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Aback = rx (cos(AoUxm/180)—cos((AoU +¢) xm/180))
Adown =r X (sin(AoUxm/180)—sin((AoU +¢) xm/180))
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FEhE L7,

4.1.4 151E

K& TR, BIMEICLLTO 2 >OERM&IEICIT
o7 120, BEHOFZLNEIZOWTThoT-. F+IC
ol bt EDEDL I BT THDILIITECE L2 )
EOBERICKRL, 1 GEFICHEVY) 205 7 GERFIZEZ B0
FTOTEMFE CRIZ 4 RIS b 5 1 >OERIE
R () DHOES) oW TOBRTh 7. T+
WS T RFICEFERH O E Lie? | O ERIZHL, 1

(&< o 7 GERICH D) £TO 7 BeMFEHMClal
BrBNSE .
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ZINFITFEBRICOW T B ARG E 2T 72%, 17+
—A RNarvky MBS L. F0%, EOFEMZ DA
L, WIS BN T Ho 2l R 2 5 2 7. &
MFEDETRBO IR FICED Z N TED X I IThRo 2R
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BINE T LT U ENIRE L. 70y 7 OBRGIEIC
WFEARZS, TRbbEMEHE o3 XL TR HIZE-S
TWAHIREL & b, VR BEICEINTZT L EBRSNE
DIEEICR D XA AT ONE L MEETELZ (K 4).

1 BITOWAIVUILLTOBEY Th o iz, FUTIISME N Y
X U ORI S TR BB LT, DX 4 2
v, (), Q) Q)OGS s LB ATNE (K
MHDOEE) RS L. EBREOAKCTHERFIILH E
BY, BWTIZEELE.

FEDBEZIE, OB LIIIFY LR, QiR
RRELEBIT R B2, QFMHE -7 <ITfRD, D3R
ERSFS®TL. FEE, BMFIEERTOFANHLLET
FEAREE MR LT,

RN KDY, B ATOBEENEFHFILELTHL LIED
<$+5&, HMD 77 v o7 ML, HLNESICHETS
BERNSMF ORANCE RSN, SIETERIC BT
EE L7z, W CEKICET 2 ERART S, R
SMEFZOEMCOBETRE L. ZOFIEE1 7 ay
ZHE0 10EEYIKL, 37y 7 aE L. Tay s
OETIIBINE I +mekB x5 27
42 REB#HR

BRI B T DROLNSOEEEZX 6, EFEOF
VIS &K 7 18T, RRITERESE (=T 1)
TO/RTHS. 3 (D:0.05, 0.20, 0.35) X3 (a:0.018,
0.025, 0.12) OHERFEWNZWIHT (ANOVA) Z1T-7c& 2
5, DL a BOMOZEAERIAE TIE o7z (F(4,
48)=1.571,n.s.). 7=, DE (F(2, 24)=25.171, p <0.001)
Lafli (F(2, 24)=20.400, p<0.001) OGO IERENE
BThHol=.

FNRPNAR TChoT2HEE (T722bb, p<0.05) 12855
HEORT BT 572012, 747> (Ryan) DL EE
W & A=, DI DUV T, DEAY 0.20 & 0.35 DA,
0.05 DA THRICE LM FHBi S 4172 (0.20 vs.
0.05 : #(24) = 5.156, p<0.001, 0.35vs. 0.05: #(24) = 6.799, p
< 0.001). DfEDY0.20 & 035 DEDOFHNSITHERET
otz (124) = 1.643, ns.). alZ 2V TIE afEAS 0.018
& 0.025 ORFIZHAT, affind 0.12 ORHISIMFEITFEIC
LTz (0.018 vs. 0.12 : #24)=5.792, p < 0.001 ;
0.025 vs. 0.12:#(24)=5229, p<0.001). afE7’0.018 DI
A& 0.025 DFATIE, FZONIICHEREIL R -T2
(#24)=0.563, ns.). LAEOFRENG, I A TNEOBE
EARKEND (DERKREW) FEEENZLNEELN
e edmahg, E£72, affildD & 1T L TH D H
SICHBELEEZT-. aERRbREY, DED, 1 7L—
LANOBEFENPR DL NE X, ZONIEZHLILL <D
ZEMHALE. ZORENS, FZHELVEFIAFICED
SHL=OITE, 7 —2NOBEENDRWZ E, oF
D BENHE DS LENH D T & BRI I LT
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* T 7 —sS— R A R

0.018 0.025 0.12
HEOBEE

HEAOLHZHDEE [n] =005 =@=02 0.35

6 Kb S OFH

EFROESIZBAL T, 3 (D:0.05, 0.20, 0.35) X3 (a:
0.018, 0.025, 0.12) OHERE M ANOVA 1T o 7=fESH, D
B & a EOMORZEERANAE Th o7 (F(4,48)=4.342,p
<0.005). £7-D fi (F(2, 24) =24.240, p < 0.001) & a f& (F(2,
24)=4.839, p<0.05) Ol FOEDRENEFETHoT=.

RHEAERICBT 2 M ENROGHT 21T o 72, T OREE,
LT EIZBW D EORMESRLEE CH o7 (a=
0.018 : F(2, 72)=3.536;p < 0.05, a =0.025 : F(2, 72) = 8.825,
p<0.001;a =0.12: F(2,72) =29.287, p<0.001). affi
0.018 @ & X, DA 0.05 ITERE INTFEL D, 0.35 IZ5%
EINTROEFN, AEIGEMEA S 5 LM E
(#(72) = 2.659, p <0.001). & DO T OFAMED =R ITHE
T2 -7z (0.05 vs. 0.20 : 1(72) = 1.375, p > 0.05;0.20 vs.
0.35 : £(72) = 1.283, n.s.). a {28 0.025 O & =, D ED 0.05
WCRESNTZREL D, 020 B N035 ITRESNTZREDOH
N, BRIGEFEN S 5 &I S 72 (0.05 vs. 0.20 : 4(72)
=4.125, p<0.01; 0.05 vs. 0.35 : £(72) = 2.750, p < 0.001). D {i&
28 0.20 & 0.35 OMAABDEOFMEOZERITHAE TlER
mofz (((72) = 1375, ns). o fE23 0.12 D& =, DfER
Q%uﬁﬁéﬂtﬁibOmkiUOELEEéﬂtﬁ
DTN, BEICEMENH D &7 7= (0.05vs. 0.20:

#(72) = 5.317, p <0.001; 0.05 vs. 0.35 : #(72) = 7.426, p < 0.001).

F 2D EN 020 IZRESNTZREL Y, 0.35 ITHE IR
DOFM, BEIGERMBRNH D L3l Sz ¢(72) = 2.109,
p<0.05). YLE0D, affiicBi &7, D EIEREO G

ICHET DI EIIREND.

—J5C, af@OHEMENFZ, DEN 0.05 DFATOHR
AETH-o7 (FQ2, 72)=12.110;p<0.001). 2D L, a
fE2Y 0.12 ICRRESNZHEL D, 0.018 38X TN0.025 ([CF%E
SNT-HEDH N, AEIEFENH 5 &5 Sz (0.12
vs. 0.018 : #(72) = 4.772, p < 0.001 ; 0.12 vs. 0.025 : #(72) =
3.430, p <0.005). a B2 0.018 & 0.025 DFLAA B DFAM
EOERIIEETIIR o7 (((72)=1.342, ns.).

FONIBIOEFOFMIZE LT, &5&Mha EERE
L Lz, N—2T 42 (K 6BLUX T DOFRER)
L BB BEDEDRTIZOWT, D H 5l ¢ BEx
Tolm. fREEL 2ITE LD, O EHE & PR
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' * T S AR AR
6
g
3
2
:
o mmoa?i;gm o
WAOWLIH = BOERE [n] —().05 =02 0.35
7 EFR ORI
£1 FODLEIO RERFHR
D a t1E p
0.018 6.401 <0.001
0.05 0.025 4.159 0.001
0.12 0.811 0.433
0.018 6.655 <0.001
0.2 0.025 7.242 <0.001
0.12 3.293 0.006
0.018 6.431 <0.001
0.35 0.025 7.273 <0.001
0.12 4.463 <0.001
df=12; HE/KHE =0.006
F2 EMRO HREREFR
D a tB p
0.018 6.177 <0.001
0.05 0.025 4.521 <0.001
0.12 2.604 0.02
0.018 9.181 <0.001
0.2 0.025 10.6 <0.001
0.12 8.307 <0.001
0.018 12.317 <0.001
0.35 0.025 12.06 <0.001
0.12 7.151 <0.001
df=12; HEK¥E =0.006
BRI EIZIEIOHRELBEVIRLIZT20, Ry T7=zr—=

MIEZEMH L=, fiE% OA BRI 0.006 Th -7z
FOMMEBEIZHONTIE, DA0.05, ad0.12 DMAE
DELS DT RTOEMET, EERIERMICHETHERICE
VSRS DT, 72, AREAS R B RIERIZD 28 0.05,
23 0.12 OMAEDELSNOT R TOEMET, MERIESMA X
DHLFEEICEVEZ R LT,

PLEXY, Fox 0FEE, BTroEmZ RGNS
BEHZ LI LIEEWVWR D, FZODSOFHEE, B AT
DO FHM~OBE R L BEEEICMY L TR, Bl
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FETOEE OB HITVD 28 0.05, a 28 0.12 DHE
PETI, ERIEREICTVERTH 720, Thlsto
MAGDEICBWTIE, IATOBHFENIKEZWVIEL, b
HUVNIH AT OENEREBVIEE, BINEIEIRFEELHD
LRI L7, 72720, 2MEPKE T 2OV EFHMIT 5
Bf, [AERICB DN DERE S HE L Tz,

5. RRGELENZERRTSHAET—X
i

SMEX, LT o T OE D ENET 3%
QA A VSV g Wb R = I T O e
5.1 EBRAK
5.1.1 3m#&

GEE 15 N & KR4 (MR 2 N, SR 22.867
%, SD = 1.310) 23, A blcnairnd o447
= —ADEBRCITE N ER LT )28 LT,
3ADOBME LR FERIZS ML T,

5.1.2 RREE

EBROT-OD VAT MMERZX 8 IRT. EBRICHEM L
72 HMD &R CI3EEREREEC L OEFA L, BRI
7y varEENRNoT. HhTUINb 5 E BT
12012, o bl BT 'Y (FSR406) %
Y ), 205 —4% % Arduino TERELZ #1925 PC I
EE L.

RO OEEHE O S & JEHE Lo ME OB O EIX
KO N(T)D AoU DIEA 110°THHZ &, BLY, FH
BOMOAIV VLU TOMETEE P EH LTS D
LEMETEOIIEBME D LIS, £, FbE
NWERTORER E OME (720, AoC) 1 101°TH-
7-.

513 /185 A =2 DERE

PR A mERER, )D fob I
100g H7=1 0.5°, 1.0°, 1.5°, 2.0°, 25" D5 EKWETH 5.
EBHIT, FHENELTH I A TAENED RO ERLE
ZMUETOFMEN—AT A E L THELE.

5.1.4 151E

B TOERRE, LTFD 2 >OERMZIEICIT 7=, 1

i, HEHLTENOFRBEIZ O T Tho7z. [ L 72Tl
ENTREEEOL I RELENATHDIEICELELE
N2 WO ERICR L, 1 GEFICEV) e 7 GEFIC
FoM) O 7 BEEFICEA LB, 9 120
BEIE, RREIZOWTOBEM Tho. [Fbichichz
DT TERHEREA DY £ L2 ) Eo- gL, 2
HHh 1 (B<EY) D7 GERICHD) £TO 7 BEMERE
Al Cla)Z A IR S 7.

5.1.5 F|E

SIMEIXEBRICONW TR EZ T 121%%, 17+
— AL Rarvr MIBL LE. a5 2500, BT

5 L-ULERRE LT,
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Oculus Quest

Aruduino

(BFORE)

REAPC

X8 AT LERK

%ﬂ%%7ﬁﬁif@ SHORIZAELZ. TOEED
D2 %, R(O6)E (D r DL Uiz, F725 7 Z8MEN D
_®Eé@3 YO 1T olzmE, Bt ~0Ehus
L7 EROBHLEAELERSZL LI, PO
ZREEL, FERICIEANEDORE S 2. EHEA KD -7
% %%@ﬁﬁ%%m%:ﬁﬁb,%%ﬁnmﬁknmm

, Wbl EiTHEE s,

%%i3o@7m/71%ﬁéh K7 vy 721X 6H
OFRITNEENTND. &7 vy 7 OFKMEDOIEEZ, S
FILICT U NIRE L., K78 v 7 OB
JET SR & [FERIZ, VR BREZIZRIT 25 A T OfriE & Hn
EREELE.

1 FATORNITLL T O@EY Th o=, £RITIE, BmE
DB TZAUT B IV TITFF I > TV D IRIECRA%A L 72,
EBRHFOGXT, ZMHEEFE LIS LN, D
T~ ERA I EMA T, JEJ1E P2 5 F108 2kg
W L2, E—7FE2EL Lz, MR, v—7F
BT HT U, ML THETFDOTVE, KEITY
Ll EHEL, BIRRFORBICR 7. £ LTEM
FHHON—AT, BOFLZIZH - T Z
EERMBVIELE. ThnEHTaEk 1 3 T Ts5ETH
S, BHTENEHL TWBERIL, B AT ONEE ()
~(NTHIFE L7=. 5 EHOH FTAZ — MIBILR > T-#
W, BRI SRR & FERIS, FEME & EFEIC OV COERIC
EEEEE. ZOFEEZ1 72y B0 6 VKL, 3
Tay s EEE L. T ay s BTEBNEC R IRE
hH 7.

52 EB#HR

B G DT & RPE O ST OB R Z K 9 IR
fob 28 0 D FNEHRAERME (R—RXTF A ) ThHD. £7,
FARPELF A~ D fob D5 EE A YBRE N ANOVA Tt L7z,
ZDFER, fob DERPEE ThH 7= (F(5,70) =27.847, p
< 0.001). Fex OFEEFEA LI TR TOEMICBNT,
FMRMEAS L, BRI L 0 b A BICE T2 (TC
DT ITEBWT, 1(70)>5.400, p<0.001). £7z, fob DfE
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$ = T AR AR

=BT TN OFRNE e N

0.0 0.5 1.0 15 2.0 3.5
fob

®9 FL-hORKMLEMZOTMH

23 1.0 L EDSIETIZ, fob DER 0.5 DBE & il LT
FHHEBENEEICEL ol (TRTORTIZEBNT
1(70)>2.400, p < 0.020). fob 7% 1.0, 1.5, 2.0, 2.5 D&Mt
TIE, fob 28 1.0 & 2.0 DZERIZH BN H 7208 ((70) =
1.710, p<0.01), fLDOETOXT TIIHERET Lo T
(TRTOXTIZEBNT, #(70)<1.370, ns.).

PSS IT B e D 2R Lz, #85RE PN ANOVA O
fER, fob OFEREDHRVBALNCR o7 (F(S, 70) =
24.167, p < 0.001). ZEILBOFER, RIS SIXEART)
WZHEINT 5 2 EARENTZ. fob 1.5 &£ 2.0 DT, B
W2.0 & 25DXT TOI, FOENPEETIE o7 (1.5
vs 2.0 : #70) =0.657, n.s. ; 2.0 vs 2.5 : (70) = 1.904, n.s.) 73,
FNLUN DT TIIHEEICELZ(TRTOTIZEBNT,
1(70) > 2.150, p<0.05).

AEBRTH, VR BEE FTHATOE & 28E+52 L
T, EBEOR T OfEE B ST D Z LT LTz, Fik
MAFSIL fob DEZY 1.5 F721E 2.0 O&MfAHE T —2
Mz, fob OEZE 2.5 IZHE LTI, T I
DUtz —F, BERESAIE, fob DEEKREL T B ELHE
BRENZEIN L=, & 518, WFEBR CRBROER A2 ST
WAHZ EEBEIZAND E, EERMICERFEROTNE L
TENFEBRLI Y QEFENE N EBbD. 2L THEFD
AV BT 2 —RAEFERLIZZ OSMNEE, TblhFER
DA VBT 2—ADFTNIFHRTHDHEAA L LTV

6. EE

AR TIE, VR BRED O HIRF S5 i & BLIERE D
DA SN MEOREELZED L Z L2 HHE LTS
VR BiEIC 763~#®ﬁ5u%(wf7u%)%@w
THIET, BERENDOMBERE LEE LTS
L FELRE L.

AFEEANT2O0, X7 =2— 2% L, ZOFF
iz 75 2 & T, AFEOFIMEL R L. 1 DIXFHEL

TR AR R EH DO LIRS DA VX T = — A,
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H I 1 2EFEAENT LN EFREOH LT LD
ICHBE S HA LB T2 —AThD. 4 EBILNS &=

THRARZERFEROEY, VR BENTOD A FME

R KBV EZINZD720C, BINEB IR S 0 & ik

LN EMRETHIENTE

6.1 BFMOBERICHITT

WTHOFERTYH, T _XTORMEICBNT, X—R T4
YORAT LY b HEREICEWVEFEA TR G0N 2
D& D RERIRIE, EERORE L RRERNOHEE S L
R OMIZA—ER D DT ’,%T%ntwﬁmf&
S72[15]. L L, R—%K%Z272< T720101E, EBOHK
k%ékéﬁ@@k%é@ﬁmbv—Fﬁ7®%%ﬁ$E
5. EBEORBERTHRIC—ETDILCT DI, K
D—EBNTHBENDH D, 5 THIDEMBRIIED T 5
2, BEEOHKE ST L ks,

R ARPEASICE LT, BEERLIY LT LN
FEBRD T MR MER S B o 72 :ni@ﬁi%’ﬁwf
Th7-NITIE Y7520 K 512, BINEDREY 5T
E%&ﬁﬁ%ﬁbttbf&ét%z%hé.§M%®~
A@,W%t@®f@??%#é’k:%%ﬁé%i@
WROBNTEE 2N o7 a X LTV,
DOBMENG S, FHREVICEDL Z N LW EDERN
bole. BHTNIWEHEEDTTICESTHED &0 ) R
%, FEOEETIIHEY AoT, RERRESTHD
EBMBIE U SETATREMERH Y, DX H R AREKRAR
KEACTH AT EELIZT20, EESELTCLE-T L
EBxoND. ZOXDREMEEERBT 5792, ik
LTHE=ND2ODA BT 2 —ALMBEDLYE, FEHEE Y
W T ORLNEEIERTHIEN 1 DOREKE LTE
Zbihb.

H 9 1 OOEFKOBRBIRE L TEXLNLDIE, HIK
DR T & 2 KT A EFI0 ANDZ & THD.
YWH7ENERTIE, 2MENE LN EREERICITZ &
T, DA TOMBICEENRAE T TV, —JF, EmERT
%, ZNEZEDOHEOE X BIKBI N TWRVBYE %
FRBELTWDLDRTH -, LIR- T, EDHEEOH)
TG U TGN (LTS, EMEREESES Z &0
TEXHEEZLND. HlzIE, BOELED & XTLAA
Lo AT OBEPELS, WITEEICE D & T H A T OH)
EPELARD LD RBAEMZ D Z LT, ERESERT
LA D D .

6.2 AFEDIEAB

ZOFEORROMERIL, HKRITDICHc> THhERY

DX HMD 7217 TH D L VWIH A ThDH. EEOWMETIIE
e Y EHERLTHDD, ZIEMHEEICEY i TfEH
THZENAEETHD. HMD %2 EETHE T, HED
BRIENLOMTE 7 4 — Ry 7% VR EBE~ESTHZ &
MTE D, FRICTIBZEROBESBEFRDD LTS
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5. Fex OFEZ, MIEOFEMLBRELEZ D LT TE
RV, /PR OEEE T, BUELIIR R MTE T 4 — RN
v I ERRIHERT DI EAREL LT,

ATFIETIE, VR BE LowRIcBEb 57, BERE L
OHEERIAT 5. ITFEOHIFE CIIBLERREOME L VR
BRIRICKB ST 5 HIENIRESNLTWD [16]. TD X7k
FELHOETRFEZFATIIE, A7 20K 1% &
DRSNS FEHMEDOH D HDITEZTZY, WRORY R
FOEEIPNHEDORLHNIAROH DL HLDIIEZTZVTDHZ
EWRHRETHD. bbAHA, TRTOFEONEZHES
UL, D& 5% VR BEA~OEY O BB LIS RER
THIELHRETHS.

F£72, VR BEICEDYE, FMKEELSEHZ LT,
HAREERICAE 7 «— RNy 7 23R 5 BEFF RIS AL A
AoEDH LT, REEZIREST D ENFETHD LB X
His. B2, TilePop[171X 4 A WIKDEKRD B2 5D
SHEBRO L, 2HICHET 4 — Ky 7 2R T 5
D TdH - 72. RoomShift [18] 1%, VR BREIN TF H 3 AE
SNTGENCRIS L CEMEREZBEI ST S Z LT, HEE
EROBREZ I E TR REICELEZEC S, Z
N OZETIE, HERBICRT 2 EMEROHFT 2B &
HHZLET, MBERESDHIENTES. LhL, 20
LT NS A, REMEHEICEZD N TER
W, T A E R E AT T 5 2 L IEES Tk
—HFTHRA2 OFEORKIEL, REOH O L[FE U (Flx
X, D, BEice s, kSR YY) BROEME, 0D
O LR UMEICEE LT bnwz s Thab. Zh
DOEER & x DFIEL, EENEMIREREEL, Fxo
FENEMEROMBEEZTLSEDL LV D, BEVOHHAE
e LIS 2BMRIZH S,

ULEDX oIz, AFETIE, BEMTHEATRETHDLZ L
WO Z &, MOMRE T — KXy 7 2R+ 57 /54
AR AR RBUEZ LV ERTHZ LN TE 5.

7. £©IY

AW TIRET 2 FEIL, FlhEEZ NS Z k<,
BEBRBEEORF OffR 2 i HICE LS e D 2 L 2 wREIC L
7o, FE7z, FEOKRENTIE, VR BETOXNSEMLH S
DEHKREBIERT DHES RV, SRR 2 WA o7
7 == ADHERFE LTR, FIHEDNE S DL il
DEALZFIT T DRIUTIBNT, RS AFEEZEAT 52
LIRHRETH D, S HICHOILELTIE L DA DI
XY, HaEANEIEEND.

ABOMEL LT, BEMEE &0 BT 5 720 OfRE
ERRTOMENRDD.
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