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m:fJOffl*~-AVATAR c188J 

ffl~?*~-~:i1t.!Xt..$.!X.AfJI. 

~OO#it~1ilfn~~~-Dragon Warrior X.AfJI.C136l 



B *:flt~P€t0ii.l-R50 Ej Rmax xA117ttrL[zzoJ 
J.iiZ it tl: ~ ' __t [Iff 89 ?tl ~ z ::f 5G ~ 0 

P.HlBJ!{43Jl-il:liUt1LxA 1Srr~U~~89~,c.', g~,N~t!xA:tdEJ! 1Srr3i£R -t ,;m~, 
~f.lf~.&l.iizm § 89~:/Joo~#~¥-F .@~$~~ffif!!.( 89 *mwcl!, ~o oo 1. 5 EJTff\, -~5em 

89~•xA%EJ!lSrr3*m~~~~$?tm~ o 

·-............. 

Nt~EI!T-~ !1t 

00 1. 5 -ll'7'GJl(:J(J;j\~~.AntE~~fi:ff~!1t 

1. -$\l!x~~t:f*:JQ89%Ell~rr~L 

z. -~AA~ ~t -r *m, m-r~&~~fj~m ,~n: § i9J:JQ1!itJ$ ,~:M-=r~q-Tff9r ~ffi:E.i:t& oo 
M :itHr ill! f~ o 

3. -~ ~ lSq-T:f*fPA.tn .!::Jx~~W.tHil~89-¥29J:JQ1!itJ *mo 
4. -~:t& ooM*m.m-r.IKl:tw.xA ~q-=r3~~.E.iAA~t*m5t~fitljL 

x~~t~:JQ%EW1Srr3iE~*893o~~~mT~~89~~.~H89J:s#~~~~89 

AAm117ttrLF£~ffi:~~sn~89AAm~~~~~:t&~~T~~~~& o g~~%EWx~ 

lt~:JQ~fi3~*~~rr •• %EWx~lt~:JQ117ttrL~~~*~$~E.i~~~~ o •%Ew 

x~ Et!.~:JQ117ttllilli 'ilt ~~fl!t t~iWi, lill.1J 'J', IXJrJ tt£5!ii 89%EW, ~ ffi:£9Hs 89/m loJ 71t-€l-3 
<head mixing) , ~Jlt ,ill! 'iltn~~JHH~ J!~B9~71Stt, n~~5G~ilf~!j\ftt1Srr, ~f,!ofjJlS, ~~ 

@ 89~~PT ~ifx~ ~t~:JQAAm~~~ jij]M~~£~ 89!j\ftt1Srr~~ [57 ' 58 ' 59] 0 

rli:JfflR -t::k'J'E.i~~:n:a:89::f~ ,,J,!lQx~ ~t~:JQ%EW1Srr3illi 'iltPT ~*~ 3 ~ .~;tc 
ttmtr-.~~if~ 1. 1 ~ ~~ 0 
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m ~ ~~I ~~n ~~][ 

m5r*ll 2~4m 1.2~1.6m < 0.6m 

±1iUUU€ 2. 5~4m 1. 3~ 1. 7m <O. 7m 

~~~§ 2~3Jt 2}f 2}f 

M:at 60~360min 1 5~40min < 7min 

x~r.r.m:t 1 5~60kg 3. s~skg < lkg 

ii:k®~:m:• 30~ 1 00kg 5~ 1 2 kg <Skg 

m.5!~*4 f/5~/F~m li!Hf~~m*4 li!Hf~~m*4 

i9Jj](jgmi ~111l~~rm li'l'l£111l~ ~M ftl..rtl! 

1. m-~Ji '!It A~!&* 1¥1 R -t, tgt* 1¥1 ttEJ!J!Hl, t& * 1¥1 1m at~ JJztgt7c 1¥1 ~ 7ilf, t~ :tm 
CD :fiE!?Jpg.%PJ I¥J Rmax [220

J ; @ ZALA fiDt~%PJ 1¥J 421-02 [224
J ; ® W JJ.! $%PJ 1¥J S100 [159

J ; 

@)Copterworks %PJI¥J AF2 5B C
2J 0 :l!~11fE}!~qi3A~:1:ri-f$~~ffi~>Jtij!l9§-I¥J"~jJ, t~:tm 

ll!lt~:&~.!=31fiJlllll!~1!f 0 

2. m =~.t~ x~ ~JJk r£ ttEJ! ~ q-T ~ 1¥1 .:t mt. .:t ~ :1-:dr ~ ~ ~ 1!f ti it , § ~W r11 tm _r_ ~ _r_ 
s#ll"b~.A~1~~ti:I¥J-.®~f§~-EJ.M: CD~ ref-ttt!N:ffi'~i)&%PJ 1¥1 Raptor 90 SE c153

J ; 

@ Bergen RC %PJ I¥J Observer Twin [ H oJ ; @ Hirobo %PJ 1¥J Turbulence D3 [184
J o M.~ 1. 1 

~••ey~••~•m.:l!~~fi31¥1BfilfRJJ~m-~~~m$.~W~~~~t&~~I¥J 

R-t,t&~l¥1m~nJJ~JJzt&~I¥1~*·~~~~~~~~~~~-~~Hi¥J~• o ~~~ 

q-j-3~~;;¥:~ i*fmfrOJ~:f:WF.Ji 1¥1 7CA.tJLJN § 9=' ·lliAIBlHi c 2 ~. 37 ' 70 ' 1 30 J , W .jli, ~ .®Jtlf ~ %PJ 
*fflW:~~qi3~:Im T -.®mfmatff95-, t~:tmM:1Ef c5 • 60 ] 0 

3. m=~~x~ ~t:!Jlkr£.11fEJ!lSq-T~ .P .,J\, ·~~ 1¥1 -~, ~:tt-* +~ 1*1 ;r m 1m 1¥1 0 

~:l!~lSqi39=', ~-.11fEJ!1ifl-m6'~, $1ilEJ!1BtmtM~'IIt J7;!, ,f§IJ~a: CD Align %PJ I¥J • .11fEJ! 
lSqi3 TREX 450 c182J ; @ ESky %'PJ B<J ;J:Ull!~tifE}!lSqi3 Lama V4 c107l ; ® Dragonfly 

Innovations %PJ I¥J lm.11fEJ! ~qT3 DragonFlyer X4 [49J o :l! ® lSqi31¥J R -t~~ '!It!]\, :1::1::~~ 
'!It~, !2SIW-~itr~ i*JlSqi o 

00 L 6 rti: Jm ~ ~ t~ f§~ Hi~ T A~ 1~ ~ ·111¥1 3 ~ .11fE J! 1i 71- m 1¥1 ffi X1 7c ;J\ , ?HJU ~ 
Rmax,Raptor 90 SE f[] TREX 450 0 

0.68m 

~ 

I'" 

00 1. 6 ~~I ( Rmax) ,~~ IT ( Raptor 90 SE)*'~~ m (TREX 450):/itEf( ~rr~*19IJ 



M:~ Et!.T-.*mC avi;nic system, m!f*MEt!.*m) ~;J\~7CAtdE~ ISH~:ii~:zls: B<Jm 14, 
jt~f489~~ ,.*mt9:it.!:J~n~t~~m~~ B<JM~~r±,¢.(z- .~t~:Fooo~ 3 •V¥~it-rt, 

:zls:~R~~M-~A~M:Et!.*m~*ffl89-:zls:$#~jt~R.!:JM,¢.( o 

1. 3. 2.1 M:lt!m .'&.~!1~ 

M: Et!. m .~, )1 :oo ~ .¥: ~ rn - 'El it~ m c f9iJ :t~o ~S q']- t£ ffitJ it • m ) ~ jt ffi ~ tt Jf:€ ;f& ~11. n~t • ~ ~ 
R-®~~ff* , ffi*fit!:~~SHaM; ®~H~~t£~-; @ .!:J ~IiiMBm; ®~~~ 

~ 89t£~ ~Sq'Ta• 0 :tlo*11lf~tJtq'J~7'~ff* c:tlo~-=r~:% 89 § tff-JmH;J;), • 11t:if~1Jo~£~ 
B<Jtt~fJL, ~)d::OO;f§$. 89 If'F o xt-T ;J\~xA ~Sq'J~, f.Dt It m .~,~:00~ § 1W ~~*ffl ~-T 
PC104 fi<JuxA:ri:it•:ffl*m .~ El3 PC104 f)}~#xti .illdW~W:A:ri:illfflffitJ~ 89-~W:A:ri: 

tt•:ffl;fff-(ft[143J ,jt;fff-fft.R 'f:1g 90mm X 96mm, tfi]J[:k~ 10~15mm,1JL:l:1Hfi:"S::1g lOOgo 
PCl 04 ;f$ fi* ffl # ~ :r1: C pin-socket) :it ti ~ , :1g Iii rliJ 5.!i1 -T !it .!:j :J1iR ~ J.f m, 1& *ffi PI~ a.* 
~c21 1 J t':t<J - ®~~W:A:ri:it•I.fmffilt9:it ,:i!®~ ;~~JJIJ mffl -T7CAtdE~ ISH~, jt~f'F:ct 

;fj! rf:l#~~~ B<J:JnR~ o PC104 B<J:i!~:iiti:/J:ri:i:IL:1-J~ JVtjtfil!.mtJc:t£~ T £~ 89 3lft~tt, It 
:tlo i'f'H'TB mtt Jf:€;f& ,m;a~:t*;f& ,Jtrmt;f&w.~oo~a•*~;f&~ .~JVt:ct;fj! rr~111i~xt*m 

*H••~•om~r±•B<J~.m*~~~*~•~~~.¥:-~m:k~B<J•;f&tt•m:JJw 
*R :±l tf<J¥ 89~~, 'tff11!-~t1H\ 8<1 .R -t, JE U$ B<J~:OOJ!JJ[ C 40~600Hz) , f!H~f!£ 8<1 ~*€ CB 
'iit < ZW), f&ffil:i!~&~~:if~ -=rq~=VH&B<J 1m- _g;[[l3.93 .t99J 

0 

I. 3. 2. 2 ~M:ft~ft 

~M:~•~:1-J~~~Sflt£~m~T~~~~B<Jt~:~••a•.re~~~•~m~t£

E89~n~t~AA:JJ*t£~~7CA~Sflft~*~mrr•r~*m,~~a•:iitt89~f.DtaJJt~ 

PT3tt o ~~~.-~~-B<J~M:•~:JJ•rn~~4B*djtrf=l-B*B#mn~t , mmtt 
ij!tl:l: ij!)G ( inertial measurement unit, f,ij $ IMU); ® ~ '* ~ 131: .* m C global positioning 
system, ffi!f* GPS); ®1i&.f.litCmagnetometer); ®JfG* 89ftiit-~ o 

IMuczosJ •-Er * = $j1J[]J!JJ[it .!:J .=: $! W~ ~ 8<1 - -1'-1~ --~11., jt rF = -t-;tJo J!JJ[ tt F:mr!( 
B~;f§-~B<J:/JrliJ~~.ffl-TM :I: .=: -t-:/J~~89mtt~J!JJ[; .=: -t-~~~~r!(B~;f§-~ 

B<J:JJ ~uJ~~, m~ =$!~ l!If-B<Jij!iJ fil m o ~;J\~7CA ~Sq'Jwillm rr, rn -=r ~a~:ff B<J - ®fJt .8, 
:tlof!£nlt:zls: -f.&;J\fi<J .R -t ,,lEU$ B<l* mif-.!:J5J.t~, ~~*ffl ~-T MEMS ti# 891JO J!JJ[it .!:j 
W~~ ,f&ffi] .~-T MEMS !!#89 IMU iffi 'lit~ffitj -T~*~~ ,njkPf;fil'i:Jcl!?9!tl:I:7~\U$8<J~P(.ij o 

.¥3M" ,GPSc207J tf~~B<J~$.!:j~$$_fflrf:lr~*ffl ,:k~alftf~{t GPS til&fJLif'Ft£ 
Ll ~Cl. 57 542 Hz) , ffijt:t£~89ffl.~,B'M·§1'15 , W:k~~;fff-*mrf=l 89131: •• A~~ 3m 8<1 mD 

~$~~(circular error probable, ffi!f* CEP) 5 It; ®:ffl~~t*~ (north-east-down, Wf* 
ED) ~lit-.* rp B<JJ!Jjt, ~ 0. 5m/ s 895 Jjt; @{ilf.~, -EJ.~:i!Bt 8<1 B;j IBJ o Bu*ffltli~ 8<1 ~ill: 

::tf~, l:tJl[]~* GPS ;fil~Bt~~(real-time kinematic, Wf* RTK)~Jtt-~ ,GPS 8<1-DL•.!:J 

~It?9!tl:fftfRJJ[PJ ~*-~1£tfi¥1J:3¥: Cm)~l= .¥:Jm:3¥: Ccm)~ ,ff!. ~~--1'-WJ~ 8<1 GPS ~M;;t 

7 
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~~-o~S~:I:&~--~~.~~~-~A~OOW~~~#·~~~~~--~

% o GPS ~t&tJL~"WJ~±~~~~, -~;li!:{E f~l'iJ ~PF:il ~ ~ "*~ffl% . - ~:li!:J!Jfit$ 

f~(~- 1~4Hz) o 
&.fj] #:li!:-# ffl r#IJ ~ffi X;f r :ttl!.'*&.t:ftt&1J rP1 ~ ~:AA:{)(ff [zoJ J , {£1]' ~7GA:tifU' "1.B 

H~-~.~-~~~:l::tt!!.~&.t&~m~MIPJM~--~~~-~~~-~~o*S*&.t 
iJitffti ££-T MEMS 1t*7f~ .J{.~ )E·~*N$CmGs)l:3*=*Fit$Cl5 10Hz) ,{£1],~7(; 
A "1.frff .LA~J.i\Zffl ~~ ~ , r;~~JJIJ ti: ~It &.t-Ttli:M ~ l:31i.f/ ~~&.ttt~ ft o 

fiffi .~filtl:~i!J ,JL3Jl-Wf~~ffti &lt1t~Mf!t~*-~B ~~JJX; T -.®~#-~ ,ffl ~ 
~~S{?jllj:IJ:~m .~Hil-.®itf.lll~i\LM ~/fl'iJ?jllj :IJ: ,GPS ~ &*=*Fit.$/FJ£~~:1:·8~ fiiJ 
~ o .AWT ~9ll ~tf Ji-F~~7JUt (extended kalman filter, )Wjf* EKF)1t*:li!:i£R~-Tffti £ ~ 
fiRB~-#B •• ~.®~#-~d~i£a~~-¥ffl%~-H~~B.d~-~i£"1.B~ 
ijjtJ~--~1:~~-T o 

1. 3. 2. 3 9c~f¥ttattmr£l!i1Jft.ey7Ct&~m 

~-{¥tp Cfail-safe)IJE:fJL1-lijj!Jff!Jg;~JfpjH!liJE:fJL, ~IJ;f~R.f-l9J~ijjtj l:3 § l9J~ijj!JmJ:t fBJ 89 

··W~ o *8*89~~7GA •• "1.fiff~~-T~#-§.-~~Nl:~WT~~tto 

x•am••~AAit*•l:3:tt!!.OOM~~~-~--~~.£*7G•~m~wc~~i£-am 

~·l:3*+&AA~l:f!t)~ffl-mx•m~.*~~&i£AA1t*•l:3:tt!!.OOM~ o ~.®~§ 

~. ~f.!ox~c1zz. 165] ~* ~~ § • *ffl T ii?t~ ~x•m~ ~ m J£~.®~~~* c f9iJf.lo. ~ 
M£-T GPS ~~ftffl%) o 

}Jf{!JI~..t. .mr-~~~~xA "1.BHrm~ ,.f-l9J~~*ffi:li!:&~ &,~89 .m~ T ~~!§ 
~.R~*:I:~7GA~-m~~MT~#§ffio¥~..t..~#§ffi~-~Mr~§l9J"1.B~ 

~~-£~89~~~~.~~x•~~ff·~-~~~:tt!!.OOM~~~•omr*$•89~ 
~7GA--"1.~-TH ,.f-l9J~ijj!Jffl% -!iiffil ijj!J-'f 29~72MHz ~~?JP&Wl!o.lijj!J (pulse position 
modulation, )Wjf* PPM)ffl% ~, d~*ffl£.$ 89 ~ ?lft~Ul?Jl!o.lijj!J (pulse code modulation, 

t:if* PCM)1t* o ~ff]~J.i\Z~ti:~ ,{£7(;·1t~~M:mll ~~*li1f~~Jij§*~ 2. 4GHz 

89·~i!o.l~1t*:li!:-~JT~~Ji~~ o 

:m~7GA~-89fiffi-~£*8?t:li!::tt!!.OO~ijj!JMCground control station, t:if* GCS), 

~±~ff*:li!:~RMit~-l:3:tt!!.OOffl~~&"1.B~~A~~89~-~- o -l5~~-§ 

~.:tt!!.OOM~-~~A~~~£*~1J:~~ffi#~~i£-"1.fi~~; @~ffim•~•* 

~~OO~ ; @~JiX;#l:f!t"1.BM~aW; @~*mM~t~-89~~m+; ®~~:tt!!.OO~~ 

A~dli=ll9J~~~~m.~~:li!:iE~~:~FMm89M%~.~~•a•~;®~~i£•"1.Ba 

m o i£7GA"1.BHS~m"1.B~M~~.~~-.®~~.~~i£~-·~PF:Jl~m~#Hffi 



~A~fiB*mW~-~~-~-#*m~~~-~#88~-.~--I~.~~~ 
~-miM~m~*miEIJ~ ~:tlfliffi~~~. [51 lit,~&§ ~-llJ 12HflW<.f4*m*~~W$*: 

-$0-mirtJfJl~!Vtit!.*m .~-$*IIDrE11l!!.IIDM o 

m~•#*•~~~~~m~m#~~m~•~I~.~~*•Jt~A~fiftm~* 
m.~~*ff*~ffi:m~•~~mem; ®~fi~fi~••~; ®•~~m•~m;®~• 

IIDM*mliffi;@~~~-~fiBm o ~--~I~-~~.~@ff*8~*FM.~·M 

VtAJ-,[!;Ilit,ff~m~•f4*m~*·~~~:t!!k~*-~iJl~uHJ-,h'm1~-~~il~B9* 
mn~-r-J:El¥.1if.iJ~t•rt .ff* I*JSlif~ ,55filffi~*. ~ltJT~:f.!l[~};{ I*Jff:?tNC~~~. ~f!ff!J:E 
B9:Jn:tili~T c214 1 o 13 iW .~~A ~~-TftiJf ti: ~~ -=: #iimt~-T B9 ~~1!!.!!~ * m, 0-JJU 1>1 QNX 
Neutrinoc1521

, Vx Worksc1961 ;f!l RTLinuxc1551 
0 :tmOO 1. 7 ~~ .:N:-#A~B9m~•f4*mm 

~ ·*ffl T $-~~~ ,lffi:--tm#cft .M~-ii*dff*~f1-iiit ,J't.f*~ffi: 
L NAV m#cfft:at~~:M:1~~ft3(:.!LYtlllt&,~B9~W :I:Bm; 

2. CTLm#c~~§~~~T~~j $; 

3. svo m#c•~fmHil~m:!!X;~m; 
4. CMM m#cffl~fJl~*·~-miMfBJ IV.~-jj:t-\;Ji{~; 
5. DLG m#cfflric~~-~~-TBm,Ji•"W:lt~.5il'~~T; 

~---------------- ---------------------, 

I 

----------- ------ ---------- ----- --~ 

r----------- ----------- ------ ---- ---, 
I 
I 
I 

: tlltt@1f 
I 
I 
I 
~------------------------ -- --- -- ------~ 
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6. :Qt!§" ,MAIN m:!ilcff.t :Jlt ~$ff%8<J~J11L 

tt ~ 1¥1 :JiL 1-1 T ;lt fm ~ ~ !.ilZ m , m ~ ~ m PT flli ~ tJtA-T £ ~ 1¥1 :91 rm 0 

~m••#~t~tffi~.~mM•#~t~tM~&~~~·~~ttm~**m~m~F~. 

~~W~~OOM·#~t/t.M~~~MM$M~~-~§I¥J,*~~~~~-~~tlt~m~ 

:1f '!i.l¥1, & ITfi Jffi 'lit* ffl 1.1~ ~ :91 flli 9! 5.¥. jc, ts; D]! $ 'M I¥J ~ ~ ~ m, ~:tiD¥ f Windows 1¥J 
Visual C++ c195l o 00 1. 8 1!V1~T~ ff]I¥J::JCA lS1-T~~tlt*ffli¥J~OOM.f4~tltfi!Ji\!:! c ''·' 6 l ,,g, 
f*_t .:5t.~tZ .= 1-rznx , 

1. ~-~~m ~)g1-TI¥J~1mf~t® ~, Jffi :ctx~f~t®f~:i1! ~ m•~ t~tJtft 1~, ~m\~mm 
!&~$~ / fD'i::i&_t f~; 

z. ~=~!W~Jgq-=y .1w.1r- rr~ lSH~m .1t-~JJI!lS1-T:t~~; 

3. ~ = ~~:fi<,c,,~ ,-f*iiE_t oow;r ~ t!J.iml Jgq-=y, * Jffi:ct ~WJ~.$~1m $~m\ w;r ~ 1BJ B<J $1 

~~1mx~ o 

~W.f#~ij 
(I§ fi) 

1 1 I 

~~ 
ii?i~ri!D tt~t.'l!III flt!m.'l!III -= ~fH.'l!III tl-~!t!!III¥J!III 

IIIL 8 :lt!!imM*X#*~Uer;ftJ~~ 

:tlD5fi!:*~ Jffi:i1*ffl ~~ ii1£ i!ilJ1i;j(, tt:t!D LQR, H oc EJX::jlf~~~tt1£jjj!J, i9:it~U! I¥J § $1 

lS1-T1Yi!ilJ ~ m, 1.1~~ ~I& --t-ffixt5e~ ~¥Jm~ ~tJt~ ~~~~ -m-*-ill! 0 !J\ ~ xAttf.X "1.1-T~ B<J $1 

h$•m.M~~~--~XM OO I¥JlSfi~~.~~ ~S;lf;A~m~tti¥Jff% o ~·~7C 

A1tf.XlSfffti¥JMA ~ ~JJI! AA~. E~~~ .~m~~lSff~1m~-~Mmi¥J~~U!ff$Jh 



¥m•c~a~-ft~R~~A~~AttEJ!~fift~~-m~W*~~-M.~~

[174. 18oJ JYr1li:IH .:i!~••~a .~.f*J:I 11=~ m:m:. ~~fi!iit:~U!~:It!tEJ! ~fift89~9:~ 
fJ~, Mtt5fll~~~tt ,JYf*ffl89CmJi 'lit ~~:l~89~:MJ [ ll.l42] , M'~~, ~~~~~fi;Jk 

-~~~-~~~•&:l•m.¥~:1!~~~.-~~aRm#~O®~*M~~fi~• 

P-Jm~~P•tt~fJ~•m~~~891ilf1lAm. 

~i:t'i~89 5~10 1f:J:j:l ,#x;f ,J,mxAti!EJ!~fift*MIE~fi~-89~~-T~fJ~-·B 
f&~J;;3Cit1ilf1l~,~ z- 'x;f~ ~fillflitJ Jl,.~i9:it ~ ;l~ 89@!{4~@) Jm(hardware-in-the

loop, fmf* HITL) {jj J{Jf,. ~, flli~~ ~*M ~ ~~T~- 89 ~ff 89~P-ttCm:Jikf&Jt!IZ'~ 
89c1sJ ,jtjtjik~~®~~~~T~{lf:r~§JIJ~ ffl, lt:tlll-®~fi~ffi:t~tJL~~1til& • ~ft 
m~cmmm89;y;~~fi;y;a•~~•·•~~~flli . ~®~MJ:j:!Bf&~•T~m¥m 

••:tt*J;;'J'mxA1IJtm•c89-®JltrWJ~:W:, tt:tlll~M[69 ] J;; x-ceu6o mxA!tEJ! 
~~-rwm.r;r. ili T -1- 17 M-a<J~F-ttC~, ~8[33]J;;1!;. ~~-J{jj Ji--'=i~F-tt/•ttcm 
~~~ili T -ff!~89¥m•c~a ,f*J;; MOSCA. f'&rro~{fl;f§{~, ~7CA!tEJ! ~~-Tft¥ 

Jli!.Cffi3C8910Jmlff~~~~, ~fiSC ~~:MJ *IJ ~, ~~iifD ~ 5fOCm&liE, Uff ii~ ~~ 
fmtk: 0 

*~~~~mm~~fi*~••J:j:l?it~*ffl89-ff!~~~a.~~~~•tt~•m.~ 
~ ~~B;f~i:J1 ~ ~~~~J:j:l:itH-T . 

B;f~MiR~aJii:tlffi lie J:D!~~ ~~ )9!1] Bt~JJJ 5f~MMiJ~~~-mc 1 soJ , x;f=f pg ~~~~ 
89-¥~ .311l1jl1ifEJ!7CAtJL, :i!ff!B;f~MiR1Ja1f~:Jik:AiM-89~~, ~ J;; CD ~~~4IJ?X:i!f-t£ 
~B;f ,!J6,fflx;f:ilf~~~:itH-J~1flf_R?f [ IBo] , -\'f~~~-X;f~~~ 5fll ~~ ~~-~*tJ_3C~ 89~~Jtt 

fiM*;~:i!~J:j:l~~*•89m5f~M.m~m:m:89it•~m. ~~.B;f~~aJi•~flli~ 

liE.ft - 1-fijiifD 89C m, It :till, ~8[128 ]* ffl !D!1li ~~a< prediction error method, Wf* 

PEM)~JHJt7CA!tEJ!~fift~~~~~rff9-1'7\ § EI:JllCm, E8 ~~flli:tlm::tK89~~ 
i2Jk, .r;f~'ltr~~ II&, ~{ij; T JYfMiRC~ i¥Jfij 1l . 

•~mm~a¥-r~fi;Jk&~M~~89·~~~.J~M:Ai~~!D!•~~••~~~~ 

89~&MiR~~-~ .~B;f~~a*tl tt ,JI!~ffl -TMiR P-1~~~~89 Ji,.~ ,1f ft~~ -®~!l! 
~z:tl .311l~~"*~I!Jk fl3 ,]IfifijiifDMiRB;f$, it·~*·fij;. ~8[180]#x;fttEJ! ~~-TftJJ,. 

~~Mff!Mm~alttfiTlt •• M~T-~ftffl~~~alt!:fittEJ!~fift.C89~*·fJ 

89~ ffl ~ f9iJ, :till~~ 8 [ 125] J:j:l, * ~ T f* J;] CIFER (comprehensive identification from 
frequency responses) 89-ff!~~MiR*X{lj:~ .~ffl~ Yamaha R50 7CA1IJttJLJ: .~::91Mm 

ili~~~~r~#89 11 M'~~~ fBJC~ .~8[3o]~~M[124]ff~ffl-*Xflf:~Mi.Jt~~ 

~ft~~~r89~M-~-~~-~.Jt~-~~£~~iifDI¥J•l11!*~· 
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:m:m ,{«~~11ili, J!Gfll B~1£::lci!Ul6 ] l=j:l.1g SheLion, -$\l!~r Raptor 90 SE 7f 2t 89~ 
.A1LfHJL [ l53] , im :ii ~ iH:! Jfl ~ J1l[ Jl m 1J 7'! -!::i J.; ~ ~ IH~hR :Jf 7'! , Jl.ll:. T ffi ~ 5G ff , ~fife 89 
~~~ttm~,Jt:~1*~*~1£~ 6 :ifW~~ili o 

~.A~fi~~1£:m:y~~5G~~AT~89*#r5G~~fiff*,§~~fi~~J.;~~ 

16,/FilJ Y89, ~$1!-891Ji~A!JiWg ili (SISO)Ji 11!~1b!J:Jf7'!< mgt~ PD E,IG PID ~ib~J )Eij -Tit~ 

f1J_t89mi !Jitt, * £l~Yf:&f!!~fifft 89~~m~, ~.1;J:m:1it ~ 89J21;~z- , :!m: -t ~ ~WII::* 
~89 R50 ~.A1Utt!Lc 123J •*=Jf!T !JiWgA!JiWgl:fj PD ~1M~ ,#.f'JJfl CONDUIT ~14M~~ 

-!::illli~WJ#~~r89~1b!J~~fi:itH1"T:itt-tJHt1t; w~o Ursa Major 3 ~.A1I:ff-tJL C 165] ·* 
Jfi!Ji~A!JiWgl:fj89 PID ~ib~J~~T §;IJ~~ o .1;JT11il1fi~fi~ib~Jtt~.i.f~if~Ift~.1J 

r1£'J\~~.A:tifEJl ~fr~_t~~£5titt 89~1b!J1t;t, f91Ho, ::le~ [2o2]*Jfl ~tti9A~~ ili 
(MIMO) 89 H~ ~ibiJ:/f$;.1gJj\~~A:tifEJl~fi:fftiit#~~ T -~~fi~ib~J J.;~ ,}till,ijFJf 

ifiitJ.;~Il,ij~ttr~A:lf7'! o it~*~tiit~~~m*Jflm*~~~mm~~~:lf 
7'![166] ; ® :flit~ IXXl% :1f 7'![5.51.197] ; ® E~ ~ f1L ~ ib~J 1t * [38] ; ® m ~ ~ •:n ~[95] ; ® /.l * 
tfj-c2o1J; @~ttft:il:ili:Jf~ c 1o2J ; (7)~~~ttlllii1t:Jf~ C9 J ; ®iil* ]LfiiJ:Jf~ c s7J ; ® H~ fit~~ 

ili&11!1t;tc6s] ; ®~3J~ib~J1t;t c52] ; ®~ ~~1b!J:Jf~c 176J .~~ 0 ~'lWtfl-.tf:J!®,W,Ji!B~ 

7f~T:*t89Ift,@Jt:l=j:l~~Wf~~M~r~A~~.~1£A~~~_t~~~~~~~:* 

89Re~ 0 

:m::ili ,Cai,Peng ~Ac 1w5J 1Iili T -~~fi~ib~J:Jf~, E8 3 'li15*m~: ~~~ib~L;.~~~ 

ib~J-!::i~fi~:!Gtl<~~OO 1. 9)0 Wang ~Ac198J ~;jJt:fi!7X~f1J:ittfrTm:!IT:!Gtl*, ~~~ib~J*=Jfl 

H~ ~ib~J:Jf~tiit, Jfl rf*iiE~fi:H~ ;tJ 89 ~:ili~Ji:, #- £1.~M-:!&11llib1J ~./Xt T1'Jt, ;.~~ Jfl r 
.1;J~~~~~~~fim+EJG~~.:m:m.~fiff*~~'li15*~.1;J~5t~~89~fiff*~~~ 

~-J'~~f:{~o 

~'lWli~.AJ.;~~~~~~llliEI:J~.AJ-;~~~89ff*~~**89li!~~.@§llli1£~ 

.AJ.;~I=j:l7f2tili89-®1t;tB~~~~~~~~~~-.!::j~Jfi~~89-®~~@Jfll'j:l o r 

oo~--®~.AJ.;~I=j:l7f2tili891t;t89@Jfl~~ o 



~~~ffl o~~~~L.~~~ffl~*~~~~~~~xA*~~*m~~.§MxA 

~fiB~xA~W$M o xA•X~fift~~m~~~*h~W.~~~~-o 

1.~~*h~Wo ~~-~~m~tt~•*~•Mnh.§~xA*~~B•~~~ 

~~-~A~fift,~~.~~~A·X~fiBA*~-~~~~Wm*~~M~~~R 

h.~~~~.~A·X~fiBWm*h~M~A§ft~tt~~~~m~~=-~~-·T 

~~ AA-12 m* ~ ~ Autocopter GunshipcsJ , :!i3-~ ~ ?& * T g !i ?;& ~ ffl ~ ~ ~~ ~ 

Schiebel S100 o 
2.~~~~- o ~A·X~fiB~M~A~~-~~~fiRh~~~~~®F~ff 

%-ifl ~~~19r-~11:*!1Jlt:l, ~:t!o~~:tc~~~.m;u••1~~~~ft11ft'~i1j!~ o -IX~~ 
~~~~m~~·~~~~~~fflTS~d~0~M~~MMR-~Am~fi·~~ 
~i1j!1J o 

xA•X ~frBx>t ~ llJi ~~$:1!00-tl!§~~ 1it7c~ f¥1 J1JJ c~ Ji!.)C~ [ 126 ]*M ~ ~f71J ) o 
M·~~~ffl o &4T~m&B~7GA·X~fiBR*~&%~1Jlt:l~M~~-

%- .itA.fP~f*~IJ B<J - ~f§IJ ~~ -F ~ ¥W~7c~:3f '5. B'~ R50 ~A 1l fl-m, ~ -~ffF ~ 

Haughton Crater Mission ~J.Yi § "P, ~ ffi T ~ ~ ~ 11 f~ }~, liJ i1j! IJ 1J 00 B'~ ~ ffl tl:, Ji :i:i M JE 
Haughton Crater .!:ij *~ faj ~:ffi{!!.U'i, fW IIJJ.filfJ-E I f'F*f*A1lim*~ B<JJf:tJt Cz<J o 

~~~~ffl o xA•X~fift~~mm~-:r.Yi~~~~ffl~~~~~#~~~~M~ 

~.:ftA1-t~tt~f§tJ~ ~ ~$~11€!0~1iJfi!JlJ~ R50 ~ Rmax 1l Jtm,~!8l~~~*rAA¥U 
1983 ~ 13 *~~ .#~~~~$x;J~A 1lft-m~~~~M:/JW ~~*, ;flrm"gf¥1 JIJJ~Z91!$ 
~~~t'*~~~lJ9Xj,'~~h ~~* ,:Qiftf R50 ~ Rmax *~IJtE~M~~1JW ~1'1 2:J§~:x;J 
tit~~~Am o 

~ftrM~~-~f'F o ~~m:x>t•~f'F£'fl*7c~~-~~~-~-~*-®~-~ 

•™•·~~m~•m~~~•m~~-~~xA••~fiBM~m•a•~c~Ji!. 
00 1. 10) .~~H.,B<J**~~~Ji!.)C~[6o]R*MM••tt*~£~f~ .\~L 

oo 1. 1 o ~ i9J .EJ ~.u::. r- 11 
00 Jt Rl Flying-cam tJH:fl; 

IW~~-~ffl o ~M~•*m•nmm~••m.~A•X~fiB~~•MIA~ 

I~~-~I~~·m"P1it·1J~-~-~~~B.~~.~~7c~ ~~~~-~~~ 

Mi!Jll :±! T ;g ~ Sky Surveyor ~~~\~~AtifEX ~ fi$ c 171 J , R* T lltiWf3 Wi ~~ P.f!ffi m C ~ 
Ji!.OO l.ll),fWJIJJ Chugoku El!h0~x;J~{t·ff*fBJB<JEt!h1~~~m~i T~i1j!~ o 
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001.11 Sky Surveyor JE;fE:l\i~~ ltJ:J~$~ 

OO~ffiT~ ~~~~m~A~~~m~ 

~ 2 ~, ,g,~~fntEI 11= 9=t~ffl 1¥JJL#~tff>*~, J!:J'!.f*:ltP. .~~~ :±l jc:ltP.*tff>*~ ,:ttP, 
'L' lilf!JE*fff>*~ ,:<fs::ttP, NED *~-F* ~,:fJL~ NED ~fff>*~ ,:fJL-f*!flll*fff>*~B<J~:3:, !:J & 
E ffl IBJ ~ tff> 8<1 3£ ~ , :1! ® 1*1 ~ tE \<. q.:y ~ 8<1 Jif AA. , $1 Jif ~ :JQ $1 9=t ~~'lit ffl iiJ o 

~3-.~~~m--~~-~m~A~X\<.fi~*~B<1*~~~~.~9=tD&B<l*• 

tl7 ~ :ff : KIH!lia: it Pf :f1i B<J ~ :J'l , ~il f-t t'J<J ~ :J'l , AA. ~ * ~ 8<1 ~it~ ~ ~ , tV. & tt W ~ PI 3 tt if 
{J!i o :<fs:~~fflPJii.¥-T Raptor 90 SE 7fit8<J\<.Jili*~IJ7CA \<.q-T~fiff~i!ibti:1:~ .--f*jg 
HeLion, :!fj - -f*jg SheLion,.Fo:ir::t(~ T~H'~B<J:fJL~~:i*t*~o 

~ 4 •• §'tEff it-~7'C'i!f B<JttflJ: *~,PI !V.mffl r7CA \<.q-T~ *~, E8 Plif$:5Hil~: 
:fJL~tt#~*~~:ttP.OO:JQ~Mtt#~l~ o :f1L~tt#~*~Wm•~NB<JJ£~~~~tl7· 

11= .:tllll!§ftffl~ 8<1~:% 00~ •• W.JtfAA.f~~~ ,~t\5*~t&~ Mf::fJL*~~~il # 'i2JJ{tE~ \<.q-T 
~t\5.~:ttP.OOM~m.#ilifi~~:JQ~·~ o :ltP.OO:JQ~Mtt#~*~~m•~m.~tt#~* 

~~B<J~t\5~-~XA*~B<J\<.fi~~~~ o 

~ 5 • .:« m:1rmt,Jm~EJr J!J%11¥J:J'tr&-F~~rrev.t~it*1J;J\~xA~• \<.q-=r~~~ 

f~~:<fs: t'J<J ·imti:JE~~JE{.il: ~;;!J*~ ,J!:J!.f*:ttP., jg~;J\~A \<.q-T~1~~~1!i!~ii*~Wili T
# * ~ ~ B<J ffi-'% ~ 511 i1 ~ • f!J m ~ q.:y ~ mz B<J Jif AA. 1tl :7t g:_ ~ J!: :Do~~ B<J ®\ m 1§ , 1fl i! *,ill. 'R. 
~ J!N B<J j!j!lj iifi o 

~ 6 ~ .J'&IJ\! -1-7'C~ B<Jmmufi,:1g~ff18<J~A*~ SheLion ~!{ltiifli~NB<J~~~tt~ 
i5m~ c ~f!fPI mffl -T HeLion) 0 § 5t~ff1Jif :±l :f!;J\~~N B<Jm~~~. ?ffiiii\<.q-T:JQi!l1J~N 
itYr&,mrB<J~'ffl5m:~~i5*l'tt . ¥-Ti~~~~m~. *it w-1-:n:t~7mt~. re¥:fll!mm~~ 
~*~mw~~*~:ttP.~~tr:-~.~J£~ili5m*m~~~.~.Fo~IJI!-1-~~B<J~~i1 
~ .tr:::k111 fm\<.q-T§~ l*l~~\<.q-T~.71$mm B<JPI ffi N. fiFo. ~iAYf~I[lt \<.fi~ JJ $mm 



~~fi~~.~~~fi~fi~~$~~~~fi~~~~~*I~ o 

~~~*m~~~-~"~R~.~-~~~A~fift.iliT-~=~M~~~~~ 

fi~*'J*~, rn 1*1 PF ,7-~PF~~fi~~tl = ~m~, 1*1 PF-tl~~fH if-*~«XmfH ffi!R. ~~*m 
~fJ~ .7'~J.f~$1J~A*~~W:l! .~Fo .~7'~PF ,i:!!.tJt~ ~~T~~Jm, ~fm~~~~-Tff*1:. 

~~~~AA~•~o~~•s••~~~tt~cm.m7•W~*mH-~~~*~~P3 

PF~$1J$ o J!Jt.i*:lt!!. ,!R_tl:~~itmt-F:ii'i;~ , lllJRlitta~, ~fi~$1J$~~ ~Jk.~,i*ttOOi-ffi!i 
~!R.~~Rli o ~~~~~-~·*fflT~~OOM~S~#~~m••~fift·ili~~~~ *, ~fifi1*~¥IJ)C~[l ] ~~R~JJi~ttOO o 

M 8. ·*ffl Tf!J\~'!-$-!:3%~lilt~Hrobust and perfect tracking, Mf!J\ RPT) ~~$1J~ 
*~~7'~PF~$1J$ .~$1J~A-*~~f.V:l!, ~w~~~m~~~-T", liT~ tH~£~ ~ttoo 0 

RPT ~$1l~*~~~~-#~$1Jft ,ft~~E!f~it~ffiPF*~$Tlli;§~ ,JF _§_~~ttftr ili tE{f 

M~M~#~*~~m·~~~~%~SS~~~-~M%.~~fflTEff~liJOO~MAffl 

~~*'J .~r.s*~m~•ttftr ili -!:31fir~#~ffi%, :t~o:W: liTOO ~iti, JI~f~S#~fa% ~4rr w,-~~ o 
~#~~~M~~*PF~~~~~m.~~*PF~W:'i!,if~JI~~if~mA~BiiT~rnm 

~AAtt!*~l1l1~·~~iU o 

M9 •• B~~#t£@M~X~~~~fi~~~·7·~·8·Eff~~~~fi~~* 
~~fi~rnHffi!i, §'tED~~ 'L':ii'i;.Jtit ADS-33D -PRF[1

J ~ *ffl ~ {f*~:lG (mission-task
elements, Mf!J\ MTE)l>Y:fi!iEJf~it~$1] *~a9tt00-!::i'!-$tt o ~®{f*~:lG E8 ~ ~ AA~$ 
~~~m•• ~~Tft~~, ftfll:ii'i;.ltit B<J{f%-~:lG~ f~S~~jf§ /~ Cforward flight depart/ 
abort) ,,Fo~jf§ /~(backward flight depart/ abort) ,~~(hover) ,~~@$t(hovering turn), 
~~m~ (vertical maneuver)'-@!~~ (lateral reposition) '* rPJ § ;f.if, (turn-to-target) 'm ~ 
(slalom)~ rPJ 'L' @$t(pirouette) o ~~~ :W:~ '*f~IY'Iftfll ~~it~~:9J ~, Eff1i1f$1J ~XA 
••~fiftmBEff:ii'i;~~~5~~oo•~~•mB<JttOO o 

*~~M.Mlo-~Mll ·*~tia~TEJf~-~XA·X~fift*~~~ffl o l!Jt. 

i*:lt!!.i.#..m 1o •mt~~m~~ ~fi~~ft@]:i!!f~~zv.~~M*·*m*m-f*mc~. ~~-T 

~1*M'ffii~~M~~*-* ~ ~", '51-'*~AttfE. ~~-TftHtH*m ~ ~AA~ o 1-1 T :i!!f:fR.t£~ ~ 
~~~fi~~~liJOOili~~~m.~rJ:m~B<J~~~~~~~~~T-#~ft®:i!!fm~.mt 

~T-~~--!::i~~M:W:~~~ftillB<l~* o ~-tl:·~·*fflM8.~RPT~~~*UI! 

~~~~ ~fi~$1J ~~~;.f{J~~~ T o 
~Fo .m n • .ic~T m~'J\m~A•• ~~-Tft~-~~tw.:%*~~~~~~~ .~~ 

T:lt!!.WI35~~~-=ff* o ~T~~:It!!.OOI35~~m•-!::im=e*,fiill.iliT-~~ 

~~tw.:%•~.-&!mm~~~tl{f{m.~it-&,~~~Mf~~-.~m~ 13 tr-Jt:fi!iitffi~ 13 ;fff-~ 
liE~.&~~~ ~~~-T~*'l*t1E.':li~~A1I*m•=:lt!!.w 13t-F~~-T 0 m~tw.:%*t1EBr£t£ 

~~~~-Tff*~~~-Tl1J1~i;a: .M:W:~IY'I~~'!-$, jljlj~ o 
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2.1 51-;;:; 

tiit !:j)ttfflS~-T:H.~IDt, i!i1J ~ !:jt£1!i1J, ¥£ 'M'~~ Jfl ¥IJJL~ *ti ~ tJf. C~mlf*~ * ) c
174

J 0 

~ jJ if ~;tj '* ~ ,g, ~* ~ rp 151!Jfl B<J JL# * :f,j * tJf. '§ t5 : 
1. ::k:lt!!.*:f,i*tJf.(geodetic coordinate system) 
2. :I& 'L' tm ):£ * :f,j * tJf. C earth-centered earth-fixed coordinate system, mJ f* ECEF) 
3. :;$: :11!!. :It* :I&* :f,j * tJf. (local north-east-down coordinate system, mJ ~ :;$: :11!!. NED 

~*) 

4. ;fJL~::!t*:it!!.*f~*tJf.(vehicle-carried NED coordinate system, mJ~;fJL~ ED~*) 

5. ;fJL-f*~*:f,i*tJf.(body-axis coordinate system) 

~~&~~m~@*~*tJf.~~**H~*~-•0 
•~mw.~~tm~B<JmM-ii~~~hm~.~m~A•alSfi:H.~'M'~~m~~•• 

(£ ""f 151!Jfl, ~x;f~@ *:f,i-· Ef<J m3 1-t1!0Ht, f9JJ3!o :;$::1& NED ~ * !:j ;fftf*~ * IBJ 8<]--~ ~ 
T-@~~£~B<J~~~.¥~ffi~~~~.:;$:~~WB<J$1t*~-·***~~Jfl~~~ 

:P} ~:I&~ lS ~-T Ef<J 'If% 0 

00 2.1 !:j00 2. 2 ~W T __t~*ti*t1f.Ef<JOO%ffHf,~@*:f,i*t1f.~~{£~~~1!1! 
if , lS ~-T ~ h * }! ~ , lS ~-T ~ IDt !:j t£ i!i1J rr 151! Jfl , ~ * ti * tJf. B<J A 1* ~ ~ !:j ):£ 5I... ~ ""f oo 
~w o 

::k:ltB*ti*tJf.!rzJfl~¥~ GPS Ef<J~ID'i: rp C~ !A!. 00 2. 1), ~ i±~, E ~~'M' !A!. Ef<Jitf-F 
JL1l:ffl *ti*t1f., rm ~ ~~li ,1. ,~li cp ;f!liWifi h 7t!HiE:It!!. oo~A lli:I B<J *ti *t1f. o ~li*1iE 



*fl1T-lf~ (Prime Meridian) .!:31j!IJ:I:,¢.\ fB] 89tifE~jfj .It, ~{t M !EJ.A - 180° ~ 180°; ~ lt7&VE 
/ffillt .lJL ITii .!:3 'Sf.:i:J:1j!IJ :I: A 89~::tJlm~oor!~ fiiJ 89 ~jfj , ~{t m: !EJ.A - 90° ~goo ; ~~JJ!U ;Jik1j!IJ :S: 
,¢.\ .!:3~::tJlm~oorBJ 89¥1LRE7!6 0 *m *:it!!.~* 7&J£ B<J ~:f~ rP1 :11: m -r:t~" g"tT-iJ{. ~ll * :it!!.~ 

tr-* ~ 9=t 89-lli:. rPJ i1: *~ 1>1 

.!:3j( :lt!!.~tf-*~ffi~ 89£~~~1f: 

1. **!ft!J Rr..o 

2. :lt!!.~Rill $ f 0 

3. m:* !ftll REb 0 

4. ~-{,fiijJL,'$ eo 

5. Tlfll(tij$*~ MEo 

6, §P"@IIrtb$*~ NEo 

I 

p w 

x. 

(2 . 1) 

b: j<Jli;~$W 

nv: Vlt~NED 
n: :;js:!t!!NED 

)!.®~~!JX;~:Jikl!;-T WGS84(world geodetic system 84,:fifJJT 1984 1f.f£tl:l ,ji:i[i

fXT 2004 1¥1!Jiff) ff!fi~m~J;E:X. a<J <~lt 1 .!:3 2), !iX:~:lik E8 Jttt~ tl:l * 89 <~lt 3 JIJ 6), £ 
A i*:lt!!. ,1f ~ ""f 0:r.\ 

Rr.. = 6 378 137 . Om 

J= 1/ 298 . 257223563 

REb = Rr.. (1- f) = 6 356 752. Om 

e = jR~: Rh = 0. 081 819 19 

ME = Rr.. (1 - ez ) 
(1 - ez sinz cp) 3/ 2 

(2 . 2) 

(2 . 3) 

(2 . 4) 

(2 . 5) 

(2 . 6) 
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(2. 7) 

:tt!JA.' fQ:IJE~lif-~HJHifi:tt!J.~~;it § ~~-~~i9J, ~.lit ,:tt!J. Tiff _t ISJJE,~ 89:ttf!.,L., IQ:IJE~lif-* 
~89~lif-:likiSJJE89 czosJ o :ttf!.,l.,IQ:IJE~lil(*~89Llii: ,~~-il-~lif- ~JE5<.JIIrf<~.!ii!.OO 2. 1) : 

1. m:.~ < ic1-l o.) IS! an: :ttl!.~ 89 J91>L.'; 
2. Z ~(iC1-J Z.)¥fr :tt!J.~ § ~~mfiiJ~~f}L 

3. x ~<ic1-l x. H~fiiJ~tl51t:MJ~ oo89::tffiiJ; 
4. Y ~<ic1-J Y. )~ Z ~lUX ~¥1tftll£:ti-¥* o 

*ffl :ttl!. 'L' fQ:I )£~li-T-* ~~:li 89 ~ tf- fiiJ :1: ffl T liT-" e"lif-iJt, Jill :ttf!.,L., fQ:I )£~li-T-*~~ 89 wIt 
(li] :I:~7R1-J 

x . 

P. = y . (2.8) 

z . 

2. 2. 3 *it!! NED~~~~ 
*:ttl!. ED~~*~~~m~1-J~AA~~*~~:tt!!.oo~~*~·:likfQ:I:i!;S::tt!!.oo..t89~ 

li-T-*~ .~r WGS84 ~~~~ ,jt}]{R.(~-il-~lif-~JE.:X.JIIlT (~Jii!.OO 2. 1 ~00 2. 2) : 

1. J]{J.~<iC1-l O" )ISJ:iir :tt!J.oo..tff~- ,~; 

2. X ~(ic1-J X"H~fiiJ~~~~:I&Jll!~~f&; 

3. Y ~<iC1-J Y") mfiiJmJ~~~:l1!!Jll!*::tf; 

4. z ~<iC1-J Zn)¥fr~~oo~~mfiiJT o 
*:ttl!. NED ~li-T-* ~;S: ~fi~1M ..ey .EifAA ~ !§ ff ~~ 'M'li ~ 89 ffl ~, 1j \ ru!xA~Jl ~ fi :H 

89-WfAAli 'M';S:~-i'~:f;F*~ P3 ~Ell o *ffl*:tt!!. NED ~lif-*~~:li 89 ~liT- fiiJ:I:fflTlif-"n" 
lif-iJt.l!Af*:tt!!., wlt~li-T- fiiJ :1: P" , ~Ji~lif-loJ:I: v" , ~ltbo~lt~lif-loJ :1: an?HliJ JE.:X.JIIlT 

Pn = Y n ' v n = Vn ' a n = a y, n (2. 9) 

n:*M1tif'F~ ,Jj -m-~lf!t&7X~fi~~89~ ~-~. m:likf{~:HfJ1~1t89:tt!!.~. f'F1-l*:tt!!. 
NED ~li-T-*~891]{,~ 0 Jill::lf!:.l.TX~~?f~,::JgflHt~.!A!;.*45~Xmftffl~T*:tt!!. NED 
~lir-*~w~tfiiJ:I:~% 

X 

Pn = Y (2. 10) 

z 



fJL~ NED ~IHif-*&c !:i~~i~~jt ,jt}]l:,~!:j~~IHT-tftllk:.:X.:t!O"F C~ .'R.OO 2. 2): 

1. 1*,~ Ci21:J Onv) ~jt-'f~~i~:!DA,,Ccenter of gravity, ffilffj\ CG); 

2. X t$ C i21:7 X nv H~ rtrfl!fi 13j( t~ ~ :lt!!JJIU t f1k ; 
3. Y t$Ci21:7 Ynv H~ r1iJll!ri13j(m~ :!l!!JI*:/J; 
4. Z t$Ci21:7 Znv)Yfl" ll!(j13j(1Iff7*~mf1iJ"F o 

F #t :!& i)t , fJL ~ NED * :fij * &t B<J ~ $1!lf~ raJ ~ l!.i&: tf ~ ~i ~ B<J ~ i;IJ"ffff 1t 1-t , f;§ .lit !:j :<$: :!& 

NED *:fiT-* &c:tf:~£-@-, ~ rro, :tzo 1W Effli, 1j\ ~7GA.%EX ~ ~i~ ,R i£~~~1\ B<J IR ~ P>l f~ 3! ~ 
fi, iY!1~ WITt$* IBJ B<J:/J raJ ~JJij jG ~PI ~;A %I-~, f;§ .lit, PI ~;A-@- 311N 19:, fJL ~ NED t$ * B<J 1J raJ !:j 
:<$::!&NED tftll*B<l:/JraJM!~-3~L 

*fflffl~ NED tftll*;;&liB<J~IH~ raJ :S: ffl"F:fij"nv":fijift, J!J'!.f*J&, l!lt*f~ raJ :5: Vnv !:i 
:tm 3! It *li-T- r1iJ :5: anv :fr JJU k: .:X. :tzo "F 

Unv [ax. nv 
V nv = Vn v ' a nv = a y,nv 

W nv a z, nv 

(2 . 11) 

fflf*tftll*t~*&c~jt =f~~i~ ,1Ifiiftflf*__tk:5(, /tl*,~!:i ~*t~tftllk:.:X.:tzo"F C~ JR. 
00 2. 2) : 

1. 1*,~ Ci21:7 Db) ~jt-'f~~i~:!D>l-" CG; 

2. X t$Ci21:7 Xb)f}I=f~fi~UAr1iJX1ffJ\WP>J ,mr1iJm*; 
3. Z tAA C i21:7 Zb )f}I r ~~i~W. raJ Mf*W P>J, m raJ ffllll; 
4. Y t$Ci21:J Yb) m [1i]tJL:!iif1:J1Pl~ ,!:j X ~fl] Z t$~~1:1¥ * o 

*ffltJLf*~*;;&liB<l*:fif-r1iJ:S:ffl"Ftf-"h"t~i9., J!J'!.i*J&, l!lt*t~ r1iJ :5: vb, :JJo l!lt* 
:fijraJ :S: abk:.:X.:tzo"F 

u 

(2. 12) 

w 

(2 . 13 ) 

a, 

ffi1~m ili, v", vnv!:i vb lllJ1:7;;&1.iE~~i~19t·L<.ffixtJ& WB<JJ!It raJ :I: , {El.!IJ~:t£~ ~*:fi-T-* &t 
P>l B<J;;&Ji C ep raJ .ffiill B<J *:fijtftll__t N:~), :1JDJ!It9i: :I:~M, ~®~%:#f:t£Wil£:7GA.*&c 8<17\ § 

lil 1t ~u i* 791 fJ ~ ~ tt at~£ 'it 151! m 0 
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;;$:11ft-m 1: :li ~IHif- ~UJE IBJ 1¥J ~ tf-$t~ :k * , {£ ~ :±l i$ ~ Wi :liz 1W , § J'G 1t-m-®if-F J L 
1Iffl ~tf-*~~~;f§:ki¥J£;;$:~i,J~ 0 

2. 3.1 ~*~iR 

;;$: ;J\ 11 JHli i£ ~IT H m ~ , t£ ifi~J l::f ~ IVt tf:l it ffl I¥J ~ nr 1ifE $# , 1ifE $# ~ lr$ , @.: nr fflld.lit ffll! 
Ji9Ct!:I¥J£:2js:~~ 0 

2. 3. 1. 1 W:EJ:ME~ 

-~if-F JL1Iffl ~tf-*~ffi~f-TJ:l-1-if-F JL1Iffl ~tT-*~I¥JllitrtJ ,ffi, llT ld.ffl .::: 1-:ii~ 
B<J ~ nr 1ifE $t :na :li [ 174 

J , i£ &c ~ "¥ &c ill rn 9=' , l! ~ ®.: nr 1ifE 

$# ffi m ~if-F JL1I ffl ~ tr-* ~ B<J .::: 1-~ tr-~ * {5-¥ m 
tifE~ !J!tl :itHl" o 00 2. 3 ~ :±l T -1-~ if!B9f9iJ -T, 00 tf:l ~ 
5*~C1l::]Q.M1-Z~-~#·(al)~*I¥Jif-F 

JL1Iffl ~lff-*~, tE~tf-* ~ C2 fF ~~:5ti, illi:i:i -~ 
~nrtifE$# < ~ z ~ re~ tr- * ~ c2 :12 attttifE$t ~ fflll) 
llJ!d.~JH.ft~tf-*~ C1,ff1irrffl~tf-*~ C1 ~:iiB<Jf.ll 

jl~ff- rtJit .-i"c~ Pc1 ,!! ffl~tf-*~ C2 ~l£1¥JUi:jl~ 
tT- rtJ J!:, ic~ Pcz , -r•q~~~JJiiiE, llJ t;Affl""f:r\$t~ 

(2 . 14) 

~tf~~~~~fE(al)J!: P M~5*~Q(al)~~*~ 

c 1 $# ~ I¥J 1ifE $# ~ lr$ , :tzo ""f 

Y2 --: =:: := 1 PciiPcz 
-- II 

II 
I I 
I 

~·!)==-----=--:----Xc2 
Zc1/Zc2 

[ 

cos~ si n~ 0~] 
R CI!cz = - sin~ cos~ 

0 0 

(2 . 15) 

R cz;ci = Rcl;cz = R l 1;cz (2. 16) 

2. 3.1. 2 W:EI:M 

~nrffl• E8 @.:fl1:iJI A B<Jffl-TWi:liiXI~~~~ B<J = 1-ffl, fl. ~ffMM-1-if-F JL1I:ffl ~tf-* 
~ IBJ B<J;f§~fllit rtJ llT ld.ffl@.:jftffl Wi:i£ ,{f.!.:<$:~ tF R:k 71 tl1.~C~li:;;$::1m) NED ~tf-*~l::itJl~~ 
~ tf-* ~ i'BJ I¥J $# ~ , # tJ( Iff!~- t;f ~ JiiDf 1¥ :itt IT 1ifE $t o £A 1* 1m , Elf* ffl I¥J @.: tlL :ffJ tJ( Jffi Z-Y-X 

< t!Lf*~ 3-2-1) B<JtifE$#?XJ¥re~:5ti~tr-*~$#¥IJm~~tr-*~:tfrtJ 1: ,J! .::: 1-®.:tli::ffl *?Xf* 
~MrtJffl ,fif.Jf£)Jfflfnm$#ffl ,A-f*;E~:!W""f(~JMOO 2. 4 ~f9iJ ) o 



xb 
I 
I 
I 
I 
I (:ifff'f Yn) zb 

: Ynv 
I 
I ~ 

b.-7- ~ Xnv 
(:iflr'fXn) 

(:if{TTXinll) 

1. fm[P:Jjij (heading angle) .icjg <jJ.;E)(jg}AfJl.~ NED~* X ~i!Jffl-f*~* X ~tff}l 

~NED~* X-Y 3Jl-OOJ*rf9:~1P:l ii i¥J~jij ,JtfjfE~~jg:fJl~ NED~* Z ~ ,tJi:b-¥~1JiE;E 

Ji!UtJfE~ o ~:i:i:zfqj(fjfE~ C icjg R in• l t nv), fJL~ NED ~ *~:J*i!J 9=t fBJ :~IHT> * t1t o 

2. flf.Jf'lljij (pitch angle) .icjg e,;;£5(1'JJA'PfBJ~IHti*tft X ~i!Jfll-f*~* X ~I¥J ~jij, 

JtfjfE~~ :1g 9=t fBJ ~ fjf, * ~ I¥J Y ~, tJi :b -¥1{1JfE;E Ji!U tJfE~ o ~£ :i:i ;;$: ?XtJfE~ Cicjg R n,z / iml ) , 1~ 

¥1J ={X 9=t fBJ ~ ;f,if, * tJt , Jt X ~ .!:3 fJL 1* ~ * fi<J X ~I it o 

3. ~~~C roll ang l e), ic:1'J¢,;;£5(:1gJA= 7X"PfBJ~fjf,*tft Y ~CW(: Z ~ )iJJffl-1*~ * 

Y ~CW(: Z ~)I¥J~jij ,JtfjfE~~:1g= 7X9=tf8J~f,if,*tfCCW(::fJL-f*~*)I¥J X~ ,tJi:b-¥~1JiE;E 

Ji!UtJfE~Cicjg R bt in•2 ) o 

= tX ;f!Dt 1JfE ~ B<J 1JfE ~ ~ li$ :51-JJIJ 1q 

[ 

COS</J 

R intl / nv = - ~in<f; ( 2. 17) 

[

case 0 

R inl2/ind = 0 1 

sine 0 

(2 . 18) 

[

1 0 

R b/ int2 = 0 cos¢ 
0 -sin¢ 

( 2. 19) 
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2. 3. 1. 3 1fJ ~J.t 

1H l! Jt c El 1H l! $) .!:fp;q 1'-~ t-F .¥ ~ fBJ 89 lH M ~ i9J 1f .* , iN~~ t-F .¥ ~ c 1 lH M ~ t-F .¥ 
~ cz ~ i9J , it 1H l! Jt i.e 1-1 

oki/ C2 = W y (2.20) 
w, 

JtJ:j:l * ~*ffili<1f:Jl!Jl9Cii8913l:~~:f,"F*~· PJIV-:1-J Cl !il C2 !il{ffi!Jit=ftl!.~:f,j*~·~~~ 

~~iJE.~:f,-F*~ C2 ;fHX>j~:f,-F*~ Cl %E~891Hl!JlPJ!V.EifF:it~ili 

ok2/ Cl =- WCJ / C2 (2. 21) 

*~W~k~~5.¥~~89~5~-./t=J:j:l83-i'-~-~~ffl~%E1!~Bft89~~~ 

M: , m 4 1'- JDl 'lit ffl ~IS B :JQ l&J 13 89 , iii J§" -1'- ffl -T :ili fbt ml 1t , ~ J1U m ffl ~ 'J' ~ x A %E 1! IS 
~Tft o 

1. ::k:lt!!.~:f,-F * ~!:§ :lt!!.'L' fa!~~ :f,j * ~ fBJ 89 ~:f,j ~- o JA ::k:lt!!.~ :f,j * ~ ¥1J :lt!!.'L' fa!~~ 
f-F*~89lli:.ilfli:Jii~-.;li!offi GPS lli:ftmtlft{ilfli:J;<f;::lt!!. NED ~f"F*~~-89J:j:lfBJtv"~ o ~ 

~::k:lt!!.~:f,-F*~J:j:l89-,~ 

;. 

Pg = cp 

h 

~iE:It!!.'L' fa!~~t-F*~J:j:l 89~t-FPJ ~~.utrFJttt-• 

x . CNt + h)coscpcos,l. 
P. = y . = CNt + h)coscpsin}. (2. 22) 

z . [NE (1- e2
) + h]sincp 

JtJ:j:l e !:§ Ntffi:itC2. 5)£§51:(2. 7)?j-}Jij~tf:j o 

2 . . :lt!!. 'L' fa!~~ :f,j *~!:§;$::It!!. NED ~ :f,j * ~ fB] 89 ~ :f,j ~. o ffl lli:.il fliJ :fi:JA:It!!.'L' fa!~~ 
:f,j*~flil;<f;::lt!!. NED ~:f,j*~~-. li'i]B;j{j!fflJA::k:lt!!.~:f,j*~flil:lt!!.,L'fa!~~:f,j*~89~:f,-F 

~- • .%t~~JA::k:lt!!.~:f,j*~flil;<f;::lt!!. NED ~f-F*~89%m~t-F~- ,J!J't.-f*:lt!!. ,1f 
P" = Rn~. CP. - P.,,.r ) (2. 23) 

JtJ:j:l P .... rfi!o:.$::1t!!. NED ~f"F*~}.ijt~Cii!..%tfi!o On,JD11it:1-JxA ~~-Tft®~ ,~){E:It!!. 'L'fa!~~:f,j 

*~J:j:l89lli:JI,Rn!e fi!oJA:It!!.,L'fa!~~:f,j*~¥1J:.$::1t!!. NED ~f"F*~89.1tfE~~~. ffir:r\~tf:j 

_ [- s~cp:.rcos/. ,.r - sincp,.rsiru ,.r 
R n!e - SlnA ,.r COSA ref 

- coscp,.1cosl. ,.1 - coscp,.r siru ,.r 
'":·' l 

- s1ncp,.1 

(2.24) 

JtJ:j:l l. .. r-!3 cp,.r fi!oMJ.ill P •.• .r 89:1t!!.l!I!~ttJ3L 
3. ::k:lt!!.~:f,j*~-!31JL~ NED ~:f,f-*~18J89~:f,j~- o {E~M;®i~.::k:lt!!.~*J:j:l89lli: 



ft1ttt~m~ NED ~* !fti!lliBJ B<Jjgi9J~~~u~ 'iltm!'l, :X:t&~ * !ftwftB<J ~!lillY l;,(ffl 
tft~ NED ~*9=tB9i!ll*~:it 

j = v •• 
CNE + h)coscp (2. 25) 

(2 . 26) 

h =-w.. (2 . 27) 

~9=tfi~~~-¥~•w~~~~w.wm=~~••waMh~w- l¥.l~~ili~R~ . 

tft~NED~*!fti!lli'J<J~l*£ffi!;Ar0A~ili 
2 • 

V nv S!ncp + U nv W nv + 
U nv =- CNE + h)coscp ME+ h amx,nv 

• _ U nv V nv S!ncp + V nv Wnv + 
v •• - (NE + h)coscp NE + h a my , nv 

. V~v u!v 
W nv =- NE + h- ME + h + g + a au,nv 

A 9=t g .:1<1 I .1;:/Jo it 1t , # ..El 

[

amx,nv 
a mea , nv = a my.nv 

Q m%.OV 

(2.28) 

( 2. 29) 

(2.30) 

(2 . 31) 

Jik:(:Etftf*~ * 9=' ?YW :it~·lHIJ B<J fi'll :1f:IJD i!J.l (proper acceleration)amea, b:(:Etft~ NED ~ * 9=' B<J t2: 

~ . fi'll:1f:IJDi!J.l~ffiX>tr E! ffirii*W.?Ym~B<J-#:IJDi!ll [212J ,:(:E_t:Jt~fi!ft ·** T:t&¥ E! 
~ffi~~. x-t 1J\ 111 oo P-J '1.fr*~~il- l!I[B<J . 

4. tft~ NED *fif-*t1E~tftf*~*lif-*t1E IBJ1¥.1 ~1Htf-1t¥ii: . tft~ NED ~*~t!Lf*~* 
~B<Jjgl9J*~*M'1.fli9Jh*••~E!~'1.fl~M*~•m!'l.#x-t••jgi9J,:1f 

V b = Rb/nv V nv 

[ 

C6 C~ CqS4o - S6] 

Rb/nv = s+su c~- c+s ~ s+s6 s~~o+ c+c ~ s+c6 

C+S6 c~+ s+s ~ C+S6S~~o- S+C ~ C+C6 

AJft s. ~c . ~HJIJ~~JE~~~~ml*£ . 

(2.32) 

(2. 33) 

(2. 34) 

(2. 35) 

#M~i9Jjgi9J, ftf11~7±!H i!ll fliJ:itw~, ... £Wilt T t!Li*~ * :.f§X;ftft~ NED ~ * 1¥.1~ 
Z9J :t:E m 1* ~ * 9=t 1¥.1 ~ :~t . tt Jm ~ 1:\L fH B<J ~ Sl ~ :1iiE ~ rx J'f • llT !;,( ~:it .:1<1 

cu~tnv : = : = ~ + Rb/int2 r ~ +R;""'"" ~ j = S ~ (2. 36) 
r 0 0 t/J ~ 

i.\ 9=t P ,q ~ r Jlk:(:EAA :2 *AA®i~ ~ *ffl B9Wi:ltw ~, •• 1t B<Jtf-li~% ,Rint2/intl ~ ~b/ int2 1tJJIJ ffi 
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0 -sin{] ] 
cos~ sin~cos8 

- sin~ cos~cos8 

(2.37) 

[

1 sin~tan8 cos~tan81 

s-1 = 0 cos~ - sin~ 

0 sin~/cos8 cos~/cos8 

(2.38) 

to:~~tl:~B9 :liL J:.\C2. 36)if1~f*:1>J IgX1ftilii91:1fW, # _§_:t£ 8= ± 90 ° Bt~~¥;t:r.t C2. 37) ~#, 

-~~~~~M~ffl~~BM~@M. 

5. :2fs::it!!. NED -'=3t!L~ NED ~fij*~fEiJB9~1!k . :tzo 2. 2. 41)19ftlHL:t£:2fs::it!!. NED~* 
-'=3t!L~ NED ~*IEil~:ft:1f(ri]£jjiJB9 ·fl!Hi""f ,;ft 

vn = v nv ' wt/n = wt/nv' an = anv ' amea,n = amea ,nv (2. 39) 
J:.\9=' amea,n:Jik tJL1*~*9=J?j!~5EB91B:JfJ:1JOJ!Jl amea,b :t£:2js::ft!!. NED ~*9=JB9~~.~@t[:J9j:~~ 
:tE:2fi:~ 9=t~:m-~m 0 



~-~m~A·X~fift~-~A~M~tt~ff*·~~ff-~d~~$#~~-.~ 

AN~.--~·~···~~.~WWAB~-~T-®~m~A·X~fift.~#~~ 

~WF1f*~M!ffl ,1f!_:$t;.Ati:)C~'ft~:¥1J-t:~-~ .fiz:ff~~·~N~::tf?'! o 
*:if Pfi1 :1£ ~ • 1j\ m ~A • X ~ fr ~ * ~ ~ * ~ 1t Nit 1f ?'! , 1-1 T J1l! ft::tf fl , ~ ~;J 

SheLion ~~-;l:ilj1-Jf§rj ,tgi'JS t;.A r ll91-:klJttf7~ : 

1. KIHttNit~±J!~~-; 

2. $14~~-; 
3. Wilt*~Nit~~mt; 
4. ttfm~riJ#ttif#i 0 

*•~~~or = 3. 2 l):frm-#t~:'J\m~A•a~fift$14~Aii~'ft~'lltrl!m~m 
ffiiiitlf~(virtual design environment,fijf$ VDE)SolidWorks; 3. 3 l):jCl£ SheLion *$ 

14~~•; ttr* 3. 41)~-TFff~*~'lill14~ili*~ii~~~mt:l:i;j'j; :ii£,3. sl)xt~i* 
ii it :uH=rtt fm ~ riT # tt ~ ifts 0 

fim~~--~.1-J~•riT#~~m~A•a~fift~*-1-~m~mmii~lf~~ 

-~~ ,xf*~~mt~~ Aii~:fl~!l::kW W1 o tE SheLion ~*1Vf~ ~ IRFJf:fl;ft11B~A*~ 
I¥.J~}t;l:i;fj 1ft, fi1f1 ~ * T -#:91 ~5!ii::k ~ :=: ~m 1£.{ iiitlf~cmJ SolidWorks, A:ff i;J r 
1!,~: 

1. ~rrl!m = ~JffiJL-t-*•~~JVJ:tt#~f-ff§rJ . :Im:l:i~atrBJ ~ E! ~iJII ttt-. m? 1n~llJ 
t;.A~~ SolidWorks ~~fm o 

2. 5!ii:k~ 3D~ 2D iiit:9Jfm: xt1ffPJ -#~~ ~$14, Jt 3D miD $14tJSilJ l;.Affl% 

~ • .R -t ~Wlf3~fifft:!l!!.tal:i£, ~ 3D miD '${4~JVtt;.A§, IRJ Bt~mt T ~;lt:jC~~ffL~:bDI~ 



3. ~ fifti B9 !ltlJ l1l! tit l£ : 4IJ: # bt ID $ 14 til PI !d. Jfl &<~: B9 !ltlJ l1l! $ f{ , ~0 R. "t , :1: ~lxL £ :11:. :itt 
1-T$f{-ft, ffilli SolidWorks ~~~T -@~~Willi, PI ld.it;Jrtf:l -@~PI1U~~tl:I:B9$f{, 

tt ~o £ 'L' ill J! .!:j ~ ~!J!U *- oo B9 oo ~ o 
4. i9J ll!lJ Willi: xtf- @PI ld.~iYJ:~UttiYJ B<J$14. tt~o*1lt.li5oo 6ttlli!B9~ il' (pan/ tilt) 1m 

BIH!Lf'iil, SolidWorks "ilJ ld.im:i:tJYf~~B<J~ iliD WillimiD;l't~ i9J, f ~{E$14~~:i:tW 9=t :1;]19: 
i.t 1lr ~ #!;-#~~'lit 1UW. B9 "ilJ t!l'.1t~:t'= o 

3!#¥-T VDE B919:itl11!2: :;1iH~1fJ1£tl:lfi<J7GA~t1Ei9:i.t:/J7*9=tfi<J~~~- o ll9 3. 1 ~ 
5f- T SheLion B<J~f*.!:j btiD$14, iE~J!1-~'L'i9:it tl:l B9 btiD$141il!~~jt~f*B<J~]Jtt~l! 
ffiJ JIW! .fl L 

ll9 3. 2 ~ tl:l T SheLion 89@!14~1!. ll9 9=t4IJ:-1-~~:/J~f"t*--#Af*B91i4&, .iE~Ojt 

~:tEM1 1lt 9=t~~B<J.f'ii!~-•~willi~mx.A•x~Bft~t1ENr~• B<Jffl5#~ : 

,----------------------------------------------1 
M~~r*m 1 

I 

r- -------..., 

: -'PiJJf'Qlfjlj : 
l.- ____ _ ______ __J L _______ __ J L-- --------- -1 



1. -~7C~ It!.~t£1tE~~~-TH; 

2. -~fm~.¥~ ,ffl-'flJ~J~tE~~~-Tfi!A~ ,ilifi § ~t£$11~, L;A.&.!3:it!!.OO:Mimffi; 

3. -~-¥~~W.~~. ffi~fP.Afft.!3x~~~t£HL;A.&;f§5diUHll~ ; 

4. -~:it!!.OO:M~~ ,ffl -'fJK£1W.~~-THB9~rr~~ ,:ff:.!3Vl~.¥~imffi o 

~-~~~~~~-~~tt~~x~ ~ ~t£ttE~~rrH. m ~~ttE•~rrHtmm. 

SheLion ~~T Raptor 90 SE o 00 3. 3 ~tl:l T't~~-f*,Eff!Jt.!3Mffi${4,Jt:kllmt~~tl {£ 

* 3. 1 9=' 0 

fJ1:5t-ffll 
±:tdEJ4.1i-ff 
~~!i-ff 

~AitfmiJ 

~~{;ljj[fi 

:li::k®~lli: 

-w~tt 

m:5ttH4 
~j:J~Jmt 

1!1 3. 3 Raptor 90 SE 1l:f!-fJL.&Jtm:Jt{$f4 

~ 3.1 Raptor 90 SE :i[f!-fJLI(.J~tijiHij; 

1. 39m 

1. 4lm 

0. 25m 

15min 

5. 95 kg 

llkg 

Raptor 90 SE 1i 1t fJL 

1 , s. 45 , 4. 6s<±~ , L!t~m , ~~) 
~~tt 

~£111l 

~llitW:1tfl-m~¥*W:~~rrr : 

1. f~~*~ttfm : .!3:;k$~~=~x~ ~~t£1tE~ ~~-TH;f§ It,~[] Turbulence D3 ~ 

Observer Twin,Raptor 90 SE :;k~..R:ff-*~ffi':m,1;JJ!l!#tT~f'iil~~~-Ttt~.!31lJ~~~ 

f1g~it 0 

2. ~:tlf~f!L~~IV:J : Raptor 90 SE JIHJJ~Jg*ftt~~-Trm~itB<J, 't~JR.ffltt.!3f!L~~~ 

JJtEAA~~:tlf~lm l*l~~ER.ffll~~ o 

3. JE(i$~~{iijfmj] : M* 3. 1 PJL;,(l:fti:l ,Raptor 90 SE ~:lil:;ki!§~m:iit~ llkg,~~ 

Jt*!d-m: , :ff~~?ilflffili 5kg, lffiii T ~fll ~ 4kg :11!iil:J:VlJJ: , §1\SAA ~ ~ ~1Li!§7i$\!i!~:j:ij ~ 
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~~1!1 3. 4,Raptor 90 SE *=fflTWd~J:~1!rm ·ttq:tg)rz3lUf189tf>lt~fPJH:rJIL-itfflT 

1i 1-llC¥:r\ffiJHIU'~tJl., El3 ~NT .mJ~ 89 Futabac671 ;fO JR-Propoc94 1 1:.t', ~tl1o~ § tJl.~*mEJG~ 
-¥ i9J ~ fP A 91 89 flittJ ffi% , !Jg i9J-* 1-~ ittJ ~ ffi o 

(-i¥~-~ 
I JllH~ll§ 
I 
I 

fjjj!IJttflillii¥&t!!l~lfiljll§ 

00 3. 4 Raptor 90 SE 1LJHJLE!9~fFffitJ11! 

1. ~fiHJEtJl., t' 1:. .±tJfEX ~ toJ .mJ WE~ ~!Jg i;IJ{j§j% o\ .. , 1Jt if § i9JfW!#4:H <swash plate) 89 
tc 1:1 fW! #4 i9J fP , ?Jei: .± 1JfE X ~ rlt 89 ~ (<;] .mJ M ~ ~ 1H , ~ W. ~ ~ :ii£ i9J 1=§ ~ toJ -'¥- f$ o 

2. {lf.J fLll kt tJl. , t' 1:. .± 1JfE X W. toJ .mJ WJ ~ ~ !Jg i9J {j§f % o 1on , 1Jt ~ § i9J fW! ~~ :H B<Jiru Jl:i fW! #4 i9J 
fP , ~~lei: .± 1JfE x ~ r~t 89 w. toJ .m1 M ~ ~ ffl , ~ w. {lf.J 1Lll :ii£ i9J 1=§ w. toJ -¥ f$ 0 

3. J~, ~ kt m , t' 1:. .± 1JfE X J~, ~ 1H lllK i9J {j§f% o col , i& ~ § i9J fW! ~ :H ¥i 1I :IJ toJ 89 w ft. , iJ I j~:g 
.±1JfEX~rlt89A~1H~~.~W.¥itoJ~i;IJ o m~ttB89~.¥®~~~~~-fl1I*tJL#~ 

A*l! 1-:9Jflli o 

4. :IJ toJM'ttJl. ,f' j::~~,g,~jij !Jgl;IJ {j§j% oped , El3 I* !:fi~ 89iliOM1H ~$& ~flittJ :H~ 
W..~M~W.~~A~1H~-iliOM1H.$l:§MtoJ1H89fl~,~~ft~-¥i9J~fPA9l~~fl~ 

~ m li -T fiit ~ 89 iliO M :ii£ i9J o 
5. :I:J!:i ,JX\.fl M'tfJl., El3 Bfl:r\~'i;IJfJl.ifoj~:ff(engine governor)~W. .rlittJ .±tJfEX t!!~~ 

i91o*~~~$M~If'P~~re~i9Jm~~Nfl~m~~i9J.~§i9J~fifl~ffl~~#~ 

:fi -itfflW:ktm 0 

ttB, Bfl1I*tJL:I::fi !R§JtJ89~.8 ~1it'lt-itffl Jn $-*iW!~~:H<Bell- Hiller stabilizer)c1861 

~*§i9JM~:HR~M•89~r~t••~l;IJ ~mttft o 

~frrl1ttJit;lltJL~:fJL~*m89:k~ ,jt:£*:9IW·EH\5 : 
I.*fiEI3tJl.~W~:H l:§ m~mA~•#•m~*89-*~~fie• o 

2. li£ fr ~frrlittJ ~ 0 



4. i.c}klSqi~!W.;ff:~'f CF(compact flash)-Fr:flCOO 3. 2 r:flB<JH=~-F 1) ,ffl'f.FoWHHir o 
Ei3 'f7C.A.f!L-*~Ef<J~!l!ti~,g ,j2j;~ lS~it-f!LBtJl~§JiJff:~;ft:R -t ,£:1.: Jtu.A /~ ti:JY!Iij 

o we tt , ilJ ft Wk ~ .1J , fl7rtnH~ tt , kl. lk :91 ~ 0 

SheLion !l.Foj2j;~T1tt.A:iti.t~m PC104 ATHENA, 00 3. 5 JlVRTJt~1*!3EIHrA$ 
ftf: o Jltf!L~tti:Jffl PC104 ~~[ 143J ititJJEEf<J PC104 tT>fl~f",:ij1jtffl'f1tt.A:it-*~ " f§~J'!.tf 

kJ. T~£, ATHE A~~ 'llt~~f!Gfil Ef<JEIZ.FIL 

1. R -t 1j\: PC104 ~$__t.~i.t~HJL;f.&-F ,JttT>flR -t~ 96mm X 90mm X 10mmo 
2. ll!:iil~: §1li:ii*~l311t~k ,ATHENA ,~,£9-tf 140go 
3 . .@~Ef<J:QHIJ!~ : ATHE A Ef<J:QHIJ!~~ 500MHz,~MHJl!U~f4-*~Ef<J~>lt o 

4. $1\Ef<J I/ 0 Y!MD: ATHENA ~{jt$1\Ef<J I/ 0 Y!MD!37'~$-J9:1lt:ijftf,§tslill1'- RS-
232 $n'D ,12]1'- USB Y!MD ,WJ-t-~Bt /i.tf£~,-1'- 24 lli~* I/0 Y!MD ,-1' 16 :ij:i!t~irA 
I/0 Yllij D, kl.bl-1' 100M bps Ef<J !:JjcfijJY!Iij D, )!.®~ ,g~j2j;~f~~~!3fij {t{E~~J¥iffij-JJ\ 

~ t:ft T.@ fi$ 8<J ~ ffl ·I~L 

5. fltri1Ja~ .1J : PC 1 04 tT> fl * J=IB!l! ~ ~ ~ <ft JL :ii * ~ , J'!. tf ~ :!If B<J :ii * ilJ 1f; tt !3 fitJ liN 
rmn 0 

6. ilTtt Jfl~~j] : £'f PC104 tT>flEf<Ji.t•mt.& -~J'{.tf~-Ef<J:ii*~~:it!3 R -t, f§Jlt, 
Nftf;ft:fik~ ffls<J PC104 ;f.& -F C:t!O;fW.:W;~!W~~!3 I/ 0 ft ]fl;f)j) tJ5ilJ kJ, !3 A THEN A 1i *li 

* , ftl ~ - 1' *'f 8<J it~HJU:lL 
7. f!k:9J~: ATHE A Ef<J:W~iEnlliff1f.lfifP*-14T:;k~~']\Bt Rtf 12. 5W o 

~-~-~~lSB~lSB~~~fjtilJ8B<JM~.$00__t.tf~~~£ilJfjtj2j;ffl,i£~-tt 

* ,;f;tf-t, fi!i.:lrr!, 19!~ iil1i1 ~ ,R -t ;fi!lfi:!IJ:1f 00 1:'rtf ~ lliJ o tti: Jffli fPJn::rn!, -~ iG m 8<J ~AA 

:ffRtk:1f~:ij1jtlj3Jm'fkJ.r ==- ~r:pE!<J -~: CD·J:Bt·!i~AA-*~ INS; <Z) GPS/ INS m~~AA-* 
~; @GPS ~l!Hli]Ef<Jffii,!i_;~~-*~Cattitude and heading reference system, tail* AHRS) o xt 
'f SheLion, f!Gff]j] 00*=ffl~:<$:f!k ,R -t 1j\ ,~tf.@ fi$~J.l Ef<J GPS ~WJM:!i.'~~ -*~ o 

~S~WJB<JffiL!i.'~~-*~Ei31ill1'~·$#m~: IDSttM ··~IMU; <Z)GPS*~ 



m;®Eh~;®ftmM~~ffl~•~ - ~~~~R••~~~m•~•~•~~~~ 
1RJ ,GPS ~ W1 ~AA:~-~~~~~$·-#t~M~t£~JEJf1ffi~ ~~tl :llftm , §ffi{ftl! ,ifli, ~ 
~ ,jij)!$, L;,Uz:bDi!li . SheLion *Jf!T -~.R -t ;J\ ,~ :1-1 MNAV ~~-{~mHH~~ ,f'F 
:1-JVg,GX; GPS ~WJAA:~-~~~~l!dilll. 00 3. 6 l&:lRT:it~-l*~!lHr,{${4, .±~~-~1f : 

1. 7\H~~~JlX;: MNAV :Ji!:¥-T MEMS it#~ IMU,¥-T MEMS tt#~ = !illJEh~ 

~.:fm:k;J\~ GPS ~t&m~~JlX;,EJf1flffi::!lirt£~I~A-Tftm:mPTLIAE13 MNAV 1m~ . 

2. ~it-~ :;fjl fiU : ~D 00 3. 6 Elf 7R , MN A V i:f ~ :bD if 1i ~ , ~B ~ ~ 8 h it~$ :fUfO ¥ 1I 
g;:~ 0 

3. JE$~~tlA1!1~~:5H#$: MNAV ~=!lcttmt~:t£* 3. 2 i:f ~ ili, * i:f~-*~, 
MNAV %~~~$~Jli!ff{iiJ#~J.~1If!-mmi9J·tii(£ .~~:Ji!:~i!~~i'lf6L 

1JD i! It !Y!~ :Ill: 1i! IE 
1H i! It !Y!Hil m: IE 
~ iJ it lY!rJ:I: 1i! IE 
GPS i¥1 CEP ~It 

]!~}!$ 

R>t 
ll!::il 
~*€ 

MNAV 

± 2g(l[j] 1JD i!J.t) 
±200"/ s 

±o. 75G 

3m 

l~l OO Hz(iiJ~~) 

57mm X45 mm X llmm 

33g (Jf,} 

"'(0. 8W 

4 . .R -t ;j\ ,!f!At£: MNA V ~!I!A:1-J 33g, .R >j-:1-J 57mm X 45mmX llmm, 13 IVJ:Ji!:tt~~ 
-Iii%-, .R -t-Jii;J\ ~~-{~~#PI ffllfif £ . 

5. 1$~-T~ili: MNAV ~,GX;T - 1- 16MHz ~~Jtm,.±~fft~ AI D ~~~ft'¥{~% 

~ili ·*fflf~fl~ RS-232 lf!~-TtJJ.i5LJit:918mi1tTm~Ukf4~ftmi/O ~~. 

SheLion :i15ftf§TiW1-~r~~~@: Ff Pii!J~~i!f~~# . ~ff MNAV (J{J GPS ~:ltx;J 
-JiN:~fftJ!t£~J:Ji!: PI~~~ ,fg~~mlffftfO (J{J E! Z91~ ~, ;ft;ff li:tf:~$1<1-, E§.tlt~ffl~:bD T 



- 1-R. >j-Jj\(40mm X 60mm X 15mm), I ii~ (45g) 1¥J pr Djlg, ~% .1g UPK-2500c187J , ffl rili 
J&W!~ ~ , :1t 1f 5& W!~ :1: irHfrl :1g 2m, 5t 1JP~ .1g ~ * ~, ~ :±! .1g 0 ~ 10V 1¥1 It 1Jl- fi1i%, 11! A 
ATHENA it.fl1AJii¥J~ID.~AilliJ1L 

ft~~•nm-rM~~it•m•m~••ft~l¥1~~•• ·£~•~B~~~~~~ 
i;IJ ff Mi 1¥J£:i$:=fll514 o SheLion _t~~ 1¥1 fti! 1~-- Eil ~ffl1j}f Jlfl\~_fi}E iff!J, ~ ~ Eil LV- r $)t 

~Ji~: CD.ElZ$ti;IJ:fflnfEfti¥J~-~~; CV WT!&'~fU!l!$tft, fU!l!:& ATHENA it~mt&J: 1¥1~ 1 

flft~ft~)EB>J /itflft o 

)1( 5&{liH?11tm~ilitJft ( fail-safe servo controller) £-f*.Jj\ ~xAnfEW ~fjft ~fr~~ 

I¥J~ -1-:t:~~•·~~~•m•~A~ ~it•m~~I¥J~n~~•~•~·*~~•-• 
-~M%*~Z91~1-1ltm o ~~~BMfi~~h$t~~-.~~~fti¥JM®r.~Z9J-~A 

JJ11f:ffl~J!f£@lxA1F~o SheLion ~fflTID!%.1g HBC-101 I¥J~ilitJft, :tmOO 3. 7 Yf~,J't-1f 

roo~~ llll51 A 1¥1 ~ -~ 0 

1. ~ ~ 1¥1 tJJ ~ :91 ~~ : ff fiiJ Bt f~ , H BC -1 0 1 tiS~~ Eil ~ )fc ~ }E 1¥1 illi i~J~ t& ~ Z9J. ~ ff /"' ~ 
I¥Jtn~M%.~~~Z9J~~Z9J~~~I¥11Jl-Mtn~.~#~iti*hlT ~Z91-~A~~~J't-1f~ 

~~Z9J~ ~ Z9J~ilitJ I¥J ~~~x~ o 
2. JEfi$1¥J~A /~t±lillill!: ~arw OOa&I¥J,Raptor 90SE 1i ftm~fflT 5 1-11t:f!L. rm 

HBC-101 af:!tT 8 1-~A /~Willill! .jG~nJijJEm:>R o 

3. f§%*¥f~~j] : HBC-101 J't-1fxt~A / ~:±lf§%*f-¥:B<J~~j] · *f-¥:~$~:16 100 Hz, 
*¥fflmf~ LV-JIM 1$~-Tilli {§ tf}i~ f~:i!¥1J AT HENA it• mt&, ~:9J~~xt~~ii;IJ j] $:~~~ 
~ i;IJ~ilitJ 11 ~~5ttrr:Jt:1t:l:~ 0 

4. ~5tm$ : ~ A*f-¥:~ Jilt:ffl~i;IJilT LV- l:f {$:£~>* 1¥1~ /fl~f£ /l~ft~, HBC-101 !£ 
f:lt l¥1 ~:16 o. oo9· 1¥1 5tm*~ VJ:k:ka ~~mi19l: :li ~ ~~?F~ ilitJtt~~ 0 

31 

~-



--t::iill~ ;.&fiDt:i1Lt W 0 :izHfx~.U~JffilJ fmir.l~li£~ ~ ~ ~~Ji f~ t~L IE --1:3 PJtf;f£. She Lion 1i 
~mff:l¥J~Itp{E 2. 4GHz ~*~ IM-500( ~[]00 3. 8 Ji)f~ ) , ,R~-'fjjtj(;J\ ,£:1:~ 75g,
®l'J!~Z~~D~: 

1. Mi*l¥ifH!ltr!fe~: i£1JIH;JG:X;~~~14~ .:li::kJif~lfe~~ 32km o 
2. $ 1-TJif~~i)l: *ffl RS-232 $1-TJi f~ ~i5l o 

3. JEUJtl¥1~!\HFili$: 11 5. 2Kbps ~~t~HFili$JE t;_(mJElltfnl¥JJlilffl o 

3. 3. 7 It 7tt! 

~ffll=j=t Jm ~~ = f'Pmff:: ~ ~ il" !lo/J El! rtf!. (Lithium-polymer, mJ f$ Li-Po), ~~ El! rtf!. 
(Nickel-metal hydride, fijf$ Ni-Mh);f1l~~ El! rtf!. (Nickel-cadmium, fijf$ Ni-Cd) o --1:3 ~ jjJ;jf'P 

~~.~~~!lo/JEI!rt!!.l¥1ttat£t;_(~~m~~ftili: Wa :l: mN; @~~EI!~*; ~~ ~EI! 

$; ®~ffl%i!J; @1iJf%i!l o ~.llt.SheLion mflT~~~!Io/JEI!rtl!. o !l!J'J.f*:tt!!.,J2tff:Tffi 
Thunder Power RC 0PJ 1:1"' 1¥1 lm~lt~~!jo/J El! rtf!., ~fJL~ El! ria:*~fjt-:1:, :Jt !=f=tp;q~jg 
7. 4V/ 1300mAhC7. 4V ·m'l£~:it~If'F 1 ;j\B;f~~EI!EI!rnt1'1 1300mA) ,!J!f*:l::l:~ 70g,~ 
p;q~~ 11. 1 V / 2100mAh,!J!1*£:1:~ 190go ~~5jiffll 1¥1~ ,x;JEI!rtf!.~ :l: ~~*~iE:ffH,'ia: 

itEI!~f:tHii zFo:ttifii 5E ~ .3. 4. 3 11~#~1l-m 0 

M~mA~gif•m --t::i m~*~m~~~-*~iffll~fi.:Jt~~~=~m= m•~* 
~oo~*~~l¥1~~~~; ®¥rJiJf~~l¥J•~*~oo~~~;~--t::i~~it•mJim~~ 

¥rM~l¥J~~; ®ffl"MM~~~~-m~~M o ~~*~--t::iM~~g~m*mp;q&~~ 

. it.fJLI¥1 ~~~~~ : 

1.M~~g~if· :l: ~~-r~~it-.rep;q~if-~r- &it· ffL~~ffir~~

B::k::k~~-#~~W~~fil¥JfJL$,~fi~~BtPJa~•F£$~ o 

2. ~ t£ l!E Ff ~ fi ~ $ ~ ~. r M ~ ~ g 1! N , ~ )'~ , it$ ff 9r ~~PI~~ it~~ ffl M:% 

m~.~~~•it•m::k::kmJ~m~~#~m~*~·*~tE:m~fiBt~*~; ®ff*~ 
l!E~~~J; ~~11iSx~ 0 

:511m¥1JM :%~~~gl¥J~* ,SheLion mfflT -~1'; ~Cool-Road-Runner ill~ PC104 



lt1HJLtli -F!IH!I!~:%fi~L~,, jtifFJ!Jjt]!~ C933MHz), fg I/0 9iffl 0 $3(:J;- <X>t~:%~J.!V!Ei~ 
Jf:IF~~) ,Wf)'~(!9~~Jt~jt,g,~ :Ji~ :JJDiU 190g, ~lltz?'~, --'=3llliffi fr~ B9 ATHENA ,fJ.. 

:ff ;f§ {~ B9 ~ '11 0 

~:%~~~ .mf,tliHll~m. tJt ~~!fltJWJ IEPf:l:lB9:tE~ ~fi~:%filf.~, .:tE~fn B91Vf~ 9='. 
EJT * ~ 1!1 ~ B9 Mt , ij] ~ ~ 1iE < 17iJ :tiD Jtk tff> B9 WI~ ;fD ~ )jj\ --'=3 Jtk Oil § tiF B9 :IE ij] ) tl5 ~ ~ J'J.. ~ fE. ~ B9 
:5Hft$ o ~fil:lll~~~T Jj\ruJ(!9 Edmund Optics~~ DSP tli-F~ CCD 1J~f!L,;tt:5HJ$$ 
jg 380TV ~ ,40°(!9~:J;m~ .t&~B9~ :S:, _R:ff 30g o X't-Tfij;9ilijf'Jb (fij;-T ¥5000), --'=311lJm.~ 
B9 CMOS tJ~:fJL;f§ t~ ,CCD tJ~:fflilli 1itmm£il11!19t:ii ,]!f.lL.ftJ (191!1~, ~X>t~:%~f1UP! 
9=' B9 ~ 1iE!!! JfJt :ff fU C ~ JJtJ ~ X;j ~ t~/l'if 1iE!!! !lit) o {fH~ ii: ~ B9 ~ , EJT ~ B9 tJ ~ :fflftu t±l B9 ~ PAL 
i&J~B9~m l!l~fili%, !;§llt'fm~-;!;}cOO~*~-F:i~H=f~ /f{~~ o 

i!!~*~-FB9~*~•~~~~mw•M%B9m/f{~~.~mftut±lf{¥~f{•~~:% 

~JJlHt~m:il!-zv~JlL ~ff1~~B9~ PC104 tiFliB900~*~-F.ruJ %1J Colory l 04,J'J.. 

*~r~.~= 
1. il111:5H#$$: PI :it 720 X 576 ~~; 
2. ~1-~•ftu AY~m o • ft itr ~JrJ M 1A~mm~m*~f{•; 
3. JE.~B9~JJI!J!J3t = ~~f{~~B9:lll~Jt$ :1g 3o t!t!Jt / tp, il1l! -r~fn 10 t!t!Jt / tpB9:ffL~~:% 

M.~,~JJI!J!$; 

4. :ff~~B9~JJI!:1Jr!: PI ~Jffr!lH1l!~1-00~~JJI!ff%-, re~m OO~filf%f{¥~Jf~ 
~ i'J p;q #:IF !Ill B9 ~ ~ o {E ~ ffl B91iJFJ:E rp , - 1-{f%-tit DC It~~~ Yf1ftj ~ B9 ~-{ilf% itJ RG B 
~~.JfiMii PCI ,g,~ f~ftui'J~:%~JJI!it~f!LB9 RAM ~~JJI\~B;ji!J~~JJI!; J3-1-{f%
titWCft~ff,Jfij~JYY!filf %iiJ JPEG ~~ CJ'J..:fl ;f§ X;j$3(Jj\ B9 )C 14 R -t) jf;fffit iU CF -F C 00 3. 2 
9=' B9f¥fit-F 2) rr , ffl -T m WI ~JJI!:5HJT o 

:tE~-r~:%B9:ttk ffi 13 tiFmU¥-iilii!9=' .ii 'lit~~re 13 tr-f*~:tE~:%f~~~B9~t,m 9=' .:14t~ 
:titf~~~~~{EPI ~~~iH~'Uf§ii~ (!9{~Uit:ffL#J_t (pan/ tilt servo mechanism, Ji§")Cf*j;J ~ €1), 

1!3S~JJI\~#a~o~wm:~;m_t:ff-~ftJb~B9~~E~•Pim.m~-r~M:ffm,xr~ 

ff1 (1911\&'k~~Af!L*iJtt:~ T < 3JZ-:Jjj 1kg) , IN llt~ff1tk.:Ji: § ~ii9:lt o :tiD 00 3. 9 Yf~, ~~ ~ ~ 
1-f{¥~M:~:f.ref!L--'=3 -1-~#J~'O~-B9~~-m~ o ~1-:f.ref!L~J3 - 1- Pololu :f.ref!Lt£1&J~ 
~~, Q ~~XHt~f!L1: ~(!9~ijjfilf %ffH~, jf El.ti:ffftu A ic}]{~a o ~W --'=3 HBC-101 if§ t~ 

Pololu :f.ref!Lt£1&J~B9~a$3(.Y, {!:O!.~ffl T~ €Jffij ijjtf!L#J B9 ~ ij], Jf El.~:i:]!~ ClOg), § ~i 

?j/f$fj 89~ €J{fijijjlfJL#J ,g,]fi:;J\T 40g o 

33 
~-;;--,or-



~T~~oom~•~~~~~~-.~~m•~~~•~•*•~I~M~.m••• 
m~~ ~:f!,\l.!ni~ %:im:ii~!ni:&MH <7CA:t!L- 1J) -'="5:f!,ll.!nlt:S:t&H<~ OOY~ -1J) I:Jlft. 9='m:&M 
§~OO~~M o ~TA*~N~-~~!n!D.:&M-'="5~~~fiD.:&M~~~~.ftffi~ 

~ T -~I~~ 5. 8GHz itjii'IW~~itjj!:&M /t:S:t&H, -'="5 f~~~fiD-~7C~iflil1!JIJ fm1~:HB<JI 

~in!$ 2. 4G Hz :f!HH&z o ~!n!D·f~~J.f$~ 200m 1Hirt1~ 1*1~ it 11Mbps,J!:t$1¥JI 
~m;~~-ffi~~-*~B~~-T o 

SheLion ~¥i91~1!JIJ :im:ii-$~!.9l::lix~lt~~H~~L~-'%~ JR PCM-10X,;ft~f$ 

tt~ll!i~Mmm~!f'~q~0iA ,lf 1o 1-A::ff ..@. :5H)$$~~~*if~-'% :im:i1i:, Jt9=' ll!l-t ffl -T 
~J!Jl 3. 3. 1 111r-m ~fPJn&!Jg Z9J <a:~. t£ ¥ Z91 ~*1 9=' .h!,RE --'="5 JXt n fltffL f~m_t~$ 1Pl - -t:~m 

:i]!) o ~ TTPi..@ § i9JEj -f-i9J~1!J1Jm.r.t~Bt-IJJ~ ~:rl31(, PCM-10X ~ ;ft 9=' - 1':im:i1i:1t i'1 :)j-J]C 

~&,:rl~~f'-*'&.:i!-IJJ~f~-'%0 PCM-10X B<J I~in!$~ 72MHz o 

3.3.14 ttf!w~mu~ 

~~~-lft..~OO~~M~~:rlff*~~J!Jlm•*m EJ ~OOffl~~lft.~~A~ ~~:ff 

~:Im~.@~§~~~~~ , ~~~~~~~~~~~fi~~; ~~~*EI~!n!t:S:t&H~ 

ooe; ®~~~d~fiM.; ®~~:&~•+~m•*m; ®~Eii9J~~•.r.t9='•~~oo 
ffl~EJ~~AM ~I~ .~~~J~~::fl:WM 1¥l'tl!f~~, ~o'Mt~, .«l!m; ®i.c~tE~~fjD• .~ 

~m•D•ic.~ B<J4ltffi' 0 ~afn ~I ~J:j:l ·*m- i:t DC'£ T 1t n ®!14 B<J~i.c:<$: E(:!.JJ®~ ~~ 
00~1!JIJM, Jtttftf: *mi¥JJ'i.~~f'AJ~~~ 4 :&t9='~ :±l o 



itffl 3. 3 1l ~ltl 8'9 *$14, ~ill B r£JiXJ)J:!tM~ 't fll ~~i£ - ®, ftJ ~ T -~~~ 8'9 MIt 
~m, .~, £:19 3. 06kg, "F)C:!4f*fJJU~ I!H.{ "F JL-1'-:tfoo: CD.~,f*:f!J fiD; ®~~; @ fjtlt; @-T 

IJtM-mL 

3. 4. 1 {f] Jaji~i.t 

Tllf1'jJ!IJ:/i!jij{: PC I04fi 
7fjj( iHl ~U14¥ Wl ~ 

ll:Lit!! \ 

1. fifH~ GPS ~WJM~~~~ma<J:t(~wii o Jll!~·l1fi£"F ,:f&f!:tc~wii:N:: i£XA%E 

J'l ~rr~ 8'9 mt 'L', ff!.~ ~I. XA lSq-T~I¥Jm! 'L'Jm 1irf:V. rf1Lf*_t.JJ:.i9J m f!ft lli, f51.IIt#~ ~ litj o 
ff{iiJ:t(~f.liiljitfS~~~E!Tl~ a<Jff~~f.iil <I ever arm effect), tlL~ :N:: E!TiY!tl :l: 8'9~ :bD itlt El3 T 
tdl::JllSq-T~ I¥J%E~~l9Jrm~~f.liil~, ~n 1!13. 11 E~T iR 0 m~~ a:~ a<J ~, ~f.liil~ ~ ~rrr :il!ffEH<J, 
~ ffl J9f 1m fi¥i 8'9 7U~: E :!N:~Ht l! 1' f.liil ~ , Jt· f8:i it fi ~ 1¥.! :fit iE :U til o 19 T ~ JIJ\ l! jJJ;j 1' 13 f;f- , ~ ff1 
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tk:5ErellY$:fr~ 1ti>L' : CD:iit£1ifl- tn :2f>:.f*; @GPS ~iU1fJB<JM~~~.*~; ®Mit.*~; 
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@NED~* B<Jit~ o NA V ~#t r:f~§. 15- T -~je~ ~{llf %:lt5!ll Yfit*liL t;A ~ -l:<Xfft~ B<Jfi!j 
i-t .mUft~~i~~~~l$:tlt.iE~ 5GJ11Ut~~ B<J ~?V, W:ffi%:lt5!ll:li~~t£~ 5 1i"f~~ o 

2. DAQ ~#tffl 'f l&~Jtfi!!.{llf -~· , ~o .±tdE Jl ~~it, :1! ®{llf .~. it i-f~~tE ~ Htl$11 r:f 1i 
ft::itffl ,{f!~f:lt5!ll~A*~~gc~tt~~~1itlt~ ~ o 

3. CTL ~#t~- § ~~Htl $11 W o ti:Rffl § M"~~~i tl $JJ.f4r:f ,J!~ Pi -~~~ 



#~~~li~m~.~±~~~§m~NAvm~*lli~~~~*~m~~*xA~~ 

m ~~-T~~ .~-T ~Htr~H~~;~E~-Tt£ittJ;M:r!, t'~t£ittJffi%, Jm~fiiJH!l~m o FR*ffl ~ 
t£ ittJ • ?'! § m ~ 1- /¥!; ?X • ~o !if. IDt , ff * ~ tJ • 0 JJt. ~ tt t£ ittJ x A m ~ ~ if tt ~ ~ /¥!; t£ 
ittJ ~ 0 

4. svo m~Jm~xA ~~-T~~fiiJHIHJEm.1t-w;*;f§ill~t£ittJOOil1ll~m.§mm~Ji!OM 
1!:m!,W.~Ji!OM1!:m!"~'m!~~~m!o svo m~~ic :~Uxt.n ~-=¥~ / § ~tJJ~ffi% ,ffl -Tif.l 
112t~m~*tHJ:E,ftrJa~~H:5HJT o 

5. cMM m~mrm~~t!f~:t&Wit£ittJ:MWux~if.JittJ:mif.l~Wffi .;lk~~,iW~iE~ 
~HJXm--r~~ffl?1f!i~IM~m~ __tf{ o 

6. cMMz m~mr~t£~tw.:l\t~Httt•mrBJ ~JXm~~. FJTf{JXm§m~tt1tf1::tw. 
1ttt•m~m?1fli~,rn~t£tt•m~*~~Htw.:l\t~~•r!FJTiW~iE~~HJXm,0lk~ 

tw.~tt;M:f!L~~t£tt•m~*~1fli~o 
1. DLG m~;lkatic~JXm,f*:ffFJT:ff~,~~iE~~HJXm,~oHtroo~ 3 llt~Jk,f1:::1-J 

:fffit:it-191:, f51!Jij T CF -F o 
s. MAIN m~'lf~..t:li~$ff9r. w:tt~~;tt$JXm1f5t. 7t.mt*Xf4 ~t!t ~ $JXm 

X~o 

Rill~~t£*X#~tft*fflT~~fiM~.-1-~fillii~¥-*f~ff*W~tt.:1-JTf*~ 

*~fi~ey·~~if.J;~EH.#~ff9}~~,1-~ff9r;~EH~Bt~*E~lliTTWi~ff*if~ 

1f5t: 

main program 

initialize task threads 

initialize timer 

loop{ 

wait for timer signal 

read user command 

if command is for exit, exit loop 

send an activating pulse to task thread 1 

wait some time for task 1 accomplishment 

send an activating pulse to task thread 2 

wait some time for task 2 accomplishment 

send an activating pulse to task thread n, 

wait some time for task n accomplishment 

send an exit pulse to task thread 1, 

send an exit pulse to task thread 2, 

send an exit pulse to task thread n. 

exit main program 

task thread 

45 ;;tt-



loop { 

wai t for a pulse 

i f pulse is for exit , exit loop 

do work 

set notification of accomplishment 

exit task thread 

4. 2. 2.1 ff~nil.~J 

ff9HW. ::lW El3 MAIN ~Ulilttl.fr ,5zoi!J 4. 2 Eff7f-, ~~~**7f-~rm = #$Jf'FZ. - : CD ff 
·~-·ffl; @ff*~·M·W~; @M·~•m 7f-o ~~~**7f- OO~~~-~ttt.ff 
)1/WFf 0 

one processing period total 

0.35- 4.0 I ms 

4. 2. 2. 2 -tf4:ff~m~:r 

0.26- 0.36ms 

CD MsgSendPulse 

® MsgReceivePulse 

© pthread _ cond __ signal 

® pthread_cond_wait 

MAIN ~Jt:fi!!.ff·~- ~:Jg1-T:/JJt::f ~,MAIN ~-:Jg1-Tfll. ifflJ JzQlVJ)C.Fff~~Effti 
l£, ~~~J~ tt:g Jt:wg-t;R.tr~Jl 14: ;EBt~~-J¥11Pf o J!A-!*!11!., 11 T f*YE~ Bt~tt, itffl 

T -1-~f:Mjij~~~~ifil~f'PIPJtV-~fm~~~~;EBt~ c ~ o4 .151 ] , fli:~;i::$!$~M rf1l ,~,·*!X •m MAIN ~-1Ja :Ef~ 4ij:-:rffi ff* · SheLion :iZl;~~If'F$!$1'1 50 Hz ,J::) GPS .WJfiDi:~ 

-~-~ffi-- o ~Bt·~-11Pf~M~~~~.~~-R~;Eat~m% .W-~MR;E Bt 

f~% , JI. lW *J{l(.fflpilf~ ,5zo*~t&iU~tl:liP~ ,Ji!U~ 11:.~$ff*~- .:a!i!U.J¥11Pffli:Jffl~ 

;EJiwt J¥ ~;Eat~ FJJ- iftl :Jg 1-T. ;EM ~:i! m ,11!, • * rx • m ~ff * ~ •. ttt. 1-r ffi ill ff* • *~~ ffi ill 
ff*~M·W~o 00 4. 2 ::{j i9!~ ~tl:l T·ffl~M·W~1H! ~/J~ OO •• fflWM-xt~:i!~ 

~t& rf1l ,~,~ ml, M*W ~ W M- xtf~% ~~~~~~it7E~ o ~ Efffi ff*~-~$!Jtff-~ 



Z.€ ,j:f1U¥m!YF~@J ~ f*J:fl'(~, ~~""f --tm ,\~L ~JJ=IH~~fft!L$1JPJ !V.:ff~l!till:. MAIN 
~Ufll ~ J't~ff~H:U11L!I:lt:l lill.~ o 

J3 - :IJOO .~{f9HUfllttc IV. ""ft!L$1J~ff o {f§~lf!1m!YF-3f:!l€i, tHt~~* 13 MAIN 
~lf!1897~ .~, ,-13.1tt&i!J~ffffi%, W:~UliUPB9E!f:ff{f§tt(?}~*7XfJtff, ~}A MAIN ~lf!1 
1tt&~mwm•~·••~w:e••lf!1 o ff*~lfl1~~~~z.5.8£*M*~~•j:mffF 
lf!1Ff o 11 T:IJ{J!~;tj .{£~ 4. 1 if. W-®~'f"~lfl1, 711i -~" IPJ?P-89 *~Bl§fL 

pthread_crea te 

pthread_mutex_lock 

pthread_mutex_ unlock 

pthread_cond_singal 

pthread_cond_ wait 

timer_create 

timer_settime 

MsgSendPulse 

TimerTimeout 

4. 2. 2. 3 IMfBJ~fte 

* 4.1 QNX mfi-iil§ft 

~Ht - 1-ir 89 ~Uil 
fl!i~- 1-:!f.Jl:~~ 

mfl!i-1-:!f.R:~~ 

1,9:~ *ftt ~:fit :JHlf llJ ~H'¥!1!1; W 
~M'*ftt ~:fil:# l!llll:~Jfl ~W 
i9: .'i!t~ Bififll6tl: Ol!lM.lBi ft3J ,~~ f,!ijWJ, ...... ) 

~:i!!!*l!Pi!J;Jtt- )il:itt 

M.;Jtt- )il:itt~l&!l*IIP 

i9: 1t ~ M' oo ~Ht Wl Bi fBJ 

t£4i1:7XWYF if ( HeLion ~ SheLion 11 20 ms), '$~ 11 4i1:1-{f§.lf!1?t Bet};tq-TB1 fBJ Jt 5G 
~&::,~ 89~~ ,J't~fBJ ?tBC ffi ff§*f -~ tk:J£ o 

1. NAV ~lf!189B1fBJ3f~ffiM$?t~il.~: -W?tfflrb\ GPS 4mf!:IJAA~~;tj*~ifl* 
~iff*{£$ o ~{lft!RB9?j!!J iiflm .~-W?tffl r~ff~~ ii fl§i%~5!R.r!<~5!ii.r!B9i$~Wi 

~w~.!R.~ 5 :$:)0 tt(JffH~ff189~~~~~.NAV ~lf!189J~,3f~{£ 0. 05~0 . 12ms fi100P3 o 
2. DAQ -lf!1~ AV ~lf!1~~1itffi{!!.(,{!!$1U.lt:989flm~:fJIL~ fBJ 3f~::k~{£ 0. 02~ 

0. 08ms Z IBJ o 
3. CTL ~lf!1.1i'~{f-fiir~f419:~tr3tl!t, ~IBJ :Jf~je~~tk:r EIT*ffl 89~rl·r!~~ 

1f ,X;f'f" HeLion ~ SheLion ** ,-A\tt£ 0. 02~0 . 05ms rg!l) P3 o 
4. SVO ~lf!1~}'t{t!!.~{lj:ffi:*89 NA V :fll DAQ ~lf!1~~ 'iit.l!' IPJ, jtB-;JiBJ :Jf~~tk: 'f" fijj Hil 

~tJLB9~~~~MM@Ji*,J'tiffi.£*rl•rn%~~~?tBCB9$ffO~{Ift !R ;~r€ •• 
~t!LrlMU~~1tt&~*EI$ffOB9ii!r*~£*Mfi@Ji*ffi%,JA£*w*~1tt&~@Ji* 

flm1JL:It9'$~ lOms 8<JB11BJ, ~ Jlt~ff1tk:JE{£~ ?X mifF if £*w*, {fl. i U ""f -7Xm!YF~7f @I 

l*flm o ~#~*-~T{£~ftm!YFP3~~~89@Ji*ffi%~~ ~~.~Jlt.~O~lf!189~ 

BtiBJ:Jf tl!fPJ !V.~Ji£:9¥11 o. 26~0. 36ms m:oo P3 , 
5. CMM ~lf!189~18J3f~t£$ff 0 B<J~~~fi:__t .l*~fi:j:~fflr~ltffl.Pitf~;Jf~ 

JtM~.w~~fi:j:~fflr~Mflm~m•~~-~•••89*Bo~{lft!R o !V.ftill89~ 
~,1Hz 89flm"""F.lt$7~LlE.Il{iJ!U:I 89, ~!It,{£ CMM ~lf!1 if iij: 50 1-m!YF~~- ?Xflm"""F 

. o CMM ~lf!189~fBj3f~'j\'f" 0. 4mso 
6. CMM2 ~lf!1~ CMM ~lf!1;f§{!!.( ,jgfj-~$11 1 0 Hz.~t!!:%~~~{4~#c89~~itJ.t 
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~-j~L ~li~~ie~ ,CMM2 ~We<.JfJ;jfEIJ7fi1JJl1it Jj\=f o. 5mso 
7. DLG ~We<.JfJ;jfEIJ7fi1JJtiUk:rflli§B9:k'J\!3 Elf ffliff*~tre<.J~Jl, :1-1 T 11 iWi~ft 

~flf~~B9~$.1r¥1Jflli:liUR¥1J;lit-~)E:I::tim1ffl DLG ~Wo {£ SheLion 'fl ,{E~~fi 
filii!!~ 1Hz B9~$f¥fl#,~J!H~flle<.J~~ie~ ,fJ;j fEij7fi1J:M::kf1{!j\=f 2. 5mso 

~ Jtt ¥1J Elf 1f !16, ~ B9 ~ :1: ' ~ fl1 * Jij (!<] ~ ~ fJ;j fEij * ftG 1J ~ {£ ~ 4. 2 lfl ~ tfj 0 

NAV DAQ CTL svo CMM CMM2 DLG 

5 

00 4. 3 ~ fJ;j ~ tfj T ~ ft ~ flf !3 ~ :k ®! flf ~ J1l! B9 fJ;j fEIJ ?t ftG , li: 1J!~ :l~U.Hia li T 4ij: 1'-~ YF 'fl 
~f4:B9~Jll!i1:W, .~,fJ;jfEij7fi1J:k~ 0. 35~4. Olms, ®!flf~J11!!3Jt~Jjiz e<.Jit#$?1-#fi~fi o 
~OOFJT~.~mftMft:t£·~~·*•+~7fM~J11!flli*=•I~.~f4:$?t#&:ffW~* 
~f.l:®!ftt:~Jll!~*. rm:l!m~~Jli!Jtf1B:~!i~.~tl~e<.Jff*~w. ~wr~flmtttr~~. ~:t£~-
1'-~YF'fl*llit, ~Elf:ffff9}$~fi~siH.(~(4. Olms ~ pg) ~ft~flf~~:il!:A~ ~~~, :i! 
~~~~fflr~fijt~~*7f~B9ff9}~W.~f4:-·A:l!··-~--t--~B9~UI 

~ ftt fiif , 00 4. 3 1i 1J!~ :It tJUlil li T 4ij: ~ .± ~ Yl' 'fl Elf ~ rr B9 ~ $ ff :9} , # jtl tfj T ~ '-liz B9 fJ;j fEIJ 
7fi1J. 

t 
"' E 

0 

"' ..i 
E I 

0 V) 
N ..., 

0 

ff~ ~ 

~1*1 
CD ki: VI. i\'1 * fr1 ~ 

c:::=J ~ f!f!Efi 
c::J !iff!f!Efi 

ff~ 
NAY 
DA 

TL 

svo 

CMM 

CMM2 

~l 

0.05- 0.12msj 
0.02- 0.0Smsi 
0.02- 0.0Smsi 

0.26- 0.36ms! 

0- 0.4ms 

0- 0.Sms 

0- 2.5ms 

{£ CTL ~Wlfl~~ § ~ftiWJ~~ ~1£~flf~~~it:M:£;;$:B9ff9}Z.- ,it Elf .fflJ~ ,
-~-B9~fiit~Jl1it~$#~fi·~drr:1-Jm4.~fi1Jl1it:ff~~e<.J1£Mef£~~.~~ 

~~~~B91£$1J.t! ,:J!®fPJJm:t£~flle<.J~flf7f'ii.:ttW 'fl~ B~'L'~ f!t o ~ffl*=ffl T - # 
£rrr:1-Je<.J~rr~~~~~-~~rrtt-~'fle<.J*#rr:1-J.~~~'fl.xA1r~me<.JffM-# 

~~····:l!-#*1rA~ef£<~1£Me~ffl~!3~fifJ;j~~M)!35~~~B9M)Efi 

:1-1 .-€tlltT ~7X1tftiWJ·-~~-~;f§'-lizfi:1-J •• 4#~~ T $# § ~1£$1J•rt., ~ M-t-~ 
?Xm4o *::lCFJT~ili e<.J£rfi:1-Je<.J~~!3x~cs4. 111, 16oJ lf!1l-me<.JoortJ mwA••e<.J£ 



-Tffjg B9~~~tq~ IRJ, {£ftf11 B9Ift rF ,fi :1glft;it£ fl{-t~~-;1Jft9l!f? fm~B9-J9i!t 

ft, ""f X rF , ftflltt J'ciMmtta ~~B~~J ~~$1J * ~~#(, ~ -6 ~J ffl --1'~ .iE B9 f91J T-~ ~ ;tt 
~~B9:l1~ o 

~rr~~~*~xAH~m~rrrr~~m~. --i'A~B9~Brr~m~~J'c~~:t£m 

tt*~rp ,il! m~m:lt!!.Im~$1JM:t£~~JiL 1!1 4. 4 tta~T --i'milf!B9~Bi.t~J.flS~xAH 

~mttJ'cmAAW~~.~sM-~~~~-~·•,ra~oo~•w~~ o •~Brr~m$-1' 

~~~•~m4 .• -i'~~ft~--i'T-rr~9l•-#~.iEB9B:1g.w•-i'w~ft~- -i'• 

# o -~h~~~**ffl*#~~m~.~~-i'·#·ti~.~B~~~#(~M-#Bjg 

<9lT-rr:Jto~~¥JJ~ -#B:1g 0 • #m ~ m ~ "Fti~ll.z-ti~ = CD )lij IEPF!t~1t .:tmll!l 
~--~~~~§5; ®Ift~~~~.~-#~•~e•~~; ®:t£~~B~~~1t.~ 

~~.iE~rrff*~d; ®M:It!!.Im~~Mk*Tffl~·+ o aMti~li..~B~~~#(ft}E 

tJtBft .z. B 1g • #re •B 1g ~* ¥JJ Fo ~~ $1J * ~~ *. m- tv T;~J ft 0 q~ ~ ~. ~ B ~ ~J ~ * 
~fl-W:tk:~-9l~%lli+• 0 

~---- - ---- - ----------, 
I 
I 
I 
I 

~---------~~-------
li.ff 

~~*~~*B9~tm~~~-~~B9ft:1gm+mB•~.~;uxAm~•~m;utF.• 
~*¥-T~l'X~tq:H~ <:tmm 4. 5/Yf~)o ~nmroo~ 1 -~~.pgPF{¥iiExAH~m$r:ili~ 

.iE tt~ ~M-B9m-T1:Jtfm}J .~~PFHIU'*Bjgm+~>R, :fb. "Jt jg pgPF~d~$1J~~{Jli% , 51 ~x 
AH~m~Mm B9~~~4~ .iE AA ~ .~~IRJ~I ft ~ ~xAH~mB9 § ;1J~~ o :t£ 
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CTL~fi~fi~ey~-M~A~®··~-e~~~· · 

rmi:li!ofta~ CTL ~fiif1::~J11!89~1*~f9tJ,~ SheLion ~~®~il,iffi!i!E H~ ~i!i1J 

it#~ it 89 P>J J1' fU RPT it#~ it 89 7'~ J1' gil~ 89 e ~ ~ fli!J *tiE 11: fm , * ~ § f,j ,~ J!J Ill J1' :fl 
8900~~-J'I'FfJ§'WJ5HJTCf!J!~{jjJO. CTL ~fi~~:!.mr: 

L~fiit~~~~~~H~,J§'~~f1::1E~~Uii~~ML~89ffl?~~ti~ . ~M~ 

¥1J~~ZJ§' ,SheLion ll:H=J:Iii:kl!ll~ 12m/ s 89$~, ¥1JJ:5 § 89~1§' .~:;J(~~ lOs,;&]§'~ 

-m~•MMJ!$@ft.~~-Mfi~,m••~*t1E~~If1::. ~-#-#C~--m~ 

-*)#13JE~ .~~~ §tT-,~ .3kmsmrP1tl:l~,~ . ~~~*ti~r -fj~, ~@til~,~ .r&FoW 
?X~~·~*~ms~~-Tit:i\tl . ~'il!SMl'l:tzooo 4. 6 Elf~, ~~-=r~ @ft:li!orit:i\IJ .~i*fi~~IE 
~~ ,mf~ j'J3Jffffllft3km~ . 1!1l~~til~,~¥1J § f,f-Ji'HBJI)t:fli$:W, JlJ ~~¥JJ:tzo 00 4. 6 ~= 

$51-Elf~ 89~-=J~)i@!}¥ ,{t({k~Ji~~jfilj *tJC:m#C . 

l!.fl' 
1!. [!] )@!li:t~ 

----------------------------------------------------------------------------
r-- --- --- -- -----, 

~1IIIl\IW 
r---------------, 

mn 
--- ------- -----~ 

1!.11' 

z.~~¥-~1*fi~.~~fim~:m#C~:ii~~~*t1E:m#C89mAIE~ms*m~:~ 

~89~~•~m%c~&Wflll!ll#~)~m~•m~~-~895~ffi%.*~~RW89~ 

~ffi%:JJoepgJ1' H~ ~fli!J.fll?'~Jf RPT ~fli!J.¥1J~fli!J*t1E:m#C ,;&]§' ~~ffijjt.$ pgf¥~~ 

A~M89~~~fi~~.~~~m~~m% . W~89~~*t1ERit~~~7·~~8-~ 
~til. 



4. 2. 4 J2Z~Jzt!l 

~--*~~----~M$~~A~*m~B·~~*~~~-.~~Am@~* 
~ ~ ,ff.~~if$"iiJ~~~~:kli&~ 129 ~,§15fT'~~ ,\¥1 ?,,~~1-t, ~{4 ~;:Jc5&, GPS ~~'M, v.A 
~@~-~R#~•#~~~~~~ o m•~•m••~~m••#*~~.-~fi~• 
fl' .~&@itt119Jf'FZ.litr ,@ittHf9H~fit!S~~lttit& § NAV ~fi~;ft11BR*~~$~~, 

- .E!. XW. ~~ ¥1Hf -fiiJ ~ ~ iE 'lit~~ , ~nit< IX i!u1 m $ ~-@ itt1 :91 ~~ : CD~ :i! W 1!f 1~% ¥11 :t& oo@ itt1 M , lffi 
~-f'FA~tiW@~tt; @~$MAW.~AW~#~~~·-~ ®1!i-.38~§.~* 

@~ttillM~§i9J@~~.~lffiMmnMA*ffi~i9Jm o 

~~~:tfi(£ ~ ,fi. "iiJ~$:t&ic.~~~m~~~'lit m:~ ~,"iii v.Am =t~hJ.~~-~ ~JH-:129, 
M rm, ~~ ~ m • ~ ~ ~ ;.~·tff (£ ~ , M:fl m~ jg 11- f± * , § tsic. ~ ~ ~, ~'® ~ rt- iE 'lit w 11: o 

iE'Iit.f'FBi .~~iC.~)Cf4~~1T~~Jf!tr1Bitr7f, IIJH§~~~Mfi ~:lf'$T:ft:hD~1'T~~, 
A§~~~~-~*ffi*~ff-~M)C#;~-~-Mfi.tJ$1",~~~~~~)(#··· 

~ 0 12S!~.•~~~T-#~•m~m•m~ffi~~m~.~~~•m•#~i&M~~*~ 

~~~, l!# m 1tt1 ~ ~ ~ v.A ~ oo ~ ~f9i1~~i>t ~ 0 

initializat ion s t aqe 

do nothing 

l oqqi nq staqe 

1st time (the first 50 cycles) 

open logging file in writing and appending mode 

write 1st pack of data to loggi ng file 

close logging file 

2nd time (the next 50 cycles) 

open logging file in writing and appending mode 

write 2nd pack of data to l ogging file 

close logging file 

n - th time 

open l ogging file in writing and appending mode 

write n-th pack o:C data to l ogging file 

close logging file 

final staqe 

do nothing 

~k~~~~~~~.l!--~~~m~~~~M~• so ~afl'*~-IX~M~ff., 

~D·~~-~, "iiJ v.A -1:I~ff.~~ , 1[¥J1~~-14*~Wll:If'F~A§-8 o 

~~~••#~~~:9J~§~: CD~~~~ffi% ; @jgft~~~rt; ®@~~~m~~ 

®~~@*~~:t&oo@~Mlffiw o ••~*mT~~@-#ffi~~~~-•~a*••• 
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~----------------------------------- --. 

I 
I 
I 
I 
I 
L ________ -- --- -- --- ------ -- ------ --~ 

1. CAM~~: ±~ff95-:Iik*J[J(ffi i!!«Ul?:~-F~~89 I!I~~:JS ,Jfff~~J~jjij~:$ ~ 

:f¥9=' o ~;f*ff!,f1j89 ,?HJ$$:1g 720 X 576 ~~89 RGB 00~ ,SheLion 89 OO«U!?:~-Fflli~M=it 
~*f-F~$:12s 30 ~~~.JEL;AtflliJE~B;f~ft89~31( o ~~_t ,1!i;iE89~~:1!$1Bt'N.1\t~J:lU~ 
7'!~ Flf~ lit 89Jtftkff95- 89 !'[~ llFJT II& ilitJ, tt:tzn [Q] ff~fil: ~ 9=' ~ Jd1lll!ffi 89 00 ~ o SheLion 
9='tw.1\t~l11!89~~~$:1g 10 ~~~ 0 

2. IMG ~~: t'N.:l\t~lll!-r!tE IMG ~~l:j:t~JJll ,:Jik.tJA!.:l\t~lll!~f489~it$?t ,Jt~it 
:9Jflli§1'8~lli!OO~~:JS -~rOO~~~ L;A])t EI:J ~~!ji~C:tzn GPS ~.IVJAA~~~*~f0~:$89 
f~L~, :ilHl' tic m o 00 ~ ~ l1l!. 7'! , § liT- :1m f* ?t ~J , *¥ UE f.!! JfJ( , ~ J:t i-JU.liJ , § i9J 1m~ ltl 11 ~ tJL ~ ilitJ 
~$iE~~~ 'ft~rr. ~wm 89 oo~-tl!:ff~~J~jjij~* ~if 9='. ~1\tffi.~,:f4f~Jtfm~~ts~ 
tl:l-®ffl -Ttlc5E~ il'tJLt41 89i9Jft ,Jt~:l!ffi.~,~~~H-tfLo ~~~~&f£B1 .~lli!B;f iBJ - A2: 

iE 50~80ms Z. IBJ ,2::Jikt'N.1\t~lll!~ ·flHIJf~$~~ 10Hz 89}Jj(~ o 
3. svo ~~: fflr~ilitJ~ il'mfAJ 89:1i1E~. L;A19! 13 liT-Ml~f*M=iE oo~ 9=' .-A2::likiE oo~ 

89 'ft,c_, 0 ~ il'tJLt4189~ilitJ~A~r 13tT-89~1\tffi.~.~xAm*~89~~H• 0 

4. CMM2 ~~: ~~~~f49='aH§EiZ$Jt3(::!i.~JJll~:JS3(:~ ,Jlf**iJI:, ~~it~tJL 
~tw.:l\tH·tJL~:$:XAH~tfL89iE~~rr~:ts.~-nOO.tw.1\t1!i~eyfm[Q)~~1ii~~:l!~ 

~ffiA o ftmffm~~H~tJLft:1gitM~1\tH•m~•oo~~M89~ffi•• o 

5. DLG ~~ : m~Wffi 89 OO~f!i1:ff~J t'N.1\tit•tJL~~89 CF -F 9=', EE ri!I~~:JS:I:tl( 

jc, iC.~B;ffB]fil::1g 1 5 ms,{E~jX~ff:~Jf9=', MAIN ~~it·~~ 89~ WJ B;fiBJ, t/c}E;lik~~ 
rr DLG ~~ 0 

:fiiffi 'ftf11~ tl:l tw.1\t~lll!~f4~ff~~~89 B;f iBJ ?tl!C ']!.~ 4. 3 0 



~4:;: $J.:i4 ~U)ti9:it !3~JJ! 

*4.3 ~~~II*Xf!I:_. Jr; ll't fB] ~ftC ( ms) 

CAM IMG svo CMM2 DLG 

8 85 15 

:1& 00 M iH ff ffl .P ~ Ylffl I¥J :ffJ -@. , :ii :U :*; ~-H~i ill .llH!~ l3ili ~:*;.A :« :3HJl. , t£ lS lT ~ ~ 9:t , :*; 
.A:«*mtl:~lSB~~~m~*~~~~~OOM~ffi.~OOMI¥Jff*~~~~-~~M,A 

~I¥JWOO~ffl.P,~-lSB~~:Ufi,~-~~I¥J~~ey-~~~ o ftilli¥J~OOM.#*~ 

~t£ Windows XP ~.illt.Jl!Lt.ffl Visual C++ 6. 0 f'F:1'1¥*7f~fF:!Jl7f~I¥J ·*fflT¥-T MFC 

~$1¥Jx~-OO~#J .W:~#gffi~-ffU?, 00f011lllffl.f47f ~[ l os] o *1l§5t1rm:itk OOM. 
#*~l¥1-~.~~~~~~ =•aoowooi¥J:7f~.••re~~~l¥1:«*m~~~•~~oo 

M9:t:iiAI¥J :=:£t•oo o 

~!!iif~Wi 
(Foil ) 

I 

1
1 rf'-n ~ l "'ld£! 

-< I ~Xlll'' 

[ i 
I 
I 

Fl 
1. Htr i1 :«~l3~Y#ijffl .P 3(::!L, .3::~ tJHtt- ~fm 1!!~ ffl, W 00~ M 1¥100 %1-tffl .P W 00 o 

00 4. 9 ~ ffi T ft ffl :1'1 ~ 00 M ~ ~ ~tl m I¥J 00% ffl .P W 00 , .3:: W 1:1 9:t * :fi-* 71J I¥J -T W 1:1 ffl r 
~ffit~:~lSB~~·~*mTE#aooc~.~"P:~~•oo~~~x~~~*~~ffit£~ 

lSfr~~, tr.~~ffi:*;.Aml¥1~~~•~ #f <~of1I.fi.l3 J!N), 15~~ffiffilllZ 1¥1~-m:; Btl~ • 
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oo~~~m~B~-~~-~~Bftmffi~;w=•~oo~~•sm~~~-~~AB* 

fJL~ A~~1-Ti9JfP; Google :t&OO~OO:tE=t1tTIJ!Ut!!. 00 ~ B~~AB*tllfftJift1m, JiJf ffl ±& 
00 'Bl! 5t 1JD ~ ilJ 1*1 ~ ~ ; :fii ffi , !R 00 1fi;; $ Jil:: iii~~ 00 , E8 w;j $ ?t tJ3. ~ : CD~~ iii~ ftitr A B ; 
@ili~B~ffit& .B ~ili~ffi ~tilimf~f @lmfttm§ o 

2. ffiilffl'ffttmf#ftitr,JN:i:1:~~f~i ll!.!:5tJl~.*~Hkf4;J~UJcC&P CMM ff9r~~)JNf~io 

ffiil~fttmM~~~~---:t&OOM~~~~--~ft~M~$BD,~~~I*J~~~· 

~~J.U~$fttm:fffit!K; J'1 - 1JOO ,ffi it i¥Jfttmtt:i!~~~WT~lt~J.U~$ fttm:fffit 1K, ~ 
{j!JkBttm~KrJil:tlJI~ffl p iii~ .~!fi EJ A $1-T Do 

3. 1*1 ~~-1-xt~~ ,f'Pjg~J.U~-* ~1m ~m .1: .~~ T ~;ppfttm:tllll!.!:5iJJrill•?t:. ~ 
MJNm~~.!:51Wiffii1~~1-~00.DRw;j1-i9J~~tm-,CD~ffiilfttmM~~~M~~~ 

~~~~1-Tfttm§Bt, 1*1 ~~~Jt~~~~$:fffit IK ~ ~fttg, ~$1Wil~ffl B ~ ~~; 

@~Krril:tlJIT-1-~ ~fflPili~ !fi .~~~&:t&~~Jt:ff:Mfttm.~mffiilkf#~tm~m 

~.*~!L 

~~k~~#M~~~BffLM~~ffl~OO~~~~~~o 

document class 

init 

create communication threads 

(pass pointer to this document to threads as parameter) 

create views 



(pass pointer to this document to these views) 

create timer 

ontimer 

loop { 

get pointer to next v iew 

if the pointer is null( end), exit loop 

call the updating function ( onupdate) of that view 

) 

view class 

onupdate 

get the pointer pointing to the document . 

get new data in the document 

draw view according to the new data 

communication thread 1 (data- receiving) 

loop { 

read serial port for communications 

if new data received { 

store new data in the document 

communication thread 2 (data - transmitting) 

loop{ 

look up to the document if new command captured 

if there is new command { 

translate command and parameter in telegraph 

write telegraph to communication serial port 

:t£2js:WJ¥ rf! . 11!f~xt~Tim1-*.li.~~JJU 7±~ : 

1. iJW1 JIHJJ Mitt E.l5i flfJ1 Ml1t )C ffl ~ , Jt-13. -€Ht im f~i ~ W , ~ # f£ ~~H!II.I!I ~ 1! !If~ at~ , ~ 
~@~w~ml!l~~~•~fi.are•x~~~~~m~~m.•~~~~•• o x~~* 

~m#fi1fT -mm# 0 

2. -€~-~at~ ]liJ m~~1!tfffi1f ~ o ~ Bt~ 7~ ,~, El3 Jt~fft E.!§ f£ On Timer 6l1J:!l!, tf1- ]liJ 

m, ~~at~m .~,flt~~ ,OnTimer E.!§fl~i!~--~U)C~~~~$ml!l ,-f&jj(iJWJJilffiJ.iiZ~ 

}!!If E.!§f£( On Update) o 
3. :tEml!l~ rf!~JIH1E- ~:tf7'!~5<.FJT:ff ~ml!l E.!§fl 0 On Update ~fft E.!§fl:t£tf?X::It.$ 

fl~#fi1fiK£!ffatiJWJm, tt7t~J&m ~ x~~ ~m#, rtfii1ii'iJJ*.J0t#fi1f P'l ~, MfiiJWJm ~ 
1!1 E.!§fl~jF!fj-fl~ 0 

4. P'l~mrrem.F-®~fffHil?J~m~~miA iJt~~:rt . - ..§.•I&¥JJ!ff-®~, P'l ~~iJWJm 
- --t E.!§fl~J&~~* .¥r~5t~.:x. I¥J~M* c~U!?I:tf~) re ~ lfli4!~~:ff-®~~U!?I~~fl 
~ P'l$~;rt ,{l}fJ:fi1f¥1J~)ilj;!t .$f£W IK rf! o 

~xA1lftmutn-mmRE~n-at . =~m~ml!l~~~'ilt:ff m~. ~~fft~m.F---t1lxw. 

~1lftm ~n-~~ 0 :tE~ffJ~:lt!!.iiiMrf! · =-~ml!l ~* ~[4 J] ~ lk = CD1lft m~:lt!!. iiiPf~= 
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~~~89-E:U~; @__t:ii~~~z;lj~~~89 OpenGL ~Ff; ®re =- ~:tW.OO~JlX;¥!J:lt!!. iiiMtxf4 

*~~0 

4.3.2.1 ~£ttl~1f~ 

ftff1~ffl~JiJT)j!jj9aJ89 3DS MAX txf4-E:U~x.A1I7HJ1--'=3)j!jj00fF:lJl89=-~~~.t£ 3DS 

MAx~-~~~•~m-m~~~-*~~~~-:ii~~~.-~~~m~•~&•89 

=-~¥¥}~~M:ii •• ~~~~fflf-t*J'till:W-89-*jtl~}~M:iio t£ OpenGL ~.}AfvHtff 

~89:>cf4~~~~-~--'=3~~~~~.#Jll!1L1HJL--'=3)j!jj OOPF:lJl89~~, 00 4. 1o M.7FTt£7f~ 

I it !K ~ 89~19tJ~~, ti: iP!iJ ~1IfHJ11¥J -=::~~ ~, --'=3 ·111!~~~1:: 'lit ffHg{, :t=liJ!iJ ~-~-$ ~~ 
~ .~W,Jj!jj ~PF:lJl8972~ o 

4.3.2.2 =£1~111 

OpenGL ffl'ft£~1kf£f:ljl~~ffi1Jx.A1IfHJ1~~ ,:Ji~T $l\89 EI§~~ .¥-T~.~--'=3 ~ 
~~~ffilJ xt~, ~[]WJ)CJiJT:ii, xt~m -gllrw .~ --'=3 ~~~ *1F, ~ffilJ -~ xt~JM:ii:i!!iffi~JiJT:ff 
89IW.~--'=3 ~~~7t,GX; o =- tt~ 00 :ii~i£ 00 4. 11 ~ ~ :±l, i~FJA T ~[]fi!Jre ~~-E:U~ 89 ~~~ 
~.1I*m~~~~~m~~:tW.oo89•~~,QX;t£-~.1I*m--'=3PF:lJl~~~JAM~~~89x 

#~~~.1I*m~~JiJT•89~~~~~~m~*~~@89&•--'=3~~ffiA.m~~:tW.oo89 

.l[ :fHllil:~ ----------, 
I 

ii!Hfl.-:: ::::.::::-

Opt'nGI. 

111 4. ll OpenGL ~ 111 



4. 3. 2. 3 .::. !It«! 00 

~~tmOO:li~i-t~{f C++~Ffi'!<J-1-~ 9=t ,:Jf-'=3 ~mi:tt$~1@ C -lli.Wt;Jiki*J~~ >tiH~, m 
5lt:fffit~7GA.1I3tffti'i<J{f~ -u=r~t@ o :1g T Z91~~1fA1IfrfJl.i'!<JJg Z9J, mtmOO kJ- 10Hz B<Jl! 
$£jf~m ,1f4lf1-ffil!PF9=t ,JA~mi~W~9=t*J{lt1IffmB<J:m:jf;tk~~m, :Jt-ffi!.ilumm:~ = 
•tm009=ti'i<JI*1W o ~MJ!jf·~~ ~~-OO~~~~~~-B<J~~-{f~Ff9=t~W.~~ 

~*~ ,1Jt:J!~~ft7f!iJ~,iUmtm00 ,ilf)j(]!jf~t@ o :J!®•~~Wfffil!Jf .~rrfJ£ftfi!&YrWi:l£o 

CTDView: :OnUpdate() 

{ 

double pos[ 3] = { data[ 1], data[ 2], data[ 3] } ; I /Local NED position 

double att[ 3] = { data[ 7], data[ 8], data[ 9] } ; //Euler angles 

angle + = rate* period/1000; /I incremental rotor angle 

SetPositionAttitudeRotor(pos, att, angle); //calculate transformation 

GLDraw(); //redraw 

OnUpdate Pl§~;Jik~titmOO~ CTDView i'i<J - 1-JJX;ffi ,4jf~f!H~JEat~711JJi!, atifiilJth~P1§ 

~ 0 P1§~9=tnu~fib\~mi~W~9=t~J{ltxA.1I3tfJ1.8<J*~NED~*wW-'=3~~~.~~ 

~1'J~~fftitt, ~~J!jf:J!®~W o 4lf?XWIPF, ji~:!JtEX B<J~~ .~1fA7GA.1I3tfJ1.±1JtEX B<J 

1JtE~5i:t!fl:, ft§, if.!ijffl~ffi Pi§~ SetPositionAttitudeRotor re:J!®;tk~{~J!Jil:ri! = tttm 00, m P1§ 
~it• ~!*~!)$'#-!E. ffl iiJ = tt :X;j ~_to :li §, iJi!iJ ffl G LDraw ~ ffi P1§ ~ m: ~~ tiE tm 00 i'i<J 
I*J@o 

:1:§,00 4.12 9=tri!tl:lT = tttmOOB<J;f!f~,;Jik{:£ SheLion uH'J::km:IE~1'J§~I*J §Z9J~ 
fi~~~MaB<JOO~.~~~-~tl:lT-~b\~~tm~MaB<Jd1fAtmOO o 

1!1 4. 12 :XA1lfHJ1.~ 3D :tN.OO 
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*~~--®~~-·#*m~~~W~M·.~-*~~~~m•*·~~~tt~ 

I~~M~W~o~TW~ff·~-~I~~M.fiill~~T·~·~**ff*~-~~ 
~ o 00 4. 13 ~~~-flf*ff*~-{E~fi~~* ~.ffl~ 00, ~$ff·~- ~.ffllltYCJ,J,:t£ 

00 4.14 *.~~~~-~CPU ~Bl o q~f}ijJ& •• -'t~-~~~ti\{EJ:Vi)t:$1-IC~1!100pg ,{£ 

~-4'~~~-* ,qUf:lt!!.f*iiET *ff*~-~~~-~~B-t~~ o ~~, El:ir~'I'H'Jx~J@iffi 

~*~~-.Jjffiff*·~~-8~~-~-· 0 ··~~~-~~~:t£---t·~~-· 
pg ,1;,(~5$~--#~~· 0 

Time (s) 

~~tt~m~ CPU ~ .ffl$PJ I;AttU~-~BtX1:ii£fi J\!OAA ~ l:ti« ~IHt~, ~~~~ * J\!OAA 

~ 20ms o b\00 4. 14 1&~ ~M*:W, fi{ill'iJ I;Af!ID~i.~it~m~:m:~ ~ .ffl$~ 
usagemin = Tmin / T,Y, = 0. 45/ 20 = 2. 25 % 

usagemax = r m .. / T,Y, = 2. 93/ 20 = 14. 65 % 
:r\* Tmin~ Tmax*~-~-~*~$~~,~~11t~jf!j\{K~jfj({K, T,Y, ~ 20ms -~J!JWJ o 

CPU ~.ffl$~dllt«:±lR:t£.mic~~Jffiffl~~~i'ili~MI~M I'aJ •• 50 --t•~:±lR- 7X, 

~gt~ 181 ~.•--t•~~1JL:I$J~Bt:kt0 0.49ms,ffi!Jlt,1JL:I$J CPU ~ffl$~ 



3.5 

3r · 

2.5 
~ 

"' s 2 
;z 

~ 1.5 

I 

0.5 
-·l ,liT · :rtr 

·······- .. -- -·- -·· . -l 

00 5 10 15 20 25 30 
Time b) 

usageave = r ave/ T = 0. 49 / 20 = 2. 45 % 

~~*•m~~~m•~~~•••#~~~ey•tt~••~·~T••r~~re.~m~ 
e•~~~-~~~*g£*8£~~~~~-~. 

~M:it!!., f!t:%5tt •• f4&1-~- ~f£Bt1£ IJi.l ?X~~ 'f119!~ :li , 3t- .l!Vf-1£ 00 4. 15 'f1 . ey Ll-( 
wili ,f!t:Jlt1$:;t!il!Jf£T Bo% Ll-(...t.~it•~~.~;&fljjJt~~ttxtf!t:W:*m~~atlllZm ~.± 
~~PiJi] . 

MAIN 
( lOOms) 

Jtatl* I 
t at~& H.Bt 

CAM I 8 5~7 

IMG I 85 50~8o 

:l<t£!. svo 1 0.2~0.3 

CMM21 0.! ~0.2 

DLG I 15 15~2s 

:21*1 
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-~~~a<JAA~~;;.IJ.*~(attitude and heading reference system, miff!\ AHRS)£:XA 
~B~~~~~~a<J~m~~.mm~xA~B~~tffi%a<J~*~~~m~.A~a<J~~ 

~:ff~t=~ lt.1J a<J:boitlttt ,fi!~ -=Jlllf§ it$a<JW~~ ,~~ .=: ~~:tm.1J 89~.1Jit. ~.&~ 

~AA ,!flt~Im~, § .:E~fJ~$1 ,iJ;t.fiff%-:ti!~PI3a<J:XA ~~-T~uC~~it.ltf~L~-89~~~ 0 

~T~*~fffl a<J&~~~AAffi% ,Ji 'lir*=ffl GPS ~'!mti:~AA.*~ (inertial navigation 
system, miff!\ INS) - ®{51!ffl, PI ~:ti!~XA ~B~a<J&~~ ~~ffi .~, o ~~a<J£, ffi r~ 
Fi ,iiQ~ ,iJft~Jffi:~, mtm..t PI ffl a<J .fij;~-*'lmtl:~~~a<Jttfm-All:~£ ,lf 3UJ~®fm$:ti!Wi 
~fffl~!itl't~ a<J ~ 1t 3J~~:m: a<J •!mtt ~AA* ~ ( VJ ~miffl\'!m ~ .* ~!lX: INS), ;Jtttfm-tl!.~ l!li~ Bt 
fiij$f$f~£ c 12 ' 183J o ffi GPS 1:~a<J~Ml't~Jj!LfU~:1::ff W.~£ ,@0~PI ffla<J GPS &~ffi 
% ..R:ff 3m a<J CEP ~It .~H'f~$ 4Hz, ~~$~WJ~Jj)z (Doppler effect)ffft}E a<Jitltf~% 
~lt::k~ o. 3m/ so J!®?j!~t~£)(fr~it~~'Ja<J'J\~:XA ~B~-*i~;ffi .¥HIU~, ~ lit , :fir 
!.16,~#)(f~$J ~ ~ ~ ~Fi jtp $J 51 A -~~~}f ~, :lfl-ftifAA~~;;.IJ .*~~1m~.*~ a<J 001 t~ 
:W:.:tl!~ttrm o 

l!iilr:ff~:l!f~iliT-®fl!~ GPS ~{~~*INS m~.*~ttfma<J}f~,{9iJ:!ZO,Jang ~ 
Liccardoc89J f!J ffl ~f1T}!] ~ a<J EKF :ti *,~-¥f.¥: 'it. M 89 }£ Jl X A~ B ~ ¥iJ ~ T- ~:fir~ a<J 
GPS tiliWJM~~;;.IJ.* ~; Nassar ~ Ac13 1J ?ilfn T ii :U §@) 9=1 ~~:tl! ~'lmtt~ t~ It a<J)f 
~ o ~$)C~r:f-tl!.?ilf~T:::flll.Ja<J~~71it~:H.~D.Shin ~ El-Sheim/ 167J ,Van der Merwe ~ 
WanC 190J ?ilfnTX~-F~ -*im ~~(unscented Kalman filter, miffi\ UKF) 89{51!ffl, oureldin 
~A c135J 51J .Itt T {51!ffl1*~ ~ ~ a<J:fmtlc:1J~ , ffiJ iiilr, Yun ~A c223J 1r~ T f51!ffl*$ H= ?.m~:ti 

*B<1m~t~5!ii1f~ 0 
-*ilta<J § a<J£~1r~f!J ffl~f1T )!]9lJB<J EKF :ti*~vti]\:XA1I:fl-tJl~~-~f~.Gt-*'lm 

tt~~~&~~;;.IJ.*~ ,J!Jli*:lt!!.,ftfl1fl!ili T -~.*~1-tffi%~5!iimt~ ·*ffl M AV ~ 
~~t=1:£~ ~Ita<J~:J'i'I:ffl ,:fflit$,f.il:~~ itlta<Jm~t-m:.m~mt~.b1- ~1£oo s. 1 r:p. mWJ 
1-~.!IUL:. ffl5?tm~, -1-£AA~~;;.IJ .* ~, -1-£1m ~ .* ~ o 



r--- ----------- --- ---------- ---- ----- ----- ---- ---- --- ---1 
1 AHRS . 
I 

: a (raw) mea 

IMU AHRS 

aJ~n I ~~tJi!~ 

(raw) 

'- AHRS 
li!l.1Ji.t l iJ.J:.):;tJi!~ 

.Pmag 

r EKF1Jl:i.t r--

- EKFiJ!:i.t r--
r-

lm 51:~:1!!!¥Jf 

W:t!Jfl 
ameafl(JI 

an,a.nt.n i.t 1f 
£il~nfl(JI 

--{ 
ay,,aant,n 

fl(JI EfJ ~ca 

fl(JIEf)wtn 

W:t'L:JfJ 
50Hz 

--------- - -------------- ----------- ------ --- ----

~--------t ------- --- ----------------------- -------~ 
,.--- : Pant.g Yant.n 

1 (raw) INS~J ~tJi!i;\!1 P ant.g• Yant.n fQJI I 
I 
I 
I 
I 

GPS n (P y ) f-- EKFiJ!:i.t - p y i.t1f 
: ant.g• ant.n r g• n 

I I 
1 ms 1 
L_ ____ __________________________________ ___ _____ ___ j 

tt Ji-F~~~ilt:$897f5.5t~.1-J 7 ~H11Lll:ff~~~tti9J~%'tt 89-* ~, ~tf~iA.1-J~-F ~ 
~imilt~89~~~tt!l&* .r-r.zm rf~%5£t:FJI!~1iii.t 0 ""f oo @l l®i.1-J~~strBJ~~~tt-*~iii.t 

tt li-F~~imilt~89imfflmt~ ,£J'!-i*:it!! , ;;~J m rn""fA ~lHiE89~JE-*~ 
(5. 1) 

Y• = h ( x . ) + v . (5 . 2) 

A9" x. ~k Bt~rJ89:{k~ J{.{j[, f ( x, _ l •" •- I )Ej h ( x.) ~-.®~~~·!i~~·!ii!S~,w ~v ~:i:i 

~~--~~ o B"ii:il·~-·~~~~~~ •• ~{i[,*H¥~~*~ 
(5 . 3) 

v , ~ NCO ,R.ov ) (5 . 4) 

A 9" Qrov ~ R ov * J3rJ ~ :i1 ~ ..1:3 M :1: ~ ~ B<J "PJJ.1J iHE lr$ o W Ml :{k ~ ..1:3 4ij: tl7 9" 89 ~ ~ ~ :1: m B 
"ii~~~~!ll~ 89[206

] o r±~ .~~ Qcov..f:3 Rcov l'lJ kJ ~ B;J 5t 89 ,{.§.{£*~ 9"B"ii~Bt/f5t89 o 
~JE~~strBJ~~~·Ii-*~ .iitttt li-F~~~ilt~*.1-J kJ -rm1-~~ = 

1. B! wm ~ ~ 0 *'J m mr - tl7 ~ * B! 1ti ~ mr at ~tl :{k ~ [206
] , £A i* Jt!! , B! fi!l :{k ~ ..1:3 w :n ~ 

~[]""f 

Xl (k- 1 = j ( X! - IIk - 1 ,Uk- 1) 

Pw - 1 = F k- l p k- l lk- 1 F J- 1 + Qcov 

A 9" F•-1 .1-J i?S~ f ~x;J:{k~5tt x {£ k - l Bt ~rj 89l!EIOIJ tt9iE:Ir$ ,)E)(.1g 

F k- 1 =~~ I A 

X ! - l l l - 1 ' " .t - 1 

(5. 5) 

(5 . 6) 

(5 . 7) 
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2. ;fStiEM-~ o ~~ ~IWx!U!H~ -~-Xf~Htr!m#i~~~fi;fSCiE czosJ ,J!Jt.i*:ll!!, {E ~IWBf*tl 

k .1!fi~it•-F$.*~~ K. Jt.£ffi~~#iitffi~~~~iiff1f~ .:tmr 
K. = P•1•-1 HJ (H.P •1•-1 HJ + R cov ) - 1 

i . ,. = i kiH + K. ( y. - H • .iklk- 1) 

Pw = CI - K.H.)P•I•-1 
;rt 1ft H . :1g jij§ fl h ;f§ X;j ~~~:fit X {E ~ 1W B;j *tl k 89 llf ilJ It~ ji$ ' }E 5( :1g 

(5.8) 

(5. 9) 

(5 . 10) 

H =ahl (5 . 11) • ax A 

:rAd i - I 

:tzo)C~ [206] m tl:l ,:ft ~-F$.*7milt~.g, tf.: _t:;f:;!i!:- -t-~1t#ii.t~ ' :tzo ;l)f!: ~~ Ef9 f]J :flii#i 

it1K:Ji!:•~B9.d•~5EB9~~•u~~• ·u~•r.m•~ ~ ~~tt~~~~•~•~~ 
~ o ~.lftzj~ ,:ft ~-F$.* tmilt~-M:E$~ tl:l ~:00 89ft@, {E~/m~ ~~ GPS !ft~ffl 

r-rz.o 

*~1-J!m~-~~~~-~~~-~~~ 1'19 ~~-U.~~~MiE·~·rmilt•~.~ 
~:Ji!::ft ~-F$.*7milt~ .~5!R~~B94lJ:-t-i9!tl :fi {~% 0 

M~-~~~89£*~8:Ji!:•m~889~~M#iit1K.~·M·$~~--OO :fi 1K B9 
~.f$ 0 ~lHH'~:Il!!.Jt~AA~-~~~i9J~·U:Ji!:~ffl:rtC2. 36)1'!9:i9!riiJ:k~ . ~mL:tzo~ 2. 
Elf)£, Elf ffl ~~{E 8 1-J ± 90°B;j~Jf, l! - IOJ:lm~ ~ ~fflllY:7Gf£0:rtff¥Hk: o 

!lY:7Gf£89~~1f!{E 1843 ~~ Hami l ton 'J I A,Jt%:r.\:1-JJi~{E~f£~89 --t- llY~t~ rEiJ 

[ii) :fi 

Qol + Q1i + qzi + q3k 

i2 = p = k2 = ij k = - 1 ' 

(5. 12) 
(5 . 13) 

ij = k = - ji jk = i = - kj ,ki = j =- ik (5. 14) 
:r.\:!ft Qo ,q1 ,qz ~ Q3 :Ji!:~fl, l,i , j , k ~£ [ii) :fi ,:fl ~H~ 1'!9w;-~ ~-~)(~[ 1 74, 213 ] ~ Jflt 

£~m89m:J£ o :G: .llt .£~tm:7Gf£89AA~•~~~~~•u~~1-J 

XA = f A (XA , (JJ~/n ) + WA (5. 15) 
YA = hA (xA) + vA (5. 16) 

AJft XA :Ji!:~~[ii):l,: • WA :Ji!:M~~pl rEJ :fi •YA :;lik00 fJ: ~ti:l fiiJ :fi ,VA :Ji!:i9!tl :fi ~JE fiiJ jiJ:, f A (xA • 
(J)~; n )~ hA ( xA):;lik f.J/i:~-~~~~~~Ui'!9~F~ti:jij§fl o 

~-tf7.~~riiJ:!i~r:rt~tl:l 

XA = [ q bwJT = [qo Q1 Qz Q3 bp bq brJT (5 . 17) 
:r.\:Jfl q=[qo Q1 Qz Q3JT :Ji!:llY:lGJ!i~!)!Uz.-Jf.%:r.\:,~~:Ji!: 

II q II = q~ + q f + q~ + qi = 1 (5. 18) 



L.~lm~~;&~A~jg 3-2-1 ijX1'ftiifE~J®!Jf~5EB<J .4S-~--'=3ijX1ftffl~*jg 

</> 8 ¢ + 0 </> 0 8 ° ¢ qo =cos -cos -cos- Sin -sin -sin-
2 2 2 2 2 2 

(5. 19) 

0 </> 8 ¢ </> 0 8 ° ¢ q1 = s1n -cos -cos-- cos -s1n -s1n-
2 2 2 2 2 2 

(5. 20) 

1> 0 8 ¢ + 0 </> 8 ° ¢ q2 = cos -s1n -cos- s1n -cos -s1n-
2 2 2 2 2 2 

(5. 21) 

</> 8 ° ¢ 0 </> 0 8 ¢ q3 = cos -cos -sm- - s1n -s1n -cos-
2 2 2 2 2 2 

(5. 22) 

jf_§_ b .. =[bP bq b,JT ~W~-B<JilJO~o ~~~ft~~ fA(XA•W~!n);&lf;. -J;j 

_!_ rp ~ .. 
bp- p bq - q 

b,- '1 qo 

0 r - b, bq - q ql 

2 q - bq b, - r 0 p - bp qz 

fA(XA •W~!n ) = r - b, q -bq bp- p 0 q3 (5. 23) 

0 
0 
0 

A~ftllYB~••->JJ~m~~~~~w.~*~~~ffi~~~*5*~B<lffi~~m~r~~ 

m 0 :Ills -=: B;&lf;.~~fn B<J~1lTf1:: ~w~•illa~•m !f!:lt!!.tl~nX;'Iit~<::F~ miffi~F'f). 
~#fi~R~-~-~~A-*t1L*~~$1it~~B<JTf1::Hm~~- o 

--'=3 ~B-f:X.5!1u'L, llJ 0.~*:MlnX;19!tl:l:~ t±J !PJ:It YA B<J~~m%7mt~:bo*Itlt<50Hz) --'=3~ 

iJitOOHz), El3 r*=ffl::FFil.l B<l*=lt*-*· m:~?HJ1J:MJ~AA~~~*~~~~ID!--'=3ffi~tre71t 
ff (~D 00 5. 1 Ffflf;.) o 

:JJD)1gJtitB<Jmtl :l:~ tl:l rPJ :I: ->JJ ttj] (specific force), ~·lm~:bD *It (proper acceleration), ic 
->JJ am .. . --'=3 ;it~ 1iiz B<J ~ tl:l rP1 :1: El3 r A ~ t±J 

- 2g(ql q3 - qoqz ) 

h A,• mu = -2g(qoql +qzq3) 

- g(q~ - q~ - q~ + q~ ) 

(5. 24) 

(5. 25) 

g ~]D:JJ:bD*.lt o 7±~ , LAR~ ;J'ID! ~q-=yff~:bD*Jtq![;J,B<J'Iit~tJL~·MIJ(£ r (ffiX;j]tjJ :bD 
*llm1~)~3~L 

xt Ell~ JJ it • mtl :1: ~ tl:l rP1 :1: El3 r A~ t±l 
(5.26) 

(5. 27) 

6-3 

~-



~AA:.¥~flt ~iE*:it!!. NED ~fff-*- 1*1 89~Ni:ff:9} ·*11ll.1L 89~AA:.¥~m~~T GPS 

897C ~lU:i'l:Jl-!:3~l&ffi%··~AA:nL~L GPS 7C~B9:1t!!.Jll1~f,jf:i'l:Jl 

P ant,g = C{Jant 

h ant 

U ant,n 

Y ant,n = V ant,n 

( 5. 28) 

(5 .29 ) 

(5 . 30) 

(5. 31) 

Y1 = h1Cxi) + v 1 (5. 32) 

s:t"P x1 ~~IDJ:m~~~flil:Jt, wl ~:i:i~PJkfl'irliJ:Jt,yl ~ij!lj:Jttlltr:±lflil:Jt, vl ~m~:Jtll}kfl'iflil:Jt, 

/1 (xi ,aant ,n)-'=3 h1 Cx1 )~-'=3~AA.¥~~;Jj*;j:H!J2.1'J9~ft£11t~~~ft 00~ o ~~ rliJ :Jt-§ * :fL-1'-

~~~-

b. 
ay.n 

V ant . n 

( N E + h ant ) coscpant 

- W ant,n 

v;nt,n sincpant + Uant.n Want ,n + - b 
-( -------'---- M + h a ... n • ... , 

N E + h ant ) coscpant E ant 

U ant . nVant.nS lllcpant + Vant . nWant.n + _ b 
N + h a,,,n • 

( N E + h ) coscp.nt E ant '''" 

v!nt.n u!nt.n 
- N + h - M + h + g + a ... n - b .... " 

E ant E ant 

0 

0 

0 

(5. 33) 

(5. 34) 



J:.\; .PIW-Aff~-TJ:\ (2 . 25) ..1:3 J:.\; (2 . 28) ~:bDbD lilt{AtU I ffil~~ o ..1:3 W~ ~f)l{Atij Iff! {12.(, fN ti:bD li 

lt{AtUI b.,n, .n ffi-Ti!lPf89~Ujltl~{t~tf o 

:*.$f!f!'ij£{t GPS mt&ffl<-§.tiSfflt£ HeLion ..1:3 SheLion _t89 GPS mt&ffl) § ~tliH~ 

fftft_ P,n,,g ..1:3 lilt V,"'·" B<Jm~ :i: tl, ~ J1t, h1 (xl) ffli 1!i~)(.:1;] 
h1(x1) = [16 06xJJ x1 

J:.\;rp 16 ;lik 6X6 B<Jljilli:~~, 06xJ ;Iik 6X3 fl9~~~o 

(5 . 35) 

~~:i!i*;ffi-t.$PJ m B<Jiftt7lt:fftiit~~, :tm = E! @I Y3ll:m1f~ c l31 J ,x~-t ~~Mt7lttt 

# [161.190] , *II~IXXJ~ c13s] , H~ Mt7lttt#c223J ~, ii.$-F ~·M\7ltfft£~~JiiZffl ..1:3 iiifJ! ~ .f* .p ~ 

~ 61f .:E ~:It!!. ill: 0 *11 :ml!:ifi:.¥:ifrj AA:~®i~~~ .:E Yfit '*ffl 5. 2 13Wi:it 89 ~.eJT }1'ij ~ 89ii.$-F 

~••7lttt#~~••m•~~§~o 

~tH~J:\ < 5. 23) ..1:3 :r.t <5 . 24) ~ill B<J1!l';ffno lilt -tt 89 AA:~~~ ¥ ~ ~ ~ m ru1, -roo :1>1 ffl Eii 
f~%~511~~~ illii.$-F~·Mt~ffB<JJ't.-f*~f£ o ~Jl:& ill, ~ffl u xifiU89 ] 89~:!Jf!fi::1-J 

tiit~~ o 

1. f]J~ {ttii: ~~ rtl:lt--'=31*~~::/J~~~~Jlf]J~{t ,;ftf[{l:1-J 

X A ,O = [1 0 0 Q 0 0 OY 
PA.o = diag {O. l,0.1,0.1,0.1,0.1,0.1,0.1 } 

2. Ill Pfi?}} 1f ~ ~ ~ 1i I : Qco, ~ Reo. :5HJU 1i I :1>1 

(5 . 36) 

(5.37) 

Qcov = diag{l 0-8 , 10-8 ,10- 8 ,10- 8 ,0, 8 X 10- 12 ,0. 8 X 10-12 ,0. 8 X 10- 12 } (5 . 38) 

Rcov = diag {O. 9781,0. 9781 ,0. 9781} (5. 39) 

3. 1YHi5-'=3fStiE : !Drfi5-'=3fStiEilflm:*ffl:r.t<5. 5) ~J:.\:<5 . 10) ~ill 89:1!1-t:U~, Jg~f~$ 

:1>1 50 Hz,k B;J'~U 89m~•~ ill rtl :i: YA . .:!~~~:bD liltit~ ill 89 JJ.:~:bDliltf£~ o 

4. ffl% £!If = 4IHX1l:Pf~Jl£!fr~11I:1§ ¢ ,e,cfJ,1§ li$ w~,. ,~A.,~m-1*~ ¥ !m;ff:boli 

It am••·b ,~A.'~*:!t!!. NED ~*:bOlilt a" ,GPS 72~~*:1!!!. NED~¥ !m1f:bolilt a'"'·" o m 
=~~mn~~~-Tm3~m~B<JffW~m.mn~~t£il.$-t~••7ltff.P~m.~m% 

[
2(q2q3 + qoq1) J 

arctan2 1 _ 2 (qf + q~ ) 

arcsin[- 2(q1qJ- qoq2)] 

[
2(q1q2 + qoqJ)J 

arctan2 1 _ 2 (q~ + qD 

(5.40) 

(5 . 41) 
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0 

g = 0 

g 

(5.42) 

(5.43) 

amea,b = am .. - cilg;n X dec - wg;n X (wg;n X dec ) (5 . 44) 
:a:9=' am .. :li!::bD~.Ittt-~l*:tmmu:l:ffi%, dec =[O 0 0. 21Y :li!: MNAV ffiXifm>C.,{E~~* 

Jft ~{if:'£ilfa'£ ,Q,g/n:li!: ~i£,@Jh ~$~~!¥;'£,PI 1;}. ~~ k .!:3 k -1 B>j~tl ~~ Jt{fttf-:}f~~{Jo 
it,@ ,it~:a:<s. 34) 9=' NED ~li~* 9=' GPS ;J(~Ut~ ~:ff:bD~.It 

a."'·" = R n/b aan,,b = R .;b[am .. ,b + wg;n X dorr + wg;n X (wg;n X dorr )J (5 . 45) 
:a:9=' a.n,,b;li!:t!L~~* 9=' GPS 72~~ 89 fll!l:ff:bD~.It ,dorr = [ -1. 035 0 - o. 172Y :li!: GPS 
*~ffix-tm:.c.,{E~~ * 9=' ~w'£ilf4'£ . :a: <s. 44) !3:a: <s. 45) 9=' ~" x "tMVR.JOlL 

1!11f~ntt-~WL~~~*~~~:m~ru:a:<s . 23)!3:a:<s. 26)~V£ ,JttJ !ll-F~~ijtJt 
ft!3¥~~~Jttt-~WL~~~*~1i--F~~ij7Jtft:ff$%.~.{£·#~B~OO.PIE~ 

~~~ij7Jtft{£~--~9='-m6~B~M%.~B>t.ftffiR'£¥~~1Jtt-~WL~~~*~ 

11 lll-F~~ljtJtft~f:t)t~ff£-® 0 

1. f7J:!m1tR'£: .!:3 ;a:< s. 36) ~ J:t < s. 37) ~ tl:l ~ ~ ~ rliJ :1: ~ i!R ~ t1J. ~·~ ~ ~fJJ :tmt« 
ffi~ 0 

2. U~~JEt!J.~~~~R'£: Qcov !3:a: (5. 38)ffi ~ ,Rcov R'£j;} 
Rcov = 0. 0145 (5. 46) 

3. Bi#i!3~iE: ¥~~1Jit~WL~~~*~1i!ll-F~~ij7Jtft9=' .:a:<s. s)~:a:<s. IO)~ 
tl:l~Br~!3~iE~mt;;.~~•-*~fi . B#i~m.!3&~~~Jttt-~wc~~~*~1illl-F 

~~ljtJtft:Jt::$ , t;;. 50 Hz R$~fi .~rm~iE~mt;;. 10Hz 8$~fi .W:8$jg~j]tf-~* 
f-¥8$o k B>j~j ~?Jllj :1: ~ ti:l YA,o ;li!:~jJ if1l~ ~ §tL rliJ JH ~ :l:tft' ~ ~ FJflJltl :1: ~~:J;m5ft.Jt 
it• 

1/Jmag =:= arctan2 (- Hy,n- Hy,orr ) 
H,,n- Hx,off 

(5.47) 

:a: Jft H x,n .!:3 Hy,n :li!:*:it!!. NED~* pg }j(:lJZ-~ rliJ ?l:i;m5E\Jt?Jlll :l:{ft' H x,orr-!:3 H,,orr:li!:ffijj)z ~ilia'£ 
t« .~~ Eil xA*~9='1":1:~Et!~T-tt51 ~,PI t;J.iN:i:t®!~ /·~~iEfifft~ o JJ(:lJZ-~rliJ~tm 
s!ii 1t iN :i:t t;;. r ~:a:~~ ~{J ¥1J 

H •. n = H.cose+ Hy sin~ si n8 + H, cos~sin8 (5 . 48) 

Hy.n = H,cos~ - H, sin~ (5. 49) 
:a:!ft ,H"HY .!:3 H , ;li!:~j]if{Etft~~*9='8<Jl*:fm~ :l:fio _t~;a:J:j:l~ffl~f!X1}[Jh;li!:llli-



at~tl .11!~~ k-1 at~Ja<JJ!if«<. 

4.M%£if:~~~~--#a<Jtt~e~•-ra~~---Hffi~ . 

GPS ~---a<J7;1J~~JIMEI3:i\(5. 34 ) ~:i\(5. 35)~l:f:l, ""f[ti,g,~;tt1JB~~---H 

JYT ~ llit (I<]. fl 0 

l.~M~~·=~~~-~~~~~~m•a<J~M«<*~~T:it~l±l 

X 1,o = [A,.r cp,.r h,.r 0 0 0 0 0 OJT 

P 1.o = 19 

2. Pjpi~1f~m-~I: Qcov~ Rcov5fjjtl;:h 

(5. 50) 
( 5. 51) 

Qcov = diag{O ,0 ,0 ,0. 04 ,0. 04 ,0. 04 ,0. 8 X lo-s ,0. 8 X 10-s ,0. 8 X lo-s} (5. 52) 

Rcov = diag { ( l;O f X 10- IO , ( l~O f X 10- 10 ,4 ,0. 01,0. 01, 0. 025} (5. 53) 

3. Nrts~tltiE: l!ft:iifl :!m:i\C5. 5)-:J.:\(5. 10), ~;A 4Hz Jij!$~rr ,k at~Ja<J~t~ l:f:l 
Y1 .• 1i~.b'- GPS ~t&fJt~llit. 

4. {J§f%£if: GPS~tt-•a<Jr~-F~.*-·HJ!if;;$:1& NED~-a<J&I~·-M 
,@, ,GPS ~~{£;;$::!&NED~- pga<J&IIlJ~ ffi:J.:\(2. 22)~:i\(2. 23)~l:f:l a<J~t~~1~Jifft~, 

~A--~~(I<J;;$:1t!!,NED~-&I~it0C~~~:ii.b'-G~~~~a<J&I~it-~-ffW 

3\tl.iiZJI:U#ft~. &I~it-a<J£ifit$:i:5Jjg 4Hz. 
r1BBlii~ ,7f2t~~ MEMS a<J~tt#~H-ft(t&~-1-JJ.~jjUittta<JfiiJili .~jjlj~ft~;J 

*ttBta<JJ.iilffl.~··•r*~1-~tB.a<JI~MOO . d•*•ttB.~W-7fBJt~1f 
ooa<JI~ .3m~~7;1JJJ~ltm ,:iifl~X!II.mllj,atJJ1f~m•~~. t;Alk*11u~~~~~tltiE . 

ammrrT$~:t&oo~~.W~k~m%*•1f•a<J3\t$~~•tt·*~•~-~A~ 

ft~tta<J~~~-. "W:~~~tft~~Jlitjgff~if:bDJJt IE.lL*~tlt !l9 8<J ±-0~, :!!D 00 5. 2 
JYT~ ,®R.\~~R.\~-€t, WJ~~A1r3H!L HeLion ~ SheLion ~ fm{E!j\~$a<JFoOO, l$~1j\ 
~$a<JFoll, ~fJ!*~lii GPS ~t&fJt~l&JIJB<JM% . 

;;$:~~~9=' ,SheLion ~4-a<J~ MNAV, HeLion ~4-a<J~~ttBB<Jifti £~ GPS .!!IJ 
AA~•~•• NAV42o[lJZ] .m~•~ ,mit. ~~:iiW r:p, 1j\~* a<Jrr!Jtit•iE 4~8m/s 

MOO pg ,{E-@3(:~t:J ~lllfitJtW~ ,J!f-f-1-:iiWM~'J\~A1r7tfJt~~a<J~AA1:f**i->i, 
~-~~~M-a<Jmm .~:iiW*!0:re~ 8~9min . 

~~~--§.tiS SheLion k MNAV .!:3 HeLion k NAV420 (~<];;$::!&NED ~-ULI,it 
• ,«Xt\liH ,jij it$lllfJtf*~-1JDit. ,:!zOOO 5. 2~ 00 5. 6 JYT~, ,g,f*k, WJ1-#~1!i:lta<J~
~;;$:-¥X, ~ NAV 420 (I<]~. ;:h.~, 00 5. 2 ~ 00 5. 6 Jli ~(I<] WJ • .ljl-l1] ili8 ~ * jjtl ;:h 2. 5m, 

67 
;At-



0. 5m/ s,O . 02 5rad (1. 5o) ,0 . 005rad/ s( O. 3° / s) ,0 . 05m/ s2 . ~~?t ,f~ ~~5!Rffifi<J MNAV tEJ:iii 
19: 8<J I f'F Bt fBJ 1*1 11 fl~ ~~ 1ir ~fa 

sc ···~~ -J · · ·· · ·· · ···· · · · !· ·· · · · · · · ··· · ··· ·1 ······ · ·· ·· · ·· · ···1· · · · · ··· · ····· ·· · · 1 · · · ··· · ··· · ··· ·· ··! · · · · ··· · ··· · ··· · ·~~ ~-:~~~ 
0 I 00 200 300 400 500 600 700 800 

~ t .. =.j · ~:~ ... :,· ~ ... ·j ·· · .. . t~;j~~· ·· ·· . ·t~~t~.j 
~ -:~~~~ 

0 I 00 200 300 400 500 600 700 800 
Time(s) 

*~Nru•~m•~~~A~~M-~£~oo~~~~~m•~.~~~~m~~ 

~*'71~ ,x;f NAV420 Ej MNAV *ijj::i:1J~O .llto f\ - 1J00, NED -~)£}j(lYJ1J :S:{~U9:~ $(:~, 

m-1-:i:f~UIWJ iH~HI.ttffo m-1-~~:i:f~ !=f, M A V ftiitfi<J IKXm::iH 1U~li.fD, !=5 NA V420 fi<J~IJ 

:l: ffiA-'¥7E~!l!% o 

~~jj~!=f, w-1~:7C.A.tll~J$(:Z9JtJll;.,( '/ir~~]£ ( 1850r/ min) B<J 60 % iliff, llJ l;.,(lf :±l, Jm 
:iif~ ~~5Etffi, 11&Z9J::k~WiJJ[ :&~, ;J\-F 1f: ~ A!Xijj%f llJ l;.,( lff!Ji~ :fiF~ B<J -T:tlt, !OC1lf~fft :1-1 ~ 

ilJF "\S 1f ~ ~ !=f 8<J II$ JXl -T :tit, N A V 420 .!::j MN A V UtE ![X t"L ;iH Ej ;iH ]£ Jj[ i=f ffHifH ~ ic 'F T J! ~ 
T:tit o 
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6.1 sir:; 

~•••*m~*~~•tt*~*~fi~-~-.~~~M•&~~fiB~fi~h~ 
1'ij=tt~fi~~~. Ell>\ 20 tJ:tgc 90 1f:f-~11LJtiHfM!,Bt£:ff~Tit$~1]\~xA:Iif0l~fift~ 

~-=r~h~m~;flt*~If'F ·* JUi!ir¥:Fim~:1f7! [ 33 . 69 .1 42 ] ~1lf * m1JhJl.:1f7![30 .I OO .l24.1 65] * 
~~ T -®*~ ,f&rm, W::1filfi~MJl.If'FkE:tlrfJJfi& 1lf1 ~, 1]\~:XAtd[J! ~fift~h ~m~ 
~±~m~~rOJ~ :!nrf 0 

1. m~:1fr!~, ~~~:Fim~~~-17HJt:1fr! B ~~ ®~:9Jjjizffl .Jt!~!l!f<!fflp;q1!fz
ti5~k-(~~*m:~E~~-=r-E:!.~ P>J~~~ ~M-IlT 1~fli¥J~~ 0 JI~__t. ~r¥:zts:JH::Fimil.~~~ 

~tt~~JjizW:M-~fi-E:!~I*J~~-·f'FA,f&rm~~~~-~.~~--~ilfi~~fi~

fim~~~t£•/fl*JT &~iflil~~~~#iJ~~4.~h~~fi; J3 - 1foo. ~mmiR1fr!~~ 'lit 
~ffl-TM~ili#~¥®.f'FA~~~m:~~~~fi-E:!~I*J~-~~tt~~.~-·*m:IE~~ 

fi-E:!~.•~~$~~fi~#~/fl*JT•~m~If'F,&r&~-®~~••~•m~~fi~m 

t5r. ~ ,flm*~H1Utm~tf~~/fllTfllii¥J .w:~:1fr!~•-*Ji 'lit~~~Wt [ l23 ] 0 

2. ~#ii#JJ )E: Wfj2\;~~~~~#il1l~tk:)E~~~-T~h~~~ ~ ~~fl~~-11' f§tj 
~.~.Y8)Eff~#~.m~Mfi~~~~·±td[X~W·~~ o ~*:ii'il.~h~~~~§ 

~~~T*fi~fi~-·~~.u~••~~llJt;_(fflp;q~~~m~~-llfl•~:1ffim~.rm 

/f &,*ffl )CifK[80] Jti)(~-llfl~#il 0 

3.~fim~,w:~~&ft~~~~I¥JilTm~tt.~B~•)E~~~~#il•m~*oB 

r&.Mr~~~~~~#il~~~~t;_(tf~/fflliM•m~w~*~fi.rmM-T~Jt!~~~~#il 

&~~~m~~~o ilJf&k-(__tilfi~td[J!W•~f§tJ .~o:W:*:M!td[J!W•~h~~~ .11~~ W:B~ 

1'ij=tt~Af:UHIJ T1ifl-mm~~h~~ .~• .wr~~~~~fi{fjRz19J.Jti~)( .~~~~~&/ffl• 0 

:zfs:l?i:h 00~1]\~:XAtd[J! ~fift~--~jG~ ~:it~Mfi o £~~~. 6. 2 11t£ ili
~~~fifl\~~fl~~~~#il ···~fi~~J-~itWf&\~~~--~~}J~1'ij=tt; 6. 3 -;lfj( 
.lffl~}jizi¥J~~~#il .M'L'~~tl T -~1itt:mtfi, ~-~~~ T ~:FI:it~~ *mmiR1ir! •• 
)E~B~*~~~fi; f&ffi 6 . 4-;l~:;k7[!E~~-T-E:l.~l*1*fi~~B<JBt~•YE,f*i1E~~'T~ 

h~~~ ~ll]' {~fl; lfiffi '6. 5 -;l.)EJYT~lliti¥J ~~-T~ h ~~~ I¥J~~'T-E!~ '~*~'T~~'T~ 



~~I~~~~§~~~~~~~~~~*~*~*~OO~rr§~~~h~~tt~~ 

~~~.tl(Jit~~.ftfmkj£*moo 6.1 tta~~~~~tt~~L§1\Sim1-:*tt'll!S5t: tJL1*jg~ 

~~tt ,m1*~n~~tt ,~tifEfl~~~.n~~tt ,r*~~ ~-mAAfH :i!$& i!Jf~it'J=H~~ 
~tt. w:~rr~iJ~~~A:fl:!iVJ\~~Jt~~.~.§* 1s-t-~~1e:m--'=:i 41-~it'J~.A .. ~, 
~{£~ 6. 1 9:t 0 

6ped 

~ . 
P. = (x. Yn z.) T 

Vb = (u v w) T 

,J,,.=(p q r) T 

~.o . .p 

8'pecl.int 

Vw;nc~ 

fflf* 
i>!JtJ"1: 

mg 

I L ____________ _j 

:2$::1!!! ED~ Jd:i'L'lt (P] :tit 

t1L f-*qll! *' it ll (P] :11: 
tfl.f*~J:fl'lit.lliP.I 

®:nr1fl 
±ftEJt~nt-M-~-fl'l 

~~jfjit$&~~~~~$~~~-

t;Jil'i!Ht~i'IH~ktfJI.~A< - 1,1) 
~~ft-of.J{l\lktfJI.~A<-1,1) 

t;Ji~ft,(.t.flekttfl.~ A< - 1, 1) 
f,J; ~it ::ti IP.I kt t1L ~A < - 1. 1) 

b"ped,int 

vb 

P. 

a,,b, 

• {tL 

m 

m/ s 

rad / s 

rad 

rad 
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m~~~~Mtt~~*~Nrn•~~m~-~~~ffi~••~-~.~••2 •~ 

tl:l ~?HJTfl-'if!PT~-1L t£fl-'if!:i1~9=' ,fEH9:*~ NED -~~·imtt~ ,if llxAtifEJ!~~i~~ 
fJL~ NED -~~Jt)jffl]ffili'IJ ,:;f1t o 

xtr••~~ .~•:rtc2. 9) ,:r-\:(2. 32)~:r.\:C2. 39) ,1f 

Pn = vn = Rn;bV b 

, [C0 C~ S~S0 C~- C;S~ 

R n/b = Co S~ S~So S~ + c,c~ 
-So S; Co 

Jt9=' s . =sin(*) ,c . =cos(*) o 
xtr1ifE-~~ .~•:rtc2. 36)~:r.\: C 2. 38) ,1f 

IJ = s-1 Cll~/ n 

"' :rt 9='~1U~,1t¥rc9a!ll$ s- 1 El3 :rt c2. 38) ~ tl:l .m~~ 

C; So C~ + s,s~l 
c; s0 s~ - s,c~ 

C;Co 

[

1 s incptan8 cos</>tan8 l 
s-1 = 0 coscp - sincp 

0 sincp I cos8 coscp I cos8 

(6. 1) 

(6. 2) 

(6 . 3) 

(6.4) 

~~, El3 r.llt~~~~~fJ-EJ.~ EI31Utm 1ir~m~~fPm.JtZ ,e= ± 9o o :;f~ tl:l ~. IZ5l.llt3!£ 
N1f ~fflllY:lG~*:it:rt o 

*~ 9='N1f~ffli!f$~4.~JJ~?tffT9='1ir ffl ~ lXI.•*tj ~, ?&ffil, 1Xll£1f:;f~f'a ~, ~ 
4.~JJit;JJ:!J6,:;fPJ :9~1Z51~ o ff¥'Hk:!f}~~tEJXll£12:~i1JffL~*tj~ 9=', r~ ,1f 

U wtnd 

V wind = Vwind (6. 5) 

Wwind 

U 8 U - Uwind 

v. = v. V- Vwind (6 . 6) 

W 8 w - Wwind 

1i7!- fJLfJL~~ :t\ § El31l~tl~~JJ~Mtt~•*~ NED -~:1g'i1J!tt~~iNi9:-'if!tl:l, PI 
!;_( El3 "F~4~ - W\til1r~Wi~ 



V. b X v + F b + Fb,R b = - CI.Ib/n b - -
m m 

Ol~;n = r 1 
[Mb - Cl.l~;n X (JCI.I~; n )] 

j.\~" X "~~~1-rli:J:I:B<.JJOJ@ ,m ~1rfHJLB<J19t:l: 

-mgsin8 

Fb,g = mgsin¢cos8 

mgcos¢cos8 

(6. 7) 

(6.8) 

(6. 9) 

~:J:j] !Je :I: {EfJI.-f*~li'f-* ~ 8<11:2:~ ,I= diag { I xx , I yy , I .. } ~'mttt~~ ~ Ctl:~, x-1"-T J't.:fl'W. 
rli:lx-t•ooB<J•~1r~m.~'mttt~~~~~~•~*B<l~•••~·~~~••=£w•• 

Fb = Y mr + Yrus + Ytr + Y v£ 

Zm, + Zrus + Zhr 
Lmr +Lv~ + L" 

M b = Mmr +Mhr 
Nm, +Nv~ +N" 

(6. 10) 

( 6. 11) 

j.\ ~ C • ) mr , c • ) " , C • ) ru" c • ) vr- c • ) dH3rH-t ~ 1r ~ m 8<1 ~ 1ifE Jl , ~ ~ , m ~ , * 1r ~ ~ , 
7)(-f-~~ ''tff]:;lik~i;fjj] !3~i9Jj]~B<Jli -t~~~ ,ffililZJ& 'llJ ~fEn .!::3 JJ~?t~li~ : 

1. ~tifEJ'lj] .!:5j]~: Xmr ,Ymr ,Zmr ,Lmr ,Mmr ,Nmr o 
2. ~~JJ.!:5JJ~: Y,,,L",N,,o 
3. fJL~iJ: Xru. ,Yru. ,Zruso 
4. *1r~~iJ!3iJ~: Yv~>Lv~ ,Nv~o 

5. 7)(-f-~~iJ!3iJ~: Zh~>Mhro 

"Foo .~~¥-rx~[s1 J B<J~it~ ·•fF-®;J\PJci9J. w~~~J:~~n!3JJ~B<Jit• 0 

6. 2. 2. 1 ± 14EJI1J .!§ 1J ~ 

~:tifE•~~JJB<J~~.~~~B<JJJ!3n~llJ~iE~~~~~"F¥r~AB<Ji9J:I:~~~ 

• . :tmxitR[93]f!f~, i9J:I:~~~~ m~f*~~!3 .~,tllJJ ~:W$8<1-#:fl~B<.J~f.U?tffi::n 

#;;, !3~fi18<J:ktl:,~ ,j] oo~~~tifE-~j]$ ,ffi-~ o 

~C 00 6. 2 Elf~ ,~ ~:tifEJltlriJ it• B<J1f~OO, iHJJ 83 H effl ey {£)CitR[81 ] ~!£ill , *6tt 
-~PJ!:~.~mlilZ~~XA1r~fJLB<J~ft~JJ $o ·~-Mft~~tt~-~~~.B·:fl~ 

-~~:tifEJ'l B<Jft~ ,jf:Jl~~-f-;kljt~: .±tifEJ'ltlliJ Tmr !3-m~~fl Vi , mr 'tk~l&~ '?j-§3~ 83 
""fj.\ffit±J 

pD mrR~, C10 ,mr bmrCmr 
T mr = ( W bi, mr - V i,mr) 

4 I 

(6. 12) 

2 = (v~, )2 + (~)2 

_ 11~, 
v,, m, 2 2pn:R~, 2 (6. 13) 

( 6. 14) 
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(6. 15) 

(6. 16) 

Bee!= K,.,8eel + Beel,o (6.17) 

!tr:f p 1>J;;f;::t&:2~W JJt .am, 1>J .£tdEJl~~ ,Rm, 1>J .£tdEJ!~ii$~, c,.,..,. 1>J .£tdEJl~!Jf-ff- j] 

Ill!~~* ,bm,j;J~!Jf-1!: § 'Cm, j;J~!Jf-~ * ,Wbi .m, j;J~!Jf- I'J9{$* [tij :2~ 'V~, j;Jt'[j] IT-:i:t~ rf 
I'J9 rf i'BJ ~:fi, W,, m,~~Ji I'J9 {$* rtJ :2 ~ (tJ: ~, ~J]i! *~ .£:fdE -~~:ffJ a, Ej b, , :J1J. :t£:2!C:$: )§' 

00 i$:li£) ,Bee! 1>J .£:fdEJ!~ IJf- 1'19 ,~,Jle::ffl o J.ilZ~r£~ 1'19 ~' ,~,Jle:tJ'tfJL{i :ffl 8ee1lJ I~ Bee! 1'19 ~{t ''tfil 
Zi'BJ 1>J~tt~-ft:X:.¥, ltJ ~Jij ltf9iJ ~ T Keel Ej ,~,Jle::ffl fift :li: Beei,o ~:li£ o 

tl:~, t£...t.:li£trJJ::l:t~ r:f, #~t:f!Gfll 1'19x.A1If!-fJL, ~ !Jf-fH~:ffl (B,w) --'=.i~ ~fljii~:ffl (i, ) 

:t!sjj;J 0' ~Jit_t;l£~:JtA rfJf* ttl ~:l!JWJ]i!; {Eff~lS~T~flj:'"f • _t;l£~ f"t0:x:\,~, ~,M. T m, 

--'=.i v;,m,I'I9DC.lJZ{il7f:MitrJJ:; :ftH~::t~ [8 1 ] 1'19~~~~, 4~Hx?IEJJit~~f"t 10 ?X,~ f*iJE/t 
~~®:~o 

.£tdEW~~B9JJt£m~~~*r:f~*•tr~~r 

Lm, = (Kp + Tm,Hm, )sinb, 

M m, = (K p + T m, H m, )sina, 

( 6. 19) 

(6 . 20) 

Nm, = - P m, / Q m, (6. 21) 

:it rf K p ~.£:fdEJ!;ff~5!ti1t .¥!!:, H..,. ~.£tdEJ!~~{£1Iff-fJL1fi>C.' ...t.::tf 1'19fftft, P m• ~'~' :W 

~ ,j;j rmms*Z.lll , ·EHi5.£tdEJ!Jl~:W*E Pp, ,.£:fdEJl131HF:9J~ P;, ~~:91~ P""lll ~f!-:91~ 

P, ,-!F.:tt~ 

P; = T mrVi,mr 

(6.22) 

(6 . 23) 

(6.24) 

(6 . 25) 

(6 .26 ) 



A(6. 23) q:t ,Crn~~UfEW~JttiDlJJ *tLA<6. 25) q:t Xru.-Yru.l3 Zru. ~ffL~IDIJJ ,:(£"""f)Ci.t~ o 

6. 2. 2. 2 ~!l:h l:ff :7J 9ie 

~ ~ t= !:t 1'J<J til .1J 11£ i!!i .3:: tifEW x>t tJL ~ t= 1:.1'J<J .1J ~ , l3 .3:: 1ifE W ffi {P..( , ~ ~til .1J T,, l3 Jt -l.J§ ~ 

i!It vi." "ilJ ~~ffl_t~-t1X.tlj~B<J~ft0Jturfi"tt~, ret~~~~ Jt I'J<JR •HIVJ\, INJlt;lt~ 
·ili~B<J-~"ilJ~···~ft~--~~~ 

2 = (0;, )2 + (~)
2 

_ v~, 
v,, " 2 2 R2 2 prc " 

v;, = (w. + qD") 2 + u! + w,,"(w,,"- 2vi,") 

w,," = v.- rD" +pH" 

(6. 27) 

(6.28) 

(6. 29) 

(6.30) 

(6. 31) 

ep.d = K ped 8p.d + eped.o <6. 32) 

Ar:f:t il"~~~~)!,R"~~m:¥-~,C, •. "~Ift Jtf!-j] HIJ~~$,b"~~ Jt~ § , c"~~ Jt~ 

* ,wb'·"~~ Jt I'J<J~¥rP12:i! ,v~, ~~{-ti:tm r:f:t I'J<J r:p i'BJ~it ,D,,~~~~~:t£1Iff-f1Lm>C.'§ 
1fl'f<Jlli1t ,w,," ~~m:B<J~¥flil :2:1!, H"~~~:(£1Ifl-f1Lm>C.,_t)fi'J<j{.fl1t ,Oped ~~~~ Jt 

,g, H£ ffl 0 l3 .3:: 1ifE w ~ 1t ffi ftt , o ped l31f rP1 m m iliU ffl 8 ped ~ ~ fi :X:* , .mtt f9iJ IN -r K ped l3 iliU 1t 
eped,o *~ 0 ~tt:l:, :«o oo 6. 1 Fffffi, El3 riliUM::ffl i!$& 1llH~$!J ~ B<Jif:t£, Jlt6lt~ fi:.k* r:r B<J 

~A~ 8 ped ffil~~ O'ped o 

El3 -r ~;ty m~~B<J~•ili~, INJltJtJ=tt=!:tmf*~* r:r Y ~1frP1 B<J?tJJ, i.t~:«o"F 
Y " =- T,, (6. 33) 

)>\_t OOrPJ"F~, Raptor 90 SE 1If!-tfL.3::1tEJ!JIID!EJ;f#~~, IN Jltrti:*-15 rp tfLf*~lif-* I'J<JJ£5C 
y" ill ~ :fJ!.{il 0 

_t~~~.1JF!EW31-.1J~,-tf!M~ L,, Ej N,,o ~-1-fi~EI3~~~~l31Iff-f1Lm>C.'¥ 
1I1f rPJ _t I'J<J lliftiliU~ 51®, ~=1-JJ~fft Jlf11£il!i .3::1ifEWX>ttJL~ F!:t I'J<J .1J ~ Nrn, o Bfl1 El3 "F 
A ?t j}IJ ~ l±l 

L" = Y" H " and N" = - Y"D" (6. 34) 

6. 2. 2. 3 m~~11:n 

~n-~w r:r .m~r=1:.m =~i*~1f [OJ 1¥1IDIJJ, m~~m r:r, Rfn;ty m.3::1ifEW "F?Jt;mt B<J 
.P(iij .tta~¥1Il3Jj(.lf)f[P]_tB<JIDi.1J 0 

;j(.lf}j[PJ_t,j::tifEW"""f?Jt;mt•2:J!JtJ: U a l3 V a {ljij~,~ U a !lX; V , lj\Ti.J§~J!It Vi,rnrEJit, 
~~;ty m"F?Jt;mtf.liU~ I'J<J·~; ~ u. !lX: v. mi:t Vj,mr EJ;j" '"F?Jt;mtf.liU~~It:k' "F?Jt;mt I'J<J. ~ ;f{J X>j 

~~, ey~••o -r~, ey ~rem:!'t~-1$~--t-=£-~t~m.lf:f& ,JtmJJ"ili ~.m=?X1ffi*ffi 0 

IN lit , * .lf 1f rP1 _t B<J m :!it mJJ J£ 5I.. :«o "F 
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if I U a I ~ Vi ,mr 

(6.35) 

if I U a I > V i,mr 

if I Va I~ V i,mr 

(6.36) 

if I Va I > Vi , mr 

J:t 9'1 Srx.!=i Sry?HJIJ :1-Jt!L.f* X ~Ej Y ~:1f rPJ 89:ff5&1m.JJ OOtR o 
~ 11:/J rliJ _t , tiL :!it 1m~ 6ll: -T ± 1ifE J! 89 ""f iJt fm 9'1 , ~ .tit '!H1 f!H1t:- 89 =?X 1J W tta )t W::/J rliJ 

_t 89!m_j] Zru, 

Zrus =- £_Sr. ( w . - V i,mr) I w . - Vi,mr I 
2 

(6.37) 

J:t 9'1 Sr. :1-J tiL 1* Z ~ 1J rPl 89 :ff 5& 1m. JJ 00 fJt • 
~rtn.:!ittn.~~~89~•tt.~~~89nma•m~.~.tlt~~fi~n~ca9=t&:ff~ 

A Efi189~P~ o 

6. 2. 2. 4 ¥1UI~JJ~1J~ 

~ 1l ~ ~ C 9l:1U£ 00) 89 ± ~ :91 ~~ R :i1 ~ ~ {)]~ rPJ j] ~ :bD tliUtt: ~ Z9J 89li ~ tt , X;f W: 1J!tl rPJ 

j] 89i.t;« '~~l±~ ~ ""f =.~: 

1. ~*~'J,a!l7ttn._t89~1l~~-· R:ff 2~3mm J¥,fft!OO:X*~·~1:891J!~rliJJJ 
1]\ JIJ "i1J ~ ?&. ~ 0 

2. ~1l~~89:*~&ft~~~*:t&tltrliJ~l! vv1 .-T~~J(.-1'-~~ ;..umJR~~~~ 

!JS~~~89~fm9=J ,)..r= l :1-J~,)..r=O :1-J~ o 

3. ~~~ J!t~l!tiil5L, f!P1J!~ rliJ JJ l!ifi#:r&:fH 89~:bD ffiJ~;J' o ilffi:W-:r&:fH as~ l.iYRM~~~~ 

••~~.~~w•~**tltrliJ~l!~m.!=i•rliJ~l!~mz~ o ~~l!•#""F.a•~rliJJJ 
R~~1lr~~89~ffi5l® o 

• 

~""f * ,X;f~!l~~~1:891J!~ rliJj]Jtl:fii.t• .~J(**tltrliJ ~)! v.r:1-J 

(6.38) 

J:t 9'1 D.r :1-J~1l~ ~~1l 3tt!L!fi>C., Fo:/J 89{iL Jt, ~1)!~ rPJ JJ ~ ""fJ:t~ tf:l 

{

- ; c, •.• rSv(Vvf I u. I ' if I ::1 I ~ tanast 

y - (6.39) 

vi - - _f_S.1vv1 I Vvf I , if I v.r I> tana" (~)!) 
2 u. 

J:t 9'1 C, •. vl :1-JJt JJ 8B ~*4$, S.r :1-J OOfJt o 
Ej~~;f§{ll( .~·!l~~Yif#t!L-f*!ftll* X Ej Y !ftii?HJIJ ~~ WJ-1'- JJm?t:ll L .r.!=i N .r , ~ ""f 

J:t~tfj 

L.r = Y .r H.r and N v1 =- Y .r D.r (6.40) 

J:t 9'1 H .r :1-J ~ 1UI ~ ~ 1I 3t tiL !I> C.' _t jj 89 tiL !L 



6.2.2.5 *.lfLt1~1Jl31J~ 

~**.if~ ~~1.1 7 ~ilf.JfilJJg;IJf£1j!;t9i7'~ 89~~11:, Jtt'~ 8911 89i-tJrl3 ~:K~ ~~F 
'lit ;f§ {~ , CD El3 Jt 1" ~ 8911 Jj\ ~J ItT~ ?4 PJl ; @ X1 T H eLi on !3 SheLion * iJt , 7}( .if~~%~ JJ 
At:tE.:ttitEJl89Ti*rm 9=' ,:tJ:i-t~;zJc:lt!l.~:K:/JrliJ ~it whr atm~tl:~.tltA\; ®Jt: J3.EI3 -TJJ(.if~ 
~!3~:K~~89R. -t ,~~~~F'Iit ;.fiHPL f§Jlt7}(.1f~~~lffi:W-J.&jij a,, -tf:!.l3~:K-~;.f{J IRJ . R 
ff] ~ 5I.. whr 1.1 

(6.41) 

(6.42) 

j.\ 9=' C l •. hr 1.!71-11 !It!~~$, Shr 1.!00fft o :1«!5, El3 Zhrt'~ 8911 ~!£1j!; 71: OO!£~J 89ilf.JfilJjg ;/J 
~~tt.Jt:J3.i-t~~~~T 

(6.43) 

::k$~:X~lt!itrt:K7!-t!LC~Il Raptor 90 SE):J«f7]1J 3D ~tt~q-Tffiliitt o jij)!$;/J~ 
~'fi ,-tf:!.¥t~)>A. Blat (~ B1on ) ~Jjij)!$ p(~ q) 89;/J~:k* '~tJL~~;IJ11Jtftl3 J::fitEJ(~-jg 

;tJ1H!;m-fr89~* .m!H1H~89*~-~W1$:~:>c~c 4o ,8o, 18oJ, ~ltit:krtteX!3m~m-ft~tt 
89itHtB nLiiL 

_:EfitEJ(fitE~.if0089·~-~~--~~_:EfitEJ(-~!3~~89~-jg;IJ,-tf:!.¥t~~~~ 

•.1foo~•;~J11~ o •~m~.~~ffA•~&~x~~itrt:K71-tJL89~~~~.:tE~~~ 

•.1foo~•Jg;~J9='&Mm~jij~ o :tER~~~~I~9='.B~~*7~-•~~~.mreJt 

-~-A~7:EtitEJltitE~.ifOO~-Jg;IJI:j:r,~#-~8911JftttB~·W$~~89~~-~ 

&iiE19'1 .~11:)(~[33' 123' 124] 0 

6. 2. 3. 1 ft:iEffl;IJ .~~tt 

~1100 6. 3 &JR .~~ffEI3 -#t~liliffl3MJ::L!~-~ -!J\~~~;IJ11*0089~lU4~J:tm~, 

~~xm~••*j.\••~•~.:tttex•~.lti~••~•=~tte• o ~r~a:K7t-m* 
-m ,jt~;zJc~~~:ft5!R:K71-tJL 89;/J~~~ft C~-¥;/JitJrtft), IRJ Bt~Y~JXI.l3~rm-T?Jt 89 

-~0 
~~ff~~~-.1f0089-~!3~~~~jij7HlU~5!..1J c, !3d, .~ll:>c~[123]&1t-m ,)>A. 

~~ff~M~~~Jt~-jij89~-;IJ~~ttltJ~fflM~-~~*1JWM~ 

. 1 + Cion ~ c, = - q - - c, -ulon (6.44) 
r ,b r ,b 

(6. 45) 
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A'fl C,on <~ D,.,HH~~ffW. rEJ <~~[E) >f.l:IWElt:Re~JittJL~A o,." <~ o,.J ~ ltffi .r.b~~~ 
ff~-~~ ~(J;jfEij')jtf£ .~5(11 

(6. 46) 

(6. 47) 

~!I! c.b~~~ff~Jt ~ 5~ K, c,., ,dH~ ~ ff ~ Jt 7t- j] fill tlU4 $, R.b.out ~ R.b. in ~~ ~ ff ~ 
7'~ ,P>J~Kll, Ip .• b~~~ffm.:E%EJi~%E~~m~~~'lmil: o ffi~~tl::f:~~, IE =fx~~ 
aa~:a:~m~M~.w.rE1~~rE1~•~~~m~m~•~ o 

6. 2. 3. 2 .±MEJI~~*¥11 

~~~ffffilt,.:E%EJi~~-~h$~-~~~.~~~~~~OO~W.rE1~~rEJ~-~ 

?HJIJ ~5(1J a, ~ b, .~~~;ffffi{~ ,h\.:E%EXf.i:IWB£Rei!J~:f¥-~ ~:f¥-~JJ$1'iJ !V.ffl~ 

-t-m~~-~m"~?t:tn~fta~ 

a, = - q - _!_a,+ Ab b, + __!__8,,,,. 
Tmr 

5 
T mr 

5 
(6 . 48) 

. 1 1 
b, =- p + B., a,- -b, + -8cyc.bs 

r mr r mr 
(6.49) 

A'fl~$~fl~o"'f : 

1. rmr ~.:EJifEJi ~ -~ ~ ~ (J;j fBJ 1iffl' IE =fA~~.~ ii1U ~' -w: B;f fEij 1iffl 8<J if~~ 
:a:<6. 46)~ Elf/f!WJ . ~imx~[8o] ~Wi~ ,Jff~ffi~f~iE1J 

(6 . 50) 

(6 . 51) 

4-~.:E%EJi~~m.:t:%EJi•%E~~~~-il: o 

2. 8cyc,as ~ 8cyc . bs~.:£ JifEJ(~~~~ fOJ ~~ rEJ f.i:IWF~Re~ 'IE "'fAif;)l: 
(6. 52) 



Bcyc,b, = Blat 8lat + K,bds (6, 53) 
j.\ (6. 52) ;fllj.\(6. 53) *l!ij 7~~fDf jJifEJi~~Jg ZjfJ B9~ ifnJ, l!P .:EtifEJli'J<J ,mJ WE~Re:ffl E8 ~ 
m~ .A o~ § § Zjfjf~~JJ.~ ) .!:3 ~~ff- ~ :f*•:ffl ;J:t: IRJ Jm ZjfJ, ~~fPim:li .m ~ -~:f1Jt&il-~:a:m 
~_t~JJII. <:tm 00 6. 3 FJTJR) o ~#Deft "ilJ ~ il: .:EtifEJlJ;t B>t nil!! Ell 1l ~ * § § Zjfjf~ ~~ I'J<J f~ 
~~fP, IRJB>t lA~~ff I'J<J~~JgijfJ ~~WL~ I'J<J~~~'I~L lftJl) Jn ~ - ~:f1Jtl!il-~liff-lf 
~-"ili~~~~~B9.:ttifEJl:f*•ntnJElZ:i!~ o ~~B<J.m~ -~:f1Jmil-~~m~~ ~~• 

tl(: Alon((}cyc,as .!:3 8lon i'J<J ft) ,BJat( (}cyc, bs.!:3 8lat ~ ft);fll K,b(.:£JifEJl,ffljW:J~Rf!:(fl.!:3~~;jf:f*~Jfl 

zltL 
3. A b, .!:3 B • .f~*#A [t] $-jgijfJ .!:3 t1t rliJ ~~jg ZjfJ fiij B9 ~i;-~E\Z, ~0 )C~ [123] FJfj:£, jt 

J:!l!~*:l;5j.\:1g 

(6. 54) 

?1.\rm ,j.\(6. 54) B9tt~~*im 11t .!:3im:li~~~fi~~~llitB<Jtlcf.il:Jf~-3~L x~:Mr~R 
~~~~UtifEJl~fi~*~·•m~®~X~il-~E\Zm~~~Zjfjh~*fi~·Am~ttB9 

~~z-o:a:~•r*~·•••~fi~atlc•*-~lftJmJttlcf.ilo 

¥m~lli.:t~•*~%mB9:f*•ijfJh~mm.~¥re..too~m~~~~~oo•~Zjfjh 

~mmttc~OOim~~Willil-¥U-®: 

1. ~fj.\(6. 48).!:3j.\C6. 49)*fitll1Hft:ltlr~~.~~ a, Cs).!:3 b, (s); 
2. ~;fj.\(6. 44).!:3j.\(6 . 45)*fitft-f-tlLWT~~ .~~ c, (s).!:3 d, (s); 
3. a c,(s).!:3 d, (s)f-~.A a, (s).!:3 b,(s)I'J<J*:J6j.\; 

4. ~;fill-fl-*:J6j.\*1T~1SJ: -'llftftW'f~~ • Jf %{, ~ P ,q ,8Jat '8 lon 1}9 ;j:§ !fc:!W o 
%mB9.:£1ifEX*~:f*~Zjfjh~CU~~ 

• =- Tm, + K,b Tsb _ 1 + Tm,Ab, b + Alon + K,b Clon ~ 
a, + q + a , + , + Uion 

Tmr Tsb Trnr ! sb Tmr Tsb T mr Tsb 

b = - Tm,+ K sbTsb p + Tm, Ba, _ 1 b + Blat+ K,bDlat~ 
, + + a, + , + u 1" 

T mr Tsb Tmr ! sb T mr Tsb Tmr l sb 

(6. 55) 

(6.56) 

~no .x~ Ef!~rt il :Jtt!L~iliU!VtJgijfJ~1!iJJ~~¥ ttJ.J ,11Hf~6~tt ~ IOJ~, tN ::hi\iUfVtjg 
ijtJ:M•fPmJt••·~*A~•~rt~ . ~-r~n~-m•.~•§nuFJT~B9"iliMB:ft1l:Jt 
t!Lt:£m~~ 7 M rtJ i.IJ1~ Chead-lock ) ~ 11, E8 - ~iliUAA:ffl:i! $ W~ - .!:3 -~ & -t1!:ft1!iiJ ~ill 
•• ~~Q~fPA~:MiliUM:ffl:i!$.!:3 AA~iB9~fPmm o J:!I!·M~~.~UxA:tifEJl~fi~ 

¥~Ell~*~~-'lm* ,ff!.im 'iit~'lm*~f* m ,-fil! -r~:JN.-¥Zjfj•fP~fJt 0 tN .t1t .t~:ftfn B9m 
U 9=' E\Z~'JI.A iliUM:ffl:i!$& -t1!:ftittJ ff ~Zjfj~~tt o 
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ilUtc :ffJ il $ & 1~HQ $JJ ff 89 I fP ;fg 00 l!VR tE 00 6. 4 r:f , ~ W. ff ~A ftl% aped :ii it--1'- It 
f9iJ t& ::k ftJ. ~:ill: ff t& ::k , il ~ :1>1 K . , ~ m .!:3 ilUit :ffJ il $ W~ tt iJliJ :±l 89 iltU ilL :ffJ il $ & ~ tl1 r It~ , 

~iltil!1ffi%J!A-ittAA1Q11i1Jff,~~R!~NtfJI.iltil~ffi% 8 ped. :t(~t£ HeLion ~ SheLion _t 
89iltiliit:ffJ il$& ~1Q$1Jffffi IRJ ,jf .§. iA:1-J~ PI :f~~:@, jt~~t;ffi~VR :1>1 

(6.57) 

A * K p .!:3 K I :1>1 1Q $JJ :@ 89 It {91J ;fO ;m ?tJt ~ 0 ~ )( - -1'-* i'BJ :!* ~ 1t ::1: aped, int :1>1 _t i£ iltU !1 ffi% 
89lR?t. ~~_tJ:£~~~e~•~~~~:1>1~~89:1*~~~~· 

i!M:ffl i!¥ 
&'~H~I!itJ~ 

L--------- --- --------~ 

(6.58) 

(6. 59) 

L.i£1m'J\11 -§:~T xAftEJl ~ffii*t!E89~$:*tl~~t;ffi, :llt5~fl1 ~A (6. 1)
A(6. 59) tll-ftrm~89 15 ~~~~fi~~~-~*-*11, Jt.P, A (6. 1) ,A (6. 3) ,A (6. n, 
A(6. 8) ,A(6. 55) ,A(6. 56)~A(6. 58)*~ffiElZ89 15 -t-:1*~1t ::l: ,jtlt£~ 6. 1 .P .l&M:i! 
-~#J{t~!j\i[JtfJI.~~~- ,6. 31l~#Xif~ffJ89:£AftEJl ~ffff*t!E ,JJHRti:L~~ffi:* 
~·~e . 

-*11nU-I!-~7t~89~eflfU~1J~.mi.R 6. z1l~H~89~#J1t~mffi:*B<J~'llll~e.~ 
em-t:J~it~t!!ts~ ~ntV = 

1. 1[ ~ ?J!tl ::1: ; 
2. :tt!!ii~~; 

3. £~ lXI.foJ emtsth 
4. ~ff~~; 

5. fiHIBif;iJ~ . 

~111 ~ SheLion :1-Jf9iJ, Jllm-!Jtl!ij ~ofiiJ-flJJff_ti£tVJJJflfU~'J\axA 1r7tfJ1.89~a~e . 



1I ~~~E)(;~ {~JIHfj !)t B9 i&t ~ llP llJ% ~ ~~ it , :tm R. T- , W , 001 it tt o Ji16 r Jlt ~ B9 ~ !1£ jtl {£ 

~ 6. 2 9=t, liijB;fjtll:l:l T;f§ml-T SheLion (fj~fi{fL ii~ .~ 9=t Im,.E:i I ,b¥T .:EtitEJl~llf~~ 

~ ff B<J JW: :1: ( mmr ~ m,b ) Tt. iffl ~~ o ffl T Tt. ~ 'i9J 'I1Jt it B<J1J W {£ ilf $ !f9A }11[ ~ :ft 9=' ~i ?/J. £ 
~i!J. 

.6.2 :ltii!l •• jEtfJ#It 

• • !ltJli*Sl. • • !ltJli*Sl. 
Imr = 0. 055kg • m2 .±.ttfJf~ JJtffi xt!lU~Et<J~;iJ~il b., = Z ~~~JJtfl§ 

l ob =0. 004kg • m2 ~~ffffixt!lU~ 89 ~;tJ~:fit Cmr=O. 062m .±.ttfJ{JJt Jt5K* 
Rm,=O. 705m .±.ttfJ{~tl¥~ c,b = 0. 059m ~~ffJJtJt5K* 

R,b,;o =0. 231m ~~ff~tlp;j$¥~ c.,=O. 029m ~~JJtJt5K* 

R,b,ou• =0. 312m ~~ff~tl?'~$¥~ em, = O. 07m .±. ttfJ{ ~ JJt fHHf ~ ilil 
R.,=0. 128m ~~~tl¥~ g= 9. 781 N • kg- 1 m: .Mm lf It 
Sr. = 0. 103m2 tJI. :!iHJA(.t]1f~I!HJJ OOfR m = 9. 750kg 1Ut-m!ll!ii 

Sry=O . 900m2 m:!i'H•(.t]1f~m.JJ ooffl n.,=4.650 ~~xt.±.~Et<J5tlflt 

Sr. =O. 084m2 m5?¥rtJ1f~m.JJoofR .Om, = 193. 73rad/ s .±.ttfJU~lf 

Shr = O. Ollm2 JJ<.V~~Jlijffl .0., =900. 85rad/ s ~~~* 
S.r=O. 007m2 ¥1J:-~Jlijffl p= l. 290kg/ m3 :2~~Jt 

bm,=2 .±.ttfJ{~JJtfl§ 

Rflllltff T- ~jtl B<J:!& iiif~~ ~ fiffJ ~ -.®51C~~f£, §:ffi: !fi:,C.-UI.fl. -~i9J·Hltit, ~ iiif 
iia~~il\~,g,JleJtH~~~ o 

m>l.'~W~~~y~~ 3 tv-.4i-tv':$~{£ SheLion tJI.:!! _tff~JZ\;Jii(-,~ ,jE'J::~t£® * 0 :a: Rfll B<J ~ ~ 9=t • ll\;~ B<J ~tt.~ JtJJIJ :1g .:EttEJl~ft-m~ ~ m:!! tr: 1J!tl ~ .~ 0 ~ ~ B<J ¥* 
.'i!H!~ ,3 ~~~CEJ(;~£$) B<J3(:3(.,~ llPJ;J~ffff!fi:,l., o ~fll1B11 Ti'ifi?tjft$B<J 001l ~~ 
YEilJ ~~fifftfiffJJE5c:J(.,~ o ~T SheLion, ~tJ!.!fi:,l.'WT MNA V !fi:,[.,_t)fffitJI.~ Z ~ 0. 21m 

~L:i!-OO!it~*~~_t~i:!!f:!&~YET~ 3 ~i&tttB<JtJI.~~~;(j] ,rnj o ¥-T Eff~~~ B91D>l.'w 
fl..llJ~f#fi~Jtft!!. 61-~fi,jlj{£;& 6. 3 ~0 

* 6. 3 .,l., jE~~··jEtfJ#It 

• ft •li*Sl. • • •li*Sl. 
Dhr=O. 751m 7J< .V. ~ :t£ jj: •L' Fo 1J W. ~ H m,=O. 337m .±.ttfJ{~~:(Ejj:.(.· ..t.1J&'lt. 

D,. = l. 035 m ~ ~ ~ ti: :(£ :11!:-t:.· Fo 1J {$L 1i H .,"=0.172m ~~~~:(£ •L' ..t.1JW. 
D.r=O. 984m ¥ 1l: 8! ~ :t£ :!l •L' Fo 1J & H .r = O. 184m ¥1!:8! ~:t£1li:•t:.• ..t.1JW. 



6. 3. 2. 2 ~Z;~JomA iY!tl;E 

)C~[78]!.1iHf:l ~ ~~~~(trifilar pendulum method) ~-f!t!Yt:Qil~$J·~il,:f£{lffli !)i ffii 
:ff~~!f}~ ,ftffl~ml. T ~~~~~LV.~~~ SheLion ~~$Jim • ~~~:U~:!ln!!l 6. 5 YT 
5f- ,SheLion EB ::::: j}~*~P5-~ti~~11®* ,ffL1*~ .!3 ~~~:1Jl-qi(Jlt{9ij 9=t :19 Z ~).~ttl~ 

.!3!fi>C.,fBJ ~iE~5Hltl::h l 1 ,lz ,l3 ,f'!.\m~m1*~~$J SheLion, ic*HI.~~"t%fiiJW'J t1, ~~~ 

~~$J1m:l:tt•:!ln~ 

1"" =0. 25 lkg • m
2 

1,,=0. 548kg • m 2 

1 u =0. 787kg • m 2 

6. 3. 2. 3 ~W{Iil~~~ 

tli\JUHfJ'tllt 
{}& 1'1! ~ ~J ·m 
iliAAA~~'tllt 

~W{.l[U~~~~ 13 ~~fifUJ£ ..!:3 m 11\ -~i'Jm-il-:H:ff *~~f£, :tEW.IoJ ~~ 1o1 :1J 1o1 ..t, :t5J 
~ltl:rr~?'X~~ ,J!.lf LV.W.ioJ 1Jf9ij, Jt~~:U~:!zn 1!1 6. 6 f.JT}f-, ~~ fifij JE B<.!~f£-§.1\S A1on , 

1. 1JTrifUJ£ Alan .~JN-1!1 6. 6(a) .~~CD ir.Jm1ff~iH~~J£ffzj(:lJZ-; @ ~f'P 81on W.IoJf~~ 

f~~;ll; @iC*±:fdE~~W,IoJ fiiJW'J~JlE{.l[U~:ffl {)eye, ad @Aion 1J (),,,,., ~ 81on 8<J tt{l . 
2. :1-JTrifUJ£ Clan .~JN-1!1 6. 6( b) . ~~CDir.J~~JEffzj(:lJZ-; @~~"P~f*~±:tdE~~iE 



ffl::f5!:; ®~f'F O'lon W.rPJ{~~{~#Jl-fA:; @ic~;f§J.jiz 89~~ff~R£{\TU~ffl; ®Cion :1-J~~ff~ 

R£ 1\tU ~ ffl.!3 0' I on 89 f:t 'ffi: o 

3. :1-JTf!ffJ~ K.b .~.!A!. 00 6. 6(c) . ~~CDiftH~~~fF7.k.lf; (Z)~~ r:pf*~{~#4:ll.lf-1tr; 

®-'fi9Jf&1!:~~ff89~~ffl Cs ,;Jfic~;f§J.jizfJ9 Bcyc,as ; @K.b:1-J Bcyc,as .!3 c. 89f:t'ffi: o 
;f§ fill 89~M!t£~[PJ:1f[P]_t~l3i\, l~HJHJt B,., .!3 D,., o tt~ .~ rPJ ~~l:iJ ~HJH~ K.b 89~

-1' ~ .00: , .!:3 W. rPJ ~ ~ 89 ~ .00:¥ :<$: ;f§ fill , r-f it Bi :M , K.diLIJ1 ~ -:ffi" iWJ ?i it ff 89 i&t ~ .00: , t£ w.J -1' :1f 
rP1..t.F:mX>tffF o :L$:zv~ML~*~tlt£~ 6. 5 !Of o 
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• It 

A~on =0. 210rad 

Blat =0. 200rad 

Cion =0. 560rad 

D la• =0. 570rad 

K,b= l 

±:ltEJUAtaJ.ffllWl~H€f.liUHti e", ... .x>t 81on B9l:ttii 

±:ftEJ(~taJ.ffllWl~H€f.lil~fti 8,,,,b • .x>t 8J •• B9l:ttii 

~ ~ tHJA faJ Jl!3 WJ ~ Jl€ f.li6 ~ fti .x;j" 8Jon (19 l:t {ii 

~~ff~taJ.ffllWl~Jl€f.lil~fti.x>t~B9l:ttii 

8,,, ... (~ 8,,,,ba ).x;j c,(~ d, )(!9l:t{ii 

6. 3. 2. 4 .~Iii! $1 tl*!Jt 

A~~--~~•~w~~••k*ft.&W~M~k*ft.~§~~w~~~~m~ 
fJL~.A 8,01 <M~1J 8ped )~~ltf- .~,~jij Ocol <M~1J OpedHI9:k* o 

1. ~ -=f ~-- , ~ 8col l'l9 :ff 5&I fHU:IE 1*1 ~ ~ 7 -1'- tii .A 1i , ic *AIHilZI'I9 .~, ~ fH , EFf 1~. 
i'i:k*5m00 6. 7 JYrJR ,f&m*ffl:!iill'=~~-mil-:II~~~ Kcol~ Ocol.o o 

0.125,---,---,------,----,---~-----r--r--r;==:;x::=.:::::=:=:=='il 
.... I I I I I I I I I 0 ~~l!ltl!l 
0 "l '.._ 10 I I I I I I ___ f_U~ B:IJ~ 

0.12 ---.!- - ........ -'---- L--- ..I--- _I_--- L-- -..I--- _l......__----"-"-'------'--'1 

I > ... ,: I : I : : : 

I '...!. I I I I 
0.115 - - - ; - - - -~- - - - r--,- - , - - - -~- - - - r - - - ' - - - -~- - - - r - - -

:0 0.11 
~ 
J 0.105 

I I I 'Q, I I I I I I 
I I I ..,, I I I I I 

___ .! ____ I ____ L ___ ..I_':::...,.,.~ . .!_ ___ L ___ ...! ___ _ I ___ _ l. __ _ 

I I I I oi I I I I 
I I I I 1', I I I I 
I I I I I ', 1 I I I 

---;---1----~---,----~---~~--~----~---r---
1 I I . I I P ', 10 I I 
I I I I I I 'ot. I I 

0.1 - - - .1 - - - _I_ - __ L ___ ...1 ____ I ____ L ___ ...! ~::,.,.. _I ____ l. __ _ 
I I I I I I I '.l., I 
I I I I I I I I', I 
I I I I I I I I '.._1 

0.095 - - - 1" - - - -~ - - - - ~ - - - ~ - - - -I- - - - t- - - - ~ - - - -~- - 0- ,.. ;;; - -
I I I I I I I I I ', 

·1 I I I I I I I I -<; 
009 1 I 1 1 1 I I 1 I 

. ~.3 -0.28 -0.26 -0.24 -{).22 -0.2 -0.18 -0.16 -0.14 -<l.l2 -0.1 
0001(-1,1) 

2. xt-=f M~. rn -=ff¥~-MM:fH ~*~ -m~ttJ :n. mwreJ.A 8ped i'J oped ~~~~tt?tfMJilt 

w;J$?t. &¥t~ 8ped i'J 8 ped ~ 8 ped i'J oped. r&m?tjjU ?t:fff o ~ -=f m -$?t, ~ k m ;f!H~. :tzo 
m 6. s wr JR • "iii l~HlHif ~ £It 1tlt ;f§ * :!§ fi K ped ~ oped .o 1'19 !ll 1i 0 ~ -=f -mr-$ ?t , ~ w ~ tsit :t& 

:k It 1m 1'19 :!§fA~~ -m ~ ttJ ff 1'19 It -f§lj, f,R ?t 11 ~ ' tl: .A ~ ~ tii .A ffi -%} 8ped ' lC Jj{ 8 ped 1'19 ;f§ J.ilZ Pjiij 

J.ill.~:k*.l&lR~OO 6. 9 *·*lffl:Qllj\=~~-~il-:IJ~"iiT~ilt:Qlt •. ~,:f§fl KPK. ~ 

K ,K, ·*1ii~!l!:f§fl KP ,K, ~ K, "iii IV.Jin~{m~-~hJ!. ti:l K , m -11}~~, W:~-~ 6. 3. 4 17 
fr~lL 

~ 6. 6 ~u tl:lT .~,~fH ~••1J!~~-~~1'19:t-:-t-:f§fl 0 



0.6 

0.5 
I 

____ j _____ L __ __ j _____ L ____ ! ____ ~ _____ L __ : _ 
I I I I I I I ,..,.. 
I I I I I . I ,. I' 

0.4 ____ J ____ -L ____ .l _____ I _____ .!. __ -- _I __ ~-L----
I I I I I I ,. " I 
I I I I I ,-( I 

0.3 ----~- ----~----~--- --~-- --+- ~~~~-----~- ---
1 I I I !,.. " I I 

]' 0.2 

1. 0.1 
Q:) 

I I I I ,. "I I I 
-----,-----r---- ,---- -~--,..- - T---- -~----- r----

I I I )!r" I I I ____ J _____ L ____ j _ __ ~_L ____ ! ____ ~ _____ L ___ _ 
I I I ,. " I I I I 
I I ,.1...- I I I I 

0 

-{). I 

____ ...J _ ____ L __ ... ~ .l_--- -1-----.!.---- _I __ --- L----
I 1-,. ...- I I I I I 
I ,.K I I I I I 

- - - - ~ - - .,.-'- - ~ - - - - -+ - - - - -I- - - - - + - - - - -I- - - - - ~ - - - -
I ,." I I I I I I 

-{).2 
,-1 I I I I I r--'=;;-;-::;-;:;:oJ ? ,., -: -----: ----1 ----T ----: ----T -l ~-~~::r 

-{) .~.4 -{).3 -{).2 -{).1 0 0.1 0.2 0.3 0.4 

0.6 

0.5 

0.4 
,..... 

0.3 -o 
,g, 

0.2 1 
~ 

-{).10 

0.05 

0.04 

: - 0.03 
I 

1. 0.02 
~ 

0.01 

0 
0 

• It 

K1K, =8. 499rad 

KpK, = 1. 608rad 

K.,1 = -O. 165rad 

§ped(rad) 

oo 6. s ~!lU1.ll!Urntb ~ 

I I I I I I I 
----r----1-- - -1----l----~-----r----------

---- L----~ ----~----~---- ~-----~ 
I I I I I I I I 

----~----4----4----~- - -----~-- --~ ----~ -
1 I I I I I I I 

----~----~- ~----~----~-----~----~----~-
1 I I I I I I 

r- ---~--- - ~ ----~----~-----r----r----r-

___ l----~--- - ~ ----~----J _____ L ____ L ____ L_ 
I I I I I I I I 

0.2 0.4 0.6 0.8 1.2 1.4 1.6 

I 
I I I I I I I I 

----r----,----,----~----~-----r----r----r-

1 I I I I I I I 
-- --L----.l----.l----...l----~-----~----~----L-

1 I I I I . I I I 
I I I I I I I I 

----r----~----~----~----~-----r----r----r-

1 I I I I I I 

0.2 0.4 0.6 

!ltlli-$-JL 

W-?t!f~~:i&::k~~B9#L~~~ 

lt~Jijt ~~:i&::k~~B9#L~~~ 

8.,1 xt 8.,1 B91t {i 

0.8 
atl'al(s) 

• 
KP«< =1 

It 

Ooot.o = 0. 075rad 

fJped. O =0. 143rad 

1.2 1.4 1.6 

oped xt 11 ped B9 It m 
8.,111 0 at 8.,1 B9 fAll)! 

11 .. d11 oat o .. d B9f.!ll 
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~1 -T ~ h 191 .1J ~ Jt:m , JX1. 71liJ ~ ~ :.li!dHYi B<J , !;( 1l f9fl J:E ~ # Jl ~ B<J 71- .1J llli ~ ~$-'=Hil.1J .¥ 
~ ,§:fiS: .±:tifEJl~llt ,~~~pt ,~}Eff~Jt ,7Jc5!'-~~~~1UIJiL .@.'f~>t~ffHIOJf~A 

*mn:JXt71liJ~•B<J~#.m-®0*B<J~••~~~*•B<JJXtM~•~~-.m!;(m•~m 

~~#li-t B<J lHlil o J~, f* J: , :tE J2!; ~ JX1. M J!£~ B1 , ll mrF Ji .=: 1- :m: ~ W: !Jltl : 
1. Jl ~ fftJ mH~ :lit : .!lH'& , 3! ::.IHSJZ#l J!£ i\t~ 1!f if~ B<J :lU!;;;$: ~{if: o 

2. 11f"*~( Reynold number,i.C:1;J Re): Jj\~1{f\-fJL)M'iitifP{Efij";11f*~~{tf:~ o 

3. Ji~ It: -~.!:J11t*~ffi IRJ B<Jtljt£ ~ ,fij";Ji~ It~**~{ij";f\- jJ .¥~ 0 

:7k 6. 7 t£{j!;T;;$:45/Yf~.&Jl~B<J .=: -t-*ftiE~~, 11t*~B<li-t.PJ !;({Ei-lf$¥ntf*.1J~~ 

:M~~¥11 .!flff~5.!iii!J: CDM-T.±:tifEJl~JJt ,~~~pt~~J:Eff~Jt .H.}~}E{EffiillJ!Ji ~ 

faL~*5HJ1J:1>J o. 353m,o. 064m .!:J o. 272m~; @7Jc5!'-.!:J~1I~~tlt1Ni9::1;J~JJJ=fr'JJ~. 

i-t•m*~B<li!flllflt:tEffi:k~JJJ .=: ~ ~ j';1lj 1i 8<1-*-~0 ¥-T~:?k . ~ffJJ2!;~ T ::t•[88, 
144,157] ~iliB<JJXt71liJ~~m-r~fnB<J~~fi!li-t.:tmoo 6.1o~oo 6.12 !Yf~o JYrflflJ:EB<Jf!-JJ 
IIJI~~$.!:Jiill..1J.¥~ -~'~{E;?k 6. 8 ~ ,±:tifEJl,~~~~)EffB<Jf!-jJHlJ~~*ey!;({E~~flfl 
J:E:ttw B<Jilm$Jtm-ZP-i!lm 0 

• ~ 

.±~-~llf 

~~~llf 

~~ff~llf 

]j(.ljl-tf~ 

~11:-~ 

Coo = 0. 01 

C, •. .• bO = 2. 08rad- 1 

C, •. , u<> = 2. 08rad- 1 

* 6. 7 SheLion a~*¥tiUi:$: 

-~'ft!J iti%tl: 

NACA 0012 

NACA 0012 

NACA 0012 

-v-~ 

-v-~ 

• ii $: 

3. 07 X 105 11. 37 

1. 21 X 106 4.41 

2. 25 X 105 1. 37 

1.02 X 105 3. 11 

0. 92 X 105 2.52 

.±~-~llfllll;h~~ 

]j(.ljl-tf~:fr;hll!!~~* 

.±~-~llf:fr;hli!!~~*~~~~* 

~~ff~llf:fr;hll!!~~*~~~~* 
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tiXA;i:\; PI ~i!J1J3l¥JfR7t~~ 

tiXA;i:\; PI ~i!J1J3l¥J l.tf9iJ~~ 

1& *It! B* l¥J l.t ~J * f£ 
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kA chirp {~%CX~~-U1imJ~ffi%)1'1:9!!-~~AI¥J1S~tt;f(,:tmOO 6.14 FJT.iF,}tzlillffl 
iE~R. -t .!3,J,~x.A.%EJ¥ ~~-T~~m!ft ,_m)C~[30, 123, 180]. M'f'J'~]LfHJL w-g, ~rffi
t!;f({E;I;~~~r~tt1H :lt$7;1J~~m!ftA~:fiiiWi ~¥JilT m-Jt, ~ .11t, ~-&rJ:tc 6. 8) ,J:t c 6. 55) 

;fllJ:\C6. s6) ~JVtT kA r~~:2fEiJ7;fJ~m~~~ 
0 0 0 L b, 

0 0 M., 0 

[ 0 

A.: . .} 1 rrruAb 
0 

x= ' x + 0 - 1 
l rru + l sb Lmr + Lsb 

B,:. erl 
f mrB as 1 -1 0 

L mr + Lsb l"mr + l", b 

(6 . 61) 

y = [~ 0 0 

~} 1 0 
(6. 62) 
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x = q ' u = ( Oiat ) ' y = ( P) 
a, o1on q 

(6.63) 

b, 

1fJ3JfUi'!,-~~ Lb, ,M., ,Aion, err.Ej Blat,err7HJ1Jffirit~tf:l 

mgHm, +Kp mgHm, + K p 
Lb = , M. = ------'-

s 1 XX s J yy 

(6. 64) 

(6. 65) 

tl: ~ '~~ A ion ,Blat' Cion' Dla"K.b 'J XX .!=j J yy {E rrroo 6. 3. 2 lJ ~ B ~£ fJfO ):£'it~ jfu' 1i -'r .Ej !J:! 
$-~~ttt-ft~89m~1'itit1f *. .FJT~JOC89~~J(.1f ,.@~89JlJ~tt ,xf-T J§'p;q-'r~~, iErliD 
B<J ~ tfe1JHJU:t ~ ~ ~ ~ it1f ~ tt o 

1JHJH:t~Eil~~ CIFER 891JHJtiJ'HilllVJ)tlft,W: IJ(.Ef3 NASA ~~±Wfjt~'L'~* 

J!HifUl ~fi~tfe7f~, 't§;t61EBl~~89tliA /riDi tl:l ~~~~¥11~~, f&.Foiml:t:IN:;Ht~~~ 
-*llflilBlZ .Ej {1j A:~-*llflilBlZ rBJ 89~JJtl c~n l!l 6. 15 ~ oo 6. 18 FJTlf-), m1-Jt tl:l ~ttJttm ~it c 6. 61) 

89~~ o ~~ll!!AC89;f§T-{i(coherence value) £-JJi!ti: ~mtT-, ~ ~ - -'r ~tfe{E~~H!~ 89 
~$m; 00 ~ £=&'JlJ l~H!Hf:l1!!.ffl--'r~f£i:t~V~~VE [ 1 so ] o ~~)(!fiX [ 180] 89 Jl't:9J~£~, !!Gffl 
:il11~~tll 0. 6 k-(fJfO}Eil!!fte£=&'Jft:9J o l§Jc89~til~5f.l:jtl{E~ 6. 10 ~, ~ B;fjtl tl:l T CIFER 

1£ ~ 89 p;q # tfE tt ~ ~ , ffl -T i'JZ 1t m iJt i1J ffi lt : - -'r £ cramer-rao boud c % ) , ~ f!fl ~ ~ JlJ m 
i-Jt 89 ~Jt; --'r£~~Jt c%). ~ ~ ~~~xr FJT:il11llit 891~Pfl~ttJ £:a!ti:~ [ IBO] 0 nc Jm xlfiX 
[180], ~05f.l:Flfj)$i-Jt~~ 89 cramer-rao bound ;J\-T 20 % , ~~Jt ;J\ -T 10 % , ~~ .Z. 8,tiA~ it 
£ ~ fJfO , JlJ m ~ 89 o }A ~ 6. 1 0 JlJ !;). WI ~ lif tl:l , {t ffl CIFER jJ$ i-Jt ti:l 89 ~ $ ~ ~ :m ~~ 1it 
~ fJfO 0 
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• It Cramer-Rao bound ( %) tUUtC%) 

Lb, = 583. 50s- 2 1. 88 % 0. 69 % 

M,, = 265. 30s- 2 1. 53 % 0. 64 % 

<mr+r,b= O. 299s 2. 68 % 1. 25% 

<mrAb 
2. 51 % 5. 26 % --' = 2. 223s- 1 

t'mr +l'sb 

t'mrBa 
5.00 % 2. 07 % --' = 2. 448s- 1 

"C'mr+I'sb 

Kp= 114. 05N • m 

¥~~--~~~~•.m-~mB~~~-~~•0 

1. R11EJ •• ~ Jyy: *m:tt:;C6.64);fl' 

tJ\tlo:Jtp'EJ(~f.:E~fl 

¥)Aio:Jtp'EJ(~t'£~fl 

tp'EJ(;ff~l!;jiBJ'Iitfl 

(6. 66) 

¥~~--~~- ,Lb) M •• ~ J yy / J xx~~~ta?HJtl~ 2. 199 ~ 2. 185 ,J!,Z,.tj\~1Hltl C:k~ 

o. 6 % HiE~TlllimHifu~~ J •• ~ lrr~iWii!Jffillo 

2. jJ$-J,Jt Kp: ¥~* 6. 4 ~* 6. 10 t:p 8{]~- ,{9!ffl:J:\:;(6. 64), llJ ~ ~- ili-ri~{i(ffqJilflij 

ill~ Kp {K,f'iE~-i'~ffi,-tlL~~ 114.76 !:j 113. 33o :!iH~~ffJi&t~ Kp=114. 05,-ill.~~ 

WJ~-i'~ta~-lJZ-~tao 

3. 1JJ~~- cl •. =~ C1 •. • b: llliOOJi:tiJXti1JiJ~mfi5~ili ~~-1'71-.:iJ lttl~~$ cl. ,mr~ C1 •.• b 
t'iEM rm,+r.b~~--i'fi5it{l,rl(,fffi:J:\:;C6 . 46)~J:\:;C6 . 50)~ o. 2750 CIFER *~jj$i.Jt~

C.W.* 6.10)~JXt?IPJ~~fi5it~*I'BJB{]tj\~£*~T cl •. m,~ c~ •.• b~~M-;fl~fto ?&mLret 
M*~miR:/J~.R~tl:l rm,~ r.b~J~,;fll ,cl •. m,~ cl •. • b~,a_f*~tl:lf'~:(£:2f.:Wl'~fifft~o 

4. ?ttfitifEJtmn~m~~• = * 6. 10 ~m-tJtl±l ~m~~~~;fl~ttJi:tt$i~llfliJJ.llllffi 
DC , fij; crame-rao bound ~ iij; tiit ~ 1l ~~ ¥1J ~ ~ , ?& rm :If'~* m :tt:; c 6. s 4) ~ ~ * M. J1l! ~ _t Di 
it .~~Pl!l~f'igfmijt~li!i:~~~;;~~$7}~~ o 

6.3.5 ft~ila.lfl 

~~jj$i.Jt:til'l~:M:Fo-~ .~flljJ OOfifft~=: -1'71- jJ lttJ ~~$ C1 •. mr ,C1 •.• b ,C1., ,, ~lit Ab. 

!:j B .. ,¥:2f.:.~.rm~:a:w~~w~~r~1!:-1-~~* .~~rt~7.&WHk:~rrrll»!o 

1. -t-i':/Jl'l,§ts:J:\:;C6. 7)~:r.\C6. 8)1itit~ 6 § ffill~tlf*~jJ~:/Jl'l,¥~J:\:;C6. 12) 

0:r.\C6. 13) ~ .:EtifEJ!tli.:iJit~ .~~Jt.J:r.\(6. 27) ~:J:\:;(6. 28Ht• ~~~t!IJJ o 

2. Scol~ Sped ~DC-lJZ-{l,~ SheLion *iJL?tJJtl~ - 0.1746 ~ o,*m.lJL~~* ,j!@~

Ji:ti-¥~~-~&~£R~o 
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Jiu-&IJ.IfJ1Mi1t (:(!O;ftjffl mg :iJi{!!.( T mrt:~;t§ :k ~ Vi,mn T" l!J vi,tr), Jf Ji -BI!ffl-&1~ ~It 

mil~~i'!(~fil*ffl7 MATLAB qor-~B<J trust-region dogleg }Jr!),mm!"P~~F~tt 

:1JfiHIHJc~OOt& :&HUWH~~~* ,J!VRiE~ 6. 11 "P o ~115 cl •. m, ~-,PI !V.-BI!fflj.\(6. soHt 
~l±l ~~Btfi:iJ'/itlt rm,~ r ,b o -BI!ffl ~ 6. 10 "P ~ l±l ~mi-.R~ *,PI IV.~~~~ C1 •.• b ,Ab. ~ 

B., o Wf£H~~~$~*7tl {E~ 6. 12 "Po 

* 6.11 l!U!Aif ~H4="Ftf<J IHi ti!i JI: 
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1. tlc~fi~: iii~ SheLion bU~~AW7fMi ,f&J§~Wf:bD ~~J f!iiJtii~~:l!Hicfi~~ 

~ 14m/ s; 
2. 1J!tl[P]~qT: iii~ SheLion ,/A~~AW7f:Mi,f&J§~Wf:bD~~J qor~1J!r~~Jt 7m/ s,.fl} 

~~~J~:iJIAW~~; 

3. ¥1I~fi : iii~ SheLion ,/A~~AW7fMi ,f&J§:bD~~Lt7\'~Jl 2m/s,W.~~~J~ 

~-J!f.li .~AW o 

~YEu~iEBt~I*J ~~ ,£-'f;t§lfi.l B<J~A, l:t~~~~{jjj{P(.i)Jiizft®, -§.1%tJL~~ ~~ 
l~C@(f.llfH ,fH~$ 0 lAI!I 6 .1 9~1!16. 30 qorEJr~1~~~*~.Hf&~~~{jjJtft®~l:1it~ 

:iJi .~~:tt!!.YE~ T~·fl1~~qT~~~m~iE;t§~~~~fi-§.~1[!1JI*J 00$1l!l~ SheLion ~ 
~fi~~~Mtt o ~fil&~-~.~fi~Jt~Jiizl:t~&OO$•~~-®~-~.~~~~ 
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*~~~~~~~rr~n~m~~~~~~rr~~~~~rr§~.~*rr~rr~~$ 

•*·~rr~~~•••*~~~~• . •m~¥~m~••~rr••~••M••~~ 
SheLion ~~rr§~ ,J!~~M.~m VJ "f JL-1'-/JOO: 
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1. X ~l!llCu): ~[li]J!J.l§~~tk:~~qi"§~ 9=':iim:~ B9 tl51~, tl5J jg1L1HJLB9::k$ 
?t~~fJI.l9Jl9JfP~~W~lW~ ·*ffl )(~[93] 9=' !£ttl Ef<J-1'%! .1J,#;;#i1t:ii::klW~l!J.l, 
m""FA:~ttl 

Umax = J mg 2 ( 4rrR~, ) 1/ 3 

2prrRmr Srx 
(6. 67) 

¥rlf!.)fd}h.RB9~J!!C.9i!.~ 6. 2),Xf'f SheLion *itf,:f:!I!.~_t Umax= 19.1m/so Ji\Z~t± 

•m.:f:!I!.~M···T·~~-~mm~$ffi~l!llB9~~.WH·~~--*~::kMOO~ 
~ 1*1 ~~W:17C~¥*ffi IRJ c93

J , tl5J .llt .~~ IW~mt.Bf, m r$ .&~$~~ tl5J ~, W~iM1k,tti:j}j: 

~&!W o ~~_t .~ffJ Bf&:itHi"T- ~~tl(!<J.:f.ljfi~qi"~~, $tmt.~~l!J.l&m::k~ jg 15~ 

17m/ so jgg(~~.m .~{f)~~§ .:£"1.qi"B;j~~:ii::klW~l!J.ljg 12m/ so xfr Ja~?Y!~iat. tl5J 

jg~~_t~~~-~~m::kEf<Jl!ll:it!ft~~.~m~~:ii::kl!J.ljg4~s o ~~[li]~lj/J~* 

B9 ~ --i'*iltl'iiJ:Im~?tjJtliifU~jJj:~W, f~l!5fll~J!~qi":I7C~""F Ef<Jl!llM IE. tl51 JgffiJ.i\Z B9~1t 

W*~~~C~~Jami~ 7 ~#gml;j~)~~~IRJ o ~ ADS-33DPRFclJ 9=', ftxf1f:.ffl~R. -f 
1Lf/-fJI. .lt~D.!J! ~ UH-1H 1171-fJI. ·*ffl T"F" it:lll:W-Jkftj: 

j}j:~W: 0 ~ 7. 72m/s 
f~l!: 7. 72 ~ 23. 15m/ s (6. 68) 
~it: > 23. 15m/ s 

~ff111H:g)C~[123]~ ttl Ef<J~ lt1J#;; ,ft~~ffJ B91J\ "1,qi":H~ 1j\ T A; C6. 68) B9 M 00, Jt 
¥*,1tf,m~¥r ~~~ffi {bl lft!iltl (Froude-scaling) f¥M=ffi 1RJ B9 WI :itt lt (advanced ratio) o .!J! 
~ UH-1H ~ Raptor 90 SE 11ft-fJI.~:tdEJ!~~~~~:ff1JOO~~ffi{blEf<JfJI.~M;fq ,Jt.:E:tdE 

Jl-¥~ Ef<Jlt{K Nscale ::k~ jg 10. 54' tl5J .llt' :tt ( 6. 68) Ef<JJ!J.l -@.~~ Jj\ J Nscale ffi I!P jg SheLion 
Ef<Jl!llMOO 

j}j:~W: 0 ~ 2. 38m/ s 
{ij;J!: 2. 38 ~ 7.13m/ s 
~]!: > 7. 13m/ s 

(6. 69) 

2. y ~J!J.l(v): xfrtfirliJJ!J.l,SheLion Ef<JJJI!.~&m~ Vmax= 9. 27m/ s,.:f.lj/j~qi"~~ 

~~:ii~:t(~tft[li]J!J.l::k~jg 6m/ so 
3. Z ~J!J.l(w): ~1171-fJI. 'lit~fJI.ljfiljfifP 9=', ~ l!* fliJ ~ljfiq~y $[~, tl5J Jlt~~Jt_t, 

r~1'1J[Ii] Ef<Ji!ll~~:l$jjg 3m/ so 
4. ilfUIDi:jfj l!$Cr): Jt&IW¥r ADS-33D-PRFc1J ~ttl B9 ~i.)(iifij ~, ~~:ii·i;Ri!iQM;jfj]! 

$(~[1;] §fiT-Ef<JitfP)jg 36°/ So 
r~ ,SheLion B9~~"1,qj~~ -~,M~o""F 

U• 
-4 - 12m/'} 

V: -6~6m/s 

W• -3 ~ 3m/ s 

r: -36 ~ 36°/ s 

(6. 70) 
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7.1 51-;:; 

~om 11YiJ!Jftl!.&B<J . -~xAfJI.JH£:/iYM=~~xA-TflilB<J•!Wi£""f7t~lSBff*, § ~ 
lSB~~~-~~~eyya<J o ~~~~M •. MxAfJI.~~~---~~*~ •• ~AB<J& 
11!~i!liJ:1fr! c i:l!£t~ ttf9iJ - ~JtEJ(; tt f9iJ- fR?t-~?t~i!iJJ) ~:li 1it .9i!. B<J:Ql;~ z-. ~ ffii. J!® M 

•B<J~~-~-§~~~ilixAm~mB<J~e•n o ~~~~~.~~~•*~*m•# 

7t:llt~i!liJ1i** ~lSfr~i!liJ ~-. tt~o¥1'~ ~~::tfr! csz] .~?t JLfiiJ:1fr!cs1
] . {i$~ H~ :j£i!lJJ 

::tfr!css.ss.zol] . ~~~~~tt& 11!:ff¥UM~i!itJ:1fr! cl 4 5] ~;A .&Ca flil~ :1fr!c1ss] ~ 
0 
~ ffii, ~fll i:E ~ 

¥-!J ,ilf~IftR~:ki:E § ~~i!liJ::tfffil .~~Y*ffl~.\IH9:it~*M J!Jfi&!:itB9~i!liJ *•:il!:Bi.-¥ 
#I, tt~OlS~-T~#A£191: o 

~~11:71-fJI.·~~~:fiB<JBtfBJRll~~ .#M~fll B<JxAfJI. ,tJ!ili T -1'-=::fi!~~ B(] § 
19JlSB~i!liJ~- c ~ 98J c~ .!Ji!.OO 1. 9) ,Jt.f*B<J 1*1 .)'~~~~.!X'. 00 7. 1, ::.ttr:fCD 1*1 ~ffl ~~.iU£~ ~ 

t.lr:ffJ ~ .e ·¢'• :ffJ ~$ p ,q. r, ±tPiJ!~ I$1H a .. b, , !;A,& 1*1 ltilie !!it :ffJ ~$& {1!:j£ i!itJ ft 1*1 $ r:f i'BJ 
~~ 8pe<~ . ;., ~:kB<J1t:Ji-fJL~~~~tt; @7'~~~i!liJ:<fi::it!!. NED ~lHT-~lli:· x. ,y,.z. llliJWi1 
~J§LB<J~ft U n , V n , W n o ,trf,.f*L • ~ 7'~Pf~;k B<J~~~t£~ tjj I*J ~'If~~~ o B t~~;}.l"; • J!~ 

-# §~lSB~i!liJ~-~~M'J\MxA%iJ!lS~-Tft~-*1Jt~~1it~~.{£m 91Vi~m 10 iYi 
~ ili B<J HeLion ~ SheLion B<J;Jk~lS~-T;}.l";~~*i:!!*~, ~fil B<Ji&!:it~~~1it ~:W:Jf.~B<J o 

:<fi:lYi*ffl H~ ~iliiJ1i*i&!:iti*J~t£i!liJ~ o ~~ SheLion ~ HeLion J!~;J\M:XA1rJI

fJL£ it~, .f*tJVJ\ , ~£:Iff B<J ~ t.S tt ~ tJL ~ tt, {§J!! ~ ~ ~ 7'~ !\!-~ ~ B<J -T 1it, tt ~o ~ JX1. o ~ 
~ .~;Jkmli*J ~~~tit -T1it, 1*J ~:j£i!iJJ § ~:Ql;~ H~ :j£i!lJJ:1fr!, :i!~- :L]j!1t!Jijjlj 7'~!\'--T1it ~ Bt 

§~M~~~B<J~~1i* o £Jt..f*!t!!..~fll:ki:E~;A""f~:k~~: CD ~~B9M~;@i&!:itm 

tf-B<J:Ql;~; ®~i!liJ~i&!:it; ®ttnwts 0 ~JJu~i&!:itmtr-. ~§~JJi~ttn. iEmi'i&!:it:tt 

~ r:f .~fil*ffl T ~ IE~::tf~.:X.B<J~fflti!EJ! lS~-Tfti&!:ittf-fiE o 



Pn,r 

Vwind ,------ ...:--, 
I + I Vb 
I 

8coi,O : Va 

I 
L___,-------J I 

I 
I 
I 

L--------------~ 

tilE""\!. 
f'f~9~ Pn 
JilfJJ?.f. 
f~tt 

~~*m~~~~~§~~~~~®~~~~~~I~~*m.~~~~~~ey~~ 

1t1t .~~~flfey~i!lill1&1!:, ~.tlt~11JiJ*~!.l6,~~fi$~21~®J!@~~, epft~~::F1!:1t ,;tt 
~~•·~•·~::F•~tt.•••~•~~·~~o-~*m~e~•~•~~-•~~ 
-@fij{tfN~ .;tt~ ~~~~tt~tt~;tr EI:J -T::F~~rmti:ffX>f;Jt~·-~ .~;trM;ttuH1" T~ 

·-~.{flEE rmi1t?ttJTW~FoAA~flf~~ T; .tJtj~, *m~il1fi!W!~~~tt~if~Jtflfl"~~ # . 
~flf~~T .~ .tlt .£rw1t••~~ili~~~*mey~::F~~~~~~~~~~Maki 

~0-~~~*m~~a•~~~~~-~~~-~~~tt•~••~••tt 
(robustness) ,ft~_t .~~tf-~~11JiJ~~{)(~~-~xrarlW~Jt!?.I~, !.16,®!~~~~-
~Ma~#I~o~-~fi$~~-~~~-.~M•~*m~;tt#B~-~M~~1!:1tll1 

fJJ~~~ .~*m•~a:ff••~~tt o ~;.~, :tm•~*mlf~nw JE tt~~*, tt:t~o~~m 
8tt~.~~~~~~~--~3J(.U~:if·;ttA:ff •• tt~ o ~~~~ft~B17lWJE.$8 

~tt~t-•tt~~3j(~fOJI1!·~··~11Jij(robust control) o H= ~11JiJJll!~~lmft~11JiH!I!~ 

~£1:12-, ~.1:1 OOWH:lc··~11JiJ fOJ»!WJf:&, if$ .tit~ I'OJI1! C:tlo~~~f1g1t~~ * m ~·· 
~~ttiOJI1! .rltil-~fit•IOJ»>i. ey:!Jott~ey*tt-T~••~~ IOJI1i••)•ey ~lf-t¥l~r- 5t.. 
~ H = tl11JiJ IOJ J2[27J o 

§)}... Zames[225J ti"?k![ili H = tl11JiJ fiiJ»>i~* , B ~2ff Nl T ::kit I ~~:f.JG~ fiiJ 12 ~ffftk:tf 
~ [6. 27 .4 7.48 . 63.71 .1 01.106 . 113 . 226 ] 0 A1**iJt·~·~~:2 IBJM~~-~~m*m 

{

.i- =Ax + Bu + Ew 

~: y = C1 x + D1w 

h = C2 x+D2u 

(7. 1) 
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hE R1 1-J~~tii ttl o !!GffJ®i9: (A ,B) liJ~JU£, (A ,C,) ilJ~iJ!L 

H~ ~~~~~~~~-~ilJ~~~~~~~-~ttl&~~~~ 

{
v = Acmp v + B anp Y 

2cmp: 
U = Ccmp V + Dcmp Y 

JA"ffff:fii:,Jvf.tffiYF* ~». w i!J h ~Ji Piifimjr$ ~ H ~ m:fl Um 00 7. 2 JYTm) o 
£:fl..-f*@,:!zn*roo~mjr$~~Jl!~)E~.mu~~1M~J:\c7. 2) w 

J.ilUf.J-T*~J:\C7.DB1~1*J$l)E~ 

. _ [A+ BD cmpC, BC=PJ 
A c1 ·-

BcmpC, Acmp 
(7. 3) 

&B~~·•mjr$~JYT~•~m•&~~**•oo o •w•~ 
~.».f~w~~~~t:tlh~ffiYF~~Piiflmjr$ffirJ:\~t:tl 

A. : = [A + BD cmpC, BCcmp J 
BcmpCI Aanp 

B. : = [E + BD cmpD, J 
BcmpDI 

C. : = [Cz + DzDcmpCI DzCanpJ 
D. : = DzDcmpD, 

(7. 2) 

(7.4) 

(7. 5) 

W~*.r-~•~~~&~~~~.~-~u=h,•~•ffiYF~liPiifimjr$rurJ:\~t:tl 

T..,(s) = (C2 + D2 F)(sl - A - BF )- 1 E (7.6) 

-~~)E~i!~B1fBJ~liP:i9Bmil$~ H~ m:e, tt:tzn T..,Cs) ,5£50nr 

II T.., I I ~ == sup C1max[ T..,Cjw)] = sup -
1
1
1
1 h 1

1

1

1

2 (7 . 7) 
wE [O .~) ll wll 2 =1 W 2 

Arfl w ~ h 7Hitl1-J T..,( s) ~~A~~ttl •eima.[ • ]~m-m jr$~:fil:::k~JFm, II • liz ~.ffi 
J.illffi%~ Lz m:I'I o ~~.T..,(s)~ H~ m:B~J.ilZ-T~Ai!Htftrt:tl{:E:fil:~·lf~r~~~.:1;;:1f 

-{j!jaL'A!. • )£ 5( 

y • ==in£{ II T._(2; X2cmp) II ~ l 2anp I*J~)£2; } (7.8) 

tl:~ ,fiffl)£:1!~ r· .ffi ~:J;WJJJ1 .xt-T.ffi ~~~*#fW1f, ilJ lV.*ffl-@~)E~flf.iliJH!flfiffltt
• r· ,@fiffi5EE-~~~~1-t:1fr!,~~H'~~1!fmi)(~~~~If'lo[27J .i$~7--~~ 

~ 0 1-Jfijlti®.'A!.,!JGffJ{:E~-;Jrf!®iti y· B~fiffi)ET .~JitE~B~~o 

¥ ~ ~, xt H ~ ~itiJ * ~, JL-'f ~liT~~ i!J ~II& 11 ~ ~ itiJ ~ ~ m m: ft tt ~ , & • ~ r · , 
~WP-~ititt- H~ ?Xft~itiJ~o l!A-f*:lt!!, ~)E-~;tjJt r> r·, -W-~-~~~m JE 
II T.., II ~ <r~~it1J~.~:1;; H~ r?Xft rtitiJ ~o 

•--r*.!!Gm1-J#S~~&•~•JElV.r*#~~5E*~~•• o 
1. (A, B ,Cz ,Dz ){f~~...tti~:lf'1!:~R.\ ,Dz 1-Jjtl7fllifkmjr$; 
2. (A,E,C, , D,){:E EI[~...tti~:lf'1!:~.~. D, 1-Jrrrifkmjr$0 
~)E-~;tjJt r>r· .~rmi~~-F-~:1fW3J(ltitJt* iE)£~5E:m P ~ Q 



ATP+PA +CiC2 + r - 2 PEETP- (PB +CiD2) CDJD2)- 1 (BTP+ DJC2) =0 
AQ+QAT +EET + r - 2QCfC2Q-CQC[+ EDJ)CDIDJ) - 1 CC1Q+ D1ET) =0 

!i!tl H~ r 7Xfit~11i!JU!E8r:r\~ l:fH~.!A!.X~[ 48]) 

{
v = Acmp v + Bcmp Y 

~cmp : 
U = Ccmp V 

Acmp =A+ Y- 2 EETP+ BF +(I - Y- 2QP ) - 1K(Cl + Y- 2 D1ETP) 
Bcmp =- ( I - y- 2QP )- 1 K 

Ccmp = F 

(7 . 9) 

(7. 10) 

(7. 11) 

(7. 12) 

(7. 13) 

(7. 14) 

F =- (DJD2)-1 CDJC2 + BTP), K =- (QCT + EDJ) CD1DJ)-l (7 . 15) 

tl: ~ , ~ ~ 1i ijj!'fr lJl r , H ~ r 7X fit~ 11i!J $ u = Fx 9=t 89 F E8 J!: C 7. 15) ~ ti:J • 

•~1fl1Lr.~•~~2~~~-~~-~~89•#.ey~*mroo89m~~~.~~ 

~289 r>r· ~iEt-F:li e.2S(E ,D1 ,C2 ,D2 :!lor 

E == [E d 0], jj l == [Dl 0 d ] (7. 16) 

(7. 17) 

**roo~-F~:n~89JE2m.P~a 
ATP + PA + CiC2 + y-2 PEETP - (PB + CJ D2)(DJD2)-1 (BT P + DJC2) = 0 

(7 . 18) 

AQ + QAT+ ifj;;T + r-2QCJC2Q- CQCT + EDJ)CDIDJ)-1CCIQ + D1ET) = 0 
.. (7. 19) 

~~ ey ~liE~ ,f¥:6: - 1-iEt-F:li e· .~~~MFJi';ff 89 e E co ,E; • J, rOO 89~11i!J$~~2~tff89 

H~ r 7Xflt~11i!JU! 

Aanp = A+ r-2EETP+ BF + CI - y-2QP )-1K(C1 + r-2D1ETP ) 

B cmp =-(I - y- 2 QP)-1R 
- -Ccmp = F 

F =- (DJDz)-1 (D JCz + BTP) 

K =- CQCT + EDJ) CD IDJ) -l 

(7 . 20) 

(7. 21) 

(7.22) 

(7 . 23) 

(7 . 24) 

(7. 25) 
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xtr~~li~'ff?JL,Hco r 7Xft~$1J~u=Fx ~ F :gtEI:J:r.\(7. 24)~tl:\ o 

~;g. ,Hco ~iWJ~:1ffiiJ/m-tl1 liJ l~HIHIL~~[27] ~ tl:l B9£j;~1tB91J~3J(-, ~ey ~ YE 
~, ~r j;~(A,E ,C1 ,D1) 1Jli:liJ ~Jj: J3.:iifj\;ffilli.Bf, liJ ~¥1J B9 Hco ~iWJ:!Ilfttt~, -tE.gt~ 

r· ,t£~~&~*141'" ~~tl:lli ~*141'" ~;ffilliJ B9 o £ltl:-~ .tE~f!tt·M'?JL r, liJ ~fli:Jm ~ 
-r~•**~~~tl:lli~~~~.~~~~li~~~~B9tt~ o 

t!JIG ,/F)t(-Mft__l_:ff~~:/J{f .11~H'ie~Wf C1 __l_:ff D1 B~Jt.:ffrlfffB9~:r.\ 

C1 = [~ C~oz ]. D1 = [D~,o J (7.26) 

Jt~ k=I-rank(Dl )_§_ Dl,o r.'tf'k; ?&Fo ,)j4f~~j;~:r.\(7. 1)~ JiUllr~:r.\ 

(7. 27) 

h = [Cz,l Cz.zJ [::] +Dzu 

:r.\~ffit~~IPJ:Itx~:fr~WJ$:fr,xl ~ Xn ffitliJ?j!~ :fit ~tl:\ Y~Jt~Yo ~ Y1 WJ$:fr,:Jf_§_ 
Yl =xl 0 r~.tEi&Ut~~~iWJ~Bt Q ~~fttt~~ IPJ :It Xz 0 ~r *·~.:X.~ Ililr *~ 
4QR, EI:J~Wflm]GmCAR ,ER ,CR ,DR )~R{jf 

[ [Cl,oz J [D1.o J l (AR,ER,CR,DR) = A 22 , E2 , A
12 

, E
1 

(7.28) 

rlfff~1Jr.:X.Hco :!llft~/m~B~~~Wli~~~ftB9·~~- o 

1. (~-~~~jr$ F)~)(~IliJ*-~ 

{

x=A x+Bu + Ew 
y = x 
h = C2 x+ Dzu 

(7.29) 

~~ r>r· .tt.Jt;ffi$i_ B9 Hco y 7Xit~~li ~~$1J~ ~~jr!t F, ~ll*1J#~IOJ/m, ~Pfli: 

:r.\(7. 15)tt• .~o*11~:1f~/m, ~Prtc:r.\C7. 24)tt• o 

2. (~-~~~jr$ K)~)(J3--t~Il1Jj;~ 

{

x = Ah + Gu + Ci.z w 
y = x 
h = E~x + D~u 

(7.30) 

~~--t ,@$Jj\(19JEJ!£ y>O , llij;f-f{t<!\!f;r_\ (7. 15) ~ :r.\ (7. 24Ht.Jt;ffi$i_ B9 Hco y 7Xft~~ 

1i ~~iWJ~~~Wt FR ,:ff* KR =F~ 0 

3. c~-~~~iWJft)~:r.\C7. 27) ~ x f!l y B9:fr:ttt;ffi - ¥!£ ,)j4f F ~ KR ?t:ttt~or 
( 7. 31) 



Acmp = AR + B2F2 + KRCR + K R1 B1F 2 } 

Bcmp : GR + (B2 + KR1B1 )[0' F1- F 2KRI] 

Ccmp - F 2 

Dcmp = [0' F1 - F2KR1] 

~~~~~~~~~~ili&~~~ff~* · 

(7. 32) 

(7 . 33) 

:;$:-;J.f!J.F!Lt~ H= ~ffitl~*jg SheLion Ej HeLion ~iti*JJf~i!itJ$. :tEI*JJf~ffitJ:H~ 

ititfl ~, felr$JX\,f1: ~ pg Jfi51J~~tti¥J)'~!ff-TtttiA, f/911t*=ffl T H= :llift1-t~*illl i!itJ ~ ® 

-Ttt.:lli~1-t~•~ o ~ituW*~li~,mi9J~•a•tt1-t; ®~B•~; ®~itm~~¥J 

~-;@H=~~&~~~$~it; @~~RMff~it o 

~fiJ 1¥1 ::1r ~ Ej ~ 111!. :>c ~ ~ 1£ ili 1¥1 H = ~ i!itJ ::1r ~ ~ fRJ, #lJ :tzo, :tE :>c ~ [ 201 J ~, 
W eilenmann ~ A*=ffl T H = ~ffitj ~*~ *'1 Wi 1-fH~ 1¥1 T ~ ~, - 1-00 loJ 3!'-l$, {i(f{qJ lO ~ fi 
ilii5b, J1 - 1-00 loJ ~ loJ Ej il1UM:ilii51J, ii;fi :it:tfi~ ~~~m~-JJt; Gadewadikar ~ A_[6aJ 1e:XA1l 
71-tJLB<J I*JJf~i!itJ-~JIX; H= M"t~ti ili & ~t£i!itJ filJB, IRJ:f-f ,!1f~iti¥J~i!itJ *~-t11ii1f:tE~ ~ 
3!'-f:t _t:it:tfi~~~idE; Fujiwara ~A:t£ [ 66 ] ~#:X;j Jj\axA1lfl-tJL1£ ili T -1- H = § i51Jff! 

~ Hta¥-~ i!itJ $ , :Jt :ittfJ T !Jo/1 JJI!.~ m1 , ?tnm JJj~ i!itJ 1k 3JZ- ::1r rOJ 1¥1 if 1l 0 

jgT~fflH=~~~*~it-~;ff~I¥J§i51J~fjt£~*~·§~$~:tE~~@I¥Jif1: 

.. ,~Jf1ur~~~•tti9J~•a•tt1-t o :x11*1 mi9J~~tt. 1f:tmr 1¥1•111-t•a 
x = Ax + Bu + BcoiCocoi - O'coi,o ) (7. 34) 

A~ x=xw -x,nm~~~~~~ft {I[Ej;f§mzBC3Jl-tiiZ~ , ;f§{J;.{:!l!!. , u =u,c, -u,nrn ~~~~A 

~:I: {I[Ej;f§mzi)C3J'-{IIZ.~ •Ocoi.o ~ OcoiB<JI)CJjl-{II ,x,c, Ej U,c• **~:!mr 

(7 . 35) 

U w = [ 0'1.. O!on Opedy (7. 36) 

:tff£ili 1¥] = m~fi~ffitj ~~~~~ ·*f!f*~ ,:t£- ~lfJ.l7!100 I*J9;2jr$ A Ej B ~~;ffjc:;k 

~1-t ,A Ej B 1¥Jtj~{i*§i~~ 
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0 0 1 0 0 0 0.0009 0 0 

0 0 0 0. 9992 0 0 -0. 0389 0 0 

0 0 -0.0302 -0. 0056 - 0. 0003 585. 1165 11. 4448 -59. 529 0 

0 0 0 -0. 0707 267. 7499 -0.0003 0 0 0 

A= 0 0 0 - 1. 0000 - 3. 3607 2. 2223 0 0 0 

0 0 -1 0 2.4483 -3. 3607 0 0 0 

0 0 0. 0579 0. 0108 0.0049 0.0037 - 21. 9557 114. 2 0 

0 0 0 0 0 0 -1 0 0 

0 0 0 0. 0389 0 0 0. 9992 0 0 

0 0 0 

0 0 0 

0 0 43. 3635 

0 0 0 

B = 0. 2026 2. 5878 0 

2. 5878 -0. 0663 0 

0 0 -83. 1883 

0 0 -3. 8500 

0 0 0 

:11 T :iR :it 'fG m , ffH€1 1iiz 8<1 ff J.f m ~ , i:l! ~ ~ A 8<1 ~ UE iK lit ;tt: ffi 1iiz 8<1 !lm :m :fWHf ~tl :(:£ T 
* 7. 1 J:f 0 ~~ .~~--1't£~J$fJUE:I*J~$J~~tt .:Jt-m~;tt:m-f*.ttfmo 

-1. 6590±j23. 9114 

-1. 7462±j16. 4222 

~.mJWltfi$f§~~ 

~.mJWlff.fflllfft ~~ 

-8.4617,-13.5059 

0,0,0 

~!itf§~~ 

~1:llf§~~ 

:m:m. ~~~~r 8<1~~1!::1!: -1:3~A1!::1!: B<J WC 1fl-iK~tl :(:E:iR 7. 2 J:f, :(:E;tt: fil! ~B~f!fr . 

;ft:J:j:l-.®{K:fl~~1!: 1t 0 

f) p q a, b, r O'pe<~.in t </J 

0. 0389 0. 0009 0 0 - 0. 0009 0. 0049 0 o o1 - o. 1746 o. 0012 -o. oo54 o 

~ -r _t :~£ ~ tt 1t m ~ ,JIG 1n re 1*1 PF t£ i&J ~ ii it 11lJ ~HI tta :~£ :(:£ H = t£ i&J B<J m ~ z. 1*1 • ~ r& 
:r.t c 6. 5 ) J:f 5E )( B<J ~ JX~. ~ PrfiJ ~ $J JJ B<J 1:: ~ • * rm ~ PrfiJ jij ~ ;~J ;~J JJ ~ ~ tt ,JIG 111 re-t: 110 :11 1*1 f-f 
;IJ~~ttB<JT-tJt~Ao tt~ ,:(:EI*Jf.ft£$1JiiitJ:f,:Jfl9::fl~JIU!,Ret£i&J~A o.,,,I;N .!lt;r.tC7. 34) 

:iR~B<J~tt-ftm~PJ!;_(r&:1J 

x =Ax + & +Ew (7 . 37) 



J:t 9=' X ,u ,A .!:3 B ~OIW115E:X. '* J3. 
0 0 0 

0 0 0 

- 0. 0001 0. 1756 -0. 0395 

0.0000 0.0003 0.0338 

E= 0 0 0 

0 0 0 

-0. 0002 -0. 3396 0. 6424 

0 0 0 

0 0 0 

~~~{f~t£1-t~--txA~~ ~rr1YJ fJ ~tl ruJ BtnJ IV. :1m :titf~J.i\Z:imil tl:A ~JXt -Ttlt V wind 

~~~.nJIV.iJEIYL~JXt-Ttlt..R1l~~PJiiJP3Jf9=t.!:3 p,q ~r ~*~$*0 

OOil~ili::h 

y = [¢ 8 P q r 1/J r - Ytnm := C1x (7. 38) 

J:\;9=' Ytrim:lik~J.i\ZnJ~tlil~ili~il~~.ljZffi,~f& C1 A1rmi1!!89~J:l:o ~OIWJYf)t, P3Jf1£$JJ 
~U!E89¥*ff9r:lik~41i5E~~1YJ~~tt ,:Jt ii!RJ Btrt1:.tlC:f!f89~~PJiiJJ.i\Z, ~ Jlt, ¥*it1£~ 

ili~·~~::h 
h out : = [ ¢ 8 </Jr - h out ,trim : = CoutX (7. 39) 

J:t 9=' h out, trim :Jik h out 89 ~ .ljZ Ul 'Cout :Jik ~ J.ilZ ~'lit if{~ ~ o ::h 7 ~ J1ll ~A ~ }R .!:3 :1JO ~ {£ Jt ft!!A~ ~ 
~iiL~~}R,{£~#:tiW9=t*ffllV.~it1£~ili 

bl 0 0 0 0 0 0 0 0 

0 b2 0 0 0 0 0 0 0 

c
2 

= o o b3 o o o o o o 
0 0 0 b. 0 0 0 0 0 

0 0 0 0 0 0 b5 0 0 

0 0 0 0 0 0 0 0 b6 

(7.40) 

(7. 41) 

J:t 9=' a, .!:3 b , :lik #i 5E 89 ~ 1L ~ ITif nJ IV. :i~Hr H ~ ~ ili & 11! 1£ ttJ $ ~ rr < ~ IDr ~ ~ 11f :lik ~ IDr 
~) ,:ll!j\{t~}Xt=ft}t89~PJiiJ ,-tl!.:%t:Jik:ll;J\{t~Jf~~~:Jiiil5iif{~~»-T1:Jt W ¥JJft1£~ tJj h in 

~ h out ~ H~ "Hf.!f{ o P3Jf1£$1J3~#~~1'~~~~~0 00 7. 3 J!fflf-, nJ IV.~~, EiJ ~~=:Jt 

m<A,E,Cl ) ;&lf-89-T~~tr:nJ~,Jj: J3.~:11VJ,~{il:89 .~o 7. 2 11Yflt .~~*F89it1!l~at. 
~ 1±l & 11!1£$11 89 H~ :llft1ttU~.!:3~~& i1!!1£$JJ~ ~ o 

*4HlC Jmx~[179 J~ 1±l ~m ~ ~JJ!tl~lfj{- ~ 
~~rrm5 •• 11E~~tE*•~*P38A1raM-~ 
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tt~, tt:t!oW!W.£J9L-TtJC1llliM ,~~tt~t!it~Jffl:iL J!®~*iii:fJ1~t£~ffl:lifEfl '6fi:Ht'Fil 
AD&33D-PRfC'J .!:3 SAE-AS94900c156J 9=t ~5U8, tE.!I:L Jll;~i9:itniti'F:t!Or: 

1. *f M-it 8<1 lli: I : Elf :ff 8<1 ffi ~.*~~M-it 16, ~ t£ ft: "*-7f .1JL oo r*J , ~ f~HiE .* ~ ~ ~ tt o 
2. {l(ffl:)J~t6tm~~~751JPjli]J.llZ11}~: M'IW~ wew.!3;ffilli:$,6 Lp IRJB1~1±l~*·~500r 

(7.42) 

J:t!ft WJso ~;fff~Eib~~:i:J: 180 o B;JB<J~$-(t,wsw,gain~ ;fHJ.llZ~~tt 180o~~:;k 6dB B<Ji&M~ 
.$,~ •WBW,phase ~;fff~ Elb~~~ 135 ° 8<J:Jii{l£~.$ • ~<Pzw180 ~ W !BO .!:3 2w! so IBJ B<JffiUL~ o 

3. {l(ffl:)J.!3t6tm~~Pjli]J.llZIBJ B<J*I!l-fl-~Pjlij: ~~*~t£ s,., C:!!X; 8,onHU:EAilfi'ikffi%,M ttxt 
J.lll~~Pjli]J.lll .!3~"'3(XPioJJ.llZ, tt-it~ k"' , liP-~~"'~ IRJ"'~~PioJJ.lllilffiZ tt, i9:I...tllfto 

4. ~Jl:~.$: ~_)(~·~~Eib~~M!~Jt Jn ~BfB<J~$ W CF •*Jffl)C~[36] ,tf~)._ Slat ~ 

8lon ~*f:Jf .*~ .~~7f~~A.!3~ l±l~.$Pjli]J.llZ • i9:I~.$_tllfi o 
5. ~~rtit~J 9=t-TtJC11PitlJ'IW~ Wdst : ~.:x.~~~Pjli]J.llZ~;J-TtJC~AB<J ·~~ llti~~~ - 3dB 

B<Ji&M~.$.~*~~-Ttltffi%~B~~~*m~~~tt~~B<J~M~~-:±l...t.~~*B<1 

~~§B<J~W~#t£~~-TtJCB<JW~~~-B<J~M~h00 o 

6. {l(ffl:)J ,t6tm~ i\ill/m~751JPjli]J.llZ)!Jt: ~1'f4!J-imi1!, gc~,M: {lflffi% J§ f'F. A,~ ~{tit 
.$M;fHJ.llZ~ffiMmB<JttffiMaP~oJJ.lllltlt.~**r-~B<Ji&Mffi,~am~~-i&~MmP~oJ 

J.lll5!:1to 
7.Mgc~JM:fiP-TtJCB<J~~§M8h:~~*W~mMgc~·AB<JBf~~~~Mfth, 

i9:IiPiJ11B;JfB] 8<J ...t~{t, 1PiJ11B11EiJ ~j(~~~Pjli]J.llljg@] Pjli]J.lll~ffis<J 10 % ~ r*J 8<JB11BJ o 
...t:~tmtir-!ft .~--t-mtir-~~ T f*iiE~~tt. ~tffM:rtitlJ *~*1Ji:m~16,~B<J. Jtfi!!.m 

f,jE!ff-t*.B<Jttftl'iJ ~ ?t ~.=: 1-~J3tl, m-~~i&M- o t£~ff] 8<Ji9:it 9=t, :t!O)C~[l] 9=t i9:I 8<1 

B~.hOO~~Eif:ff~~!ftB<Jiii·*~ o ~-~~!ftB<JA~ni~~t£,6)Cxt~mB<Ji9:*~ 

lTtt~i.if~Bf-~~:±l o 

¥-T ...t 11~tfOJ~B<JWi:i£.!3?ttJT ·*Jffl 7. 2 118<Ji9:it:i:t~ ·*115G~~~li '$;ft$1J~i9:it 0 

§)t .~~~ Dz ~ Cz lifD~f}(~~f{ a; ~ b; ,-.§.)!®~J![liJQ~ .~l'iJ ~ it• Y;~ , IIPtEEJf 

:ffl'iJ~B<J r*J$1'iJ$Jt~:ftitlJ:H!ft, ffi~.*~.b\ -Ttlt.A w ¥IHJ~:rt• :±l h;n i&f7t8<1 H"" ttftnif{ o 
JtjX, l'iJ ~ ~iiE, ~ ~ D2 ~ jU 7~Uk, ~ ~ [1Y .:lG~il (A, B, Czo D2) ft: l'iJ :i~Jf _fi &:ff ::f5!:~ 

.~, ~llt~'lit~fOJ~ .~t'fff~~~ r>r;~ ,:.f§J.llZB<J H "" r 7Xf7t~~li '$t!it1J~:t!or 
u = Fx + G ( r - hout,trim) =- CDi Dz )- I w rc2 + BT P)x + G ( r - hout, tr;m) (7. 43) 

J\;J:ft r = [ ¢> , 8, <ji,JT ~~;tjfili% rtl :ll:. ~ ~;r~~rtit~J~:.f§:i!B<Jfrr~~~:HF~ • li'ff~~li 
'$~~~~ 

F =- CDi D2)- ' CDi Cz + BTP ) 

Jt!ftP~r:ltH oo ~J!l~~~n~B<J~K~Ut~m 

(7. 44) 



ATP + PA + Ci Cz +r-2PEETP - ( PB +CiD2 )(Di D2 ) -
1 CDi C2 + BTP ) = 0 

:ill§" .~~-mrr:u~~ c IE --rs:t~tti 
G =- [Caul (A+ BF ) - 1 B] - 1 

~~~~~~.:Iii~~*~~~~~~ 
a1 = 13, az = 12, a 3 =30 

b1 = 13 , bz = 12 , b3 = 1 , b4 = 1 , bs = 1 , bs = 6 

(7.45) 

# ..EUt!lllZ~ ri~ =o. o476o -r~~ff: r=o. o65> ri~ .~~~ T roo~ r ?Xft~~&tlJ!!ft~~ 

~ F 

[

- 1. 0368 - 0. 0604 

F = 0. 0760 - 0. 9970 

- 0. 0002 - 0. 0185 

-0. 0230 -0. 0083 -0.2857 -2. 6165 -0. 0312 0.0499 -0.0746] 
0.0174 -0. 0378 - 1. 8340 -0.1130 0. 0026 0.0024 - 0.0169 

-0. 0066 0. 0004 0.0353 0. 0990 0. 0044 0. 2295 0.2441 

(7.46) 

[ 

1.0368 0.0604 0.0746] 
G = -0. 0760 0. 9970 0. 0169 

0. 0002 0. 0185 - 0. 2441 

(7.47) 

jl;J~:ff ~ 1-~~~it a , ,b, ,oped,int/F1ii :Kn::iJ!IJ:At ,Eff!;) rti: ,Iff! 7. 2 1l ~NitVft:~, ~Nit 
-1-•~~~:Ai&tlJ!~M•·••~~&•~••--r~tt•o•~•iJ!Ilft~r 

(7 . 48) 

;a:r:p 

[- 10 0 0] [0. 2026 2.5878 

4.891~] Ain,cmp = ~ -10 0 ' R n,cmp = 2, 587~ -0. 0663 

0 -12 0 

(7.49) 

B,,_, ~ 10~' X [~ 
0 -3. 7980 -124. 6213 -1. 9798 

~] 0 - 111. 3469 - 9. 0793 -5. 9148 

0 -0. 6076 - 0. 1112 4. 6136 

(7 . 50) 

A 

a , 

(7 . 51) 

[

0 0 3. 7980 24. 7966 1. 9798 0] 

K n,cmp = 10- 3 X 0 0 11. 3469 9. 1439 5. 9148 0 

0 0 0 0 105. 0784 0 

(7 . 52) 

~Jmat, ~ilitJ•s:t C7. 43) 9=' ~/f1iJlj!IJ:I:~~~ :I: IE s:t C7. 51)~ ttl ~;.f§J.ill ftiitffi ftff, tE -~ 
~rr§~1i100~:t511iJ~ffl o 

=*1J:X;j I. :it H = ~ Jf ~ ilitJ .:itHi~ 00 ~ tt .i'ffti o CONDUIT IJI..§C178
•
179

J ~ ffi 
NASA ~~±1iJf~ r:p,c,,~~.IVJ~ffl~fift~ilitJ .fititTiffJf :/i.~, *fflW<txflf§!;) l!l%1fs:t 
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1D!I!.liVF FJT ~ * l¥1 ~ tt m t~ ( 1!0 00 7. 17 FJT 7i:) , Yt ~ t;.CF ilf#i ~i!L~!iL 
1. ~JXVftft'JljJft!J: g~{Eflft!J~~-H-rp~Jij T ~fltljg ttl h;n • ~fl*'" ttl hout i¥JTtJt~ft!J 

fmfJ ~~__t££~ • I:N 1J~XA~~~gx1}Lffj Jl~;M}!/c • I:N !It • ~fili.'Jlfi!jT)}.. W i!J h ;n ~ hout 

l¥1 tfl ~f~ii oo f£9il! ~ l¥1 $! ~ llJiiJ 1llZ. 1!o 00 7. 4 FJT 7i: • tfl ~ ~ ~ l¥1 ~ :1f til WI~~ IY3 • ~ JXI.l¥1 ~ llJiiJ 

JL~%~~m~, :ff:lil:tf-ifl£ ""f, ~JXI.X>j hout l¥1~ llJiiJ (!;A lil:tf-ifl£ ""f l¥J Lz m:f£:11 ~~{iE) ey 
!;A ~j;' 99% !;A __t 0 

0.04 
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0.01 
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8.1 51~ 

*~~~~fi~~*-~*~~~~~XA*-~*~Nffi~~*~~&·.~
_t .9~~-ey !J.*ffl -®fij lf!~~$fJ:H~~j, lt:!.!O PID ~ ~~ lt~J~$fj$ C 14 J , ~rm, )!®flO lf! 
~*~~~ftRBRm&w~AA~~-~-Httn.~•~*fi•~~m~~~~.m#tt 

ft3t~ o *~~ili*fflf*:;lg •• £31G~11!l~ (robust and perfect tracking, fijf$ RPT) ~~ 

1!if1ti*1'1XA*•*fi9~~~1!ifJifht .~ti* E8 ~~11B~-fr~:ilffll~~7f ~[27 ,28,114,42] 0 ~ 
~ -1-nlft ,@~® ~14 ~ *. , RPT ~ $fj tt* ~ ~ ~it-1-~ 1jjfj :H, ~ 1f fPJ fJJ ~ ~ 14 # 13. ff. 
~*~~m~m~~.~mm~~~*aMilia~.•~~tt~•1G~·~~~~•~m 

%o~•1G~•~•·~~.-1-~~-oo~*~~m£3w~~#.n~J.ff•m~~~~~ 
-~~~~-~f~%0 ~~ .~~~ff9}~ ,1'JT~Ttili~Jll!"ilJ~~~~1!ifJ$ , :1'1~/F~ili 

~#~~ 0 

11~5!ft~ ,RPT ~1jj!J:/J~:ft:flg,[l_ ~~}~Z- .~~;it~$fjft~f'q ~~ "i1Ift$~~Jffl 

PJ fflf~,@, ~nJJ 0 £~~~. ~~-1--~f~%. ~o*-t ~~ l!fiJi!f.!titl5"ili m. n~.z.JiJf:« J!® 
f~ ,@, ti5 ey lJ. ~:!! ~ RPT ~~J :H, f'~£M-~ tt ft, J!# ~ AC;{;f -T ~lit.~ m ~ ~ ~ fj 1f :9} 

*~~~F#fl":!tH1~ o ~J!~~fi1f*"P ,.:fQ~&··~f~,@,:fl ffl ,J!Jt~~~:hai!Jtffl 
,@,-t:Mltm~ .~~~&,~~, IJ.{fR~~ 6Uf~~~ttft o m 10 ~:m-ey IJ.~i!J, RPT ~1!ifJ~ 

~~$~XA ~~'J:H~ IR ~1-T~$fj~~TfRi lf!~1f* o ~00, §)IG@]J®i RPT ti*~£*J11! 

l-e,f!U¥mH'H'~w;:11f.~X~ [27], IJ.~H~ RPT ~1!ifJJ11!i-e~W~l'e:lio 

~Ltt~ilii~lt~~fBJ*• 

{

x = Ax + Bu + Ew, 

4: y = C1x + D1w 

h = Cat + D 2 u + D 22W 

x( O) = X o 

(8. 1) 



;r:\l:j:l xER" 1-J~~rPJ:i!:.uERm :1gf-ti!if1~ArPJ:fit.wER9 :1>J5'~3fftltrPJ:il,yERP 1-J~:I:~ 

l±l rPJ :il ,hE R1 1-Jtltf-t~ l±l rPJ :il o ~ ~7'~3fft)t wE Lp, p E [1. oo ), .!:3 ff ~~ ~ffi% rPJ :il 

rE R1 
, .E!Jt~f£ r , ···, r <•-1) , k~ 1, llJ .ffl, r w 1g ~?IF pj§ fi!l!G ~ 1116 -T Lp, RPT !'OJ 12i~ 1g * tft 

:r:\C8. D~¥11~1:'£1-t~~OO:il~ l±l & 1!1!~1bt1$ 

{

ti = Acmp (E:) 'CI + Bcmp Ce) Y + Go Ce) r + "' + G.1 -1 (E:) r<H> 
(8.2) 

u = Ccmp Ce) 'CI + Dcmp (E:) y + Ho Ce) r + "' + H.~-~ (E:) r<H> 

f31!~~~f-t1bt1 $1lizffl -T * tff:rt C8. 1) at, llJ i;H~ ¥11 !;,( ""f 11:00 o 

1. f¥{£ e' >0 ,{31!~~fflPf*tfeif r =O .!:3 w=O 1f{£""f~J!Jf:fla<J eE (O,e' ]$f:lli~~; 

2. iJ: h(t,E:) 1-JfflPftltf-t~ l±li!JiiJEiz ,e(t,E:) :1g£ft~~£ .-tl!.~~ e(t,E:) : =h(t,E:) - r(t,E:), ~~ 

~~-Tff~B<JfJ]Mf~f4: X o E R" 

(f~ ) 1/ p 
II e II p = o I eCt) I P dt - o as e- o (8. 3) 

{£_t~fPJN2it/t~l:j:l .~T~~ffi .~, r ~7'~, ftffJ liiJ Bt'31 AT -~M5'~ffi.~, .m~~;., ;:, ···, 
r <•- l> , fP 1>1 M5'~ B<Jf-t1b!J H~ A o tt;g, :1m 1it /Frl~ ffMii 5'~ 8<J ~ ffl-~ OO~IH¥ ~ ~H~ 2: ~li 

5'~ B<Jffi.~,, lt:flll ,1![]* r(t) = f, ~~ ~ llJ t;,(~jl?(;.~ ~~Jt- ~~~:'£ r (t) = 2t, !;,( lJl. = ~ ~ 1:'£ 

;: ( t) = 2 o {£~IT f-t 1bt1 l:j:l , !;,( r 1>1 ill: It~~ , Jt- ~ ~ 1:'£ r ~t !.liz it Jl , = ~ ~ 1:'£;: ~t !.liz 1J[] it 

& • ?ii-~ ~ ~~ , llT ~ m -r m 7ifi ~t 1* ~ ~ 11: oo 0 -m !.liz tt ~ ¥11 , _t ~ rOJ N2i ttt ~ § * T FJT :flllJ oo 
B<J% :tl[]r(t) = t', O~k<oo B<J~~fl1f -Ji3-, f§ J1t, ~f-tilif1 $-llJ ~ fij r:lli {~~~~~~{£ t= 0 :tl 

:fl~~~l:'i~H:rtB<J~~m%.2:1lJ~~u•~~~m%~~~fi~H:rtl:j:IB<J7ifi~~w 

~~ 0 

X~[27]J!VF, *tfe:r:\(8. 1) 8<1 RPT I'OJN2i~ .EI:&~""fjtl~{tfn'JiJEBt~ llJ:(WB<J: 

1. (A, B) IlJ~~.(A,C1 ) 1lJ~~; 

2. D22 + D2SD1 =O ,;r:\l:j:l S=- CDi D2) tDi D22 DJ CD1Df)t ; 

3. (A ,B ,C2 , D2) ::bllJ :i~Jt- _§_~:Qifj\;ffllli 8<J; 

4. Ker(C2+D2 SC1 )~Cj"" 1 {Im(D1 )}o 

2:1!. xt ~l.R1itil£~~ X 8<J Moore-Penrose} )(:i!i!, lm(X) .!:3 Ker(X)?j-jj!J~l.R X 89-ffi 

~~I'BJ.!:3tt< ~ rBJ.:&:Fo c-1 {9r} := { x i CxE 9{} ,Jtl:j:l 9r :1>J-T~rBJ,c :1>J1itf£~~ 0 ~-T 

D1 =0 8<J1f(£,_t~llJ:(W~{tj:llJ!;,(flij{t:1g: 

1. (A, B)IlJ~~.(A,C1 )1lJ~?j!JJ; 

2. D22=0 ; 

3. (A, B ,C2 ,D2);bllJ:i!I!J3.:1>J:Qil1\;j{j-=f*tfe; 

4. Ker(C2) ~KerCC1) o 

~*~~*tttB<1tJtf-t~l±lh~~·~l±lyB<J-s?t.e~:&:m-~~f4:~~mJE o 

*~l:j:l;tt~S?t~~~_t~~f4:B~n'JiJE,""foo~~RPT~N218<J:fW o ~~tt t;..(""f ~# 

Mi£ :~~&•mi£,~~•t~l±l&•mi£~~~•t~l±l&•mi£ o 



1. ~~& mm<£ 0 ~Yr:fl~~t~Sm r~:S:& mat, RPT rOJ R!IlT ~ mD~~lt1J$fW#co 

~~ri£~f£1tl¥1~~& m~lt1J$ 

u = F(e)X + H o (e) r + ··· + H•- 1 Ce) r<H > 

llJ ~ fW #c * ~it C 8. 1 ) 1¥1 RPT l'iiJ »! o ~ k)) $t }}.~!, llJ ~ :fe ~ :5tJ f~LI~UUJT ~ ~ :!lll r ~it 
r 0 I1 ... 0 r 

d 
-
dt r<lt--2> 0 0 ... I1 r< ~t--2 > 

r<~t-D 0 0 ... 0 r<~t--I > 

m~ ...tit.!='J~~*~itc8.D .1~¥1Jri£:1tl*~ 

X:= 

r 

X 

{

x =Ax + Bu + Ew 

L;AUG : Y =x 

e = C2x + D2 u 

0 I 1 •• • 0 0 0 

0 

+ r w 
0 

I1 

0 0 

A = 0 0 I 1 0 , B = 0 ,E = 0 0 

0 0 0 0 

0 0 ··· 0 A 

0 

B E 0 

(8.4) 

(8. 5) 

(8 . 6) 

(8 . 7) 

(8. 8) 

C2 =[-Il 0 0 0 C2] , D2= D2 (8.9) 

~k)}lf tfj, itt j *~itC8. 6) 9=' .M. u ¥11 e 1¥1-T *~, -tl!~ ::liUl!~ D!l:7t~ll (A ,B , C2 ,D2) tillY~, 

liEJ CA ,B ,C2 ,D2 ):flffi fjlJ B9/F1t~,~~ttf~ ,}3 j~, ~B9/F1t~A tf:flCA ,B ,C2 .D2) B9/F1t~ 

,r~,EJ l X k 1'-t£ s =0 ~B9f!!H~~-~ o 

i&T*.~J( 

0 I 1 •• • 0 

A- = [A
0
o Ao J , Ao =- eoi H + 

0 
(8. 11) 

0 0 ... 0 
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P.A +.AT P + c rc2 - <Pn + cr D2 H.Di .D2 )-I <Pn + cr .D2) T = o (8. 12) 

-T~, fWlk:~~~ ~ RPT l'iiJ /HiFJf'$ 89 :!*~& i!Jl~ Mm lr$ E8 TJ:t~ tl:l 
F(e)=- (D'[D2)- 1 (PB +CiD2)T 

= [Ho (E) ••• H ;- 1 (e) F(e)] (8. 13) 

J:trp H,(e)ERmx1 ,F(e)ERmxno 

:li:Fo, ~ e 1!:~~?f(J~;J,Bt, ~-F~:/JWit (8. 12) fiT~:ffiEFlfi: 89fifi>J(fWfiiJ/Hi, :l!Bt 
fiT ~*ffl~#iJ7tfW:/J?*[5o.139.27 .42J ~ RPT fiiJ:li!li:iltfi>J(fW o 

2. ~Wf"ij!LI:&i!Jl'!f~o ~Wi"~ft~:±l&i!JlrttiJfiJ!;A#iJ~:tlllT: tJJIG,~Oi!:;(8.13)-*F 

tt-Jr~~&i1!~Mmlr$ .r&Fo .~!;A r~-F~:JJW>J(Jt;(.IE~m Q 

AQ+QAT +(EET +1) - (QCf +EDJ)(DIDJ + d) - 1 (C1Q+D1ET) =0 (8. 14) 

# .§. tt-JUW.~HB9~Mmlr$ 

K(e) =- (QCJ + EDJ)(D1DJ + d )- 1 (8. 15) 

-T~.!Wlk:~~~~ RPT l'iiJ/Hi89 ~Wi"l~ft~tl:l&~rttiJHE8TJ:t~tl:l 

{

ti = Aanp(€) v - K(e)y + BH 0 (e) r + ··· + BH,_1 (e) r<.t-D 
(8. 16) 

u = F(e) v + Ho (e) r + ··· + H ,- 1 (e) r<H) 

J:trp Acmp(e) = A+BF(e) + K(e)CI o 

3. ~WI"~ it~ tl:l& ~·If~ o Tltiiii:t~Wf"?jlljft~ tl:l & ~rttiJ~fWfjc RPT l'iiJIHi, :1-J~ 

~mJlti,flh't~lr$ cl Ej n1 B~1!:fk~J~r%J:t 

itr:f DJ.ofinl13f'k ,i£-tV-tV-#il~~fi1t'*llfr~~it& i!Jlrttll:HZ.!W , B"JIG1E.r~~~ 

{
x =A x + Bu + [E I.]~ 

y = C1x + [D1 0] w 

11i:EjJ:t<8. 17) r:p cl lO D1 ~ftl;f§~B9%J:t:iltfi?t:IIR 

(8 . 17) 

(8. 18) 

(8. 19) 

W= [Xo •Wo(t)] (8.20) 

:Jt rr o(t) :1>1 ltiW:Il* ?1ft Bl§ fi, Hr&, Y1 = x1 1r~ fiT m. :;f m tHt 0 ~ r *. ~ .:x. ~QR. !;A r it 

~VE 



[ [
C1,oz ] [D1 ,o 0 OJ] (AR,ER,CR,DR)= A zz,[E z Oln-k ], , 
A 1z E 1 I, 0 

-T:lik, .fl}iX~~ ~~ tl:l ~QRtl l'ii ~, 'f9:1f ::p~~ ,g, 1f ll:tm:51UA, c 1) l'iJ~lm!l, JJ!tl CAR, cR) -tiL l'iJ 

~~~ ,J!f-F ,RPT .?*l'iJ v.,(ti~:tmr: 

§)t, :tuntc8. 13) -f-F~~:!Jt~& ~tt~~li$ 

F(E) = [Ho (E) ... H k- 1 (E) F(E) ] 

JtjX,.!=ijJ:.\;(8.19)9=t X 1 fll X z £t~;ffi~,:fEF:itHT?HJc 

F(E) = [F1 (E) F z (E)] 

~lEi ,iJ: KR Jg;f§J.ill£1~1¥11\t~~li$ .~~ 

(8. 21) 

(8.22) 

(8.23) 

I¥JM~a~sm-r~*••w.&M:lik~mkooi¥J~Ii$1'18~~1i$.1'iJv.,(a~l!-~•~1'1 

(AR,CR)I'iJ~lm!lo ~~.~~ 

A cmp (E) = AR + B zF z (E)+ KRCR + K R1 B 1 F z (E) 

B cmp (E) = GR + (B z + KR1 B1) [0 ,F1 (E) - F z (E)KR1 ] 

Ccmp (E) = F z (E) 

Dcmp (E) = [0, F1 (E) - Fz (E)KR1 ] 

-T:lik ,:ffl¥l:JcJif~*m RPT IPJ~I¥J~~1»!~ :1: ~tl:l& ~t£1!J!J~E8rJ:\~tl:l 

(8.24) 

. (8. 25) 

{

ti = A cmp (E) V + B cmp (E) Y + Go (E)r + ... + Gk- 1 (E)r<k---ll 
(8. 26) 

u = Ccmp (E) v + Dcmp (E) y + H o (E) r + ... + H k- 1 (E) r (k---1) 

J:\9=t G;(E) = (Bz + K R1 B 1 )H; (E) ,i =O , 1, ... ,k - 1 o 

W:I ftl'iJ $ .!];!.)(~[198] o ~o 00 8. 1 YflJ\, -\<Ait£1!J!J *m I¥J)r~:Pf -Jkt£ 1!JIJ3CAtifEJl ~ll" 

ft~&W .&M:lik ~ o 009=ti¥J~Yf~+~~•m-r:a:#• 

o, 
(8.27) 

e, 
J:.\; J:f G;n,cl,o 1'1 ~ :Pfffi it lEi, .bUtu .A o,, ~ , , 8, ¥U ~ tl:l a, , a y, a, 1¥18 ~ ~ ~ ~ li$ o SheLion .!=ij 

H eLion I¥J~:Pf H~ t£1!J!Jft;t£~ 7 ~B~ t!:l ,-=f:Jikl'iJ~~k~ffi:Pf8~~~~1i$~Or: 
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r
- 0. 0001 0. 0019 0. 0478] 

~~d. O = 0. 0022 - 0. 1031 - 0. 0048 

0.1022 0 0. 0002 

(8. 28) 

Fb 

!Al!f ¢ 

l'fj!f :if~ ab 
1;/JtJ$ 

(}, 1;/J~ (} 
~\¥tt ~1i 

"'' "' 

~*~~~*•~*M•~.amre~~m~*•~~~••~~·*~-&.~aA 

oo 8.1 ~m~m~B<J$7J-,tf'flA--t-ElHJJ.{B<Jttt.fim~.~-~*'~~PJ!;_(~~oo 8. 2.~o 

5l!: a" · ' ~5'~~IfHi11E ~ B<Jif9!$~7ttm~ § ffi imM~.EIW.ttt.~l'tlt~, lJ~~ftf11 89~*:#f lE 

'/ir~~ftffl , $ ~_tfiffj~~OJlt o 

0 n.r l£ffJJJ\fT 0 n JiEJ« ~fj'~ Pn 

~JU~ 7~1¥!1;/J~~tt 

00 8. 3 ~ 00 8. 4 .l!VRT SW.ttt.fit!L~~tt1tmm!B<Jif9!$~f£11l!~, r!ijfle~ml±l ,X, Y ,Z 

.= -1'-lil:llJL.lf~~-HIIl ,jf: J3. X~ Y li:ll.¥Mim~f£ ,;ft1f¥1t1if9!$::k§9:19 1rad/ s, W Z li:ll 

.¥~lil~f£C~~_tjf:~I-:~OJlt ,f£!11¥1t1~r X~ Y li:il), f§Jlt~ijftffJ*iM.· liT !;_{rexAtifEJl 

~fiWB<J*m~~~f£7}·~-=-t-•~im:ll.#J3..-i'-im:ll.ffiD~:7tW.~.;tt~~Ift 

if9!$~1¥M'~Smttt.fitlt~B911¥1t1 ~, ep 1rad/ s !;_( ~ o l!J!..f*.®, ~#'!fi£ ""f, X imlliB<J~ 

~:1f-PJ!;_(.:l:£:1g 

(8. 29) 

it~ Xn :19xAtifEJl~fiW~*~ NED ~ftf-* ~X ~:1f[P]_t(J9{i[:~ ,u" ~ a,,n7J-§JU:1gffil.i)Z 

B<J~rt~:hn~rt 0 Y ,z Bm~ JJt~fp,( ,Jt§J,ao""f 

(8.30) 
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-20 

-30 
10-2 10- 1 

IQ I 100 

~U~(rad/s) 

(b) b\ay,n,r!IJay,n 

l!f 

2.---,--r-r,~n----r-,ro-rrrnT---,--~~,Trr---~-r•.-r. •.•. on .. 
: : :: :: : ! :! ::: ! ! ! :! :: : ! :! ! : 
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01~--+-~~-H+H--~--~~~~--~~~~~H---~~~~HH 

! ! ! ! !! i i!!! i! ! ! i! i!! i i iii i 

=~ oo•-ooooool oo oootooooot!"'t1'!"i1"""'-"""t""'t""i"t'tti"it"""'-""!"-""t'-"!""tltllt""""-"i""-"t"'t "t'-l"ttl 
10-2 10- 1 10° 101 llf 

5 

0 
!! 

-5 
10-2 10- 1 100 

~i¥(rad/s) 

(c) b\az,n,rfiJaz,n 

I I 
I!Y 
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=: .:.:,;~p~tiiiliF=F f HlHil =rtlF!1HF: =i::riHH: 
10-2 10-1 10° 101 1o2 

~$(rad/s) 

(b) .b\ay.n.rfllPMHoo til 
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(8.31) 

~~?'±~ ,::£J..."%EX~fi~~~l19wj!,J!Jl$riJm!Jt, riJ ~fflr Ii 'W!~ititJ o E8 r= -1-Jil:ltt 

J{. :ff ;ffi Iii] 119 i;fJ ~ ~ f'AJ , J'1 ffli it!~ JA!. , ""f X~ ~ X Jil :itt J'1 f9ij , ~J ffl _t l!ft-m 119 RPT ~ ffitj it* 
1i tt ?'~ J.f ~ ititJ ~ 0 

J.J T~ititJxJ...JtEa ~B-~119&.• .~)(~itc8. 29):fll;RI19:@t~~ m J.J 

(8. 32) 

~~~liE, E8 it (8. 29) ~itC8. 32) m.Jiltl19 *~119 RPT ~ititJ fiiJlm:B:~~fi 'W!""f ~ riTW¥ 119 o IOC 
f&wj!~~fi'L~, Xn,, lk;it;ffi!RI19l!Jt u.,, ~:1JDJ!Jl a •.•. , filL~$~ riT ffll19 ,)il:J1~)( ""fit 

Xn,r [0 1 0] Xn,r [0] :t U n,r = 0 0 1 Un,r + 0 ax,n,r 

a •••• r 0 0 0 a.,n,r 1 

11H~flli¥.JfOJH~HtQ~:G: RPT iiit:m~zpg .r :liU~¥1J:l:fl!~m 

{

x. = A.x. + B.a •.• +E. w. 

~AIXJ: Yx - Xx 

e. = C2 •• x. 

0 1 0 0 0 

0 0 1 0 0 

0 

0 

0 

0 

A. = 0 0 0 0 0 , B. = 0 , E. = 1 

0 0 0 0 1 

0 0 0 0 0 

0 

1 

0 

0 

(8. 33) 

(8. 34) 

(8. 35) 

(8. 36) 

Cz,x = [ -1 0 0 1 0] (8. 37) 

*:X~[27, 198]~ili 119-iiitul'l, riJ ~~~ilj:l:fl ~~~itC8. 34):J(Wf RPT ~ffjtj fO]JmB;j~~fi 

'W! :l:fl ~HIH$ 119 ffi ir% it W¥ ~o ""f 
a •.• = F. x. (8.38) 

F . = [- w~;· - 2 ' xWn,x w~.. 2~xWn,x 1 J 
Ex Ex 7 E x 

(8.39) 
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[X•] . a •.• = F.(E.) u. + H •. oCE.)x.,, + H •. 1 (E.)u.,, + H •. 2 (E.)a., •. , 

(8.40) 

A J:f Ex ::hlmJ"i)~!~Lw •. x~ ~x ?HJIJ::h~~Yf'ffjff'_¥ ~MJJI{l B9 !aJ~~$l!Jim.Jt: lf:o :itt:-~'~ 

~&•~~•m~.*Yf'fflff'~~~~~:a:~ili 

~xWn,x + · Wn,x ~ _J (8.41) 
Ex Ex 

(8 . 42) 

(8.43) 

i£ ~, J.!l! ~ 1:, jzo ;!iJ!: imJ 1) ~f{JE ~;J', jj~ .Z.l:~ RPT ~i!liJ ~ ~ ~llit~{f~tle B(]n(li) ml if 

1t • ?& w ~ r S¥: ¥~J ~ J.!l!-* ~ B9 15& i!liJ ~ pg Pi' ffi Pi' ~ tt B9 ~ * . ~~ Pi' m Pi' -* ~ B9 llf1il m. 1t ~ m 
~ fi fJt f1;] B9 'III Jt ~ 1t@ , ~ ~)!@ m .!if JJi!: J)!~ , ::h She Lion ~ HeLion :121; Jilt T ~ll ~ B9 ~ i!liJ ~ 
~f{ 

Wn,x = 0. 54' Wn, y = 0. 62' Wn,z = 0. 78 

E.= 1, Ey= 1, E, =10 

~. = 1' ~y = 1 ' ~. = 1. 1 
::h T :liVJ,-ttat~llf1ilmz B9t«im1 • .=: -t-liiltB91m..~t: lttl5::kr~~r 10 

(8.44) 

(8.45) 

(8.46) 

*1lli~~-~*Yf'~T~~-B9tt~:itt:fiW~.::hT•&*Yf'~fi~~.*~B9·$ 

tt .~111•& T 4IJ:1-liiltB9~$1lf1ilmi .?Hl~~llOO 8. 5-00 8. 7 FJTlR, .l!H'& .FJT~liit:!$JA~x 

ll&::kB9ijHK*ll .~tl*ll::kr 75°, l§llt;t:f;ff.$tt~~~'/irj!fB9 o 

::hT~~~~R~~B9~~~h~~~~fim~B9mDtt~.-·7·B9pgff'~~~ 

-tl!-E!*:tfpg-~?j!IJ~.OO 8. B~OO 8. 10 ~7RT~1-.¥~:tE~R~~~B9tlft~ifllf¥M'tt 

~ o ~mDtt~ •• &T .=: 1- ~fi;!Jfl::: M-1-;/Jfl=JA~JE~Wlf~ ,f'&!Er1mif¥1J 12m/s llli 
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*·~#~A~~~m~:J!:§~reM~ilii9J~~~xAm1-~ilii9J,MFo~*m~~~lS 

fi~~~~~4JJ~xAlSfi~.xtr~#•~~•:fl-1-a~~~~.~~-~•~AM 

"P ,c.,, ~~..t:J!m $# ~tttk:~~-1-ff!H~,g, l:t :tm ~~ ,fti9J:iflf~m-t-• ~~AAIPJ ,:/N:3f 

~:J!~r~--~~-~§M=¥#AM~~~~Mfi1J®~~~.-~AM"P~~§*m 

~AM~~~~-AM~~~lSfi:M:~-~~ID:J!~~~ . ~d~M~~A"P.~--~ 
xAm~-*Jt~•~"P ~m• .m~m~ey ~ ~~lS1-TAA~ ·*'.IVJ~rot•, ~.tlt:fl"Mflf¥* 

-~AM~~.~~4JJ~~AffL~~~M~ . ~#~A:J!~:M:~~~~~#8~§*~

#:fl~m~.M®~#~A~~~lSfiM~"P~ffixt·~~- . 

1JT~S*J:!I!M*m~m•~m~.*~~~•~"~Sfi"PD~~*fi~•~ilii9J~m 

a . tt•.~••*m~mm~•-®•~mi9le*~·~~z~wlf~~wlf~~~:J!~ 
.1Ca~~ . M8lti*fflRITtt*~#~lSfi~~~-{j!~-~lSfi~~~1J-~m•e 

·* .~ RPT ~]WJ;fg~""f .~0-:fl ~'~ ,'flffL~i>l~&W..t .~:iflf~:1JO:iflf_ttj5 B ~A* T 

~~*m~•fl·~•~~~*•*~•~"~Sfi~~~ . ~.tlt.*lti$m•~"~Sfi~~"PD 

~~ff*.:E~:J!1Ji*f!LiE~~~~,~B9•+~~.-m~:J!&ft,:iflf~:ho:iflf~~m-'%.~ 

iE:J!*~~1ilf~~P-Jw . ~a~~~~-~lSfi~~-•·*~•R-*tt:•~mm~mm. 
HeLion 11*ffL,SheLion 1Ji*f!L . 

~*m-mm•~ 1Sfi"P$~D!11-~IH~-*··~Hltl11** NED *fif--*,ffL~ NED ~IHT
~ ,fflf**fif-~~-~*fif-~, "fu" -=:: 1-B ~~~- 2 lti "PW~Wi~:i:i, ®:IN:Fo-1-~"FID*~. 

J.i\Z~tl:· ·**NED *fif-~~~f#i:J!KfJL~i*fJL~·imtt~~~, ~"fu"ID-tffN~~:fl NED 
~fi~~m:fl~IPJ..t~~~·*•"P~T~**m~mm.xrJ.iiZ*m~mm~~~IPJ•~ 

~:l: *jjtl ~ LD ~ FL ""ffif-fij r£. 
Af*~J(•~*fit-~ .~ooo 1o. 1 Yr~ .xtrm.ll. *m-mm• ~ilii9J ~m~1'if jjtl:fl m. 

~*fiT-~ l!.ifl*f!Llti9J ,}]{,g~~*fif-~~5(~o""f . 



On~-----------' 
Yn 

1. mc~wr*mm>t:.,~; 

Yr 

2. X ~(ll.{ X1 ~~)~*fflffl~ X ~t£ NED *tt~ X~Y .1Jl-lti~l'!912:~m:-€h 
3. z~ck.( z~ ~~)7'£t:J&~mi~iti~~mraJ"F:1f; 

4. Y ~(ll.{ Y1 ~~)~X ;.f!l Z ~~.Qlt;fi-=f-~ o 

~*~~~1'!9*~raJ-~k,{"""f~f~~o 

WMB~.~~~*~~~NED*~II'!9·~~~eyk.(ffl*ffl89MraJM~~~"F 

R n! £ = r:~::: ~::::o ~1 
0 0 1 

(10. 1) 

rmil ey llA~!lWMfiffi)EtJj ~~*tt~ffi~ NED *tt~ 1'19-~M i!J.l, jt:(£~ ~*tt~ ~ 1'19 
~~:tzo"F 

0 

(10. 2) 

(A_o 

jc\~c}LDeyk,(ffi"""fjc\>j(tJj 

¢'t.o = Qwsin~w/cos8w + rwcos</>w / cos8w (10. 3) 

;tt ~ qw~ rw?HiU :1g *m 1'191/llilll Mit$~ AA: {ij M i!$, .Pw ~ 8w?HiU :1g *m 1'!9•m M ~ .fJFf 

illlM o 

*m-f*m»~ga~f**m:a:~ooo 10.1 FJT~.::~gm!)l®~. ~~""~Sfi=HI'!9m~ NED* 
tt ~ i9: :fl ~ tJj , 00 ~ L .~ :1g * fJL 1'19 m: ,c,, Ul :'.1, F R.( :1g f* fJL m: ,c,, 1'19 ~ ~ w ft. D .~ :1g f* :fJL 1'19 WJ 
:mwfl.o 
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r • . l = r ,,l- rd,l (10. 4) 

x •. 1 

r •• 1 = y.,l , r ,, l = Ya.l • rd,l = Yd.l (10. 5) 

z •. l z •. l 

JJI:m 1fl5L ~ *tll--flHJL~ !?A "P ,r.,l = 0 o 

m PJ'~tE:.$;:1t!!. NED ~f,~~ J:f:l~:it*tll¥IJ'I'*tll~~w'lta9~fiij [ti):fi ,1-J 
r ,,n = Pn,FL- Pn,LD (10. 6) 

j\J:f:l Pn,FL£5 Pn.w?H)Ijj;J-f*tll£5*tlli£:.$;:1t!!. NED ~f,~~ J:f:l (!9{\lif[ti)!l .~fiT ~lrit IE ~AA; 

~~fum :11 1~¥IJ 0 

~:a:m ~1t~*tn. --f*tn.~I?Am:rta9Jg~~m~ .. ~m~mr~JVt-f*tn.t£:.$::1t!!. NED~ 
f,~~ "P B9w'lt ,:J!It£5:boi3L/t~~ o 11 T ~fiJ ie~ 89 ~!?A ~B, rf(j\ oo. 4) 1:5 j\ oo. 6) .~ 

~~ii£ 

p nr,FL = Pn, LD + rd,n = P •. w + R n/l r d,l (10. 7) 

j\J:f:l Pnr.FL 1-J-f*tJlt£:.$;:1t!!. NED ~ft~~ ~ (!9{\l'lt~~ o ;.f§J.!lZ (!9:J!lt~~ V nr.FL PJ' ~X'f J: J:.\31( 

-Wr-~flYH~ .:!m~ 

Vnr,FL = v n,LD + R n/lid/1 + R n/1 Cwl;n X rd,l) 

= v n,LD + R n/1 Cwl;n X rd,l) (10. 8) 

j\J:f:l Vn.w1-l*tlltE NED ~f,~~ ~ B9~~i!lt o :!lO"IWFJfi£, IE r ft~:Ti rd.claU£89*tll --f* 

m~~Rmj.\. f!SIJJ:tr d.l =oo 
ffi~:lt!!..PT~~'I'*tllR*ffil!lZB9~i!lt~~~~ 

4nr,FL = 4n, LD +Rn/I Cwl;n X rd,l) + RntiCwl;n X Cwl;n X rd,l) ] (10. 9) 

j\J:f:l an.w~*tllt£:.$;:1t!!. NED ~f,~~l;i;J a<J~~{O:,O,l; n IE~j\~tf:l 

0 

.. 
cpw 

~w = qwsin~w/cosOw + Qw0wsin~wsin8w/ cos8to 

+ Qw~wcos~w/ cos8w + rwcos¢w / cos8w 

- rw ¢wsin~ w/cos8w + rw0wcos¢wsin8w/cos8to 

(10. 10) 

(10. 11) 

Ti~ ,q LD ' r LD ' ~ LD ;f!l 8 LD ~/f'fm1(~Jj!IJ :l:~flj '~~tE~ ~~~B;jtE~fi!itt£111 B9fl10: o 

X>tr~ !?A ~B .-:Ml/:Oil;n t'IHt~'J\ ,FJT~;,t;r.too. 9) "P B9~=:t.mm ~~~0 



10. 3 ~~IHiil 

~~-~~~••·•m~•T-•~~~~••M~~•*m~~~oo~~-.~• 
~x.A. ~~-T35E5( Tw;i-t-~m~~IRJlil,Jt§11Jf*~f¥:f?IR .!::~H!i·ttiKc~~oo 10. z), ~;!~!;~ 
x.A.~fi3*A~-x.A.~fi3~~-!K~.--~~~~~M~~-~~~-~x.A.~ 

fi3L~~~~~w;i~x.A.~fi~L~~m~fi.~-~oo.~~~~fi~~ft~ffM~~ 

.lilt9l*A § B~W::f?IKo 

Yr 

fle}E~~IK:ktJ,~I:-:m:Jl ,!16,@1~ .Lttx.A.* ~ ~ilf$ ~ ~, l:t:!llli!ll, ~~3fit llln~ 
~~~Jilt.m~-~~Ml!$oA~L.-~~fle5Ef¥:t?IK.ttR~~£-1-~MM~~~ 

Jm,x.f'fftfll~x.A. ~fi3*~*iJLf¥:f?IK.!3~1f!K~~~?t§1tl~ 2m lO 4mo 
~07f~~-~, llJ~~¥1J$·~~Hi00.!3M~~-~lti)([m.JsJ] o ~Jlt*fflT -ftt 

?t~An~.ft~--~x.A.~fi3tt~§B~AA~.~ffM-x.tx.A.~fi3~~WIK:m:~ 

~.$~x.A. ~fi3fBJ~~~ep~~ffi.~ftffM~~~IlJ~ o ~*:&Y~tl:l~~~~-~ 

C~~OO 10. 1 .!::300 10. 2) .~'L'~T~*:it!! NED ~;f,'f-* P31ttl~~JLM~* 

{

r a,n = P n,FL - Pn,LO (10. 12) 

1/ldic = 1/JFL - 1/Jlo 
A~~~*m.!3•mAA~~Z~ o ~M~T~~-~~~~~~ o 

1. ~'f~~~fia~.f1Jl*'JWT£~1f !16,JlJa ~~~n- o ftfi15E5( T~1-~1R~ 
~ .~*ml3•m ~1!Hxf4=~•-t-~~~m!ll~:ft .~-1-Wft*m-•mffi~>tm!~:!mT 

l(r,,n) =I r •. n 1
2 

- a}H (10. 13) 

A~ arH~~-IK~~. lra,n I ~*m.!3flfJI.fB]~~m!~~· ~m-m:. ep 

I r •. n I= ./Cxn.FL- Xn,w) 2 + Cyn,FL- Yn.LD)
2 + Czn,FL- Zn,w)

2 (10. 14) 

1f lllCr •. ") ~o ~l!ij;lf!;~x.A. ~fi~:ilt:A T~~x.A. """\~A-T3~~-IK ,J!ftt'!fl£ T ,fiJl* 
-~ifft~~x.A.~fi3~m!~~:I:~~~-;£.~~=1-~1Rn~ 

l(r.,n) =2(Xn,FL -xn,LO)(Un,FL - un,LO) + 2(yn,FL- Yn.LD)(vn,FL- Vn,LO) 
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+ 2(zn,FL- z •. w) (wn,FL- w •. w) (10. 15) 

P:rFFJf~~ :li~~*fJL~f~HJL:A:*:t& NED *fij* rkJ&~~iflf895t:lio :tzo* l ( r •.• ) > O, 

.::pf~ff~*ltilfffiiHr~; :tzo* i <r •.• )<O,Jjltl:il!:A ~ -il7 ,:lltfil!!tittfJL~ o ~~_t .ttL~~~lR 
~~~A ~fi:HB~ftA TX;f:1f891!r¥1R ,jf liiE:A:~jlfo J.i\Zif<fli ttl,- Eil!!t~fJL~7fMl, 
~A~fi:HB9*~~~UMW~.WR~~fi~~--89rkJ~§MI* o 

2. ~ ~ ?j!rJ ¥1J ~A~ fi :H i'ElJ PI~~ li~HI a;j , .ll. ~p 1ftr ~ * m til. fi .1JL f$ m ~ l!!t :*.itt 11 , :1;] .tlt , 
)E5(~1-W~m~ s1 ~ sz :tzo"'f 

{
sl : cos<f!Lo (xn,FL - x •. w) + s~nrpw (yn,FL - Yn.LD) 

Sz - COS</JLo(Yn. FL- Yn,LD)- Sin</JLo(Xn.FL- Xn.LD) 

:1;JT~~l!!t:*.ittJI,J.i\Zffl"FWB9:1f~~~*mrkJ~~~~~~~ 

_ {Bnnax,LD if Sj < 0 
e .. w-

Bnrun,LD if S1 ;;?:: 0 

{ 
~ rrnax,LD if Sz < 0 

~ r.LD = 
~ nnin,LD if Sz ;;?:: 0 

00. 16) 

(10. 17) 

(10. 18) 

(10. 19) 

~ nnax,LD = 5. 5°, ~ nnin,LD =- 0. 5° (10. 20) 

xr -r 1* m . rn r -t 111 :a: !fo/om _t ;vr- ;tt~ ~ • f;§ .tltFRii ~ 89 ~~ttL ;tt~ lllJ 0 ~ • • LD sg ~~ xr ~ii ~ ~ r 
$:tdEJ!1I7tm.lJL~a;j~fl!Ji~H'~ 0 *:1g19iJr .~ .m~-#tw% .ttL~~ sl <o 891fi£: JLfiii _r_ 

*l!ij*fJL:A:'i*fJLB9$W ,l(r •.• )<O ]f.'*~*fJL~'f*fJL(f(J1!ft}IKBM~A. i ( r •.• )<O JiltliJi 
ljij E ffl iE :a:~ lli ' :!! #if(£~ ' l!!t itt m ~ 2t ttl ~ rrnax. LD 1ftr ~ ' ~ ~ * m ~ :Iii* -m; ~ ~ ~ ~ 7i.} 

'f*fJL o 
3. ;tt~M:t& .:B:¥1I:1f~_t ,)E.)( rW(!(J-IJJ~m~ 

S3 = Zn,FL - Zn,LD (10. 21) 

b'coi,LD = b'trim,LD- ~b'col,max (10. 22) 
A rf b'cot, LD :1g*fJ1(!9~ ~,~,RgfUoj A ,<}'trim,LD :1g;ttjJ.i\Z (!9~.1Jl-~ • ~b'col,maxjg~ti (f(J:Iii:k{li6 ~ • ~ ~ 
~1;1:11!89¥11~ _t(!9~~, HeLion ~ SheLion ti~jg 0. 03 o :A:if<l!!titt:1f~ rf, JUAfi~ _t 
89¥11~~. f;§ :1g ~"F~n:~m:a: 89~:t&fit~. f;§ .t1t s3 ;;?:o 89tR%:B:*tJLt ttLti~~ .m. if< 
'If(£ 8=J'f*fJL6{H!I! o 

4. -f*m_t*m T ;ttJfP.( 89l!!titt~ ~ , w~ mJ:flttL;tt~ lllJ, ff!.'lftr~~~~::::F fRJ. Jt.f*:tzo~ 

_ { Bnnin,FL if St < 0 
Br.FL-

Bnnax ,FL if Sj ;;?:: 0 

{ 
~ nnin .FL if Sz < 0 

~ r.FL = 
~ nnax,FL if Sz ;;?:: 0 

(10. 23) 

(10. 24) 



Brmax,FL = - 2. 5° ' ermin,FL = 2. 5° 

¢> rmax,FL = 5. 5°, ¢>rmin,FL =- 0. 5° 

A Jfr 8coi,FL ;:h1'~HJL89~~J~,J€tlfUA ,8tdm.FL jg;.j:§J.ilZ 89fte3Jl-{i o 

(10. 25) 
(10. 26) 

(10. 27) 

1JW•®~.~~m!fr~~~m~~~~~~~~$.~W~#-~~~~~•mmzm 

!fr !li!.¥~J [ IBI ] 0 :liil§ ,:iifq-T J::J£~m~~89wr~ :i:i~J§. 1/ff~lit-tv- k..( ~t? IK~~ttA UTH ~ 

1tJ:\: oo. 13) ,lCr •.• )Jfltff:t ti~~~t? IK1&'-ffA .mit:#f~~~, JltBtJL. IW ~:ttl! iif~ili'J:M ~ tl:l 
•a~Wffl%,:lt!!iif.~A~JL.~Jflt@~A~fift89~~Uo 

:<$:1) ~mi.tE.m-ffm#.liUIR ~ql-89~~~*, :tlllllli Wf:l£, H eLion ft1JtE.m, SheLion ft.::h 
fftJL. 1Ji-'¥fti § 89, -Jlt~ -=: ##.118 IR~~ ,)tJJU:tlllr o 

1. 1[~~~: iii~ HeLion --'=3 SheLion .b\~~~~ff.Mi,~J§%.Jlt-* 36m tE-891[~ 
~~, Hu~~ll 2m/ so 

2. 7!it*M:~ : --'=3~ 9 :&£ 9. 2. 81)~~)(;.!1J{!~LfEI_:Iii~Htr~~lll>1f~jg 2. 5m/s,M;~mi 

~jg 68, 5mo 
3. ~liM:~: ffi1r~~~-'=3~~~Jl.Jlt,tE.m~P>JIII .~~~ll2m/ so 

1J~tit~f!fft, ~ 10. 3 !fr~tl:l T J::l£#.1181R ~ql'M:~89~1*~ft o 

~ 10. 1 j tl tl:l T~~~fi~:®*ffl89WI~ i'BJJ€~:S:.~:®~*1!1l ~ 10. 4~ ~ 10. 12 WT 
~ ,)tJJU.::htE.m~ifm89&.ft,M;~~ ,;.j{fxfl€~~~ll o ffir*ffl T~ 8 :&f~tl:l 89 RPT 5'~ 

~~-ft.#.liUIR~fi~~~·~~~~~~ft~~ey~mi. •• ~@89·~eyk..(W~ftm~~ 
~m89~:M.--~~~~9='~~89a&~- o 

A€·*•~mi.89~*~RA~tvM*·*~~~m~~~~mm~~~~••~m~ 

~89~B.*~~ff~E-~89~m~:lt!!00~-#.11UIR~fi~~~~-~* o 

* 10.1 

!it it£ x •. , Y•.r z •.• 

1!~ -3m 15m -4m 

trt~ - 6m 6m -4m 

~i! -2m lOrn -4m 
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"ii 
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~m 
(a) ][~Nt~ 

(--<>-: Ni:r"J) 
68.5m 

------------~------~<__,_ __ , Nir"J) 

(c) i!l!iiNt~ 

00 10.3 tlli!R "1.D'AA:~ffi~ 
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11.1 51~ 

~~*~B~~~xA~fi~*~R~$~ffl~~~~~ff*~m~y~-$*, 
~~~~*m111~t= ~~~~~~*~ B~:flx~:tll:iH [20 . 62,79] 0 im:i:t~if* § ~~~ 

!!J!t~..ey Jtfm~!!l!t~ ~ ffi .~, , xA. * ~~~ -ey k-{ tt ~ IAfJJ;lf :tm1Ki ~ c1s4] , ~ ~ ~ WJ ~ ~ fi ~ 
illtJ [4 ,73.1ss.1sz.1s3.164] ,_m~ c 11z .1 zz] ,:tf!!.~illtJ 00c1z1] k-{_&~M:ff*csuz . 99] 

0 
J!.®ff* _y_~~HI>J(~ 

»-~*~*m1::w*, lt:!Lorr~~~~WJ±~:fl3'&:tl!!.f!lH~~ , miA-91l~ § ti, § ?&~~:i:tFo 

••e*~~••*•Am~s:tl!!.a~m~Mre o ..eyJt~*~~~•*~~~!!l!t~~lt. 
~~*mA:flRF~F.L 

1. mk-{a~~~@~ § tiEj~ OOYF:!l~$ 'Mffi.~, ,§~%~E:i?'~%\!.; 

2 . .R flfi~ § f&Jlt.~ .~{t(~{ffPJJt{i!!.ffi%~, lt:!!Offifjl{f. il~Jl£{~%; 
3. EjJt{1!!.~*-~~*~:!LOWl5ffi It, Ji 'lit ~;;>js:ff!"; ,11! :1:~, ~.lit~~ 'llt~i:r:2: fEiJ EJ~fiff:fl 

l!i89;J\~xA. ~~-T~; 

4. ~rPJ?'~W~M{ffPJfm :ll , ~.lit; ~1-*~Rif:!Lo ~:J;m~;Jtt.®~~*{~"F JL.>f~~~ 

~J '~ ffijj!JJ.~~f:£ 0 

*Iii:m~x~c11o, 111, 112J :tll:iH89~*1l-~ ~xA.JtEJt "1.~-T~Jf ~~-~~'ilf ~~ 
~ ~ m, *-B: E:J~~~ WJ:tl!!. oo § ti.lm~:fl.* ~ IPJ 12L ~ ~@ ~ ~1lrw~~;f;f\ ~ Jt~ [110 J, 
a•£$~mxA.~~m~~*m3f~E:Jmm~ffiA o 

00 11.1 ~$TxA "1.~-T~~~*mrp*ffl~~ti*~,JJ.~:!Lo"F o 
1. ;;$::til!. NED ~ti*~' k-{""ffi n ti-J,,R,Ej~ 2 -~~.:X.~!m ,J!j!_:jlj.{X~ili~r~~ o 

;;$::til!. NED ~tiK~~.:X.tE:tl!!.~~oo~i.E?(~ti*, JH:.e:~"1.fi~®~.~ ,X.-Y • .1jL 00 EJ:lt!!. 
~mi~OO:tEJH: .~;{1~VJ, X. ,Y. 2 . ~ti~?HJIJf!J rPJ ~ :tl!!.~~t:Jr -1F.Jr EJ:tl!!.'L' o 

2. m~~*'i*~, k-(""fti h tiW-. ~ !Al.~ 2 Iii, lmii:tE~fi~m!l _t ,xb ~m rP1 m~, 



Yb $m rtJ :t~mJ!-!:3 xb $~1! .zb $m rtlm.llt .~1! x b-Yb .1JL oo 0 

3. tlt3'HIHi~~~, !;.Crt~ w t~i-9-.*:t:EOO 11. 1 1ft~ ili .~)(~f!Li*~t~~:(:E :lt!! oo _t 89 
~~0 

4. ~ f:i 1I ffl ~ t~ ~ ~, ~;A l'" t~ s t~ W., 1m :ii -T ~ m/ fl)jf ~ fpJ Hit m ~ C pan/ tilt servo 

mechanism,~!IM~~~ ~00 3. 9) I!Pii'f:i z_t, .!:3f!L1*~t~~ IPJ* rtJ, zfeiJ .Rfi;f§~t tm~ 89 
.1JL~ .mc~~-r~m!ftll-!:3fljjf~$3tA Cj!£:;f~ m:ti:~~~ ,flhi~m$.!:3fljjf~$~oo iL!i 
;f§~ir ) 0 

5. ii' f:i '* oo ~ t~ ~ ~ , ~;A l'" t~ s P t~ W. , fPJ :t-F 1m :ii -T ~ f:i Z _t , W- A .!:3 ~ f:i 1I ffl ~ t~ ~ 
-~.m-T~)(-·f!L~§fi;f§~~A~fift~*rtlo:t:E~f:i1Iffl~fi~!ft~~-A ~ . 

;tt ~ f~ rtJ :It iC. ~ 
x. 

P. = y. (ll . l) 

z . 

Jt~fEi]{l[ j!:if "iij" I;A:(:E~ f:i'*oo~t~~ 9=t m.= 1-~taflfft~ : *~ r .p ,fljjf~f§ e.p ~~t!ffl ~ .p ' 

iC.~ 

e.p = arctan ( x. ) ' ~ .p = arcsin ( y . ) 
Z s r sp 

(ll . 2) 

(ll . 3) 

(ll. 4) 

6. ••m~t~~~, ~;A l'"t~ c t~w.. mli£••m 89* rtJ, .!:3•em ~mit. ;f§~~ f:i 1Iffl 
~t~~~m/fl)jf~ 

x = (Bc,sp ) 
c,sp rfo c , sp 

(11. 5) 



lKBllirNI~tJL:JI(A.- c,z, ~!3NI~tJLJ't~:ltJ%-,:mrliJNI~tJLlJ!i:1J ,x, ~*_g Z, ~m 

rliJNi~tfl__t:fJ ,Y, ~.!:3 X, ;fll Z, ~fkl~:fl¥ Hfr'l *tf-.¥, :m rliJNI~tJL:fi1Jl~ o ~Nl~t!L*tf
.¥.!:3~~ Hfr'l *tf-.¥1ti%-Bt ,:J-tiH1tfr'l !3f~~fr'l ~ j;; o 1l, tmm/f~~ Ji!V!Ff~.:X.j;;Nf~tJL)t~ 

Y. ~f~~ O, .• pfr'l 1l .~§-P}~f~~§B<JN!f;ttfl X, ~tmm¢, .• pfr'l 1l o 
1. oo~*tY-.¥~, ~ rtr- i tr--t.R ,:1g= £t_gfr'l *tY-.¥ .llir*_gm~m:J~t~ B<J~~v oo 

P-1 ,.@:,Bj;J:Jit~!3Jt5t~ .~j;; 3::£ (principle point) ,Xi;fll Yi~?HJiJ!3Nl~tJLB<J X, ;fll Y , ~ 

B<J:/JrliJ-!#L 
8. § tY-*tY-.¥~' ~rtf- 0 tf-i:R' .!:3 ~~ -T:Il!!. !Iii B<Jtf-i:R (fti~:ll!!.tf- 'landmark) 1m :ii' ,00( 

.B .!:3 Jtit r1iJ l!ifi § tf-*fW: fiff A~flfU ~ , 00 11. 1 1ft 1f *tf- t±l o 

f'Fj;J - #?jl~J :S:~~~ .m~mmrre:=:£t~ 1BJ 1ft B<J~:OO.BI!9cM¥1J=ttoo~!ft .2:#1!9cM 
**ey~Jtl!%-~B<J~.:X.T~.*·•B<Ja~CMM~.~2:® •• B<J#·~~j;JNf~tJL~ 
~.~~~-~-~.¥~B<JttR•~·*o*~·Jf6~MNI~tJLCM.~J58~~M~#Jt 
••• :tlW 'fll15*'Lffl-#1~~:/J#d1:0000 f;t~~IOJI! o 

HrJ:/J#fL~··· [ II S] ~Jm'lit*Jtlfi<J-#Ni~tJL·· '~Q 00 11. 2 Fff7f- ,:Je~~v jiffft_¥: 

ft,C.,HtrJiii ,Jtl}EHI(I!:fti.:/Jfl o {f~~~-~ P, .fiJffl#:tL~·-·.!:3~ ~ B<JJLM~fkl, R 
~~1~m~m*tT--¥ .oo~*tf-.¥;fll § tY-*tY-.¥ 1BJ B<J~~<• moo 11. l)~or 

A ( ~ i ) = [~' ;Y ::] [~ ~ ~ ~] [R~o ~~o J ( ~o ) 
0 010010 

(11. 6) 

(Pi) (Po) (p' ) A 
1 

= K,IloG 
1 

= K,Ilo 
1 

(11. 7) 
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Po = Yo ' Pc = Yc (11. 8) 

(X;) 
p; = Y; (11. 9) 

1'l P R.i:tl:-ft.lf- 00 C ep 00-ft~f~ * pg) ag19:~ ,R,;o .!:3 t,;o ?Hltl 1'l%H~m lr$..!:3 .lf-~ rP1 :it,~)( T 
M-I~H~~f~*¥IH!-fttfL~f~*ag~;ti~~!k.;. 1'l lt-@1Jt51r .Hd!-fttfL~f~* P3 P t,i:ag~lf, 

s8 f$jg~1tf5!-T-Cskew factor) .~~'ilttl:lli 0, [o. oyY jg ±Ai: ag{t~~f~ ,:AlFo fx = fs • .!:3 
fY= fs y ?HJtl:J!L;,t{t~jglt!{if:ag~:K.!:37k.lf-~Jie,Jt1fl f J!!f?83;lJ!~Jie,s • .!:3 Sy :/!~:]'{;~~~ 

*~mx.!:3y~IPJlt!lli*lf~ag{t~•§o 

J:tcn. 6) ag~:nA~:~m~:l!.xf~~Jt-ft:t:tl'i ag-# :llifP..t • .x;f~fn ag11t* w11r 1f/F~~ 
fill, f5l 1'l:J't~m~sl Aag OO-ft~1tJ~,:J!Flfi:~Pjli]Jt~ 1l, J!:l:t.XfJt:iltfi~ rP1 .!:3~~tJJ rP1 ~1t 

· r•~ .~mflllag-#~Rm~•~~T 

(~P) = :: = ~IIo (~' )= ~IIo G(~o ) 
1 

Pd = (1 + k, d2 + k2 d 4 + ks d 6
) PP + K d 

d = ./x~ + y~ 
_ [2k3xpyp + k4 (d

2 + Zx~)] 
K d -

k3 (d 2 + Zy~) + 2k4 xp yp 

( ~; ) = K , (~d ) 

( 11. 10) 

J:t9=t P p :l!f~?l -ftm~-ft ~R.i: ,Pd :l!f~ll-ft~1t{t~ .~ ,k , ,k2 ,ks jg~!PJ~1t*fi ,k3 ,k4 jg 

W!PJ~1t*fio 

pg~f£ fxJy,OnOy .!:3~1t*f£ k , ~ks i.\j'}JH!ittJI.ag!t?g3;lJ!~f£,f~~ag § ag~~~ 
m~s~~~R.i:agOOit~~fi~~~~®~fiag:Al~m o 

m~J:toL 1o) ~tl:l agt~itmm~, "iii L;.tftfflx~ Cz3J 1ftmtl:l agt~ittnf~~IJUiHstt 

~*fflagtl{ttJI.agpg~fi o ~~:l:tfi§~~T~-= 

1. ftffltJL~tlittfL:flti~tltil~·:t& 00 it' :l:tl'i9=t *ti.XftlittfL~~jf.lf-~tltil~·:t&' 
f~ ~ ffl :fF -@JJ 00 it :tm 00 11. 3 ~ ffi 0 

2. ;A: MATLAB 9=tftfflf~~I1Uimltittltil~~~H&00it 9=ttltil~r ~ agffJ R.i: .mltittl:l 
ag iff R.i: :tm 00 11. 4 ~ ffi 0 

3.ftffl~~IAWttatl-fttJI.agpg~f£ •• IAWftffl-#~~~{t·~ii~-ft~~ 
*l=f~~~fiaglfi:m~.g, ~£[227J o 1J jt, ftffl DLT(direct linear transformation)·~~Jtit 
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•tt•.M€~m••*~~Mm.~ct~~m••~~~~~•.~5~~••~~9~ 
ffilt~P3·ft~ n X6 ~ ffilt~7'~-~.;lt~ n ~~fflOO'(j~ft§ ,;k'f"Hf{jfJI.f,~~£A~ 

~Wi~PT k-t:t£)C~[23]~~¥IJ. 

SheLion fJL~jl{jfJI.pg.ftf,~~~*izOr 

~Re 

(Jx) = (605. 67766 )± (2. 65276) 
f y 661.84569 2. 91701 

(
0')= (176. 26743)± (3. 33796) 
O y 141. 21784 3. 18607 

PP.i~~-T s6 =0,PP.f~*ft 

kl -0. 42687 0.02702 

k2 0. 50745 0. 34637 

k3 0.00349 ± 0. 00097 

k4 -0. 00146 0. 00123 

ks 0.00000 0.00000 

11. 3. 3 ~~*H~ 

(11. 11) 

(11. 12) 

(11. 13) 

PP.J~001lPTk-t~m~~~#~m1lmP3•a*rr~~.m~~m~-r.~~~PP.J~001l 

¥IJ#fLill:~~M** ~j:\(11. 10)/F~ ru•tR:If~*• .~~*m~1-tctw. PP.t~*~~~® 

~Jfflj:\(11. 11)~j:\Cll. 13) ~jl{jtJL~ pg•ft*fi .~~~€~ 00-{j:f£00 11. 5 ~ lt~. 

(b) ~~iOH~J§Itiiii~ 

l!lll. s ~~:fH~ 

:t£001l5l!::f.IMW~ ·*~~T-~'JIAB9PP.J~ .~{j:lJZ-OOJn:,~~:t£.:EA 'f§.llt o, ~ Oy P]"k-(~ 

fl.~ o ,jf H .~MPP.i~~-T se =O,£'f"j:\Cll. 7)PJ k-t~~¥IJ -1'fnHt~#fLill:~m~:tzor 

(p;) (p') ). 
1 

= Kciio 
1 

(11. 14) 



[

Jx 0 01 
.:\ = z, , K 1 = 0 f , 0 

0 0 1 

(11. 15) 

*•Fo~$?t:llti~*ml!-t-mitt89#1Lt~ftmm~L :m~J:toL 14), PI~m p , ~JR 

-
X ; 

(11. 16) 

- X ; - y ; 
X; = f x' y; = f y (11.17) 

~T~l{ SheLion 1*'.1\t~~89~JJ .~fll:ilHJ- 7 it!!W § fi~i!H*f.i\Zffl1ilf~ o {E~~r:p ,J.i\Z 
Jlll--~tiEtli£-T-Crobust feature descriptor) -'=5 00-fllllt~!t*, f£ ili 7 -~fiHl 89£-T-1*1. 
1\t~§••~-'=5~~~ao£-T1*'.1\t~~--'=5~M~~•••·~*ili~~§589m•·* 
rei$<m.~,li 111t~~D-ltib'J~~, 51 ~x.A. ~n-•~~it!!w § fi~~n- 0 

~r*~ili-~~~••*:fl~~'*:!t!!W § fi~89~~-«:~rt.~ooo 11. 6 E!fJR ,i£ § fi~ 
f]J.flti-ft~~C!OC~ § fi~-~$5}) .~fflW!~?ttiJ-'=5£-T*ftiE 89mJ:ti-JUJIJ~r! § Z9J¥3hRili Hi 
J'G~J(~ § fi~ .~Fo*ffl-~fiHx-ft~~~;t~~OO-fl9=t 89 § fi~ ,:ill§'.~~ §fi~~'*~r! o 

§5-~89§89~~£-THf~§5~•$~00ft9=t!3Z9JMmili~~@89§5 o ~~ 

9=t .~.Jflt 7 -ilimA~$-tf~it!!W § fi~ ·*ffl~~mJ:tmJJIJ~W § Z9JMm § fi~ ,-§.~ -=: -t-± 
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~~!JJ: :$1-~tlJ~~ilHiitlJ:I~j.\i,JUJIJ o 

11.4.1.1 ~!IJ 

:$1-M~§~~~MW-~:$1-·ili-~@~~-.~T-~fi-~R.eT-@R~o# 

JIG , § tf-~ fF :ll.¥ ~ & M *f tt , -tE. ¥t:JiH.#. E ffJ B<J ~ J3t :IF~ ~ ~ ~ 1J rtJ ffiJ i& ~ ; it ?X , ~ .mi 00 
fF :ll ;fH It ' § tr-JJ. :ff I~JL~ ~ ~ ~ lR JJL 

#7t.~~k~•~~-A~•~oo•~m-#~~~•~:n~.~fi~•~~~-~ 

~Ro ~T ~ § tf-i'i{Uff~~/F~, :1f Ji/FI!10::Jlt!ffi~flj:~~, :tE HSV ~fB] ~ .¥~-~OO·o 
HSV f"ti'i{~ iJi'iJ (hue), t§l!l J3t (saturation)~ :Y()Jt (value) , :Iii fJJ EB Smith[172J 51 A o ~ ~ k, 

:t~:•~ooe~R®!~~~#~f§ ~ .~ffl T $#~-~~, l:t:t!O CIE,RGB, YUV, HSV l!l 
CMYKc204Jo ;;$:1iJf~~JZ\;~ HSV~~~fB]~~~;it~1-:ffft~:#: -~ HSV~fa]~:Y()Jt 
:$1-·~ffi~ili'iJl!lt§l!l!Jti'i{~~~!JtfflA:$1-•;=~~ili'iJl!lt§l!l!Jt~A~·~~!JtB<J/Jj.\Z 

*ffi;kC72
•
148

•
168J o R;£&1-e:#:ff -~ RGB B<Jf!ffi { r,g,b } , ):£)( max,gb =max{ r, g,b} ~ 

min,gb = min{r,g,b}, PI EB hexcome m~c61 J /J{t:lt!!.1il~ HSV ~-~~ ,jt}E)(:tzo""""F 
*):£)(, if max,gb = min,gb 

60° X 
g-b +oo, 

max rgb - mtn rgb 

60 ° X 
g- b + 360°' 

hue= maX rgb- mtn rgb 

60° X b - r + 120°' 
max rgb - min rgb 

60° X 
r - g + 240°' 

max rgb - min rgb 

{

0, if maxrgb = 0 

sat = min b 
1--'-g ' 

maxrgb 

val = max rgb 

otherwise 

if max rgb = r and g ;,?. b 

if max rgb =rand g < b 

if maXrgb = g 

if maXrgb = b 

:$1-~:tE~ili'iJ,t§l!l!Jtlfl:Y(JJt~m~~mBJ'G*·~~-MOO 

(11. 18) 

(11. 19) 

(11. 20) 

hue ,= [ hue 1 ,hue 2 ] ,sat , = [sat 1 ,sat 2 ] ,val , = [val 1 ,val 2 ] (11. 21) 

R:ff~~ffiMA~@~~M~~~~~-:#~-~~~~-A.ffiJM:tE.MOO~*~·-~· 

-*~0 •oo•B~R1*fP:tzoE 11.7 !Yf~.FJf:J!Il$t~JJK!lilEe#7t~~¥1J HSV~·~ fBJ, 

:tzoOO 11. 7(b)F/f~ ,f& fi*ffl~UffiliL&~~~ hue,_sat, lll val , ~~~~{K~/J~X;j~~g 

~00-~fi:$1-t!J, = 1-~M~:$1-t!J~*:t!oOO 11. 7(c)F/f~ o 
r&m~q-=r%~~~R o :tzooo 11.7 Flf~ .iE#'tA'l£""""F .:$1-t~Jm~ooe#:~F1JL7ft.:ffi.lf$~ 

}E,~, ~~PI ~~ffl%~~1*fPiiD~l!~~if ,ffi-%~~ ~ WT~~~ l!!l±Jt,-*~'J'B<J=fL?fjj]Jf: 

-~~•~k~~•• o •""""F*·~~~m~•~~~/J~$t•oo•~§~~-B<J~m~ 
!f,ffl~fiM~*f~~- 0 

11. 4. 1. 2 ~~mlllt 

~# .:$1-~tlm~ ooe~;ff:t£$1-x-ta .-EI.ts1t~ § tr-~ Emaxta, ~ JJtm~*miLfiiJ ~ 



(a) *Wi .A.III~ 

~ ~ !M': VE f'F :1-1 Wi :ii -T 1R :5t Ja ~ 13 f~ • 
1. JLfPJ!M':VEm:JIR: :1-1 T Wi:iixt~ B9 JLMt~VE, *ffl )C~ [112 ] m, tl:l B<Jim 1' lii{~ 1m' ~:':It 

9;E , ~ :1-1 E {f1 tE t!M ~ 9=' ~ I!Ji xt ~ lli. 'fl. , :k 1j\ -'=i 1IR rP1 I& :':It , JE 50D ~ 
~ 1 = r(Fo + r/(:2 

~ 2 = ( r;2o - r;o2 ) 2 + 4( r;l1 ) 2 

~ 3 = C r;~o - 3r;iz) 2 + Cr;OJ- 3r;21 )2 

~ 4 = ( r;~o + r;lz)2 + ( r;~ + r;'F1 ) 2 

Jt9=' r;;q ,p+q=2 ,3, ···:1-Ji&lt!: Fot~ll f.t9=' ,t:,,9;E ,JE5J..:1-J 
c 

m - f.l pq 
TJqp - A <p+<r+-1> t z 

;It 9=' A 1:: xt ~ ffHJt B9 1*1 $00 fR , 11 ~q 1:: 9=' 'L, 9;e , JE 5J.. :1-1 

fl~q = Lcx-.1Y (y- y )qds , p,q = 0,1, ··· 

(11. 22) 

(11.23) 

(11. 24) 

(11. 25) 

(11. 26) 

(11. 27) 
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tl: ~ ' :(£ j\ (11. 2 7) rp 'c ~ ~ ~u~ ~ ~ :ill 9\!- ltii ~ ' L ~ m c B9 ltii ~ fJHt 'ds = 

./Cdx) 2 + Cdy) 2 ,[.r , _y] ~~~3Jl-Dfi~~~%~rp,c,,B9~1Hi~. 

z.a~M~••=~T~§5•~~~-~~••.amm*mT~••~oo*•~ 
OO~rp § f,~IR~B98~7t:ffl .::f~~!I!JL. -T § f,~B9- rtJ, &Jt~R -t, mL.13.~ § f,~$7t~fflA 
~••tt.a-r~•.amR*mT~~~~~~·~••~oom-r~~m~.~~~~ 

H = {hist(i,j) ) ,i = l,•••,Nhue•j = l,•• · ,Nval (ll.28) 

hist(i,j) = .2: 8(i.[hue~x,y)J)8(i•[val~x,y)J) (ll.29) 
( x ,y)E D hue val 

1t ll Nhu• ~ N •• t7t§JIJ~~~~~~:imllt7t~fl § .n ~ § f,~ IR~, [ · ]~Rilli~-m~ff: 
:j':t ,8(a ,b)~ Kronecker JJ*(Ij:t Bi§fl, Eiffj\~ ttl 

if a= b 
(ll. 30) 

otherwise 

(a) W~JII!It 

11. 4. 1. 3 ~--~ 

~~fti'iltB9 § B9~:tE~~M~giH-I~~'.i~ nJjJH.RB9%J:tcug), -#MY ·-~~11-rt~ 
~Jt~~~~£trtl:lt ,f9Ho .~ i 1'-~~B9~~rtl:il:tmr 

a;= [{3,,; ,¢ !.; ,¢z,;,¢J,i,¢< ,i ,H.] ={a,~ ,,} , k = l, .. ·,d (11.31) 

J:trpd~~~rtJJtB9£tfl . ~~k.a~•rp-1'-~~m~B9~ffl5~~dM~~•~•# 

~Jiltll!fi~!ff , ~~Yi-t~ f-tffr .®19:~-t~~?'~~ti~ ft.Z,.~-ft. 

11. 4. 1. 4 miti.Rj}IJ 

mJ:ti,R§Jij B9 § B9 ~b\J:\ (11. 31 )~Vf rtl:ltfti'ilt B91Wj(~;f~ rf 7tM ttl § f,~, !Wi $B97t~~ 

rt~~mm:ll!®~~.~~--~~~m~rr~vr:~ ~rpB9-#~~d~•.re•~~*~ 

~m7tm:~ B9~rp . ffi~T~mMV£7t~~%•~m.amrr£-rmmB9•rt••---r•~ 



"W: :St~ l'iiJ 1m , # £1. iii!JlHI $ :St~:H :i!H:Y:$1-~ , * ffl ~ M .v:! ut WT }E 111! fl ~ tl:l 89 ~UIJ mIt :Stm § 
:fiT- o "W:~HJIJ mlt~-T4lt-t-x>t~B<J?j!lj :I:~UE{K;f!J~MiJII ~ltM~H~ 89 B ~~UE:$1-;fJJ :izH:Yi-t 
~ . mJ:t: iJUJIJ 89 Af* MW tta ~:tm -r 0 

1Btltl: B f9i JIG tm 7Jt o ;(£ ltl: B :St ~ -ru- , 1t ;t ~lN. - 1- f9i JIG im 7Jt :H , ~ ~- .® ~-UE mJtt ;(£ ~ 

-~•*89~~.-w:~•~twJIGR~m~}E o *~89§89~~••m~m~89••tt~* 

~lt!JL 

?&Fo~}E~HJIJ mit o ®iiOO~qq~~.R:ff -1- §:fiT-, ~-T4lf-t-x>t~89?j!lj:I:~UEtil~iJII 
~lllM*H*89B~§~~-UE:fr;fJJ,*ffl~M.v:!utWf}EJll!m~tl:l89M~mll£M}E§~ o ® 

ii~*ffl89~-UE~li~~.#£l•~~~:fr;fJJ,-T~~~}E~~-r~•89M~m~t 

f(a ;) = ± w, (a,,; - P.• )
2 + w6 (d, CH;o~) - 1-'-6 

)

2 

(11. 32) 
k~l 11 k 11 

{ 
§:fif-, if f(a;) ~ r 

h(a;) = 

*~~ij"~' if f(a;) > r 
(11. 33) 

N huc Nval 

~ ~min(H; (p,q) ,G(p,q)) 

d ,C H; ,G) = p~ l q~~inC I H; I ' I G I) C11. 34) 

#£1.ak ,; ~:Xij"~i 89~-UErli:l :i: Bf.J~k 1-:Jt., wl ~w6 ~~J.i\l~UE89.&!1!.r~~M~R:i2\;* 

89 fi'Jtilo ~M"W::$1-~:H, :tm*-1-~~89 ~JJJIJ mit til f(a ;) ~r. JiliJiA:1-J"W:~~:1g §:fiT-; ~ 
•• :Stre~*~~~~*o~-§~~*tl:lR$1-~~.~J.i\lM~~fl{il•~89~M:i2\;~§ 
~;fi~-§~~:1-J~.B~-~}E;(£~trJOOeM*m:ff~lN.§~ o 

:tzo oo 11. 6 ~JR, wMttt ~Fo, PT ~J.i\lffl ooe1ut~1i*, ;tt § 89 ~~tJG¥1J:xr J.i\l~}E §:fir- 89 
~-~.~ .~~?!t!k~.lf'flll ,.lf'fli~;(£~!Hi\IOO~ ~1!~, ~JitOO~H!l1J; 896zt111!ltJ.t~ lt~?WU1c 

.®oOO~H&1J;I'iiJim~~-BI!fflm~~~89~~m~=im71t~~t•~•·§~tta~~}E&00 o 
Lim71t~lttw~• o "W:~~~"iiJ~~~~-1-§~rli:Jr89:iiW.tm7Jt89§89~~~* 

§ :fif-89tt~, It:tzofit~j~ XW.;f!J&I , w 'lit, tt~~i-tPJ ~ ill!fflrm7It1i*~lN. c219 ' 228] 0 ~:tzo ~ 

~[ Jog] .:X$~tm1J;-=~~~rm~89, ~ :1g:tm•11E~~ ffl 89~~~tt~ 89 .JJ~~ - -t-:!lf89 

~-T~~89H!l1J;-~:X:Xtt-TffMm:ff~U89H!l1J;·~o~-~:I:·~·~·Wf:fr;fJJ,B 
~*'Jffl-F~~tm7Jt1i*~~&~jifjtM C 1 o J o ;(££-~891ft£ r ,t)L-=f7re7Jt1i*J!ir~.£ 

••-~[s6] .r&rriHt• :I: 89~¥:~¥-F*if!1tm~lllJim. ~;(£ ooeJ'f~iJ * H&1J;$-t- §:fir-st. ~tl 
:I:BMB9:ff•tt~~~ttd:1-l~ml'iiJim o ~*·~·1i*·It~~$1llM~-tm7Jt:H;f!J.ir 
•-*··~-tm7Jt:H, tiL B &~~ T 172. ftffl [192

J o 
2. §~tta~~}E& o ~Till!fflill~Ni~tJG~§~~J.i\l~-~~~*·§~tla~~}E& 

MiA:1-J~-~§~rli:Jk89:ff·~~ o ;(£~~1l~~~Z*·~~*ffl~ffl*!.t~J.t89~1il 
i~U$~~(mean shift) [sJ o "W:~~iAOOft~x>t~l!Jt$* J.t 89*1il, f&fi ~ § :fif-89t$Z9J~ i'Bl~l! 
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:kat .~~1r~B9:fl~tt~¥U-):E~~J o 
~T~fflL~1J~B9tt~.~oo~m~ lliffl~,)~*ffl$ m~ffB9%A o ~X~ 

[192] ~ .mtl:l T~JtJ.:JETjj ,l!Ji~--t::i JLfiiJ~{iE 89 m~:n~, ~JJI! T fi-t¥ B9 oo~m~ 0 ,~,z, ~ 

~:JETjj~---l::i~*B9~·-~-):EPJ~~mGMfi~fl-f¥,@#•tt~~-o 

~~ff1B91r~~, &:fl~ffl$13 tT-ll&~ff,ff!mtl:l T -~m?Xitm~:n~ .m-rv-~# 
•tt~--t::itt~ .:tmoo 11. 9 Yrlf- o ~~-rm~B9 oo«tm~:n~~ ·*m T -t~~~•tt*m 
~~-13~&•--t::i•m®•·~# --t::iMM, ~YfMB97j]~MA o ~*~-T·~B9m~ft& 
~~¥IJ 13 :fiT- .1J~.Z.~~m-~~-T:I!g{«~~B9 OO«tll&G1r~ .~OO«t~ ~~ 13 :fiT- o 

11. 4. 2. 1 ~ -T~~Hlll tr..l lll'ftlilU~ 

~-TC~B900«tSG1r~~-~~m~~B91r~.N~~~~M~M~135B9PJ~& 

•• Mfi~-T~EfiB9~M~~*fiBm*• o ~~*fflTJ1~1r~m•a~B9·f¥tt--t::i 
~$,Jl1*:tm~ = 

1. .f!Jffl -t ~~ire .ff tm~tl mi 1]\jf.ff 0 

2. ~~~ IBJ--t::ij~~M ,~,, ~*tl§Jrj ES -~-~ ~ Ef{J ;tta, {91jj(Q, ~:fli!Jk]!i'lf(£ ~, § J1fiiJ 
~{i£ ~ 1-t:k Bt, ?H~c ~ ~ IBJ 1\li ,~,~ :k ~ .fJ(a~:fl g)( B9 o 

~ T ~ 00 «t ~ 1:Y! ~tll3 :fiT- B9 f:ll • , 1'1f~l,~: :IE Tj] m ~ o A Yf ~ ~ , J9J: ,~~=!it V.lii J*J B9 :IE Tj] PI 
!;_( rn;tt=!t&•--t::i•m ~:I: ):E)( ,flh9: x = [x ,:i ,y • .YT ~tJtS~ 13 :fif-~{.,~1I:f!HIHT-* 
~ B9~~~•, 13 tr-B9~~:tJtTjj:JETjj):E.:X.~Jl:fl~jJo•m = [i, .Yr = [o,or 0 Fm*ltl=, ~ 
•~B9:1t!! oo 13 tT-B9:JETjjPJ~~*~flftrA~f4~ *~-T:tJtTjj .MrroWM~):E:tm•oc ~[.i, .Yr = 
w(t) , ~1111'N):E;lt:JETjj ~:fiT- ftE ll!llt'l ~HJL Tj] :IE Tj] m ~, w C t) ~ 8 PJk J!iC109J , -T~li ~ Bt fBJ :IE Tj] 

-~~ 
x = Ax + Bw 

z = Cx + v 

(11 . 35) 

(11 . 36) 



A = ~ ~ ~ ~] , B = ~ ~] , C = [ 
1 

O O OJ 01. 3 7) 
0001 00 0010 

0 0 0 0 0 1 

§ f,f-!ft,c.,tt:=~oof~H~f,j* 1ft agjg~ ,x= [ .X ,:i, y , .YT, ~O§f,jff£891lYI!fl'-F $!ltm~ 
wma.tt:~-~~M~§589~~&•. §5jg~89••~·~~-~~ 

x(k I k - 1) = ~x(k -l)+Aw(k-1) 

z.(k) = Hx(k) + v(k) 

[

1 T , 0 0 j 
0 1 0 0 

!P= ' A= 
0 0 1 T , 

0 0 0 1 

T~ 
2 

T. 

0 

0 

T2 0 • 
2 

(11. 38) 

(11. 39) 

(11. 40) 

(11.41) 

0 T , 

~~•tm•*•89*~~-.~m~~¥~k~jg~~••#-~-F$!ltm~ft.M# 

oo~~oo~§5~~~.~tm~Wffi~r$*m~= 

x<k 1 k - D =!Pi<k-D 

x<k) =x<k 1 k-D+K<k)<z<k)-Hi<k 1 k-1)) · 

;r.tq:t K(k)~litt-F$-'::lt~L 

*m•~~a&I~§5M~&I~£ffi~~jg~~~.~~~r 

(11. 42) 

(11. 43) 

Z; = 'I.;(k)- i(k) = 'I.;(k)- Hi(k I k -1) (11. 44) 

t£oo~m• 1ft. ~W.~at~m~t~~~~!f\f~. ~Jlt~HJU w~tret-E!m?'HW.-m-E!m:2 raJm-.~ 

{ 

§ f,j, if j(a;.z;) ~ r 
h(a; ,z; ) = (11. 46) 

*~~-. if j(a;.z; ) > r 
*•~tm~r.¥~~-~m=•~~t£oo•~~!ft•~§5,ffi~atffi~~~-~tt89~ 
~~~fi9i:!i&, lt:tiiHl!S*~f=i, ~Jlt ,fm~:fl-#:lr~~1!1: §f,j:Ji1oi!f-f&~ff:H:~OO·!ft .~!§" 

1'}~715;Jtf1!!.WDft. 
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·u. 4. 2. 2 i:JJ~M !tiJ 

w•m~~§~~~£~m•~m••~~§•fi~W§S~~m•~oo•~·~* 

~oo•~ ,:1:1Jffi?J~m•w:f1f ·~.4&:~m 0 0 f..T-~~~moorn oo•PJkJE ,~~~:il!!i~i11&~~ 
~-~~-d.~*-#~~&PJOO~Eb§S~m~~~~-§S~W·~o ~~.~Ta 

~§·~~~~~*H*m~~~Am~a~Bs.~~~re~-~~~~~~d~r~ 

~~~(hypothesis testing) fiiJM: 

Ho = §f..r-m•~oo•~ 
H1 = rn~m~. §f..T-~~oo•~ 
'fi!iit•~ltfAt~l!.ifim~:l: .~;uzor 

E = II H:iH- z~-1 11~_1 = (HiH - z~-1) 'I- 1 (Hi~-1 - z;H ) (11. 47) 

A9=t~~ H i~ - 1 -z~ - 11'lf~JE~5}-:ffl N(O,I) ,E 1'lf~ Ho *flf:r~=£t-t~5t:ffl ,J!.~iW-1-
§ Eb JJt ( X ;fO y ~ [I;J) ' I!P 

{

E < A = x~ (a ) , if Ho ~· 

E ~ A = x~ (a), if H1 ~· 
A9" 1- a ~ftffiJJtJj(-1fl- ,JJizW:.JE~jWj (~jtfll~~t/0~~. 1-a= 99 %). ~ll- Ho ~"Ji,JJ!tl 
£~--F~~~~wMmibtJJE I!ij Bf..r-m•~oo•~ ·*.IS~:I:1Jti?J~m•w o 

11. 4. 2. 3 ~{i~3111illlB*.)! 

~ll- § f,f-{)3. ~ 00. ~ ':St.IS m :ii~ § ~Jjiz:l:1j{i 71~ (continuously adaptive mean 
shift);}lf?'![sJ .~llOO 11.9 P.Jf :iR o W:~?'!~ffl:1:1j{i?J~1l~~7'!~3'&Yt~1l~til t:lqot § f,f-~ 
-~&I,£*aa~£~~8~ffiA~-~~~~~~~~~~1l~~~~*1i·~~~ 

-1-f:IMJJizBSm*~~.~~~~~~Bs o w:•rt~~rn =~md:&~a~,:I:1Jti?J 

~1l~;f01l~WI=I §MJJiz.~llOO 11.10P.1Tm o 
1. & ~a~= ~ T~oo• ~11~ § f..r-, frW~£~ 0 f..T- ~IJ!{g5t:ffl-€Ht:t~$5t:ffl oo, 0 

s~~Jr{g5t:ffl~~~{g~~•.A~~r 

01.48) 

I ( ) = h . ( [ J hue ( X t Y) J ) 
P x ,y zst ,g N hue 

(11. 49) 

A9=t Ihue ~{g~~-~ oo••#ti o 
z. :1:1Jti?J~1l~ = £~ P.JTYt~ ~ 1J! 1g m: JJt oo , tt ~-# :~- • ~ ~~:~ rx 1t ~rt, ~m :I:1J 

ti?l~-7'!~~~~~~1!~~~*··~-#~~~t!i#:fi$1!J.l~!fx8~·~§S& 
ft~~3'&~7'! [31 J o @JI®iAOL 49) 9"~1tt=£t00 •• $ 5t:ffl, 1l~W 1=1 B9:1:1Jti &It < &8~ 
!fl.C,, ) ffir A#JJ: 

( ) M10 
Xc k = M ' 

00 



13~/iiZttJJ 
~~rliTKt 

i!il~~f2i~{i 
i13Jf)! 

#----------------- '\ 

Moo = .l: lp(x,y) , Mw = 2.: lp(x,y)x, Mo1 = 2.: IP(x,y)y 
(x,y) E llw (x,y) Ellw (.z,y) E llw 

it~ nw ft;&tl~il 0 ,Moo ~-llfl"~ ,M!o!3 Moi 7HiiJ:J! X .!:3 y 1f[ll] (f(J~I!fl"~o tl~il 0 ~ 
~{ti{i'C• c(k) = (xc (k) •Yc (k)) ~ ~ 'L' o 1:~*2t1li!J II c(k) -c(k - 1) II < Eo 

3. tl~il o § ~mz: ~~@IK~itffl11. 4. 2. 1 1JB9~i9Jtm71HhiJ~HJL~TtiH1iii 

~§~mz~«i~#~~B9tt~.~~~@~~~*fflT~~tl~iTO,tl~iTOB9W~w

!3*~·~ft·~·B9~~!3~W~~.~@$·~·itffl~@*~·~~~@IK~~~ 

·o~i!~§~mz~{t{~#~~~.tl-SOB9*~--~tl-il'O~IK~~i9J~~-rn , 
ffir*fflT~tl·il 0:1f~ .~~i!JB9~:l$!ii § :fij-!i~.R-~.~T!JHJH:tl1iiEB9 § :fij, § 
~m~!3~00 l±l (f(J~:ii\; § :fif-IBJ (f(J;f:§{Plttftffll!:Cll. 34) B93CX~ lt:ill:fi?lll:l: .~~~PI ~:ff 
~ ~ d;' ~?lll l±l fl1l § :fij B9 fe: ~ 0 

~~~~m~#u~~~~~tttt•·*~~~Q~-rtmii~§~mz~m~#~~~ 

l!l!§:fiT-$*ii!!;~Yl:JitJffl*#~1t~~~1f?£' @.~~IJ;j mzm ~ '~ ~~~~ft~ ll:*flf: o 
00 11.11 ~l±l Titffl~-~~§:fij$*ll!!;~*#r §:fiji!U'*B9-~~J-T o 

11.4.2.4 ~-· 

~fll~Elf~l±l B9tw.1t:1f;t ~*ffl T;ffll!i~~m~~ !l{t'lfff (supervisor), ~zn 00 11. 12 Elf 
7R .~~~mi9J~:ii\;~&,~B9~VE ,1f 13.~~li'i.l B9ii~*#r, ~*'HiO mJ!£~4!iJ~~tiEJ!iil:~ 
~li'i.IB9~• .it~ 4!iJ~~~B9A~~~m~~r: 
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co Cl C33 

~/.§. O(SO): ~~{£ 00~ 1*J N:ff '&l'W. § tffi, 9-. ~ffl *lj §JIJ oo ~J:\ C 11. 45) 1¥Jft1.§.*l'{!Ei£~ 

'I 00 ~ 1*1 ~hJt 13 :f'F o 

~ 1.§. 1 C s D : i£ :9 -T n ~Jir 1¥1 00 ~ 1*1 a ~ ~ ~~ ~IJ ffi lllll¥1 13 tffi , IN lit i.tti ~ § :f'F 1¥1 PI fl1i 1t ::t: 
~ , *IJ JJIJ oo ~ J:t 01. 4 6 > i£ ~ J:t i9. JJIJ r:p fJJ ~ ~ .ffl ft 1.§. *f tiE , ff!. Ja z;tJ -F /J\ §: iiD at tHHt 13 :f'F i£ 
r -~r:p ~¥Jur~w,. 0 

~/,§. 2CS2): iEitH:ii n ~Jirl!l® 1*1 ~~~~~~ljffi lllll¥1 § tffi ,!J!IjUJ ~fiff!t\ ~xt~~AiEI¥1 § 

:f'F, -T!!IW!7~£-T~~ 1¥1 l!lf~Im~-~ ,i£Fn~~Jlrr:fi.tti~ 13 :f'F o 

~1.§. 3CS3): £-T~~I¥J~m~•~*~ T § tffi 0 :Qo*~~~~IJ$?t:ilihffl, £-T-F:1:f~~, 

~~ § :fj{Jj~{£ 00~ 1*1 'l.l~i-~i*:ffl:!:!g{i[~;f$lm~~:i!f-ttf~ § tffi 0 

~~1.f5.tJJ~~f4:Qor: 

co : 5td'JG ~IJ § tffi 
c1: :m~u 13 tffi 
C12: :iif&::m~IJ § tffiitii:ii n ~ 

C23: l.tti~ § tffiFn-!-5/i: 
C33: -!-5/i: § fffiY-T m ~Jlr 

C40: -!-5/i: § fffiitii:ii m ~Jlr 



lJtjr~, ~:{7(~ ~ ~ ffi$1 EO, E1, E2, E3 m.JE 5I.. T ~ § ~ ~lj J}lj P1§ flffl 'T § tt-i,JtJ31J o 
~a 1!1 11. 13 Yr m , 1g - Rf! rey; ~ f91J , ~ m m m .'±I B<J :fJll. :W: ~ i!lW ~ 'It; rr :ttl!. iii i~W tit ~ Rf! rey; - Wli :m 

Jl. ~ $ , ~ ~ ~ :lik § tff-~ lmtl it f.ll: it , ~ ~ ~ :lik f1Z {t f. iii 1*1 § tff- 1¥1 M 1t f.lL it , :fJll. :!*t ~ ~tl- 'It; § 
i9J fJJ M/1-t ~ imtl ~ ft , 1f Rf! rey; § fiT- , .¥3 § tff-$ 5t ~ ~ at , it: :fJ\f. :J*t ~: 'it; lUff ~lj J}IJ P1§ fL ~ $] ~ .!=5 Wf 
~~1iE~it ~*X :m, 1t- £L ~ffi:1:5:1 1i1i: ?J~ £~rey; • 'It;, f5l llt, ~n ~ 1f :m?t~ ~,f)]~ PI ~V- m-t.R 
§ tff- 0 

~2306~!Jj ~2307~!Jj 

~2309~!!1 ~2313~!!1 

11. 4. 2. 5 El ~~ffi~~ ~1i!/mll*(f) ~~~iiE 

f£tl:l B<J:fJ\f.:J*tR[!rey;.'(t;:(£ SheLion 7C.A11::fi-Vl.Vl ~ %d!t ~~:Em,. '(t;61£Jll!itlt jg 10 ~/ 

~ o :(£~~~q.:y~~WJ i8J, 7C.A !i :fl-tJl¥~1Q l!ilJ ~~:(£ f-:ttf!._t 1J lOrn 61£, Vl~:fJ\f.j)tR[!/?ffi * 
m§~mm1t-Rf!!?ffi:tt!!.iii~Z9J§~--mJt.~!f::.~rrf-:tt!!._t¥~r£~~m~Z91o 

uHi T 1L 7X :fJll. :W: Rf! rey; ~ ~ , £~ rey; £i1Llf!: ~a * 11. 1 Yr 7]\ 0 ~ ~ WJ rBJ , :fJll. :W: Rf! l?ffi * m t1Z :w Rf! 
li'# :tm oo § tt-, VJ ¥ 1!.!=5 * f-11 toJ _r_ ~ Rf!rey;~£ 1g 19tl, ~m rr 1!1 11. 14 ~ , * ~ Rf!li'#~£ 1f !JL 

~~~-*~T:fJ\f.:W:Rr!rey;*m~••tt.!=5~*·~*m~•rr~§~mm1fRf!rey;~i9J§~o 

*11.1 IHiFtU!mim~aq~~~* 

~~)Xl!l: .~!Jllil!l: ~ iJ!~ fiJI~H•"F aq 1i19i l!l: ilff!$ 

219 191 87.2 1% 

2 284 209 73. 59% 

3 703 538 76 . 53% 
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186 

-~ 
x.Jd~~~WtrrH~¥Jt 

~* 
~-~It: .~UJllt: ~!U' IHI ~ tf.J illt: *•• 

4 375 295 78.67 % 

5 676 508 75.15% 

6 431 311 72.16% 

7 108 91 84. 26% 

8 1544 1162 75. 26% 

9 646 529 81.89 % 

O.Jr-----r-----.----.--- ..----,.---r---r------. 

2 16 

*~•#-•%•~§~m•••·~•*~~m=~~~~m~~~A~flffm& 
m~1:.~. §fi~m•ft$1J~mf*~~lil~:t£oo 11.15 "Po ~nntrJ!Jf~.~~fPJH!UJL~:t£...too

mm*ft~m~m~•~·~§~:t£~~•oo ~•*•~m•.~w•~a~*~r:p§~m 
·~--tt~~$. 00 r:f~~~~Bilft$1J :ff:~~~f£~:t£,@::tr:fW!m ftiUJo :tfr -mr:p, 51 
~~A~flff~~~§~:tf~fir:p·~~~~~~~~o · 

11.4. 3. 1 ~8fiiJBi~ftiJ 

~~~~ft~~§~•~mm~m~m~•~·~at&~w••••M~§~~• 
~;tw,jij (~J~ll, ~J'(:;~ ~.¥1J § fi~ ~a~ ~ttm:it), ~~-f-OI!t;tw,tfPJ~ (eye-in-hand visual 

serving) [zs.z6J o f!Jffl;tw,tffi .~, ~ffJ ~~ a~~m~•# T -·ffi Pfm&ft$1J:1f~ o 
~llOO 11.15 J!JfJR,ff:«~~-,¢.( P,p; ~ pt *jjlj.,¢.( P :t£~~·00~~~.¢.(~00Jtt& 

•~wrmm•o ~T~at~?JJ~l!•$.p;· =[xt .yt J•~oo~r:p,c,,,)M'iit1fts?.r.#-7f':t£ 

m~m~~.¢.(...t. o e =[e~,eeY ~m8i)!~. u =[upueY ~m&ft$1JB~.-tfl. v =[vp 

veY ~~ ~fPJBilm~ ~~ tfl ,M ~ .¢.( P :t£~~ ~mr.- tfl v ~flfrJttttJl!.*fi~~ OO~*fi~fiij 

~~F~tt~M ,N ~.¢.( P ~OO~*fi~.Ejjt~:t-J'~A ~fiB~-~ IS] ~~F~tt~M o ~nntrOO 
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'Jf:.A ""tt'f~i'N~t£flliJ 
~-----------------------------------~ 

~~16J ~~ t£fljiJ 

P; 

-~~~~~~~~~~.~Pffi~xA~fiH~*~~~~m~oo~~~~~~m~~ 

f~~~~~.l!P Pc=[P;•PeY. 

~~ff~--~ P, lilll®iJ:t 01. 14), t~flm~f~~, oo~~f~~ ~iitW-~f~~ IBJ ~~~ 
<~.!A!.oo 1L1)EI:J~r0J:t~tf:l 

(11. 50) 

(11. 51) 

J:t~ Rwtc ~ twtc ?HJU:191tE~~Irtt~-lfl-:ft~l: .~~ 7 il~tft~iitW-~ft~~ IBJ ~ ~iJf:E~~ ,:j4} 

:a: 11. 4. 3. z"il~i.lS~•~ · xfr*iJ~l.illffl'!Wt£.~~mHtJ:toL 7) .~~ M :1-1 

[ 

COSVe 

R~~( v) = R ,,c(v) = ~ 

- s1nv8 

(11.53) 

P, ~~ P tf~~]I~~ft~~ ~ ~ ~ft~' (Ref, ,tc/s )-~ 7 ~~]I~ ~ft~~ Jljjl~tft~ft~ 
~~~tltt~~ . retf&{E_t~~~ 9=' Q~~ 7 ~ ~ ~~7;/J, ~ W tc~, = o, r~ ~ ~ mi 1t 
J:t (11. 52) :1g 

Pc = Ret. C v) p , (11 . 54) 
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X ; 

!. 
A. y , = Pc 

j y 

1 

~J:\:~J:\:(11. 54) IV..& Rei• (v) =R- 1
•/ c (v)~'W 

A.R ,; c ( v) 

-

X; 

! . 
y; = p , 
j y 

1 

X; 

x , !. 
p , = y, = R ,;c( v) Y; 

fy -z, 
1 

(ll . 55) 

(ll. 56) 

( ll. 57) 

). ji, = p , (11. 58) 
@lf®iJ:\:01. 2)~):\;01. 4) rFflilff'l ~f!Jf~ff'l 89~5(, r~ .~l:~tt~M N PI !V.~J(:!m~ 

arcsin ( y,) 
( p~) T~ 

Pc = = N(p,, v) = 
_Ps arctan ( :: ) 

. ( y,) arcsm =-
r sp 

(ll. 59) 

arctan( ~· ) 
z, 

r,p = Jx~ + y~ +z~ (11. 60) 

~~PI!V.~~••~R-~89~-~~m.•~•~~-•~*•~•~~~~~~ 

89~~.~~~~m89~~--PI~~m-~Am89=~~-·~·~•m••••·~A 
~liiJ~ijiffi89~~ffi%!'a~~ .-~~7.K.fiiJDil~~m-M898·~~ 11.2 rF!'atl:l. itHl"~ 

il'~ttJ~~ttzfri .~J(itt~l~~Bi§•~ 

e(k) = c:) = p.- p; = N(p, (k), v(k)) - N(pi , v(k)) (ll. 61) 

J:trp p; ~7Rt~1tm89Wl~~~. ~~~~J§f,jzm.~ttJ~A~:i!3:I~~.ii1it~~m

~*~~~.~7~••••~89§~.~m~~~rF!3589BM&~tt•~~89~•~ 
A, IE J:\:01. 38)~):\;01. 39)~ti:l 

p,Ck +l) = [;: ]= £Ck + 1 1 k) = HiCk+11 k) (11.62) 

~~JW.fl>t .~~~~Hii:~JJ:\:01. 61) rFZi" ~ 89fiiJDil~ tl:l:l:v .®~~ ~ 8911I:t~!Wirm•~ 
it'J~-8911I:t ,.:p~, PI IV.~~~~ 89~~:i1W ,ffl'Efi1Wa~111~ -~*f-F~~N:ilS89l:t 

f9iJf!;!r. v 89MttJ:t~5(:tm~ 



v(k) = K du(k - 1) 

fflv.!3p ; {-ttf:r\01. 61) 'i='B9v.!3 p ; . -T:.IiHH~ifliJ~FoB9i!R~i>Bfi 

e(k) = N(p; (k + 1), v(k)) - N(p;" , v(k) ) 

11: 7At:l:tt~: Kd 

I!IIJE.lt : ~ 
fllj:;fj~$: W n 

* 11.2 ~~fii.IDIUJl.#;l~~m•~tf.J#It 

1. 11 98 

0. 8143 

123. 2525 

1. 2945 

0.8814 

130. 676 

(11. 63) 

( 11. 64) 

iiitilU;JH~ilitJ$B9 13 f,~jik5i:i:ti2ll~ ·fh~B9rlilitJ~A uCkHVJvft:r\01. 64 ) ~ :±1 B9i&~ 
i!R~ i>Bfi, ~?'&~ ~;IJ~~JW;ffi~;fmJ!)!, ~ffJ*Jf.J.M:f!;jfilJ PID rlilitJ Hc64

J ltt:firlilitJ, ~~ml 
!)i@;ffi~·- ,ifJJlj~~-'f~f!;j @Jf.J o PI ~ilitJ:HB9:!t :l: :rt~~ El:!'"f:r\~ :±1 

t:.u(k) = KP[e(k) - e(k - 1)] + KT~· e(k) 

rt; 'i=' It 1911 it ii .!3 ~ ?t f!;j fiij 'lit f.{ :$1- JJtl J2l; Jlit :1g K p = 0. 6 5 ~ T ; = 0. 8 o tl: ~ , ~ ?'& Wii 1- {m Bit It!. i9J 
m B9 i9J ~iftt~~ 'lit fill! , ~ fn -ttm 7 M 1- IRJ f-f B9rlilitJ H?tJJtlrl ilitJ :m~ .!3 f!M~ tt i9J m 0 

11. 4. 3. 2 ·'*~~~.61 

~ooo 11. 15 Elf~, :1-J~~ 13 f..~i&~rlittJ. ~fn*m 7 - # JLflir:JJr!#tit 13 f..~.!3xA ~n
HB9;ffi~~•·•:JJr!-ttm7~••oo~§5&~B9~ :1:•.!3xA~fi=H;tH~••B9•~ 0 

~000 11.1 EJf~,:1-J7#ttt§f,~~xA 1Sfi:HIBJB9;ffl~;f~-.@IJ®i:r\01. 5 1)"flB9~~. 
jf:_§_:fe£fijft~ 

(11. 65) 

X; 

Pw = Yw = Rw/c Yi Z , + t w/ c (11. 66) 
f r 

1 

@ii •• OO~lk.lJL.lJl-00 .~A lSfi:H;fflx;f:tt!!. OOB9i'ifi.!l h B ~, X,-.!3 Y,-~;ffi~fftW~f,~ 

~ 893Jl-l$;ffi~~ll*iJ~AJVJ\, PJ ~ ~ ~, Xb-.!3 Yb-~;ffi~fft:W-~f,~~ B9~;1J ~~ ~ B9~19J 

t . [ 0 
t y = 0 

t . - h 

( 11. 67 ) 

X; 

( 11. 68) 
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( 
X ; y; ) 

Zw = r1 J. + rs JY + rg Zc - h = 0 

!5AC11. 68)-l§~.lllt 

ytg 

Ztg- h b 

Yw 

h 

h • r1xJY + rzyJ. + r3fxfy 
r1xJY + rsyJ. + rgfxfy 

h . r.xJY + rsyJ. + r6 fxfY 
r1xJY + rsyJ. + rgfxfy 

0 

(11. 69) 

(11. 70) 

(11. 71) 
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Cy 
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Y•B Cy 

0 0 (11. 72) 
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