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Research Title: TA3BOT: Teaching Assistant Tree-Robot
Researcher: Pitikhate Sooraksa and Kitdakorn Klomkarn

Faculty: Engineering Department: Computer Enginééring
ABSTRACT

Research articles published in international journals reveal successful usage of robots as teaching
assistant for better learning results in various classes and levels. The teaching assistant robot helps enhance
students' motivation. This research aims to develop a prototype of a tree robot having learning contents for
download to students' smart phones. The trunk of the tree-robot contains mechatronic teaching aids, the
learning access points, a computer server, and a modified-climate controller.  Students can connect their
smart phones to the robot or get access to a 3-D visual-aid optical-generator. In addition, to maximize the

learning environment, the robot provides comfort climate for temperature and humidity at the same time.

Keywords :tree, robot, pedagogy
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The source code of XML-based document

<Document>
<ID>sample001</ID>
<Motion>PointRight</Motion>
<Speech>tts_lookpoint.wav</Speech>
<Text>Look at this place.</Text>
<Delay>3</Delay>
<Reference> butterfly_lifecycle jpg </Reference>
<Next>sample002</Next>

</Document>

MW 2.3 Yuoud Humanoid WiNARNIIea0ULAZ I XML [22]
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' 2 ;2 :
dmFuseaz@ealuFeinalnmsmeiwesisdwaadluami 3.1 vu dauleensamsldann
~ s A v o o dy
wuuFoutiinonlussdudsondnunoutlmeuassedugandnyn 421 Tesnszuaumsiuas
AsTLIUMSdU 9 AheadesiumslfudmuanmuadonveaNra s niReuuuumaInng sy

A v o 4 a3 @ . @
(engineering  imitation) 18 IngFudunInmsadedidunaielfillunmsialloundy  (feedback
measurement) 1HNUSZLY Tasmsn1saonuuusIaslsgian1usd1miuaInsod Kalman (state-

space equation for Kalman filter) lugilaums

Xy = Py Xy + LWy (3.1
Z(k+1) = H(k+1)X(k+1) g V(k+1)
Taefi
E[W,,,1=0
cov[Wyyl=04 (3:2)
ElVipl = 0

cov[Viml =Ry
coviW 5,V i1 =0

o

ufiifmuald Oy uaz Ry Sumesndaulslsauduyn fildyapusuniudan (white
noises) W, UazdnyaNasunIueINmMsin (measurement noise) ¥y ttazmmuald Xy naz Zy
Hunamesanmziosnnmoinnmsianuaiay o na1iga (discrete time) k-th, Tagf @ 1y
waSnd/feur (transition matrix) waz NilumasnFsunIusuNn (input noise matrix) oz H

[ a @ 1 ST .
Aumsndmsiasanu i ¢he measurement sensitivity matrix)

AIvAvaaanIsAEIi (Traanspiration) yeaNBN I b ] 1 {Cornell University,

The Department of Crop and Soil Sciences , 2006)

BT hittp/fwww.ess.corneil.edu/Tacultyv/hmvi/watrshed/Etrans.htm

P ¥ A
MUN 3.1 NMIMNMYUIVDINY

A ° = Y o [ v A = 3 1 Y o ¥ & v 1%
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnhlulduselesiamunism

lidnsdilag Msdu Bnnsihudilvdaudailon wagdesdedduinvadenarsnasaminisiluly
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TUMINUMUAUSN YUY YBIAINTDI Kalman 1Rnszdu nwii 3.2 agildensdilsznon Ta
o 2 2 o a an
Tassadranazms1Fnudinges Kalman wazlumsisuldauniy Sulludemswauydgiuneada

TaummzmiBuduvesaauziinnuaumisuasmanuiulsiw
E[x(0)[2° |=#(0)o) : (3.3)
cov[ x(0)|2° |= P(0)0) (3.4)
i 2° dusisuduvesdoyn
duanasunuveszuuiazms Saiy fyanasumudauuumddeuitamaedugud
E[v(k)]=0
B[ (B)()) |=2(k)e,
(3.6)
E[w(k)]=0 @.7)

E[w(k)w( j)']zR(k)d,g. 69

HAZNSIUMANUAUIT5I

(3.5)

é g’/ Y 1 QU
Fananuaazdluddseandu Tag

E;x(O)v(k)'] =0 (3.9)
E_x(O)w(k)']zo (3.10)
E_V(k)W(J')'}O (3.11)

mamnsouaalfifiui meldauydguveumddew dyanasunuezlaniiv
E[v(k)|z* |=E[v(k)]=0 G100
E[w(k)|z*" = E[w(k)]=0 G.13)
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State at #, Input at ¢, State estimate at £, State covariance at 7,
x(k) u(k) 2(k[k) P(klk)
. , '
v(#) Transitionto 7, +1 . State prediction State perdiction covariance
> x(k+1)=F(k)x(k) A > F(k+1[k)= P(k+1jt)=
+G(k)u(k)+v(k) F (k)2 (k) + G (k)u(k) F(k)P(kk)F (k) +O(k)
Measurement prediction Innovation covariance
2(k+1fk) = S(k+1)=
H(k+1)3(k+1[k) H (k1) P(+ 1) H (k+1) +R(k+1)
Y
w(k+1) Measurement at ¢, +1 Measurement residual Filter gain
——— z(k+1ft)= > (k)= w(k+1)=
H (k+1)x(k+1]k)+w(k+1) z(k+1)-2(k+1]k) P(k+1fk+1)H (k+1) R(k+1)"

Updated state estimate
J’c(k +1|k +1) =
2(k+1lk)+W (k+1)v(k+1)

Updated state covariance
P(k+1fk +1) = P(k+1]k)

W (k+1)S(k+ )W (k+1)

MNN 3.2 UEUAS TAs9a519M ST UYDIAINT 89 Kalman

d‘ o 1w o o (] °
ieanamsdnnamailizaenanulssiuvenwusnesmanamanila q liserild

Taonss Faldndnmsyiunemdaumae (predicted residuals) Y99 1UBITYYIATUNIUYBINT IR

& '
(Measurement noise: V(M) ) #Faaunsna laonmsts s

@ 1 Ay Y v
Iﬂﬂ V71(k+1) !ﬂuﬂ1ﬂ1ﬂ%’]ﬂﬂ15ﬂ§$n1ﬂlﬂlﬂq V(k+1) ‘Hﬂﬂﬁﬂﬂ

Vh

Taen

_ 2
COV[Z(k+1)] =Opo Rty

_ 2
cov[X ;.1 = %P harrny

sty = Lty — H(k+l)&(k+]/ 'Y

a o U A o - .
wnsnEaNuulsUsiusiuveuumasiing (predicted residuals) ?ﬂﬂﬁﬂ‘ﬁﬂ@’ﬁﬂﬂ:

B T 3
COV[VI”(k+1)] = O-XOH(k+1)P(k+l/k)H(k+1) + O o Ry

o &
PNUU

T p-l 2 -1 T 2
E[Vh(k+l)R(k+l)Vh(k+l)] = Oy lr [R(k+1)H(k+l)P(k+1/k)H(k+1)] +0p

(3.14)

(3.15)

(3.16)
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MnnUaNIAYeINgMIMANIIIUTOUF (Law of iterated expectations) AiD
E[E[X,|2]]=E[x.]

asy i d‘ T T
HAZIINITNMINIAUNAYDY1NY (Sample Mean)

4 N
e E[X]=1)X,
B i=1
91U
1 k
T -1 2 =1 T 2
E[W(k+l)R(k+l)Vh(k+1)] =0%p ;2” [R(i+l)H(i+1)P(i+1/i)H(i+l)] + 0% (3.17)
i1

9
Tumsdszinalussaualivil sgmmsduamaiilssnevanuilsidsu (variance factor)
° 4 A o . o
Youuusamanamans lasnmeaadlsenatinaulsisau (varance factor)vaamsiani a lag

& '
COV[Z 4,1, ] = T2 Ry T UNTOMIANUBI 05, 1RDIN

J Y /
0')240 = [E[Vh(Tk+1)R(kl+1)Vh(k+1)] T 0'12«)] / —-—Ztr [R(iil)H(i+1)P(i+1/i)H{i+l) (3.18)
k

i=1

Tagordsmsmunadedy szmmsommalssneuanunalsisIu (variance factor) §1%5U

uuusiassvesdyanausunIuvesszul1d lagordoaums

j g
2 T pA 2 %) )y X 2
Opo = [E[Vh(k+l)R(k+l)Vh(k+l)] —Oxq ;Zt" [R(i+l)H(i+1)(D(i)P(i/i)(D(i)H(H-l)] = 04]
i=1

1& o
/ ;Z”" (R H T QT Hen ) (3.19)
i=1
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3.3 mdrasawadeneniuneuazdinnziddunnanmussemavesueuaduld

TumsiaewaionageuaussousmsannudeIsmsn ldaauaslaedite azldieds

Y a o { o3 v W a
Y9951 Kalman (KF) uuusa@y [40] uazuuvilSunlaou'l] (adaptive KF) dlugiiouivdaneitu

Sl
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ﬁﬁuﬁua‘lumm%ﬂumu ﬂTW'li13Jlﬂﬂiﬂlﬁﬂlmiji)1ﬁﬂﬂl‘mﬂmﬁﬁ"lﬂﬂﬁ’]cl Aail

1.1269 -0.4940 0.1129

@, =| 1 0 0
0 1 0
-0.3832 0 0
B = 0.5919 0
0 0 0.5191
‘" 1 0 0
= o 1 o
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Ady o R 9 A o ' Ao o A o
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A 1 X a4t A A & A a Ty 1Y) ° &
AITNUTOAN 9 1FUFDTT WounaRGenieoun Fuilunsdiduydmasgiiuny  dmiuluma
'imﬂsmﬁ'umsfﬁmmwaﬁanﬁwazﬁaﬁmswﬁuﬁﬂmﬁﬂuﬂszﬁﬂ‘ﬁnmmmﬁaﬂim Kalman luudiay
wwy melfauudgnandussuoiit dyanasun I Gaussian nzilosninaaminadouiingld
nanosiuezegludnai Wituniinnnssvuadiedusu_q  supuuenvmnnndaunade

Q

2 a
ﬂ’]ﬂuﬂﬂ“ﬁﬂﬁWﬂﬂﬂiiMﬂﬁiUﬂ’Julmﬂ Gaussian

v

TudrutszmsnSsusurasinmsnaass lagl¥aansed Kalman uaazuu sl

o { [ o ° ¥ . )
Fyanasumuiil luszuududyanausunIunuy Gaussian tazimuamivesunsndanuuilsilsou
IIURINYYIUTUNIUVBITLU (Q<k>) uaznIadgmanuualsilsuswvesdygnusuniunnms
s ( B ) Wsidnafie 9 umssraosmsnaney Tagls

1 00
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uay R, = 0 1

Fawannmasranalas1fTalsunsy Matlab uaasluasieii 3.2 Taeflumadevesnau
RANA1A (RMS: Root Mean Square Error) ¥04m3szunat las 19720509 Kalman Tunaazun
Wieuieusy Tae KE uusadumineiadanseq Kalman nshuundady (original) [40] tiUY
Ysunlasumsifinedmuedld (old adaptive Kalman filter) ttazuunliutgalnaifiiuaio (enhanced
adaptive Kalman filter) wiinldhmanuRanaesnfireswesihdiaeunis luudazmsfinessey
(azIA3 MU0 KF flug'uﬁ'ﬂ%”mlgﬂﬂﬁﬁ‘lﬁﬁw’hﬁqwﬁa 0.0050 Tuvaisdl KF uunyl3unlden
msdimed Iduuuimiinaue Tag 3o} fu I nuRanainsnfisewesidiaeunaoiiy
0.0143 MINNTIAEIM Sasamussauzanasasudoniiusuduans 43 KF unududuiia
AANA1A RMS 101U 0.0613
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[~ 91 A o (7= 1 A 9 ~ d' ~ @ d'd ° ~
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] P =} ° d'dy X =i 1 [ o A o g v
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v 9 ¥
WasunaeanaLaaInnf 3.2-34 InsuaaimauRaNaIaveINsIlmes uaazau S ooy

Q' Y =~ 3 QU é X s
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=] 2 v P! X o .
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TugulfudysmildamanuRanaadosiige mudremuuisinauely [40] FailuguidSuda1d
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- o

M3190 3.2 MMasANUAANAIARMS) Y03 silszuauiio sy uINTYYIUIVNIUULY Gaussian

KF KF KF

wismes | uuuaudn [40] | uudiunldsumsiinesaa 1fies 391 | suudiudgalniminaue

X(1,1) 0.0625 0.0191 0.0039
X(2,1) 0.0623 0.0092 0.0054
X(3,1) 0.0592 0.0147 0.0057

ARy 0.0613 0.0143 0.0050
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Error of Health Parameter:X(3,1)
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o o 1 d' o g
ﬁanms‘nmummuﬂwaﬂﬂsun‘su FNU
Main:
Repeat continuously:
Get user command (single letter commands)
Interpret and execute the command
Command Interpreter:

Execute subroutine block or module that matches the single letter command:

X exit from program

g set controller gain

v set the set point value (desire temp th)

c control for specified number of iteratins
i initialize the system

else  print an error message
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Communication Network Structure for Robotic Manipulators

Nuttapon Poncharernpong, Sunchanan Charanyananda, Youtthana Silakam, Kitdakorn Klomkarn, Pitikhate Sooraksa
Faculty of Engineering, King Mongkut Institute of Technology Lardkrabang (KMITL)
Bangkok, Thailand 10520

Abstract—  This article presents the design and
implementation of communication networks for robotic
manipulator. The aim of this work is to investigate a suitable
pattern for communication network structure. The designed
network can be used under disaster environment through a
group of information-communication robets.

Keywords— Wireless Network, Robot Network Topologies,
Disaster

I. INTRODUCTION

Our civilization has been moved to the world of digital and
information technology. World-Wide-Web has changed the
way we work, which is currently World-Wide-Work. Robotics
and other multi-disciplinary technologies also change
academia and industry, which makes possible by combining
the internet, WIFI, ad-hoc networks, and any communication
physical and protocol with the electro-mechatronic bases [1-
10]. Today work is not the same as twenty years ago in lieu of
advanced in communication. Engineers can work in New Y ork
and control a robot in Bangkok. Although today technologies
may provide solution to easier work in various aspects, but
there are still a gap of technology between the developed
countries and the developing ones. To bridge the gap of the
development, it is better for Thailand to initialize research of
merging robotic engineering, information and communication
technology, which is a part of motivation in this work.

This paper describes a brief investigation on selection of
various pattern of network architecture under the field tests. In
-house robots built by the authors are used in the experiment.
Four types of robots are assigned for each communication
node providing a real physical environment. The  robot
manipulators are used for installation of communication
system, which imbedded in the manipulator or the robot arm
or inside the robot in the lotus shape. Four types of robots in
used are as follows:

& Chongko Alpha (CK-0) is a robot assigned as Node 1

y shown in Figure 1. An arm of this robot is employed to
hold an antenna under test. The robot height is 3 m and
the arm length can be extended to 2 m. With plenty of
working space around the CK-Alpha, we have free
choices to locate communication circuits, which may
be equipped at the end-effector of the manipulator
during performing tests.

e Chongko Beta (CK-B) is a robot used for Node 2
shown in Figure 2. This robot has a lotus shape
installed on the roof of Dean Building at KMITL. The
shape of the robot is a sky-lotus.

e Chongko Gamma (CK-y)‘ is a robot used for Node 3 as

shown in Figure 3. The robot has a lotus shape
equipped with two solar cell panels floating in the pool
at KMITL.

Chongko Delta (CK-8) is a mobile robot assigned as
Node 3 operating on the floor.

R

Fig. 1 Chongko Alph used for Node 1.

Fig. 2 Chongko Beta used for Node 2.
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Fig. 4 Chongko Delta usd for Node 4.

\ II. TESTING PATTERN AND EXPERIMENTAL DESIGN

To initialize the working platform, four basic tests are
conducted. The tests are designed as follows:

Test 1 involves a file transmission using the ping
command from Node 1 to Node 2. The intermodal distance is
variable and the packet size is fixed at 32,750 bytes. The
results are in milliseconds.

Test 2 involves a file transmission using the ping
command from Node 1 to Node 2. The intermodal distance is
variable and the packet size is fixed at 500 bytes. The results
are in milliseconds.

Test 3 involves a file transmission using the ping
command from Node 1 to Node 4 using a sequential pattern.
The intermodal distance is variable and the packet size is fixed
at 65,500 bytes. The results are in milliseconds. The
communication pattern is shown in Fig. 5.

Test 4 involves a file transmission using the ping
command from Node 1 to Node 4 using a star pattern. The
intermodal distance is variable and the packet size is fixed at
65,500 bytes. The results are in milliseconds. The
communication pattern is shown in Fig. 6.

Node 1
500 m

Notebook

Uamn

-/

‘@

Fig. 5. Robotic communication network pattern for multi-
hop ping from Node 1 to Node 4.

Fig. 6. Single-hop ping from Node 1 to Node 4 with a star
topology.

1II. EXPERIMENTAL RESULTS

Tables 1-4 show experimental results of the field tests
using tests designed in Section II. The ping command is
represent a package of control instruction to the robot
destination. For the field test of the transmitter performance,
the ping command was used to test the network connectivity
(units in miliseconds). The single-hop signal range was
measured to have a radius of 1 km. The 65,500-byte ping
packet was received without any packet loss at a range of 500
meters.

Tables 3-4 illustrate the presence of other external factors
out of our experimental control such as terrain obstacles such

A ° = Y o [ v A = 3 1 Y o ¥ & v 1%
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnhlulduselesiamunism

lnsalag vivdau dnviwvnullinanauUasilen wazdeso1edstuinvesienasnnasininisunlule
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as cars, trees and other radio-frequenéy interference (RFI)
nearby that could have affected the ping delay.

TABLE 1 TEST RESULTS FOR EXPERIMENT 1.

Packet
Size Distance
Trial (bytes) (meters) | Time (ms)
1 32750 100 27
2 - 32750 200 33
3 32750 300 61
4 32750 400 81
5 32750 500 105
6 32750 600 133
7 32750 700 260
8 32750 800 413
9 32750 900 702
10 32750 1000 998
TABLE 2 TEST RESULTS FOR EXPERIMENT 2.
Packet
Size Distance
Trial (bytes) (meters) | Time (ms)
1 500 6550 112
2 500 13100 129
3 500 19650 135
4 500 26200 124
5 500 32750 140
6 500 39300 155
7 500 45850 170
8 500 52400 190
9 500 58950 210

| 10 l 500 l 65500 ' 240

TABLE 3 TEST RESULTS FOR EXPERIMENT 3.

Packet |-
Size Distance Time
Node (bytes) (meters) (ms)
1to2 65500 500 233
1t03 65500 1000 336
1to4 65500 1500 552
TABLE 4 TEST RESULTS FOR EXPERIMENT 4.
Packet
Size Distance Time
Node (bytes) (meters) (ms)
1t02 65500 500 222
2t03 65500 500 246
3to4 65500 500 215

IV. CONCLUSION

Patterns of communication networks for robotic system are
designed, assigned, and tested using an in-house robotic group
of four. As physics implied the star topology provides better
results than the sequential one due to its minimum package
delay. The inverse square law for strength of the signals is
also governed by reducing power of the control packet from
node to node. It is recommended to conduct further
investigation on this similar type robotic communication
network for a complex system.
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