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Development of a Portable Force Reflection

System and its Application

Student: Jung-Tsung Hung Advisor: Dr. Kuu-Young Young

Department of Electrical and Control Engineering

National Chiao Tung University

Abstract

As the Internet is gettingzmore popular, the interaction of people is no longer
limited by the distance. Meanwhile, there have been many researches in teleoperation
and telepresence. For telepresence, techniques in sound and image are now more
mature. By contrast, the sense of force is not yet well developed; mostly it is
implemented on fixed patterns. Therefore, in this thesis, we develop a portable force
reflection system, using existing force feedback joysticks. The system is composed of
a server and many clients which are located in various remote sites. We use the
Internet as a command transmission medium via the TCP/IP protocol, and use the
double threads to deal with the image and force simultaneously. Key issues for system
implementation are discussed, including system structure, signal flow, and force
management. Experiments on join forces for object movement, are performed to

demonstrate the effectiveness of the proposed system.
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il tLIj \-'arying f-..
B time delay
Tait)
Local site Communication Remote site
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Server fﬁ}?w’ﬁ » FFIT Server fﬁ&jﬁé@%’é’?%ﬁﬁﬁﬂp@} B fil[pl%ﬁ%;}ﬁi]gfr}m
Client #ie pIgf » A _FPNo T B8 TS TR 4 s Rl s g
S RO SRR - i ST P SRR )
7[#?_[—%[ IR o

2.3.2 T

BRI Y] WinSock ?ﬁffﬁ'ﬁfj%‘ﬂ fiTers FIFsE TCPIIP SpjFve ==
Ethernet <3 rY Server ’Flﬁ Client ,r'.}ElfJig_l}% o [ TCP/IP [F e & RLEUE
TCP/IP - [ FRLIEL S Epui o TCPIIP 0 &4 fichlflt TCP+ UDP~ 1P~
ARP - RARP - ICMPET5" @y f » J‘Dfﬁif%riééf IP~ TCPZ= UDP{&/isp -

IP (Internet Protocol) / AfgiEsHEA R E

1P FESRIRAES ot > = ok, (SRR S et t U2 poRs 2 > (ke 1P
PR R PR OGS EF IV [ TR fﬁ“%ﬁ?'@%ﬁ?@ﬁjﬂ ’ P"LF*?EE’EFIJ%E@@
gfﬁ?j ’ %T{Eglf}ﬁi:-_l—’:gﬁ[fj TCP f‘efgﬁ;ﬁﬁfjgﬁf‘eo
TCP (Transmission Control Protocol) / @ﬁ?}”ﬁjﬂ%i—_ :

TCP @ﬁ?@ﬁﬁ?ﬁ‘@ ERM R R - "EJ?}’ﬁ’v:l}%ﬂ%“’ﬁ“é?i[fl'i%?ﬁwjf%}ﬁ'z'
AT B ET RS VR 1 10T fr,gi,mg]} ; ﬁ | 3:1;[ i ﬁéﬁlﬁ?l‘l 7 R
@ﬁéﬁ%“if
UDP (User Datagram Protocol) / ffi® | #{ %k fhgfs L :

UDP 00h iyl » FR 5 2 s ﬂcﬁ”é@ﬁfﬁ}ﬁt'i FUerRIEf T AT
MEIFBERE B S ,ﬁ'ﬂjj\ﬁéjﬂ’?&ﬂﬁgﬁcﬁ  BEIREE T i (112 TCP Pt 2!
ik ppVREE E14E (overhead) =9t - UDP &E R (% &ﬁ&“ﬁ (multicasting) ==

4% (broadcasting) [ -
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El%ﬁﬁ&?f%ﬁ"@ﬁ%*? Ay ﬁézﬁfﬁ?ﬁ UDP [R5 e b b et = E;Iflfjl'giﬁ
B [ OSSO SRRt 1 e T

- IR AR Y PR 3 W % VRS
ﬁw/ PRI ERP] UDP s [fERP] TCP S5 it

e ﬁﬁ‘“é‘,ﬂ%«ﬁﬂ F'i'i Microsoft * HJF” Windows [E Fafk 3%
o Bl )M ] WinSock =21 fii] i Microsoft Windows ™ 5 st A = i [
U/ (Application Programming Interface » API) 2& /= (= > ZIAESGY] q%‘,lz 10 »
WL Pt ] WinSock RIFEER R T RIS i apofg o 5 d

I -

[ P2 e FFE =2 WinSock
WinSock [ EEPFE;:L{“E
f "’
TCPAP (TN R
(& AR ) :

qu,IZ-lo WinSock EEF A=

FRE PR %i[f’u (TCP) Server-Client &=t » £l ﬁu’;i}fﬁgﬂ[l[ﬁlz-llﬁﬁ—? o F]it
P=L WSAStartup() (= ] (= <Fa# i {7 WinSock FVEfER =R T
P T 1 socket - socket i {1 GuRo ARG R PRIV EAa] 1 AR g W ey
F‘ﬂ'ﬁfﬁ-}ﬁwﬁ%%ﬁ?ﬁ@ﬁ@ﬂ #F" EA By 1P B HEAT port number WTI L
socket » = — - J%Jdgﬁ”[ EHE# = 0 Server ,r.p i listen() = 'rﬁ Client ;@‘EF

connect() 3k » 0 i S A 2 Ay socket - Server % socket i -
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Client f‘%}ﬂﬁ’%ﬂ’sﬁ?ﬂpfjg}'ﬂ@[ﬁ#;&.’f:; R Y| Y — H‘LMUIW By
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E~Jiﬁf_lﬁ§r£}{“<'r”§ﬁﬁ » Server JIF.}E*'? Client flﬁ.}f:i —I%Tﬂj 'l closesocket() Eﬂ?“%%ﬁfj
socket » - =R WSACIleanup() Ej*l?k‘ﬁéféﬁnﬁﬂ WinSock E{fjgﬁfgﬁ*[?&‘@ o

Server Client
WS AStartup() WS AStartup()
A h 4
socket() socket()
.
bind()
'
listen() !
a connect()
accept()
= clientBEREE K
r BIEE
r recv() N send() *
BEER) :
|
A h |
R mEr | |
|
|
3 v |
|
- -1 send() - > recv() -~
ERNEE)
closesocket() closesocket()
WSACleanup() WS ACleanup()

@‘2-11 iﬁ_{j%%i{ﬁj?“ (TCP) pu Client-Server If;l;h‘i,’mj@q#aql
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e BR{F i
[ﬁ[ 3-2 ‘)J[ﬂlﬁﬁ%{?f‘i ﬁl[ﬁ[
FEUBCT [l ) R *a‘f[ 73 FLZ s IR Ry

PR HRULE ) ™~ T R S %ﬁﬁﬁé@iﬁf@i%"Elfr,[‘lid‘:[pléi%‘wﬁ%
VTR PR 9 RO 2 st
EEE T = R A [y =S S il rig'?gﬁﬁﬂ‘ﬂ"’i%%ﬂ%%&’
O PR 2 )0 B R - 2 I BRAER = FRRTR (R )
Rl R e A R R R R A UL A N TRy OS i L E
AN (PUMEPIREE T B > (RE = RRL T e ROt e g ]
W PRI TRl E OB = Fpe s B o AR (e SR
W TR R TR £ Y BRI LA R R SR e I ER R B BRI A
EVP ] P AT B B 5 R 5 o [ 2 A LA o)
SR - AP AL OHIREL - S 2L ORISR DR
O o T > A RFSEAIS - i) RS A 0 B L R
S A B L r ikl T R R e (R R A R - A LA
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FEAOEHT A - JERThse » REE=RAERIPS RLE IR RD P b - SR T AR
DR R T LT ~ PRl i RIS M0 g Rk 003 O T < )
YT E R IR R [ B T T !

= Iy f[ﬁ'%&fgl'ﬁ} HilkL Immersion >t filfiv Laparoscopic Impulse Engine (q%[l
3-3(a)) == Impulse Engine 2000 (g‘;ﬂ 3-3(b)) : E{[1 Laparoscopic Impulse Engine fL
Tl E TN PO ES 0 ) Impulse Engine 2000 FIELR i F I 1A PO o iy
TP A AR P IS R R A 3L e

Laparoscopic Impulse Engine [u3if==[ I P - 1) P [l H =4 # 3-1 .1

Fre

qgﬂ 3-3(a) Laparoscopic Impulse Engine g%ﬂ 3-3(b) Impulse Engine 2000
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Impulse Engine

il 3

Laparoscopic Impulse

- B! Microsoft & _
2000 . Engine
Logitech
= ] i -
if[guﬁ[at X g 65 deg 45 ~ 55 deg i
(0) Y i 65 deg 35 ~ 50 deg 5 (j Ewﬁﬁ (73)
3 (’/J[H'ﬁféﬁﬁﬁ)
a‘e?iﬁ.fj@ (L3) 28 cm 18 ~30 cm
TR
57 x 9” x 9”7 (12.7 X
. 22.8 x 22.8cm
PRI (L3-L1) 18.5cm 13~20cm )
HEAR R
0.0009” (1100 dpi)
A 0.023 mm
BEEITEESR) 18 cm 10 ~ 16 cm ( )
LN G ARE
2Ibs. (8.9 N)
ﬁ*%‘s?%gﬁﬂ VAT 89N not available
Mgy
0.0009" (17 Mai <0.5 0z. (0.14N)
S : pi _
SRR not available
#W*HF (0.023 mm)
P dedicated card | USB ~ game port
SRS
b Ty =0 free fixed
650Hz (76L]4:4ir)
TP 650 Hz not available
120 Hz (i)
E’fﬁﬂ“& = PC 1L -processor
I’EJ' b 180000 NT 1000 ~ 5000 NT
. 3-1

A
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3.2 HFEH

I (R R - 25 TR R pOA el ) e RS R H T
[fil > ] 'i#j'”ﬁ%@%%ﬂ@ﬁ?j T IS e O (R i
BEZRIfIST) R VR Y LR« i~ RSP 2 T Sk R R
TSRS ] A R R R
ISR o > R S A A T l‘%“.i%ﬁﬁ’ﬂi@’ﬂ%o )~ PRTTAN T
Ut PATRIRS PSR 0 - ceI 5 P ifisRa= iy 50 Hz [16] - [y [20] fl oREf=R il ™
EREN D Fri i 3D PRI (TARYE T 15 fps (frames per second) » FEEYAETY
FHG 4T 24 fps » EEEDEARAE A5 30 fps o (EUEE e 0 0 kL T 0
B> T YRR R RS PR Ed T O RREE
60 fps » — [H&yH " 60 fps I') fow (A IAGE Gy B U RAFOE 1 3y~ 2 e

Z|pdisss i 20 - 20k Hz V] “[16] -

AU (haptics) AR IR ERTRR (force) W EE% (touch/tactile) [ i
‘ﬁ[m ’ JF&?[]J'{[J’:& TN Y (receptor) ik [FAFIRSEE 20 - 30 Hz » b i *‘,@‘E‘;[‘Jﬁﬁs’
A O RRE TP AGEE 0.5 N [4] 3 BRSSO T iR 320 H
[16] > SAS AT RARTAR 3~ AR BT PR (S S SR e
PRy S5

TP Fep Tl SPR R TRIRP 5 L BNV Gy F’? ELE 9 ;%J_IF’?BET_
(R0 2 TIPS 2[Rl [ € el » Tt  PBi g e KGR FLpo TR o
)RR E PR T i 1k Hz [7] 0 B %l 10k Hz [4] - Frambe
FijHE 9 320 Hz E‘F' Lz .{ﬂfjﬂa%lﬂﬂixgxrmﬁ R RO R - A
V) e s ISE I8 (haptic feedback) BRI » for (AH B BRI AP oS o 2ot
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I F'#J’”’?l‘-’riﬁqﬁl@@%ﬁﬁ%[p"ﬁfé (touch feedback) ZEf| %@ﬁ 1k Hz F{=Hf
LS [2] - B [ E = S P R B PR P 18] - i
CHESIRT o I RIFTRIEREERY R Pk 30 — 60 Hz il % o
TR (i PR st » 7 R0 - ) 1 B s - 87
TS BTGRP 2 A 320 (NP L RN - = I E TR M AV

HEFRM] 650 Hz g pisk=e 100 Hz fiufgl Rk «

FiE BT | R | R
TR R 24fps 30fps 60fps
TR I AT
HEPEE P PR 30Hz 1k~10k Hz

%32 AR RRTIT E
3.3 JuRtEEH
SRR S AR AR A HCH AR

B ool o AR R R B ol g T RO
B (PRIt & & = T O] Bn g S RIS T [ -

3.3.1 FEM ARARE]

B TR S 512 R AN S ook i
[FIFS T RE R e p R IS RIS T T [ R s STl )l
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Tﬁﬁﬁﬂj hG R R U‘F?E‘j}?@ﬁﬁ@i# T EE 1y A’”‘fp‘ A~ e
RHEFHIPSERERI G - {1 RS > Hogan T 1987 I HREIE B

(Impedance Control Theory) [11,12] '] 1%@%@&{“@%@%}?%%@5@@ S
f J}{J‘?EJ FHPI T R RS SR EAR R ) I B i B ] S 7
i g T‘“l o

SR NiR U e L - TP G IR SR e SRy s e 5 i) G U ﬁ e
AR SRR RS Ko PSR b TTENERTE m o SRRV [T
P EY Vo YRR B a s SERRAVIREE R fe o fF [EORTIRY RN B R
L B SR ARSI D] POEEA - ol S PSR R
PUEIT > (YRR AOPEE T ) P pot i R Ko [P RRRES
B - BTEIFREEL Mo FEARAY O ORI IR X e i Vo e Ry A
R 8 o (D RRAT RS R Y B [ R BSUSC [8,9)]
FIPS b A5 B - o S B Tl i L) *Emﬁé'ﬁufﬁ%fﬁ?“ :

F, + Fm=ma+bv+kx+ fy, v

M (3.1)

iy ] RS (PR g s S5 0 1) (B.1) oyt e F’LF%%J =t

v
F, =MA+BV +KX +FHM (3.2)

[ 3-4 [TRLEE ?E‘FTJIIEH HUR 35kl T U] P SRR Y b e
[ %‘)Jﬁ?};ﬁ,frﬁfﬁ ’ EI%@{N‘JJEE&l*%%’rﬁi?%ﬁ’l@wﬁ%@@% m

AL E S SR AR R VTR 5 R R B
F S =% TE',? EIJTJFT; TERE %‘»ﬁlfﬂ#%i*uﬂ SHARTTE VS o 5
BRSBTS A x= X v=V,a=A 6 5 (31) AT 3.2)
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[ ENIN N E = S NEIT =

:(m—M)a+(b_B)V+(k_K)X+ffr'nén_lzfr-"\\;" (3.3)

Hitm-s b k Al ff,tggjjaﬁ ik @;ﬁ F:tﬁ?-x g:g[ﬁ%,]rgw
AR (R B R (TR KO T R e [IRIFSSURNHE] A
fﬁl’ X U v PRI a s B O] IR B R R ,%ﬁ@ﬁg
Ffir ] P o ASUEES TR o

_”l

fe +X VA
Fr ¥ " Fu ; |—>
> ¥k ! K
“ W w | B A M
, Sk —h
.
{ b B

EEtR RERR
13-4 RRIEHOE 0] BT

PUSE IS T RN et P O ) - AR R
R B R O VRO Fh o RIS

il =

F = {(m-1ij Fbv+kx +f, } ( j(Bv+ Kx +F, J (3.4)
M vl vl
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LT AT T IR B RO RURPIIRR 1  fRRE
PRV 3 R R SR L IRESATEL (M=m) > (87 (3.4)

v Vv
Fm = {bv+kx+ffr M} - {BV+KX+Ffr M} (3.5)

P R B R TR RL o b UIRH0 5T s 2 ] POt 1o

L] O TR ) (- SR B B5) S I
R L e e C S S N et RAT I R P
ST PRI DI P R TN DL P S

SR
s £

v
Fm = {bv+kx+ffr M} (3.6)

(FV PRI 7 15 P = ][R L | 100 Ty - 1o T P » e |
[l s (3.5) ¢ lJfr Sf?[ Elﬁigji}ﬁ’:‘ (35) ' =Hf ﬁ[;l[ [t =20kE =0 4Nk
H I
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