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Development of Atypical Parcels Detection
Algorithm Based on Deep Learning
Algorithm and Local Kernel Regression

Method

Jong Min Oh

Dept. of Mechanical Design Engineering

The Graduate School, Pukyong National University
Abstract

Recent trends in industrial robot development are automation for reducing labor
costs, working in dangerous environments, and increasing efficiency in repetitive
tasks. Specially, automation of the picking process to acquire parcels location
information in the online shopping mall logistics could not be achieved by lack of
skill in the detection of the parcels. In addition, the parcels at the online shopping
mall logistics center is sold by the piece and is various in sizes and shapes. Moreover,
the parcels are various in packaging forms such as unpacked forms, box packaging
forms and plastic packaging forms, etc. Therefore, a new detection algorithm to pick

these atypical parcels is positively necessary.
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The purposes of this thesis are firstly to develop an atypical parcel detection
algorithm based on a deep learning algorithm and a local kernel regression method
using Kinect camera and secondly to design a posture controller for the end-effector
of a 7-link manipulator to move the extracted the bounding box location of the parcel
with a desired velocity of its end effector. To do these tasks, the followings are done.
Firstly, the system used in this thesis consists of a 7-link manipulator for moving
end-effector to the atypical parcels and an image processing system for detecting
atypical parcels are used for this thesis. Secondly, a new detection algorithm for
detecting atypical parcels is proposed. The proposed detection algorithm consists of
4 steps: detecting central pixel of bounding box of atypical parcels using a deep
learning algorithm, obtaining 3D depth map of parcels using Kinect camera,
detecting the edge of a parcel surrounding the central pixel of the bounding box using
a local kernel regression method, and extracting central location of the bounding box.
Thirdly, forward kinematics modeling and Jacobian matrix of the 7-link manipulator
are described. Fourthly, moving the position of the end-effector to the extracted
bounding box location of the parcel and tracking angular velocity of the end effector
is controlled by a controller based on differential kinematics. Finally, experiment
results are shown to verify the validity of the proposed detection algorithm method

compared to Canny method and of the designed controllers results.

Keywords: parcel, deep learning algorithm, 3D point cloud, local
kernel regression method, 7-link manipulator, Kinect camera, differential

kinematics, controller.
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Fig. 2.1.1 7-link manipulator used for this thesis

Fig. 2.1.2 Link lengths of 7-link manipulator(mm)
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Table 2.1.1 Specification of 7-link manipulator

Items Specification
DOF(Degree of freedom) 7(all revolute)
Payload[kg] 7
Joint motion range[deg] Link 1: £175

Link2: £175

Link 3: £175

Link 4: £175

Link5: £175

Link 6: £175

Link 7: £175

Maximum joint velocity[deg/sec] Link 1,2,3: 160

Link 4,5,6,7: 180
Maximum tool speed[m/s] 1

Maximum reach[mm] 800
Repeatability[ 1 m] 50
Weight[kg] 28

2.1.2 o|u|x] Z2AY A|xH

2.1.2.1 o|m|A] Z2AY Al T4
Fig 2138 2 GHfolA] ARG ol aaby ALssle] P4 wold
ol ALY Assle] TAE ol ZRAS o] $I rlolaRATEA
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FE FlelKinecH@), 4231 T 300x480x300mm AHKCabinet)b)
Fele] 912 1A F= 565x 740 x 740mm ZFrame) O T3El0]

Fig. 2.1.3 Image processing system
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2.1.2.2 748} B A (Calibration)
Fhg R olmAE F5A], AL JHvgs BA AFHor
A gstth. WE(Pin-hole) 7zt =dol 7]EZ<l 7]a}8%

QA+ Fig. 2.1.49F 2t}

Cx
2D Image coordinate [mm] Xr
Image frame L e C 2D Computer
(sesor elements) d ) image coordinate [pixel]
(X4, ya) | Oimage 7
Xd, Y eI k
: "y Image center
el N ' ,
[(x. )‘ R Rotation matrix
) > Y=, Zcamera ~ YGamera T: Translation matrix
Z,=focal length f

Camera frame
3D Camera coordinate [ (o o

P = (l‘ke Y :k)

- 2

/ Feature point P

focus point

= (Iw‘ Y :w) X~ w
3D world coordinate
[mm
4" Ow

3D World space

Fig. 2.1.4 Pin-hole camera model

o714 (O, - X,Y,Z,) £ AAIFES] 3D 23%013L (Cpp = Xy Yeamera Zearera)

= 7hilete] Aol 7helet 3 Cpp 7F = 7helet 23EA|] 3D Fagolm,
z 52 @ot=(Optical axis)¥ A A etal 7hrle} HEHS 7h=70H
(Oinage = Kimage Yimage) = A olw =] 23z Ae) 2D 3 A7F =4,

image image ° image

(O - X.Y.) & 2D #A5FH oA HAxZA=E AHddE F+

®
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A elmA zEA AH 0, 7 e A% C, Akele) A S
Fhilet 2354de] f ghar ek By =Xy, Yo Zy) © FEALSHE
£ (Feature poin)F o]l o= 3D AAH(EHAT FA
7hllel #x == B =(X,Y,2) eItk #F% (x,Y,) = B, ¢l Hl
d=e A olwA HxolH, (x,.y,) = 533 B, oA
xolar, HxE (X, Y) E d= o sizoz Qs (x,Y,) s ok
A olm A FHgolth FHdE (X,,Y,) = °lHA ZERAYS F3
A F Y= AHFE W Aotk H¥ (c,c,) = AFY
HEeg o] ojux] FA4 RS YElH, olmA T4 A7}
AFE WEe ] Tl Aok zhAd g

A HEoA AFE wE olmx Hx=E HS Wsste
A vt o] 4vAR o Fojzlth

194
52 M3 (Homogenous transformation)& ARE3F 3D FEA 9
Py (X Yur Zy) & THh 7ol 3D HZAILL B (X, Yy ) & W&

=1 >~
gl

Xk rl I’2 r3 XW TX
X=|Ye|=|t & To| Yu|+|Ty|[=Rxu+T (21D
Zy 7 Tg TollZw] |T,
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o714 R & 3x3 3|43 H(Rotation matrix)e]xZ T = 3x1
H

Zl ¥E](Translational vector)o]t}.

Zhelet FHxel A Bl o= olm A HE (X,Y,) =Y WIS
get 2.
£ X
xu{xu}: - (2.1.2)
Yol | ¢ Y
Zy
34

A=ty f, 2 A= A As kK, i=1~-3 & AEsto] H

A= G HAFAA =8 G FE (X Y,) 2O HES

X
Xq :{ d } = fyx, = A+ mr? +ior* +icr®)x, (2.1.3)
Yd

A7A 1’ = Xj + y; olth, sh=¢] FH+ WA (Radial type)zt
38 (Tangential type) ¥ 7FA17}F Atk ©, WAlE 9= « 1t

2(2.1.3)¥} o] aregitt,
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1 232 (X, Y) oA HIFE olvA HE (X,,Y,)

2o Wae g g,

X¢ = { ] [ } (2.1.4)
¥ 0
Ne

by sd’lf—dld -d, (2.1.5)

fx

Q)X )7/ 4=(External parameters)

3D AA FzAA 3D sz HFFAR wWsslr] 93

M e mi AL 3

@ %, FA99 R vy
T 9% vpaselth Haad Re oo o] gowr).

COSVCOSW COSWSInVsSinu—sinwcosu  coSwSinvcosu +sinusinw

R =| sinwcosv coswcosu +sinwsinvsinu  sinwsinvcosu —coswsinu |(2.1.6)

-sinv cosvsinu cosvcosu
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= FA ZZHRoll angle)ol] &8k 3] o]a
vE Y F FYdA 3 xZHPitch angle)ol] 93k 3 Ao, w =
Z % T 27ZHYaw angle)ol] €3+ 3]d o]t}

Y& w7/l A =(Internal parameters)

7helet FEA ] 3DFHFA FAIFE o|n A FHEE WSSt
gg dANeE Uy wmsean. el 47de Uy
7} =5 o] o

f: 8 24 A=

N

Sy BEAAY 2AY 84

(Cx,Cy): olmx| FHAle] Aol thek el oln| A H3E

GML 7hdlg} ®A =Z=2a:S ALE3sle] RGB/IR 7
iR sEe] g@x7F et 10x10 F 59 30mm FAHE
ATy o] Fhdel wAe| AMEFEY. Fig. 2.1.5% bzt
BAS f&l A= uE Ak Wk wjAletar Fojgk A a5
2] RGB/IR ow|A] 242} 10784 o]t}
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a. RGB images

; e :
S '
:-:n:--
s LR )
Qe e

b. IR images
Fig. 2.1.5 RGB/IR image of the checkerboard

et 5ge AAF A Bg Y} 2ok

rr

& GML Camera C:%Bratuo%vb 4 r ) F "*“.‘-’ - == EoH|
File Object Detection Calibration Undistort Help

1] e ul@l | @ 222
Images ibration object | Results I Reproject ‘ Point Densltyl How To.. I
[¥] cap_col_0bmp
cap_col_1bmp
cap_col_2bmp
cap_col_3bmp

Ealibratioq

Image cap_col_3bmp

Fig. 2.1.6 Result of camera calibration
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b5 Table 2.1.22 7hvlel wp7iisEe] 7idg B Ay
#holth.

Table 2.1.2 Camera parameters

RGB camera IR camera

f 1039.2 574.6

f, 1034.2 579.6

C, 646.7 319.8

C, 502.3 239.2

@ 0.6750 0.6540
Resolution 1280x960 640x480

k, 0.235 0. M 7

k, -0.721 0.424

K, 0.723 F078a9

2.1.2.3 742} FFE A (Coordinate Frame)
Fig. 2.1.7% KinectZbH2ke] RGBo|H| X g Al A A A

EA} AEE A9 Sdxola, A A P o o

2 IR7MIE 54 Cp @ IROIWEl(Emitter) 541 Lg, Aol

NEA BURS B Z,,, Fel S
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z

camera

A

P, .(XO, Yo1Zp) Reference plane

P (X, Y, 2) Object plane

Camera Cordinate

camera L
camera EM

IR Sensor center B IR Emitter :enter/,,«""'

image
Y

image
i X image(/""

Image Cordinate

Fig. 2.1.7 Depth calculation of a pointk on an object

Fig. 217+ EAV} IRFMMSZEE Al Z, o A+ 71+H
el A Rool iA=L, B4 olvA Riel Aol IRz
olm Al Fgel AAH= AL Rz 71Ed do A R b
ZI9E Jhler 912 Booll Zh7bel(= o ")) oledt A5, R

ojulAe] A B A7 X,

image

oA SE olmAw o

oJgHrh BAl FW A A P s D 9 Aelel s
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}2}8 (Similarity

olmx W d oA EAX7} SAHHAC} w8
triangles) 258 t}&3 7+o] 24 9iu}
B %ok (2.1.7)
B Z,
4.5 (2.1.8)
f z
A714 z, = A BHAAdA B 9 zlolola, B = IR7MAIE
A IRej Y $A42 Agela, f & IR7MHEE] 23 Aot
2(2.1.7 A(2.1.8)& A&t z, & tEd ol ¥d& F
At
Zk—ka= ZZ" (2.1.9)
d 1+
f
o71M z,= ZhelEt B4 o3k Aot
g 92519 Fig. 2.1.79] el Zg e TN X e =2
U= BA SANAY s vt o] Foxith
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b, :arctan[xfpa] (2.1.10)

X

¢, =arctan (W]I‘—a (2.1.11)

y

A7 Xy T Y= JIHE olu A #E Q.o FAAA X,
F3 Ve 7O EA 9Aola, o & HAoA Holze Wil
Ao, £ £, Xy T Vi 91 IR7MAZS] 24

dojoltt. X, vy, & FAgo7] wiel, nEzoze 2

=4 AR X Ty, = H=3 2ol Aotk

X =z, tan o, (2.1.12)

Yk =z tang, (2.1.13)

2.2 AoA| 2"l A & A

o] AofA= wiyE oYY HFE& Aolstr] L8l Ao~
g FAAEE Fig. 2.2.13 Zo] Yepdith, AlJA =" G4
A Fig. 2.2.13%} Table 2.2.1¢} #o] 7|YE 7hu|g}(Kinect
camera)@, 3 2E "y AFE(Host Mini PC)®), oA A g

(Image processing) 9 43}E ©%] <darg]F(Parcel detection
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algorithm)©, Y& o]E(Manipulator)d, —1# 1. TCP/IPV4

@F olg# BANAY FAH,

fmmeemmmmnnn, Control L. iicececccccaa--
:Kmect Camera . Signal . @ = :
@ - —

:|2D RGB :Usﬁ: . .
m [mage E'Eost Mini Pc: :
-e-(a)-e- ' date === @
Control_gp 1 [/t commnintn]

Control Finish

Signal Signal

I y.2
coordinates

“Parcel Detection Algorithm

Deep learning algorithm -
Atypical parcel detection

3D Point Cloud - getting Driving Servo Motorl
X,V.Z coordinates  of
atypical parcel

Driving Servo Motor3

] Driving Servo Motord
Local kernel regression -

. L Driving Servo Motor5
edge detection for picking 8 i

Driving Servo Motord

Fig. 2.2.1 Schematic diagram of Control System
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Table 2.2.1 Control System Construction

@ 7|9 E b2} ® I2~E "1y Y
© | &3HE &H dugs | @ mj Y& o] H
® 2E =alo|H| ® TCP/IPV4 &4
® e BAHE

Fig. 2.2.1914 7z} AojgAe] +4 2 752 v 2

@ 719 E Fhdleh: B8 E AskEe] 2D o]mA|¢l RGB o] m A ¢}
3D °]"AQl Depth o|mAE #HPs USBEAS
o]-§3l] T2E WY HFE R HAF I

® IEES MY SAFE SEER T HFHT S
mUAFEQ ZotacAte]  ZBOX-QK7P3000&  AR&3it),
mUZAFE e 98-S TCP/IPV4 FAo®  wjyEdoly
TE Aol WHes HAdsH, JYME JHsE 24
oluj A HloJH & W59l § o|n A Hel& 3H= lolth

© &3% BX dauzls 23ES X5 dugFen gy

TME wEY HeYd dadlse EdE AAEE 23e

point cloud)& F&3le] 2D olH|X& 3D= WIA|7]aL,
A3tE ©HA] AANA HAS EYQE2 54 AL A H(ocal

Kernel Regression)& ©]&3to] 43tEo A& ©x]sta,
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a5 Arm Control

=N ECR =)

Port |

Idle

2 A
v @ O Get Current position Set position @4
Open A [ 3 ‘
Y[ B Y
Z | z 1
@ Move 4
[Fome O
test

S o
=

@

@

Fig. 2.2.2 Software of manipulator control

Fig. 2.2.2014 2] MESel tha) A% o},
Port: TCP/IPV4S] A4 &< AdA7E 7152
oach

Move: "etix]o] A E AFEA7} Yoh= HELIA
Home: ¥aix]o] 27| A2 o]l sA7]= 7]eS
Test: Y& olHE o]sHAZE vz HAIA &

e F 5 ot 715 9k

Exit: AREAZE ZR2IOMS TRt AS W, Tr



Fig. 2.2.3%} Table. 2.2.28 B Ao o|u|x] ZRZAHS

A8 AHEE UE Fhulke] A Aol

Fig. 2.2.3 Kinect camera

Table. 2.2.2 Specification of Kinect camera

RGB Pixel 640x 480
Depth pixel 640x 480
FPS(frame/second) 30fps
Minimum depth sensor range 800mm
Maximum depth sensor range 4000mm

Fig. 2.2.43} Table. 2.2.3%= & A GoA] ALE3 S AE 1|y

foi

HrE o AR Aol

Fig. 2.2.4 Host mini PC
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Table 2.2.3 Specification of host mini PC
Intel core i7-7700T

2xDDR4-2400/2133

Processer

System memory
SODIMM slots(up to 32GB)

Graphic engine NVIDIA Quadro P3000 6GB
Hard drive 1x2.5 SATA 6Gbps SSD slot
USB port 1xUSB 3.1 Type-C,
1xUSB 3.1, 2xUSB 3.0,
2xUSB 2.0

Fig. 2.2.5= "fY&Edolg AjE A ZE=zlojnet vy
FeolB st dZdste AlolEs A3 AFERA AREE HIAGAA

W Eo|t} Table. 2.2.4% RE =go|H 9] Ao},

3]
%]
H
-

Fig. 2.2.5 Motor driver, cable for connect manipulator, and emergency

stop button
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Table 2.2.4 Specification of motor driver

Interfaces EtherCAT, CAN, RS485/422,
USB, Ethernet
1I/0 16 pin GPIO
Size 355x355x230mm
Power 110~240 VAC, 50~60Hz
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A3%  9dd  LugzEd F2
AYIARE ol4F 23E ©A
SEEE

B2 A= gdeld a8 Deep Learning Algorithm)¥}
=2~ Ad3AHLocal kernel regression method)S ©]&3F
AstE €A dugESs 2T "HA AstE HAE S

deld gmelEe olfdle] S5e WA AT ggow i

y

3.1 983 ¢+

2o AFdAE deEd dagse dix s
YOLO(You Only Look Once) €igl&S A3t YOLO
dnEFE omA o] AAVIAe ZHx FdES o
A (single regression problem)2. & ZF3}o], o|u| X = 3k ¥
HE o2 B4 TR A (pixeDE F53h+= LargFolrh

YOLO ¢agl&2 v 22 W2joz s,
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3.1.1 3239 gA

oA =

-
T

HEL T

Al AT YOLO

-
T

g AFg3th YOLO W EY A

o]

olditl. YOLO

3

A=A FHE sl

o] || 4] 2 3 E]

T d=(end-to—end) WA o2 A A=}

0|/
Njm

k!

o

YOLO

A A7}

Bk

’

O]_O_Eﬂ

&9

EER

B 71¢] A AAHBounding box)2}

-
=

o A7

2}2}

o

score)E
71w B ¢ C

A <=(Confidence

RE [

o

o
olwf B*5+C 719

A A

LA

1
T

A EAL7}

—=
1o

flolr.

Ty
i

3

AERTE A

(3.1.1)

truth
pred

Pr(Object)* 10U

C, =

31



A714 C, &= dF ARt AA A Aol I0UE 9v]stal
Pr(Object) + &7} 2& FEola, wd EA7E EAI8HA
gom AFLE HEE 0*10U=0 oY, EA7} =S A=

Pr(Object) 7} 1l 779 AA A% "= 10U 7H3HAl o

* 2 Convolution®]aL, 10Us = 5 Z A=K pred )2k A A

A A truth )9] 10U (Intersection Over Union)o|tl. & 5

I AAA & o, v53 go] Fofxinh

cE

o

2 Yo T ZEE odad Ulo
|0U=7‘Mf Hol_wAHW P9 wel (3.1.2)
A4 Hol T FAT 49 wol

ZF BAEAE xywhet C 9 5714 842 FAE QT
(xy)= AR AAC g A dAe FAARE
ulgth whiz AS5E =Alet AA ojmxe F3 go]d

W& (E ol QAL o) Aol wAE. AA, 7 AFAE

N

Z75 class &E(conditional class probability) Poll o)A

%S Py AR SES UgI fo] elart
P — Pr(Class, | Object) = ~1C1SSAOBIEC) o ety 20 (3.1.3)
Pr(Object)
2715 class &5 2(8.1.3)2 =AY w o] EA7} Class; °l

sa gtgold AAE xdais AL ¥ A d)e
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Fig. 3.1.1& EA7} 9= 245 53 /fEZ e AA Al
geiA AFE AFE d53 Aol 2 AARE B*5+C 9
A71¢] vectorg ZHAW olwR HAE Y ZF2 A7]9

TensorE zr=t}.

Ts=SxSx(B*5+C) (3.1.4)

o714 C & Classy 7i5ola, B = B/ AAAA ZHzho)
3l x,y,wh et C 749 5719 MEES 7FAH, Fg 311914 &
$=7,B=2,C=20 gt= At&stalth

A, 2G.1.D3 43.1.3)a A&t tadt Zo] ZdH=
5% Class 21#% 4 (Class—specific confidence score)&

a3k o] ARk

C,, = Pr(Class, | Object) * Pr(object) * IOU "% = Pr(Class,)* 10U ™ (3.1.5)

pred pred
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S x S grid on input

Final detections

Class probability map

Fig. 3.1.1 Conditional class probabilities and individual box confidence

predictions.

3.1.2 VIEg)a A4

YOLO®] YIE$]= architecture™ GoogleNet for image
classification ®E2Z& 7[gke=x st} YOLO YESAY
/4 ¥ 5 (Convolutional layer)& ©|HAZHEH EX(feature)S
F=oty. gl ¢bd A5 (fully connected layer)e &9
S5 HRE =t YOLO UEYAE 24709 S35
2789l &

i
i
ol
10

2 FAHSUY. Fig. 3.1.2& YOLO

Y EY A architectures Ko =t}
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12

= A\ —
3 b

= KX
m " )

2

- — 7 7 7
3 192 256 52 1024 1024 1024 4096 )

Conv. Layer Conv.loyer ~ Conv.layers  Conv.layers  Conv.loyers  Conv.loyers  Conn.layer Conn. Layer
Tx7x64+2 Ix3x192 1x1x128 lxlx256}x4 1x1x512 ) Ix3x1024
Maxpool Layer ~ Maxpool layer ~ 3x3x256 Ix3x512 3x3x1024 3x3x1024

2242 2242 1x1x256 1x1x512 3x3x1024
3x3x512 3x3x1024  3x3x102452
Maxpool Layer  Maxpool Layer
2242 2242

Fig. 3.1.2 Architecture of YOLO network.

2o 2952 YOLO HES A ZAAE dyo|tt.

Detectio
Procedur
GoogleNet oR cR cR cR reR || f6 | |Resrape o =
modficaion - p 218 — =5 — [ —-@_.
(20 layers)
0
1ax14x1024 11024 14x14x1024 L e
(a) 091 1470¢0

44B44BR3

Tensor values interpretation

20- number of dlasses.

(d)

Y, 7
grid cell-~___

Fig. 3.1.3 Output of YOLO network.
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Fig. 3.1.32 YOLO UEHAS HF E"HEolth Fig
3.1.3(a)x= YOLO YWIEH =] #AgolaL, Fig. 3.1.3(b)= 7x7x30
Tensore] HF Z¥Eo]3, Fig. 3.1.3(0)% 3.1.148¢A
A giszo]l 98 o AE 7x7 9 AAANE Yir AL 9wt}
Fig. 3.1.3(A)% 7} AZARE= Bile AAAAES 7t 3 9=,
oF 5/Me] e dd AAAe A WA BAA e o
S3F 5709 g oA AAEAe digk ghelth 7 gk
x,y,w,h & C, & on|gte}. wpx=t 20709 7k 2070¢] Classel
s =15 class gEolth. AWHA FAEAY] AEE Haet

Zt 7Y class FES Fotd AWMA AAAIS] 5 Class

\ Inference
nput
mag

GoogLeNet CR CR CR
modification e oS —
(@0 layers) J

14x14x1024 14x14x1024 14x14x1024.

Tensor values interpretation

Total 7*7*2 = 98 bboxes

bbi 562 bb3 bbé 097 b698.

“grid cell (7, 7)

(@)

Fig. 3.1.4 Class-specific confidence scores of YOLO network.
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Fig. 3.1.4% YOLO WEH=a HF AxE T 59 C(Class
NPz e a#o|t}h Fig. 3.1.4(a)9F o] 21(3.1.5)9 72

K

Are 2 BAGA e disl skAl =i 9870e] S® Class
A= HAFE & 7 Utk o] 9879 5 Class A=
Aol sl Zb 2071¢] ClassE 7leste] Hl HYAAE st
Sx=All e Classo] AAZA AAE 243t

3.1.3 &A%

AdAE T AAl dAeke] 10U7F Mg w& BANAE
Predictor® A3 A, A e SHHel <l
AAZ Wl SRS, 2 A= EAVF EAa
1},

A% JE thes) o) Aelw),

b
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ZZl"“’[ —R)+ (Y - 9]

i=0 j=0

mzzrw-mm_m

i=0 j=0

+Zz ?(C,— -C)?

i=0 j=0

+ ]’noobj Z Zln%bj (CI - C’ii )2

i=0 j=0

Zl"*” > (p(©)- B (c))? (3.1.6)

ceclasses

7)1 12 BAZL EAHs AAA i 9] predictor AARA |

St 1ME BAZE EARA R A4 (9 AAYR

m{m

i duleta, 1= AV EAlste 2AA 0 & gt
des = HFE(X, y,Wh)el ik &4 OE &4 539 43S
g 7% sHetvlE(balancing parameter)e] i, 4., £ Y¥HAH O
2 oz & A7 Jde Axugs EAVE gle Aol
Borw ZA7F e AR gle ARt o
et Eloltt, 7] A2 7 WEEY dFie vt
21(3.1.6)¢] AWMA =& A7 EAst= 242 i 9 predictor
BAZA joll tiE x ok y o EAALeIH. F
EAs= AAA i 9 predictor AANA joll thd wel  he
EAAYo|th, 2 Aol diEiA = A2 A xHdeviation)S WF 3]

o e o = o
A% F, e oRUE 2 YR B

EH
mlo

L

Aa 1 A

AU oz [0Ud 98-S AA 5 L2l (sum-squared
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error)= Stk AWA 2 =A7F EAske AAA 00 9

predictor A2} jell theh Ag= Hage] &AL C =1

3.2 & AEIAHEE ol&F A AA

HA

3.2 M= w4 AL AHES oS3 33 439 2o

grrel  ZOE Fg9E=(point cloud)E FE3n F=d
XRJQEES o] &3t odx GAHS AAjgt o] WHES tSy
Fdgs )

3.2.1 339 ¥IE s

321484 = 33 EAE F&$=(3D point cloud)”7} ¢1H
714y HE ¥ (Neighborhood-based filtering) 7]%< A}F&-3}o]
FEHY R 7Nk Y WS HEHE HAaYe] asd 4

adbol A P WAL @ ARD 3 oL Aele) fAby

rd
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== (Similarity measure)S AFg£3}o] 3 Xl AdEHAHE A=
AAstr o9 W ECA 7lsd ukel Zol, FAMS

WA e EE g 91 o8 geld & Ak,

rlo
k)

AkA <l e = vy AEE Jod + Urh
1 o
If(x,y)zw—zi'jeﬂw(l,j) 1, j) (3.2.1)
p
W, :zmeﬂw(i, i) (3.2.2)

A7IA 1 (xy) © 34 (x,y) & FEHBE ouA|o]la, w, = At
3} Qlztolt) QE “AE9Ugtn Byle AxzE gdo) F4¢]
4 (x,y) e 1A "o, (L)) = dF A 3 A4 H3xo]
L, (xy) = dA A HHEolar, wi, )= ZEHE 2 A, j))
ZFsAol™, 16, j) = A, )) el e 2] Gl

F-eF HE (Bilateral filter)d 7Fox wi vy o] F3t
4 (spatial closeness) 49 we X Ao](intensity

difference) 2 w & AF&&to] AHojHAT).

r

w(, j) =w, (i, ) xw. (i, j) (3.2.3)

w, i, j)=e[—(i_x)2 + () _y)zj (3.2.4)
20;

w, (i, J) :e(—('(" ) 'Z(X'V”ZJ (3.2.5)
20,
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AZ1M (i, j) = TR (xy) o olxAelaL, 1G,)) = (xy) oA

AEE Y, o, B 02 7FAIQE $9(Gaussian function) ]

FZ=(time complexity)E &°|7] Ha FLEF
JE A 3A 9A(gray domain)9 7IEAE ¢ U2 M
a7 93 AB.2.6)8 ol 4R oAt ey ol gk

e "eE 2w T4 847 EZgE Aron Awh

S

Avow, EAE FHvee] Fad £4 3 dud §a

I

<)
o,
2,
X,
=
ni
i,
=

9,
o,
o,
o
(!
1o
i)
rx
o
f
rlr
1>
&
Do
=
i)
™
o,

r :{1|I(x, y)—I(i-, j-)|£3,l(x, y)#0 (3.2.6)
Oj1(x,y)—1G, )|>3,1(x,y) %0
-(p-q) e’(np’"q)2
w=w, xw, = f[d(p,q)]x g[c(n,.n,)] = (3.2.7)

2 2
20 20
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Aol el 54 A(HEE= AgelaL, c(n,n)=nxn, = 5 p <}

AgelAel WA #7% e

3.2.2 Canny 94X &XxH

194 & Z&: dA A= o|nA 9 Fgol g4 FFS
7] wio] 5x5 ZFAIRE HE(Gaussian filter)E A}-8-3to
olH Al S HAEAZY. 2(3.2.8)2 A7 (2k+1)x(2k+1) 2
7}9-A1¢F AE] # 9(Gaussian filter kernel)S YeFATH

H, = 1 2exp[(i—(k+1)2;(2j_(k-i-l)))zj;lgi,j£(2k+1) (3.2.8)
(o}

2o

2(3.2.9)= o=14 °]al 5x5 7}-AIQE HHE ARES dHE

ol A & Lhebdl A o]},
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2 4 5 4 2]
4 9 12 9 4
I, =—|5 12 15 12 5|*I (3.2.9)
4 9 12 9 4
12 4 5 4 2]

29tA] olu|x|9] Bx 7|&7] &7]: HE3H o]n|A = Sobel

AR 9 0 S wgen BeYHel $9 9E 6,2

X
ol 2= 2 ¥}Fsk oG o CTEEE A= =
= T 10 0o Gy—g/l 17:” T T = ctﬂ'. Gx Q‘ Gy =

AFg3te] ZF Aol g% 7187 A 7](Gradient magnitude) 2

71€7] W3k(Gradient direction)& the3} o] A& 4 9t}

Gradient magnitude = EAge, g =+/Cs +G; (3.2.10)

G
Gradient direction = Angle(d) = tan‘l(G—yJ (3.2.11)

X
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C B

2 @ >
Gradient Gradient
Direction Direction
edge edge

Fig. 3.1.3 Non-maximum Suppression

A AR A 9o gl A4 g A6 el 3 Bl

Ce 71&7] W&oltt. WA, H A= 3 Bek 3 CE A

2
By
o
By
i
I
il
i)
oX
r
ny
o
il
4o
:‘.JL_',

&
03

w

t—&

W

=2

2

o

N

o

i

— maxVal

minVal

Fig. 3.1.4 Hysteresis Thresholding
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A2 FhFEnh odA] Cx HdgtEo SEXRE olx] Ad)
dAHol gemw g Ce #Fa3 AR FHIL AA
AnE #A% QAR gFHL. A BE Hxgut Ex
AR Cet &Ld gl UAT, ‘FAZ dA o] AAFHA]
gkt mekA, dx Be #Hr|dn. 44 HdhEFxeol &nkE
Ang Qodw iz Aughe A8 sopa.
Fig, 3.1.56 Canny A BAH EEHEE =ASH
Step 1 Step 2
:nput Calculate Computing Gradient
o Horizontal (Gx) Magpitude (GJand
— and Vertical Orientation(sG) using
Gradients (G{,l gr;(ﬂgntg
Step 5 Step 4 Step 3
Edge Detected
image Hysteresis Computing Highand Non-Maximal
¢ Thresholding [ Lowthresholds [ Suppression

Fig. 3.1.4 Block diagram of Canny edge detector.
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rono
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FQE

&O

]

A4l
.%]_

2t
gAY 27

Canny 91X
At wEkA, Canny A
otk o] A

4387

N =]

N=] A=
AFNAE 22 AE3]AH(Local kernel regression method)<
Eilcia=y

o
2] 3]
_Zyi¢i(x)
X

A okt

)
)

3

=

o

R

A%
Y = f(Xi)+gi g}

Fa AU R A
[
o] &=
W G tol 0oL

XERd;
E:]‘_'
(@)

o] FolA 1
Aot 9

R i
A e
THoR

. 7] A}gko
°olaL, 4(x)= AYE ol
q xE

o pelA B

7)30

21(3.2.14)= Taylor
f(x) S <A

=] >~
EIEa
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f(x)=f(X)+(x —x)"Vf (X)-‘r%(xi —X)"Hf (X)(% —X) +-++ (3.2.14)

o] 714 Hf(x) = f(x) 2] Hessian®dS et} 2F4=(order) o
+ Taylor XdolA Algd F(term)old 1S W =2
A o] gty

o =0%1 A%, f(x)=f(x) ¢ 2@G.2.1h)e v 2o

f(x)=s,+a's +h's, (3.2.15)

A7IM 2 s, s, 8 E s=F(),s=vipg=| L .. L],
oX, OX, OXy

sf[_af(X)'}R“*d otk ij=lend 91 A a=(x-%),
OX;OX;

rr

b =vech((x, =X)(,=x)") ©1aL s,, s,, s, 247t &< #A|, 7]1L7]

2 f 9] Hessian©]th. vech(A) &= AeR™ 2] wtk WE 3 half-

vectorization)dhi= Zo]al 21(3.2.16) 0.2 A 2|3ty

VeCh(A) :[Ail’AZl'“"All’AZZ’AE:Z""’sz""'Aw—ln—l’ Awn—l' Am]T (3.2.16)
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(Moving least squrea) 3 Hl & o3 7Zo] A ostr}
J =min fy,s (X) =min " &6, (X) (3.2.17)

A7 ¢ = F7H xel 7t

Mo
o
i
fijo
%
oH
ol
N
do
:(u}‘:,‘
o
P~
N
N,
of\

ol i, Hasl T B Vs S ot
erTlinZ(yi —(s, +a's,+b's, +--)°4 (x) (3.2.18)

4(3.2.18)% o A3} U,

J =min(y - Xs)" g(y — Xs) (3.2.19)
y=[Y0 Yo Yol (3.2.20)
1 (q—x)"  vech((x —x)(x—x)")’

X = 1 (%,—x)" vech((x, = x)(%,—x)")" -

(3.2.21)
1 (%, =x)" vech((, =X)(%, ~x)")" -

s=[s,,s], S0, (3.2.22)
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#(x) 0 0

4= 0 ¢2(X) ° . (3.2.23)

0 0 ¢ )

0=0¢1 3¢ 2(3.2.18)2 v o] &4 5 Ut
J =mSiin(yi —5)2 g () =min) (v, -s,)’4(x)  (3.2.24)
2(3.2.24)¢) sl 7] thea) o] FojAth
) =5, =20 (x=%) ~5,)* ¢ (X) (3.2.25)
21(3.2.12)9F A(3.2.25) 2% H tad o] 4= & AUtk

Yi = f(xi):niT(X_Xi) (3.2.26)

o714 n = o 2ol AatstE Vleriz Aod" AEd x

o A ] Rdoltt.

for [Vf]=0 (3.2.27)

i f||

49



0=1,y,=0, Vf(x)=n=s <! B9 ve 72

rlo
1>
o
ne
o
-

min Z(yi —St aiTSi)¢| (X) =min Z(So + aiTVf (Xi))2¢| (x)

- rrljnZ(so +arn)’a(x) (3.2.28)

S| IV Q0l=1 5 0=191 A%, 5.5 & Thes ol B 4

2k,
S, =8 (X—C) (3.2.29)
(C—cc')s, =0 (3.2.30)
NGNS R L) (3.2.31)

- Y4 Y1)

kA, 21(3.2.3009 8 5 A (C-cd’) o LGFHE T

(C-cc™) ] WAl a3t
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;q]4xo} }\]}\E-ﬂ 1:11:-11 r;.( X1]0]7]
A7

Ao ALEE 79 9AE b iU EdolHE 75
TAHTEE 7RI mERs, iy EeolH e 93] H
Aolatr] $lske] . FolAe wUFdH Axwle ®

Stal, o] Bmelgo] 7w

|

S £ Alol7] AAS AR

4.1 N£E 2E

o

4.1.1 <=7)78(Forward Kinematics)
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End-effector Wrist joints

Shoulder

(a) (b)
(a) Solid model of the articulated (b) DOF of articulated
manipulator manipulator

Fig. 4.1.1 Manipulator proposed for this thesis
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Fig. 4112 2 A5 S3 Alke vy EeolEelu
(@l At ol AHJoint)Z AZE LA AAE°] Fojxrid,
717-gti el AAl(posture)i= (b)gh o] wdzbgel uheh AA
Ay, 23uo] 2o A RE WX (End effector)7H4] 058 HZE
7F AR nle] BAaE 7kl BRE nEeta Holas ¥4
002 ZFFHY BE AHELS 1A n7bA] M7t mjAZI.

Denavit-Hartenberg(D-H)&= 1955l 71" 7484 ®A
Ao st EE Fae] A A ax % A(Orthonomal coordi-
nate frames)E &33t= AAAHQA F71HS A|¢talt}. Fig. 4.1.2+
2R (x,),2)8 9% $ #EE5H FAY o xHEFH Alo]9
1 BAE A¥ete & AIES D-H mizfsrE Bodct. oy
FAFAFZAZE 3 dFHH AHFFFAZY] WS o

4x4 F2pFE g™ (Homogeneous transformation matrix) &
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Axis i
Axis i-1

Axis i+l

Fig. 4.1.2 Convention for D-H link parameter

-H WyelA, sAESdEdL 4719 7] W3 F
TG o] WS AU.1.DF o] 4718 D-H wi/) o
ofs wiZhWrstE 2709 W Xlo]F(Translation) ¥ gk} 271 €]
3] 7 (Rotation) ¥ gko] T,

o=

o

i-1
Hy = RotZl (6, )TransZl (d; )Transx1 (a )RotX1 (o)

_cos(ai) -sin(¢;) 0 0

[

0 0 01 O 0 & |1 O 0 0

sin(6) cos6) 0 0f[0 1 0 0[l0 1 0 00 cos(a) -sin(eg) O
) 0 0 1 0ff0 0 1 d|{0 0 1 d [|O sin(eg) cos(aj) O
L O 0 0 1JL0 0 O 10 0 0 1][o0 0 0 1
[cos(@) -sin(@;)cos(e;)  sin(@)a(6;) & cos(6;)
) sin(¢y)  cos(6)cos(ej)  —cos(d;)sin(e;) g cos(6;) 4.1.1)
0 sin(e;) cos(;) d,
0 0 0 1
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oA714 g = ¥WEZela, d & HIPols(Offset)elal, a =
gadololal, o = HEHZo|t & ATl viyEeelH =
sldybdnt ZEAa 7] wiwel #3E Ht 2 ddRs g 9
rerolth y A 378 vz 2 " Aol e dA s g

o % FHow sdaE x, 9 x Afole wAZelw, 93
5 d

) Ri—l ti—l
Hé’l{ o } (4.1.2)

A7IA AP d HTE JAPE R 9 W WE (Translation
vector)Ql t ol o3 Folxith.
D-H WA 3slddd R v z5% xF9 IHPHE=R

631—

BN
st

T ek el et A E e A4.1.9)3 A4 1.4)°]
debdinh 7 = F3A SANARARE(L,L)E UERE 3x1

e o] o},
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R'=R,x R, (4.1.3)

cos(#) -sin(@) O 1 0 0
R, =[sin(@) cos(@) 0| R =0 cos(ey) -sin(er)| (4.1.4)
0 0 1 0 sin(e;) cos(e;)

% %z, & aAdcr du Ay, wWUEdHE A%

FxAe 2 Denavit — Hartenberg 2718 T3t g

SR CIEEE REEE RO

Hado] a

0ol Fx T 7,9 wAAAAe FxE ge

Apolel mARAA  Qelel x & wWE AT Y

Qagaels d =

o

A 0,4 Ex 9 Fz, 0 wARAA

Ay
=5

2,8 w2 Awolth Fig. 4.1.39 @39 FEAE z, ol
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= d, z,o W d,+d,, z,o WE d;+dg, zg° & d,

& RAFAW 7,,2,,2. 0] W2 PIFP|F LS HolFA] Hala

m

Atk Ha HEH

5

a = x ol tg z, ok z Abol¢] Zhelt

i

Fig. 4.1.32% x. o digk z, ¢ z,AFo]ell —%(rad)ol AL, EL3H
Zrol Fx, ¢F F xgAbolel Ue& HolFa, x, o g 7,9 z,

Arolol L (radyel A3, EY

=

2ol % x, 9 & % Aol

Ne& HAFIA, F2,9 F 7,409 x, FHoAE oHd 4=
itk 3s HoEr

Fig. 4.1.3¢ £ @A A8 779 #4534 749 352
T8 wiyEd o8& ®oErh Denavit - Hartenberg 9] W2 o2
AR EAE AHolste] AeE Fig. 4.1.3°] AL&% vy & o]E 2

D-H ®j/] W= thg Table 13 Zo] FA¥Th

o7



Table 1. Denavit Hartenberg parameters of the proposed 7-link manipulator

Link angle Link twist Link offset Link length
R et | e | dmm) a, (mm)
1 6, —12 d, 0
2 0, wl?2 0 0
3 0, —l2 d,+d, 0
4 0, wl?2 0 0
5 O, 12 d; +d, 0
6 6, B/ 2 0 0
7 o, 0 d, 0
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> Shoulder

FARSYEE Hl = 2 gdol A(4.1.2)0 JeEhglE v

C,= ®7|staL, sin(@) & S 2 7|ttt Fapastalde] Ay
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Ry =C;S6(8,4(5,S, —C,C,C;) —C,C,S,)Cq (C5(C, (S,S,
—C,C,C;) +CS,8,) +55(C;S, +C.C.8.)) + 5, (S5 (C, (4.1.7)
(8,5, -C,C,Cy) +C;S,8,) - Cs(C;S, +C,C.Sy))

R,=C, (Ss (C4 (8183 - C1C2C3) + C5 (C3sl + C1C2C3)S7
(Se (54 (8183 o C1C2C3) - C1C482) + Cs (Cs (C4 (5183 (4.1.8)
_C1C2C3) + C15284) - Ss (C3sl + C1C283)))

R13 = _Ce (54 (8183 - C:1(-\’2(-\’3) - C1C482) - Se (Cs (C4 (8183 (4 1 9)
_C1C2C3) T C18284) N Ss (C3sl + Clczsa))
R21 = [C7 (Ss (84 (Cls3 + C2C381) + C45182) - Cs (Cs (C4 (Cls3 +
C,C;5)=5,5,5,) +S5(C.Cy —C;8,S: - S, (S5 (C,(CS; (4.1.10)
+C1C2C3) i C2C381) - S15284) i C5 (C1C3 o CZSISS))

Rzz 3 [87 (Ss (84 (C183 + C2C381) + C48182) i Ce (Cs (C4 (Cls3 +
C,C,S,)-S,S,5,) +S,(C,C, —-C,S;S;))]- S, (S;(C,(C.S; (4.1.11)
+C1C2C3) + C2C381) - S18284) i Cs (C1C3 - Czslsa))

Ry =C5(S,(CS; +C,C;8,) +C,S;S,) + S5 (Cs (C, (CS, (4.1.12)

+C2C351) - S15284) + S5 (C1C3 - C25183)) .

R, =C¢(C,S, -C,S,S,)-S:(C,S, +C.,C,S,)-S,S,S,) (4.1.13)
t, =(d, +d,)CsS, -d,(S,(5,S, -C,C,C,) -CC,S,) -

[d7 (Ce (84 (8183 - C1C2C3) - C1C482) - Se (Cs (C4 (5183 (4.1.14)
—C,C,C;) +C,S,5,) +S5(C;S, + C.C,C)))I
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t, =[d,(C4(S,(C,S; +C,C.S,) + S (Cs(C,(C;S, +C,C,S)
-5,5,5,) +S,(C,C, —C,S,S;))I(d; +d.)(S,(C,S; (4.1.15)
+C,C,S5))+C,S;S,)+(d, +d,)S;S,

t=(0 4 ,) + 0+ d)(C.C, ~CS,8) (& (S, (CCSs o
+C,C,S,) ~5,5555) ~ C5(C,C, ~C;8,8,)) +(d, +d,)C,

o714 d;,(d,+d,),(d, +d;) & (ds+d,) = BAH Pl Fo|t}. ]

He AN S 223 Folle E fHbge=RE TEAA 9
AA o} WFs ds + dH

b Z3A 7oA FAIE

=
(2
o3t
e
Lo
f
2
Z
o,
o
tlo
»
=5

A 0o FASY Bgw Lol £71FeA 0] Tal.

7 7
E}Hgﬁ} (4.1.17)

4.2 Alol7] AA

& AoM= e BAE TH vy EdelE e A E
T2 fal Ao7IE AR olHF wiyE o]y e Alo]7]

AAE 98] Jacobian BEo] thalA Awala, Tz 93
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Aol B &= dA

Aoy71E A A .
4.2.1 w"&7]F3H(Differential kinematics) ©]-&3F

ke
i
B

Y&l A7) A

Jacobian 3JE-& A (Global) FHFAANA Fo]x &

289 B

Jacobian J & o] F-o{ Xt}

ol F w74 9

o] Jacobian FHL> mxn APE 7HA &= AHo|H, 74 m

X 9 ¥7F 2olal n & #&AZY] Jhgolt}. Jacobian HHS
et gol &7)ste] WA A fER,
UAFx]) o] A HHE A7 sk

AR, gt g

(4.2.1)

X=[x y z p ¢ y]

Tk o] ffA|olal,

= A9 FHxEA sk
P21 2] Euelr 2 E©| T}

A7IA XY,z =
ooy A Aol g dd
[e)

=4, ¢4zt ¥y 0+ ta

o

o] A7
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6=[6, 6, 6, 6, 6, 6 6] eR™ (42.2)

A, th 7ol 24.22)9] =

o714 3, =oh, /x| o,

34 PN 92

dX =Jdo (4.2.3)

T O 2 Swd Y /)T

w, o] = LJ =36 (4.2.4)

oX OX
86, 86,
oY
00, 00,
oz 0z
a0, 06,
op op (4.2.5)
a0, 06,
Op Jp
20, 6
oy oy
80, 6,



o714 JeR®" = 6x7 Jacobian Ho|H, V=[)'(,y,Z']T‘:— A

T

it
Y
=]
)
2
=

& miyEdoly e wgA e HAEHE=WE o,

a)z[a)x,a)y,wz] = ag" #HAxpAN o viyE el <

Yo,
o=, |=|¢ (4.2.6)
4

Wy EeolH oA, HeEgA <

i

FAA N @A A

Apole] A @ A uE = e} ko] Ao,

e=X,—X 4.2.7)

AN Xg=[Xy Ya Z¢ Pu @4 wd]T—E Hjo] 2ol ot

kAl 2] o] W3z M E o] a1, Fig. 4.2.13 2}
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Fig. 4.2.1 Desired posture vector

(4.2.8)

oX - .
0=J0
00

X
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o714 J = g WE X o AR GPER A(4.2.5)2 FA

He) Bg 2ol YEd F Ut

X _ak(©)

= % =720 (4.2.9)

A4 k(0) = A (4.1.170A T3k =7]7-8k el aL, 41(4.2.8)¢]

T3 E Oey gk
e=X,—X (4.2.10)
21(4.2.8)2HE A(4.2.10)2 &3 2ol thA & F it

é=X,-J0 (4.2.11)

V(e) =%eT Ke>0 (4.2.12)
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V(e)=e'Ke=e"K(X,—-JO)=e"KX,—-e"KIJO (4.2.13)

Ao e s BdIdEEdE 2 Folsta, v ol

¢ >
ol
o
o

0=J"Ke+J"X, (4.2.14)

714 JT=(37I) T o2 J 9 oA} e (pseudo-inverse matrix)©] 3L,

o Jacobian 3PHo|t}.

2(4.2.13) H(4.2.1H)5 Hdsto] tda4= 725 ATh

V(e)=e" KX, —e"KI(JTKe-J*X,) (4.2.15)
=—e'KJJTKe<0
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2(4.212)% 24210258 73 2(4.2.15)9 o] V(e)<0

o]7] wj¥-ol Barbalat's lemma® € e(oo)—>03§ 2= 5},

Fig. 4.2.2%= Alot" A A|o]7])e] E2M %ot}

A4

= |
—_
[ <
N —
+

A 4

Manipulator

A 4
—
Ll
~—

—

Fig. 4.2.2 Block diagram of the proposed posture controller
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AP A2RE Argatel AAF A7l A FneFS

5.1 A|tE HAY A3E &1 duIF9

A2

Fig. 5.1.1 ¥ dAFolx A&H AlFd =g €& & Jd&
ZEl 1 F- A7 (Glove), A1 A (Softener), =417 (Softener),
H(Notebook), =B} (Stocking)®} ZFA(Tissue)d HAH

3% 6%olth. 4zt w4 gHy Yao] tarh

bk
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(e)Stocking () Tissue

Fig. 5.1.1 Various packaging forms of atypical parcels
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Fig. 5.1.2~Fig. 5.1.7¢] (a)+ Fig. 5.1.141 A&H 6359
HAY AstEEe dHed dagss of&3 AAA ©HA
Axet AhstE T

A del WA el yEAem midE e PAE

il
o,
>
e
i
_E
o,
K
b~
oy

= ®Wo] dzEA

87%~100%% w2 EAAIZF 0.2044%~0.2313%5 HoFH.
53] FAme] A 87%9 BAER e AstEE v
gAgo] oA = o= FAlv e HHe] gA = BAATE
e FA7E AR oA gheEte] 3ol wEprbA] K
A3} o]t} Fig. 5.1.2~Fig. 5.1.7¢] (b)& AUl 2 EAFAAZE
EA7 st& gE, AARAY g4 $AE BEAFr Table.

~
5.1.12 a3t= BX 9 2y=ss 42T Aotk

Table. 5.1.1 Results detected by deep learning algorithm of parcels

Parcels Detection Class Coordinates | Coordinates

time[sec] | probability[%] | of x [pixel] | ofy [pixel]
Glove 0.2243 100 4145 181.0
Softener 0.2204 100 301.0 197.5
Loofah 0.2214 87 369.0 130.5
Notebook 0.2313 100 333.0 350.0
Stocking 0.2094 97 337.0 334.0
Tissue 0.2044 99 170.5 200.5
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o 1

(a) Detected bounding box of glove (b) Results of the bounding box

Fig. 5.1.2 Results detected by deep learning algorithm of glove

(a) Detected bounding box of softener (b) Results of the bounding box

Fig. 5.1.3Results detected by deep learning algorithm of softener

73



(a) Detected bounding box of loofah (b) Results of the bounding box

Fig. 5.1.4 Results detected by deep learning algorithm of loofah

(a) Detected bounding box of notebook (b) Results of the bounding box

Fig. 5.1.5 Results detected by deep learning algorithm of notebook

74



- 0

(a) Detected bounding box of stocking (b) Results of the bounding box

Fig. 5.1.6 Results detected by deep learning algorithm of stocking

(a) Detected bounding box of tissue (b) Results of the bounding box

Fig. 5.1.7 Results detected by deep learning algorithm of tissue
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Fig. 5.1.8~Fig. 5.1.139] ()& A3 &9 2249 o|nAEo|a,
Fig. 5.1.8~Fig. 5.1.13¢ (b 4W&F ZHY #E o0,=33

o, =35 MAse] Ae 33 TAE FepSre] ofu Sl

w
24
o,
e

O1E o}t 9 ouAEER A I1E EAY HEHE

“

() 2D image of glove (b) 3D point cloud of glove

Fig. 5.1.8 2D image and 3D point cloud of glove
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(a) 2D image of softener (b) 3D point cloud of softener

Fig. 5.1.9 2D image and 3D point cloud of softener

() 2D image of loofah (b) 3D point cloud of loofah

Fig. 5.1.10 2D image and 3D point cloud of loofah
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() 2D image of notebook (b) 3D point cloud of notebook

Fig. 5.1.11 2D image and 3D point cloud of notebook

(a) 2D image of stocking (b) 3D point cloud of stocking

Fig. 5.1.12 2D image and 3D point cloud of stocking
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AL T AR SE S - T

(a) 2D image of tissue (b) 3D point cloud of tissue

Fig. 5.1.13 2D image and 3D point cloud of tissue

Fig. 5.1.14~Fig. 5.1.199] (@ o=14 2 A3}y Canny

AA FAH o' 23w SIAES AT Aoty A

A A 7L obd oxE EI X"ttt Fig. 5.1.14~Fig.
5.1.19b)= ¢ & 2(3.2.3)9 U dE=z dAste] AT
aAdI7|Her  dAE  g@xXe  Aiolth. IS
THAl A A 7= el 7] e, 3xe EQE

o QA AN £ A

H

JE=

a}

o

rly

o
(r

Ll
o,
i
2
£
i)
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(a) (b)

(a) Canny edge detection method (b) Local kernel regression method

Fig. 5.1.14 Edge detection of glove using Canny edge detection and
local kernel regression method

(a) (b)
(a) Canny edge detection method (b) Local kernel regression method
Fig. 5.1.15 Edge detection of softener using Canny edge detection and
local kernel regression method

80



(a) (b)
(a) Canny edge detection method (b) Local kernel regression method
Fig. 5.1.16 Edge detection of loofah using Canny edge detection and
local kernel regression method

(a) (b)

(a) Canny edge detection method (b) Local kernel regression method

Fig. 5.1.17 Edge detection of notebook using Canny edge detection and
local kernel regression method
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(a) (b)
(a) Canny edge detection method (b) Local kernel regression method
Fig. 5.1.18 Edge detection of stocking using Canny edge detection and
local kernel regression method

(a) (b)

(a) Canny edge detection method (b) Local kernel regression method

Fig. 5.1.19 Edge detection of tissue using Canny edge detection and
local kernel regression method
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e e dod LadEe ol8d AANA T4 Hu

(X Yp) 7 3D ERJE ZEpe=m 2 o] #3E (z) 5 BHT

N

oz g o] ERAA( X, Y, Z )°Ith Table 51.2+= 6%

23k X, Yoz S A% viiReER] A dor

g
ot

Al a, IR7MHERS] 23] f f, ¢} 2 fEes dE

y

i
R

Table 5.1.2 Parameters for calculation of X,,Y,,Z, of 6 parcels

object X Yin a [mm f, i Z,

[mm] | [mm] | /pixel] | [mm] | [mm] | [mm]

Glove 415.5 | 181.0 | 0.6540 | 574.6 | 579.6 | 732.4

Softener | 301.0 | 197.5 | 0.6540 | 574.6 | 579.6 | 725.6

Loofah | 369.0 | 130.5 | 0.6540 | 574.6 | 579.6 | 726.8

Notebook | 333.0 | 350.0 | 0.6540 | 574.6 | 579.6 | 727.2

Stocking | 377.0 | 334.0 | 0.6540 | 574.6 | 579.6 | 732.9

Tissue 170.5 | 200.5 | 0.6540 | 574.6 | 579.6 | 671.7

A7 %, y, & 640x480 HAe] F|NE Firgte] FA A
3 (320,240) & 7lFo 2 T Fholy] wiiEel zHz 3203 2408
wizkolth thee AES 4(2.1.1003 A(2.1.1D & Axe

b3 ¢y BE I
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415.5-320) x 0.6540
¢, = arctan (X:‘—aj =arctan ( ( - )GX j =0.1083[rad] (5.1.1)

X

181.0-240) x 0.0940
¢, =arctan (y']‘:—aJ =arctan (( =79 )GX j = -0.0665[rad] (5.1.2)

y

21(5.1.3)%  AG.1.4HE 221127 2(2.1.13)°] s
Akt Xy, #Eela, A(G.1.5)E ZI9E i 543
z, %ol .

X =z, tan ¢, = 732.4x tan(0.1083) = 79.631Imm] (5.1.3)

Yk =2 tan¢, =732.4xtan(-0.0665) =—48.777[mm]  (5.1.4)

2, =732.4mm] (5.1.5)

O 452 A4G.LDA 4(6.1.2)9%F A3 W

0, 7 O, akE oIt

>
lo
fr
L
£
2

¢, =arctan X% | arctan ( (301.0-320) x 0'6540j =-0.0216[rad] (5.1.6)
f 574.6
197.5-240) x 0.6540
¢, =arctan y::—a =arctan (( 575 )6X j =-0.0479[rad] (5.1.7)
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26.1.9)%  A(G.1.9= AG13)F HG1HE LT
wAom A X,y #Eell,  AG.LI0L  JIYE
Zhlgkel A 54 7, gholtt.

X =7, tan ¢, =725.6x tan(-0.0216) = -15.6754[mm]  (5.1.8)

Yi =2 tan ¢, = 725.6x tan(-0.0479) =~34.783mm]  (5.1.9)

2, =725.6[mm]  (5.1.10)

& b= 40 Ll wll(5u 2)01 il Baos

AR o2 ¢, Sl

¢, =arctan (X’;—a] =arctan ( €608 _:72;); 06540) =0.0557[rad] (5.1.11)

X

¢, =arctan [y';—a] = arctan ( 0% _52:3); 06540} =-0.1229[rad] (5.1.12)

y

21(5.1.13)%  AG.114d)E AG1.3)Y 2G4 s
Aoz A X,y #HESE, AG.115HE  JIE
i etell A SA gz ghelth.

X = Z) tan ¢, = 726.8xtan(0.0557) = 40.525[mm]  (5.1.13)

85



Yk = tan ¢, =726.8x tan(-0.1229) = -89.776[mm]  (5.1.14)

2, =726.8[mm] (5.1.15)

g AEe AGLDF G128 BdE oz

i

¢, =arctan (X';—a] = arctan ( pued _5725); 06540) =0.0148[rad] (5.1.11)

X

350 —240) x 0.6540
¢, = arctan [WF_QJ = arctan (( 579); j =0.1235[rad] (5.1.12)

y

21(5.1.13)7 A(5.1.14)= AG.1.3)7 AG.1.4)g 93

taez AR X,y #Eoli, A6G.115=  JYE

X =7y tan ¢, = 727.2xtan(0.0148) =10.7633[mm]  (5.1.13)
Yk =7y tan oy =727.2xtan(0.1235) =90.269[mm]  (5.1.14)

7, =727.2[mm]  (5.1.15)
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e A5 AG.1.DY 265G.1.2)¢8 a3 Ao wm ALk

Ox 7 by abEolIE

X a} ((377.0 —320)x0.6540
=arctan

¢, =arctan| ——
574.6

f j =0.0648[rad] (5.1.16)

579.6

y

¢, =arctan [y?—a] =arctan [ (331~ 240)~ 0'6540) =0.1057[rad] (5.1.17)

21(5.1.18)%  A(5.1.199= 2(.1.3)%  AG.1.4)9 sd
W2 O B FAL ST MK N =°laL,  A(.1.200=

Fheiltel A SA% z, gholtt.

N
i)
[

X, =27, tan ¢, = 732.9x tan(0.0648) = 47.559[mm]  (5.1.18)
Yk =7 tan¢, =732.9xtan(0.1057) = 77.757[mm]  (5.1.19)

7, =732.9mm]  (5.1.20)

gee A5 AGLDY AG12% FAd wHow

AR G, 34 b, wEele,
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f 574.6

X

¢, = arctan ( Xma} = arctan ( (170.5-320) x 0'6540) =-0.1685[rad] (5.1.21)

200.5-24 .654
¢, =arctan {Y’F—QJ = arctan(( 005 57;)); 065 0] =-0.0445[rad] (5.1.22)

y

2(5.1.23)%  A(.1.24)=  A(G.1.3)% A6G.1.49 LT

aow  AAE x,y, #Eelx, 2(G.125)E  J49E

e}
Fhe| gkl A S8z, gkolth.

X, = Z, tan ¢, = 671.7 x tan(~0.1685) = —114.265[mm]  (5.1.23)

Y =2 tan¢, = 671.7xtan(-0.0445) = -29.910[mm]  (5.1.24)

z, =671.7[mm]  (5.1.25)

o\

| 2oz 6

i
o

Table 5.1.3& AotsE A23&E gxdag]Zd 9

225 0,,0,,%, Yoz o ALAT oI,
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Table 5.1.3 Results of ¢, , (I)y , %y Yi» Z, of 6 parcels obtained

using the proposed parcel detecting algorithm

d)x (I)y Xy Yi Z,
Object

[rad] [rad] [mm] [mm] [mm]

Glove 0.1083 | -0.0665 | 79.631 | -48.777 | 732.4

Softener | -0.0216 | -0.0479 | -15.675 | -34.783 | 725.6

Loofah 0.0557 | -0.1229 | 40.525 | =89.776 | 726.8

Notebook | 0.0148 | 0.1235 10.763 | 90.269 727.2

Stocking 0.0648 0.1057 45.559 77.757 732.9

Tissue -0.1685 | -0.0445 | -114.26 | -29.91 671.7

5.2 Wiy E# el 4943

AgE Aor1el FaERAS HTd7 HE WU EdHCIH=

ot

A58 s}, Table 5.2.12 2SS {3 vi/WSE2] ghola,
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Table 5.2.1 Parameters used for experiment

Parameters Values Unit
l, 221 mm
I 195 mm
l5 450 mm
I 190 mm
I 350 mm
I 138 mm
I, 228 mm
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Table 5.2.2 Initial values used for experiment

Parameters Values Unit
0, 0 deg
0, 0 deg
0, 0 deg
0,4 0 deg
05 0 deg
O 0 deg
0, 0 deg
X 0 mm
y 0 mm
Z 1325 mm
P 0 deg
0 0 deg
y 0 deg

Fig. 5.2.1& iy &Iyt 7|9E Jhee} Ape]e] Aot}

WU Eeoleel webgA el HEA (x,y,2) 9 ol83ke] U=
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Fheletel BEA (X, Y,.z) E 27 Wi, o] AYEL o] &

ato]l HEL (X, Ye.2) = BABFF ot

Fig. 5.2.2 Distance between manipulator and Kinect camera

X, 2 X 9 SAAG Fola Bl Baglal, y, 700[mm]
gojz Qloerm=z  y =y, -700 °]i, z,&= JIYE it
Hlol2®= 58 750[mm] "ojA Jlermw 7z, =750-z °|t}.

Table 5.2.32% 6&#2 WAY 23259 (X,Y.z2)S
(X,,Y,,2) &2 BAT ghEolt},

Table 5.2.4% 63%F9 HAY AsEE9 HIAAMYH
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Table 5.2.3 Calibration results from (X,,Y,,z.) to (X;,Yy,2)

Object Xk Yk Z X4 Y Z
Glove 79.6 -48.8 732.4 79.6 -748.8 17.6
Softener | -15.7 -34.8 725.6 | —-15.7 | -734.8 24.4
Loofah 40.5 -87.8 726.8 40.5 -787.8 23.2
Notebook | 10.8 90.3 727.2 10.8 -609.7 22.8
Stocking 47.6 77.8 732.9 47.6 -622.2 17.1
Tissue -114.3 | -29.9 | 671.7 | -114.3 | -814.8 | 78.3

Table 5.2.4 Desired postual vector of [X,, Y,z 04, @41

Object Xy Ya Z4 P 2 Vi
Glove 79.6 -748.8 17.6 162.3 16.7 154.2
Softener | -15.7 | -734.8 244 163.7 29.4 154.6
Loofah 40.5 -787.8 23.2 162.1 5.7 17.9
Notebook 10.8 -609.7 22.8 154.7 18.7 144.3
Stocking 47.6 -622.2 17.1 169.8 18.2 172.1
Tissue -114.3 | -814.8 | 78.3 148.7 27.7 133.4
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Fig. 5.2.3~Fig. 5.2.82 H|AE A3tE 6F d& vjyE

dolgel wegAe] ANAMNE [xy.zpoul T HEIAA

ZRAEYE [X,, Yyr2g: 00,05 0] = Ol 5AIZ] A A 3ol

——— NS

— i e

Fig. 5.2.3 Experimental result of moving position of end effector to

reference position for glove

Fig. 5.2.4 Experimental result of moving position of end effector to
reference position for softener

94



Fig. 5.2.5 Experimental result of moving position of end effector to
reference position for loofah

Fig. 5.2.6 Experimental result of moving position of end effector to

reference position for notebook
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Fig. 5.2.7 Experimental result of moving position of end effector to

reference position for stocking

Fig. 5.2.8 Experimental result of moving position of end effector to

reference position for tissue
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Table 5.2.5 Rotational angle vector[degree] of links as control input vector

Items | Glove | Softener | Loofah | Notebook | Stocking | Tissue
6 7.5 4.4 6.7 10.3 11.2 6.7
0, -94.7 -92.6 -88.7 -88.1 -91.1 -82.1
0, -4.1 -4.3 -4.2 -10.2 -3.4 -4.3
0, 54.4 -42.1 -72.9 -50.2 -46.6 -49.6
0, 34.6 24.8 ==l=8 42.1 19.4 41.1
s -15.2 10.3 =42 =20. 1 -19.7 -7.9
o, 0 0 0 0 0 0

90 —— -

l.l\"" X
L | T LY V|
| S /z ---------------------- Z

1 7 =136 ___“ L12.1.796) /'X

o =

(12.1,17.8)

12.1,-748.8)

L gesc)

(a) Position vector of the end effector
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(c) Angular velocity vector[dregee/s] of links as control input vector
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(d) Rotational angle vector[degree] of links as control input vector
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(e) Error vector of links as control input vector

Fig. 5.2.9 Experimental results of glove
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error value

Graph of error
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(c) Angular velocity vector[dregee/s] of links as control input vector
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Fig. 5.2.11 Experimental results of loofah
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Graph of error
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Fig. 5.2.12 Experimental results of notebook
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(e) Error vector of links as control input vector

Fig. 5.2.13 Experimental results of stocking
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Fig. 5.2.14 Experimental results of tissue
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