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S i Dmax = 3/ Kd or

K, T (OD)

|IOP’s Kd

Lidar sytem attenuation

Proof with CZMIL

Secchi disk depth ?
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A TEcH

e Attenuation coefficient ( K ), Optical Depth ( 7)

do

T —_K-®
dz

D(z) = D, exp[-|K - 7|

/T 7=1/K = r=1

z N Geometrical distance
O(z) =0, exp[— _[0 K(z')-z'dz per unit OD
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g o s A Maximum lidar depth

Gas tank

volume X [ Mie/Gal | = Distance

7 max X |Meter/T | = Depth
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e 7 Y Terrain ( Water ) or Car ( System ) ?

High — end low — end
System System

Ksystem 1 Ksystem I
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ATty sty Oant onpary Inherent Optical Properties (IOP’s)

There’s only 2 types of (fundamental) IOP’s :

a, p(0)

L

beam attenuation coefficient, single scattering albedo, phase function
forward (backward) scattering coefficient, backscattering coefficient

Apparent Optical Properties (AOP’S)  Ambient (L)

downwelling average cosine, upwelling average cosine
downwelling scalar irradiance attenuation
upwelling scalar irradiance attenuation

downwelling plane irradiance attenuation K
upwelling plane irradiance attenuation d
downwelling radiance attenuation
upwelling radiance attenuation
irradiance reflectance, photosynthecally available radiation attenuation

coefficient
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ACS (in-situ, long cuvette, abs+scat)
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AV OPTECH

Ainime ity Oured Conpery Volume scattering function (VSF)

incident beam

Rayleigh Scattering Mie Scattering Mie Scattering,
v 1 larger particles
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» Direction of incident light
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AQ(E) /g’

Volume scattering function (VSF)

AQ(E ) i v radiance
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What Is Kd? e E,

E,(2) = E, (0) exp(— ['K, (z')dz')

(1) AOP but strong correlation with IOP

(2) ~90% light from 1/K, - remote sensing

Z R-E,(z')exp(—K, -z')dz’
1‘ .

— :OZ R-E, (0)exp(- 2K ,-z')dz’
[l oC {1—exp(—2 Ky Z)}

Xm\ EU

7=1/K, = 1-e2~0.9
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e 7 e TR Kd : (a),(b), and SZA
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e 7 M I solar zenith angle (SZA)
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Normalization of Kd
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P i System attenuation

%A
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P e i Maximum lidar depth
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(R, /Py )/ 2= [™ K, (ydh ¢ P(h)=P, exp(_zjoh Ksys(h')dh'j
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System capacity! (Iog(AW) _4)'11: hy

nothing to do with environment
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AP DETEC i System attenuation
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g e Factors related to the maximum depth

Laser pulse energy, pulse duration
System response function, Solid angle (due to FOV)
Optical transmittance, Aperture area

Pulse radiance distribution function Water absorption
Receiver sensitivity distribution function Scattering (VSF)
Bottom reflectance (15%) Field of view (FOV)

log(Power)
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FOV 2, 40 mr, b = 0.15, 0.25 [1/m], a = 0.06 [1/m]
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o AU —O\/ 2 40 mr, b = 0.15, 0.25 [1/m], a = 0.06 [1/m]
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P i System attenuation
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e e CZMIL 40 mrad, b/(a+b) =0.8
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e o Effectof (a), (b) on Ksys

b/(a+b) = 0.8
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Mo a=0.08 fixed, effectof(b) on (Ksys)
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g 7 e System attenuation

KIm™] (h)=(a+b,)+k,, ()

]

log P

log P, } _________________________

min
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formula for max lidar depth

hmax max hmax
jo Kys(Mdh = (a+b)h™ + jo ke, (n)dh

Ksys(h) —
(a+h,)+Kkgy(h)

\ jmax

g% = (a+b)h™ + |

Ko (N)dh

max
max Y@ hmax _ 4

a+w(b) K,

Dmax = hmax COS HW
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B [ e O CZMIL data ( Maui, HI )
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LB System attenuation coefficient K
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:Lt_ng
Lt+ng

C, (2) =Cy (0)exp[-(c+K,)-Z]

CV

C : photoptic attenuation

~ K - downwelling diffuse attenuation
(G, rc,,) : :
SD —

c+ K, Limiting contrast = 0.002 — 0.02

Retina

(@ L. (0)

ng (Z)

ng (O)
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"‘?Tp.ﬁﬂﬁ.lu — h(k) — hsystem (k) ) hwater (k)

tical syst lity, water optical . :
opIva Sysem AvaTy P optical system quality, water optical

FOV, l I ' .
=ampling reso properties FOV, sampling resol roperties

\ 7
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Environment

Phase function

@ Phase Function Setting @

[w
Scattering function ( non - water component )
|Average paricle (Petzold) j

display angle interval : |1 -

10% |0.37266114

Percent
Scattering 20 % |p.9288443
20% [17637172
— 40% [3028800
[degree] 3.025529

50 % 149329658

bbib : |0.0200518916¢

Must

save SPF oK |

Secchi disk Visibility : Monte Carlo RT simulation
= o

ar Phase Function
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@ Radiance Sensor Setting @
Target properties :
® Disk [
Radius [m]: Depth[m1: Abedo [0, 11:
[1.0 5.0 [0.15]

[ Add reference target

Alpedo ;0.0

Radiance sensor properties
Mumber of sensors in array

10
Sensor spacing : (@ [o.d]f [m] |05

FOV ( half angle })[=10]: 0
Array separation [ target radius |- 20
Sensor viewing direction :
Madir view Yertical view
Jp— Y Socooos
o | i i
Fl ] . i
, 1 L} i
] ‘I [}
:_____<'.....{ — IIIIIII
" i II 1
s | P |
e ] ," J :
1 1]
Azimuth angle [0, 1807]: 180
Zenith angle [0, 180]: an

oK
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@ Environment Setting @
Number of photon tracing : 1000000
Min photon weight : 1.0E-10
Max scattering events: 30
Incident radiance distribution :
3un half-angle [degree]: 05
Wavelength [nm]: 550
Solar zenith angle : a0 -
Solar Radiation Model (G-C & H-C) -
Cloud: |g -
Ed_total [ W/m2/inm ]: 1.3701702
Ed _sky/Ed_total : 0.2687917
Water  Attenuation (c) [1im]: (1.0
SSA(=blc): 0.7

Bottom |v Infinitely deep

Is target present? (@ Yes " Mo

Sensors ( All sensors atthe same side oftarget )

Target - Viewing direction
Sensor Array

Opposite direction
Sensor Array

[w Target radiance [ add
[w Background radiance
[ Irradiance [ add

Initial Target-Sensor distance [mm7]: |1

oK
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Visibility : Monte Carlo Simulation result

Visibility
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YR OPTECH Conclusion

« Welive in EO era. ACS is affordable. Secchi disk? Really?
e Profiler in-situ? why not ACS and BB9?
Easier to operate, absolute measure of water quality.
¢ ( Kdx Dmax) Is nottoo bad, but too fuzzy.
e Let's use standard IOP’s (a, b) instead of ( Kd).
¢ We suggest system optical depth capacity.
( based on the dynamic range of detectable power )
e Ksys = (a+bb) + k(b, @)

e Dmax = Tmax / (a + y(b))

e We proved CZMIL O.D. capacity ~ 5.8 .

o Still want the ( Kd x Dmax )? Then, know the limitations.
Manufacturers! Please be honest with your OD value.

And provide proof, if you can.
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