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Figure 46 BRDF of Sand Paper at 500 nm, Hlum Angle=0
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Figure 47 BRDF of Sand Paper at 1000 nm, lllum Angle=30
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Figure 48 BRDF of Sandpaper at 1000 nm, lllum Ang=45
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Where |, is the reflected intensity at the normal direction, 6 is the angle
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between the incidence and the normal. For a Lambertian surface, the

reflected radiant intensity obeys Lambert's cosine law, that is
12(26)=1,c0s(26) (3-7)

Combining (3-6) and (3-7) yields
B(26)=11(20)/12(26)=B, cos(8)/cos(26) (3-8)

Where B, is the BRDF in the normal direction. The BRDF of the sphere

particle as a function of view angle is plotted in figure 47. The BRDF

increases as the view angle increases.

BRDF of Sphere Particle

10

-100 0 100
View Angle

Figure 51 BRDF of Sphere Particles
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Comparing figure 51 with figure 46, it is easy to see that it is the sand
particle that causes the BRDF to increase at large view angles, and the
binding layer contributes the specular reflection. The coarser the
sandpaper, the more area of the binding layer, and the more specular

reflection measured. This theory can explain the phenomoalogical behavior
of the BRDF of sandpaper.

Figure 52 shows the 3-D plots of the BRDF of the sandpaper at 150 and 459
ilumination angles.
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3.3.4 The BRDF of Roofing Material

The roofing material that was measured is composed of tar-based gravel.
The in-plane BRDF at various illumination angles for three wavelength
centers are plotted in figures 53,54,55 and 56. Like the sandpaper, the
BRDF of roofing material increases as the viewing angle increases, and

both forward scattering and backscattering can be observed in the plots.

Figure 57 shows the 3-D plots of the BRDF of the roofing material at 159
and 450 illumination angles.

The in-plane BRDF of a piece of wood is in appendix lll which reveals that

BRDF is a function of wavelength.
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Figure 53 BRDF of Roofing Material, lllum ang=0, S-Polar
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4 Conclusions and Recommendations

4.1 Conclusions

This study set out to generate an absolute bidirectional reflectance factor
for BRDF studies. A instrument has been developed to measure the  BRDF
of materials from 400 nm to 2500 nm with a spectral resolution of 10 nm.
The instrument can simulate any source-target-sensor geometry. Two
calibration methods were implemented which can independently generate
absolute BRDF values, and the comparison results show that the two

methods agree within 0.8%.

A PTFE (Spectralon) sample were characterized as a transfer standard for
BRDF studies. The PTFE is not a perfect reflecting diffuser. If the sensor
is looking straight down, a lambertian assumption will result in a error of
10% at the normal illumination and about -15% at the illumination angle of
750,

The BRDF of some natural and man made objects reveals that BRDF is not
only a function of sensor-target-geometry but also a complex function of
wavelength. The laser line based instrument may fail to predict the

spectral BRDF by using the interpolation method.
The grating based spectrometer exhibits a strong polarization effect, and

normal samples are also polarization sensitive, so care should be taken to

correct the polarization effect. Also the polarization sensitivity of the
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materials gives additional information about the material properties,

which is useful in material identification and scene classification.

4.2 Recommendation

4.2.1 Instrumentation

1. Replace the parabolic reflector with a smaller one (e.g. 3” diameter).
The solid angle of the illumination beam can be reduced, thus the

instrument can be more applicable to some specular samples.

2. Use an integration sphere instead of the polarizer to correct the
polarization effect of the sensor. This adjustment has two advantages: (1)
it will reduce the time needed for collecting the data by a factor of two,
and (2) it will improve the overall signal-to-noise ratio. The polarization
sensitivity of the sensor changes greatly with wavelength. At short
wavelengths, the p polarization has very low sensitivity, while at long
wavelengths, the s polarization has very low sensitivity. This unbalanced

sensitivity deteriorates the overall signal-to-noise ratio.

3. Add a scale or a vernier on the sample tilt axis so that the tilt angle can

be checked any time.
4.2.2 Calibration

In this study, 80/hemispherical reflectance factor is used for the

calibration of BRDF, which requires numerical integration over the entire
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hemisphere. From the results on the Spectralon ( section 4.3.1), the
O0o/hemispherical reflectance factor is equal to the 80/hemispherical
reflectance factor. Thus the 00/hemispherical reflectance factor can be
used to transfer the absolute scale of the BRDF, which, because of the
symmetry in geometry, only require a line of data to perform numerical

integration reducing the time needed for calibration.

4.3 Further Studies

Further efforts should include: (1) development of a data base of BRDF
values; (2) comparison with other laboratories to maintain absolute
calibration and; (3) development of methods for defining descriptors of the
BRDF data for samples and standards based on either theoretical

principles, if possible, or empirical methods if necessary.
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1. BRDF Measurement Main Program

Program main(input,output);
{SR+}

{ *****************************************}

{ Program BRDF

- Xiaofan Feng

- This program is the main program for birdirectional
reflectance measurement.

- Hlsuory. 0ce/z28/89 initial implementation
- 10/14/89 Add AD converter routine
- 11/05/89 2Add motor drive routine
- 11/06/89 Add manual program
- 11/13/89 Add gonioscan procedure
- 11/15/89 Add hemisphere scan
- 05/18/89 Add routine for normal material
using ratio
technique

i **************************************************}
uses Crt,

adifar,

printer,

gonio,

adel;
type arr2 = array[0..200] cf real;
var wlstart, wlend,wl : integer;

wlint ,choice ,select : integer;

period : Char;

current,voltage,ocutput : real;

adsignal : real;

afile : text;

filename : string;

thetal0, theta20, fail : real;

thetal,theta2, fai : real;

reading : arr2;

[ kkkkkhkkkhkhkhkhkkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkhkkhhkhkhkhkhkhkhkhkhkhhkhkhkkk }
1

Procedure Initialization;
forward;

Procedure SpecMeas;
forward;

procedure GonioMeas;
forward;



procedure SpecBRDF;
forward;

QuickDemo;

procedure checkins;
forward;

procedure motordrive(thetal,theta2,fai:

>
P

e

=
(=3

1)

’

{Thls proccedure is to control the goniometer move to

thetal,theta2,and fai

degrees relatve to the sample normal.}

begin
thetal:=thetal-thetals;

1f ABS{thetal) < 0.25 then

thetal:=0;
theta2:=theta2-theta20;
fai:= fai-fai0Q;
motor(thetal,thetaz, fai);
thetall:=thetal+thetalo;
thetaZ20:=theta2+theta20;
faiO:=fai+faio;
end;

$I optronic.inc}

Fete Y e

procedure Measurement;

begin { Main Program }
initialization;
repeat
clrscr;
gotoxy(15,5);

*************************************************}

writeln(’Gonicspectroradiometer Main Manual’);

writeln;
writeln;
writeln(’
writeln;
writeln{’
writeln;
writeln(’
writeln;
writeln{’
writeln;
writeln{’
writeln;
writeln(’

Initialization

QuickDemo
CheckInstrument

Exit the Program

Spetral Measurement(0/45

GConiometric Measurement

\
}

Spetral BRDF Measurement

-

~e

~e

~e



writeln(’ Input Your Choice and hit <Enter> ’);
writeln;

readln(choice};

case choice of

Initializatiocn;
SpecMeas;
GonicMeas;
SpecBRDF;
QuickDemo;
ChecklIns;

OO U1 s W B

b 13

e
unt choice=0

end;

R SR RS E SR EEESESESSESETESESTEESEETSETEEISEEEFEEEEEEEEEEE }
Procedure Initialization;

-

{- This procedure is to initialize the spectrcradiometer and
goniometer}

var erstat: integer;

ch : char;
begin
Clrscr;
gotoxy(20,50) ;
heckBreak:=true;
writeln;
writeln;
writeln(’ Initializaticn’);
writeln;
writeln;
port[528]:=147 ;
port[532]:=147 ;
{port a, b, c-lower as input ,port high as ocutput}
writeln(’ 1. Dial the wavelength to 400 nm then reset
740-1C");
writeln;
readln;
writeln(’ 2. Intialized the Goniometer ’);
writeln;
writeln{’ Do you want to set the Goniometer Y or N

")
readln(ch);
writeln;
if ch = 'Y’ then
begin
repeat
writeln(’ Input the degree of angles tc be
change’);
writeln;
writeln(’ Input thetal_theta2_fai’});
readln(thetal,ch,theta2,ch,fai);
motor(thetal,theta2, fai);



writeln;
writeln(’ Are you satisfied? Y or N’
vriteln;
readln(ch);
until ch='Y’";
end;
writeln;
writeln(’ Input current thetal_theta2_fai’)
readln(thetalO,ch,theta20,ch, fail);
initialize(erstat);
if(erstat<>0) then
writeln(’Initialize error’,erstat)
else
writeln(’Initialize complete’);

S
~e

~e

end;

{ hAhkhkhkhkhkhhkhkhkhkhkhkhkhhhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkhkkhkhkhhkkkkk

(S

Procedure SpecMeas;

{This procedure is to measure the spectral BRDF at 0/45
standard geometry}

var i,j ,wll,choice2 : integer;
filename : string;
rl,r2 : real;
bfile : text;
ch : char;
begin

writeln(’input
StartWavelength_EndWavelength_WavelengthInterval’);
readln(wlstart,wlend,wlint);
writeln( input polarizarion s or p’);
readln(ch};
Motordrive(45,0,0);
repeat
ClrScr;
writeln;
writeln;
writeln(’ Spectral Measurement Submanual ');
writeln;
writeln;
writeln(’ Calibration -->17);
writeln;
writeln(’ Measurement --> 27);
writeln;
writeln(’ Exit to Main Manual --> 0');
writeln;
writeln(’Input your selection’);
readln(choice2);
case choice2 of
1:Begin
assign(afile, ’std’+ch+’.spc’);
rewrite(afile);



scan(wistart,wlend,wlint,0,reading);
wl:=wlstart;
1:=0;
while wl <=wlend do
begin
writeln(afile,wl,reading{i]);
wl:=wl+wlint;

l:=1i+1;
end;
close(afile);

writeln(’/input filename ’);
readln{filename};
assign(afile,filename+ch+’.dat’);
rewrite(afile);
assign(bfile, ’std’+ch+’.spc’);
reset(bfile);
writeln;
select:=0;
scan{wlstart,wlend,wlint,select, reading);
:=0;
:=wlstart;
while wl<=wlend do
begin
readln(kbfile,wll,rl);
i1f wl<>wll then
begin
writeln(’wavelength is not the same,

- {2

? o«

exit’);
readln;
exit;
end;
r2:=readingf{i}/r1;
writeln(afile,wlstart+i*wlint, r2:10:4);
i:=1+1;
wls=wl+wlint;
end;
close(kfile);
close(afile);
end;

3
[0}

end;
until choice2=0;
end; {procedure SpectMeas }

f ************************************************** }
1
procedure gonioMeas;

{This is the procedure to measure the BRDF at fixed
illumination angles, .

in the calibration stage, the Spectralon sample is placed on
the sample stage



+ & complete measurement is required to have the correct
calibration. Then put

the sample on the stage, measure the BRDF using the ratio
method.

In doing the measurement, two data set i
the reflectance

values of the spectralon sample. The name of the data file
are: spOpls.ref

spOplp.ref, splonlOs.ref,and splonlilp.ref}

reguired toc give

u

var
choicel,i,] : integer;
ch : char;
thel,the2, fa : real;
wlstart, power : integer;
filename : string;
t1,t2,£1,t3 : real;
current,volt,eg : real;
signal,adsignal : real;

gamamin, gama,gamamax,alfa0
afile, bfile

{ ***************************************************}
Procedure GonioScanO(gama,alfal:real);

var
thetal, theta2,thel,the2, fa : real;
alfa, fai,dthe,tl1 ,f1,t2 s real;
reading : arr2;
it2 : integer;
Ro,R : real;
c : char;

{ * %k ok Aok ok ok ok ok ok %k K Kk ok ok ok sk sk ok ok ok sk ke ok ok ok sk gk e ke ke ok ko ko ok ok ok ke ok ko ok ok ok %k }
Procedure angle(gama,alfa:real;var fai,theta: real);

{ This program is tc calculate the angle of fai and theta at
fixed illuminate

angle. where gama is the illumination angle, alfa is the
angle azmuthal . .

angle relative to the plane of illumination and sample
normal, fai is the . .

calculated angle for sample tilt to keep the illumination
angle fixed, and

theta 1s the angle between the sample normal and the
illumination in the

source-sensor plane}

var
cosfai,sinfai : real;



begin
alfa:=(90- alfa)*pi/180;
gama:=gama*pi/180;
sinfai:=sin(gama)*cos(alfa);
cesfait=sqrt/{ 1—°1nfa1*s¢nfa1),
fai'=arctan(°1nfa1,cosfal),
theta:=arctan(sin(alfa)/cos(alfa)*sin{fai)/cos{gama));
fai:=fai*180/pi;
theta:=theta*180/pi;

end;

{ %k %k ke ke ko Kk ok ok sk Kok ok sk ok Kok sk sk sk e Kk sk ko sk ok % sk sk ke ke ok ok sk ok vk sk sk sk ke sk ok ke sk ke ok sk ke ke ok ke ok }

begin
1fa:=0;
+vhile alfa <=alfal do
begin
if gama = 0 then alfa:=990;
u“gle(guma,ulfa fl,dthe)};
writeln(afile,’ r,alfa:5:1,fl:7:1,dthe:7:1);
reudln(bflle),
readln(bfile);
:r1te;n(uf11e),
tl:=5;
while t1<=75+dthe do
begin
t2:=tl-dthe;
if (tl1l<=134) and (tl1>=5) then
begin
motordrive(tl,t2,£1);
delay(800);
scan{wlstart,wlstart, 20,1, reading);
readln{bfile,t3,R0);
if abs{t3-t2)>0.5 then
begin
writeln(’The angle is different in two
files’, ’‘Input Y to continue’);
writeln(t3,t2);
readln{cj};
if c<>’Y’ then exit;
end;

R:=reading[0]/Ro;
writeln(afile,t2:8:2,R:10};
writeln(t2:8:2,r:10:4);
end;
tle=t1l+5;
end;

tl:=t1-5;
tl:=tl1l-2*dthe;
while (tl1 >=5) do
egin
t2:=tl+dthe;
motordrive(tl,t2,£fl);
delay(800);
scan{wlstart,wlstart,2C,1,reading);



files, Input Y

readln{bfile,t3,Ro);
if abs(t3+t2)>0.5 then
begin

vriteln(’The angle is different in two

tc continue’);

writeln(t2:5,t3:5);
readln{c);
if c<>’Y’ then exit;

and;
R:=reading{0]/Ro;

writeln{afile,-t2:8:
writeln(-t2:8:2,R:10

10);

2
&

/JR:
4);

tl:=t1-5;

end;

vriteln(afile);
readln(bfile);

alf
end;

t=alfa+15;

motordrive(8,0,0);

writeln(afile);

readln(bfile);

end;

{ **********************************************}
procedure Gonioscanl;

begin

assign{bfile, "spOpl’+ch+’.ref’)
assign(afile, "spOpl’+ch+’.dat’)

rewrite{afile);
reset(bfile);

gama:=gamamin;
while gama<= gamamax do

begin

-
14
-
14

GonioscanC{gama,0);
gama:=gama+15;

end;

close{afile);
close(bfile);

and;

{ *************************************************}

procedure Gonioscan2;

begin

assign(bfile,’spOpl’+ch+’.dat’);
assign(afile,filename+ch+’.ref’);
reset(bfile);

rewrite(afile);
gama:=gamamin;
while gama<= gamamax do

begin

GenioscanO(gama,0);
gama:=gama+1l5;

and;



close(afile);
close(kfile);
end;

{ ************************************************}
procedure Goniocscan3;

begin
assign(bfile, ‘splonl0’+ch+’.ref’);
assign{afile, ‘splon’+ch+’.dat’);
rewrite(afile);
reset(bfile);
gama:=gamamin;
while gama<= gamamax do
begin
GonioscanO(gama,alfa0);
gama:=gama+15;
end;
close(afile);
close({bfile);
end;

{ **************************************************}
procedure Gonioscan4;

begin
assign(bfile,'splon’+ch+’.dat’);
assign(afile, filename+ch+’.ref’);
reset(bfile);
rewrite{afile);
gama:=gamamin;
while gama<= gamamax do
begin
GonioscanO(gama,alfal);
gama:=gama+1l5;
end;
clcse(afile);
clecse(bfile);
end;

{ %%k % %k Kk K sk Kk ok Kk ok ks Kk ok sk ke ke ok sk sk ok sk sk ok ok ok ok ok sk sk ok ok ke ok sk ke ok ok ke ok ok ok ok ke ke ok ke }
begin

writeln{’ Input filename of the data: five characters
only’);

writeln;

readln(filename);

writeln(’ Input polarization Status: S or P’);

readln(ch);

writeln(’input illumination angle: Min Max’});

readln(gamamin, gamamax};

alfa0:=90;

repeat



ClrScr;
gotoxy(C,6);
writeln(’ Goniometric Mesasurement’);
writeln;
writeln;
writeln(
—=> 17);
vriteln;
writeln(’ Gonio Scan
-=> 27);
writeln;
writeln(’ Gonic Scan
-=>37);
writeln;
writeln(’ Gonio Scan 4 (Hemisphere measurement)

’7r

writeln;

writeln(’ Exit to the Main Manual
-=> 07);

writeln;

writeln;

writeln(’ Input your selection’);

readln{choicel);

case choicel of

-

Gonio Scan 1 (In plane calibration)

ro

(In plane measurement)

[¥%]

{(Hemisphere calibration)

s

_— AT
k3

]

1l: Geniocscanl;
2: Gonioscan2;
3: Geniocscan3;
4: Genioscané
end;
until choicel=0;

end;

{ **************************************************}

procedure SpecBRDF;

var
i,j,k,count : integer;
thel, the2, fa : real;
t2,tl,f1 : real;
current,volt,eg : real;
signal,adsignal : real;
slstart,wlend,wlint : integer;
ch : char;
filename : string;
begin
ClrScr;

gotoxy(10,5);

writeln(’ BRDF Measurement ’);

vriteln; .

writeln(’ Input filename of the data: five characters
only’);



writeln;
readln(filename);
vriteln(’ Input polarization Status: S or P’);
readln(ch);
filename:=filename+ch+’.dat';
assign{afile,filename);
Lexrlte( file);
'Titeln;
writeln(’ Input wavelength range and interval,
Wavelengthstart_End_Int’);
readln(wlstart,ch,wlend,ch,wlint);
vriteln;
writeln(’ Input maxium degrees of scan :
Thetal_theta2_fai’);
readln(thel,ch,the2, fa);
monitor(current,volt,eg);
writeln{afile);
writeln(afile, ‘current=’,current:8:1,’
volt=’,volt:8:1);
writeln(afile);
motordrive(8,0,0);
£1:=0;
while f1 <=fa do
begin
O-
while t2<=the2 do
begin
t1l:=8;
motordrive(tl,t2,£fl);
monitor(current,volt,egqg)
vriteln(afile,’ ”"rrent— ',current:B:l,
'volt=',volt:8:1);
writeln{afile,tl:6:1,t2:6:1,£f1:6:1,’ 7);
writeln;
scan(wlstart wlend,wlint,C,reading);
count:=(wlend-wlstart) div wlint
for i:=0 to count do
writeln(afile,wlstart+i*wlint
reading{i]}:10);
‘I -—15-
Jhlle (tl<=thel) and (tl<=75+t2) do
begin
monitor(current,volt,eqg);
writeln(afile,’ current= ’,current:8:1,
'volt=',volt:8:1);
motordrive{tl,t2,£f1l);
writeln(afile,tl1:6:1,t2:6:1,f1:6:1,"
writeln;
scan(wlstart,wlend,wlint,0,reading});
count:=(wlend-wlstart) div wlint;
for i:=0 to count do
writeln(afile,wlstart+i*wlint,
reading([1]:10);
t1l:=t1+15;

I-12



end;
t1:=t1-30;
while t1 >= 15 do
begin
motordrive(tl,t2,£1);
delay(300);
tl:=t1-15;
end;
t2:=t2+15;
end;
monitor(current,volt,eg);
motordrive(8,0,0);

writeln(afile,’ 8 0 0 ");
iteln(afile,’ current= ’,current:8:1,
'volt=',volt:8:1);

writeln;
scan(wlstart,wlend,wlint,0,reading};
count:=(wlend-wlstart) div wlint;
for i:=0 to count dc
writeln{afile,wlstart+i*wlint,
reading[i]:10);
fi1:=f1+15;
end;
writeln;
close(afile);
writeln(’/BRDF finished,Data is stored in ’,filename, '
Enter <cr> ’);
readln;
motordrive(8,0,0);

end;

{*************************************************}

procedure checklIns;

wra
¥ a

i,3,count,dt tinteger;
reading tarr2;
current,voltage,eg : real;

{ AAkAkAkA A Ak khkhkhkhkhhkhkhhkhkhhkhhkhhhkhkhhkhhkhkhhkhhkhhkhkhkhkhhkhkhhkkk }

procedure option;

var charvar stchar;
choice :byte;
begin
clrscr;

gotoxy(0,5);
wWriteln(’ Do you want to stop? [nol’);
readln(charvar);

if charvar = 'y’ then
begin
close(afile);
halt;
end;



end;

{ ***************************************

begin
as
re

writeln(’input number and time interval

umbe
re
fo

end;

sign(afile,'stability.dat’);
write(afile);

r_interval’);

adln(count,dt);

r 1i:=0 to count do

begin
monitor(current,voltage,eg
scan(400,700,100,0, reading
write(afile,i:3);
for i:=0 to 3 do

write( reading[i]:10);

)i
):

writeln(afile,’ ’/,current:7:1,°

for j:=1 to dt*60 do
begin
if keypressed then
option;
delay(1000);
end;
end;
close(afile);

}

{ KA ARk kA kAR A AR A A AR Ak kA Ak ARk Ak kkkkkkkkkkkkkkxk }
procedure QuickDemo;

var

ch: char;

integer;
text;

(VI

14
fil

o+

begin

cl
WX
as
re
re

un
cl
end;

{ Ahkhk ARk hkhkhkhkkkkhkhkhkhkkkkkkhkkhkhkkhkkhkkhkkkkkkkkkhkkkkkxkxx }

Begin
me

rsScr;

riteln;

sign(afile, ’'recip.dat’);
write(afile);

peat

writeln{’input thetal thetal ')
readln{thetal,theta2);

write(afile,thetal:6:1,theta2:56:1,f

thetal:=thetal+thetal;
mctordrive(thetal,theta2,0};
scan(500,500,20,1,reading);
writeln(afile,reading{0]}:12);

writeln(’'do you want to continte?’);

recadln(ch};
til ch='n’;
ose(afile);

{Quick Demo}

{main}
asurement;

i:6:1);



end.
{ ~k*********************************************}



2. Wavelength Contrel and Signal Readcut
unit optronic;
{ this unit is to control the optronic spactroradiometer }

interface

type arr2 = arrayf[0..40] of real;
ocedure scan{wlstart,wlend,wlint:integer;var reading:

r
A K]
l7
rocedure readsignal({var signal:real;var power:integer);
rocedure getwavelength{wl:integer);

implementatic
const P1C=529; P1B=53C; P1lA=531;

P2C=533; P2B=534; P2A=535;
HIMASK=240; LOMASK=15;

var ortla, portlb, portlc : integer;
portlahi, portlalo : integer;
portlbhi, portlblo : integer;
pocrtlclco, filtposi : integer;
count, 1i,]j, power : integer;
filt : array[0..9] of real;
signal, adsignal : real;
wlnext : integer;
CharvVar : char;

{ ***************************************************}

procedure filter{wlstart:real; var filtposi: integer); {

Initialize the filter cutoff wavelength }

var count,i : integer;

begin
£ilt(
fi1t]
f£ilt]
filt]

AV i W =2
1 DWW LKW WL~
2 WD WO W W WO
d> LD D WO D WD~ s o

"5\. e Ny ™ Sy

-

{ set the shutter on/neutral}

i | | | S | [ | O [

O e~ 0 DWW LW

O
-

pert[P1C
delay(50C0
count:=0;
repeat

~e



count:=ccunt+1l;
until ({wlstart > filt[count]) and (wlstart <
filt[count+1}]));
filtposi:=ccunt;
for count:=1 to filtposi+l do
begiﬂ
port{P1C]l:=176;
dela"(lo),
port[P1C]:=0;
delay(1000);
end; { do loop. Set the filtposition}
end; { filter

{*************************************************}
Procedure getwavelength(wl:integer);
var currentwavelength : real;

Function wavelength: real;
{ This function return wavelength cof the spectrometer.}

begin {function wavelength}

pertla:=port[P1lA];

portlb:=port[P1B];

pcrtlc:=port[P1C];

portlahi:=portla and HIMASK div 16; portlalo:=portla and
LCMASK ;

portlbhi:=portlb and HIMASK div 16; portlblo:=portlb and
LCOMASK ;

portlclo:=portlc and 3;

wavelength:=portlclo*1000+portlbhi*100+pcrtlblo*10+portlahi*
l+portlalo*0.1;
end; {function wavelength }

{*************************************************}

{ *************************************************}

begin {getwavelength}
if( wl > f£ilt[£filtposi+l] ) then
begin

port[P1C]:=176;

delay(10);

port[P1C]:

delay(1000);

filtpOol:—flltpO“‘+1'

end; {end 1if}

port[ch"—llz port[P1C]:=0; {Fast/Neutral)
if wavelength > wl then

port{P1C]:=192 {reverse}
else port[PlC]:=128; {forward}
delay({1l )
port[P1C]):=224; port[P1C]:=0 ; {start/neutral}
repeat



delay(5);
currentwavelength:=wavelength;
if (¢ currentwavelength < 300) or (currentwavelen
256090)) then
begin
writeln('wavelengthcontrol failor, Please dial the
wavelength within 300-25C0nm and try again.’);
halt;
end;
until ((currentwavelength > wl-0.2) and
(currentwavelength < wl+0.2));

th >

Q2

port{P1C}:=160; port[P1C]:=0; {stop/neutral}
delay(1iC});
end; {procedure getWavelength}

{**************************************************}

rocedure ReadSignal(var signal: real; var power:integer);
var dataready

: integer;
port2ahi, port2alo : integer;
port2bhi, port2blo : integer;
port2a, port2b, port2c : integer;
index ,1i : byte;
sig : array[l..50] of real;
error : real;

begin
i:=1;
sig[i]:=-0.0001;
repeat
is=i+1;
delay(400);
repeat

port2a:=port[P2A];
port2b:=port[P2B]};
port2c:=port[P2C];
dataready:=(port2c and 8) div 8;
until {dataready = 1);
port2ahi:={port2a and EIMASK) div 16;
port2alo:=(port2a and LOMASK); .
port2bhi:={port2b and HIMASK) div 16;
port2blo:=(port2b and LOMASK);
power:=({port2c and 4) div 4 *10+ port2alo);
sig[i]:=(port2c and .
l)*l.+port2bhi*0.l+port2blo*0.0l+pqrt?ah1*0.001;
error:=abs((sig[i]-sig[i-1])/(sig{i]}+0.0001)});
until(error < 0.02) or (i >10);
for index:=1 to power do
sig[i}:=sig[i]*0.1;
signal:=sig[i];
end;
{**************************************************}
Procedure scan{wlstart,wlend,wlint:integer;var

reading:arr2);



{ This procedure control the spectroradiometer to scan the
wavelength given

by the main program at wavelength interval=wlint.}

begin {procedure scan}
filter{wlstart,filtpocsi);
count:=(wlend-wlstart) div wlint;
for i1:=0 to count do
begin { Loop}
wlnext:=wlstart+wlint*i;
getwavelength(wlnext);
readsignal(signal, power);
adcsignal(adsignal);
for j:=1 to power do
adsignal:=adsignal*0.1;
reading[i] :=adsignal;
end;
end;
{ Ahkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhbkhkkhkhkhkhhkhkhkhkhhkkhkhkhkhkhhkhkhkk
end. {unit optronic}
-2

-



_ 3. Goniometer Control Unit
unit Gonio;

{ This unit is to ccntraol the operation of the goniometer.

~ Initial implementation 11/05/89
- Change program to unit 11/c8/89

FR a4

- Xiacfan Feng

}
interfac
uses Crt;
procedure motor(thetal,thetaz,fai:real);
procedure motora(theta:real;direc:integer);
procedure motorb{theta:real;direc:integer);
procedure motorc(theta:real;direc:integer);
procedure motorab({theta:real;direc: integer);
implementation
const
pc=744; pa=736; co=748; pb=740; {Assign addresses}
mss=4;
var
modeab, mcdec, enable : integer;
i,j,k,chcice, direc : integer;
thetal, theta?2, fai : real;

{ ************************************************}

procedure motora(theta:real; direc:integerj};

var
step, dir : integer;
ns : word;
begin

step:=trunc(theta*40.0);
if direc=0 then
dir:=16
else
dir:=0;
for i:=1 to 5 do
begin
pert[pa)l:=dir+l;
ms:=22-i*4+mss;
delay{ms);
port[pa):=dir;
delay(ms);
end;
for i:= 1 to step=-10 do
begin
pert[pal:=dir+l;
delay(mss+2);
poert[pal :=dir;
delay{mss+2);



end;
for i:=1 to 5 do
begin
port{pal:=dir+1l;
ms:=mss+4*i+2;
delay(ms);
port{pal:=dir;
delay(ms);
end
end
{ **************************************************}

procedure motorb(theta:real; direc:integer);
var

step, dir : integer;
begin

step:=trunc(theta*40.0);
if direc=0 then

dir:=32

else
dir:=0;

fer i:= 1 to step do
begin

port[pa]'—dir+°

delay(mss);

port[pal:=dir;

delay{mss);
end;

and;
{ ***********************************************}

procedure motorc(theta:real; direc: integer);
var '
step, dir : integer;

begin
step:=trunc(theta*50.0)
if direc=0 then
dir:=64

delay(mos);

poru[pa] =dlr;

delay(mss);
end;

end;
{ *;************************************************}

procedure motcrab(theta: real;direc: integer);



var
step, dir : integer;
ms : word;
begin
step:=trunc(theta*40.0);
if direc=0 then

port{pal :=dir+3;
s:=22-i*4+mss;
delay{ms);
pertipal:=dir;

’

delay(ms)
end;
for i:= to step~10 do
begin

pert{pal:=dir+3;
delay(mss+2);
port[pal:=dir;
delay(mss+2);

end;

for i:=1 to 5 do

begin
pert{pal:=dir+3;
ms:=msSs+4*i+2;
delay(ms);
pertipal:=dir;
delay(ms);

end;

end;
{ ************************************************}

anglel,angle2,anglel : real;
begin
port{cc]:=192; { ccnfigure ports of pc board}
poert{pcl:=5; { select stepper kocard}
port{pb]:=0; full step, enable all motors }
if thetal <>0 then
begin
if theta2 = thetal then
begin
if thetal < O then
begin
direc:=0;
thetal:=-thetal;
end

else direc:=1;



motorab(thetal,direc);
theta2:=0;
thetal:=0;
end;
end;
if thetal <> 0 then
begin
if thetal < 0 then
begin
direc:=0;
thetal:=~thetal;
end
else direc:=1;
motora{thetal,direc);
end;
if theta2 <> 0 then
begin
if theta2 < 0 then
begin
direc:=0;
thetaZ:=-theta?2;
end
else direc:=1;
motorb{theta2,direc);

end;
if fai <> 0 then
begin
if fai < 0 then

begin
direc:=0;
fai:=-fai;

nA
i

2lse direc:=1;
motorc{fai,direc);
end;
pertipc]:=0;
end; { end procedure motor }
{ **************************************************}

end. {unit gecnic }
_)



4. Calibration Using the Integraticn Method
program call;

{ This program is to calculate the absclute reflectance of
Spectralon under fixed illuminating angle.
Input: reflectance value at 8/38 gecmetry
output: BRDF of Spectralon at a fixed illumination angle.}

var

gama,thetal,theta2,thel,the2,fa : real;
alfa, fai,dthe,tl 1 : real;

t2 ,i,j,ang ,count : integer;
afile,bfile,cfile : text;
signall,signal2,signal : real;
filename : string;
headline ¢ string;

{ %k Kk Kk Kk Kk ok ok ok g de e e sk sk ke ke vk vk vk vk ke sk ke ok %k sk ke ke ke ke ko sk ke vk vk vk vk vk vk vk vk vk ke ke ke ke ke }

Procedure angle(gama,alfa:real;var fai,theta: real};

{ This program is to calculate the angle of fai and theta at
fixed illuminate angle.}

var
cosfai,sinfai : real;
begin
alfa:=alfa*pi/180;
gama:=gama*pi/180;
sinfai:=sin{gama)*cos(alfa);
cosfai:=sqgrt{l-sinfai*sinfai});
fai:=arctan(sinfai/cosfai};
theta:=arctan(sin(alfa)/cos(alfa)*sin{fai)/cos{gama));
fai:=fai*180/pi;
theta:=theta*180/pi;
end;

{ kAhkhkhkkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkkhkkhkkk }

beg

e
(o]

writeln(’input filename’};
readln{filename);
assign(afile,filename+’.dat’};
reset{afile);
assign(cfile,filename+'.ref’);
rewrite(cfile);
writeln(’input 8/45 reflectance’);
readln{signal});
writeln(’how many data sets?’};
readln{count);
for j:=1 to count do
begin
for i:=1 to 3 do

begin



readln(afile, headline);
writeln(headline);
end;
readln;
readln(afile,gama);
readln{afile,signall);
writeln(’gama=’,gama,signall);
readln;
signal2:=signal*cos(pi*8/180)/(signall*ces(gama*pi/180));
alfa:=0;
while alfa <=90 do
begin
if gama=0 then alfa:=90;
angle(gama,alfa,fi,dthe);
readln(afile);
readln(afile);
writeln{cfile);
writeln(cfile,alfa:4,f1:6:2,dthe:6:2);
writeln(cfile);
t2:=trunc{-dthe/5)*5+5;
while t2<=75 dc
begin
tl:=t2+dthe;
if {t1<=135) and (ti>=5) then
begin
readln(afile,ang,signall);
signal:=signall*signal2;
writeln{cfile,ang:5,signal:8:4);

writeln(ang:5,signall:10,signal2:10,signal:8:4};
end;
t2:=t2+5;
end;
t2:=t2-5;
while (t2 >=dthe+5) dc
begin
tl:=t2-dthe;
readln(afile, ang,signall);
signal:=signall*signal?2;
writeln(cfile,ang:5,signal:8:4});
t2:=t2-5;

writeln(ang:5,signall:10,signal2:10,signal:8:4);

end;
alfa:=alfa+10;
end;
writeln(t2,signall,signal2,signal,angj;
end;

close(afile);
clese{cfile);
readln;

end.-



5. Data Transformation

program datatransform(input,cutput,afile,bfile);
{ this program is to transform the irregular pclar
cocordinate data to the regular cartetian cocrdinate so
3-D plot would be possible.

- 12/07/8¢2
- 01/31/90C modifyed for calibration
- Xiacfan Feng

-}

uses Crt;

var
i,j,k,count : integer;
alfa,thetal,theta2,scale: real;
cosalfa,sinalfa,alfal : real;
al,fi : integer;
X,¥,2Z : integer;
r : array[-40..40,-40..40) of real;
afile, bfile T text;
filename : string;
signall,signal2,the2 : real;

begin

ClrScr;
gotoxy(5,6);
writeln(’input the filename of the reflectance’);
readln(filename);
assign{afile,filename+’.ref’)
writeln;
assign(bfile,’A:'+filename+’.dat');
reset(afile);
rewrite(bfile);
for 1:=0 to 6 dc
begin
readln{afile,alfa,thetal});
writeln(alfa,thetal);
readln(afile};
alfal:=(90-alfa)*pi/180;
cosalfa:=ccs{alfal);
sinalfa:= sin{alfal);
readln;
while not eoln(afile) do
begin
readln(afile,the2,signall);
writeln(the2:5:2,signall:8:4);
x:=round((the2*cosalfa+theta1*sinalfa));
y:=round((-the2*sinalfa+theta1*cosalfa));
if (x*x+y*y <=76*76) then
begin
writeln(bfile,y:S,x:6,signall:1C:4);

~e



if(alfa > 0) and (alfa < ¢0) then
writeln{bfile,y:6,-x:6,signall:10:4);
end;
end;
end;
for x:=-9 toc 9 do
for y:=-8 to ¢ do
begin
if (x*x+y*y)>64 then
Writeln(bfile,x*10:6,y*10:6,0.0);
end;
writeln(’ The ocutput data is in file A:
',filename,’.dat’);
readln;
closelafile);
close(bfile);
end.



6. A/D Converter Interface Unit

Unit adel;

{ J ok ok ok ke ok ok ko ke ke e ke e ke ok ok ok ok ok ok ok ok ke ok sk sk gk gk gk sk sk e e ke ke ke ke ok ok ko %k ke ke ok ok

- This unit is to read signals from RTI-800 12 bits

A/D converter. There are two procedures. Cne is for

menitoring the current, voltage of, the power supply.

Another is to measure the signal cf optronics.

- History  10/14/89 initial implementaticn.
Xiaofan Feng

J deodk ok ok ok ok ok ok ok ok ok ko sk sk ok kK sk sk ko ok sk ok ok sk ke ok sk ok % ke sk ke ok ke sk ke ke ke ok ok ok ok ok ok ok

=}

Interfac

uses adifar,

crt;
procedure adc{lchan,pchan,gain:integer; wvar aver:real)
procedure mcnitor{ var current, voltage, output: real)
procedure adcsignal{var signal: real);

.
14
.
14

{ %k %k Kk ok ok ok ok ok ok ok ke %k ok %k sk ke ok sk sk ke %k sk sk ok ok ke sk vk ok ok sk ok ok sk ke ok ok ke ke ok ko ok ke ok }

Implementation

const board=1; range=10 ;
mult=200; count=5;

var chan,pchan,gain : integer;
erstat ,max,min : integer;

{ **********************************************}
Procedure adc{lchan,pchan,gain: integer; var aver: real);

type .
arr = array[0..10] of integer;

var
i,j,value : integer;
dest : arr;
begin
for i:=1 to count do

begin
initialize{erstat);
if erstat <> 0 then
begin
writeln{ initialize error:’,erstat);
halt;
end;



ain800(1lchan, board, pchan, gain, erstat);
if erstat <> 0 then
begin
writeln(’ ccl setup error: '’ ,erstat);
halt;
end;
delay(2);
dest[i]}:=ain (lchan,erstat);
if erstat <> 0 then
begin
writeln(’ collect error: r,erstat);
halt;
end;
end;
{ repeat
check(1lchan, erstat);
if (erstat <> 0) and (erstat <> 117) then

begin
writeln(’ check error: ’,erstat);
halt;
end;
until (erstat=117); }

max:= 0; min:=4095;
aver:=0;
for i:=1 to count do
begin
aver:= aver+dest[i];
if dest[i] > max then
max:=dest[i}];
if dest[i] < min then
min:=dest[i];
end;
aver:=(aver-max-min)/(count=-2);
end; {procedure adc}

{ ***********************************************}
procedure monitor(var current, voltage, output: real);
var 1lchan,pchan,gain : integer;

begin
lchan:=0; pchan:=0;
gain:=10;
adc{lchan,pchan,gain,current);
writeln(’The current 1is ’,current,’ A');
lchan:=2;pchan:=2;
adc(lchan,pchan,gain,ocutput);
lchan:=3;
pchan:=3;
gain:=1;
adc(lchan,pchan,gain,voltage);
writeln(’ The voltage is ’,voltage,’ V');
end; { procedure monitor}

{ *********************************************}



Procedure adcsignal({var signal: real);

begin
lchan:=1;
pchan:=1;

gain:=10;
adc{lchan,pchan,gain, signal);
signal:=signal*2./40¢85.;

end;

{ **************************************************}

end. {unit adc}
%



7. Calibration cf BRDF Using NIST Standard Tile

program comparison;

{ ?his program is-to calculate the reflectance of Spectralcn
using the NBS calibrated tile. The polarizition bias and
reflectance of tile data are in file basref.dat. }

var
Rus,Rup,Rusl,Rupl,B :t real;
Qrus,brup,bru,brul ¢ real;
1,g,k,wl,w11 : integer;
afile,bfile,cfile,hfile: text;
dfile,efile,gfile ¢ text;
Rsps,Rspp,Rs,Er : real;

Begin

Assign(afile, 'sp450s.dat’);
Assign{bfile, 'sp450p.dat’);
Assign(cfile,’'mctiles.dat’);
Assign(dfile, 'mctilep.dat’);
Assign(efile, ‘basref.dat’);
Assign(gfile, 'mcsplon.ref’);
assign(hfile, ‘speclon.std’);
reset(hfile);
reset(afile);
reset(bfile);
reset(cfile);
reset(dfiley};
reset{efile);
rewrite(gfile);
for i:=1 to 3 do
begin
readln(afile);
readln(bfile);
readln{cfile};
readln(dfile};

end;
Writeln(gfile, ’Wavelength Bias Ruo Rus Rup
Ru Rspectralon Error "Y;

writeln(gfile,  —~=~--om- e e e
=)
for i:=1 toc 14 do
begin
readln(afile,wl, Rus);
readln(bfile,wl, Rup);
readln(cfile,wl, Rusl);
readln(dfile,wl, Rupl);
readln(efile,B,Brul);
readln(hfile,wll,Rsps,Rspp);
readln(hfile);
s:=(Rsps+Rspp)/2;
Brus:=2*Rus*Brul/(Rusl+Rupl*B);



Brup:=2*Rup*Brul/(Rusl/B+Rupl);
Bru:=(Brus+Brup)/2;
Er:=Rs-Bru;
writeln(b,rus,rup,rusl,rusl,Brul);
writeln(gfile,wl:7,’
‘,Rugs:1C,Rup:1C0,Rus1:10,Rupl:10,B:7:4,Brul:7:4,Brus:7:4,
Brup:7:4,Bru:7:4,’
" Rs:7:4,Er:7:4});

writeln(wl:10,w11:8,B:8:4,Brul:8:4,Brus:8:4,Brup:8:4,Bru:8:4
)i
readln;
end;
clcse(afile)
close(bfile)
clcse(cfile);
close(dfile);
close(efile};
close (hfile};
close(gfile);
end.

-
’
-
’
-



8. Calculate R,, by R,5 and Tup

Program add;

{ This program is to add the two pclarization and calculate
the BRDF for unpolarized radiation.}

var i,j,k :integer;
sigl,sig2,sig3 :real;
angl, ang2 treal;
afile, bfile,cfile:text;
filename :stringj;
begin

1.7

writeln(’input filename, withcut extension and s&p’);
readln(filename);
assign(afile,filename+’s.ref’);
assign(bfile,filename+’'p.ref’);
assign(cfile,filename+ .ref’ );
reset(afile);
reset({bfile);
rewrite(cfile);
while not eof{afile) doc
begin
while eoln{afile) do
begin
readln{afile};
writeln(cfile);
end;
readln{afile,angl,sigl);
readln(bfile,ang2,sigl);
if (abs{angl-ang2) > 2) then
begin
writeln(’Error!!! ’, angl:5:2,ang2:5:2);
readln;
exit;
end;
sig3:=(sigl+sig2)/2;
writeln{cfile,angl:5:2,s5ig3:10:4);

end;
close{afile);
close(bfile);
close(cfile);
end.=



Appendix |l BRDF of Spectralon Sample
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. Table lI-1 BRDF of Spectralon Sample at 0 Degree of lllumination
Table [1-2 BRDF of Spectralon Sample at 15 Degrees of lllumination
Table 1l1-3 BRDF of Spectralon Sample at 30 Degrees of lllumination
Table [I-4 BRDF of Spectralon Sample at 45 Degrees of lllumination
Table II-5 BRDF of Spectralon Sample at 60 Degrees of Illumination
3-D Plots of BRDF of Spectralon at 0 Degree of Illumination

3-D Plots of BRDF of Spectralon at 15 Degrees of lllumination

3-D Plots of BRDF of Spectralon at 30 Degrees of lllumination
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3-D Plots of BRDF of Spectralon at 45 Degrees of lllumination
10. 3-D Plots of BRDF of Spectralon at 60 Degrees of lllumination



Table 1i-1 BRDF of Spectralon at Normal Incidence

View Angle Rs Rp Ru
-75.000 0.852 0.886 0.869
-70.000 0.891 0.911 0.901
-65.000 0.921 0.936 0.928
-60.000 0.945 0.951 0.948
-55.000 0.964 0.965 0.964
-50.000 0.980 0.975 0.978
-45.000 0.994 0.986 0.990
-40.000 1.006 0.996 1.001
-35.000 1.016 1.006 1.011
-30.000 1.027 1.013 1.020
-25.000 1.039 1.024 1.031
-20.000 1.051 1.037 1.044
-15.000 1.066 1.053 1.059
-10.000 1.084 1.078 1.081

-5.000 1.106 1.114 1.110

5.000 1.104 1.115 1.109
10.000 1.083 1.089 1.086
15.000 1.065 1.063 1.064
20.000 1.051 1.045 1.048
25.000 1.038 1.031 1.034
30.000 1.027 1.018 1.022
35.000 1.016 1.009 1.013
40.000 1.005 0.997 1.001
45.000 0.994 0.989 0.992
50.000 0.980 0.980 0.980
55.000 0.964 0.968 0.966
60.000 0.945 0.956 0.950
65.000 0.921 0.941 0.931
70.000 0.891 0.917 0.904
75.000 0.851 0.883 0.867
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Table 1I-2 BRDF of Spectralon at 15 Degrees of Incidence

View Angle Rs Rp Ru
-70.000 0.854 0.898 0.876
-65.000 0.886 0.921 0.903
-60.000 0.912 0.939 0.925
-55.000 0.932 0.954 0.943
-50.000 0.951 0.968 0.959
-45.000 0.966 0.979 0.973
-40.000 0.982 0.990 0.986
-35.000 0.997 1.004 1.000
-30.000 1.013 1.018 1.016
-25.000 1.031 1.032 1.032
-20.000 1.055 1.071 1.063

10.000 1.072 1.086 1.079
-5.000 1.066 1.051 1.058

0.000 1.065 1.050 1.058

5.000 1.068 1.048 1.058
10.000 1.075 1.051 1.063
15.000 1.078 1.052 1.065
20.000 1.077 1.040 1.058
25.000 1.071 1.038 1.055
30.000 1.063 1.030 1.046
35.000 1.054 1.0171 1.035]
40.000 1.043 1.008 1.026
45.000 1.034 1.002 1.018
50.000 1.022 0.998 1.010
55.000 1.010 0.987 0.999
60.000 0.995 0.979 0.987
65.000 0.975 0.970 0.972
70.000 0.950 0.954 0.952
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Table 1I-3 BRDF of Spectralon at 30 Degrees of Incidence

View Angle Rs Rp Ru
170.000 0.827 0.889 0.858
-65.000 0.859 0.907 0.883
-60.000 0.884 0.929 0.906
-55.000 0.908 0.943 0.925
-50.000 0.929 0.960 0.945
-45.000 0.950 0.976 0.963
-40.000 0.973 0.999 0.986
-35.000 0.999 1.027 1,013
-25.000 1.022 1.027 1.024
-20.000 1.018 1.029 1.023
115.000 1.017 1.011 1.014
-10.000 1.019 1.005 1.012

-5.000 1.023 1.002 1,012
0.000 1.029 1.001 1.015
5.000 1.036 1.001 1.019
10.000 1.047 1.009 1.028
15.000 1.061 1.012] 1.037
20.000 1.079 1.018 1.049
25.000 1.098 1.027 1.063
30.000 1.116 1,031 1.074
35.000 1.123 1.034 1.079
40.000 1.122 1,030 1.076
45.000 1.117 1.022 1.069
50.000 1109 1023  1.066
55.000 1.102 1,022 1.062
60.000 1.092 1.032. 1.062
65.000 1.078 1.015 1.046
70.000 1.061 1.000 1.030
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Table II-4 BRDF of Spectralon at 45 Degrees of Incidence

View Angle Rs Rp Ru
-70.000 0.809 0.883 0.846
-65.000 0.842 0.899 0.870
-60.000 0.871 0.918 0.894
-55.000 0.899 0.944 0.922
-50.000 0.931 0.977 0.954
-40.000 0.966 1.022 0.994
-35.000 0.967 0.986 0.976
-30.000 0.969 0.972 0.970
-25.000 0.971 0.966 0.969
-20.000 0.977 0.960 0.968

15.000 0.982 0.963 0.972
10.000 0.990 0.9683 0.976
-5.000 0.998 0.962 0.980

0.000 1.006 0.966 0.986

5.000 1.016 0.964 0.990
10.000 1.028 0.969 0.998
15.000 1.042 0.976 1.009
20.000 1.060 0.986 1.023
25.000 1.085 0.996 1.040
30.000 1.120 - 1.006] 1.0683
35.000 1.168 1.020 1.094
40.000 1.230 1.040 1.135
45.000 1.290 1.062 1.176
50.000 1.337 1.058 1.198
55.000 1.358 1.058 1.208
60.000 1.367 1.062 1.215
65.000 1.369 1.067 1.218
70.000 1.369 1.082 1.226
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Table 1I-5 BRDF of Spectralon at the Incidence Angle of 60 Deg.

View Angle Rs Rp Ru
-70.000 0.799 0.831 0.815
-65.000 0.840 0.910 0.875
-55.000 0.884 0.920 0.902
-50.000 0.885 0.918 0.902
-45.000 0.891 0.942 0.917
-40.000 0.896 0.936 0.916
-35.000 0.902 0.934 0.918
-30.000 0.910 0.933 0.921
-25.000 0.918 0.934 0.926
-20.000 0.927 0.9383 0.930
-15.000 0.936 0.934 0.935

10.000 0.946 0.936 0.941
-5.000 0.954 0.937 0.946

0.000 0.966 0.941 0.953

5.000 0.977 0.918 0.947
10.000 0.990 0.958 0.974
15.000 1.006 0.967 0.987
20.000 1.029 0.985 1.007
25.000 1.058 1.005 1.032
30.000 1.096 1.044 1.070
35.000 1.148 1.046 1.097
40.000 1.229 1.056 1.142
45.000 1.348 _1.073; 1.2t
50.000 1.535 1.098 1.317
55.000 1.815 1.137 1.476
60.000 2.192 1.204 1.698
65.000 2.516 1.349 1.932
70.000 2.691 1.481 2.086
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Appendix lll BRDF of a Piece of Wood

BRDF of Wood at the lllumination angle of 30 degrees
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