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Abstract

This study aims at the development of water level gauge for
flood-prone areas. To overcome common level gauges, expensive cost
and not being able to applied to flood-prone areas, this research focuses
on five directions: low.cost of hardware of the instrument, the availability
of internal components, the convenience to set up the instrument, high
accuracy of measurement, and. the potential of development in the future.

Optical triangulation-water level gauge is designed in this study.
Webcam with. low price is-used to capture the image in.this study. The
combination ‘of optical triangulation method and centroid method is
applied in the calculation. By tracing the position and the variation of the
centroid of light source on the EPS kickboard, water level can be
deduced.

Experiments of water level are divided into static and dynamic parts.
In the experiment of static water level, optical triangulation water level
gauge was put in the static.sink and-measured with two different
resolutions; measurements for the two resolutions were compared with
the actual water level, and the both error were calculated and compared,
too. As for dynamic experiment, flux of water was fixed, and the
inaccuracy was measured by putting the optical triangulation water level
gauge into sinks with different water levels. The measurements were
compared with two submersible pressure sensors and another float sensor.
Measurement of the triangulation water level gauge reveals that error
range of the static water level is smaller than 0.01ft, which is the standard
of precision of measurement set by United States Environmental
Protection Agency.

Keywords : water level gauge for flood-prone areas, optical

triangulation method, centroid method
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WA E AN p B HF L FEL e A REITY > 7RG T

21
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2. % xR (Accuracy)

TRIEEE E(F FHEpERPRELTH)ZKLE -

B EREETA- B TEE > FPAFHRRKT D LL L RFL
TR APl 2 RSk B BRI L 2 0 f BT AR E 0 Tt e
ERZTHEREFRE BB SRR TFT RS EE 2L E
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5. i
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1
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- n—-1 W\ n-1 (2-5)
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ot >0l (), +o (G)
u v

9. T35 E 4% % (Standard Error of the Mean » SEM)
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G2 AT 5 A REFREIT 4 paiE S E
2. "EPEA
TR A X FE S M B R SEA (Precision Error) > G A% E R Y ST
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Keller PR-36XW % WLS-2109¢e » FS 2 %] 5 0.16%% 1.09% » 35 = *%
0.1%> ® 8384 ¥ 35 35 3cme 5 7 55k i3t 2 BB &R R >t +lems
AR ET AR 5 25.740m BRI F 2 LRI R AP A M R o T
povard B2 kR RFHEZEDNERFEE AT 2 2 4K F
FURBER o kP I AR RER LGS E A Bk ix
2o ded 3-8 o BEF R B ERT B2 R E ik EAK

JRRE T 2. B PR LR o
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Frd swaeR

AT F 2= hRIEERRK 3o ® F iR 48 (Webcam)id 2 T
o B R REELS S AL Rk R PR R A Y
640x480 2 1280x960 > F|-k =% & % it @ #x% LED sk ghiz ¥ 2 - 3%
By o 4250 A1 * ka0 2205 LED %82 250 A 0 = & BEE

TRl EF KRR - SRR EF LW FAA TR KR

4.1 %%

1. A7 AR AT EE F BT 5T TR 3
TR LED FRR N R 2 @ SR S 2 = & RIFEE PR 3t
73 #EE-RCREY BT R & 1280x960 2 R332 % » 4 & £ K
TR B R B i BRI R R ] 7 20.004t(£0.3cm) 2 B Bl o
2. o = ApEERRLE OV oW B g 2k
ZRBIECF IR A FRARE L T T H 2 FRG R
A Rokireod FEHTEALET LG LI PEHLI BT R A

kb A2 FRT > AL A FERELE P A 2
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3. FE ki eSS R4 R 3 640x480 k3t E AR5

73.239

Y =756~ () ¢ j#17R 1280x960 K =3 B % 423 5 Y = 75.6 -

127.81

(B e B oY B ki Uy b ALE S s kg 2 e -
1

4. f#47 KR 640x480 # -k iEE 2 T 3934 o F1 € 0.316+0.04cm ;5 #
kT 3o A ¢ F1 2 0.507£0.04cm o f247 & 1280x960 # K 3% 5% 2
T 3o £ # B E 0.187+0.0263cm ; # k= T3 A ¢ F R
0.275£0.039cm o F]ytoo 4% B FEBP 2 fRPTR 0 L G ooRTE Mt B 2
Ea R RS I v £ 93

4.2 %3

1L 2P TS FELE2 LR HY Kp SR A GQrtat AFTEY R
oA AR G T kR T EEE T SR o A R kR R
Pl R F R WP AR o Flpt o 2R 1T - T AT R B TR
FHEOMET R AANE R BRLER TR L LTS A2

L5 1@_1%,]\ IR RY s 2 F—"l

2. BIABFEMLEZRIRZY JavaiEiz B3 AN RFHREEE LY 2

Pk B S E 20Kb o Tt s IRE W Z R Y By B E o
B2 B BEw E R TV 2 TR AR T G E R

3. k@@ Z B LED kiR 25 0 B4 U2 BAER - fedp
HHI TR RABRAILEFFLE AR ZREFEE X ABHE
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BORRERZM G MR HRR R NP ERET -
4, BARITR GV FLHEAEALS N R EEFRES § 7

LLj\g-é‘z v Rk Rt ﬁxlﬂ:)ffﬂ*fr)i;}a)‘l. A I VR B il o

5. FFEMABEFLZPELARERE AR ZEL I B kF
Pk 2t e e R 0 Ao fﬁ%—}’ﬂﬁliﬁ Y fc%’]/;];LEf; = ;& i % 420
PR R I EALERZ P el @il s £k RA 0B H
BN FHASE L RUE ERRL M T RS AR
AP A k2 REE A

6. A RBHMBAL AR B RERE > B FIRBRTRIE S B fE

Y4 Ei;’g‘.?“} @%J S EORRREAE s df M &R 5 A8 o
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30.

31.

32,

33. i

34,

35. %

36.

HE®ER006) "2 2zt ad A GeE 2 22Mmy ) @ B2
A XL 5?,};1}11 Ok ,;55? IR o

R+ 2(2011) " F R B TRLR BTz T AR E R b S
Rz o BaXE - F i1 BFEL8 L H o

iRg(2005) > TR F = L RE SRR RFEIR REERE E
t2@my R RSB GREBFET LA o

R % (2004) 0 TARE KRR AR R iBdpL K F
A KNIRE R S UE LR 2ol RN

. F(2007) 0 TRE B EF R P f B R e o R
PEBCA I o B2l <~ FTRERICK 2 78 M L5

:[_;457 o

B2 & Aok 1 s r(2003) 00 A B sk R R R oK LR Bk
2Rl OR L L L E A e G Rl L

EE A

R 5 A &(2011) T & Rl p 358 KT Pl stk = gk X
FrETA FAEE R E > RF2 pEAFORIF 5 - 7
RS L

Bl 484 8 k1 223 97(2006) » T F G 1 T s EE L T 2k

B %ﬁmﬁwaymﬂmmifﬁiﬁg%iﬁﬂdgﬁ%ﬁ

81 ATRER AL G 7 (2005) 0 T T R Rk SR B R
R SN b SRS TR =T £
AR (2008)  THH FEAHEY > W SR EHEE

v ¥ 3%(2008) - r%f%'\ﬁﬁ";iéﬁ%?**’?i Tt mE REIE 2
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2 1-1 4 Lok R AT R Wm (2R B

2004)

%3 3 Hig 2
ks v v :
BRAUF ZHME4F 7 AR RS E8 2 AL -
B kR Staff gage
Direct reading gage pHER R Hogwss AL R 2 o # ’Jii%;'?'];‘é‘%&% IR %ﬁu 2 R K R
Incline staff gage | % #rz2. &2 B & °
4k R KB RZ Bk TAE Y b PR SR L EE S et
Chaingage | ™ @482 Ta3fh- @ 2ka 4pff > 7 ok T FHEkiz e
&k ¢ ﬂ%—mﬁ“fﬁ\%ﬂriﬁﬁ W«U‘E CHEEF AR HET AT T
AT EIE > 1= 3E *%"éﬂxﬁTrﬁi’é’Kﬁa—%ﬁ&ei#Bﬁ%?ﬁ
2o 2t ke Hook gage <
Non-Recordmg Gage Mea;uring gage i G 5 S hok o b P T R ) T8 ik T T o kB
Electric tape gage|& °
BE K+ RLehBd [ RENREFL B3 AN EE Y RIEEE
Wire'weightgage | & ¥ - 3248 3 'k 5 %» RiF R e
kR WEREL R Fo G AL %*uﬁ%*T%W Mt L - HRE
Float gage %ﬂ ¥ohEkLd J\m& R HBE T kiR R
ST N2 R e AR ""i::%fa;?ﬁ g 2
O ?’T%ﬁ*“l Lo FP ERE R AL AR HARE 4
Crest-stage gage }»z:J HApEsokd TEULIU Y s ARSI AR b R T

AR TR 2 WRE 5 g2 TR EE M R e
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F 1-1 ¥ vk A2 WP (FF %

2004)(4)

# 3l 3t His 2 P
¢ e g o e . , e BEARG WAPEH B R G
FE B ekt FI* S FEG ks Brigd o d S RBREF B p ekt f% /
30K Y T AT EEARIEE B
Float-type gage Ho oM Rimz p#eiedk o
ype gag L po#s %5 ks k5T
BAp ek (I RAGREHRRE SRR 4 KRB ER TR FELIERNE FRDCER
Pressure type gage B o M e s B st e R - o FppiE 2 RIS EB T o
AZf A pekey It ndedRT2 AR EEFR)AFF NG (@R AFOERAR LA IRl k
Ultrasonic type gage |4 5 A & ff-ko F st Bde 5 K R R o B o
e TESBeke MR LR EP o I TR AT FTFE L P& E Y T
' o T8 5 Bk [ EEL{ AL A B - r R m oy R A o SRR E ]
Water stage Capacitance type gage ZELEN A A S0 BRI iR 4 R i %
TARMR 4N A Ce ok 2t
recorder R £ R ek d e 5 FERAB T UTF v BTRKREGKR o |22 AR LR EHET YR
Electrode needle type !
Bt ih f"é HRE A A B ek hid 5k i edr B oo

gage

—

Fiesprekiyt
Bubble type gage

BFRWEZEI LY 2 mp > d 3w P g e A gk
IR KR 2 F AR AT e o B R
iF AR R Nike R o

ZEA N p ekt R M S S 3 9.55GHZ & 10.55HGz 2 e A [BE R L PR R L h P
Radar type gage MEL B F T BRL KRG F SPw B B Rk o BRAEFORE o

§ G ek i

Laser type gage

MLESELE R G I BRI EE IR
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# 2-1 Logitech C310 R &3 #4542

Rt 2 R

2 it 5] 7 5 USB @ﬁe?l
@ % i USB2.0 i
SR R EH A 2%, CMOS
LF 57 R LE i
LT (FOV) 60°
A% & §E 4.4mm
X875 (True) 1280 x 960 VGA

Bl 4455 (4:3 SD)

320x240, 640x480, 1.2MP, 5.0MP

Bl g5~ (16:9 W)

360p, 480p; 720p

¥ 455 (43 SD)

320x240, 640x480, 800x600

23 e (16:9W)

360p, 480p, 720p

Bt % 6 0 F (AT

30fps at 640x480

47 % (LED)

EH TR

BreEn L) (max)

0%

# 2-2 = &G RIEER RN 4
RE A = TRk

i &G e W
12V/1A = H e 48 730
6V/1A 2. v T % 295
LED v ¢ &2 X3 12
Logitech C310 ‘5. 3&5- 1% 700
RE e 5 (EPS)H it 10
25 R4 E 3500
Wi 5247
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% 2-3 kihg uses

21
‘;'

SN B > +
NN A o F S

| A kR X AR Y #h A kiR X #h AR Y #h . o
W - I N N X #h £ (Pixels) Y #h # (Pixels)
1 268.50 225.50 268.501 225.501
2 316.50 225.50 316.501 225.501 1.11x10°3 7.4x10™
3 7.50 15.50 7.501 15.501
4 268.50 226.00 268.500 225.501 4

1.85x10
5 251.50 218.00 251.500 217.501
6 270.50 239.00 270.501 238.501 1

4.99x10

7 268.50 226.00 268.501 225.501 3

1.11x10
8 268.50 210.00 268.501 209.501
9 267.50 228.00 267.501 227.501
| B kiR Xdh B kiR Y #h B kB X #h B Xin Y #h o o
5 - T s PR X gh £ (Pixels) Y #h £ (Pixels)
1 40.50 399.00 40.5002 398.5010
2 40.50 399.00 40.5002 398.5009 4

1.85x10
3 22.50 476.00 22.5002 475.5009
4 241.50 291.00 241.5002 290.5009
5 278.50 313.00 278.5011 312.5007 1.11x107° 4.99x10"
6 270.50 258.00 270.5002 257.5009
7 268.50 278.00 268.5002 277.5009 4

1.85x10
8 268.50 313.00 268.5002 312.5009
9 344.50 334.00 344.5002 333.5009
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4 2-4 j245 B 640X480 i | 2+ 5 4

- U U u e T
] = 2 + + , IR EE | JE
ki (cm)| (Pixels) | (Pixels) | (Pixels) | = |Yiem) EZ(cm) |(gjn)
TN
Ui (Pixels)
0.00 | 3710 | 36.45 | 3653 | 3669 | 097 | 75.60 | 21.19
950 | 41.82 | 40.86 | 4296 | 4188 | 1.11 | 66.10 | 21.14
9.60 | 41.18.] 4175 | 4278 .| 41.90 | 141 | 66.00 | 21.12
1050 | 42:99 | 4222 | 4320 | 4280 | 113+ 6510 | 21.28
17.40 | 4802 | 4670 | 4786 | 4753 | 126 | 5820 | 21.13
10.80 | 49.73 | 4896 | 4951 | 4940 | 1.31 | 55.80 | 21.05
:‘j‘_;

=2

U, U U5 iBH? >+~

¥ 2% TaNgel 5 21.142cm -

GLER TR BLEEAE 5 75.6Cm o

4 ¢ kBT ¢ o §E B(cm)3vV3 .

d Bl ok T f245 & 96dpi # & > - & Pixel ¥ 5 0.0265cm -
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% 2-5 245 B 1280X960 HjE | 3+ & 4

3 U U U o T Ee
'R : : g Ve | R
i _ _ _ A5 §E | Ug(cm) ’ b
Kk =(cm) | (Pixels) | (Pixels) | (Pixels) _ Z(cm) I(cm)
Ui (Pixels)
0.00 63.79 62.55 65.54 63.96 1.69 75.60 36.93
9.50 72.80 71.61 74.78 73.06 1.93 66.10 36.89
9.60 72.88 72.28 74.50 73.22 1.94 66.00 36.91
10.50 73.19 73.30 75.35 73.94 1.96 65.10 36.77
17.40 84.08 81.64 84.14 83.29 2.20 58.20 37.02
19.80 86.90 85.39 87.13 86.47 2.29 55.80 36.85
o
T E RS TR ] L 36.896Ccm -
4C PR T B BEEEAE 5 75.6Cm o
F4 kEET ¢ o FE B(em)3V3 e
d B ok T f247 & 96dpi 45 - - B Pixel ¥ 5 0.0265cm -
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3 3- 14k 8% 640x480 - T 4

F ¥k iz (cm) U * (Pixels) | U = (Pixels) | U + (Pixels) | 3525« g U1(Pixels) | & % ie(cm) | > & # §e Z(cm) P+Eokim(em) | #FZ(cm)
2.40 38.01 36.91 38.34 37.76 73.20 73.31 229 -0.11
4.10 39.01 38.10 39.02 38.71 71.50 71.51 4.09 -0.01
4.60 39.11 38.19 38.95 38.75 71.00 71.43 4.17 -0.43
6.15 40.91 39.60 40.12 40.21 69.45 68.84 6.76 0.61
8.80 41.65 41.16 41.51 41.44 66.80 66.79 8.81 0.01
11.00 42.98 42.22 42.91 42.70 64.60 64.83 10.77 -0.23
12.30 43.82 42.68 43.89 43.46 63.30 63.69 11.91 -0.39
14.75 45.75 44.82 4541 45.33 60.85 61.07 14.53 -0.22
17.00 47.13 46.02 47.68 46.94 58.60 58.97 16.63 -0.37
20.10 49.54 49.39 49.36 49.43 55.50 56.00 19.60 -0.50
21.00 49.86 49.40 50.96 50.07 54.60 55.28 20.32 -0.68
23.60 53.32 52.73 53.06 53.04 52.00 52.19 2341 -0.19
24.90 55.01 54.57 54.74 54.77 50.70 50.54 25.06 0.16
27.30 57.09 57.63 57.97 57.57 48.30 48.09 27.51 0.21
29.50 59.16 59.81 59.32 59.43 46.10 46.58 29.02 -0.48
31.40 61.77 62.04 62.34 62.05 44.20 44.61 30.99 -0.41
33.05 64.23 63.74 64.74 64.24 42.55 43.09 3251 -0.54
36.40 70.32 70.54 70.10 70.32 39.20 39.36 36.24 -0.16
39.50 76.40 76.64 76.20 76.42 36.10 36.22 39.38 -0.12
41.45 80.18 80.79 80.28 80.42 34.15 34.42 41.18 -0.27
43.00 83.66 83.95 83.93 83.85 32.60 33.01 42.59 -0.41
45.40 90.69 89.47 90.89 90.35 30.20 30.64 44.96 -0.44
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% 3- 2 # -k =3F% 1280x960 - T %

F w2k = (cm) U  (Pixels) | U = (Pixels) | U + (Pixels) | 275« je UL(Pixels)| § %4 ie(cm) | 2+ % 4 52 Z(cm) 8 ki=(cm) | #EA(cm)
2.40 66.70 65.16 66.60 66.15 73.20 73.02 2.58 0.18
4.10 68.31 66.56 68.28 67.72 71.50 71.34 4.26 0.16
4.60 68.60 66.85 68.15 67.87 71.00 71.18 4.42 -0.18
6.15 70.51 68.82 70.31 69.88 69.45 69.13 6.47 0.32
8.80 72.91 71.19 72.80 72.30 66.80 66.81 8.79 -0.01
11.00 75.17 73.13 75.29 74.53 64.60 64.82 10.78 -0.22
12.30 76.51 75.00 76.32 75.94 63.30 63.61 11.99 -0.31
14.75 78.89 78.13 79.56 78.86 60.85 61.25 14.35 -0.40
17.00 82.58 81.23 83.44 82.42 58.60 58.61 16.99 -0.01
20.10 86.97 86.15 87.47 86.87 55.50 55.61 19.99 -0.11
21.00 88.61 87.30 88.80 88.24 54.60 54.75 20.85 -0.15
23.60 93.50 92.43 92.77 92.90 52.00 52.00 23.60 0.00
24.90 95.84 95.79 95.59 95.74 50.70 50.46 25.14 0.24
27.30 100.49 100.13 100.82 100.48 48.30 48.07 27.53 0.23
29.50 104.55 103.73 104.33 104.20 46.10 46.36 29.24 -0.26
31.40 109.62 109.13 107.82 108.86 44.20 44.38 31.22 -0.18
33.05 112.45 112.25 112.84 112.51 42.55 42.93 32.67 -0.38
36.40 122.73 122.73 122.85 122.77 39.20 39.35 36.25 -0.15
39.50 133.41 133.99 133.96 133.79 36.10 36.11 39.49 -0.01
41.45 140.42 140.80 142.59 141.27 34.15 34.19 41.41 -0.04
43.00 146.98 147.04 147.61 147.21 32.60 32.81 42.79 -0.21
45.40 158.44 156.45 159.25 158.05 30.20 30.56 45.04 -0.36
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7 3- 3 #F -k =# % 640x480 > Ul £ 4

F ¥k = (cm) Pk F % Ul(cm) 35 Ul(ecm) |9 % Ul(Pixels)| 3+ & Ul(Pixels)| Ul &% £ (Pixels)
2.40 2.29 1.00 1.00 2.65X107? 2.65X107 4.11X10°
4.10 4.09 1.02 1.02 2.71X107% 2.71X107 4.23X10°
4.60 4.17 1.03 1.03 2.73X107 2.72X107 1.66X10™
6.15 6.76 1.05 1.06 2.79X107 2.82X107 -2.47X10*
8.80 8.81 1.10 1.10 2.91X107? 2.91X1072 -3.01X10°
11.00 10.77 1.13 1.13 3.00X107? 2.99X107? 1.04X10*
12.30 11.91 1.16 1.15 3.07X107? 3.05X107? 1.87X10*
14.75 14.53 1.20 1.20 3.19%X107? 3.18X107? 1.15X10*
17.00 16.63 1.25 1.24 3.31X107? 3.29X107? 2.05X10*
20.10 19.60 32 1.31 3.50X107? 3.47X10%? 3.13X10™
21.00 20.32 1.34 1.32 3.55X107% 3.51X107? 4.38X10™
23.60 23.41 1.41 1.40 3.73X107% 3.72X107% 1.36X10™
24.90 25.06 1.44 1.45 3.83X107? 3.84X107? -1.22X10*
27.30 27.51 1.52 1.52 4.02X107? 4.04X107? -1.79X10*
29.50 29.02 1.59 1.57 4.21X107? 4.17X107% 4.33X10™
31.40 30.99 1.66 1.64 4.39X102 4.35X102 4.05X10™
33.05 32.51 1.72 1.70 4.56X107? 4.50X107? 5.73X10™
36.40 36.24 1.87 1.86 4.95X1072 4.93X102 2.05X10*
39.50 39.38 2.03 2.02 5.38X107? 5.36X107? 1.84X10*
41.45 41.18 2.14 2.13 5.68X107? 5.64X107? 4.48X10™
43.00 42.59 2.25 2.22 5.95X107? 5.88X107? 7.46X10*
45.40 44.96 2.43 2.39 6.43X107? 6.34X107? 9.16X10*

\
M
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7 3-4 #F-R @ % 1280x960 » Ul %% %

F ¥k i (cm) TE A 2% Ul(cm) 38 Ul(ecm) |9 % ULl(Pixels)| * & U1(Pixels) Ul %% & (Pixels)
2.40 2.29 1.75 1.75 4.64 X107 4.63 X107 1.13 X10™
4.10 4.09 1.79 1.79 4.75 X107 4.74 X107 1.09 X10™
4.60 4.17 1.80 1.80 4.76 X107 4.77 X107 -1.20 X10™
6.15 6.76 1.85 1.84 4.90 X107 4.88 X107 2.29 X10™
8.80 8.81 1.91 1.91 5.07 X107? 5.07 X10? -9.28 X10°®
11.00 10.77 1.97 1.98 5.23 X107 5.24 X107 -1.76 X10™
12.30 11.91 2.01 2.02 5.32 X107? 5.35 X102 -2.59 X10™
14.75 14.53 2.09 2.10 5.53 X107 5.57 X102 -3.68 X10™
17.00 16.63 2.18 2.18 5.78 X107 5.78 X102 -1.19 X10®
20.10 19.60 2.30 2.30 6.09 X107 6.10 X102 -1.20 X10™
21.00 20.32 2.33 2.34 6.19 X107 6.20 X107 -1.65 X10™
23.60 23.41 2.46 2.46 6.51 X102 6.51 X107 4.18 X10°
24.90 25.06 2.53 2.52 6.71 X102 6.68 X107 3.23 X10*
27.30 27.51 2.66 2.65 7.05 X107 7.01 X107 3.29 X10*
29.50 29.02 2.76 2.77 7.31 X107 7.35 X107 -4.07 X10™
31.40 30.99 2.88 2.89 7.63 X107 7.66 X107 -3.02 X10™
33.05 32.51 2.98 3.00 7.89 X107 7.96 X102 -7.11 X10™
36.40 36.24 3.25 3.26 8.61 X10@ 8.64 X102 -3.23 X10™
39.50 39.38 3.54 3.54 9.38 X107 9.38 X107 -1.82 X10°
41.45 41.18 3.74 3.74 9.91 X107 9.92 X10? -1.28 X10™
43.00 42.59 3.89 3.92 1.03 X10* 1.04 X10* -6.78 X10™
45.40 44.96 4.18 4.23 1.11 X10* 1.12 X10* -1.34 X103

I I3mgH UL k£ E 0.000284Pixels £ 0.0107cm
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4 3-5# fi -k i=3¥5% 640x480 - T %

@ u2.k = (cm) | U + (Pixels) |U = (Pixels)|U + (Pixels)|-t 355 < j& U1(Pixels) giiﬂ)&& PR EEZ(Cm) | B okiz(em) |3E£(cm)
3.20 38.12 38.09 37.51 37.90 1.00 73.03 2.57 -0.63
4.78 39.02 39.44 38.69 39.05 1.03 70.89 4.71 -0.07
6.70 40.41 40.20 39.36 39.99 1.06 69.22 6.38 -0.32
9.00 41.51 41.09 40.76 41.12 1.09 67.32 8.28 -0.72
10.60 42.56 42.46 41.87 42.30 1.12 65.45 10.15 -0.45
11.20 43.16 42.63 42.29 42.69 1.13 64.84 10.76 -0.44
12.47 44.15 43.34 43.29 43.59 1.15 63.50 12.10 -0.37
15.04 45.63 45.66 45.29 45.52 1.20 60.80 14.80 -0.24
16.70 46.66 46.93 46.41 46.67 1.23 59.32 16.28 -0.42
16.95 47.29 46.85 46.46 46.87 1.24 59.06 16.54 -0.41
18.50 48.69 49.06 48.36 48.70 1.29 56.83 18.77 0.27
22.50 51.74 51.57 51.02 51.44 1.36 53.81 21.79 -0.71
23.50 52.74 52.53 52,01 52.43 1.39 52.80 22.80 -0.70
24.10 53.55 53.19 52.74 53.16 1.41 52.07 23.53 -0.57
24.80 54.32 54.11 53.48 53.97 1.43 51.29 24.31 -0.49
25.95 55.58 55.06 54.67 55.11 1.46 50.23 25.37 -0.58
26.90 56.69 56.57 55.98 56.41 1.49 49.07 26.53 -0.37
27.80 57.44 57.36 56.75 57.18 1.51 48.41 27.19 -0.61
28.40 58.42 58.05 57.49 57.99 1.53 47.74 27.86 -0.54
29.15 59.22 58.72 58.23 58.72 1.55 47.14 28.46 -0.69
29.90 60.20 59.89 59.43 59.84 1.58 46.26 29.34 -0.56

F=E
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% 3-6 # fi -k =37% 1280x960 - 7

¥k (cm) U * (Pixels) | U = (Pixels) | U + (Pixels) | 545 it UL(Pixels)| ¥ %4 ie(cm) | 3+ 4 5= Z(cm) g -kiz(cm) | #EZ(cm)
3.20 67.59 66.52 65.91 66.67 1.76 72.45 3.15 -0.05
4.78 68.53 69.16 67.13 68.28 1.81 70.75 4.85 0.07
6.70 70.47 70.26 69.78 70.17 1.86 68.84 6.76 0.06
9.00 72.74 72.16 71.61 72.17 1.91 66.93 8.67 -0.33
10.60 74.58 74.45 73.43 74.15 1.96 65.14 10.46 -0.14
11.20 75.34 75.29 74.03 74.89 1.98 64.50 11.10 -0.10
12.47 77.03 76.60 75.79 76.47 2.02 63.17 12.43 -0.04
15.04 80.11 79.82 79.14 79.69 2.11 60.62 14.98 -0.06
16.70 82.10 82.02 81.25 81.79 2.16 59.06 16.54 -0.16
16.95 82.84 82.28 81.62 82.25 2.18 58.73 16.87 -0.08
18.50 85.49 85.26 84.51 85.08 2.25 56.77 18.83 0.33
22.50 90.60 90.25 89.74 90.20 2.39 53.56 22.04 -0.46
23.50 92.25 92.11 91.25 91.87 2.43 52.58 23.02 -0.48
24.10 93.47 93.14 92.46 93.02 2.46 51.93 23.67 -0.43
24.80 95.16 94.89 93.81 94.62 2.50 51.05 24.55 -0.25
25.95 97.15 96.53 95.71 96.46 2.55 50.08 25.52 -0.43
26.90 99.10 98.83 97.90 98.61 2.61 48.99 26.61 -0.29
27.80 100.59 100.48 99.31 100.13 2.65 48.24 27.36 -0.44
28.40 102.23 101.76 100.44 101.48 2.68 47.60 28.00 -0.40
29.15 103.57 103.13 101.90 102.87 2.72 46.96 28.64 -0.51
29.90 105.39 105.04 103.96 104.80 2.77 46.09 29.51 -0.39
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3 03-8 S R EE S BoK (2 30 F b R (EAS-k 4] % 2005)

N LY
WLS-2109e | Keller PR-36XW W761
KE R BEE-K 3t
(&4 5% (&4 5% T EE R
f2+5 & 1280X960
Ting ¥Ry R 1.5% 1.92% 0.32% 2.01%
B EHFLE 3.7% 8.09% 0.76% 15.68%
B34 E(cm) 0.51 73.9 5.2 78.4
T 5% F (cm) 0.28 22.9 3.36 25.74
> &~ %4 (FS) 0.92% 1.09% 0.16% 0.51%
Bt x A
1.70% 3.50% 0.25% 1.57%

(FS)
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Bl 1-5 &4 4ok (37 ER) ~ Bl 1- 645 7k 3t (FR ER)

Bl 1-7 3 &35 ki3t B 1-8 F 8k 3 (IFEg)
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Ratarence plans

Lans Aparture

Image plans

Bl 1-9 B & = i m 32 (Pereira and Gharib » 2002)

Rafarence plana

Image plane

Bl 1- 10 - % & /32 (Pereira and Gharib - 2002)

HEHME

ViEmE

B 1- 11 25 & 287 R B(2 :x %2 4% Pereira and Gharib - 2002)
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3 pmhole

mask

Z-ax1s ntersection
with CCD plane

ol — .
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==

CCD Plane N Pinholes” exposure

on L0

B 1-12 &= &2,k ¥ 2L B & % %(Pereira et al. - 2000)

B 1- 13 = % pl§ET 3 B
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3 Disaster Warning System

® Setup ® Target

Bl 2- 3 # B4R 1 o B

Bl 2-4 Fho= th(BEm F k& T E)
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(554.37,536.65)

(500.04,442.91) (612.56,440.72)

B 2- 10 -ki® 5 Ocm f#47 & 1280X960 2_ 2~ 7~ if

(557.38,598.51)

(523.27,366.44) (701.54,364.68)

Bl 2- 11 k% 5 45.5cm f247 & 1280X960 2. FEB~F if
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