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TRl FH(T HFS vH Aol wZtUEe XS5 F YR diste] oF 45% 71&oiA Ue)d B8 vlH|Ale] A
(optical navigation), A A, o]&%F2 33+ 7 A Yelps Wk sty H4FEs gotsta, 54,
T Tote] FHolo] B AA thE I AHE ol&to =y Astdrt. %F UH(Standard filter)ol tiste]
ti=f 455 9l 1355 AAtel Sl Zbzh mEARl 7 UHe] &3 FE(52,53)5 ATttt Aol A el
A ol &H e A WY FAA(89)2 1 4 zdel A (ridge)7t EAHEA HIAE(93,94)"HTE. Aol 71E
(control metrics) (Ao} Al2=®lo] 1 ] 2~AH M (excursion) S EHFF S} o]&F2 AEHE WAZ)o] A=),
Aol A=l 2 (thrashing)S 3t A3 E do]d W5 (isolated random variation)dl XA F13+s}
A & AR 44 (time constant)E AGeTh, XF " YEI sty Wo] mdstE W FadoR Yy
Aolg = AXd 3 A (perceived feature)e] ¥ Alo]=(apparent size)®t ¢ Bl (proportions of the
highlights and shadows)& WAoo =2H FE7} Fad 2 He o TS v Aoz HAth, Ao A
2" A T, I T WHAAE s FHAHSEA st 4 i, "do] vujAeld FH
CsheE WEks o] 859 FHC ggstAY e O FEe #dste] HstEs sHoR WA (102) TN
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=599 ¥l
A7E 1
2®l(optical navigation system)olAl, dl¥]Alo]As}7] o)A & ¢l (grain)S AAFEE o]
BE]" (spatially filtering)dhs WE O = A,
(a) Al 1 FE(a first filter)E& AF&st] Up)Alol G sk ©A(92) 9},

(b) 271 dAl(a)dl weA dEAlel’slE §<9F, d¥#k(correlation value)9] 28 3 (ordered
collection)(88)S AAsl= ©A<},

(c) 7] dA)oNA AP 7 3k 48 JAEFS HAexamining)dtel, 7] =238 M3 U9 A7
For FAFEE AT FEW(correlation surface)(89)o] A (ridge)”} <A (presence)dt=A] &Held}+=
A9},

(d) 7] @A(c)e] 7] ArfelA Ao A7 vralA= 45, 47 Al 1 SHE giilsty A 2 28HE A&
sled Yln]Alo]’5}7] /\]5}} oA (94,96) 9},

71 A whEbA dlE Ao’ (95,97) 8= Ft, A7) Al 2 BE7F AREEE Tl AdE daake]

o>“

Hx

(el) A7) SAI(e)d] A7) #HAAFAA 2]X ) KAl (absence) 7} Ha A= -9, A7) @A)l wabA A
4 d|¥)Al°] ¥ (100,101) 38},

(e2) 471 SA(e)e] 471 HAFIA BR9] 271 WA= 45, 471 Al 1 ZE 47
E(re-instituting)(98,99)s}aL, A7 GA(a)el wetA v Alo]AS A7) (resuming)dte GHAIS E &3}

olml A ¥+ HE|¥ Wy,
AT 2
A1 &l QlojA,

A7) A 2 BEE AR ojste] A0 WS ofFE Al 3% Al 4 WE(52,53) F AeHE e =3

har,

471 dAle)= B

A7 A 3 R A 4 ZE F oJwl Aol 7] ¥ Z 2 X (revealed ridge)E 71 adH o R A
g2lst=A AA =

7]
wAE o £

A7 3

F iAol Al zEel doiA, dln[Alo]d Alell Q1] dEFe HAstehe W oRA,
(a) Al 1 B (first source of illumination) &= A 1 elA vl Aol &gsl= ehA(103) 9},
(b) 271 SAl(a)ell webs dinAlel" st &<, daate] +28 13 (88)S st dAl¢t,

(c) 471 @A(D)elM Ade 7] daghe] =44 A AAsted, 471 29 A5 el sl ot &
A= A EA@9)A Ao EAE ARlsk B

(d) 271 A9 7] ArtelA Ao EA7F elA= d-, 7] Al 1 3dS 13 A 2 Fhoez A 2
AR A R Aol 8F7] A 2H(104) 8F+= A9k,

A (el whebA dR A" (105)8h &3t, 7] Al 2 Fdo] o8y Foll AEE dagre] =4
(el) 71 @AI(e)o] 71 ZAAbNA 2xe] FA7F WA= 4 471 A waha AL dnA
°]® (106) kL,

(e2) 471 @AI(e)2] 7] HAtlA Al SA7F WA= 45, 37 A 2 FdS 1na, 37 A1
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Fe] A7) ol g AHE Hdstal, A7) dAl(a)el whebA diulAlelAS AfEE dAE Edske

SR G Hash Py,

A7 A 1T R A 2 FHo] A HHA g X o A= %W (end-on illumination)S FH W3} EE Ay =

5 Al A
o) Y 47
Wy 23

ygo] &3l Jjg ¥ 2 #oF9 FErls

2 =99 4= MOUSELESS OPTICAL AND POSITION TRANSLATION TYPE SCREEN POINTER CONTROL FOR A COMPUTER
SYSTEMo|2}= WA o2 1998 49 30 =¥ v= 53 A 6,057,5405 0 ==, Hgk FREEHAND IMAGE
SCANNING DEVICE WHICH COMPENSATES FOR NON-LINEAR MOVEMENTZ}= WA o2 19951 3¢ 2o &5 o] 19961
11¢ 26 soj® vl= E3] A 5,578,813% 9] FAo THEUT, o] &Y =3, Hewlett-PackardAlol Y=
%, METHOD AND SYSTEM FOR TRACKING ATTITUDEZ}:= W3 o= 19954 10%J 6ol EYxo] 1998d 7Y 28
ol nlor 53] A 5,786,8045 2] FAo] Al #HEFHET. o]F A 5=, A 22 YU(position movement)
S EF(tracking)dh= 7S AWsta o, olyd 7|He FEshe v st Ao S Egeta
Ak, weEkd, w3 B8 A 6,057,5405.9, Al 5,578,813, Al 5,786,8045E B WAAMA FzaM <l
¥}

2Ae EW(arbitrary surface)?e & Wu]Alo] A (optical navigation)S FHEZ WHake] thdk Aa &2
(relative movement)S ZA|3F= RA AlS(motion signal)E AASE AL RZA, A durdo] Hojrfa

ATk, oA, F HFEuF-2(optical computer mice)9} FAY E&T X (fingertip tracking device)ol
M, AR b9k EE(trackball)s tiilstel AFH Al2HE 9T AR=9F AREA QIEH 0]
(windowed user interface) W 3% X QlE|(screen pointer)2] IXE Ao]sl7] §3A o]E o] &3},

T, 29E°] FAHIL AREFe wE A JAX R mpE B g (mechanical wear and tear)®= ©]F
(moving part)7} §ivke A & B2 oS zZtevh. F vhe29] & & olfe vk~ | =(mouse pad) 7}
kA @tk A, dut Ho] ez or EMo] Qi=(featureless) AEI7} obd 3 1
g AN dA v AlelFE 5= Q1Y) wfFoltt.
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F dH|Ale] A2 olu| X e] AulA Wel(displacement)E EY
A H(view7} ¥ #HZ=7](photo detector) ojdo] Ao EAA focused)E]J— o %
(digitized) o] dl-&sh= vz ofdle] UlelA]l 7% olnA|(reference image)ZA A%
olW| | (sample image)= TIAEstEth.  opfdl mAE glvpd, AlE o|n A}t 7]& O]U]
Tttt ol Fds], AR ook A= vl (match up)dhs Aoz Hdts AS
w3k 2ol EAgchd, 1 AAI (border) oA ME on |7} o]Fd oz HY
olgloli= 1 o) WA &S Ao|th(F, ZAAAC] Tk AH(lined up) =l A= A5 a
" (correlation)"o)eta Ealw] Thekdt wpalo =z Saw £ gl 8= #0101]*1 = 5}
Ha ok, HEZ AZdERd, A7 AHEE "olE T oolnX|rt dX (aligned)H =71 e AA S
3ol &S A, 2 go] "oy (No)"ghd, ol ojwl ko 2 E s R A (intervening motion
7l d@Ed Ao, "o(Yes)"t "A(Almost)"e] ¥ A¥NE AT WF B WY F(amount of
displacement)S& &elflel® Ao 71 wizbFe] do= Hrk. ghvpe] AGH oA (EepAd, 75 ol
A) @ olg} gE(ME) olu|x| o538 ®H(shifted version) F&(collection) Abololr] A& A&7} 3=
ol 8ol AA| o]F ¥ gl "d(nul)" oEel UM, L oFd FHFL FolE(no shift), o=
o]°E(one over), oz JH 17| &2 FH o]%(one over and one up), Y= T o]F, T Wik
2 3 o]%(one over the other direction), S22 o]|Fo|xt}. o] 9HY Ay F o= s}t o
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<21>

<22>

<23>

<24>

<25>

Aol d w7t ES $=(5Y 2 weh) ARE AT, A2 AE Zddel 7l Ty ddE A

$, o= ol&(predicted shift)o] =1 9¥e] ool thgk 7§A] % (starting point) && o]§=H 4 Urt. o]

gt HARelA A Ade & XS w3 Fd 1 dS5HAY BEAS Sd(ratify) A

W (modify) AT, A2 AE Zddo] o]sd 7l ZHgle T8 Fidd SHEA &5 w7A, d55

] Qo] dojrt. A

A AF (FY(ight source)o] B2 (pulsed)ol AL, T AE Atolo ©1Q > (turned off)Z
[e]

o

and dark) &2 Ho|x o|n| x| E S Z9Hd Aok, AA =

214 g (gradual ) ¥ a2 gl FAo] Fws] HIhA (non-symmetric) = R

(irregular)olgb®l, 1 ZAA A that ojwyst #H|3] 24 (closure requirement)® <3}= 4= v}k, ey, of

T A Aol mek ojuet HHE AALNE gitkd, olF R @ dFtFol oY d & k. dekAH,

AAd, vk$-27F = 2898 g2 (wood grained desk) ¢l dln|Alol” sl A7 28 Aold, o
How

[¢]
A3 Ao, Ad7](correlator)ol A s = ojujA7F dde] FYPHAE FAIS= A LA L
RIS TtEAEZE WEeR FAYS HEske AL A% deolxw, o gl mEs WPgeRes O34
Sk 2 A vkg-2T) ojn] Augkol: ARSAE deke AdE de ¢ g "En. (2ER] 2US AS
dorl= Al dytol AuA =tk I A (feature) o] Apo]z=so} WEkol AA ofEFT. F HET] Aol
of ARG A7 "ol = WHE dA= R dHER EeEA fdev. wekabd, sy 2 Be 4

=
© HE 9AHe As 29 247 i dwbdew. 9K ¥ (feature
separation)< Z1¥gh gk Ag-of tEY vE4s, ¥ A9, 2 ZAE op|d & Qe ot ¢
o

o 2 DA e ol et et EAll digk kA AL ow| A7t ndHE MHEE FHAIIE AY A
oltt. oMAE ¢ e, A4 dEE FTRIIAY, 24 J4s B £ HER gxgsidE ¢ 9l
g7F WHEA (regular repeating) (2ol wel HE S gle) FAHE Hole o] g O HIAA] Sl
HEE(aea a2 wet A2 8 F dEF) sfof & Aolth. A9 A de A7 A ARl WS Tt
ek, ¥E HERE7F SU7ME ¢ 3, Foxl 3w Ed] £5E5 @A AR sHEEAE o wE &3
(speed)S Q= 3 Ut}

Gy EAE st ol &FH e & e 7HS o A7 AR AFET] o)l 1 o|nAE (F3H) BTEHF
st Zoltk.  olfd VS ATE ojdolE WIEAA dHeolE Wl BarA #jElo] Aok dF JAHEE
gk, ol AT wFHIES] FFol ouA A e v tA Aol v Fo] 7|Z3eF stal, EMol &&EFA
B AT AT #AE AAEE A #3 Ao @ Ve =S gtk o] YW on &EA e e
ANes AYPE o] ¥ ofg AsE Bdats AR Akt 2Eg BEHES 4] dide] FHe A F
Holl tig Aoz o miAE A5 ol e A4k =3 (arithmetic combination)oll whehs] of#ole] thek
Sk YA T differential amplifier)ell 2%t &/4% A7 (common

i I

HAgo g Fadnt. s FEH7( Els
osle] 74 4Al&(interfering signal)7F AAEC., A &=Ajo uwpat
OoJARE, AFL olg g 7|H EAFHE ouAE gAY A= Bo] ofdA] <]

=
2o, o WE 58 7k
A

Yoo
i
koo

i = 5¥3 #HE 7HRA 2] A= s |
olo] Zel=E on|A2A Tl gaZgolsts d& 23 glon, ©@x o]E EUF Y] T ot F
g V&S AEd WA o] g8k = i vt T3 BEHES EIea, I AAAIE A AL ol
W RS A|AE] g g I X (permanent feature)E2A] w43 E3Hsit)

= [e] hi4
3L dth. o]&= (F AlM(photo sensor) ojdlo]7} X ¥ = F3F ¥l (spatial pattern)ol ¥ E) F A H+
ol glojd EE&Ho|a, "EF(Standard)" ZEZa EHT. Y, olE F F Alo] == EFE IH
& Fg3k(fool)sta v9-27F 71 HeY HAHE s A A TS do7)7] AlZstE At B9l ek
o] r}.



<26>

L27>

<28>

<29>

<30>

<31>

SS90l 10-0869441

gigo] o] Fuz} df= e d A

gl TH(Z B duAleld Wzt Fe] XF 2 YEol tiste] 45% 7]EolA Ad:)FelA FeHH o R
HAlol" el A5 1 #ARE sdste™, 34, o] &5l 33 ZE7 dA vEhve wake] diste AT
& goteta, 4, 2 Thofel] Folof i‘:} AHg g I3 HHE ol&3te el EFE HEF 2 Y
=& wepA W AgdE)e] g 465 B 1355 BANEAY Gl dojA 74zt a&4A 7 e F14 F
HE AFsisket. gk dinj Aol AeloA o] &= 43 219 (S ofdlalX BE A5, X (bowl))
of gt HEEE AFsligrt. 2 HZEdA = A3 ZW(E L) #A|(ridge) (5 ME(saddle)) 7t EA) g}
£ HE& ol &3k, Alo] 7IE(control metrics) (Aol AlZ~®lo] 1 oI~ (excursion) S EFsle] o] &%l

e & WAz el A", Aol Al=Ele 24 (thrashing) S I3t Ay 4% WE(isolated
random variation)ol XUXA WA Z=E A|7F A4=(time constant)E AHetl. XF 2 YHY #HF e
Yol Lgsles Wake 4oz vuAlolgE AR E I H(perceived feature)?] 2|3 Alo]Z=(apparent
size)¢} W<t Bl & (proportions of the highlights and shadows)S W3A|Zlozx el Fa23 %= ¥
of JF& MR HoE HAT. o, o] RAAOR YH(IWH o) Fygt F M (ray) o= UHH| Ao
A xHe Yatete AEd, XF F9Y 2 3 (2] dEe] gidh) 4 4% H9E 1 YE FEY o
< W diEF dnk Axd F vk, AR Blgi o] AAME ZH (inclined filter)ellA @€t IH
4] WAE A SHANeEA, 28 T3] e A5k Zo] Aol AlzHlo] EHgsiAA o

3]

=

==
tel, Aol Al=dl F2E Adskd = dvk. ZE 9 F-(filter range overlap)<, Blo] UH[Alo]/d EW
Teehs WEs ol &5l HHel ti&aAY e 1 dE S #ste] HIletes Ao WAoo N 3
2 5 9},

wge 7Y # 2E

A g s A A el st ”‘355}71011 UMM, 2 EAEE T B ERlekE Aol FAG. e
& A Aol FHol2 drelA

$9 9% ATl Bk Bhol @ Aol wR WU AF o g3kl vhgAR ol

el A A (before)” B "F(after)"e] & vl D ekg okghe] o
=
= =4 SRe gl Aol

__%
i
4 "
30,
iy
w !
€ $ @

S F=xshd, 3 AlA(photo sensor) (Z=AIEA] &) of#lo]Z2RH EF5H+= 25709 txdstd #(ay)S

1=
Zh= 58 A(X = 1 WA 5) X 5FJA(Y = 1 A 5)0] =AFEY v}, gAEFE ojn|A] of#o](1)E 23 9
dolz AR wxg dolg Fx2 AFE i 25719 6RE(EE oA SHIE) Folzta Azbst 4=
Atk FAFEE vk~ B Ve 20" 98 ZAE A v g G duAleld s Z A, A (actual) T
A9t olu A= vigdEA] 16 x 16, i 18 x 189 Zojth. £ A& 5 X 5ol 9sr|2 sz
o= A& a3 (intellectual simplification)E Y3+ HolglrlBtls, AAl A9 Alo]|=7 AYAA 27]
o

o, &3 AHi(real estate)® =2 Y(drawing)dts #FoA 2g]lal o] &= FEAW(notation consume
9 gt Flojn, of7|A HdmstE 5 X 5 A9 o] 2 xdHd Hshe ofuwdt AAHY o]Hd=

e A%, = 18 F @27 oldel(AEA %) Hol EAYHD, UALsEn, 9 b vny
of AgEE B oG nAFI Y. Eak, ol W u o oMA(WE ovA)Y FE Y3 EE
Q =
[e) T

Ak ol dojHAM 7% ojuA| = o] AL = St}

oAl B A A=) Ad (F3h) HEHEUT. oA ES dAE W (finite extent)E

of, o' Y A7} oln|A] oA A U

g ddd = ok AT HFYEel oA olH S JFS —%]iﬁ}é} | 918k, WA HE|FE o
) = o o1& o %] (outer edge)”} 2

it e A s solubA, Ao 4my ZHtol 3‘1H EAEhs Aol Fosjof

) 29] g ofgol(2)7} Hof, 7] A 7o E& A Hrh. o7

3N B B2 'a'(4,5,6)2 HAEo] FFE=A dofreR vt oE 24

it
o
QL
2
2
Si

H
N
H

T 2% 25709 $IX(X1 UiA] X58kx &= 5709 X9AeF Y1 UA] Yok B8 5709 Y919 o il
(Cartesian product))E& HOFI gl HEZ Fost=F sy, o5 25719 A 7742 dAEe| st 44
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el~® X (instance)’} € 97 W (3 X 3)9 <2} F&(nine member ordered collection)< Ao}, L
= oA 9 A (G ¥ E AW (multi-bit number)d)ol widte] F& sl 3 X 3 fJH FAle| #HIHE
Tl 2 288 S

9] 3 x 3 "HErto] HAstta A= oF Ay, gE FE Alo]=xk o]8E 4 9low | gk HtH
g S oAy, 3 X 4).

"R dEga 2 Y & 39 EAE] k. o]& X(1-5) X Y(1-5) l¥lx2 FAE= 2571e] ZH
A A 2 gl o]uX] Aol wiXE = 97 Alg(coefficient) o] of#o](7)olt}k. olE A Zzhel|A,
7y As FE 9] Alget wele] ol & ket 3oz dd E8 #He AAdeY. & 49 oy o](8) = E 29 &4
g ogo](2)el tiste] = 39 % ZE(NE AE3l dojX= 5 X 5 DEHHE odolE AFEsA ®AlsL
AT}

aeu, @b o AFsobd BE 5740 vk, tAgsiE Aol, WA suE ftel A
& A REstua fohd 1 AaE 715 S5k
= OQAARW, eldE a%A A weth dad, o

KR

Stk olnAE 1 ol%Y wAn AT e A5, ol " (shading)" & FH

Fob bRz, olelAel Rl wedo A Eolshl olF olF F 9&E 2w stk o) SHa)
Astel Wl FHoRA 1 Fele] £1 Aol Al(sign) WERS A@T. (olsh BE ANAANAE, &
4ol F3F MESS AU 5= k) ARl HERS HAshs 29 wu okzte] FA4S A4Y FE A
AR, B2 BAEs} FolEm, F vulAeld Ico] Atel= L wlgo] FolEa, AAo] obrbE Fold %
SEol Y@ B4 HE7h 2hEE B WE ool 92 vk, webd, Bee] weE A= 49 ol A
of EAH 2ol ekl AAl A4 A% F @ wEY AIRE EHGES AHE Axd. olHd A
(o3te] ERANAE olg8 AIA, B & . 2 A7} WAL B (negative) 9%

£

ojAl &= 52 %‘E’S}ﬁ ZEH E=E B J‘rfr JEl7E A4 f‘& WAl o2 FAShE AlolA~E s ZAIskaL gl
| 2] (unchanging image)ell ol <ALE = vl5-
= UrE‘rHJ—E 3 HJ 49 °1U1X1(9,14 19)7P 130% ATk 1 SAde g A ol
(olv)x] 9ol 14Z) |AYY, ¥ v T FHA "goZ(over)"(o]W]A] 149lA 192) AL
ojFojFtt, 1 Olﬂlzl—t— AT 47le] 12 o]Fofx Az} (oM #](9,14,19) ZZtelA HelE fste] F7
[l Ea 15 QEPHA &2 99 olvx(9,14,19) = %
°] Zﬂﬂ‘ﬂ ?*é ‘%’—-Er% E@ﬂ—t—tﬂ, ol o= wkel o] AE = HAS BAFY] fste] HubE Fo
ok 3 2l A FEL AERWS(9)9 A A4 dddl, ol oY o]uX(14,19)F o]oX WA 1

18

)

goll A = 5 ol r AAE, HFAHer TS opd F = destol wste] da dold Favt 9l
b4 gk w dok. ey, = 5ol A RH

Poq " (light)" 3} "o) & (dark)" AEi(o]E2 742t 3§ FAE
) FAE Zoltt. tial "L"# "D"E °] & k= AAARE, Fa77E "ofw A Lt Dol whste] At A
& & g derprebal A e BEd. "1E'1e)e ¥ 2 v HE (B F2, "0's"(0E)E 9 &
T Lok HE7h 24 39 AC A& (coupling) & Ethar Azbsh= Zlo] =go] & = 3l
: ojulA] ofzlol7k F WIE(HE AdEle] A 13 o AdEHel A 002 uxdsE A
Az ¢ Qv AA gECA AR A shA= AR, 2 deshe fFaska, & AAdCA #&
oA g HIES] AR HIE(12 UIAEEE YEal 02 UAE BT} obds YD) E
2ol 7led WA EeHo] B 4 3les oA fs k(e o= FAHoR
2 R b e SEestE i, ol HE A o] &dh= AAA Aot
Huoja ez, "o AZhE o]&dh= I Aa vk, (4 ol E el wsto])
e vksh o], AE FHA ] 13 02 &4 A4 ez AE 7 7ie] A= ot

2
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E
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v
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oo g

mb

Ol

Mo SR G2 O
%)
o
i)
o,
jins
T P“

. AR oA A% MER AgHE e AL 23 bsd £ el o
Aol e Pege AHYE oA shtel glow wigd. AT @
Ag ARET. gEelt FHAA ol%a

E‘_J
offt 2 = rr
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<38>

<39>

<40>

<41>

<42>

<43>

= “ A s

Y AFol Qold FAF FRE ofeks AL Joop ATk, EH, AW s
A U, "ee gl (T HE g dalel) exx ¢l : s A
2w Zeel A 15"} 05" FARDO] GEs Weld FEsithe A Jelslopn @,

Tl BEOE BolrbA, HAHE(26,27,28)7h oW AHPHE F(11,16,2D)C 1 Zzhe] AHYHA @ 9

doll AAZ)EA FESIIE @k ol 3744 2ol k. A WA, Qe £ wle] AAALGE A

oty ol ol: A mE WElo] B Aol F WA, 9 AA(10,15,20) (A Ao g
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= 102 = 69 A5 A d2A, 5 FH= AoskAtt AHQI)G3)= A 7se & Aer 3T
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s A% Adwslel giek. ol71ME old] watel o ol A MWshA @ Ao, A%® BaIt At
Aol gl w AFeeh.
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= WA FaF I ARte] HAg ojujx] wjHe] Fasitt. adBRE, A A FAHLS 2 AHsrE "H
Tr3H(normalize)"sted 7HE AR ALE 7ol #AE 7PAAS ZeQ] AAM xS JErt Wl e B

] 3} &
BtaL 1 AAZE L A (veight) S Z2EE vk, A THol tiste] o] &t AL olEd A rdd ¢
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