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2. Communication channel

GIVI mk=El o} Y AMH Atole] wAA] AFS $13F communication channel> F 7H&E
e, s GIVI vhaEl 98 AWe 9ee Agetn 1 Wee) AgAnE wo] 9
g Zlolal, & stue @Y Aol AZdE = ;Y Ao Ao IR, qY dY
% A mesh® WS GIVI vk2=HolAl &defF7] Sl &3k o F A A A
command channelo]2} F-211, F HA 1<EL information channelo]gtal F-Ec}.([E 2-

1D

HAIA] & 5F
H A ¥E W3 | TCP/UDP
A
Command Response
Command channel 19662 TCP
GIVI — 3" A | g A¥ — GIVI
Notification Acknowledgement
Information channel 19663 TCP
;e A8 — GIVI | GIVI — 38 AH

[# 2-1] GIVI - g5 M9 F SAIRE 4

<
o
=2
L
of
off
o
kA
D
rE[
)
i
@
o
E
=
o
o)
g
@]
i)
D
=
5
=
o
S
N
=
S

) ol AR ol Wahe Aui
UDPE ol 814wy S SIASL AAAS DA B A, LAY BAAA 25
A = &Ale TCPE o]&37|=2 gt} 18l GIVIE od
e T4 95 SALH QA 299 $E 9=, o AT vhan A8 G

AWt Ba1S 3k, GIVI vh=E7F B4 U188 GIVI EdolrdA A



3. GIVI < Haptic ZTZEZE F9

o] Aol A= GIVIZF e AW Alolo] AR u3hs 93t HER A T2 EFS st}
GIVI mlx=Ele} e My Alo]7} ul3tshi= WA A= A command, response, notifica—
tion, acknowledgement® -%&3Fc},

T &%
Command GIVIZ} 31e AWl 52 Ao
Response Command 23 ZA3}E GIVI vp2=Ho Al 7] Y3l A
Notification HE AW 7E GIVI vizElol Al @A S 7] s A
Acknowledgement Mg w9l notification®o] 3k ACK

[# 3-1] GIVI obAH - P A8 IF HAX] 7

N

]—”‘%Z—i 2 commandt GIVIOA] 8 A¥E WHS A AHE-3FAL, responses 3

g A7t W Ay AFRE BRuUE u ARgsith 183 'mesh A)'9} 'haptic probe
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7. Operation code?| 42|

715/ 8% Opcode AL
Calibration request 10 GIVI — 38 Ay
Calibration response 11 ;Y A — GIVI
Mesh 7} request 20 GIVI — 3€ AH
Mesh 7} response 21 ANE M — GIVI

Mesh LA notification 30 Y A — GIVI
Mesh n#] acknowledgement 31 GIVI — 3¢ Ay
Mesh 2HA| request 40 GIVI — 3¢ Ay
Mesh 2F#| response 41 ANEl B — GIVI
SNEl A ZF request 50 GIVI — 38 Ay
el A]Z} response 51 ANE My — GIVI
Haptic pen info 60 Y A — GIVI
Haptic A% AX 61 e MW — GIVI

ME] FA] request 70 GIVI — g An

MEl FA| response 71 el Ay — GIVI
Unknown error notification 255 e B — GIVI

[® 3-2] 19 ol T+ opcode



L}. Command

error code

Error code Message In response to
0 Operation successful
All commands
1 Invalid command
12 Failed to initialize haptic device
Calibration request

13 Calibration failed (other unknown errors)
21 Duplicate mesh ID
22 Out of memory

Mesh F7}
23 Invalid number of vertices / triangles
24 Invalid number of data values
51 No mesh with the specified ID Mesh 2LA|
71 No mesh with the specified ID

Mesh 214
72 Failed to remove the target mesh
111 Workspace undefined
112 Invalid workspace

IR
113 Invalid mesh ID
114 Invalid matrix information
211 Failed to stop haptic rendering MNEl 7

o714 invalid commande 574 2ol Q3 Ao F

e A7t GIVIAA &#F7] 938 AF
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Ct. HIAX] S

SlE GIVISH Y Aul7h Faws wE waAe] A o] 9284 o Ze)7el 4
2 Aushe deol AgEth mebd GIVISH 28 As EAZZRY WS 2 o)
vhth 3 12ebol= 3 vhAut gupelEe] vjge] B4 g 2a 9l 2

Aol whebA WA A A ofi-S A du e AAl e [1d 3-119% 2

4 Bylas 8 Byles B Byles

Lspgih lede=rh fiasr A 1D B MR WITF

] 4 17 4 Iz

(23 3-1] sl 9] (%) ® AA] Y& (LE%)

AEsHA WA ‘Length’ F-to] glol® ofZg Aol A Asol= wA7F ST dlo]H ¢
FAARS gHE7] 918 Aoz FUY. o7|A Fold M2 'Length'v A WA]A]
o 4 A 4w¥}o]E(Length H-&)& ALt YR Hol& ow|slr] wjFoll HA| wA X9
7ol (Length + 4) HFo]E7F HUl= Apalolt)
Field name Type Bytes Contents
Length unsigned int 4 o] ugte = WAIA 9] Aol (bytes)
char 1 A (H==H)
char 1 D (ti&AH)
char 1 D (thiAH)
char 1 I E-2}(space, 0x20)
Identifier
char 1 V (HiEAH)
char 1 R (WA
char 1 W (A
char 1 T (Hi&AH)

[# 3-4] HAIA] sl <] AA| W&



2}. Calibration

Calibration> € FH]E AFE3l7] ol IS 255 APz, I8 PHE AHS AL

=1 [e)
3w g oA Qs fr(EE o W Adaw Fua). of w A8xs ¥ AL
QA Ao 53 ojof i, A g =

5 ok A7 A S|
A YAl calibrations doF sl A E 7] wiol AREAZF Zash divid AA cali—
brations T = J == |

1) Calibration request (GIVI — Haptic)

Calibration requests WX 9] parameterE Z Q8 F d}4 &7] W&o request WA A= 3
3

¢} command opcode?] 13W}o]|ERtO 2 A E o] AQup([2H 3-2]).

1 Byle
4 Byles B Byles L

Largm Jedryh e Fir L

=

12 13

[2™ 3-2] Calibration request

Calibration requeste] A#| W& [¥ 3-5]9 £t}

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Command unsigned char 1 Calibration request, 10

[ 3-5] Calibration request sequence?] AA| U&



2) Calibration response (Haptic — GIVI)

Responset= calibration®] A3PAF}E GIVI Al LdaEF7] s Agac) AAA o= cali—
bration®] YW error codeol:= 0°] AT, 1 99 A9+ [ 3-3]19 oy m==
=9

| Byla
4 Byien 8 Bylea | & Hytes
Langth Ictentifie: A | Etror code
D 4 12.13 17

[ 3-3] Calibration response sequence

Calibration response®] AA W& [% 3-6]3 &)

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Response code unsigned char 1 Calibration response : 11
Error code unsinged int 4

[E 3-6] Calibration response sequence®] A W&



Of. Mesh 27}

B8 AWl meshs SF3t7] #a] AMEshe HIAA = meshe] FRol webA DRl
A WY A7t gFok st meshe THE AHHEAL [E 3-7]& EH 2D planed}
general surface models WH-ol&= dolEl7} EA435}% &on, FH T = HE
dolg 7k EAgty. 15 7] wiel FE Aoy gHed Aojd dHolHE ]b&ii Flas s
SHAWF streamline¥} pathline2 Z5 Y24 Hg Hart vt GIVIOlA streamline™}
pathline& H|E o]&o&= lineo] E9|7}A%F control pointe} WMNEZS o] &afA A3
tube® AT 12jal ¥ Hlﬂ% lineo] o}4, tube FENS] geometryE WHolA FE
AEE s -3 _Lﬂr ;Y Ao "2 tube WOl FHE EAH7 AT o s F= 0

2 % Qe k. 187] uiel wheo] Aol W dlolE 7}

mlo

r:‘i
y

g aeg | T I g ag avy e 2y avy
(control point)
7 a) A2 w1 A<l
2D plane Wl ) 2] ¢ 1| %]
(in 3D space)
ey SRR R
=
272} A9 I RE)
General W E) %9l ) 2] ¢
surface model
= m 4] n =]
7z} SRR SRR
Stre?m/path - 9o 1) %] €1 2 9]
me
= SRR SRR

[# 3-7] Mesh FEfE dolf 444 3 fH A Y



1) Mesh FJ} request (GIVI — Haptic)

1 Byiz 1 Byle

! Byte | Byle

| 4Boes 8 Byles k JJ.I Z| 4 Byles ) L| ABples | 4Byles ) (3% 4 Byledi x number ol verllces 1 Bylex dumberol verlices. y @Byles 4 Byles 4 4Byles: | 4 Biytos ¥ numbaer of vertces |

Leagth Ideritilier L0 Pf 5 Mezh 1D M helhad veiox Xezoord ¥-ooord LR LI Sinp count Strig 1D Veirtax tount Index 1 Indax 2 R

SNE |rasered] ool
0 4 12 13 14 15 18 20 24 25 3z 38 Kok | |
I Aepsat 'stio sount’ limas I
[3" 3-4] Scalar Hjo]E]7} Aol= surface mesh F7} request
1 Bytz 1 Byl
! Byte | Byle

| 4B 8 Byles | JJ.I | ABytes L| dBpes | 4Byles ) (3% 4 Bylesi x number ol verllces 3 Byles xrumbet of verlices ) @ Byles 4 Byles 4 4 Bvies: | 4 Biytoe ¥ numbar of veices |

Leagth lderitifier c Pf ¥ Mesh 1D M Welhad veion ¥roood Yeaoord LR DR Slrip count Strig 1D ety tourtd Index 1 Indix 2 LR

S|E {reaerved) gl
0 4 12 13 14 15 18 20 24 25 3z a6 k k1 | |
I Aepeat 'siio gount’ |mas I
[ 3-5] Vector Hlo]E7} A 2]¥l surface mesh F7} request
1 By 1 Byl
! By 1 Byle
| 8 Bylss | |i| |.. & Syles 1. 4 Byles [ Byleg | {3 3 4 Byles) x numbe of verllcss | 4 Byles 1.4 Byles | 4 Byes | 4 Byteg § numzer of varticas | 4 Bylea | {3 x 4 Byleg) x rumer of canlrol ple E Byiss = rumber of conlial ple ’.7
Leagth |deritifier {o} g : Mash'D M L!'::E‘llj:::ﬂ \é‘:ﬁ: Wosnard ¥.ooord [ i Strip colnt Sitip 10 Vartoy sourt Indas 1 I I 2 e CU";“]‘J‘”‘;D"“ X-coord Yozneid { W ‘ | | | T
a 3 121314 15 18 20 24 28 3z k]

| List of control goints, -e——Llst ol [norma u.e_dl_..i

linside iba) direcliph venlons

Repaal “sirip count’ limes

[1& 3-6] Streamline / pathline &7} request



Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
OP code unsigned char 1 Mesh 37} request : 20
Rigidity unsigned char 1 Rigid body : 'R', Soft body : 'S’
Workspace type unsigned char 1 Plane : 'P', Cube : 'C'
Mesh D& 3lHe] Hole =
i : visualization objectd] W3 %+ I
Mesh ID unsigned int 4 2. GIVISH e Aued =ol
mesh® 2% mesh IDE zta ¢t}
1 : Surface scalar
Data organization | unsigned char 1 2 . Surface vector
3 : Stream / pathline
Haptic method unsigned char 4 e A= WX (reserved)
Vertex count unsigned int 4 MeshE A st= A A vertex 7N+
X—coord float 4
Vertex Z}3E.
Y—coord float 4 (X, Y, Z) tuple©] vertex count%H&
whE A,
Z—coord float 4
7} vertex©l bound ¥ H|o]EZ
Data values unsigned char 1 0~255% “41f 3H(normalize) ¥ k.
g 2272} o El &= 1byte,
WE Hlo]E = 3bytes® E &3}
Strip count unsigned int 4 Triangle strip 70+
Strip ID unsigned int 4 0 ~ (strip count — 1)
ul | Vertex count | unsigned int 4 |G strip= A= vertex 7l
= Index 1 unsigned int 4
Vertex index
unsigned int 4

[E 3-8] Surface 7} request?] NHEUE&




Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
OP code unsigned char 1 Mesh 57} request : 20
Rigidity unsigned char 1 Rigid body : 'R', Soft body : 'S’
Workspace type unsigned char 1 Cube : 'C'
Mesh ID= 3}de] Hol= EE
) ) visualization objectel] L%+ LW
4 - . N
Mesh ID unsigned int s2. GIVIS @Y MueA Eols
mesh™= Z< mesh IDE zZta1 Q)
Data organization | unsigned char 1 3 . Stream / pathline
Haptic method unsigned char 4 g dey WY (reserved)
Vertex count unsigned int 4 MeshE TA3sl= AA| vertex 7+
X—coord float 4 _
Vertex Z}3E.
Y —coord float 4 (X, Y, 7Z) tuple®] vertex count%h=
Ele=nah=
Z—coord float 4 S
Strip count unsigned int 4 Triangle strip 7R
Strip ID unsigned int 4 0 ~ (strip count — 1)
db | Vertex count | unsigned int 4 | stripS TSk vertex 7l
5 Index 1 unsigned int 4
Vertex index
unsigned int 4
Control point count | unsigned int 4 Tube Wol &A13}+= control point 7§
X—coord float 4 .
Control point
Y—coord float 4 (X, Y, Z) tuple°] CP count®&
HHEE o)
Z—coord float 4 S
X—coord 1 4 )
pEtle
Y—coord 1 4 (X, Y, Z) tuplee] CP countW
Elens]
Z—coord 1 4 e

[ 3-9] Surface 37} request?] A¥U&




2) Response (Haptic — GIVI)
Responsex W@ APZAAE GIVIAA &EF7] s AHE3H Mesh F7HS A4
o= S5 error codedl= 0°] AHM, 1 9o A= [E 3-3]o4 Aot o

A=E EdErh

| Byla
4 Byien 8 Bylea | & Hytes
Langth Ictentifie: A | Etror code
D 4 12.13 17

[ 3-7] Calibration response sequence

Mesh 57} response®] W82 [ 3—-10]3 2ol &A7F 2ASHH oJH meshE F7}138lt}
7 A AP =AE dEF7] 18 error codeol mesh ID7F EFFEojoF sFAX|RE
GIVI®F §1E€ AW Ale]9] command channels ©]-83F F4l2 synchronous communication
o]7] wiZol o7} nt= H o] 2 meshYd S dHEA o2 ujsts Aoz HFsia

JEAow EFANA et

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Response code unsigned char 1 Mesh 7} response : 21
Error code unsinged int 4

[ 3-10] Mesh 7} response



H}. Mesh X

g MW7} planes o ®E Y dAHHS & uel 3D YA o]~ ol E3HE mesh
= ddez 3y dods & °Fzke]l Zpol7b Uth. Planes Whdo= & ufol= 3E
Aods T8 W74 e meshsE AT 4 gIANE 3D Yazdo]z o] tha9
mesh7} A& wo= N8 F(haptic pen)e] HES F+5 uvlch 1Y AGH th4 mesh
7F v 29ar Y Y oido] v SlS wl mesh WA notifications GIVIONAl B
U=tk Mesh wAl= #E AW7E GIVIOAl Bl wlAA] o] 7] wiitel] GIVI <« ¥ AH

Atole] EAIAlY 5 information channel® WA RS HAE3hc},

[nt JI

1) Notification (Haptic — GIVI)
A o] 2o E3E o] 2= meshd plane 5 U3 FH| 9 sequenceS AME-3c} o]
3

=
W 'Mesh ID' =+ Add mesh &S &8 A2 AFHITE o] &3

| E-'.ll-l
& Byiea 8 Bylen _J £ Bytes
Langth |ctentifies M Magn
D 4 1213 7

[2™F 3-8] Mesh A notification sequence

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Command unsigned char 1 Mesh LA notification : 30
Mesh 1D unsinged int 4 GIVIeN A # A3+ ID

[E 3-11] Mesh #A] notification®] A¥U£&



2) ACK (GIVI — Haptic)

| E"ﬂ:.r.l
4 Byles @ Bylen } ¢ Byteg
Langin |ctentfifigr R | Etror coge
4 1213 7

[21™ 3-9] Change mesh ACK sequence

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Response code unsigned char 1 Mesh nA] ACK : 31
Error code unsinged int 4

[E 3-12] Mesh

A acknowledgel] A|RU&




Ab. Mesh Abx|

1) Request (GIVI — Haptic)

| E-'.ll.-.l
& Byiea 8 Bylen _J 4 Bytes
Langtn |ctentifias C beasn
D 4 1213 7

[Z™ 3-10] Mesh AIA] command sequence

Mesh 2+ request«] AR g [# 3-13]1% Zr} o] & Mesh ID7} 0xFFFFFFFFH
i )

98 Au @A 5550] ot BE mesh® AAsE A& ol

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Command unsigned char 1 Mesh 2FA] : 40
Mesh ID unsinged int 4 Mesh ID

[ 3-13] Mesh AMA| request

2) Response (Haptic — GIVI)

| E-'.ll.-.l
4 Byles 8 Bylen _J £ Bytes
Langtn lctentifiee R | Eror codo
D 4 12513 7

[ 3-11] Mesh AFA| response sequence



Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Response code unsigned char 1 Mesh 2FA] response : 41
Error code unsinged int 4

[E 3-14] Mesh A& response?f] Aj¥U&




of. | A%

1) Request (GIVI — Haptic)
;e A ZF request= T 7HA] HIAIA7E EAeY. s Y dg® ool 2 HW
(clipping plane)?] A$-E #3 Zola, & shh= 329 workspaceZF A A H o A& o

A e,

1 Byle

i B-,II"/
4 By Byles A Byles 5% 4 Byles
| Bites B Bytes 1Ly Byles ) 16 % 4 Byles |

. M atrix i Kéatrin
Langi der e c|m| MeshiD | Mot sy (| IR | i
ateman! 0 slarment 1 glament 15

b 4 1213 14 18 22 26 G2

[Z” 3-12] Clipping planeo] tjjst s8i&l A]AF request

1 Byte
i I?s-,-!p/
4 By 8 Byles 4 Byjes axd s 2 g % 4 Bylen
| Byles | 8 Byles |J_! | Bylez | 12 %4 Bytes] » 2 | 16 ¢ 4 Byten |

Langi Icdaniti Faar (ol i} Mesh 1D Koo Y—goond CRCIR) Z-coord

Matrix Matri e Matrix
slement 0 eferment 1 sfgmant 15

o] 4 213 14 1B 22 26 a8 42 a6 a0 102 106

[13 3-13] 3D workspace©] tfst g8l A]ZF request

Clipping planeo] W3t 38 Az A2 requestoll 4] mesh ID+= 54 clipping planeg A
Aot e AEE e AREARe] e dARle] GIVIERH Y F 5 requestE W
7] A7A = G clipping planeol] WAt g dgHS APsit}, ¥bH 3D workspace
g A7} requests HE F/Y WAH P AZeke= mesh IDE gelFaL, ARSAE
g e HES F& "ot AR Y do" g IDE vkt o, 3D work—
A

spaceE Uoz Y dA®-S & wjol & clipping planed] tigh Y AHHL =] &

W8 [ 3-15]9F #oh. od7]A workspace® lower(upper)

Y AlZF requeste] Al
= GIVI9 screen space AollA AABBE Ho]lx workspace=
3}

left(right) corner 3

world coordinate® W3t 3t Axprl, 18] 31 matrix elements OpenGLY] transformation

matrixS HU S},



Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Command unsigned char 1 el Aoy Az 50
Mode unsigned char 1 Clipping plane : 'P', Workspace : 'W'
#e Ay 7ol clipping plane©]H
. . clipping plane?d IDE 7}&]7] 3,
4 e
Mesh ID unsigned 1int workspace®l ool Hx el
A ™S A ZE mesh IDE A A 3o},
X—coord float 4
Y—coord float 4 Lower left corner of the workspace
Z—coord float 4
X—coord float 4
Y—coord float 4 Upper right corner of the workspace
Z—coord float 4
Matrix element 0O float 4
Transformation matrix for workspace
OpenGL 9] glGetMatrix 234 3}
Matrix element 15 float 4

[E 3-15] 348l A]&F request

2) Response (Haptic — GIVI)

& Byiea 8 Bylen _J & Bytes

Lengtn Ictentifies R | Etror code

o 4 1213 7

[ 3-14] sHEl A]At response sequence



Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Response code unsigned char 1 el dA™ Al ZF response : 51
Error code unsinged int 4

[# 3-16] 8= A&} response®] A|FEU&

X}. Notification

1) Haptic pen (Haptic — GIVI)

o] WAlA+= 38 A(haptic pen)d X} HW3FS GIVIOHH] dH 7] s ARESh
GIVIE ©] ARE vgo=® VR ~33 74 g AA Y A "ol x
Pu= AAE AFEAN A HofFEr o] WEE e | oETJr 2 responseE® TLRE
A o, ;Y APl & FQ FeF FE A= AR &L GIVIOlA e e 914
E el Fof g

3
0%
lo
%
m
f mlc'

Ot
oL

3:x 4 Byles 1 3 x 4 Bylen

ta
b

=
o

Headar N X=coard Y-goord Z-cood A-dimchion ¥-dinaoton T-ireano Nezres! X Nearag) ¥ Neses] £

o B G 13 17 21 26 289 33

I

[1™ 3-15] Haptic pen notification sequence

e,

i)

&
_:L iu}

AR AR = [ 3-17]3 2k o714 X, Y, Z s 3

@4
Lo
M
X
o
Lo
=



Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Notification code | unsigned char 1 Haptic probe info : 60
X—coord float 4
Y —coord float 4 Start position of the haptic pen
Z—coord float 4
X—direction float 4
Y —direction float 4 Direction of the haptic pen
Z—direction float 4
Nearest X float 4
Nearest Y float 4 Nearest point
Nearest Z float 4
Haptic rendering char 1 3 U3 ol (true/false)
(& 3-17] 9 =




o] & TAE7] s AFEETh o] HEE Y driHe] 113

1) Request (GIVI — Haptic)
PY FA gye Mo F7} dolHE Bew X o] wEe dAl fAAE dus}
command opcode®] 13wute]E, o}7]el] wlAA] Aol LT FUb 4npo]Em A o]

AT (A 178}l E, [29 3-16])

4 Byles B Byles L

Lanrgim Jedzryh s Fiar 4

o 4 12 13
(23 3-16] WY FA)

request sequence

i)

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Command unsigned char 1 e Ay A request @ 70

[# 3-18] 388l %X] command sequence®] AA| W&

2) Response (Haptic — GIVI)

Y AuelA Y AdYE Tt 2 Aaks 5957 A ARt AdHeR &
27F |94 error codeell 0°] A7FHar, Z1 98] Ag-oll= AE3 error coded AFMA =
HETE bRt v TRl S GIVI fgelM s #E Avgel g sow 53}

i, 7 ole] g WA F,



i)

g F4 3ol 44 gL

& Byiea 8 Bylen _J £ Bytes
Langtn lctentifiee R | Eiror coda
i 1213 Ir
[’ 3-17] 8HE”) &=X] response sequence

=

[3 3—-19]¢F

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Response code unsigned char 1 Mel A]sy FA| response : 71
Error code unsinged int 4

[# 3-19] 89 FA| response?] AA| W&




7

o

K

i

. Unknown error

Wu e culelzel EAZE A Rad e Avg
o} 3z %

= [€]
o e
& WE FUA JEE Soprtel dtt,

I Byle
4 Byles B Byles L

Largm Jedryh e Fir E

o 4 1213

[1& 3-18] Unknown error seguence

Field name Type Bytes Contents
unsigned int 4 Message length
Header
char array 8 Identifier
Command unsigned char 1 Unknown error : 255

[# 3-20] Unknown error sequence?| AJ¥Uj&

A8 7F GIVIOI Al Bt} o] A X




4. Haptic MH 9 &H & A9

FE A= GIVIZFE geometryet Y vlo|El& dEwrolr Y dd"s Faste
= olEE Aol deltt. Y A V|EHo R WELAE T3 GIVISH #-bAEE T3
Hom, Y FAE Aojstar P9 Aol B A4S defdrt

© 2oz U7

HIAIRI

o] ol A= GIVIS ® Pl t-gdt= Y Auy v 7o diydsFdl e A

7t &5 332 Mg

W Mo Aol B 7leS GIVIY ¥R mebr g dvh. 127] wid] GIVIEZHE
Aenre wigel b ofgA HAest=AE Bt Fod Fart glrh o] HelM
Pe AP 7F AR P AWt ofdl AS ofwl wAol web ek A
Klass

1) ¥ 3 oZ

o] @Al= Y AW FHx A3y B x7Istel welo] ok AMEAE TRIaWS Adgstd
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g 4-21)
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Wait
command

[O™ 4-2] 38E] AJA} state transition diagram
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e vy

[e]
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Run program
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Wait connect GIVIZEE S a2 23S 7|gal= AE

Wait command GIVIZHHe HHs 7ivel= A
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i)Y

(73 4-3] 3 ]9 Aol e 3] thumbpade] HES +2 ©

Stol| A w3t ‘As) = AA’9 state transitionT} PFZFHZIR R e AglH o)A A
GIVIZRE S Hyy A2 ddo] ojyiEr 23t} [23 4—-4]0)4 '"Wait command'
— 'Calibration'©. 22| Jejdo]l= GIVIZHE HEH calibrate H#Ho] oJHERZ 283}7]
wjFo]t}, “18]al 'Calibration' — 'Reset position'2.22] Jejzlo]= Algx7F g H

thumbpPadE =% 7] w&o wAgsicl ([1¥ 4-3])

Wait
command Wrap up
complete

Start calibration

Calibration Time out—>

User input

Reset
complete

Reset
position/

[ 4-4] siEl ZHa]H go] A state transition diagram




e a4
o GIVIZHES WS 7Igga e
Wait command |« g Zg|HgolHd WS wrom e Fxjo] A H g o]d MHF
Z2 S=35a A By ol dS A &s
o AWNE AX9¢ thumbPad ¢ &< 7|thg]= AbH)
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o]E] (geometry 2 €
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[ 4-5] W3] &7} state transition diagram
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LA A
Wait command | ¢ Sgo]AEA e HeEHS 7ittgla g A
Parse data o WA F7F 83 WHEHY A w2 wH deoly 4
e W HolH BAS AF¥FHor dnsta dolgd ool gl
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[2™ 4-6] W3] AMA] state transition diagram
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L. e Meo| 1

GIVIgFe] &A1& MFCZ FdAu. 283 g x| Aol 252 OpenHapticse] low—

level APIQl HD APIZ F&83 3, & A= CGAL gtolB e8] & o] &3t}

=34k A FEE CGAL gelreg= it 53] wmE T=34E5 #18) (3D)
dolgH 25 E I~ o]~ (workspace) S F 2 7)Wro 2 AABB(axis aligned
bounding box) ETE A3}, aga A FE= }‘— AABB E@lZ o]&3it}, Zgx
I ¥RJES FES IASHE TEX Aol Hit(interpolate) ¥ scalar/vector #t& FE
A Gell AREF. Spx|nt %EXVSQ A% ARge7|EoeE Z2H9} M Tk A
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ol
ol
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o
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A2 F7AY dojdl= Fol
sio}

4

@ e AY
e A= OpenHaptics ZHolBel@]9] low—level APIS HD® FHHU. A4 e
Aulo] FEEe 9 dE dgy HAe Y R 2 PRI S 9l

AU
ol= HW (slice) 7 =E-gilel] g Z2H7} Jpjte] typrtd 2rH e &
o g7l ¢
ula 54 Abgel fY Zarrp god Zanyt dd Hels B4 %5

dojui= 3§
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WA 2] AL TCP 2Aoz FaHEgon H4aA =F AA A]|~do xS
B Mo 2y vt AAE Aofstes vk wAA] FAFE [27 4-10]A]
& 4 %ol WA HAA] Hol(bytes)E el F A HAAE A

void
CCommandClntSocket: :0nReceive (int nErrorCode)
{

CMainFrame *pFrame;

pFrame = (CMainFrame*)AfxGetApp ()->GetMainWnd() ;
if (m Flag == 1)
{
Receive (&m_nPacketSize, 4);
m Flag = 2;
if (pFrame->m CommandReceivedData)
{
delete pFrame->m CommandReceivedData;
}
pFrame->m CommandReceivedData =

new byte[ m nPacketSize];
m nCurrentReceivedSize = 0;

else
{

int nReceive;

nReceive = m nPacketSize - m nCurrentReceivedSize;
if (nReceive > 4096)
{
nReceive = 4096;
}
nReceive = Receive (m _buffer, nReceive);
memcpy (&pFrame->m CommandReceivedData[m nCurrentReceivedSize],
m _buffer, nReceive );
m nCurrentReceivedSize += nReceive;
if ( m_nCurrentReceivedSize >= m nPacketSize )
{
SendMessage (m_hWnd, UM COMMAND MESSAGE RECEIVED, O,

(LPARAM) m nPacketSize);
m Flag = 1;

}

CSocket::0nReceive (nErrorCode) ;

[ 4-9] BAIA] $A1%0] 28
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void
CCommandClntSocket::SendData (byte * data, int size)

{

Send (& size, 4);

int totalBytes = 0;
int sentBytes;

do

{
int leftBytes;

sentBytes = 4096;

leftBytes = size - totalBytes;

if (leftBytes < 4096)

{

sentBytes = leftBytes;

}
memcpy (m_buffer, & data[totalBytes], sentBytes);
sentBytes = Send(m_buffer, sentBytes);

totalBytes += sentBytes;
if (totalBytes >= size)
{
break;

}
} while (sentBytes > 0);

(23 4-10] HIAIR] AT



3l o
pid

static HDCallbackCode
HDCALLBACK calibrationCallback
{

HDdouble pos[3] = get probe position;
HDdouble thumbpad = get thumb-pad value;

(void *pUserData)

pUserData.position = pos;
pUserData.thumbpad = thumbpad;

if thumbpad is down
{
Do calibration;
finish;

return HD CALLBACK CONTINUE;

(23 4-11] Z2]Eold MEsx A

H o

2 Adsta 48 gA= AGPse qY R zayn 93

static HDCallbackCode

HDCALLBACK forceRenderingCallback

(void *pUserData)
{

if tree is NULL
return HD CALLBACK CONTINUE;

rpos convert pos to postion in rendering coordinate;

ratt convert att to attitude in rendering coordinate;
bool forceOn = false;

if tree.dataType is scalar

{

calculate distance between probe position and closest vertex position;
if force rendering condition is OK




convert dist to magnet;

convert probe velocity to friction;
rendering magnet + friction;
forceOn = true;

1
else if tree.dataType is vector
{
calculate distance between probe position and closest vertex position;
if distance is small enough
{
convert closest vertex’s vector to force;
rendering force;
forceOn = true;

}
else if tree.dataType is streamline
{
calculate distance between probe position and closest cp;
if follow line is not started and distance is small enough
{
convert dist to magnet;
rendering magnet;
forceOn = true;
if follow line start condition is OK
{
start follow line;

}
else if follow line is started
{
double vec[3] = calculate current cp to next cp vector;
double dist2 = calculate distance between vec and probe position;
if dist2 is too big
{
end follow line;
}
else
{
convert dist2 to magnet;
convert vec to force;
rendering magnet + force;
forceOn = true;




send rpos, ratt, forceOn to Haptic Server Mainframe;
(The Mainframe send rpos, ratt, forceOn to client)

return HD CALLBACK CONTINUE;

(13 4-12] 2 A Hu=mo] 27




5. GIVINlM O &Y EH Ad

7l 72
GIVIol= 3189 #AHH S 913k FSM state®} state transition FE7F Bz FdE o] At}
53] ARE B Ao AelE fs Y ™ G (workspace)o] FH A (cube) FE
85-¢} slices do® Y dHd S ot 455 Sk okl [29 5-119 [17
5—-2]% °] ¥ 7[A REE=E 9% FSM transition diagram< 247 Hov9, [% 5-1]3
[ 5-2]& ¥ diagramS A 8l= FSM stateo] AlFu8S A3}
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P S ~ calibrate ~_ /
i \ N\ ~< — N )
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erin
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[ 5-3] GIVI9] 38 A AH X2 |- &7/

$4 EAAE2 command channel® information channelZ &% 4 At} o] & com—
mand channel<> synchronous communication®.2 Z3}7] wio] He] 2H=g T3
kA kol F A%t information channel $E AW ZEEH FA|Z HolHE

7o e =g mE gt doly ¥y shdo] BolE geometry T HE AWHH
tlolB & zta gl Aol &eiA 27 A TREF Wt geometry BEE W
gt fE AW E o] ARE dudtolx =2l FEHE dolHE Alg-Adsta, 1 A
ol E tdo= Y dAGds st a2 =8 93] A FH2 Y AH7t
HuUle Z2H JRE ol &alA A 7oA 3o o= A H ] FE

o= Aol FolEE WE ALYsw YEAE ARHoR nolF

[H

i_4



L}. Command channel
Command channelol Xl A}&3t= WAIx]e] F421 FEL ZF2Z} giviiHapticlO Z 29

Send$} Recvils WH 42 FdH o] Q).

e givi::HapticIO::Send (haptic::Command &command)
e givii:HapticIO::Recv (haptic::Response &response)

Sl = AF3 5o command channelS synchronous communications AFE3&}7] o &9l
ofZg Aol M= [28 5-3]3 Fo] ARE3tty, IjoA Kol ofFg|Ale]d-2 Send
StE &% A9 Recv 55 T=3A vZ2 Y AW ZEEH SHES 7|vdh

// send command & geometry to the haptic server

// i->first : object ID, i->second : pointer to the object
converter->Convert (hapticCommand, i->second);

gHapticIO->Send (hapticCommand) ; // send geometry to haptic server

gHapticIO->Recv (response) ; // get response from haptic serv

[2™ 5-3] 388l command channel®] AIF] AFE

GIVIZF 39 Au= Hill= 5o /15" FE2 offo] o2 747 2o Fdsof 3tk
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e givi::HapticIO::EncodeAddMesh (givi::Octet &octet, haptic::Command &command)

e givi::HapticIO::EncodeCalibration (givi::Octet &octet, haptic::Command &command)

e givii:HapticIO::EncodeScalarSurface (givi::Octet &octet, haptic::Command &command)
e givi::HapticIO::EncodeVectorSurface (givi::Octet &octet, haptic::Command &command)
e givi::HapticIO::EncodeLine (givi::Octet &octet, haptic::Command &command)

e givii:HapticIO::EncodeRemoveMesh (givi::Octet &octet, haptic::Command &command)
e givi::HapticIO::EncodeStartHaptic (givi::Octet &octet, haptic::Command &command)

givi::HapticIO::EncodeStopHaptic (givi::Octet &octet, haptic::Command &command)

ag]a ;e AWM ZHEEe 52 ol R FAHH Q. o] 52 buffer, octet
o2 xdY dHolHE yazydsla, 1 ZA3E response® EH T



e givi::HapticIO::Decode (unsigned char *buffer, int length,
haptic::Response &response)
e givi::HapticIO::Decode (givi::Octet &octet, haptic::Response &response)
e givi::HapticIO::DecodeResponse (givi::Octet &octet, haptic::Response &response)

C}. Information channel

Information channelS 3+ 2 d =+ giviiiHapticlO9 constructorolA] TS| At} ([

5-4])

givi::HapticIO::HapticIO ()
{
==
// Start network receiver thread
mInfoThread = new vpr::Thread(boost::bind(&HapticIO::InfoLoop, this));
if (mInfoThread == NULL)
{
this->CloseCommSocket () ;
this->CloseInfoSocket () ;
LOG4CXX ERROR (gvLogger, "Failed to create haptic IO thread");
gContext->ResetHapticFlag() ;

[2™ 5-4] givii:HapticlO9] constructor WojlAl £33 = information thread®] A4
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void
givi::HapticIO::InfolLoop (void)
{

=
#o

while (true)

{
usleep (1000) ; // =St cPU F5} WA

/ B HIAIX]Q Aol &9l — ¥4 ‘length’ o A%
memset (buffer, 0, sizeof (unsigned char) * BUFSIZ);
total = recv(mInfoSocketFD, buffer, 4, 0);
if (total <= 0)

{

continue;

}

memcpy (&length, buffer, 4);

// “length’ H}O|EQ] HO]E] A4l : BT Recv FHE HAE SHA| gd=0t.
memset (buffer, 0, sizeof (unsigned char) * BUFSIZ);
total = recv(mInfoSocketFD, buffer, length, 0);
if (total <= 0)
{

continue;

// HAIRL &1E A= . jiE 2 EFo SHEA Q1Y © HAIR|JIA] HHh
mMutexCheckHeader.acquire () ;

correctData = this->CheckHeader (buffer) ;
mMutexCheckHeader.release () ;

if (correctData == false)

{

continue;

this->Decode (buffer, total, info);
this->Dispatch (info);

[ 5-5] Information thread® &
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e givi::HapticIO::Send (haptic::Acknowledgement &ack)

Information channelol A A}-&3t= WA %] 9] encode FE-& ofgfe} o] F3E o] t}. o]
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=

WAl A 9] encode FHS F7}sE 4= Ut

e givi::HapticIO::Encode (givi::Octet &octet, haptic::Acknowledgement &ack)
e givi::HapticIO::EncodeMeshChange (givi::Octet &octet,
haptic::Acknowledgement &ack)

Information channelolA] A}&3l= wWlA]#A]2] decode FH®X ofdle}l o). oA Hwsh
encode FE I vz7IA 2 A d¥ FElo] T35 @—’F-‘E givi::HapticIO::Decode 3}t}
2 Edro] g9Jon giviiiHapticlO::Decoede & oA HWA Ao =55 golst & A=A
gk decode FH& TE=stes AW Ut

Oft

e givi::HapticIO::Decode (unsigned char *buffer, int length, haptic::Information &info)
e givi::HapticIO::DecodeMeshChange (givi::Octet &octet, haptic::Information &info)

e givi::HapticIO::DecodeHapticPen (givi::Octet &octet, haptic::Information &info)

e givii:HapticIO::DecodeStatus (givi::Octet &octet, haptic::Information &info)
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