 7 £Hs Z5 MHLIZYOIE JIE DIEA 2F 55 AL M2t 57

r

Input Output
2D Depth Image Region, Task Points

[ ]

Nomalization

Region Classification

I 1

CLAHE
{Contrast Limited Adaptive
Histogram Equalization)

l j l
'e ™ 4 N
Adaptive Threshold Mumh()l()gical ‘Op>t:rutiuns
(Opening, Closing)

\. vy . S

Region Segmentation
(Contours Detection)

a9 5 oA A I Y AE 9 A Y SAE

Fig. 5. Region classification and task point generation flowchart.

HolE olgl] d9e &4 tiidelx] ALjg) WA, Algtet
WHe] 3 WA @Al zlo] omlx|e] Il FFeghs- [0, 255]
W= Aitskels Ao, L Ayl a§ 4 2tk o
o=, Atshe oAl A9A dnlE FEA717] SlEl
CLAHE (Contrast Limited Adaptive Histogram Equalization) [16]<
283 7 Al A mEAL Gt Aells d9e] Aol
sl 454 olxlskE Zbzb A&el wiE Fga gL
I A% I8 40 2ol miAE F9S o8 A), T 99
2 1AMHE T

v WAl dAAelE olmAlel A #A F93t wiE d
= B8] sk Aotk ol& flE WA RERA d¥
A% Hmorphological opening)s 4183t ©]4F#<l A e
wo|Z2FE AAG F 28 AibE 483l T wo]=E A

Agitl o)F 3l 1Y 4d)et 2ol I A i 49
w5k 7R = vk tRS-2.& OpenCV [17] findContours 2+
NHFS A&t 1 49t 2ol 7t 4] FS F
E3}al, ol 7|FoR 7+ 49 Raldiht

HEHog AEHE 7t 92 nEA} JH, FolE g9,
TEjal Sl Feow EREh e 9L 1§ 3(b)ol
Hole A o] MRIETL A9 HEHA] efof it A
ZAE7b Hl 303 fAReE ghs HRlh o] & v|Whe s we
AL GFt FollE d9e] I AE AAGS st
Fos AHgt) et A ATt AAIRLE ol delw wEAL
g, QAL vRkelH el o ERETE A7IA ¢
W B9S2 WS FollE dYgoR BRI AeE
ofmjgch

e dolls do9e Al Folls F93) A Fol=
GAe BT e FollE F9S FollE vl Ale]e]
A #ho] F43] Walshs whde] A3k Wl tigk 9%
4 gL WHel Ak FxE 2l 99 AA AN
wAe Al Wspt dAekA] eketh Wik, 2D o] ofn|
2] o] A o] MakES S Fo 2 A FollE 3
A7 Y FollE S FES Tk HTHoE
FE PIRAL (A, 91dE G

o
=
rlo
[
o

2. EALEZE Md

HEAL oS B S1d ARE ™ 4f)eh 2ol I
19 F7(Central Point)S A= 243 o] 9J2bde]
This 5 A Alelo] AR F A A 2t Ao A
gt o] A2E VY W AokE Awslel ¥@HQl &
AL ZFsstAl ik 071 BAF AR 4 B4
A Ao R dAs L = F A e AdR e
HE F2E et g9 A7 olEsi gAE 8

g,

THro = Aol ol 7kl A4 go& @Akelr] 9l
3 ARe AoiEs vs) A gAe Ak 5 Sl
A7 Hed AR o] F s BRE At ol
ffell 17 4Dk 2ol Aol o) TdHE Ak A
o Ge] 9ol vhe 7 A Afele] AR & Hw Az
5 e AT & E e Adiles AR o] 7 )
o #AH & 2Eel e ARAHE A Y wAF 71
o Ao nA TALE S miyEelelEe] ole A
Eee e S N

V. i Eal|o[Ef A o]

1. 2% st=qlof 74

23 %o AH8H s=dlolE 64 S @ 24 Doosan
M0609 =& o|EI$} Zlo] FhuE}l Intel RealSense D435i=
T/3E ) Zlo] Fhlele 19 6ollA Kol 3D Z-E R A
2hg PREE o] &3 wiuEwolE wtel] A=) Wi
Yoo Hijo]x xQla} zlo] Fheke] 33} Q)
2 71978k gk AAlE A (1) 2ol FHm, 291E 6
¥} Fpd|e} FE} el FAxA= 19 73 2k

0 1 0 —0.06

cr_en. |—1 0 0 0.038

oT=al"[o 0 1 —0.02 1
0 00 1

o1714, 712l &29)i= mojtk.

(a) CAD design of 3d-printed mount

(b) RGB-D camera-mounted robotic manipulator

a9 6. wiyEolH et B8 Tt ke w Al2HL
Fig. 6. 6-DOF manipulator with integrated RGB-D camera.



58 Hyeon-wook Hong, Byeong—seon Choi, and Jaebyung Park

camera_color_optical frame (c)

Joint 6

9 7. ZR1E 6%} Fhdje} 33 el Al
Fig. 7. Coordinate frames for joint 6 and the camera optical frame.

2. OIEAL S EAt

% 8(a)k B2 MEAL o] HAEHW olE AR
A Azt ARSI 4B 2ol Tk AL FEe
AL 9o TS AU d9E TfEAZE AR T
o) A2l 2t AdRez dAsto] 7HE B2 Aloks Alw
gt maA el BARE flal vivEeolHs 11 8(b)ok 2
o] 7] XA F 2dH T AT AAHEH- 2R
o7 WA olgd F, RS ue} vked A3 ol

Unexplored Area”

Z-axis

Y-axis

(a) Initial Environment Map with Unexplored Area

Task Points

Initial Position \

Updated‘Area by Unexplored Area Exploration

(b) Manipulation Path and Updated Environmental Map After Exploration
5 8 miyE el YNk mEAL G HAL
Fig. 8. Manipulator based scanning results of unexplored area.

sh TARE A3 o] w, BAL ARe 9 4ol Hol
0] 2D zlo] ojmA] wHellA wWejzhy} alezy wsivko w
A=, a7 byl Hole 6AHFE viuEYelE ] 7]+
s B 157 55 ZRAETRS Aojgoan HAl HR
FFo] 7Fedttth HAkE 1% miuEelelE A= 4 )%t

o] 201 F7lolA Aelgick

o

q=[6, —30 90 0 65 O] 0)

& s 7

ol wzstElo] QA Aol AR Eadel @43 3
ek, WA AR weh F7k2 ke ) gele T

80 ERNE SHFEFHNE FAIH ] Sl
3. HAY Hodo| EHAl

% 17 o] FollEe] AEHW FellEo] 9d 7t
A F9s Ak 91 uiA #5 A5 sk vy
HHOJEE Alolsl Al #5 AXZ ol sgrh 17 4(H)el
A ollE dde] FAEE Av d9E TEAZEE JE
T Hd AYE 2te A8 & #H F A HES A
Ao Aot A #= 94
A wkg) ko R g 7

ol& Tl mi&EeolE = Foledte] & glo] WAl ¥=

luded Area

Task Points

(b) Results of Obstacle avoiding Exploration for Occluded Area

% 0. ElolE) Zlwk s o gl A,

Fig. 9. Manipulator based scanning results of occluded area.



Manipulator—based Active Exploration Strategy for Unexplored Areas Utilizing 3D-2D Spherical Projection 59

AAZ olFsl #HAM g |APE 7hsebAl €k o] ),
Levenberg-Marquardt [18] ¢85S 7|HHo =2 vjuEH ol
9 @71%6%—@ T8k Movelt [19]18 2-g3to] mjuE&e]o]E]
£ olsAlZl & HA & s o] AE T Ut
H A Fqo gk ERIE FE-=(FH2A)E 11 o)l
HTAE ] Sl

VI 22

& mEmrelME wiyEolE e ARkd shte Hawe
Zhelekz S5ebr] S, 7 T 71Nk Zlo] o|nxE &
B8 T vEAL Y BAF e Ak 71 Visual
SLAM 1= 812} Alg EAlE sidshr] flsl v 7hlet
& Fgoto] AHANE Hastehs d 23S seisith o
2lu v 7hlEk 7k e o] s AKE &

s, ol e Mg Zds] B 2ol F83E A

il

:(I)I:
et
4
%0
rlr
o
ro,
Léﬁ
2
o
e
B
o
o
A
3
N
=)
)
>
¥

dolelel A % TRAA AFE ALststel, vg EaH
Q1 355} 453} TRl 71T Ao 7Ithel

FF ATIAE wulel Wolxg A
dole] AzeoR Hgstel, 4 3
Ao 87 94 2 A e AESh ATE 19

Aglole,

O

REFERENCES

[1] B.S. Choi, “RTAB-MAP based dense 3D map building using
manipulator,” Proc. of 2023 ICROS-KROS Honam Jeju Regional
Conference (in Korean), Gunsan, Jeonbuk, Korea, Dec. 2023.

[2] J. H. Choi, “Agriculture, Forestry and Fishery Survey in 2023,”
Statistics Korea, Republic of Korea, Report, 2023.

[3] Markets and Markets, “Agriculture robots markets.”
https://www.marketsandmarkets.com/Market-
Reports/agricultural-robot-market-
173601759.html?gadsource=1 (Accessed on Nov. 10, 2024)

[4] S. Lim, M. Kim, D. Lee, and M. Won, “Vision-based farmland
boundary detection algorithm for automation of an agricultural
tractor,” Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 29, no. 3, pp. 208-216, May 2023.

[5] M. Kim, S. Lim, and M. Won, “Seedling area recognition
algorithm for autonomous rice planter based on deep learning and
image processing,” Journal of Institute of Control, Robotics and
Systems (in Korean), vol. 29, no. 3, pp. 245-251, May 2023.

[6] K. Kim, J. Kim, B. Yoo, and S. Lee, “Core technologies of
agricultural robots,” Korea Robotics Society Review (in Korean),
vol. 9, no. 3, pp. 3-9, Jul. 2012.

[7]1 K. Fue, W. Porter, E. Barnes, and G. Rains, “An extensive review
of mobile agricultural robotics for field operations: Focus on
cotton harvesting,” AgriEngineering, vol. 2, no. 1, pp. 150-174,
Mar. 2020.

[8] J. Martin, A. Ansuategi, [. Maurtua, A. Gutierrez, D. Obregon, O.
Casquero, and M. Marcos, “A generic ROS-based control
architecture for pest inspection and treatment in greenhouses
using a mobile manipulator,” /EEE Access, vol. 9, pp. 94981-
94995, Jul. 2021.

[9] X.Hu,H.Yu,S.Lv, and J. Wu, “Design and experiment of a new
citrus harvesting robot,” 2021 International Conference on
Control Science and Electric Power Systems (CSEPS), Shanghai,
China, pp. 179-183, May. 2021.

[10] H. Durrant-Whyte and T. Bailey, “Simultaneous localization and
mapping,” IEEE Robotics & Automation Magazine, vol. 13, no.
2, pp. 99-110, Jun. 2006.

[11] L.Huang, “Review on LiDAR-based SLAM Techniques,” 2021
International Conference on Signal Processing and Machine
Learning (CONF-SPML), Stanford, CA, USA, pp. 163-168, Nov.
2021.

[12] A. Merzlyakov and S. Macenski, “A Comparison of modern
general-purpose visual SLAM approaches,” 2021 IEEE/RSJ
International Conference on Intelligent Robots and Systems
(IROS), Prague, Czech Republic, pp. 9190-9197, Sep. 2021.

[13] Y. Dong, H. Ding, F. Zha, and M. Li, “A practical multi-camera
SLAM system for large mobile robots,” 2022 2nd International
Conference on Big Data, Artificial Intelligence and Risk
Management (ICBAR), Xi'an, China, pp. 179-184, Nov. 2022.

[14] C. Héne, L. Heng, G. Lee, F. Fraundorfer, P. Furgale, T. Sattler,
and M. Pollefeys, “3D visual perception for self-driving cars
using a multi-camera system: Calibration, mapping, localization,
and obstacle detection,” Image and Vision Computing, vol. 68, pp.
14-27, Dec. 2017.

[15] C. M. Labbé and F. Michaud, “RTAB-map as an open-source
LiDAR and visual simultaneous localization and mapping library
for large-scale and long-term online operation,” J. Field Robot,
vol. 36, no. 2, pp. 416446, Mar. 2019.

[16] S. M. Pizer, E. P. Ambumn, J. D. Austin, R. Cromartie, A.
Geselowitz, T. Greer, B. M. ter Haar Romeny, J. B. Zimmerman,
and K. Zuiderveld, “Adaptive histogram equalization and its
variations,” Computer Vision, Graphics and Image Processing,
vol. 39, pp. 355-368, Sep. 1987.

[17] L. Culjak, D. Abram, T. Pribanic, H. Dzapo, and M. Cifrek, “A
brief introduction to OpenCV,” 2012 Proceedings of the 35th
International Convention MIPRO, pp. 1725-1730, May. 2012.

[18] D.W. Marquardt. “An algorithm for least-squares estimation of
nonlinear parameters,” Journal of the Society for Industrial and
Applied Mathematics, vol. 11, no. 2, pp. 431-441, Jun. 1963.

[19] M. Gomer, R. Haschke, H. Ritter, and J. Zhang, “Movelt! Task
constructor for task-level motion planning,” 2019 International
Conference on Robotics and Automation (ICRA), Montreal, QC,
Canada, pp. 190-196, May. 2019.



60 g 8 5,

2022Lﬂ Amieta daksstr E4.
20243 H&Eietal skl AR
S AAL 24 PAlEoks RRE

A, AEAS,

b x| &4

20009 oA diEa W7 [ 23
FEIFE gL £, 20021 AEd)
sl A7 HFEFSE AAE E4.
200611 A&t 7] FEEE
AL 9. 2006~20073 A-2tignl A

2007~ BA AR ARFIE w5 PRk 947
ORI Aol TEelERRAle], ofFRE HANsAle]
ABAs

71 AFEFER BR2L WAL F AL



	3D-2D 구면 투영을 활용한 매니퓰레이터 기반 미탐사 영역 능동 탐사 전략
	Abstract
	I. 서론
	II. 관련 연구
	III. 구면 투영 기반 3D-2D 맵 변환
	IV. 이미지 처리 기반 영역 식별 및 탐사 경로 생성
	V. 매니퓰레이터 제어
	VII. 결론
	REFERENCES


