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Measurement about Turbid Media 180 Degree Back Scattering Characteristic 

Parameters for Linear- polarized Incident Light 

ZHANG Dcrwei, LI Guo-hua 
( Laser Research Institute, Qui u Normal University, Qui u, Shandong 273165) 

Abstract The 180 degree back scattering character of biologic tissue and other turbid mediae can reflect the media's 

information inside. Regarding turbid media as a "Blac~box", the back scattering characteristic parameters for linear 

polarized light in trubid media can be expressed by a polarization plane rotation angle a, polarization maintaining factor 13 

and reflectivity r. A schematic of the measurement about the characteristic parameter was designed. And the milk s 

deionized water solutions with different concentration were measured. When the concentration is 25%, a = 3° , 13 = 

O. 15, r = 0.09. When the solution's concentration is changed, the three parameters will be changed, too . 

Key words turbid media, back scattering, Muller matrix, biologic tissue 
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-, £ 1ffia tJtU91~ :!i ~UJE i&t it, 5J\. tJT 5fQ W1fr ~ ~ JJ ~ ~ I 
~ 0 :;;$: X ~~ tE 1ffi 1;k 11-M" j~IU§ 1t" , JiUJE ftJ!l a, 15iHIilU 
J!l 13, &M$ r *mJ£1ffi1;k1l-M~ 1800 J§rPJ1'J31:Mt~ 

'ti, ;iEm*'jJ~E~i3:-~~I~, i9:it19l~JE a, 13, r 

~ 3;;% ~UJE :W~ ~JFJtHf 19l~ JE 0 

2. 1 ~HiC~*i;J 

*~JEtati;)~Q I!I 1 ?JT~, He- N e ~Jftfl: L l5t ili ~ 
632.8 nm 8"J1~ft5'G*~$JT~fl:( ND-l :ru!PJ3Z:iYN$xJ 
~~$JT ft fl: ) fA 0 iYN ifiiJ ~U ~ iYN ( 3;; % 9=', J& JE 50 

Hz), ~2J1 PI *~!E91ffiU, ~2J15J\.5R:fl: B (K9 JEzll¥JJt) , 
-'l'f~:5t&~t, -'l'f~:5tfA B iliM*AM~U~~ 5 L 
(i3:£8"JAM1JA~fAL~U-f, JM% 719!U rPJA~tat, 
HW~.OO&M~~~~~~)o~~~~~ft~ 

J1m~1I-MJ§(PJm4~~*~~*~m~m~m 

t~) , 1800 J§ rPJ1'J31:M'I'f~5J\.~~~@] * A~t~U B L, * £L 
-'l'f~5J\.~~~2 B &~t~U1ffiatJR1JrPJPJifiiJ~;ffr1ffiaHP2 Lo 
fA P 2 ili ~t ~~~1ffiUft*~ft Et!1*19l~ H M (SI-44(} UV 

:ru! 1111* 19lU H) ~ Y5C ft Et! 1JM2 J1mT .m JJ)CA H 3Z: ~ Et! ffi 
m%*.~*,~m%~~~ND-Wl:ru!~ffi~* 

H £, 'flJt;f§ JJJc* H ~ ~ ili f§ % 63 Jt 00 tlZ:j~[ ~ i~ ili 0 

~ 1 ;1ft ¥!E 11' !9H~ fffiH)itA. M:3't 1800 J§ I~ lfH1 * If/J ~ ~$ 
Wl~ JE 1iJf J'E~mft]J$: ~ 

L: ~:7't:7't¥1m; B: 5HRil~; c: tJT~il~; R: ~F' Iffit;1:; PI. P 2 : iJH\lJiilir; 

5: 1fil1£P,1l-J91; M: :7'tEf!.1*i~~~; A: llrTjijjjjc~; K: tliit§jjjjcilir 

Fig. 1 Schematic represation of the measurement about 

turbid media 180 degree back scattering characteristic 

matrix for line polarized incident light 

L: laser; B: beam splitter; C: chopper; R: plane mirror; PI. P 2 : 

polarizer; 5: turbid media; M: detector; A : preamplifier; K: lock­

in am plifier 
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3GtJJilIJlU:5t ~ ~ 1'J31:M til ~ 5fQ ~bt 41i:til ~ 0 i3:~~ t~:ru! ~ ~ 
~H~'ti( ~M *~Y:5fQ~~t;f§~ffi~) mPJ ~ EE3;;!J~19lU 
JE, * fJ~&1Jlk: ili ~ tm~'§'~,R1JT ~t $ ~::z2 ['B] !E91*5fQ15*~ 0 
m£i3:#m:ru!9='~~ili~~~~ft~.~o3;;~ 

L, ~1ffi1;k1l-M 8"J~M9=', 1ffiU~[5]~£1'~~;~UH{§~ 

~~; 1ffiU tJR J.Y: * ill £ 1- ~F 1t ~ liJf ~ 1fr 1! ~ tm:£I:£.m 
~[1-7l 0 ~~iS1ffiUtJR[5]~ ~J§, 1'J31:~t *~5fQ1'J31:M;f§ 
~ffi~~~~£ftill~~~~M~tt,w£mm~ 
~8"J~i~[9l, re~ffi~;k1l-M~1t-1''' j~U§"," j~U§" 9=' 
'E11!5JJJEftH, J1!1ffiaH, &~tt~~H1tj:, ~~*1iE~~t~ 
~AMft~m~*~~ftJ!l,m~J!l~&M~~~ 

~Mt~'tio 

[5]~m~1I-M~*~~~~PJ~~~~ft~~ 

a ~JJJEftfl:,m1ffiUJ!l~ d 8"Jm1ffiafl:( ~71J{f~~, 
ftillJEx.1~1ffiUJ!l 13 = 1- d) ,&~t tt~ r ~fOOfi 

-1-H#*~~~~~~o~~.PJ~~~ 
r 0 0 0 

0 r 13cos2a - f'rsin2 a 0 
5 runple = 

0 f'rsin2 a 13cos2a 0 - -

0 0 0 - f'r 

( 1) 

;Pj§JEili a, 13, r 8"J1!, IJlU1ffi1;k1l-M~~1ffiatJRAMft 1800 

J§rPJ1'J31:M~*~~~~PJ~;Pj§JEoftHJiii~~ft~, ~O 

*-1'fl:1tj:8"J*'jJ~~$ B~O, IJlUAMft~Jt1tmJ§ 

8"J'JTtt :RJtJT~; PJ ~ EE~E~$;f§~~1J1*{~~U 0 [5].Ll:~, 
;Pj§JE7 a, 13, r ~1!, IJlU~~1ffiatJRA~tft~1ffi1;k1l-M~ 

MJ§~Mn~M~;~PJ~~~0~~m~1I-M~ 

~~1ffiUtJRAMft~ 1800 J§ rPJ1JrPJL8"J~~tt~'ti, PJ ~ 
63 a, 13, r i3: -1'~~*~1iE o -r00*i9:it19lUJEi3:­
l' ~~ ~ 3;;!J~ * ~JE * ill1T 3;; ~JF 19l~ JE 0 

~7M~~.,i&tAM~~~~~~~~ft~ 

'JTtt~'JT~;~ 5 ini 0 i3:t~, ~AMt~ ~ ~ mTft~~?JT 
~2J18"J~!~¥5fQfl:1tj:ffJtPJ ~~1JQ~ is 0 i9: 

Sini = 

1 

cos2A 

sin2A 

0 

Jt9='A~~~~ftEt!~:!i~*f~N~~~o 

t~m}z:JJX[ 10], 5J\.5R:fl: B 8"J&M~E~~ 

1 sin2 Y 0 

-c~J sin2 Y 1 0 
R= 

0 0 - cos2 Y 

0 0 0 

( 2) 

( 3) 
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:H £ ~:fff ~t Jfj, 1m Jf i~ BJi ~ ~, i~ &Jt9i§J$ ~ ~ 5G]\ 

t~~' ffilr 7 - ~ ~ ~ [5] -=t- 0 PI l2J, ilE B)j, J3J'f: S1 ~' ffilr x1 J§ 

TID ~ 1~~ ~ N ~ J~ Q[IiJ 0 
1ffiB ~ flo p 2 S1 *:tb9i§J$ Jg ( i9: 1ffiU~ flo S1 Jl] 1ffiB 1J rPJ 

l=j71<.-'f1J1ft~~JfjJg 8, ~=l*fF~, 8~7GIl'U~S1, ~ 
7G [PJ tl'P5G ~ 0° - 180° :<:.i'BJPIifiil) [II] 

1 eos28 sin28 0 
eos28 eos2 28 sin2 8eos2 8 0 

P2= 
sin28 sin28eos28 sin2 28 

( 4) 
0 

o 0 0 0 
J3>f.'j':, A~t1ffiB~~ 5 ini ~.£J1 PI, B, 5, P 2 J§, ~'JTlt 

£ 'JT 5di 5 fin PI l2J, 183 J£~IJ r 
5 fin = [P 2 ][ R][ 5 mnple] 5 ini (5) 

~'£j;Ell$it., PI l2J,{~JSiJ'JTlt£'JT~£S1 50 jc/j\Jg 

50 = r ( 1 + sin2 Yeos2 8 + 13eos2 asin2 Yeos2A + 
13eos2 aeos2A eos2 8 + 
J3sin2 aeos2 Yeos2A sin2 8 + 
13eos2 aeos2 Ysin2A sin2 8-
J3sin2 asin2 Ysin2A - J3sin2 asin2A eos28) (6) 

t~*'JTlt£'JT~£S1~x., 5 0 ffJt~*ffi:1*~~HffiBIJR 

~ ~ ~ 5.11-\jc Ij\, ill ffJt ~ 1111* ~~~ :H Jiff ,& IJlk: ili ~ ~ 5.11-\ ~ 
1i 0 ~* * ~JE ~, {~JSiJ S1 ~* ~ EE ~Jjt*§ 1J'x.jc:H i9; ili ~ 
Et!ff f§ -5 v, B l=jiE1*1~~:H JiJT~45i: S1 ~ 5.11-\jc/j\ ~ * 
*~ V = C5 0 , ~~, C ~iE1*~~~flo, lWii1J'x.jc:Hm 

~~~Et!~~*~~~~*~,~mjc~~iE1*~ 

:H~m~~@&,lWii~jcEt!@~~ff~~*~~ 

Et!ff1J'x.jc1if~~*~~0 Jg 7 ~/j\iR&, ~~~~~~, flt 

fI'J *m tt 1i ~1J¥~Jjt{~ i~~~*~ s11i 0 
rTID ~1*it.t.'f: rfb ~ :s-{~ ~~~ 0 
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i§)t;, IEt.'j':rfb~Jg~Y!&1lHfS1-'fTIDlt, ~'&M 

$ r PIili:1~Jg 10 [PJB1, -'fTID'fl~ a= 0,13= 103 A 

= 0°, 8 = 0°, ~PA~t~Jg1ffiBIJR1JrPJl=j7l<.-'f1J1ft~ 0° 
S1 ~~ 1ffiB IJR ~, t& 1ffiB:H P 2 l=j 71<. -'f 1J 1ft Jfj Jg 0° Bt, f~ tJiii 
A( 6) {~ 

501 = 2+ 2sin2 Y ( 7) 

EE T 3 % * :H 1J 1ft Il'U ~ l2J, J§, Y 1i ffJt B :pjij ~, f~ 

* A( 7) it. ili 5 01 jc/j\ 0 i9; ili *ic:lR.Li:~B1~jjJ§1J'x.jc 

:Hi9;~ VOlo 

~Lf.'j':rPJ:l, 15iH# A = 0°, iJ1iJA( 6) ~Jg 
5 01 = r( 1+ sin2 Yeos28+ 13eos2asin2 Y+ 

13eos2 aeos2 8 + J3sin2 aeos2 Ysin28) ( 8) 
ifiil~ P 2 1J1ftJfj, 1~~:5J\JJiJJg 0°,45°,90°, i9;ili;tlJic 

:lR~Jjt*§1J'x.jc:HS17F~ Vx 0 EE V = C5 0 PI l2J,{~JSiJ 
5 0 x = Vx 5 01 1 VI (9) 

* EE A( 9) {~JSiJ P 2 1J 1ftJfj :5JI.JJIj Jg 0°, 45°, 90° -=::~$tw 

i5G r*§x1@*ffi:1*1~~~~'JTlt£'JT~:!i 50 ~jc/j\oi+J 

J3:-=:: ~1i:5J\JJU1~AA( 8) , {~JSiJ-=:: ~1J~¥, 1f~iL*~ 
iJ1iJPIl2J,{~JSiJ ~~*~IJ~'x. a, 13, r s11io 

m~~M~mm~~~m~~~-=t-7l<.~m~m 

1~ 0 x1 ~ m m Et! 1ft ~ 1.£ 1)d~~~, {~~ 1i 1.£ Jg 1. 4 
11m, 1lmJE*~1~'YJt~1tj:o ~m~~ 1 em x 1 em x 3 
em ~:;P-~illLi*J 0 1~~~S1~*~IJ~ 10 

*1 ~%4m*.~*m~~I~€~ft~fttl •• ~.~.m 
Table 1 Measured data of back scattering characteristic parameters of 25 % milk s deionized water solution 

Order Sample PI angle P 2 angle 

Plane mirror 0° 0° 

2 25% (density) milk 0° 0° 

3 25% (density) milk 0° 4J 

4 25% ( density) milk 0° 90° 

f~IJiii V, = V f, VI k, ~.{~~Jjt*§1JJljc:HJiJT1~~ ~ 

~ Et! 1JfEi§ -5 :5J\ JJiJ Jg 
V I = O. 304 m V; V 2 = O. 157 x 10- I m V; 

V3 = 0.848 X 10- 2 mY; V4 = 0.112 X 10- 2 mV 

1fX K9 flZllfJ x1 632. 8 nm S1 Iff ~t $ Jg 1. 516, ~ 
1BZA~tJfj Jg 45°81, Iff~tJfj Y 1lmJE 

sin Y = sin451 1.516; sin2 Y = 0.825 

Gain factor Sensibility V [, Reading V 

1000 1000 mV O. 304 

1000 100 mV O. 157 

1000 10 mV 0.848 

1000 10 mV 0.112 

EEA(7) PI{~ 5 01 = 5 01 = 2+ 2sin2 Y= 3.65 
f~tJiiiA 5 0 x = Vx 5 011 VI, PIl2J,1~3 P 2 1J1ftJfj 8 

Jg 0°, 45°,90° 81, 180° J§ rPJiJ:M~'JTlt£'JT~£~ 

50 Jg 5 02 ,5 03 , 5 04 ~~1i%JJljJg 0.191, 0.103 ;t1J 

O. 0131 oi+J~*1~A1J~¥( 8), PI l2J,{~JSiJ~lJr1J~¥~ii 
r ( 1 + O. 828 + O. 828 13eos2 a + 13eos2 a) = O. 188 
r( 1+ O. 82813eos2a+ O. 561J3sin2a) = 0.1018 
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r ( 1 - O. 828 + O. 82813cos2 a - 13cos2 a) = O. 0134 

jj:~J1.1Jl'f~i3.:B4ljJ=!H5I:~~x{4 MATHCAD 7 *~~1~ 

r = 0.09; 13 = O. 15; a = 3° 

~ t¥, me PI 12,t~ t±\ 
r 0 0 0 

0 r 13cos2 a - I?r sin2 a 0 
5 runple = = 

0 - I?r sin2 a - 13cos2 a 0 

0 0 0 - I?r 

29 ~ 

0.09 0 0 0 

o 0.0134 - 0.00141 0 

o - 0.00141 - O. 149 0 

o 0 0 - 0.0135 

~lit, i!G1!'H~JSIj 7 ~fB;1Bl1l-M ~~1ffiHJRAM7't 180° 

J§ rt'D1'J31:MEnt~tEj;E14 0 
3 tj=: :WJ1;&JjLJ9 50% 81, 1~~ JE En ~5rf)iHIJ* 20 

*2 ~%4m*~~*~~~1~€~a~Mtl •• ~.~.m 
Table 2 Measured data of back scattering characteristic parameters of 50 % milk s deionized water solution 

Order Sample PI angle P 2 angle 

Plane mirror 00 00 

2 50% (density) milk 00 00 
3 50% (density) milk 00 45" 

4 50% ( density) milk 00 900 

tlHfrii rq] t$ En 1J ;1£, PI lJ- it Jf 1~ JSU i~ 1;& J!l r, 3 
P2 1J1:s'Ij¥j 8 Jg 0°, 45°, 90° 81, 180° J§rt'D'/tJ:M7't'JTtt 
£'JT~ :S: S"J 50 Jg 5 02 ,5 03 ,5 04 En~1][:5tJJljJg 

0.2472, O. 1340 IfIJ O. 01830, ~fB;1Bl1l-M S"J-=:: 1't~,t!~ 
~En1][:5tJJljJg r = O. 12; 13 = O. 13; a = 4.2° 0 

~lJ-~~*PIlJ-~t±\,3~~~~1I-MEn~J!l 

J§,~~r~-=::1'~tt~~*~~7~rq]~J!lEn~ 

~, ~*i~B)j~~ 1'~~~~&IJlk:~fB~Bl1l-MEn pg -l'f~1§ 
,\~!" 1EJtfFJg1'J31:~H~'t!*~it:£IEn 0 

,~o[ii] 1~~ .;. *~ J!l s"J lEI ~ ± ~ 1§: 1) 1ffiHJR ~ 1J 1:s'I j¥j 
En*~;Pj§J!l; 2) i~~~1§ %;ffr1~~ ~ S"J ~F Ttjt; 3) 7't ~ 
$~ ~ ~UJE En ~ t~ * ~ C ~ 1][ En 1$6 ~L Jg 7 {~1fflHJR t~ 
En 1J 1:s'I j¥j ~ ;Pj§, PI, P 2 J)] JJJ:.i'. ft B * lib 1f: -0 Ej ~ F 
En~~W~~~~,PIlJ-~~~Jt1J~j¥j~JEft~ 

1'1:s'I.i'., t~JJIJ~~~UJ!l~; Jg 7 ~/J\t~1~~ ~ EnPiFT 
tjt, 7't@~-l'f~7J\.it-l'f~ JJJ:.i'. ft 8:gf§i ~, 'fJJi;t§ JJJ:A :H{~m En 
~ ND-201 ~, ±tJl~1§ r'i'bi~L 1~jffi;it&t~:H'& § ijJlE~ 

@*,*jffi ;it&t ~ :H, -ru-.i'. JJJ: A :H Jg ~ 1~ Pi F -ru- .i'. JJJ: A:H , 
$tuA~HtJLJg 5 M 0/40pF, Jgtrpfljlj;tttJU§%, i~Jt" ~ 
:1:111"" ;1'1- :1:111" :If *-.i'." 1'1- :1:111" , 1~;tt tJt tm fljlj It i5 JSU 80 dB 

lJ-~0 Jg7~/J\ig;~i!R~, ft*IfR~*8i, i~~7FOO 

tR1JA;ii.i'.Jg"vx-VY, tJtm-~J:*"1JA;, *1~ vx 
eptJt1\J,*7F~Jg 0, 1§%A/J\it-l'f~ ~~**ig;t±\; ft 
)ll:£I7't~~~*~JEEn$~t~*~ C 81, *m 7 H~1][ 
;1£, mJ;1X1§ *m {t~JE s"Jt~*;P11*1~~ ~ s"Jm ~~ o[ii]SZJ!l, 
-ru-.i'.~A~~En~ffi~~*~~~ffi~Affi~En~ 

~~JfEn1JA;o~%~*~7F,~@m~~~.;.~ 

~~/J\JSIj 7 ~1' PI lJ-~~Enl'fJ!l 0 

Gain factor Sensibility V [, Reading V 

1000 1000 mV O. 304 

1000 100 mV 0.206 

1000 10 mV 1. ll2 

1000 10 mV O. 152 
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