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# # 5870118021 : MAJOR COMPUTER ENGINEERING
KEYWORD: Robot Grasping, three-Finger Grasping, Grasp Planning, Grasp
Approach Direction, Grasping Plane
Kirati Poonwattanachai : COMPUTATION OF 3D THREE-
FINGER GRASPING PLANE. Advisor: Asst. Prof. Attawith Sudsang, Ph.D.

Empowering a robot with ability to grasp has been a long dream in
robotics. Despite serious research effort over many decades, even the most
advanced robots still struggle in the area of grasping. The main challenge is how to
deal with errors and uncertainty. In grasp planning, traditional methods such as ICR
and caging deal with the uncertainty problem at the contact level and suffer the
poor performances. This thesis explores a more global outlook by aiming at finding
a promising grasping plane (instead of individual points) to place the three contact
points. The thesis presents a heuristic method to find a plane through the object
to place the three finger contact. The input of the method is the input mesh
model of the object. Physical experiment is also presented to show the

effectiveness of the method.
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Algorithm 1 Score of each Grasping plane

1: Input: Grasped object mesh model

2: Output: Grasp score array C

3: Let S be the set of contact normals sampled uniformly
from the object surface.

4: Let G be the set of plane orientations each of which is
represented by the plane normal vector.

s: for each GG; in GG do

for each S; in S do

7: Increase C|i] if the angle between S; and G; is in
the interval [7/2 — 0, 7/2 + 6.
8: end for

o

if C|i| < 3 then set C|i| to zero
10:

JUT 8 guanasiaiieuduneun I TINIuYesIsnIsmsuIun sEUIULUUF R IUAgUENa 19190
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4.1.1. KIT Object Database
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4.1.2. Kinect2 for Xbox one

Kinect2 Wugunsalnsaaia (Sensor) flanunsadienm RGB warlsideuyanimanues
A depth image ¢ 1fugUnsalfleanuuunlsiuiedosduinu Xbox one Lilgltlunnssu
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LURLLAS

Y o

TuudTedlauIAIUaIN150VDINITBIUAT AUANVDININUNITIU TaenTSTHINU
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4.1.3. LIuuEUA (Katana Robotic Arm)
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AnANUR Katana 6M180
1OWMBS LOMBINTYRANTING BUFIBUINTIAAMALILUUATNBA
ALUEN Rawanaluiiv 0.1 Jaduns
AFIFIU 188 dadiuns
DIADESY 5 %39 6 (MUNUIUNBLADS)
SAinN19Yinu 60 WURLUNT
¥a0) Anodized Aluminum
T p—

DRG] 4.1 Alansy
UMLNUTIVN 500 N3y

PRI 12 Than 3.5 wouwds
as -4 al (=3 =
NS5 18y 90 IANFDIUN

MIINT 1 91T NAaaUTAYeIUES Katana U 6M180
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4.1.4. fefunuvain (Three-Finger Gripper)

Wy katana tugiuiloduvesviueus (Gripper) ﬁ?ugaaaaqumvﬁmwuaaqﬁa R
iddeidatuluiinmiuiuTnquuuanis fdufiteasinadnuasdiofuressiusus
sl funuvannia lneguuvuiafideuldvinisesntuuuagiinisaiet uniosiae
\A30sfiuNaUNA (3D Printer)

Tudnvesdoreduiinnuesuuy visdinvewemostundousiedu (Grpper) ¥au

¥ & £ = ca a A v =) @A
AIYUBDLADILNYIAILAYY LLAZUBDLABDINNANINAITAYU ATULUILNY Z UBNHUBIYU NIDNAD

Y v
Y

a 1 A LY Ya o = 14 v a 6§ o v = a
NANNWIDBNINNUBIU E‘\Jl'J"i]EJ"iNbLéﬂ,“UViﬁﬂﬂ'ﬁ“UENLﬂEl'iG]’JVUE]u (Worm Gear) {419UAaDUUIN

A o 44' = 2 & [ o | % 9
auveeiindu launisindeunvesiivanuidunuuinfeunlundeuiy

JUIT 15 sUuansuvvsideduuvuaiuia faglusunsy Autodesk 3dsmax



21

(%

Tudruvesiioduivinduunluddugnesnuwuuneluswnsy Autodesk 3dsmax taeli

Y
v 2/

L Y o = - a ! a6 g [ a o @ o
vieanuviyuasn 120 eerdeny Judiuvenieivusutduluyaiesdnsaguinainlane
) Y y X v .:4' a '3 aa . a a L

wardIuveslloduadntualginIeafiuiaruia (3D Printer) lngiaIaaiiusildae
FLASHFORGE NEW Creator Pro Dual Extrusion 3ul 2017 uniinglagldiannanain PLA
(Polylactic acid) Tgtianfinniviavun 10 Faluslneussanu

drulasegruresiodu lvinisiasuianainnisiiud PLA aaglesesiuiauiinly
Jueglllenainnisdwin iesmndudiuilaanmsiiniduliausnusonsidnveenas

Wialdausaiialuszezina1niald 39 ARnNISLANTFNYDTUAIUAULUITUYDINITAUN

U 16 guuans (a) lasegiuimin (b) lassgrudiiusienlnal (c) lnsegruegiides

Uaneilaveadiodu v1a1ndanena (Silicone rubber) lne3delavinnsvasenadunss
NAY INWUUNABNYINAIELASDINUNAILNR LiewunldnUa1etvesiiedu

Mmunsinauiiel yedudaszninsarsiiadiuiuiaingiluge wasfildTanenuiioiiuus

eanusenitaneily AuiuRIng

Uil 17 guuanadmaedalau dmsuvargi MhainiesesiunaIuis
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4.1.5. \n3esianiawiid (3D Printer)
\30471l4Re FLASHFORGE New Creator Pro Dual Extrusion ul 2017 usiinglag

Td3annanadin (Polylactic acid) lnsgunuuithunldfuiiienaaesduguuuuieaiuiu

(% o aad i a

NENNTVINUVBLATDINUNAUNRAD VasuazaIELEUNANERNATINUNLAWINI5IL DY 2

Y A o

1% 1evulunuafadutu q audulueu 3 97 Jefvesnishnumeniessiuiauinne
2 4 ¥

$18 Tl Yaguatafiniuudauss Anuwiug) winfiveidefis stugUuawineIn
nsfuigeurudutu gvilianuaiunsalunissuussduiianisdainiutuinndtosnia
firn19au Jaresszdnsyisluniseeniuuingasyinnisiun
Ly ] N A eay v v a o § v
waireAudglunsiiud natlunisiuinldunnuazdunuingauisiagn vivly

anusaRuRTuUTIITunlavises 9 saludefiedrunnvesnisldniosiuiauiia

JUTT 18 uuand (a) in5esuviaiuds (b) faeeadusruaininTesiiun

4.2. N1INAADY

Tuduresnmsvaaesiargnuisesniduaesdin druusnAensmasesndoyating
3slsa1nn3maluanan Kit object database awnuingieiniosalwosaunuavaziden
guileliiuisdnuazosnszuiunsitmszuummbudu uazdiuiiaesienisaunuing
$e Kinect v2 SsaglsienuasiBanazusludiiitosndn mufenisaunuingieistaslals
doyaiiveruiiiafosnisuansdaussdnsameestunouldsrurunmbuiuiiaiunse
nunusedeyatniuvuneuld iedrassaniunisailulansds Adeanisnseuiunisi

< & Y] A ¢ ¢
PRIZINPR LLWLG]@JI‘U@'JUﬂ'ﬂllﬂa']@Lﬂa@um@ﬂ@ﬂﬂimlﬂiuw@ﬁ
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4.2.1. MInAaesaIndayaiidnn Kit object database

nsneResTavATILULABNR AR SRz ATmiaUszanananans (CPU) Ju Intel®
Core™ i7-3770 A31UL57 3.40 Ghz wazdnileadug1man (RAM) vu1n 32GB laeld
s2uuUATAN1S Ubuntu 14.04 anilaenssu 64 9 uszuu Virtual machine 8% Oracle
VM VirtualBox #sldaruuuszuud g Microsoft Window 10 Waunsalududgnideu
P89 Python wagld The Visualization Toolkit Library Tunisuaninaauiin
Tuduianidumavnasmszuumsmdudu (Grasping plane) dmadnsazgmitauslugy

VOIVITINANVDITTUIUNTUEUTU (Grasping sphere) FTLRLIATN 9 VUNURINTINANLAAIDY

o w Y =

normal vector U99LAaLITUIUNITREUIU IﬂEJI%“ZTE]%@UWHHL%U%@%&’MQVI download 11

q

v A

14l 8 glinaa8iuAe CokePlasticSmallGrasp, Dog,

'
2 =

310 KIT object database 91

q

Fish, CatLying, Dwarf, Heart, LetterP wag Cube %QL"ﬁui’mqﬁagTummwyj%aq grasping Tu
KIT object database TnefimnaiaziBonoeiiuszua 800 face sio 1 g

1 a o v I . L= VY o Id o ]
Poyantunly aveglugiuuuves file winana obj Felvdeyavesingidu dumis

[
=

fifla x y z vuiuRavesing uay id vewsazgaiiusznauiuduusas 1 facet lun1sieszi

£ Cs

manBuduingueaiusudilaeluiulinldgagudnansves facet lugndudaszninaiuaud

9 Y

(% '
[y

Audng warldaniaineainiu facet 4y 4 UnufAN1NLIUEUAAINN1T00DNLTIND
Hadudatng oo dwndatiy 9 ba wanisvisuuiuegdwalinisinsgrissuunsvguiu

Tonaldd wsizaunnvee facet Tuwsazsuiuvuialimvinnu ¥ lrdns1d1uANuPUILLUYa

[ '
o/ LY A ] Y

! a A 1a | a A v S § vaa .
dudasenuniITngivTutaling eowddyn1i3aldisn1sves Blue noise property
[29] witeas193aiinszaeManedl (Uniform sampling) Uy Poisson distribution lngni1sa$ns
n13nsrareilanansariilanielusunsy MeshLab Tuwiy Filter -> Sampling -> Poisson-

disk Sampling Taaazuau sampling Farl3 800 ﬁ’ﬂ'gﬂﬁ 19

Poisson-disk Sampling nl

Create & new Byer poowaied with 2 pant samolng of the curren
mesh;:sampoles are generated according fo 8 Poisson-disk
distrbubion. using the algorthm desoibed in:

Efficient and Flexible Sampling with Blue Noise Properties

of Triangular Meshes'
Massimiiano Corsing, Paolo Cignon, Roberfo Scopigno
JEEE TVEG 2012
Mumber of samples |SDD| |
world wt perc ol .. 200.595)
Explicit Radius {abs and %%) = =
| 0.0000 5] | 0.000 | %]

MonterCarlo OverSampling |2|:I |

gUVd}' 19 suuanvaIm5dines Poisson-disk Sampling



5‘1/17' 20 3Uuans (a) Poisson-disk Sampling (b) newlt Poisson-disk Sampling ¥@4

CokePlasticSmallGrasp

3“1/‘17/ 21 guuans (a) Poisson-disk Sampling (b) noule Poisson-disk Sampling ¥e4 LetterP
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FruruszuuiithuldmszurunsmBudu gl 8000 szunU (WUAYes array C lu
safionguil 8 Insduruszuruazdmadioninuazidenveununiaiiuiounsnay
(Heatmap Grasping sphere) 4a¥AMLTIUNITAIUIN AZLUUVDILABLTTUIUNTITUEUTY
214 Tnsandudsrdvdusadonamunmieazgnisanil 50 o9 gausazgAvauHUnTAIL
FounsINauLand normal vector YB4UARYILUIUNTNEUIU Uazduansienziuuaiusiag

a = Aa 8% a = av o
33u’]UI@EJﬁLL@Q‘V13J']EJﬂQﬂ%LL‘U‘U‘V]WLLagauqL\TUMN']EJ?I\W’\ISLLUUV]‘lﬂJW

JUTT 22 JUuanaununin11uiounsinay ved CokePlasticSmallGrasp



JUIT 23 sUuansunupiinatuseunsinay ves Dog

U 24 gUuansunugiinaiuseunsinau ved Fish
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Uil 25 sUuansunupiiniuseunsinay ves Catlying

JUIT 26 gUuansunugiinaiuseunsinay ves Heart

27



U 27 gUuansunugiinaiuseunsinay ves Dwarf

U 28 suuansunugiinusounsinau ves LetterP
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JU7T 29 sUuansunupindmusounsinay ved Cube

Sofansanainwadnéile

CokePlasticSmallGrasp ﬁszuwﬁﬁﬂgLLuuqaagﬁU%LamﬁmLLmmwuaasm 38
Favnsvosszunuluiuuy wasduans 39910 erasping sphere ﬁlﬁuuzﬁﬂﬁﬁavjuwﬁw@u
FrgainfieniesfiuuuresnInnarandiuasesn deaglileniadisalunisBuinguin
ludiemedu 9

Dog Hszunuiifiazuuuiifisziunatsnszaneeginly uAsssuazuuuiindlgjazer

PANAIUUY LATATUAN

i & v

Fish fisguuNTAzuUUNARENAANIAIUNTY WaeNn19A1UraY (d1unn9) Tufianig
ANUVULALAIUANTBIUAN UL AL ULALDY 1BI91N1UaNIaNwE 818 UBDNUIAING?

Janilrnisnethluidumuanslanvinlaenn

e a 14

Catlying #5zUNUNNAZLUUNADYNNANIIAUT 1Y WaTAIUTINUIN FILSNWUL

Y

InalAesiu Fish imszdanwusiduluwienaaie 9 M

~ Aa dAa  ida Y v A & | % Y]
Heart lliSUTUcV]lIﬂ%LLuu‘Vl@E)E{JJVW]ﬂV]']\‘]ﬂ']‘UUa"IULLVialI LAZATUNLUUAIULT N1FAU

4 ! a v

IMNEUVULAEIINATUANTATLUUNTREN TN TR ildn s Uy

'
1 a

Dwarf H51NUNLAZLULNRDINANIIATUULLAZINNAIUEN FIAaee U Dog
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o

LetterP Tszuruiifiavuuuifegiiiamadinuvauseuuen inseinglidnuauzdu

NIMUUKNAANTIIAA18AFINU Heart

i a Y ~ A

Cube H5LUNUNAALULUUNADENNANIIAIUNINN WASHALWUUNLELL LYY UlUNA

Y
v v

NAUYNVDING DY Faumgaunaiuauduatansiznslddianiiangu Cube 91ndu

Yutulae kIR ks AFANIUTNIN

JUTT 30 sulansuauninIINTOUNTINAY Yae CokePlasticSmallGrasp IRIAUUTEaNTUTUTEAN LN 9

AIWUTNAIHADE 1N INFABATIUUYBITEUIUNTUEUTUABAIATILUVBINTILUTUALAN Y
(Half friction cone degree) lugUuansdnuyaizuad Grasping sphere mudsuluau yu 10,

[y

15, 20 waz 25 lneisesaingeluv Feaansnleduiusiuanuduasansiziiotilovas

a o v v

YUGUANI R IEUNE I ML AFUUTEANTASANIUNNINTY YUSUALDNAIUITONUNTUR DL

MeuenlaNIntu Milszuun1TmBudulufieniedu 9 8n13nszanensuuLnaTy

4.2.2 manaassndeyatinfiaunusie Kinect V2

msnaaestiuaYnnuULneR e iRl f il Ussanananans (CPU) fu Intel®
Core™ i7-3770 A1UL57 3.40 Ghz wazdinuigadudindn (RAM) vu1n 32GB lagld
suUUFURNS Microsoft Window 10 anntlnenssu 64 On Feldaruvuszuuufianis
Tusunsuludruiignidsudaonivt Cr+ uarld [30] libfreenectzpclgrabber iloidausio
Kinect v2 doalrsesnouiu

Tne Kinect 11 2 in3osazgnindaiidunisiuniindmfudesud 33 Weldaise
aunudoyatmguionsuisdnuniuasdunds Ie sumiwes Kinect fadesazgnaiuam
Transformation matrix #18 uiudydnwal ArUco fifarsaguuliy Feduneuisuea (31]

kU library U89 OpenCV [32]
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3“1]17 31 guuanesiaeg 1 ArUco marker

Toyaiildan Kinect asiludoyagavesingluuigliaudd (point cloud) Fadiaru
a ° a 44' a = Y av v = v °

azdgnvesdnuIuIAUSIILIN WelUSsuWeuiuteyaiilaain KIT Fedeaviinisanaiy
avldunvestayalviinuavidunlndifisaiu lngldi8n13904 Blue noise property [29] Mg
TUsn58 MeshLab wuu Poisson distribution “Lumg Filter -> Sampling -> Poisson-disk

. & v . = vy v aa a
Sampling 31NUUYBYAILEN reconstruction b o1l mesh model NiiA1uazidyn
Uszanay 800 faces lng38n15e4 ball-pivoting [33] maelusunsy MeshLab Tuiy Filter ->
Reconstruction -> Surface Reconstruction : ball-pivoting lagiin1sfiinuaAIwIsHine e

SUR 32

Y

Surface Reconstruction: Ball Piveting n

Given 3 point doud with normals it reconstructs 3 surface using the Ball Pivoting
Algorithm. Starting with & seed friangle, the BPA algorithm pivots a ball of the given
radius around the already formed edgesunil it fouches another paint, forming
another fiangle. The process continues until afl reachable edges have been fried. This
surface reconstruction algortm uses the exisiing points without creating new ones.
Works better with uniformly sampled point douds. If needed first perform 2 poisson
disk subsampling of the point doud.

Bernardi F., Mittleman 1., Rushmeier H., Siva C., Taubin G.

The ball-piveting algorithm for surface reconstruction.

IEEE TVEG 1999
wonkd wmit perc oD .. 198.533)
Pivoting Ball radius (0 autoguess) (abs and %) | 0.0000 12 | | 0.000 1= |
Clustering radius (% of ball radius) |ZU |
Angle Threshold (degrees) |90 |
[ Delete intial set of faces
Default Help
Close Apply

JU 32 sukanemmiIidimesiu Surface Reconstruction : ball-pivoting
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Ul 34 sUSuiiguusugiinauseunsinay ved Fish (3Uunavw) KIT 800 faces (sUunaane) Toya

971 Kinect 800 faces
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31n5U7N 34 fwLﬁulé’%’m'jflLLmuQﬁmm%’aummamm Fish Y1992ua37n KIT way

Y
LY iaa i

TouaNaunuaN Kinect lanadnsnlndlAsiu azuuussuIen1snBuIvag a1 LY

Y

waza9ved Fish Fauansbiiuiudinnsawnudeayarndiuuunevgfdandvinadnsnlng

WAENAUAINIBNISYBITEUIUNISNEUIU

4.3. N1INAABIVURUBUADI

WBLANITIUTEANENINVRITEUIUNTNTUTU NINABBIRWIUUYUEUAITILAL NG

q

[y

Tdlunsnaasalavinisiuidumeinsesiuianuidd andeyatdndn KIT s‘hﬂwﬁaga@mﬂu

flu 99 4.2.1

4.3.1. Fngilinadeu

1
¥

TogildlunisnaaesgaiividumeinIesiuiauila selagnatadinyia PLA &

alaglivuinvesinglaiunnineianldiiy 12 lwudunsiagUssunn lnell 4 vilnfe

CokePLasticSmallGrasp, Dog, Fish e CatLying

U7 35 suuaneingildlunisnaaes 9900 5RunA eimToINa s
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4.3.2. anwndenlunsvmaasy

n1sneaeinunIziinduuy Weszuiu NlianUaiiandiundviiniu Ingduuy
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lunsneaetasyinlag dui1eingluiianieeng q veeseuIun1sneuiu (Grasping

plane) lneszunuiiliaviunazianiedung wayssununasuunlifasiansdultu
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lnginganlngeslissunundazwuugadudiudosdoiSouiieuiussununmun daunis
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Real Grasping Test
Object Plane success rate
Top 10/10
. Bottom 10/10
CokePlasticSmallGrasp Low score | 3/30 (10%)
Top 9/10
Dog Bottom 10/10
Low score | 4/30 (13%)
. Face 8/10
Fish Tail 6/10
Low score | 5/30 (17%)
. Left 9/10
Catlying Right 7110
Low score | 4/30 (13%)
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JUTT 42 3Uuanssaee9nsmmaesiuing Catlying
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