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Real Time Force Feedback Data Transmission for Remote Haptic
Collaboration System Based on TCP/IP Protocol
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Abstract Network time delay and packet loss are important factors which affect the performance of remote haptic col-
laboration system. For the purpose of real-time transmission of force feedback data,a new method for real time force
feedback data transmission based on TCP/IP Protocol was proposed and developed. By the means of delay processing
and interpolation preprocessing, the negative impacts of remote haptic perception caused by network communication are

reduced to minimum. The experimental results have justified the feasibility of the method. The proposed method can be

used to tele-medicine, tele-education and virtual reality applications.

Keywords Haptic interaction, Remote collaboration, Force feedback, TCP/IP, Real-time transmission

1 3l

HEVMESARNRELREA T UARRERISF
WA B AT R R N TR SE 2 L0 5 ER
R EIGE, LIS R E 2N SR TR, IR R EST T
REBEYI RGP RHER D . (HR IR IE I e
e REALE: L R ROR A R R AL SR B T g
BT H RS TR MM AR, Fit, W imE e m
R G BB R RO R I R B AME AT AT BT
FEEAERERNE L.

SCHRL2 1+ R 2 38 e 7 i % I L 388 o TC A Ak 5 A%
RREESI BT 8 I ITAS B EBUE B AR ESE R EEA , LUR
A Hi il B B 7 45 2R B b fh BE £ UG B A 1D 5 SCARL3 ]+
Ramtin Rakhsha % A7+ T — P sh AR MPE B 7 ¥, K
BT 15 R o 2 AV 8 0 4% T BSR4 5 SCHR (4 o

F)FH#9:2013-01-30 &4 H . 2013-05-02

Julius Kammer! 58 ASCHE T fih 56 A5 5 ¥ IR 45 7 3k, BD
T ERRIN b S RS B F AT R4 SR ES , I T B3 1L 5
i ZiE X J2% 0 44 58 1 1 19 8% W 5 Kiian Meng Yap 7E3CHR[5,6]
L, HIET IP RE MR MY, WE T X 4480 A m 2 ik
WARTIRBRL, HI B phantom 74 F4 b (B B R % 3h
FI B E BB R A P, TEE R AR B B RS
FINLE , AT B ) 32 5k B s Dongjun Lee 72 3CHRL7 ]
g T — M X A REH gk, Mg g4
APPSRt ERYUAERAT D, R BIES4H
B 2538 1ot BB, IR A BT S ECE , AT R4
AP IR — B AR S RIS 5 SCER(8 ] AR IR %5 AR A New-
ton-Euler B8 37 Novint Falcon Jj BURIR &0 zh S8R, ]
S A g BA5 4 o SR 5 SCHRL 9 1eh kg 75 % A LE ) Uit
WY b, BT S-ARE B R F AR B E R R SR, ]9 T
EA SHULBE P B RE , IR A Ardence RTX LB A

AXZEHFAAMBELSE LB (61170170, T HE B K A AP EH AT B (12K)B

520014), AT AL S BEBBERRAXEARRS F 4 (DE2010003), BRAZHENKAFEAERE AL E FRiRE
(KFKT2012B29) , B 3 vl i FA B 9 3171 B (BK2011011,BK2012029) % B

F 0% (1980—) , %, B+, BT, EEBE TR A BHLMGS B AE BA M4, E-mail: jiang. zz@ntu. edu. cn; B ME1972—), B, 1+, Bl
B, EEFAFTANBRBMEEARRNA:B BQ73—), 8,8+, B8R, TBHEF BT EVMNE TGRS NGB #(1980—),

B84, UHw, EEHE R AR,
L 58 .



H HREINNAESHTPRBERER R IR ELU
SEPR LT 7 B4 SCER[10]H Bhattachadee % AR AR X 1
T AR G i A A AR R A R ARHE Bk A A hia BR AL A
PLERA TR W B , B 2 SN B R 3 1 % 25 Natarajan
SO PHEE, IRMEAFEERSREEAGETUE
FoAH R IEHAE RS, bR E A 8B 48 B B R R B R X
WA #E B AT FAR B

HETTE R ZHMBIRE P A H IS A F ORI Ak
32 H B SR TR R, T DA R 4515 36 1) A S AR X 3 (R A
BT, WA R R, A ORI ET TCP/IP Hhill iy B 1%
OB BN AR AR SR H R SR T — R R B
WERHMER B T, FENESAR (DX R B RAE
B RS} TR 1 5 P £ BB L B R 5 1 O 1B S B 28 5 (2) FE 3K
IR ERLE, B R EAE RN IRE. ZHFER
AR E AN F RN S, R Z LB, FER A, R/,
BRI B, KCH 43 P 4% 2 SR Y LA K R 4, T 3K 42 ) 4%
RFETF TCP/IP Ppill . Bk, < 3C#Y 75 1 BE T IR A 2l 3
F Internet KEBMEZ E RZ 5P, WA UM AERET T
PRI O S #2 A B R

2 REHRWM

AFHIBRR IR T S RE R A B A5 3 TkHz FE Y
IES MHEBATFHEEIR S RMYR SN RITES), TR 5
WA RS BT HRZ IR MERN A RNEL, L
HERBFARONAT . EFE XSRS 5SFRY
WA S B {E B. 3£ E Sensable 24 A 4 7= #) PHANTOM
Desktop 7 15t £ 2 B AT RL R &) 09 1 /b 3t Ui % B
A 6 BEERMAR 3 48150/ fl s A5, B oKW S HF 1kHz
HIRBESR R, ACHEE T Bl 45 PHONTOM Desktop ¥ 41
EERMERERG, WE 1 iR, £ 3F % & PHANTOM
Desktop #%& / ATTE DL K ETF TCP/IP Bt BALME R
G, BEEEE PHANTOM & 4%, @ MEEIER
RS ERITENAN HEREEBITENLS EH
PHANTOM Desktop ¥ /115 8 R A m B #R e , (HmfE £k
Ve @it RS T R B E B, AT SBE R AR5 832
e EME .

A1l ERMEREREEHE

AR B RGN N BB L AN E R H R,
HIEBREERGERN I RERZ, RREHEHEZ M
IR . #F TCP/IP Wit E LM S TR A T 50 X e by
B AT P P ST AR FRAE I R Sl IR E LR
B P FRE, SEMEE S AREN DA ERXEXE,
AT A 2R L B P B, BB RE MR AR A B R B R AR E PR Y
TEREE, BDICRBAE KW AR T B GRS R P 48 (50
S o ST i B BRI B AR AU

3 git5xHm
1£ TCP/IP (k&b &3 2 FEH TCP 1 UDP %

Fir. UDP PMCRGEH WRIT 85/, A& S s BE R, (B 7T S A
TCP YMll. ZTmEMIRE R G R LRHEER, R 30K
77 3R F UDP B2 8.
3.1 BAfsigit

X IER R IE ) AR ER AT Z AT 0D BY, DL SRl
HfE A AR X, AR A 2 BN

Hisocket 3 # T
E3iid
Hbind# EEEETF S
AU

g ———————ACK=1, % X35
REQ=I, #l— |
d"wﬁﬁﬁ%, EHOTEE

ACK=1, BER&HR
«———REQ-1, ,&ﬂ_:_—-z

[CTFEEEE ] [ XAzEF |
B2 WrRiEfEdRE

BB ELT BIA TR MR IE W B AE, A S0 K%
BN ERBBAHMATFISIRE , him B &R AR
FEAREH BRI, S %R R TERRHe, WE
FRA, LB RGIRAERNRESR. W RBHEER
WCE TN 3 FTR .

[vores]|  mems |

B3 HRBEERSER

BBt — A 2R e X B 4R AT AL B
W R I L B BLF B R iR 2, AL B R A 4 B
i

J118 & {£o5,.5,.x,y,2,pitch, roll, yaw} |

| BULE |
¥
| B H K |
= (B2 e
TR K FRERT |
KK )M,
N
( BRRAH F e
[] HUHAE []

C whimstly st IR 3 )

B4 SfURABERE

3.2 XEHEE
3.2.1 ML E

WET TCP/IP M4 1E R 1 R IRE B MR Y, A
] 38 G b £ 1 SR R S ()R, M 2 B FE TT i =X (DI

Ldeiay = Liransmission ~+Lpropagation +Lprocess  Lquene )
R Lonsmission 7™ BIEIIE , 5 R X BRI, 5 K £ WK
FRIE . 5 £propagarion T2 AV IT RE , SARSNBE RS 3 5 Lproess TN
FRATHE , 55 W45 s BB AL B BE 178 56 5 Lauewe AN HEBA BT
I, 5 EERA X, M NEFRBAN, XERS
HER  tge =00, MR (DA LUF th, W 45 B HE 1 K /P ILR
TR MEHE GERR SR EMEESRES
A I BB IEA/NRA S AR AT B . DR
ZRKIEEA R B ARERIERE I R? SCR(12]h %

« 59 .



FALRIAN , Y5k 5 B FE7E 330ms T Bl N A, im B F R A B
FEXT LB A M BEAT , A SR U 2 I SE KB 500ms iR
SEWMTAROBOR . BRI L0 3E #5d 500ms HTE
BRI, B 3 2 40 R A 7 e — S R I 10y [, DA TG 52
TR AR ST HHROR: o
FHET UL, 3R P A i B RN R b XORE T
BB RBHE B AR T ST A5 i P 4 B S AL, T3 B fi] R
BE Ar, A THRIER 1kHz § 55730 % & 808 , 7 B R EH (E
TR IER , BBORAESRF A« 4 BFEE, L 1kHz S8R M
B2 b X HHORE 7 SRR B L o KT A REATL B S e 1k g (8 2 it
E, o ik R BEDLA FEXE B REA TR E . BT RAS R AT 1Y
R
For i=0 to 500 do
A ping T ELIRFIA AR R 35 W 45 L B, 4 reply f A4 time {8
B A{RTT;}
1f reply 4U3& [9] “request timed out” then
500—~{RTT;}
TimeoutCount-+ -+
End if
End for
THE B R R
At= (3RTT; =500 * TimeoutCount) /(500 — Timeout-
Count)
3.2.2 #HEMLAE
ZAMEAFES - FHLEMERRREARENE
ERR, SREFWHAAMEEAORBRSHERER. B
FRW BE PRI I E A2 M A ABE R
B RS SR R, 5 PR a E— R B R R AMA R
Witk
7E 3. 1 WREBASHN, 57 BEER A e sEREh =
FANAEAFSE/TLU -HER. REFTHER
lms BISE R AR R % RUEIR, 2 SBERT =
HRE. RBWABBITHIRE , 4 3R P 9 5 3t 82 i
S PR EQBEATRETE, ETHOHEREER, &
SCRFH WA R RBOETT TR . AR HAA NS
BHMEBRXFE fi (D UEEFME 2 MHPBIEA = M
Zir  FHEBEY 2 5% £ (o) BRI — N BOHE A, X R B A%
Z R B WEE B 3D B L LA P R BN BRI BB
(ai»bi,c:)8 8 fi (ML, AT THE B3 HHE AR T -
EX  BHEFFFIHEE A R Y R Sk R B
A
fil®=a;+biz+c:x? , 0O<i<KIN—2, 2; <or<xi1
B (2, W RABE TR IR, 4 DNAHBBEE 5550
Az s 3:) s B(Zit1 5 yir1 ) s Ciz s Yiv2 ) s D(xins s yins ) s T <<
T vz o
B 4 B S aL 3 AN i (R] R 153

Vi1 =ao +bo Tit1 +co L1 )]
Yir1 =a1 +b xip1 o b 3
Yitz =a1+bi zivz F 12, 4
Vire =@z FOr Tirz +crhi (5
R fo (O FBH > (5L R AD B3,

Yi=ao +boz; +cox? 6
Yits =az +b T3 +szzg+s Q]

H B.C W R L #—Br RS, B2
e B0

bo +2c0 i1 =b +2¢1 241 (8)
b +20 x40 =by+2c2 i (€))
BEAIEEME, BE fHo @O WS8R 0,489

co=0 ao

%ﬁ(z)_ﬁ(lo)ﬁjﬁﬂgﬁ,ﬁtﬂ (aosbosco)s(aishs
01) ,(az ybo yCz) ’ EB xi+1<x<xi+2 %ﬂ(x,y)ﬁ_ﬂ:%:ﬁﬂﬁé‘x’
EARARAD HEHEAE (2, ) .

y=a +ta+tca? ay

4 SLHIEE

HBIE A4S 3C T B B Pk, #E 2 A PHANTOM
Desktop 4 KR E#HTEH CNE 1 5., RENR
R FH 100Mbps B H LAK R, H# B MEA Internet, REE
FA winsock SEERTHE LA EER , Eat UDP PrslEAT 808
e,

4.1 MEERER

A 3CL) Visual Studio 2008 10 4R T B, c # /£ N 452
EERA ICMP URE — 41~ 21 Ping THRERE {4, 4% W
5 B B SEHCHRE LA SCAKE SRR » A0 1) B B 1 422 74 B B9 B 2EE
HS00ms)ITE L RBARLF R, @ 5 fin. TR
L, A ITENS B TR E AR, D FRIE K EN L
PR IR E L, U TR R B 8 EOUE R e B
R EHL, AP R BT B B L 2 SE W0 1) P45 B S
tawy FEREWCH IR E WS A G IR EE ., ARYE SERR IR,
L5 58 R BRI AE 30~40ms Z ], Ar==34, 22ms, {f{H
AR E RN, IS TR AL B R R E , B R
B v R R AL B R AT /MR Z , H i, R 3% 5
A H O B B i L 0 PSS /N T OCRRL 12 045 1 B9
500ms 1B HE_H R , AN SRR AL SR B RIROR .

40

RO 5 VI W O MRS I e | 9

time delay/ms
8 8

0

Lo bbb s ol by

5 WEEYZIERNEFEL

4.2 BmEITE=E

2 e e i i e TR
15 L=
1

z

05 “

2 0 AAWWJM
05

600 650 700 750 800 850 900 950
t/ms

(@ REFREAN f= i

Tt

15 \_ﬁﬁ.*

1 PR

05 | % w EHENEE W
2 O/AAMMMJ'

N ! LB foot f

05 | %4 L REREEL £4 BG £k

(b BloRSHERB N f- Bim
B 6 R/ WA

(F#% 69 30



[6] Vahdat A,Becker D. Epidemic Routing for Partially Connected
Ad Hoc Networks [R]. TR CS-200006. 2000

[7] Intanagonwiwat C,Govindan R, Estrin D, Directed Diffusion; A
Scalable and Robust Communication Paradigm for Sensor Net-
works [C] // Proceedings of the 6th Annual International Con-
ference on Mobile Computing and Networking. Boston, Massa-
chusetts, USA: ACM, 2000 56-67

[8] Xie P,Cui J,Lao L. VBF; Vector-based Forwarding Protocol for
Underwater Sensor Networks [[C] //Proceedings of Networking
2006, LNCS 3976, Heidelberg ; Springer-Verlag, 2006:1216-1221

[9] Yan H,Shi Z,Cui J. DBR;Depth-based Routing for Underwater
Sensor Networks [ C] // Proceedings of the IFIP Networking
2008, Singapore; Springer Press, 2008 72-86

[10] Yang X. Firefly Algorithms for Multimodal Optimization [C] /
Lecture Notes in Computer Science 5792, Springer, 2009; 169-
178

[11] Yang X, Hosseini S, Gandomi A. Firefly Algorithm for Solving
Non-convex Economic Dispatch Problems with Valve Loading
Effect{J]. Applied Soft Computing,2012,12(3):1180-1186

[12] Toussaint G. The Relative Neighborhood Graph of A Finite Pla-
nar Set[J]. Pattern Recognition, 1980,12(4):261-268

[13] Bose P, Devroye L, Evans W, et al. On the Spanning Ratio of
Gabriel Graphs and Beta-Skeletons [ C] // Proceedings of the
Latin Theoretical Informatics Conference. Berlin, Springer-Ver-
lag,2002.:479-493

[14] Supowit K. The Relative Neighborhood Graph with An Applica-
tion to Minimum Spanning Trees[ J]. Journal of Association for
Computing Machinery,1983,30(3):428-448

[15] Xie P,Zhou Z,Peng Z, et al. Aqua-Sim; An NS-2 Based Simula-
tor for Underwater Sensor Networks [CJ // OCEANS 2009,
MTS/IEEE Marine Technology for Our Future:Global and 1.o-
cal Challenges. Biloxi, USA:IEEE Computer Society,2009:1-7

(L& 60 70

B 6(RRET REN fo HEREESE, E 6(b) R
Wor AEETH R R RO BRI E . A TEEERRR
W THERRCR W B 6 o 840ms~860ms 2 8] BB 17
Bk, B 78R T ZENTEN L BZEB7WDERT
BWEIMNAZ AR, B 7(0 B8 THREE K8 B8R,
MEHRAYER 3. 2. 2 TRANZERA BB XRERD,
BAS T RIFHRCR.

T -
o HERRE 09 R B LA REE]
08 ] 08
07 1 07

z. 06 | = 06

g i R0

- .

g; .0“’00000"’..00'? g’; et Tres 20T 00000e
.

0z ; 02

a1 ! 01

0 0
840 842 844 BA6 848 850 852 854 856 858 860 840 842 844 B46 848 850 852 864 856 858 860
t/ms t/ms

() RER7EREE (b) BWrE Ean¥EE
09 7 i

.
0 sttt apver

x/N
©
&

03¢ ¢

01

&0&2344846848 850 852 854 856 858 860
t/ms

(o) SIRMEEH H R
7 ERAY TR S/ HUR B AR U

ZRiE NRBEENE . TREREEEMEZE
BB ARZ —. FHHERBRMIERE RGP M
BB AL R 2 A A, AR M A S E B
HIRFEIEHBE, B T —FHHHET TCP/IP ML
RABEEE S, FBETHER . (DA REREERAE
A0 R L, 45 P90 48 B ML Bt FEE % 1k [ S B 2 5 () FE R
SR EBALE, B REA G E R RS, T8
25 AR B AR SCIR O B T A SO R L IR AR A i 38 B R
GHEH A RBERERSE AR ERE, fExR KT B
BF BRI KFMB R A BEMMN AN E. ERERE,T
— B R SE T LA R AR Bl 0 7 st BB R S B
BAGEAT 1 RAR T , 35— 25 BOR I R A B 38 LR

2 % x #

(1] ss3g, T8 T Internet H RBHEARPRLIL PLBA,
2004,26(4):331-332

(2] RZEe,%. TR Al 8 1 i ZE AR A47 [T 1. JE
A,2008,27(4):53-55

[3] Rakhsha R, Constantinescu D. Distributed haptic cooperation
with passive multirate wave communications[ C]/ IEEE Haptics
Symposium 2012, Canada, 2012:117-123

[4] Kammerl J, Vittorias 1, Nitsch V, et al. Perception-based data
reduction for haptic force-feedback signals using adaptive dead-
bands[ J]. MIT Press Journals, Presence: Teleoperators and Vir-
tual Environments, 2010,19(5) ;:450-462

[5] Yap K M. Supporting Collaborative Interaction with Real Time
Force Feedback in Distributed Haptic Virtual Environments o-
ver IP Networks[ C] /Proceedings of the IEEE Fourth Interna-
tional Conference on Genetic and Evolutionary Computing
(ICGEC-2010). Shenzhen, 2010;497-500

[6] Yap KM, Lee T H. A Study to Support Haptic Collaboration
with Real Time Force Feedback over Wireless Networks[C] /
2011 First International Conference on Robot, Vision and Signal
Processing(RVSP). Kaohsiung, 2011 ; 348-351

[7] Lee Dong-jun, Huang Ke. Peer-to-peer control architecture for
multiuser haptics collaboration over undirected delayed packet-
switching network[ C] // Proc. IEEE International Conference on
Robotics & Automation(ICRA), 2010,:1333-1338

[8] #Ik4r, REA, RICH. WASFHILIEA 1 SR EREH [T,
EYRFETRYH,2012,29(3) :407-410

(o] k¥H 250, ieE, 5 BT HRBMEEREFR FARILEA
ErRHEHILT]. Bl 5 8T, 2012(5) : 62-65

[10] Bhattacharjee T,Son H I, Lee D Y. Haptic control with environ-
ment force estimation for tele surgery[ C] // Conf Proc IEEE
Eng Med Biol Soc. 2008;3241-3244

[11] Natarajan S,Ganz A. Efficient force feedback transmission sys-
tem for tele-surgery[ C] // Conf Proc IEEE Eng Med Biol Soc.
2008:3245-3248

[12] HulLing-yan, Xin Yong, Peng Jie, etal. The excitation controller
of synchronous generator employing PID and fuzzy integrated
algorithm based on S3C2410A[C] // Proceedings of ISECS Inter-
national Colloquium on Computing, Communication, Control,
and Management, Guangzhou, 2008 ; 44-48

. 69 -



