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RESEARCH ON INDUSTRIAL ROBOT
DEMONSTRATION AND TEACHING SYSTEM BASED
ON POSITION TRACKING

ABSTRACT

With the increasing advantages of industrial robots in improving
production efficiency and reducing labor costs, they are widely used in
welding, assembly, handling, spraying and other fields. However, in the
face of continuous changes in production tasks and environments,
traditional teaching methods (such as teaching device programming and
offline programming) have gradually shown low efficiency and high
requirements for operators' professional skills, which has prompted an
urgent need for more efficient and interactive teaching methods. Therefore,
thesis paper proposes a demonstration and teaching system for industrial
robots based on pose tracking, which aims to improve the efficiency of
teaching and programming, reduce the use cost, and ensure the high
precision and safety of operation.

Firstly, the technical difficulties of teaching programming of industrial
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robots are systematically analyzed. By comparing the research status at
home and abroad, the unique advantages of demonstration and teaching
technology based on pose tracking in dealing with complex trajectory tasks
are clarified. On this basis, the VR positioning technology of HTC VIVE
is introduced. The position jitter error of the device in the static state is less
than 0.2 mm, and the attitude error is less than 0.03 °, which has the
characteristics of high precision and stability. Aiming at the problems of
high cost and low precision of traditional positioning technology, a gun-
shaped teaching device is designed and combined with the four-base
station cooperative positioning scheme, which effectively improves the
accuracy and reliability of positioning. In addition, the accuracy of the data
and the stability of the system are further enhanced through the application
of the anomaly detection algorithm of the dual tracker.

Secondly, aiming at the spatial mapping between the positioning system
and the robot base coordinate system, a transformation matrix solution
method based on four-point calibration combined with singular value
decomposition (SVD) is proposed. Normal Iterative Closest Point (NICP)
algorithm 1s used to compensate for the accuracy of the transformation
matrix. The experimental results show that the average position error of
linear trajectory is reduced from 5.514 mm to 2.656 mm, the arc trajectory
error 1s reduced from 5.667 mm to 3.149 mm, and the attitude error is
reduced by about 10% on average. In this process, the forward and inverse
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kinematics model of the robot is also established based on D-H parameter
method, which provides a theoretical basis for the precise control of the
robot.

Then, based on Unity3D, the simulation platform of robot teaching
system was developed to realize high-precision modeling and optimization
of robot model, and an efficient and intuitive teaching environment was
built through virtual scene layout, robot motion simulation and
communication connection with real robots. At the same time, the collision
detection algorithm based on the bounding box is introduced to avoid
unreasonable collision of the robot in the simulation process and improve
the stability and reliability of the simulation. In addition, the friendly
interactive interface is designed to improve the ease of use of the system.

Finally, the experimental platform of robot demonstration and teaching
system designed and built to carry out multi-dimensional experimental
verification. The experimental results show that the proposed system can
maintain high trajectory position and attitude accuracy under different
velocity gradients, and the trajectory reproduction stability is good. The
field spraying experiment further verifies the practical application value of
the system. The demonstration and teaching system of industrial robot
based on pose tracking developed by this research institute effectively
solves the disadvantages of traditional teaching methods, and provides a
new method of high efficiency, convenience and high precision for
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industrial robot teaching.

KEY WORDS: Industrial robot, Positional tracking, Demonstration

teaching, Coordinate transformation, Unity3D simulation
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2-4 = R
TEENIEEALFRR T, A By C Z AWM ERELRIRNR, =

(xAlyArZA)’ RB = (xB)yB) ZB)’ RC = (xC;yC;ZC)O w\)\l_i A y\j,fﬁlj’ ;H\:E:ﬁélé*/_\ﬁj\%

m=R (2-3) PR,

xa = |Rylsin Y;cos ¢,
Ya = |R4|sin Y;sin ¢, (2-3)
Zy = |Ry|cos Yy

WE)5 % Ras Rp, ReMEBEAT RiZE, sk (2-4) Fror.
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Ry - Rc = |Ryl|Rc|cos ayc (2-4)
Rg - Rc = |Rg||R¢|cos agc

XA, aup RN Ra A Rg Z [AIHIF A, ouc RN Ra 1 Re Z TR, ape R
7~ Rp 1 Re Z 1B £ FE LA ALFR R i Riz 5 0] DLRIR A :
{RA “Rp = xaxp + Yayp + Z42p

{RA *Rp = |R4||Rp|cos ayp

Ry Re = XqX¢ + YaYc + Zazc (2-5)
Rg - Rc = xgx¢c + ypYyc + ZpZc

HA:

YaYe = |R4lsin Pysin ¢4 - |Rg|sin Y,sin ¢, (2-6)
ZyZg = |Ry|cos Py - |Rg|cos P,

P (2-4). (2-5) F1 (2-6) HRSZ, BT ULV Z|R4l"|RB|s |RA|'|Rc|FNRB||Rc|, 15
FILL R A7

( COS ayg = Sin Y cos ¢4 sin Y, cos ¢,
+sin Y;sin ¢4sin P,sin ¢, + cos Y, cos Y,
< COS Ay = SinY; cos ¢4 sin Y5 cos ¢p; 2-7)
+sin YP4sin ¢;sin Y3sin ¢z + cos P, cos Y3
COS Qe = siny, cos ¢, sinP; cos Pz
\+sin Y,sin ¢,sin P3sin ¢z + cos YP,cos Y3

MM RZ A G (2-7) AIR{R (2-8)
(sin 1, cos ¢4 sin, cos ¢, + sinyY; sin ¢, sinp, sin ¢,

R4|* + |Rp|* — AB?
+cos P cos zp2=| al [Rs|

{xAxB = |R4|sin YP,cos ¢p; - |Rg|sin P,cos ¢,

2|R4||Rg|
siny cos ¢, sin Y, cos ¢, + sin Y, sin ¢4 sin P, sin ¢,
|RaI* + |Rp|* — AB? (2-8)
+cos Y,cos P, =
S 2|Ryl IR

sin Y, cos ¢, sin 3 cos ¢p3 + sin P, sin ¢, sin Y5 sin P
_IRg|* + [R¢|? — BC?

+ =
\ cos P,cos P3 2R, [IRe]

KHAB . AC FIBC R =A 2 MBS, £ AR . @i R (2-8)
BIAI /35 A. By C = A5 4 O Z MIMIEE BT . %5 b AT DL BIAE R fr 3 b AL b 2
T = AR NI 545 B WIIRE LR, AN E A BESE T & — AN B B 2 E A]
SEPA HEIE T, M6 B R T =N RO B8 R T 58 IR B R AT . T AS R 4%
KAV e, H HTC VIVE Tracker FL#% 1 23 MNLAMNEHUE KA, XA %
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2.2 BERSIZEHIERE
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AT T RIFE Unity3D _FFF K —M35ET HTC VIVE Tracker F#URE Bf R4,
SEXF HTC VIVE Tracker (AL ZHHR HEAT SEI RAEFIALBE . Unity3D /2 — K20
RESR KIS T & SEf AT R LR, T2 T0% 2D, 3D. VR Al AR A FE
Feo eiRHE T FE W EIRE . PEEL., ShE RFMASCRE, [T R
A A B AR

K 2-5 SteamVR 15 # & H
HTC VIVE E0 RS T EAE SteamVR I8 N A istT, HiBw 2R
KEARMEH. N THRFRBAAZEE VR KEWEN NialT, HEXY
SteamVR FIHC & S (default.vrsettings) HEATEE4, K “requiredHmd” T3 & K
false, MIMSEIE kBRI, BEREMBGETESHIE). K 2-5 Frx, J&E
BRI 5 185d Steam VR 326 ) e 4% 85 FE 8 AT DS IR 0] W LR PR 1 4%

@ Inspector

@ v GameObject
v Tag Untagged ¥ Layer Default
s Transform

X -14.4331 Y -1.41296 Z

v Steam VR_Tracked Object (Script)

Index Device 6
Origin None (Transform)

Add Component

Kl 2-6 IAH:#L
N T IRBGE BRI A5 B, 75 ELE Unity3D #15 \ SteamVR Plugin &,
T Unity3D 5 SteamVR #4752 ., WK 2-6 Frc. BfJ&, 7E Unity3D H A%
—ANEYME, I B SteamVR_ Tracked Object Hi4~, TS SteamVR
KILHIBERSS . MHAYE Tracker X NIRRT JE, RIS R3] Tracker 1B
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HRE S RUE, N T ARBUB RS A 25 8, AT LAIE UmﬁDHﬂ%huﬂ
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Timestamp.Position.Rotation
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15:40:24.006,(-0.802651, 1160621, 0.086737),(2.066690, 101.750100, 262.246400)
15:40:24.299,(-0.811472, 1165497, 0,102065),(1.032085, 103592800, 262.992500)
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PRSI I ORI BME, BIEEE R BOR, MW ORI KR . K5,
TR AL P ST — N AL P ME PR KL (Pivss Pivz) WK R ECER
B, sk (2-9) FoR.
d(Pi_1, P) = v (%1 — %)% + (Vi1 — Y% + (221 — 2)?
d(Pii1, P) = v (K1 — %)% + Qiwr — Y2 + (Ziwr — 2)? (2-9)
APz, P) = v (Kiz — %)% + Qiwz — )2 + (Zisz — 2)?
5, BT HCE AN IB B s B K ER B9 RN, e 3 B B/ BE B )3 R A oK E
SCRFERALE, s (2-10) iR,

min[max {d;(P;i_1, P), d1(Piy1, P,), d1(Piy2, P}, (2-10)
{d2(Pi—1, P), d3(Piy1, Py), d3(Piy2, P}
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PN W =AY o3 R S8 SRR AR R (A L HLEE ANFEALHR & (B) L JBERAS
AADR 2 (K MK} 78 B0 B AR Im AR R AR AR 2 (T
N TGRS AR R T ORI TR B A BINLBE N EAAR R T, 75 2 R
INRGUER FE UG AAR R (AL L LA N FEAAFR &R (B IBERESARAR 2 {Ki ) ATH{K}
SR BB B R AR AR R AT Z M AR o &, Il (3-1) FivR.
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BT, = AT, - KT, - BT, (3-1)
e AT RPN 2B B As A8 AR 2 (K} AR T8 7 S vl A A 2 {A) ARG &5 A Tr
RINTRBOE B F AR 2 (T ARXHB BR A% AL bR 2 (K} AR R 2R o AT RO 30
BR MRS R (T AR 53k uli AA AR 2 (A} P IR R PTr Fonn BOR B AR Ak
PRAATHAR THLAS AZEARAR R (B) NIV R PTy Rom g kvl A4 hR & (A}
FXFHLE N AR PR & (B AR &

3.2 SRR ARG IR HR T A KR

3.2.1 ETHRENRBCRER IV ERE

N T FEOR B BRI R AR SR ARAR R (A NI E R, RO
BHRPILa NoR S, RIFR AL E AR, LBEREL 90 ° BArnHERE, 3K
POBERSAEVY MR EAL B NI i), RV bR LR G BIR m AR S i A
AR {AY PR E R

& 3-2 DY s s =
IBERARARNR 2R (K} RO EAR RUARAR R (T SR AR R (A}, =FH W
KEN:

ATy XTp = ATy (3-2)
X (3-2) HRVRSERE T, HiefErE R A BERE P Ak. X (3-2)
PL% B B e UR I, 153

[ARKi APKi] . [KRT KPT] = [ARTi APT] (3_3)
0 1 0 1 0 1
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s ARk A B B A AL Z AR HE b ALAR R B FERE (=1, 2, 3, 4); P
B EE A AR R AR B AR RO B R R (=1, 2, 3, 4); KRrj2dR S ALbR
FAHRTE ER AR AL PR R TEREFERE s KPra 2R s A BR RAFG B 5 s AR AR 2R IR AL B 2R
T ARn IR FUAARR R AR I AL RR RIVTEREAERE (i=1, 2, 3, 4); “Prf2RA
LU Y PO B S Ly T N L VAN

PR (3-3) R R R IE 5 AT DAAS B TH SR B0k BAR mAEFR I AR AR 2R BAL
B

[“Riil - [*Pr] + [*Pii] = [*Pr] (3-4)

JeIr (3-4) 5310 (3-5):

Ny Oy Ay KPTx APKx APTx
Nz 0z G KPTZ APKZ APTZ

TEFRE IS FE /s 20 B 9w A B AR SE S AL AR R B A, B “pres “ppes
Apr NEAE . MEAL, 1BERAR SR B B R A A B A, BTLL fRr 5 KPr
WREAE . N T AP B R, T P SRR E R vk 2 Py WA & 4 Pr
f:

[“Rk1 — “Rial ® “pr = [“pr2 — *Pkil (3-6)
¥ (3-6) BIFE:

KpTx APsz - Aprl
[4Rk1 — ARz - | Xpry| = | “Pry2 — *Pryn (3-7)
KpTz APKzz - APKz1

N T ARE] Pr ME—fif, AREAEM Ps RIS EIE I E P AL EHHE, Py
s HAE IR P WAL L H e, TR (3-8).

Dkxz = “Prxt]
A _ A
ARK1 ARK2 KpTx ApKyZ ApKyl
ARy> ARKJ . [KpTy = APKzz - ApKzl (3-8)
ARk3 Rya Kpr Pkx3 — Pkx2
L ADkza — “Dzs ]

0 (3-8) T REON 9X3 WIKERE, HAE “prs “pr fpr = DRFE, A

MAETTREH, FrUARER solve R BARFH RN FEALRARIN ik . AR
F e/ ik HERE 2, I R BOEREASE TR, AN AT EER, IR
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8. A AR R SRR R SCE R 7%, i (G-9)FR.
“Rg1— “Ryz
‘Rz — “Rgs
“Rys — “Rya

A U—A mxm BIERRFERE; X & mxn WX AMRE, XTAZ% B
TCE e T T EH 01,0,....00 GEIETFHEF)), ERICENZE; Ve nxn FIERHE

= yzvT (3-9)

K&
) Sy ] DA R
+
ARKl - ARKZ
ARKZ - ARK3 = UZ+VT (3'10)
ARKB - ARK4
Hpy+hy.
r 1
— 0 0
071
1
0o — 0
03
vt =i : : _
1 (3-11)
0 O —
O-T
0 O 0
Lo 0 - O/
i JE B W TR BN B R & APy
C ADkx2 — Pkt ]
K A A + APK 2~ APK 1
Prx Rg1— “Rgs ) Y s Y
KpTy =| ARk, — “Ris| - APKzz - ApKzl (3-12)
KD ARks — “Ria pr3T Pkx2
L APkza — “Pkzs!

RER 0 KPritt A3 (3-4), BT BIFERL RS AR & AR UL 4P

3.2.2 Buf iR R 28 N B AR REFIRIE K R
FETEROREEE B R SN BIRE G, ABTFEET SVD il i) e 4R B oK fig

JIEFRER I A bR 28 -HL A N BEAA KR 2R R4 AE R o M ik DR LA AR P28 1 e /)

3R R I R e RO RS E PR AN B o A Rl AL R 2R T I SRBUR S R
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SR AL BRI R @, RO E R FAENLES NI ARAR 28 AR B 1E H
bRAEE b, AR SR o I PY SR E IR, B AR AR bl R R B A
FENLAS N R S fE LA N TCP briE 3RS . FEHET A S E 0 R 2 B /5 240 S A
RERARRR R, IR AT I A .

- 2?:1 a; I; _ Z?=1 b;

, (3-13)
n n

Xi=a; — C_l;yi =b; — l;(l = 1,2,'“,71) (3-14)

B e TH d*d e )5 ZHERE S, Ho C=[xr, x2, *+ xa], D=[y1, y2, === yul FI R
W o ZEF A B2 R d*n 4ERIRERE .

S =cDT (3-15)
X ZEHRE S AT SVD 40, 13 B HeRE R R:
R=VvUT (3-16)
AR det(R) <0, Wik v=vT, Fk VTS =4I3kLA-1, I R Iy
R=-vTyT (3-17)
FR I
t=a—Rb (-18)
Fie i BV AT 32 AR B R BT
BT, = [R ‘] (3-19)

AR PT IR 1 K 5 AL H i AR 2 F (1 AR AL BN A N FE AR bR R 2
B0 E, ARHFERE R AT 1015 2o A eI R SR B AL b 28 22 TR] 1) IR 55
KHR, BOFE=ZHAIRLHIA

B B AR I O R AESE R A B AR AR ARy AT, JE I Sl AR bR R -HL g
NFEAR bR 2R B RS P T, sURT LG 2 PTr, W3 (3-200 P

BTy ATr = PTy (3-20)
R (3200 D& H A HIE R, 1351
e N

AP REE E R IEEM%M%JDM%T (A7 B o BPr A 546 M PRyl T
HLEs N TCP FriE3R1E, #E—a] DUE 46 PR s H R 7R 20 B 22 5 AR bR R (T AR
N FE UG AL BR B (A AR e R AT S HL 85 NFEAL KR R {B ) AT SE G AL BR & (A} HIAR
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BK R ATso
3.2.3 EFEEERRIL SRR RS E M2

2 PR T AT S 0 A R H RO R R PGS 825 T s B 48 e 1 B
HTUBHRER 23785 (1 S5 TR 32 %, R A 2 A0 SRR A P 2 0 R o0 2 S DA SR L8 R 38U
TR o TE T8 AP I FERE 4 J5 , AT 70 R H NICP FVEB g — PR TR e R

NICP FyRMI 45 € B KB P={pr> pry = pm} G4BT P={per,
Pe2, % pen} TEFIAN 15 2 2 18 (¥ 26 88 F50 /MK o

EAEXPIA S A A pe TR B R THEZR s AR 65, B THE S
(b7 25 R S RATALR R, I SEBOEL AN M, E I K R F
FAT S0 2R 0 2R (¥ 5% oL 0

B 20X LA [peip] T EE B —AS 6 AERZE 0 & ey (T):

Rp,; +t
eij(T) = Pei = T ® By = || — [ ) ]

3-22
[pCL Rp,; — ] (3-22)
Cl

Rn
ﬁ¢:%%iﬁzm¢%z¢ﬁm#%,@@ﬁm%ﬁﬂ&%;mﬁ%ﬁ

Z p AR, B8 SINARRRNES: T @ p, R T A
585, -

B8 L BEL B 052 AR A AL T, 5 28 K Ak A £ VA
o4 A A BRI T, (A A 225 2 B B M
Tt =argmin > 1 py—T D P, I3, (3-23)
(i,j)ec
Refr T RR S A, B NS P ES S P A
Rolts pu R AU PEOE I AL po FLAE P AR AT QA 6 4
5 AR, I IIRGR 2T,
R BRI RS RE 55 DT, AT B BT (5o B 58 O B R
Bron=t (3-24) Fom.
BT, * =T* BT, (3-24)
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3.3 EAEBHESH

Denavit 55 Hartenberg 7 20 T2 HIHIC G 12 H (1) D-H 24072 (D-H Parametric
Method), NHLEF NIZEh At fit 7 —ERGUR@EBTT . ZInEEE P4
KBS R A AT G AR AR R 1 2 [A) R 45 06 2R, 2E 1T SE I 2R G238 B Re 1k (1 2
IR . FEIZEN R, IE SR AR FR B SCTT IS S HE T AR ST 2 1 2 A
Br s, T ) SRR FE AR B bR L% S & T IIE sh 8004 . AR T HoAth i A8
J7 7, D-H J5BA S5 TREE RS AR B AR A b 2 15 5 U B mT
W IE s Y, RO R B & B A B AR A it B, (AR A TS T B0 S 0tk
RILBHE, RTINS F R AR TR R TZIeHESE, K4t
K5 FARE GRE680-2700 754l LMV A8 A G237 56 BE ) 1E 0 18 B F B A5 A
3.3.1 &T D-H SHUEH R AN B FER

K 3-3 9 GR680-2700 TMVAL & ABEAY o 15026 K 7S il 4 g ok o iy 2,
T X e B ) S AR B @S WIS . FIE 3 R G0 I R AL . K
AR NEECBN AR E L 50 = AT oo e B R S B B, R hAT
BN TAEARIE 2715 mm. R4 HBC B U B &S Rg 3R /), %%
T 459 5K £ AR FELATL B IR A S B v S o 4%

TRA CKEA)

f fo o=
JEE SR 1) /

AXIS 1

K 3-3 GR680-2700 HL7s A5
BT D-H L@, 5T GR680-2700 VAL A S bR e AL b R IHCE
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TR TENAIZBEM FIRR UGS 733 8 OO NEFA- AR R {1} (i=1-6), [RII 53]
TE S JERR B AT 2307 B B SR AR R {0V 5 T HABFR R {n) o AL HALFR R T
ENE 3-4 B

K 3-4 LA NIEFTALAR SR =
D-H ZH05H a; 5d RIIREF AL B ZH,  FHa, M0, 108 By 2 8] 1A &
KE&, WANSEHEARZNT
EF A ANZ_BNZ A, GeX B S N IE
MK Ea;: NNZ BB Z R, VRX o HR RN IR
T RE s X FBIXEIEE RS, WZ e k.
KO NINX; B REA, GeZ BB 3 N IE

BEJE R D-H 2H0L4 A0 es N TAE=SE], 2 pLgs A D-H A, i
3-6 Ffi7No

210 1501 101. 8

115

598.6 _ 1000

& 3-5 GR680-2700 ML 28 N\ T./E45 ]
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Xs 4 Xsa
Z d; Yy Xs
Y Ys Zs .V
Z4 P Xs
as
Zg
Y
v
a
Z Y1 Xot 2
o q Y,
X &
d
47
Yo
L
i

K 3-6 GR680-2700 M2 A\ D-H #=7 [&]

2las NbFoIaa i Bl , Hlas A D-H 2540k 3-1 fiios.
% 3-1 GR680-2700 125 A\ D-H S35

ERF S a;/(mm) a;/(°) d;/(mm) 8:(°)
1 210 90 598.6 0,
2 1115 90 0 0,
3 0 90 1501 03
4 0 90 0 04
5 136.5 90 0 05
6 0 0 0 06

332 tLBANEZEFRME
PLas N L3855 32 BRI TR AL &8 N SR 1 JE SR S R AT S Ar B AN
(et B o AR SR HEY) GR680-2700 L35 A\ D-H 243, wJ LATHE AL AR
-1 5 ARR R (i) 2 M B R T, (0 =1,2,+,6)0 N T AR, BT RIE.
R v TE ML s; = sinb;, ¢; = cosB;, s;; = sin(6; +6;), c¢;; = cos(6; +6,),
HIE
i=1T; = Rot(Z;, 8;) Trans(0,0, d;) Trans(a;, 0,0) Rot(X;, ;)

c0; —sbOica; sb;sa; a;ch;

— 591' Ceicai _Ceisai al-sHi (3'25)
0 sa; ca; d;
0 0 0 1
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PABESHERT AR H »
T = °Ty 'T,°T5°T,*Ts T (3-26)

c6, —sb; sO; aycH,
s6; c¢6; —cO; as6;
0 1 1 d,
0 0 1

or, = (3-27)

co, sf, a,ch,

0
0
592 O _CHZ a2592
1
0

1T, = (3-28)

0 0 d,
0 0 1

c6; 0 s6; O
s3 0 —cO; O
0 O 1 d,
0 O 0

1
c, 0 s6, O
594 0 _C64 0
0 O 0 0
0 0 0 1

sOs  ascHs
—cls 5s50c
0
0

0
1
cBg —sB, 0 O
0
0
1

2T, = (3-29)

3T, = (3-30)

C95

(3-31)

N
~3
5]
D
vl

O = O O

_|s6s <O O
0 0 1
0 0 0

ATAFAL A8 AR il 6 AHXS T2 oAl O FARAR AL 0GR ON
Ny Oy Ay px]

(3-32)

ny 0y A4y Py
nZ OZ aZ pZ
0 0 0 1

°Te = Ty 'T, T3 T, Ts°Ts == (3-33)

N My M FRoRHLA AR G AR T AL A8 AN BEJRE 1Y) X il ) B 24
Ox Oy O] RIRHLAR AR I A X T-HLEE N TR Y il i) & 24
Ax Ay Az RIRALER AR GARN T HLAS N KL PRI Z Sl 54
Px Py Pz Rl N A S AE R T B3 NI R (A B S 4
THE T GR680-2700 AL &% N Kz )~ IEME AN Fros:

(1) Blas AR AL E T HEA
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Dx = €1(A3Ca3 + a3C; + Ay — dySy3)
py = Sl(a3C23 + a2C2 + al - d4523) (3-34)
pz; = —d4 — a3Sy3 — A3S;

(2) Blas NRumE TN :

Ny = €1[C23(C4C5C6 — S4S6) — S2355C6] + S1(S4C5C6 + C4S6)N,,

Ny = 51[C23(C4C5C6 — S4S6) — S2355C6] — €1(S4C5C6 + C4S6)N, (3-35)
Ny = —523(C4C5C6 — S4S6) — S2355C60x
0, = C1[C23(—S4S6 — C4C5C6) + 52355C6] + 51(—S4C5C6 + C456) (3-36)
0y = S1[C23(—S4S6 — C4C5C6) + S2355C6] — €1(—S4C5C6 + C4S6)
0z = S23(C4C5C6 — S4S6) + €2355C6

Ay = —C1(C23C4Ss + S23C5) — 515455 (3-37)

ay = —C1(C23C4S5 + S23C5) — S154S5
Az = C4S5523 — €23C5

N TGRSR LA NBEAT a8 22 R 2 37 8, BLTH SR EAT A i) v 1)
iR, BAROPRINE:

C23  —S23 0 C2a; + a4
0 0 —c d
1T — 1T2T — 23 2
3 203 —S23 —C3 0 —S24;
0 0 0 1

C5C¢ —Cs5S¢ —Sg O
S5Ce —CsS c 0
4-T6 — 4-T5 5T6 — 5%6 526 5
SsC¢ —Ss5S¢ €5 0
0 0 0 1

C4C5Cq — S4Sg  —C4C5Cq  —S4C5 A3 (3-38)
3p _ 3m 4m Smo S556 —Cs5S¢ Cs d,
Te = "T4"Ts "T = —54C5Cg — C4Sg  S4CsCq  —C4Ss 0
0 0 0 1
1r;, 1y 1ng 1p,
17— Iy Iy 1z 1py
1rsy 1z, 1rgz 1p,
0 0 0 1
/\l:':l:
Ipy = Ca3a3 — Sp3dy + 20, + ay
'py, =d, (3-39)

1, _
Pz = —S3303 — C3dy — S0,

3.3.3 Wl AEEEF KR

HLES N2 Bl 22 R AR RS AR S AT 342 22 18] T ) B AR A, S Al i S as A
BRPSERIERE . HAZ ORI I SR H 15 R 12 32 5 Rt B AR 2 1 D7 F2 4L
T W R AR I A B A R T AR B S . T HLE N B A2 DR AR )
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RIS ME, W REAAAE LM oM eTT R O, FIE R AR HGED LA
EPOL B AP TNEIAT KRB . AN R R A HE R, BRI R QT B
ZN

(1) SRAFRTTH 0,

2 (3-26) ZEXPyIA [FN /e ofe 0T 115

(OT) ™ °Tg =" T, *T5 3T, *Ts °T (3-40)
Rl .
€1 s1 0 —a;]x O0x Qx Dx
TSt 00 0y 0 Ay Dyl g 3-41
Sl _C1 1 _dl lnx Ox ax pz“ 6 ( )
0 0 0 1 0O 0 0 1

M (3-34) FAELGHRMAES (2,4) FIX R G E 15
—S1Px + 1Py = d; (3-42)
WRIER B D-H S8R, WTUER N 0. AT HEERR, ME: p, =

pcos@, py =psing, Hfp=./pZ+pi, ¢ =atan2(py, py,), HERMA1:

6,1 = atan2(p,,p,) — atan2(ds, /p,% +p2—dj)
(3-43)
0., = atan2(ds, — ’p,% +pZ —d3)

I ET LU, 649 £ 0 A PR
(2) RIRX5 7 0
i3t (3-34) HEAFIGEN (14) F1 (34) HIRIRTEEARSE, A,

{clpx t 1Py = A3Ca3 + 020, — daSz3 + 44 (3-44)
MARER1DE + (B4F = 14} + BHITH-:
—d4,53 + azc; = k (3_45)
o k = pi+pi+pi+ai—2aq(cipx+sipy)—-di—di—a3—a} T LASR H 4 41 05 A

2(12

05, = atan2(a;,d,) — atan2(k, /dﬁ + a5 — k?)
(3-46)
05, = atan2(as,d,) — atan2(k, — ’dﬁ +aj — k?)

(3) KAFRTTH 0
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A3 (3-26) S S FARF /2 OT5 1, Forh OT51 = [O7, 1T, 2T5)71, AT BAfS

E2I
T3 O = 3T, *Ts °Te (3-47)
A .
3T6 —

C1C23 S§1C23  —S23 —0AzC3 — A41(33 Oy Px 3.48
—C1S23 —S1S23 —C3  QS3+A1Sp3 Oy Dy (3-48)

—S1 C1 0 —d3 x Dz

0 0 0 1

A (3-43) EAMMAIEN (1,4 A (2,4) BN GEAELZ, 5.

C1C23Px + S1C23Dy — S23Pz — Q€3 — A1C23 — a3z =0
{01523Px + 515230y + Co3D; — Q283 — A1Sp3 +dy =0 (3-49)
ST FIR TR A4S
(523 _ (azsz — d4)(clpx + S1py — a1)2— pz(azcs + as)
4 (C1Px + 51py — a1) + pz? (3-50)
lc23 _ (azcs + a3)(clpx + 51py — a1)2+ pz(azss —dy)
(C1Px + 51py — a1) + pz?
ey
0,3 = 0, + 03 = atan[(a,s3 — dy)(C1Dx + S1Py — A1) — Pz (AzC3 (3-51)

+ az)(c1px + S10y — 1) + D (a283 — dy)]

{921 = atan2(ky, k;) — 03, (3-52)
922 = atanZ(kl, kz) - 932

SR
{k1 = (azs3 — dy)(c1px + 510y — @1) — P2(azcs + as) (3-53)
k, = (ayc3 + a3)(clpx + s1py — al) +py(a,s3 —dy)
(4) KRAFITTH 0
A (3-45) EABEMAEN (1,3) 1 (3,3) KX IcRAS, w5

C1Cy30a, + 51C23ay — Sy30d, + CySg = 0 (3_54)
€10y — $1A; — S4S5 =0

#
{941 = atanZ(k3,k4) (3_55)
04, = atan2(—k;,—k,)
7N I:'j :
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{k3 = (1C30y T S1C23Qy — Sp3Q; (3-56)
ky = cia, — s,a,

(5) RIFRTTH 05
23 (3-260) S WILFN 23 °T, ", Horb 0T = [°T, 'T, °T5 3Ty~ /T
DEGEP
0710, — 4T, 5T, (3-57)

A ERA A GWMAE Y (1,3) F1(3,3) B0 N ITERMESE, AIf5:

{—ax(C1C4C23 + 5154) — @y (51C4C23 + €154) + A;523C4 — S5 =0 (3-58)
—QxC1Sz3 — Ay S351 — AyCy3 — €5 =0

4

G

fifg
05 = atan2 (ks, k¢) (3-59)
>N E':l:
{ks = —0x(€1C4C23 + 5154) — Ay (51C4C23 + €1S4) + A;S23C, (3-60)
ke = —aycys,3 — AyS2351 — AzC23

(6) KARFRTTH Os
A3 (3-26) 5 WA AR 0T, Hep 0Tot = [T, 1T, 275 3T, *T5] 1,
CIIPEEESR
071 0T, = 5T, (3-61)

L PR AAWMAE N (1,1 1 (3,1) WX N IeEMSE, .
—Ny(€154C23 — $1€4) — Ny (S451C23 + €1S4) + N;52354 — S = 0
Ny (€1€4C5Co3 + S154C5 — €1S5523) + ny(C451CSC23 — 5155523 — S4€1C5)  (3-62)
+1,(S5C23 + €455523) — ¢ =0
fitf5

an

06 = atanZ(k7, k8) (3-63)

N I:':l:
k7 = =1y (€154Co3 — 51C4) — Ny (S451C23 + €154) + Nz5235, (3-64)
kg = ny(c1€4C5C23 + 51545 — €155S23)
+1,,(C451C5C23 — S1S5523 — S4€1Cs)
+1,(S5C23 + €455523)

FeT AL 7N B R AT WS B AR A, SRR 0.0 TRy
M SEARG A /)\AITHRAS . NBEEZESMHEAE ST, 48 RinPAT 45
0 B FRALE ST, A iR e 2 2 (B e A7 75 3K o SR T AS [F]A4 ZRX B ) O 78
BEEAEREES, BB 2508 /M N BT I i e 5891,
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3.4 RENG

AT EEN R TR ER G AR A S HLEE N IS 2R 1 R
H5E, @A T RGPS AR RN R AR, BTN SR EIRE 1R B BRI
R E . 5, M SVD KfE 1 Bl Abbn 28 5 LA NIL AR 2 2 18] (1) e 48
B, JFIEL NICP kXt HAS AT 742 fJa, 2T D-H ZHukxildas Nz
ENEHEAT A, JFVEANE S T IR s A s sl S KR R, N HLEE N RS
it s ESp vk lilEi g EE o8 - i
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L 4EF ET Unity3D BN BATBRGHREEE

4.1 BIRFRERK

A E L GR680-2700 Hlas NAEM, AL HANBENRB RS ZRGHE
3oL PR P 2 R AL SR BUPLIE AL 28 55 SRR 5 5 46, [RIB 78 RT3 N3z 30
P R A5 PR e AR R B AR, I8 TR AR BT R
W EIR A G TR T, AU B R TR R S G TR, i 4-1
Iz

K 4-1 i ekt i &

42 EWIFSFMESHE

4.2.1 RBIRFHHE

Unity3D I T HECNIEAL, (RS BRIA. IRBAASE IR S
JUFTA A ST aE, HE LA 2 5 2% TS NI TR SR . BRI, ANHF SR 23K
P RS 7 %6 38Id SolidWorks 56 FUNUARAE 14 1) ks FE 22485, {H SolidWorks
TEE S H Unity3D AR (40 FBX/OBI), TR S /44 Blender i3k
1T G35 IR ALK FE, ELFRRL O . RO S AL B, S fE KA AL
HE FBX #3530 § N\ Unity3D A, EAKGRFEWE 4-2 iR,
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GR680- SolideWorks & #i{3
27000128 A\ 17 NSTEPHE =X

& HRAG I 5 4 Blender ?fﬁf/r 1N Unity 347 ]~
fEE Y FBX#% M G
[m&nmmﬁ@]——{:mmmﬁ@Lm}___

K 4-2 Unity3D 37554 2 ) e i A

£ Blender 1, 1AEEHLAT N e O Fe E N AR 20, P oG T AR,
A B TR U ehCoxf 5 R B e Bl s B, R e WA oS e 3 W B A
FeJF R R Ls AR T N F AR IR N “Decimate” B it d, A LL
F (N 0.3-0.6) FEN B, BT Unity3D KA A TR &R (Y #A B, Z%h
[f1J5), 1 Blender BRIMEMAFALIRR (Y #im b, Z fmwn, HEEFHES
BT A R KL, S FBX N Fh B B ey YA i/Z m) b, A
b Z WK Blender 9 Z %l IE [ 5 55 Unity3D [ Z Sl G m], A PR 284 1 T A %
Ji&#% 75 [FIAE Unity3D FFARFF—2L.

(a) {# ] blender fijfk %Y (b) RS TE s O
K 4-3 A1) Blender oA AR 5 - R Jie e Al
FER LS AR TN Unity3D 2 J5, A 7 A& ILSEth bl NRig s 8 (i
AT 2 MOSTTeAEIy, ST 1 RFFER L, OCT 3-6 AP EREE), 75 %E(E Hierarchy %
PG A& R AR T R R R - AEHL s N BN AR5 0709 i 44
NI J24 I3 T4y 15, 06, HARTFRAWME 4-4 Fiow.
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K 4-4 Unity3D HHLas AR & HAZ TR

422 TIRIHEHE

IRYEIL S AT BN MBI TARIA ST, QIR b BAS . DEOREetR
3N Unity3D FH#EE TARS S, TR R BTN, Wk 4-6 s

(a) PRI (b) A
&l 4-6 Hlag A TIED 5
NIRRT S B 2 R R S5 B E SR, 75456 Unity3D 77 [0 ( Directional
Light) 5X#0% (Area Light) WhREIEAL: T mDEBELEA G, sty
SRR s DX U FE SR OC BT (MUY RSB EExT A &,
AT RDCI I S i %, SR R IATRA T 5 Eot R, TR g Gy )
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BHESE R AR I B R DS G 5 FCSEH FAE
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K 4-7 SRR ML e AR

43 RERZSIENEAENLRE

FETR ARG O R AU A 58 R HUR A FUE T Bk R AR I )2 45 S
FILLEILEHUER N, SEREE SRS, SCHLAE a0 B 4-8 P

R WLz
fr e fe 8 ;
ZE e ] )‘#{
wanswn

|
|
|
|
BSEHLARA |
|
HMSAP‘!E |

Sk
|
|
|
|
|

BLas ARl !
| .
Kl 4-8 K SEHEh I R E

Socket IEAF A& M IZRIE(E T3, SCVFASIRI B & 2 1) i J) 48 Bk AT 2 1%
. ‘©FT TCP Wil (T mEH:, w5 5 UDP WMl oz, thad), mrsiil
FEFP ) B T R 2 B, o, UDP P B AN T 5, ASCRIUEE R 211k 5
W 5 38 X S NS P SR e LR e A P BRI A 3 5t - TCP B mT BLAf £
Buz iy . LEML, EHTHERE SRR R (afEEsD. Fit,
ASLIET TCP/IP WRs (238 15 5 20, L 5 7 - i 55 4 SRR SR 46 2 RV
ACTRE
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7 Unity3D P&, W LUBE S CHIIASZIL Socket 15 1% F o WL
N ) 28 4E 9 IR 55 28 0, Unity3D % 7 i 8 0 i ) Socket 28 g 37 % %
(Connect) YR %#HE (Send/Receive), ik IPEndPoint 452 i 55 2% TP Flufi [,
BRI, Unity3D 543 64 2 (8] 7] LUl I Socket 1838 247 HicHfs 1 R 15 A
o ATIREBCR, EHESETRE P OB S, )5 E%E
(Thread) 75447 Received Al SendMessage vk, #E5 F-2RFEPHZE, MA{R 4L
FEIIRIAIEAT . f)a, T try-catch KLFE 28 SEBEAIL R S, 7 IERE R A 5k
AT RS T HARE R, R T REMFa e RS, |2 M
T ok B s bl s Azl e, 815 Rt sl 4-9 fron.
HIR- YN S8

Socket

- Bind
Unity % F* i

Socket

] R
Connect

eive

A5
Receive Send

SiRER:

ule

Receive

4-9 Socket {5 R G it
N T IR SERLAS AR 7R 208 B R AR A 245 B AT s B I, £E Unity3D % 1
IS S, YRR KR GR RIS N TMF, R E 3N NoR 26
) TCP/IP W& 5L, BCERS MBS, OEEFEDUCEEN “RSH7, KEE
g, WSS (408899), JRUEMEN . (RAFZH8UE, Hlas AJTIR
W2 P S Y IEFET7 5K o 7E Unity3D Wi BN I, S HLE N5 1) 1P
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HuhEAN S, EAL S LA ARG ez . SRG, 8 SRS B R IERS
“STARTLX, Y, Z, 4, B, CIEND”, I RIKIEZ AN EEE . Hlas Azl sk
Bk B 2P i (P 5, A8 R R AL B A T R, IR B R, Ak
BETEL .

R 4-1 HLE 55 oA 5 Oy AR

HLAS R 55 S R P D AR
THHERET 1
HEERT 1 AR
MOBERT 1 B R R
SRR v %
N R ERE
TEA AT
BUCRAERT 1 B, JFAEEIZER str_recy

IR str_recv AR TFRTH
LR str_reev MRS S FAF
SIS, IRIX. Y. Zo AL B CfE
AR SR AR AR B 2E BRIE SR &
FEBLE N2 s sh 18 & 5)
25N R
ZEARAEIA

4.4 ETAEZVHERNEER

PpARASE I 5325 1) 3 22 H R B ORI 2 T8 952 ELAT S W BN T B o R
FUFRIE B L SEIRAN R T . 72 Unity3D BIHLAS N I2 305 5 b an S i i
I, PLE8 AT RE ELIE T Bt el B 5 ok, S BUS 3PSk H . T LALE Unity3D
FRIBIL s A7 R 5] N E Ja G 00 725 P DA S B e N\ AE 7 O R A AR AN 5 B
Pl B A AL B, AT i vt 47 B RO AG S AT AT SE LT, i Ja A 55032534 W] LA
PlLas NRKI 22 2 i) kAT, deE S S RERS W) R ALl di .
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(a) BRAEHE (b looxe 5%, [ (c) Al aH &
Bl 4-10 fu [ & A5 1 ]

Wik 4-10 Fr~, EREHES (Sphere). FhXd 575 Hl &1(AABB)FIA ) &
(OBB)& =M 5 FH 1) B Bl G i Al 0%

BB Bl 302 e 7 SR R R LA A, sl — AN e ;ORI A SO,
[B]G 2T L Rp R IE AR

Ry ={(x,3,2) | (x = C)*+ (¥ — (,)* + (z — C,)* < 15} (5-1)

Hrf, Cov Cpv CAPBINEROIE RTINS R xv vy z RIS E, rp hE R
(R12F A2 G P A T R AR (P B 58 5 A% B B0 31 LART 0T SR BT A T 1 e K
BOHE o FH T BRARBORRRIE, HARBUR B TUATR G I AR AR A, Rk,
LEREAT RS AS I I, 5 2 L A AN B BB BR Bk B B8 5 AN LR BR 2 12 2 AR
/NEIET . 25 PRERER OB BN T ER AR Z R, AT e R AR, 2, WIRE
ARl A . Sphere 3& FH T DRud i BRI BT AUBRTE A4, T SARSS BN 75 LU
B 5020, SN (R T HIIRE E, SRR ClnkJr 40
60, A BRI, PTRE B0 B2 AR R B 5 , 8 FH T Bl AWk B0 0 i B
AR

o0 5 e — 5 AR AR T 55 R 37 L B A, T8 I A ) BN R R R
TS AR E Lo 23 A T L Rp AT 7R A

R = {(%,¥,2) | Xmin < X < ¥max Ymin < Y < Ymax Zmin < Z < Zmax) (5_2)

A Xy Ymins Zmin AU RFTE TAAE xv yy z = A0FRHIE
BCHIRME, Xmax~ Ymaxs Zmax 73 BV R ITA TUGAE xo py z =05
i ERGERIRRE. (8 AABB W G TR, A& E LA
BAE Xy z = AARE ERIBGEIE R AN A, A AR ARAL, W AR,
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TR A EARAS, MR KRS . AABB AL &7E Unity3D #1372 T Broad
Phase frill, FIOCTEHREIER, X BRI AR I AT RIE TR A B G ES, %
REMRAL . SR, AABB X BEFEPIR 103E B 25— W e Ja 75 S8 i H S
&, RS S EUATIEIK, BRARATIIRG R . G0 A T S i Bl R BRI A 8 %
fll4E (1137 5%
5E 0] Bl e — PP AT T4 A B R AL bR 2R 77 I BN AR, F T 5%
AU R A TG Re MRIE A :
Rg = {C + ar D, + bry¥, + cr3¥3 | a,b,c € (—1,1)} (5-3)

Hr, ¢ N OBBWHAETL, v v, vy A=HBEAMEEMS IR,
R L B IR R BB AR RR BT, 1 1y e N B SR, A S, vy
v3 AT . OBB GLHE & HA J71a TR, nIERpEYIR i, HAEmENR
IR, SN ARAY, ReA R UERE RS I RS B 1 . SR, HAEES AR
& BFERS, 5 HTEILAFRZ .

Unity3D @it Collider (Alff#E{A&) ZHLFAN Rigidbody (I ZH A SR AR Al o
ROR o ARFENLEE NBLA S5 G TR, LR IAH B RE A4 o o L% AR
RUFLJE DL K AN KT IN AABB LI &, SRR BEE BN OBB, i3
REWME 4-11 Fios .

Bl 4-11 PLas MRS Nt &

4.5 REARZXEREEIT

4.5.1 Ul tA5R9IEHEE

Unity3D #1558 B A R 7 = M3 e ul 117730, 43772 GULL NGUI
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A UGUI. GUI 72 Unity3D R HEFI R B 540, FE TR IS RIS A, &
AT R T B R, (R 22 HoE LIRS 24 1 UL NGUIPENEE =
DTG IR T R, SRR S SR, (R AR 1 Lo 3] A
#im . UGUI YEA Unity3D H 7 M 4.6 IiRAHEH N E R4, @& 17 NGUI ik
RO T TARRAR, A SCRE P A e 5 47 J) L A CAn A4\ RectTransform),
WEFI RS S L0 PERIER (Canvas Scaler), H5E &M EM T 5%, KT
TR IS 4640 A . R, 3%4% Unity3D 5] %P9 B 1 UGUI 41048t U1 FH

UGUI ARG TR E T Canvas EIATEH T o 43 50 h KA Canvas B,
TFRELFTHEIE, RFERIMEE ULN S Gnislessc A, &5 A
KL Canvas & EventSystem. UGUI $24t 7 5% 1) UL 452, A& B atisft
WG A (Image) CARMHAF (Text) MRS (Panel). 22 H.3%4H (Button).
REh% (ScrollBar). JIRASVIHAM: (Toggle) BUE T (Slider) 2%, tnkE
4-12 Fi7m

UGUTZH 44
G ARG R HAAH
Text Panel Button Scrolbar Toggle
‘ Mask | Image Slider ‘ Input Filed Scroll Rect

4-12 UGUI 444

452 BREZE Ul REEE

HAHER R RGN TR, FIFH UGUI b 45a 7 B 5, WK 4-13
Ne 1% T ORBVEAANH SN ThRERE L BARSZ B 56
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SRS

[cana | muea |

Kl 4-13 7m# R4 UL At
(D R BEIREBY: B0 58 =S R AR HOT %, RN
HIl 3 ZEXF RGEHEAT bR sE 1 Unity3D FHGIAEZMEH] SVD 20/, Frilidad S A
Math.NET Numerics #°7 FE#EATIZ 5. 7E 70 75 AN 991N IB 7 a DA S Bl as NS 208
WALt e, BRI SE it 58, aniEl 4-14 fos.

4-14 TRFEEE bR B

(2) RATIEMBET: LEG0 58 SE LB NS R IR T RR G, FIH 3.3.1
1 DH S0 LA NI s AR, o] DATHS A8 A AR %5 F B, @il
Slider 1H 4SS & Text SIATK A EAT AL . RN, anl& 4-15 P, {1 2%
[¥] Inspector THIHR 1R B & AN FESNTE ], 85 % 0 e th B 38 N &5
BRI Bem, N T AL, AL & T R PRI Z TG A R

4-15 WHE KT H
(3) AR A 4 3.3.3 #HESFHWZ) AN, h5iaz) 7k
A, FEIEGE CRIBUA BB & T M, AT SER LS Nz shiz ). 8
EHNKIROIE M) Xy Yy Zo RXy RY~ RZAJ B AR, 6B 3 N A s it
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Kl 4-16 PR umH% 0] H bR
(4) B KR ERIE N REURRZOSFE T, GBS 44 Tracker KA
PLRE PR AE I L3 7F Project/Asset FHTHI A ¥ A~ Tracker 5 4R 17 4 Text 3T
i, DA R 0 Jo 7R B B R AAR R { T AENLA NFEAL R 2R (B} 5 58 (o7 JE b
B FR AL 7R 2 Text SUAF
(5) B AL AR RAEMIZBNFIL R, 7E Unity3D LA NHEAT
IBENTE . IR NLRAL LN Text SCHAEMRISENIE, w008 AR Bz AR
FRIZ BN, E*ﬁa%%m%%}\ﬁﬁﬁ 7552 SISt 30 1) /'EE

K 4-17 BHL
(6) WAFERH: BEBECR A CS 284, Unity3D {E& i, LA A%
i) 2 A IR 45 ity 380 3ok 45 A5 BT LA ST, Unity3D S5 4L4% A (1) TCP 3@ i . 7£ Unity3D
YA nl LA T InputField AAFBI N BArAI %, HARMLZR I & i KI5 RS
git, SRJEHLAE NI Z U B B RO %, SN IE3), LIS .

Bl 4-18 Unity3D 54188 A\ i il
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4.6 KENE

AREVEAEIR 12T Unity3D BINLE NORELR G B & g R . dlid
ZEAO R, QI LS AR, AT S Sibriashig g, E T L
T35, SN TOLRRBCR, $271 TRt H S, 18I Socket MAFHIAR, LT
INHRG G SN N A HEME, LB T REseikal . &5, FIH T UGUI 4144,
fed Ve B A I, $RTT T RGN S I S ER R
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B 5 E R ANTEREIR

A B BT NS B ISR GG R I IR S s BOR G R R . B SRR
BT 1) NICP A7 A SIE AT IR AE « FLUR, X 78 A0 R G0 IR A B AT 4K
BAEYIRIZEh IR EEN ERER AL BRI, IR )5, MR e B L IPIL )
R MEREAT 0 #r . e, EATDUAMHR S B LSS .

51 SKRFAHEE

AT B E T — BB ANBE R R ARG Z ARG EHEIYA HTC VIVE
EALFER . AN SR, — AR E . —) GR680-2700 Hlas AF1— & it 5
ML, HTC VIVE 3k [E e £ 52228 b, F5PLE8 N TAEX 55, il 5-1 Fios.

. A =

P i e -

aaaaa

A A

T
=
N

K 5-1 HLEs AR R RS

52 REKEWRTE

N T RPN EEGL R, A R BCRE B AT ATHAT AR E « B ek
B IRAEN LA N R S, A3 Y28 = 3 i B A DY b g i, AEORFF IR AL B AR
AR, EEEUADNARBbENE, BN ERZSFBL ) 90 °.
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K 5-2 REEEEIR T

FEFREALE T, FRIPIANIE BR A7 8 A7 Bl AL AR 2R T WAL S8, a0k 5-1.
5-2 FR e AR AL E R AR AR BRI AR 2 7 B THIRR IS /, H S EOHRSS
REGRZEIE K, A TEEIEAR E BRI o
% 5-1 Tracker] 7EE NI AR R IIALZE (P1i- Pra)

Point X/mm Y/mm Z/mm RX/deg RY/deg RZ/deg
Pn -57.612 -1613.581 -1092.419 -156.349 14.248 -166.348
P -68.815 -1547.421 -1175.319 166.590 34.593 -155.946
P13 18.560 -1614.917 -1157.719 166.088 22.281 -133.932
P4 -14.692 -1677.436 -1076.742 -154.531 22.0696 -148.043

% 5-2 Trackerl 7E € 7 FE 0 AL bR 2R L (Pyi- Pra)

Point X/mm Y/mm Z/mm RX/deg RY/deg RZ/deg
P2 -18.344 -1549.503 -1223.203 24.058 -15.160 -18.870
Px 19.115 -1571.620 -1292.197 -13.265 -35.467 -28.998
Py 77.910 -1646.002 -1291.273 -14.045 -23.290 -51.339
P24 44.562 -1618.439 -1204.738 25.784 -23.232 -37.170

SREU LA )5, a8 DY R T AR B SCke EOR AR mUAL bR SR AT B R %
AR BRI B R K P, K2Pr.

Klp. = [58.589 —240.356 79.517]" (5.1)

K2p. =[-41.119 -243.232 73.996]" (5.2)

B SIS ATHLEE AR BT, WA N sh BT 10 M E, R SREGE B

ML NG R, IR BT B SRR A bR R BB NI bR R 2
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BRI HE RS BT 14, PToa SE A0 e B B OB 5E
Pl NREEIZZN 3] 10 ASB T B, RIS B 00 B b MR o B
BEAT I, FRAENLER AR B SOX L m AR AR o KT S R A8 AR A 21 NICP 55

i, AR R, k] 530 5-4 R

A AR

704 - 3 78 3 .
702 . 17 . i :

700 . 420 < 1730
420 N o 1730 P . - 1725
415 ‘ o - . . 1 <

410 ] Rk ) 1720 410 . .:' - 1715
405 . 1710 405 R < 1710

; A 1705
400 1700 400

K 5-3 NICP Hii:A s = &

0 1 2 3 4 5
EACIR

5-4 NICP H kiR Z K
BAMRIEPI B EESS AL S, PR Bk S B BTy BToa”

[—0.93293 0.01372 —0.35979 1066.26801]

BT:, = —0.35993 -0.00946 093293 1167.88378 (5.3)
0.00940 0.99986  0.01376 2008.07323
| 0 0 0 1 |
[—0.93258 0.01473 —0.36066 1067.37181]
BT, = —0.36081 —0.00943 0.93259 1168.94412
0.01033 0.99985 0.01411 2004.20816

0 0 0 1 (54)

5.3 NICP B R L 4E SR8

53.1 UL EREE SETE

N T BAIEHE T NICP FL R AMEFERE 5B 7n U ERS FE 20, £E 0.3 m/s
(I BE N gEAT 1 IR AL S YU A L SEgs . Seie T, il /R B B AL &
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FERAMHAMEF FERITE LT, RILPIERFERZEN 5.514 mm, HBKIRZE
KB Y 8.323 mm; M IEHZER TR %Y 5.667 mm, KRN 9.107 mm.
MBI T AMER G, RERE AR E T BERS . WL R PR ZERILE] T
2,656 mm, RAKRZEMESR 5.155 mm; JUBPER IR ZRE A 3.149 mm, #x
REZEFEZ 5.561 mm. UERASET NICP B0t 4@ muds & AT RS P A 20

532 AT ZSIEE S
N T ISUESE T NICP SR AMEFERE 5120 7n BOE R BEIRE I, s 08
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BTN N R, G — AN o B AT 50 . TR gl Se— A [ 8 AL B 17 5
PLEE AN =ANH RX. RY. RZ WA E ), HMOEHHLE NE RN 30%
(RX10.52°/s\ RY7.83%s\ RZ13.91°/s) #ATIMA. DINLE N7 KB Wb
FAE U, X G 23 TS 0k B AR HLIR BR L Ay 5 v A b 2 8] 1) 224

2 — RAMEREE 2 — RAMEIRZE S—x% flf! iR 7E
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54 ETRTHAREBIREESE

54.1 TRIREHE NMIEHBESL

ONTIEFEAN AL B 2 T I8 s 7 BOT I R BE L RS FE , A R R X 0.15 m/s.
0.3 m/s 1 0.5 m/s = PNEAACRIEREE 5, i 7 ALA A B H AL A RO RE
A R e SEARIERE AR, 73 RIRHL S NEAT T MRS 1) 7= 2
AR, A PIAl R B B B 52 o B s O BATHLAS AR B as 3R 1 2
LA NIEAL R 2R AR R = 4EAR AR, DINLES AR s R8s N JE AR AR 2R
(B4R K = AR N FEME, TH 5 Tom R BRI ) = 4k bR 5 B HE 2 (8] ) 22
fH.
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] 511 AN T IR i 2

£ 0.15 m/s IR N, SIBPIERFEIRZEN 2.281 mm, R RREN 4.623
mm, FRUEZEN 0.894 mm, SN 0.2814. ALK T- iR 2% 2.801 mm, #x
KRZEN 4987 mm, FrdEZEH 0.955 mm, MWfE:0.3013, MHEHRFZE 0.3 m/s
I, AP P 3R 22 3 I F 2.656 mm, F KR ZEN 5.155 mm, FRiEZEN 1.049
mm, RN 03738, JEHULNTIiRZER 3.149 mm, FKIRZEH 5.561 mm,
PREZEN 11913, WA 0.4696. 1F 0.5 m/s I sl g, LR HIE K FHi%
ZRE—BIINF 3.627 mm, K IRZLF] 5.861 mm, br#EZEA 1.140 mm, fW/E
N 0.4429, RPN KPR 2R 3.818 mm, i KiRZEN 6.427 mm, PrifEE RN
1.379 mm, fREHN 0.5969. Pl NI s)— B =2 k-5 -k it A, il
ST VR ZE R R IRAE NS N I8 Bl B f KN 7 A iR ZE W6 {E, VIVE Tracker ]
A BRI IMU & s AT SR v AR B . AR s idtis s, B
AR AN PR e PR I B 15R 22 t  AE DU A i AR T OR, 2 5 85U B AR 1) iR 2
bt R I n . AN, SR AR R I N AR R, WU 3l
M LR | A B ARSI A AT S R 40 A 3R BV P S P 5, T TR 34 T e 46t
DRZE A o
542 FEIREHE TESHEEXR

DMRRAEAN R BE R 7R 07V B 78 BN S ARG T, AR IR S B0 A T A
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