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Design of Light Source in OpticalM easuring Equipm ent
for W ave Slope Field on Sea Surface
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Abstract L ightsource s a very significant lighting component and plays a crucial wle in the optical measuring

process for wave slope field on sea surface Rational sekction of light source is one of the m portant factors or ensur

ring accuracy and layout of the system. Based on the advantages can pared w ith shortarc xenon lan p as lighting in lr

m nous effciency dumbility relibility safety and consun ng power LEDs are becan ng the preferred candidate for

many lighting app licatbns that require unifom illun natbn distrbution An assumption that applied LEDs as light

sources of them easuring device is presented

ware sinu laton
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1 Introduction

Thewave sbpe fiel on sea surface is a type of
wave structure naturally fomed, and embodies the
knematic characteristics of shortwave on sea sur
face Fi 1 shows the slopemeasuring principlew ith
color encod ng method ' 7. The light source evenly
illm nates color coding plate which is located n
he focal plane of the Fresnel lens The cone-shaped
bean s w ith different cobrs whrch are em itted fran
different ponts on he platlg are collmated into
paralle]l rays n different d rections by Fresnel lens
3CCD canera thedstance fran mean sea surface is
4m,

rays which are refracted through undulant seaw ater

receives near-verticaly upward and colorful

Fnallywe get the sbpes of all points on sea surface
by the recorded inage date pwcessng For the
measurng devicg lighting source systan under the
fime is avery significant portbn. In 2001, ShiBo-
xuan' " applied the shortarc xenon lanp as lghting
source of optical m easurng equipment for sea sur

facem rrostructure Based on several advantlages n
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the feasbility has clarified by theoretical caleu htion and optical soft

lkm mation un ifom ity

Docum ent code A
bm inous efficiency, durability, reliability safety
and power requirements we present an assum ption
hat using LEDs as light sources of the equ pment
W e get the quantity of required LEDs the optinal
LED-t0-LED spacing and the optmun confguration
of LED array by fomula derivatbny and assume the
color-coded plate as a flat screen parallel to the sur
face of the LED array Finall we smulate illun na
ton distrbutbn on he screen by optical software to

verify feasibility of he assumption

[ < 3ceD camera

Blue .Red '
light :lnght Violet light
|
| Mean water level
Wl A /2
E’" Beam axis
l
—> Fresnel lens
|
I
1 < Color coding plate

< Light source
Fig 1 Sketch for slope measurng principle of wave sbpe

field on sea surface w ith cobr encod ing m ethod
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2 Requiraments and Selection of the
L ight Source

For the m easuring device lghting source sys
ten is a very sign ificant portion and has an inportant
nflience on m easurament accuracy. We must take
nto account several factors when choosing the type
of lighting sources

1) Radiation spectrum of the lightng source is
contnuous and the distribution over the visble re
gions is as unifom as possb le

2) Ensuring the valie of illm inance on the in-
aging system beyond them ninum required by 3CCD
can era magng

3) Good stability of light source n filning
process for realtme m easuren ent

4) lower them al disspation and longer opera-
ting life ow ng to nconvenience to replace and high
bm inous nitensity.

The rapi development of lght-em itting d bdes
(LEDs) over the past few years has surpassed the
character stics of conventional lanps(e g, mncan-
descent lamps metal halide lamps high-voliage
mercury lamps) i bm nous efficiency durab ilitg
reliability, safety, and power requireaments Canpa
ring with the shortarc xenon-lanp LEDs smplfy
hem echanical structure and aviod additbnal cooling
systan. Consilering several requ iran ents and several
advantages of LEDs we propose to use the high
power LED that is naned xlanp 7090-XRE and
manufactured by CREE comporation as the source of
the equpmeni which has a typical lum nous flux of
100 I at 350 mA current and a viev ng angle
of 90°.

3 Calculation of O ptical Illum nation

In oder to illm nate the color coding plate as
unibm k as possble we mount a reflector at the
bottan of lght source on which there is a piece of
frosted glass Two pieces of p lex glass plates are used
for clanpng and fxing the color coding plate The
measuranent is processed n laboratory and the urr

dulated seavater is smulated by fredwater Fig 2
shows the lght transm ittance of parts of the device
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3CCD carnera
AR e

/indow glass s freshwater

(K6=85%) ?/T—m] (K7=80%
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Frosted glass (K3=90%
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[plus reflector]

Fig 2 Parts of the measuring equipment and the valies of

light transm ittance (K 1~K 8) correspond ngly

The rays fin eadh pont on sea surface are
with 15° cone angle 3CCD camera the distance
fran m ean sea surface is4m, receives near-vertica lly
upward and colorful rays betveen which and sea
surface the value of relative aperure is ( 1/5)” o
Assiming @ is lum nous flux of the lisht source
then the illum nance on the photosensitive surface of
3CCD camera is

E = ®¢ kl* k2* k3* k4« k5 k6* k7* k8-
[(1/4) /tan(15°)]° = O 066, (1)
A ccordng to ndices of 3CCD canera the valie of
ilbm nation required for the F5 6 is approxm ately
200 k  Then the kmmnous flux of the light

source Is

D =FEN 066= 200/0 066~ 3000() (2)
4 LEDs As Light Sources

4 1 Calculation of the Number of LEDs
A ssum ng the taget valbie of lun nous flux is
3000 In then the number of needed LEDs &

2 3000k _ g (3)

4 2 LED M odeling

W hen utilizng canputer modelng as a design
and evaluatbn too] it is critical to start with an ap
propr aate representatbn of the LED source and the
LED model generates an output distribution as close
to an actual source as possble On account of em-
ployng 30 LED s and accuratemodels nducing can-
plicated cam putation we adopt a trad itional m ethod
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for LED sourcesmodeling which doesn t consiler the
detailed physical stucture of the LED, but rather
defne the surface property of a disk-shaped ob ject
by ray generation of accurate photan etric measure
ments or specified light outputof the LEDs

The LED die is defined w ith its orignal gean e
try the radius of which is 1 mm. It can be consi-
dered to be a top surface emittes as he LED die
sile surface em ission coul be regarded to be neglr
gible The output ilkm nance distrbutbn of Cree
xlanp 7090-XRE can be obtained fran typical spa
tial rad atbn pattern of technical datasheets These
distrbution paran eters are converted to surface ab-
solptance and specular trangm ission of the top sur
face of LED die The surface absoptance is defned
by the relative intensity of every distrbution angle
and the surface specular transn ittance can be de
scrbed w ih magin that 1 subtracts the valie of sur
face absorptanceI ‘
appled to the top surface of LED dig¢ and the

Then the surface poperty is

source angular is selected to surface absorptance

Fy 3(a) shows thew irefrane representation of

Cree xlanp 7090-XRE model The irradiance on a

Iled

0 1 1 ! L
-90 -60 -30 0 30 60 90

0/(°)
Fig 3 (a) W irefrane representation of Cree xbhmp 7090
XRE mode] (b) Smulated rectangular candela dis

trbutbn

flat screen atdistancez fran the LED die is smulr
ted and represents the unifomity of illun natbn on
he cobr coding phte the radius of which is 200
mm Fig 3(b) shows the rectangular candela dis
trbution plot acquired by 500 000 rays tracing

Fi 4 shows the iradiancem ap and its profile
Ih Fig 4(b), the sold line and the dash lne
respectvely,  express the vertical and horizontal

directional profile for the iradiance map
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Fig 4

Smuhton for the illun natbn systen of one LED
source (a) Irradiancemap (b) Pwfile of the ill-

m nancem ap

4 3 Design of Unifoom LED A rrays

A lthough a LED source is not a perfect Lanber
the iradiance distrbution is also a
and the LED

an itting region is usually less than Imm on a side

tian em ittex

cosine function of the view ng angle

so thatwe can treat LEDs as pont sources w ith the

1

. 7~ 19 . . .
nverse square Jaw' . A practical appwoxmnation

for the irradiance distrbutbn is given by

E(r6) =Eo(r)costl (4)
where 0 is the view ing angle andE, () is the irra-
diance (W /mz) on axis at distance r fran the LED
and 0= 0° The valie of m depends on the relatve

position of the LED em itting regbn frim the curva
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ture center of the spherical encapsulatg and the
nmberm is given by the angle 0,, (a valie typically
provided by the m anufacturg defined as the view
angle when irrad iance is half of the value at0°%);

- In2
m= ]II(CO£1/2 ), (5)

Detector

A Circular ring
arrays of LEDs
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Fig 5 C rcular rng IED array (a) Diagram of an army
(b) The unifom irradiance distrbuton of thi array
whenN= 30 m= 2 andP=P_ = 141 4

max

W e transfom (5) into Cartesian coordinates(x, v,
z). The irrad iance over every point (% y) on a flat
screen at distance z fom the LED arraymay then be

expressed as

m
z hgp

E(x % z)=

2 5(m+2)/2

[(x=x0)"+ (y=y0)" +]

(6)
he view ng angle of Cree xlanp 7090-XRE is 90°
causingm = 2 and we adopt the pattern of circu lar
ring LED array to smulate the ilbm inaton systen.
W e consider the case of a circu lar ring array of LEDs
with raduus @ The irrad ance E is given by the sum
of the imadiance forN 23 LEDs

E(x, v, z) = 2 L 2{ [x— p(‘/o{zirﬂ]

n=1 N

[y—psir[%2+z2] -(m+2)/2}, (7)

D ifferentiatng £ W ice and setting JE /0x" = 0 at
x=0 and y = 0 eventally yields he maxinally
flat conditbn

Qu= 2= (8)

m + 2

Fi 5(a) shows a circular rng array of 30 LEDs

Fe 5(b) shows the unifom irrad iance pattern of
this array for selected valies ofm =2 z= 200 and
P=Ra= 141 4mm As seen fran Fig 5(b), the
nearperfect unifom ity of illun naton on the fht
screen valdates the feasbility of the hypothetical
proposal that app ying LEDs as lght sources of the

optralmeasurng equipm ent

5 Conclusion

In this paper the high pover LEDs 7090-XRE
are applied as leght source of the optical measuring
equipment for wave slope field on sea surface by
requiranents of he lght source and caleulaton of
Im inous flux Aswell we adopt the pattern of cir
cubr rng LED array, derive the optmun LED-to-
LED spacing and sinulate the illun naton system by
optral sofware Tracepro The simulatbn results
valdlate the feasbility of the proposal Based on
obvious advantages of LED s over xenon lanp, mnchr
dng longer lifetm ¢ gnaller size and lower themal
disspation LEDs can replace the xenon bmp as

light source of he opticalmeasuring device
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