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Abstract: L ight source is a very significant lighting component, and plays a cruc ial ro le in the optica l measur ing

process for wave slope fie ld on sea surface. Rationa l se lection of light source is one o f the im po rtant factors fo r ensu�

ring accuracy and layout of the sy stem. Based on the advantages com pared w ith sho rt�arc xenon lam p as ligh ting in lu�

m inous e ffic iency, durab ility, re liability, safety and consum ing power, LEDs a re becom ing the prefe rred candida te for

m any ligh ting app lications that require un iform illum ina tion distr ibution. An assumption that applied LEDs as light

sources o f them easuring dev ice is presented, the feasib ility has c larified by theoretica l ca lcu lation and optica l so ft�

w are simu lation.
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1� Introduction

Thew ave slope fie ld on sea surface is a type o f

w ave structure natura lly formed, and embod ies the

kinematic characterist ics of short�wave on sea sur�
face. F ig. 1 show s the slopemeasuring principlew ith

co lor encod ing method
[ 1, 2]

. The light source evenly

illum inates co lor coding plate, wh ich is located in

the focal plane of the Fresne l lens. The cone�shaped
beam s w ith d ifferent co lo rs, w h ich are em itted from

different po in ts on the p late, are co llimated into

para lle l rays in different d irections by Fresne l lens.

3CCD cam era, the d istance from mean sea surface is

4m, receives near�vertically upw ard and co lorfu l

rays wh ich are refracted through undulant seaw ater.

F inallyw e get the slopes o f all po ints on sea surface

by the reco rded im age date processing. For the

measuring dev ice, light ing source system under the

flume is a very sign ificant po rt ion. In 2001, ShiBo�
xuan

[ 1]
applied the short�arc xenon lamp as lighting

source o f optical m easuring equ ipment for sea sur�
facem icrostructure. Based on several advantages in

lum inous efficiency, durability, reliab ility, safety,

and pow er requ irements, w e present an assumption

that using LEDs as light sources o f the equ ipmen.t

W e ge t the quantity o f requ ired LEDs, the optima l

LED�to�LED spacing and the optimum configuration

of LED array by formu la derivat ion, and assume the

co lor�coded plate as a flat screen para lle l to the sur�
face of the LED array. F ina lly w e simulate illum ina�
t ion distribu tion on the screen by optical softw are to

ver ify feasibility of the assumption.

F ig. 1� Sketch for slope m easur ing princ ip le o f wave slope

fie ld on sea surface w ith co lo r encod ing m ethod
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2� Requ iremen ts and Se lection of the

L ight Source

� � For the m easuring device, lighting source sys�
tem is a very sign ificant portion and has an important

in fluence on m easurement accuracy. W e must take

into account severa l factors when choosing the type

of lighting sources.

1) R adiation spectrum of the lighting source is

continuous and the distribution over the v isib le re�
gions is as un iform as possib le.

2) Ensuring the value o f illum inance on the im�
ag ing system beyond them in imum requ ired by 3CCD

cam era imag ing.

3) Good stab ility o f light source in film ing

process for rea l�time measurem en.t
4) low er therm al dissipation and longer opera�

ting life ow ing to inconven ience to replace and high

lum inous intensity.

The rap id deve lopment of light�em itting d iodes
( LEDs) over the past few years has surpassed the

character istics o f conventiona l lamps( e. g. , incan�
descent lamps, metal halide lamps, h igh�voltage
mercury lamps) in lum inous effic iency, durab ility,

re liability, safety, and pow er requ irements. Compa�
ring w ith the sho rt�arc xenon�lamp, LEDs simplfy

them echanical structure and aviod addit iona l cooling

system. Considering several requ irements and several

advantages o f LED s, w e propose to use the high

pow er LED that is named x lamp 7090�XRE and

manufactured by CREE co rporation as the source o f

the equ ipmen,t w hich has a typ ica l lum inous flux o f

100 lm at 350 mA current and a view ing ang le

of 90 [ 3 ] .

3� Calcu lation ofOptical Illum ination

In order to illum inate the co lor coding plate as

uniform ly as possible, w e mount a reflector at the

bottom of light source on which there is a piece o f

frosted g lass. Two p ieces of p lex ig lass plates are used

for clamp ing and fix ing the color coding plate. The

measurement is processed in laboratory, and the un�
du lated seaw ater is simulated by freshw ater. F ig. 2

show s the light transm ittance o f parts of the dev ice.

F ig. 2� Parts o f the m easur ing equipment and the va lues o f

light transm ittance (K 1~K 8) correspond ing ly

The rays from each po int on sea surface are

w ith 15 cone angle. 3CCD camera, the distance

from mean sea surface is 4m, receives near�vertica lly
upw ard and colorful rays, betw een wh ich and sea

surface the value o f relative aperture is ( 1 /5 )
[ 4, 5]

.

A ssum ing � is lum inous flux o f the ligh t source,

then the illum inance on the photosensitive surface o f

3CCD camera is:

E = � ! k1! k2! k3! k4
2 ! k5! k6! k7! k8!

[ ( 1 /4) / tan( 15 ) ]
2

= 0. 066� , ( 1)

A ccording to ind ices o f 3CCD camera, the value o f

illum ination requ ired for the F5. 6 is approx im ately

200 lx. Then the lum inous flux of the ligh t

source is:

� = E /0. 066 = 200 /0. 066 ∀ 3 000( lm ), � ( 2)

4� LEDs As L ight Sources

4. 1� Calculation of the Number ofLEDs

A ssum ing the target va lue o f lum inous flux is

3 000 lm, then the number of needed LEDs is:

n =
�
� 0

=
3 000 lm
100 lm

= 30. ( 3)

4. 2� LEDM ode ling

W hen ut ilizing computer modeling as a design

and evaluat ion too,l it is critical to start w ith an ap�
propr iate representation o f the LED source, and the

LED model generates an output distribution as close

to an actua l source as possib le. On account of em�
ploy ing 30 LED s and accuratemode ls induc ing com�
plicated computation, w e adopt a trad itionalm ethod
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for LED sourcesmodeling wh ich doesn�t consider the
detailed physical structure o f the LED, but rather

def ine the surface property of a disk�shaped ob ject
by ray generation o f accurate photom etric measure�
ments or specified light outpu t o f the LEDs.

The LED die is defined w ith its orig inal geom e�
try, the radius of w hich is 1 mm. It can be consi�
dered to be a top surface em itter, as the LED die

side surface em ission cou ld be regarded to be negli�
gible. The output illum inance d istribut ion of C ree

xlamp 7090�XRE can be obtained from typical spa�
t ial rad iat ion pattern of techn ica l datasheets. These

distribution param eters are converted to surface ab�
sorptance and specu lar transm ission o f the top sur�
face of LED d ie. The surface absorptance is defined

by the re lative intensity of every distribution ang le,

and the surface specular transm ittance can be de�
scribed w ith marg in that 1 subtracts the va lue of sur�
face abso rptance

[ 6]
. Then, the surface property is

app lied to the top surface o f LED d ie, and the

source angular is se lected to surface absorptance.

F ig. 3( a) show s thew ireframe representation o f

C ree x lamp 7090�XRE mode .l The irrad iance on a

F ig. 3� ( a) W irefram e representa tion o f C ree x lamp 7090�

XRE m ode;l ( b) Sim ulated rec tangu lar candela dis�

tribution.

flat screen, at d istance z from the LED die is simu la�
ted and represents the un ifo rm ity o f illum ination on

the co lo r cod ing p la te, the radius of w hich is 200

mm. Fig. 3( b) show s the rectangular candela dis�
tribution plot acqu ired by 500 000 rays tracing.

F ig. 4 show s the irradiancem ap and its profile.

In F ig. 4 ( b ) , the so lid line and the dash line,

respective ly, express the vert ical and horizonta l

directional pro file fo r the irradiance map. �

F ig. 4� S imu la tion fo r the illum ina tion system of one LED

sou rce. ( a) Irrad iancemap; ( b) P ro file o f the illu�

m inancem ap.

4. 3� Design ofUniform LED Arrays

A lthough a LED source is not a perfectLamber�
t ian em itter, the irrad iance distribution is also a

cosine function of the v iew ing angle, and the LED

em itting reg ion is usually less than 1mm on a side,

so that w e can treat LEDs as po int sources w ith the

inverse square law
[ 7~ 19]

. A practica l approx imation

for the irradiance d istribut ion is g iven by

E ( r, �) = E 0 ( r ) cos
m
�, ( 4)

where � is the v iew ing ang le andE 0 ( r ) is the irra�

diance (W /m
2
) on ax is at distance r from the LED

and �= 0 . The va lue of m depends on the re lative

position of the LED em itting reg ion from the curva�
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ture center of the spherical encapsulate, and the

numberm is g iven by the ang le �1 /2 ( a va lue typica lly

prov ided by the m anufacture, defined as the v iew

ang le when irrad iance is half o f the value at 0 ) ;

m =
- ln2

ln( cos�1 /2 )
, ( 5)

F ig. 5� C ircu lar r ing LED array. ( a ) D iag ram o f an a rray.

( b) The un iform irrad iance d istribution of th is array

whenN = 30, m = 2 and =  m ax = 141. 4.

W e transform ( 5) into C artesian coordinates( x, y,

z ). The irrad iance over every point ( x, y ) on a flat

screen at distance z form the LED arraymay then be

expressed as

E ( x, y, z )=
z
m

ILED

[ ( x - x0 )
2
+ ( y - y0 )

2
+ z

2
]

( m+2 ) /2,

( 6)

the v iew ing ang le of C ree x lamp 7090�XRE is 90 

causingm = 2, and w e adopt the pattern of circu lar

ring LED array to simulate the illum inat ion system.

W e consider the case of a circu lar ring array o fLEDs

w ith rad ius  . The irrad iance E is g iven by the sum

of the irrad iance forN# 3 LEDs:

E ( x, y, z ) = z
m

ILED  
N

n = 1

x -  cos 2!n
N

+

y -  sin 2!n

N

2

+ z
2

- (m+ 2) /2

, ( 7)

D ifferent iating E tw ice and sett ing !
2
E /!x

2
= 0 a t

x = 0 and y = 0 eventua lly y ields the max ima lly

flat condition

 m ax =
2

m + 2
! z. ( 8)

F ig. 5( a) show s a circular ring array of 30 LEDs.

F ig. 5 ( b ) show s the uniform irrad iance pattern o f

th is array for se lected values ofm = 2, z= 200, and

 =  m ax = 141. 4 mm. A s seen from F ig. 5 ( b), the

near�perfect uniform ity of illum ination on the f la t

screen va lidates the feasib ility of the hypothetica l

proposal that app ly ing LEDs as ligh t sources of the

opt icalmeasuring equipm en.t

5� Conclusion

In this paper, the h igh pow er LEDs 7090�XRE
are applied as light source o f the optica l measuring

equ ipment for w ave slope field on sea surface by

requirements o f the ligh t source and ca lculat ion o f

lum inous flux. A s w el,l w e adopt the pattern of c ir�
cu lar ring LED array, derive the optimum LED�to�
LED spac ing and simu late the illum ination system by

opt ical so ftw are T racepro. The simulat ion results

validate the feasib ility o f the proposa.l Based on

obv ious advantages of LED s over xenon lamp, inclu�
ding longer lifetim e, smaller size and low er therma l

dissipation, LED s can replace the xenon lamp as

light source of the optica lmeasuring dev ice.
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海面波浪坡度场光学测量装置的光源设计

徐明明, 兰举生, 陈结祥, 王文举
(中国科学院 安徽光学精密机械研究所 光学工程中心, 安徽 合肥 � 230031)

摘要: 在海面波浪坡度场光学测量系统中,光源是一个非常重要的照明元件。合理的设计和选用光源,是保

证系统精度和布局的重要因素之一。比较传统光源短弧氙灯的明显优势, 如低能耗, 寿命长 ,更好的安全性

和稳定性等, 本文提出了采用 LED作为本系统光源的设想,确定了所需 LED个数和 LED阵列方式, 并经过计

算和光学软件模拟, 验证了本设想的可行性。
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