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Development of robot vacuum cleaner capable of collecting objects
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Abstract: In this study, we developed an autonomous robot cleaner with a built-in arm for collecting objects.
The body similar to commercial products includes a storage space for collected objects. The arm using a
Telescopic mechanism with a rack & pinion structure. The end effector is a gripper with three fingers
connected by pulley & tendon and can do adaptive gripping with one motor. The mechanism uses Move
Base package in ROS for autonomous driving and Depth camera using YOLO and 3D scanning methods to
obtain object information. This study were able to achieve a 67% collection success rate in three tests.
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Fig. 1 (a) Graphs related to domestic labor, and (b) Market research related to robot cleaner from GfK
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Table 1 Comparison of body
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Fig. 2 Robot Type 1 Fig. 3 Robot Type 2 Fig. 4 Robot Type 3
w 340mm 305mm 350mm
L 348mm 320mm 350mm
H 97mm 120mm 99.8mm
FA 4.3kg 4.4kg 3.4kg
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Table 2 Design requirement and Design specifications of body

Design requirement Design specifications
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Fig. 5 (a) Upper and (b) lower sides of the bottom frame of the body
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Fig. 6 (a) Column, and (b) Laser path from Lidar
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Fig. 8 3D modeling of body including Lidar
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3. End Effector

3.1 AA 2H "9

2EALTI7F S&HE Ao wek s FHe FAE JH 2AEC] uigdd "WojA Qv uwhet
A, B AAd = e End effector & EAE FASE X9 1EH7F 7HE HAs) olH s A
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(1) A Ae e st o EAE FA T 5 dojof st}

Q) FAL EA7F F3 dHz 58 5 oo g}

(3) BZst7F Z sttt

4) A din] =& 7hislane] 2 FE )

(5) e TS 24 dEH7] A BAS BAAA A FAS F Qoo Fh)

32 70 M
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At AF A

£71d 18] 3 (Finger Gripper)®™ 7, &4 18] ¥ (Magnetic Gripper)®S FH 2 XA 3t} o] % Table 33}

A, B 345t RAE ) BAE H0E §7

ofof gttpar AT AP
18] ¥ (Vacuum Gripper) <}

stk 2% s el Ao} trhx otk srlel A
W AR sotek gk AM aelsE olgati BAl Aol 9
2 B4 FHol WA 5 olBA olie] wel o T ol v Peka
1714 &7k ezt § felstda

Table 3 Comparison of gripper structures(3 points for perfect score in each criterion)

Fig. 10 Vacuum Gripper

Fig. 11 Finger Gripper

Fig. 12 Magnetic Gripper
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71 &7 a8y ¥ 7|We R End effector™ XFA] A A9 vl7EA 2 Table 4] Design

requirementS A A sle] 1g]H o] A9} ¥ So HA WS A Al Design specificationsS 2HAd 3f

o AF-AHQl A5 ZAAA T Design requirement= TFFS =4 4, g1 7PHE F2E EHo2
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Table 4 Design requirement and Design specifications of end effector

Design requirement Design specifications

N s L 7kt Aol |esmm | Al 71k AL
el e st Euhe WA 229.06mm’ | S 9% HA4 A7
e =AE A ¢ gl x| EFE A 370 spAol 23 Ha Al
=A 79 <tgA 92 7be WA | 11,953mm’ | £712 £8 Sl o W
A= A% ¢ 74 A e 34 7 FA | 0.3kg FA Y =4 AR

Table 5 Finger length of Korean between 20~69(Unit: mm / Sources: Size Korea)

A
: = 20-24 25-29 30-34 35-39 40-44 45-49 50-59 60-69 | Average
Finger

Thumb 49.75 49.57 48.67 49.02 48.34 48.60 47.41 46.88 48.53

Index finger 67.85 67.74 67.31 67.30 66.84 67.62 66.56 67.18 67.30

Middle finger | 76.02 75.62 74.78 74.85 73.77 74.19 72.65 72.48 74.30

Overall Average 63.38

Design specifications] 73 &= = S 7IeeE Fu A7) 2 29E AASAT w
2hA], Table 59 HA BS dste] &7kt ol 65mm=E A #4A g M= AHsisih

ek &7 g 22 A9, aEH o ARstE 98 AbE &3 Blaste] &1 s Y F8
7F A7l #A HAdE ekl Erkete] 3709l 3A] 2ElHE AE ST Sutee] 7] 94
gy AgstE e &7k gl 2 2 309 BE R2E T 7)o, F4 79 2EE
W EE flol FARE 2H7]o] & st & Wo o7t 22mmel AHAFoR AVE AT
w3, E7ker dolgt THgelA B3 2RAATVY FUTE S e BEAES VIEeE AT = 3
= AW 3A 7he WA FAE A 53] Hul 9bA Jbe WAL Eutea 7k o] 450%
WA YA BHe] Hil AHE Vo R 7F £V £8 dlE 4o uAE Ateta kg A 5t
AE fsl ALE Fhell 80%0l sldats A5 Hol A 7he WA ow HAAUG. o= Enpgat Tt
& ol 90°® HA s wWE 4xE] HH FEHE s 4508 Vo ® g E FAFAAY T
S

tt
i
o T
<
L
o
iy

=
(9]

o] 7] wEel 4505 V]Fo
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(a) (b)

Fig. 13 (a) Gripper structure model, and (b) Connection paths of top & bottom tendon in finger

Fig. 13> A A3t End effector®] A4 <
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(C) Upper tendon  /  Lower tendon

Fig. 14 (a) Direction of rotation of center gear and spur gear, (b) A pulley with two tendons wound in
different directions, and (c) Paths of tendons connected to pulleys
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Fig. 15 (a) Lower tendon connection path, and (b) Upper tendon connection path in palm
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Fig. 16 (a) A finger joint with different stiffness, (b) Actual rubber band connections at joint, and (c) Silicone
on the inside of the finger
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= Screw holes

Fig. 17 Motor housing
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Fig. 18 A horizontal holding device in (a) leaned state and (b) horizontal state
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Fig. 19 (a) Guide pillar in palm, and (b) Palm cover on the underside of the motor housing
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Fig. 21 Experimental setups of (a) Gripping force measurement test, and (b) Payload measurement test
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(a) Sphere (b) Cube -

(d) Cylinder

(g) Wireless :

(h) Arduino
earphone board &
case shield

(a)

I}x|

(e) Small bottle J

it

(c) Triangula
pillar

(f) Smartwatch

(i) Pen (g) ire]ess

(b) Cube

(h) Arduino

) Trlangular

(1) Pen
earphone board &
case shield

(b)

Fig. 22 (a) Various shapes, and (b) Grasping experiment with various shapes
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Table 6 Sizes of various shapes(D: Diameter, L: Length, T: Thickness)
Size Mass(g)
Sphere D: 40mm 20
Cube L: 40mm 20
Triangular pillar L: 40mm 10
Cylinder D: 40mm / L: 40mm 15
Small bottle D: 43mm(Body), 20mm(Neck) / L: 93mm 112
Smartwatch D: 40mm / L: 10mm(Display), 2mm(Strap) 50
Wireless earphone case (53*53*29)mm’ 45
Arduino board & shield (69*54*29)mm’ 52
Pen D: 7mm / L: 150mm 9
A3 23 Fig. 22014 dEpd mpep o] F 97bA] el wisiA kAo sAe= As AU
b Q9. B4, 9 olsle MuA BAA deA 4 el BE FY Awe 348 dgdes
A AL AT F AT o)E F&f s Wl BAEAY] Fxom Erhete] A e
o1& wgsta, shtel RERZE A By BAS Fejel utek 4 £rketel H4e $40] F5d
= AP

A BrA A8
Al a7 E A sk
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hialES W) A9 Fig 21 ()sh @ol Teusk BAF Al B Adstel Ewel Bg
FrRA st A BAE BAE w0l 35 A spnaFor wast. 2HY B3
g WS EA ESER 53 29T, 2299 A BAE A Eobeel fPom Ese 7L
ol gatgith hEES el ASE Tk Yol BAS EFHT
Table 7 Average and standard deviation of maximum payload
Load
1600 oad(g) Average S.D.
Torque
~ 1400
5 0.5Nm 663.4 44
£ 1200
% 1000 = 914.327 +220.92 0.75Nm 921.6 72.37
E R? = 0.9965
g 800
634 1.0Nm 1,127.6 155.94
600
400 1.25Nm 1,393 117.32
0.5 0.75 1 125 15
Torque(N'm)
. ) 1.5Nm 1,570.6 68
Fig. 23 Payload according to the motor torque
TE Edo] wE 7helE> Table 7 R Fig. 233 2ty 12 o] FAZF 132g0]7] wiiEol AlAgE 1
gy o] FA ] 7pelES W wEkE 0.5 Nmoll A oF 502%, 1.5 Nmoll A oF 1,189% HXE<] #S 714
t e BT 5 Ak EE, Fig 230 Lk wks} o] hwalE ghe mE Eae] A WAHHow
24T 5 gon, of 42 Bgate] Ak HAul NEHFS AW EaAs) ol AT AF Ao @
49T F Ak AY Y P APAFE 099652 19 B3 AP AAT & Qe 13 Aol
o a2t g ES A F2 ZHCAA BAskE 9 Evhep el weh dAskE B A S
B9 Afolo] WAHER, WE £t FAALE 2} A ZA| Aole] nhee] Frbste] 1
939 AhEEe S A e

Table 8 Average and standard deviation of gripping force of all fingers

357.25 Load(gf)

350,00 32256 3560635 N . Torque Average S.D.

s 320370 gy 32298

S 0.5Nm 89.76 2.49

!‘,_E 237.79

-5250.00 239.65’1 ] 237.55

- 0.75Nm 163.17 1.86

§ 200.00 161.38

) 165095, | g 16304

- 0263 1.0Nm 238.33 1.15

© 100.00 ]

88.10] [8357
1.25Nm 321.97 1.40
50.00
0.5 0.75 1 1.25 15
Torque(N'm)
1.5Nm 356.86 0.70
Fig. 24 The gripping force of each finger
HE Qo] AE AAE] A =A TheiA s A& Aok g A& Eol, el ofgt
2AE oA FEH FAA7] dd] oA gl 7heiAl= dS SAstal o8 e r FEF
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Fig. 25 The present velocity of the motor at each rpm
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Table 9 Comparison with other grippers

4 (0] 500 1000 2
2 (0] 450 275 0.61
3 (0] 492 3250 6.61
3 (0] 540 1200 2.22
4 (0] 480 4750 9.9
3 (0] 400 2480 6.20
2 (0] 297 50 0.17
4 (0] 278 75 0.27
4 (0] 253 1471 5.81
2 (0] 200 2200 11
2 (0] 160 1280 8

1 (0] 140 1400 10
1 (0] 124 610 4.92
3 (0] 18 180 10
3 o 132 1570 11.89
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Table 10 Comparison of robot arm structures(3 points for perfect score in each criterion)

Fig. 26 3-joint Robot Arm | Fig. 27 Tower Crane
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Table 11 Design requirement and Design specifications of robot arm
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Fig. 30 (a) Boom crane structure used in this design®, (b) Bottom block of robot arm, and (c) Designed
robot arm length adjustment section
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Fig. 31 (a) Structure of robot arm, and (b) Actual robot arm
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Motor Specification (LW-30MG)
021kg  0.085ke 0.033kg 0.027ke 0.026ks  0214ke 0.432ka Operating Voltage 4.8~ 7.2 DC Volts
Weight 62g
| l \ J ‘ ‘ J Bearing Type Ball Bearingx 2
1 Motor Type DC Motor
: Gear Type Copper & Aluminum
' Operating _20°C~60°C
: Temperature
| i i E E Working frequence 1520ps / 333hz
TR — Pl Size 40.5%20.5 x 39.3 mm
m ' .
Cssem i B ) 3o
e s elinn:  errcaceies e S Al R e esan B Pirarccegumei s i i ko
Torque 18.0 kg-cm 23 5kg-cm 30.0kg-cm
M=0.21+55+0.085+9+0.033+ 11 + 0.027 + 155 4+ 0.026 + 19.5 + 0.214 = 23 + 0.432 + 28.5
= 20.4kg * em Speed 0.18 sec 0.16 sec 0.14 sec

(a) (b)

Fig. 32 (a) Motor torque calculation and (b) Motor specifications
4.6 7= oM

46.1 =t S 5N

Fig. 31 @S 2ol A 727 2AE A
348 A ow

i,
AT}, HJFE]'H, kA ef o] Ansys TFERIAOR X
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o] StHAe FAAU. 2RI AHLS ABS(FHUE: oF 27.44MPa)= A QST AARNL 7HE
W BES Mqr REVE 2EEY QA= HES Fixed 3L, 2EZO 7f¥ B, End effector?} End
effector’} 32| st EA19] Hd FA300g)E €t T8 WFoR 53 AEAIA SIS st

At

Fig. 33 Ansys result of robot arm

Fig. 33& 1957 Ad) #AE HA59S We] $7} 38 A% merolnh, 2@l A 3
2 Aot drE xdste AE EE e Zo] A% Revolution jointl A ¢F 5.832MPa A=

ABSS| FEAwE mel@e o B 7o) b o 47 FrEolne ebgHel Ag selgvh

Fig. 34 Ansys of robot arm deformation
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o] %2513l End effector’} EAE A S FAolA ZEH} E
End effector’} Z# 9ol A3 Xt Ao ga+S nmH Ao

End effector®] X A= HASE HANA FQ3 Q40
stk AAZAL vien 43}
FAR ARt HE

to rlo o Mz
flo g

ol ol oft |l

i

10 oot oft R
= J‘O" _W,
O 9 ot

&
AC)

PFol| dslix FxE At A Fig 349k 2ok A3et
S 2.481mm, x W 53*%10%mm, y W3 44*%10"mm, z
248mm=E Uskth x, y WO RE stgo] AEetA] gorg w9 AL W o] WAy wjitd
) .z & 248mmo| B R FF 3kA] FA o] figk Fo] i 9

Aol A e WME =S aefste] 531 X9 FolE AlAtaor &t
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B RRAE ARFY Fol ARE B BAL AL O £A 5 Qe FAGE ZANA 5
st T7 T g 2 AR SaaA deok Gk ueb Aol BAE AW = e FA 9
AEFYS S FEgel 2 BAZ S35 5ol Bastth agn BA AE s 2RB, A&

o 2 &

4 ﬂxlﬂ AR dolEE Far] 9@ Sl ko] glojof gk
<EA A FA>
(1) 2AE WFomRY 27d 5 slojoF sk
(2) A F9 % WS A =7 i 71Es B S glojok fh
(3) =R FANA oled 5 wF =4 33k HARE Feof Tt
@) =A7F 2ge] =2 ¢ 9l M9 ]kl =] Frbsiok g
<AgF>
(1) Tzl Z25 we AgFgon FAd
@) A&Fd T AL

dloF sk,

of

_1

.
%0,
(-
it
Y

Z,:
HH 2AEFYS A5 BA AV B o o] AlE
2}

g2 A4 A AA et =i, AEFS shy] Qg A4F Ao &
€ % Al A|(Robot Operating System, ROS)
= © SHE A8 d9E AN2gs 2aEststa s
T Atk o5 & AA AsFel A&stH AA A2THE B4 A w==9 2R Ao] k=, AEF
#el =2 o] ‘Publisher-Subscriber’ T2 2 HOJE7} @7 EIS AAto g F=alsta vy
Zh Alz=dlel gk 528 A & ¢ A

Egh AEFded o gdd AN FXE G TR T A B¢ gelBeeE ATt 4
g 59, AEFd AHE5 = IMU Sensorth Lidar &2 FA&5S 8317 91 7]EX4 o] glo] B &7}
EZAHH AETdd gk vkt 7lso] 3 Move Base H7IAE F 3
7@ 4 vk ROS HHE & HEAHOR fdA Adud AES 28T
Ubuntu 18.04 MelodicS AF-8-3T}.

53 =+ & MAUS

53.1 =& A x| dF

AA FANA G AAF A AE FA= EAE FHEHT 5 Qojof s AEE EAe 1
H7F 2S5 AE A7IAA HIEsH] 918 Fy e WA S AL 4 glojof dtal 2RES EA|7)
A o] FEAI717] gk 3akd HAEE FE F AojoF ot oleg =S ayate] EA 04 AAE A
Aat7] fla =AE AEE 7 A= 47HA AA Z2F el disiA 3714 B FdEs VIso® Wriglen
7 =2 A4 E 92 Depth cameras =4 912 |2 ARk
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Table 12 Comparison of object recognition device(3 points for perfect score in each criterion)

‘2

Vi +

Fig. 35 Depth Fig. 36 Camera + | Fig. 37 Camera + Fig. 38 Camera +
camera IR sensor Ultrasonic sensor Lidar
o 73'7 A=253 | lfe)
7 3} E:]«] 3 ; 3 ;
T4E oqF
‘:'i-] Hy] gl
= ] ‘T‘y'] = 2 0 0 1
WA AN
I 3] o (o) ;‘(
EA9 $1X 3 5 5 5
Akt
A 8 5 5 6

Depth camerat™ AAIZF o|u|x]ge 4] Hol= ZEA9 Al Zlo] AWE F& F Q= ot

Depth camera £ % Intel Realsense Camerat 3|9 7HH|e}E AL&3t= NEAS $3 AZEY o 7
7] E(Software Development Kit, SDK)E #|-&3}o] Zlo] dlolg Azl % #4& t4ststa 7145 A2 &
o) o1 qotsm MA #E o Bea = Qb Sd, Zo] AR sulon EAtA 349 HES
T 4 3L 3D 27 B REE V|HES T8 24 F3 2 2WHAS AN ¢ Aok olgd FHE
Intel Realsense Camera® 18 gt}

o B A ]o1] Zad 753 Fghetr] wZol Depth camera &t -

B A7l 285 Depth camerat= ZXEo] T/ 5 = W oA ZHolg AT 5 dofok
Ao EF, 2REe 2EAYLY) AT 250mm ol A BAE FAGES AAHAG. mebd, E A
Aol A1+= Intel Realsense Camera & % °] 578 W7} 70~500mm<] D405 RS A4t

EE rr

FEATURE D455/D457 D455f D435/ D435i D435/ D435if D415

Depth Acculacy'2] <2% at4m 2% at4 m <2%atam “2%ar2m

Minimum Depth ~32 cm *52 crr ~28.cm -28cm ~45cm
Distance (Min-Z) at
Max Resolution:

Ideal Range: Gmtasgm Lmwoém dAmto3dm imw3im Smtedm

Fig. 39 Comparison of Intel RealSense Camera models®?

Sl AAZE oA S AAvE, G ojm| x| A 54

Depth cameras EAE wEo=EEH RNk
st} dwtd o g ojuXuy FY4ES Y= Computer vision 2ol A= A Q12 dag]Fo] s 7]
s T B AAY A 4 AUSdE 2 BF AgLe B2 24 TFE g5 de
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& AHgHh YOLO SaelFe AR
g A% & glon BA 99 A2y
vd B5 3 dndor k@ 4

4 Qe S Sl A} Sldsh 0 BAS £ el ohl EA A

o1 2] ?—Qi’ﬂ%d YOLO(You Only Look Once) &
] FH mas 7]HPOE 514]-4 =
Bounding boxZ 7}-4 °

= A gl A Al
A 4 oo,

jg_>.:
ok

25)

Fig. 40 Object-distinguished image by YOLO algorithm
5.3.3 YOLO ZHX| & H (darknet ros)

ROS related parameters

You can change the names and other parameters of the publishers, subscribers and actions inside

darknet ros/config/ros.yaml .

Subscribed Topics

e /camera_reading ([sensor_msgs/Image])

The camera measurements,

Published Topics

® object_detector ([std_msgs:Int8])
Publishes the number of detected objects.
® bounding_boxes ([darknet_ros_msgs:BoundingBoxes])

Publishes an array of bounding boxes that gives information of the position and size of the bounding box in pixel

coordinates.

Fig. 41 ROS related parameters in darknet ros package'”

ROSOIA YOLO €ilg]&s &3 42 HolEE TAl8H7] $8A= darknet ros #7] A7} HQ3}rt
darknet ros 3 7] A= Depth camera®l Al Z&¥ AAZE o|u|X] & F4l(Subscribe)dtd A HE B4 = AR
5 T3l 9+ object detector EF I} EA Al izl EF 2@ AEE wil 2+ bounding boxes EY

d =

- 30 -



A FA bedt mRALAY] N

S W (Publish)dtel. &4 HA Axne 2AE AR AHAE A HxolH, o] A E Intel Realsense
SDK 4% #3835 E3| Depth Camerac] 7 @é=o] ek AAE o] &ate] Al 329 ¥ HuE

Fig. 42 ROS related parameters in darknet ros package

534 24 Fu 53
Depth cameradll 121¥ =A== 283 7F A3 = e 184S 5T of A g EA=2
o =4 A4S o= WHOE Intel Realsense Library©l box dimensioner multicams 283}
box_dimensioner_multicam+= 3D Scanning 7]5& &3l Zhwletdel AEE =4 FHl Zo] ARE
gto] B4 49g AR T 5 Ak ol Fig. 43% Zo] FUA Q] 7R, AR, Folo A
AE & & Ak

*

4

Fig. 43 ROS related parameters in darknet ros package

2R AR ¥ =4 =2 oled vuel 2AE Y] widel feld 2 EAe WA
(Upper Area= WidthxLength)o] et 7]Eo] gk utebr, &3 94 7beAds =ol7] 98 ey 3
A 7Fs A (11,953mm’) KT} A o 4‘1“401 Aodd A i EAE Y B, =AE
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7] 74l

=

R e L ERR R

R4

¢ (

HE g3 7hvlgl 37 (Base Frame)3-E| End effector”} Pivot #| %] ¥ Z}3L7|(Pivot Frame)7}A] 2
33 d (Homogeneous matrix)< 73 5 ot o5 AP Hol| X Base Frameo| tH3+ Pivot Frame$]

A2 HE & Base Frameo| theh st 32k 1A FHE(xy.z)E DAANFDOZHA 7} 3 W gk 2

[e) [e] S 2=
= =g 5 Ak

Table 13 D-H parameter of robot arm and coordinate transformation

Coordmate 1

Coordmate 2

Coordinate 0

A
-

Fig. 44 D-H parameter of robot arm

Fig. 45 Length of each part of robot arm

i @ a, | 0, d; L 100mm Yellow
L, 180mm Green
! -90° L O L, Ls 50mm Orange
2 900 L3 62 _ 900 0 L4 210mm Red
d; X Blue
3 -90° 0 0 Lyt ds H 110mm Violet
cosf, —sinf, 0 —L, sinf, costy, 0 L 1 0 0 0
L — L, +d
opo| O 0 1 Ly, 0 0 =10)an |00 1 Ltd
—sinf, —cosf, 0 0 —cosf, sinf, 0 0 0 —1 0 0
0 0 0 1 0 0 0 1 0 0 O 1
cosf;sinf,  —sinf,  cosf,cosf,  cosh,(cosby(L,+ds)+ L) — L,
>3 —sinf;sinf, —cosh;, —sinbcosb, —sinf, (cos, (L, +d;) + L,
0 0 0 1
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-
e

m

BA) A} bt 22

cosh, (cosb,(L,+dy)+ Ly) — L,
b 9P = sinf, (L, +d3)+ L,

-z

cosf, =

A7) 7k

x = cosf,(cosb,(L,+d;)+
y = sinf, (L, +d;) + L,

LB)_LI

x+ L

- cost, (L, +dy)+ L,

cost, (L, +d;)+ L

3
Ly W@+ L)+2— L,

L, +d, cost, =

6, = arctan(siné,, cosé,)
0, = arctan(siné,, cosb,)

v
)

" and
o y— 1L, _ y— Ly Vie+ L)+ 22—
sinf, = =
p p

dy = (@t L)+ —

End effector’} ZEZro] &ty WA 43 F4 AX=
grgE 7 5 ok oA, EA7F 22l 9] g9

AA A AARY 22 EolH)WE ¥ AR olEdok k.
XE 7o 2 Altd

Fig. 46 Calculation coordinates reflec
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A ARE we} AEH 07 o]Fd F glojof gttt Ed, £ T FA U EAE 2 FA
& wj7pA] A S| oF gtrt, o] & 4=a3}7] 93l ROS PackageQ! Move bases &3l A-&F3S Tt
54.1 Lidar 58 &9 =&
Lidares 22X HA7|7F &85 ARE e 9 EBr ojye, Fdss sk T AFEA
& . | A 22 AX|]7) Lidar®] Laser
AbgFe) ol wAl7E A oy e FAIF A7IA] REF Lidar

rr
X0l e
o,
2

5.4.2 Map

Fig. 479 9% A2 2D RP Lidar®} Hector SLAM & arglFo = AASE 238 3749 2D map©]th
QLEE AE AL AFEAE Fi 44 W19 49 BT FolERE 12435 Global maps X
=0 2EAH A7) wHF o] 175mmol 7] wiZol Inflation g o2 AHPAE FH ¥ 300mmE FolE=E
AASHA Pt Holm = AAE 92> A2 902 ZAET Global &= o] FeljER Q14w
FAH} FHAA il 27] AAFH Ex AHTA olvd F e ARE AT 2RALY] VE
o= AAFE SR ALY R A EE Local mapolTh ERAG A7) FAHSE g W] o7t 3mel A

a4 H =

Fig. 47 (a) 2D map, and (b) Local and Global Map

5.4.3 Initial position & Final position
Fig. 482 AIZ/doll M Z3el 7] 1A 2 w254 shdi)et 531 94 2 g9ty )
] 49

= =
2 AR mgolth o] F A A ARE Aed g RulEA gn EAARA & 5 e



A =AY 7hsd 2R A7) R

A7} FA7) eIt S 58 Local ARE Wb 92 2
- =3

s HFL 2R

Fig. 48 Set initial position and final position

544 AtEgFd ol

Fig 49% Fig 48014 243 27] 9404 A% 942 AeFd0 oEais H4e Bz 7
olthel A wabE ol Azh WA Moz FW APAEL Yeie AL Yehin 2Re z=a

Global PathE we} o] 3t}

Fig. 49 Autonomous driving process
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545 2% &5 Mo g
Move base 7] A|= 2%o] HAEZ utg} o5 A
A Emw)t ZHEEw)el o] F 7R &£moh A qiA AHE VWO ® Fig 503} Lo
o] 3 £x7F A4EY. o] k=
PWMS Ao amn 2Ho| Jg £z L% o]/ s}

_Zv—wl _2v+wl
Robot "7k TR
Arm . Atick
Uy Distance = 2mR

v : Robot Linear Velocity

w i Robot Angular Velocity

L : Distance between the wheels
R : Radius of Wheel

vyt Left Wheel velocity

v, : Right Wheel velocity

Atick : Delta Motor ticks

N : ticks for Revolution

Fig. 50 Relationship between body movement and wheel speed

5.4.6 PID MO
£ T 0.15m/s 2. 0.15m/s
2 0
0.5 1 15 2 15 3 s 4
015
g gims
01
- e N |
H o0s H L =
4r . # 15 D R
005 L] 0.5 1 15 2 15 3 S 03
A ZHy A1 ZH
—3% —ZEZ —— ZEZIANM% —gg —=ZEZ —— ZEZIN%
A A
Zb=1: 1.3rad/s Zb£ 1T 1.3rad/s
0.2 0.05
015
- 1.5 2 25 3 s 4
E 0.1
0.05
4ir
o
[ 0.5 1 15 2 25 3 s
-0.05 0.2
A ZHn Al 7ho
—3% —ZEZ —— ZEZIANK —g% —=EZ —IETINN
£ 5 :0.1ms, ZHE T 0.43rad/s £ 5 -0.1m/s, ZHE I 0.43rad/s
0.2 0.05
0.15 o
- Y e e 2 25 3 3is 4
R
H 0.05
4 =i
o
o 0.5 1 15 2 25 3 A5 4 45
-0.05 0.2
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—3% —3ZEZ — ZEZIAN% —2% —ZEZ —— ZEZIN0%

Fig. 51 Velocity response graph
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Table 14 PID gain

Left motor Right motor

Proportional gain 3.51 3.45

Integral gain 0.178 0.156

Derivativational gain 1.9 1.85
2R £eg S8 o O 2 ZEE Aofstr] 98 PID AlolE €&tk PID IV E FYS
o BE Subd el ARg gaAAN S5 dstd geb A&s wed 4 A S =BE

Lol A Q3w ot

Aol wAdell skl PID AlolE Tl U2 S HE9F HiE £EE yehd Jd == Fig 513
2ot Fig. 519 ad=Z52 247 2RAAVIY A S27F +005msY A5, SR +£1.3rad/s(=+
0.15m/s)d 45, A X7} £0.1m/s0]al s Aol 257 £043radis2A4] DA S27F £0.15m/sY A S
2 & o7kl Wa veEbar vk 9 2efze] 67bA Aol tiE o SvF HE S £0.15m/s
3 golAE FEAY A AT 26329 AL FAT & vk BF $H S5/} BE HEe)
: 222 AL &9 4 sk o]y PID Aloj= AE&Fd A &G

80%° 7MY A = A Ht
ek dg v

=t

547 ROS At&Fd Sl 2

rr
o,
o
%
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H

Move_Base %

|

=2 UM, W 3E
Joemd_vel

—
H// i

IHE 2H M5t 0ROl 2= B HM5t= 0RO
Jleft_motor Jright_motor

| |

x7| QK HE £% HEF &M % 2% HiF W
/initial_pose Jleft_ticks Jright_ticks

ik

v

Odometry 2% T MU Gjo] &
Jodom_data_quat Jimu_data

I |

:

EKF 2|X| Zt&
/robot_pose_ekf

Fig. 52 Autonomous driving data transfer relationship
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Fig. 53 Overall system configuration diagram
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@ A7 BUW e Q5 Qad mes 2| ekl AgsA AT Adeu AR B

A RS Wolg FH
FAL  fle A7 BAT "WFEA G 35 Local 425 wel =AE 3 1t
56 3|2 A&

56.1 A F2E

Encoder motor L Encoder motor R

= Stepper Motor

\
i
Depth Camera . :V
Battery (Robot arm) -
IMU Sensor
Wifi module
\
'
Servo Motor F
~ Angle EatteryFMoblle)
- Gripper
‘“\f,y
Wifi module

RP-Lidar

Jetso Nano (Robot arm) Jetso Nano (Autonomous driving)

Fig. 54 Circuit diagram of whole mechanism
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3@t Wi-Fi Dongles &3l 22 Wi-Fi dZ2%d dZ3Fa ~/bashrec] ROS_IP, ROS_ MASTER _URI
AL 53] F Jetson Nano AFololA] HolHE EAlg 4= A ot

Table 15 Setting environment variables for TCP communication

1P ~/.bashre
Jetson Nano for 172.20.10.2 export ROS_MASTER_URI=http://172.20.10.2:11311
vision and robot arm DA export ROS_1P=172.20.10.2
Jetson Nano for 172.20.10.4 export ROS_MASTER_URI=http://172.20.10.2:11311
autonomous driving DA export ROS_1P=172.20.10.4

RealSense WiFi Dongle RP Lidar Port WiF1 Dongle

D405 Camera

Jetson Nano
18650 X 6
UPS (T208)

Robot Arm Cooling Fan Left Motor Right Motor
Arduino Port Arduino Port Arduino Port

(a) (b)

Fig. 55 Port connection of (a) Jetson Nano for autonomous driving and (b) Jetson Nano for vision and robot
arm
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6. T AA

6.1 A HAH ME Test

6.1.1 Test =H]|

Initial position
and direction

Final position
and direction

(b) (c)

Fig. 56 (a) Whole body, (b) Inside of room, and (c¢) Mapping of room
Fig. 56 (a) <A A3 LS 7Ivtez Ad HF A AFolth A, 252 End effectors

Agsto] AzE st=dold 52 9 Ale] WAYUEES F3stE ol 23 Arduino®}t Jetson Nano #-2
5ol &z Q. shA|NE 2 Ao ¢ oF

L £ ZAA3 7] Qi E Fig. 56 (a)2] AA A|Eo]
T W EAE AR AAskaL A=A SRl o g

A A ZRARVY] BA 715 HHOE weolsth wEkA, 2 A9 HAE 4] e
" AA Aol AgFHetuA =AE AdsA A=A &AlEor dn. oS &Aelst] flsiA =
HAES AP 49 #4o] & o}ﬂoﬂ Fig. 56 (b)o} €& UlF 725 7K A9 #45 T3t
T, 2 AP 2R 17} 2ot Folghs MAE AAR AANNT] i d¥ &4E AE
TAL ¢ glofof k. whEhA, 74] Al Wl Lidarg 28 A1A Fig. 56 ()9 o] maps B4kl

6.1.2 Test Z 1}
A7 AFZ Fig. 56 (o)°l FAIE 27] f1AA Hx AATA AGAEH} FHAA F= A2E W
ZhA ol Feth ARE wet olEstd F 4 Wl <t EAZE YERbE 3D Scanning 75 o®E E A
o A HAHE olw FA 7V o:l%ﬂ—é ki), Flg. 57% By :LFJJH JJer ey qu—1(11,953mm)

TEeh= JJr’q HojFr} wh, Fig. 583} ZEL ]~ Eﬂ EZM Ud&o] A=
o Aol o] F& WFL BAAA FUALES AN 54 B FastA Ak,
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Fig. 58 Autonomous driving before detecting an object and results of checking the coordinates and volume of
the object

Fig. 59 Overall order of action
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Fig. 61 (a) Self-driving trash can robot using Deep learning, (b) A study on implementation of home
mess-cleanup robot, (c¢) Self-driving service robot using Deep learning, and (d) Self-driving home care
service robot using Deep learning
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