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I.  Introduction
      Current MODIS RSB calibration algorithm does not consider the polarization effect.  Nevertheless, it is known that MODIS is polarized for a few RSB bands [1,2], especially band 8, and the striping of band 8 may be partially induced by the polarization effect.  In this memo, we report our polarization analysis results for FM1.  The polarization parameters are obtained for all RSB bands except band 5 and 6, for which data are not available.  The overall polarization property of FM1 is about the same as that of PFM.

II. MODIS Optics System Polarization
     Let
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be two components of the intensity of the incident light in directions a and b, which are perpendicular to each other.  Then the Stokes presentation for incident light can be expressed as [3]
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where 
[image: image3.wmf]f

 is the phase difference of the two components.  Consider the scan mirror as part of the MODIS optics system and express the Mueller matrix of the optics system as
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which describes the polarization property of the system.  The matrix is a function of the angle between the incident light and plane (P1) formed by the normal and the rotation axes of the mirror,
[image: image5.wmf]q

, which is also approximately equal to angle of incident  (AOI).  The matrix is also a function of the angle between the incident light and the plane perpendicular to both the mirror surface and plane P1,
[image: image6.wmf]y

.  Then the Mueller matrix can be expressed as 
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Thus, the Stokes presentation for the light on the detector D of band B is
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where 
[image: image9.wmf]y
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 is a constant for a given detector and varies from -0.4o to 0.4o within a band.  If 
[image: image10.wmf]G
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 is the gain of the detector D of band B, then the at-detector signal can be expressed [4]
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where
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     For incident light with intensity I passing through a linear polarizer, the two components of the intensity of the light can be expressed as
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where  is the angle between the polarization direction and direction a.  Substituting Eq. (7) into Eq. (5), we get
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where
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Eq. (8) can be simplified as
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where

                               
[image: image19.wmf]a

BD

(

q

)

=

[

u

1

BD

(

q

)

2

+

u

2

BD

(

q

)

2

]

1

/

2

,                                                  (13)

                                 
[image: image20.wmf]d

(

q

)

=

a

tan[

u

2

BD

(

q

),

u

1

BD

(

q

)]

.                                                     (14)

Apparently, a() measures the polarization property of the optics system and is called polarization factor.

III. Data processing and analysis

     The data used in our analysis were provided by SBRS and were grouped into 11 UAIDs.  Each UAID has a fixed AOI or  which is related to the scan angle ( as 
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Table1 lists all the UAID numbers of the data and the corresponding scan angles distributing over five scan angles –45o, -22.5o, 0, 22.5o, 45o.  The data inside one UAID are further grouped into collects, each having a fixed .  The measurements were done at = -180o, -165o, -150o, -135o, -120o, -105o, -90o, -75o, -60o, -45o, -30o, -15o, 0o, 15o, 30o, 45o, 60o, 75o, 90o, 105o, 120o, 135o, 150o, 165o, 180o, respectively.  These data are analyzed to determine aBD() and BD() for each detector in a given RSB band. 

     There are 20 scans in each collect.  Although there are 100 frames in each scan, less than 10 frames view the light source.  Figure 1 gives an example of the DNs.  The end detectors have fewer frames viewing the light source.  This is because the light source has a limited size.  By averaging over the dns, where dn = DN – DNSV, of the interested frames and the 20 scans, we obtained SBD().  If there are more than one collects for a given , SBD() is obtained by further averaging over the collects.  

     The obtained SBD() for band 8 at o is shown in Figure 2.  The oscillation with a periodicity  can be clearly seen in the plot although SBD() have larger values at right side, which may be induced by the inhomogeneity of the polarizer and the offset between the light path and the rotation axes of the polarizer.  Figure 3 shows the obtained SBD() for band 15 at same AOI.  The plot has shown strong higher order oscillations,

 which are induced by the imperfect of the polarizer at the wavelength of the band and will be discussed elsewhere. 

     A least mean square fit of (12) to the obtained SBD() was used to extract the polarization parameters, aBD() and BD().  Figure 4 shows the variations of the polarization factors, aBD(), of B8 detectors with the scan angle.  The results show that the polarization factors depend on the AOI.  For band 8, the larger the AOI (corresponding to larger frame), the larger the polarization effect.

     The detector and subframe averaged polarization factors for all RSB bands except bands 5 and 6, for which data are not available, are presented in Figure 5.  Among these bands, band 8 has largest polarization factor.  Table 2 lists the obtained detector and subframe averaged polarization parameters.

VI. Conclusions

     The polarization response of the FM1 is analyzed and the polarization parameters for all RSB bands except band 5 and 6 are obtained.  Among these bands, band 8 has largest polarization factor, which is approximately 0.04.  The polarization response of the FM1 is similar to that of PFM. 
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[image: image22.wmf]Table 1. - MODIS FM1 Pre-launch Test Data Set (PC08)

UAID

Collects

Scan Angle (degree)

Scans

Polarization Angle (degree)

2101

25

-45

20

-180 to +180

2102

52

-45

20

-180 to +180

2103

25

-22.5

20

-180 to +180

2104

50

-22.5

20

-180 to +180

2105

25

0

20

-180 to +180

2106

50

0

20

-180 to +180

2107

26

22.5

20

-180 to +180

2108

8

22.5

20

-180 to +180

2109

50

22.5

20

-180 to +180

2110

25

45

20

-180 to +180

2111

50

45

20

-180 to +180


[image: image23.wmf]Table 2. Measured Polarization Factor (MODIS FM1 RSB;  Detector Averaged)

(Pre-launch Polarization Test Data Set PC08;  Uaid 2101 - 2111)

Mirror Side 1

Scan Angle (degree)

Band

-45

-22.5

0

22.5

45

1

0.0132838

0.0121025

0.0113331

0.0102938

0.0075769

2

0.0073700

0.0070237

0.0083106

0.0120463

0.0171069

3

0.0067875

0.0064275

0.0053225

0.0031950

0.0057775

4

0.0161700

0.0145475

0.0138675

0.0127000

0.0087500

5

N/A

6

N/A

7

0.0125400

0.0120300

0.0115225

0.0118750

0.0093550

8

0.0341800

0.0404900

0.0435900

0.0482900

0.0528900

9

0.0150400

0.0188600

0.0198800

0.0235300

0.0277100

10

0.0070000

0.0049900

0.0045800

0.0042100

0.0059300

11

0.0091200

0.0066900

0.0061900

0.0064300

0.0078400

12

0.0155500

0.0095200

0.0092900

0.0069600

0.0048600

13

0.0086500

0.0048200

0.0042000

0.0031500

0.0029900

13H

0.0084300

0.0047500

0.0041100

0.0030900

0.0030700

14

0.0046100

0.0038300

0.0036000

0.0047400

0.0055300

14H

0.0046700

0.0039000

0.0036700

0.0047400

0.0055600

15

0.0048100

0.0035100

0.0034800

0.0031100

0.0031500

16

0.0142900

0.0135200

0.0156500

0.0185300

0.0249200

17

0.0097600

0.0106500

0.0128000

0.0180400

0.0252200

18

0.0221300

0.0204200

0.0227300

0.0281300

0.0350700

19

0.0200000

0.0186300

0.0205500

0.0256000

0.0325900

26

0.0197300

0.0196400

0.0201100

0.0200100

0.0181900

Mirror Side 2

1

0.0132825

0.0121219

0.0113450

0.0102788

0.0075250

2

0.0073544

0.0069506

0.0080737

0.0115800

0.0162888

3

0.0067550

0.0064500

0.0052850

0.0031850

0.0055875

4

0.0161900

0.0145775

0.0139150

0.0127775

0.0089625

5

N/A

6

N/A

7

0.0125600

0.0120175

0.0115300

0.0118475

0.0092575

8

0.0346200

0.0408200

0.0441900

0.0488500

0.0532600

9

0.0151000

0.0189600

0.0199800

0.0235200

0.0275300

10

0.0069300

0.0049500

0.0046400

0.0041800

0.0057200

11

0.0090800

0.0067600

0.0062500

0.0063900

0.0077100

12

0.0155900

0.0095600

0.0093500

0.0070200

0.0049100

13

0.0085300

0.0048500

0.0042400

0.0031800

0.0030600

13H

0.0084600

0.0048300

0.0042300

0.0030900

0.0031200

14

0.0045300

0.0038700

0.0036100

0.0046800

0.0056700

14H

0.0046600

0.0039300

0.0036600

0.0046800

0.0056800

15

0.0046800

0.0034700

0.0034500

0.0030100

0.0029200

16

0.0141800

0.0134000

0.0154400

0.0182400

0.0242900

17

0.0098700

0.0105200

0.0125800

0.0177000

0.0248100

18

0.0220600

0.0203900

0.0226600

0.0279600

0.0350600

19

0.0200000

0.0185500

0.0204500

0.0254600

0.0325400

26

0.0197100

0.0195600

0.0201400

0.0200100

0.0180800
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UAID

Collects

Scan Angle (degree)

Scans

Polarization Angle (degree)

2101

25

-45

20

-180 to +180

2102

52

-45

20

-180 to +180

2103

25

-22.5

20

-180 to +180

2104

50

-22.5

20

-180 to +180

2105

25

0

20

-180 to +180

2106

50

0

20

-180 to +180

2107

26

22.5

20

-180 to +180

2108

8

22.5

20

-180 to +180

2109

50

22.5

20

-180 to +180

2110

25

45

20

-180 to +180

2111

50

45

20

-180 to +180
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Figure 2.  MODIS FM1 Polarized Response (dn) vs Polarization Angle (degree) (Pre-launch Test data Set PC08 for UAID: 2103 Band: 8 Top: MS1 Bottom: MS2)





Figure 3.  MODIS FM1 Polarized Response (dn) vs Polarization Angle (degree) (Pre-launch Test data Set PC08 for UAID: 2103 Band: 15 Top: MS1 Bottom: MS2)





Figure 5.  MODIS FM1 detector averaged polarization factor vs scan angle (degree).   Test data set: PC08; UAID 2101-2111. 





Figure 4.  MODIS FM1 polarization factor vs scan angle for band 8. Top: MS1 ; Bottom: MS2.
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[image: image26.png]Fig.1 — MODIS FM1 DN, vs Frame (Response to Polarization Source Assembly)
(Pre—launch Test Data Set PCO8 for UAID:

2101 Collect: 10 Band: 8 Ms: 1)
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[image: image28.wmf]Table 2. Measured Polarization Factor (MODIS FM1 RSB;  Detector Averaged)

(Pre-launch Polarization Test Data Set PC08;  Uaid 2101 - 2111)

Mirror Side 1

Scan Angle (degree)

Band

-45

-22.5

0

22.5

45

1

0.0132838

0.0121025

0.0113331

0.0102938

0.0075769

2

0.0073700

0.0070237

0.0083106

0.0120463

0.0171069

3

0.0067875

0.0064275

0.0053225

0.0031950

0.0057775

4

0.0161700

0.0145475

0.0138675

0.0127000

0.0087500

5

N/A

6

N/A

7

0.0125400

0.0120300

0.0115225

0.0118750

0.0093550

8

0.0341800

0.0404900

0.0435900

0.0482900

0.0528900

9

0.0150400

0.0188600

0.0198800

0.0235300

0.0277100

10

0.0070000

0.0049900

0.0045800

0.0042100

0.0059300

11

0.0091200

0.0066900

0.0061900

0.0064300

0.0078400

12

0.0155500

0.0095200

0.0092900

0.0069600

0.0048600

13

0.0086500

0.0048200

0.0042000

0.0031500

0.0029900

13H

0.0084300

0.0047500

0.0041100

0.0030900

0.0030700

14

0.0046100

0.0038300

0.0036000

0.0047400

0.0055300

14H

0.0046700

0.0039000

0.0036700

0.0047400

0.0055600

15

0.0048100

0.0035100

0.0034800

0.0031100

0.0031500

16

0.0142900

0.0135200

0.0156500

0.0185300

0.0249200

17

0.0097600

0.0106500

0.0128000

0.0180400

0.0252200

18

0.0221300

0.0204200

0.0227300

0.0281300

0.0350700

19

0.0200000

0.0186300

0.0205500

0.0256000

0.0325900

26

0.0197300

0.0196400

0.0201100

0.0200100

0.0181900

Mirror Side 2

1

0.0132825

0.0121219

0.0113450

0.0102788

0.0075250

2

0.0073544

0.0069506

0.0080737

0.0115800

0.0162888

3

0.0067550

0.0064500

0.0052850

0.0031850

0.0055875

4

0.0161900

0.0145775

0.0139150

0.0127775

0.0089625

5

N/A

6

N/A

7

0.0125600

0.0120175

0.0115300

0.0118475

0.0092575

8

0.0346200

0.0408200

0.0441900

0.0488500

0.0532600

9

0.0151000

0.0189600

0.0199800

0.0235200

0.0275300

10

0.0069300

0.0049500

0.0046400

0.0041800

0.0057200

11

0.0090800

0.0067600

0.0062500

0.0063900

0.0077100

12

0.0155900

0.0095600

0.0093500

0.0070200
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				Table 1. - MODIS FM1 Pre-launch Test Data Set (PC08)

		UAID		Collects		Scan Angle (degree)		Scans		Polarization Angle (degree)

		2101		25		-45		20		-180 to +180

		2102		52		-45		20		-180 to +180

		2103		25		-22.5		20		-180 to +180

		2104		50		-22.5		20		-180 to +180

		2105		25		0		20		-180 to +180

		2106		50		0		20		-180 to +180

		2107		26		22.5		20		-180 to +180

		2108		8		22.5		20		-180 to +180

		2109		50		22.5		20		-180 to +180

		2110		25		45		20		-180 to +180

		2111		50		45		20		-180 to +180
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		Table 2. Measured Polarization Factor (MODIS FM1 RSB;  Detector Averaged)

				(Pre-launch Polarization Test Data Set PC08;  Uaid 2101 - 2111)

		Mirror Side 1						Scan Angle (degree)

		Band		-45		-22.5		0		22.5		45

		1		0.0132838		0.0121025		0.0113331		0.0102938		0.0075769

		2		0.0073700		0.0070237		0.0083106		0.0120463		0.0171069

		3		0.0067875		0.0064275		0.0053225		0.0031950		0.0057775

		4		0.0161700		0.0145475		0.0138675		0.0127000		0.0087500

		5						N/A

		6						N/A

		7		0.0125400		0.0120300		0.0115225		0.0118750		0.0093550

		8		0.0341800		0.0404900		0.0435900		0.0482900		0.0528900

		9		0.0150400		0.0188600		0.0198800		0.0235300		0.0277100

		10		0.0070000		0.0049900		0.0045800		0.0042100		0.0059300

		11		0.0091200		0.0066900		0.0061900		0.0064300		0.0078400

		12		0.0155500		0.0095200		0.0092900		0.0069600		0.0048600

		13		0.0086500		0.0048200		0.0042000		0.0031500		0.0029900

		13H		0.0084300		0.0047500		0.0041100		0.0030900		0.0030700

		14		0.0046100		0.0038300		0.0036000		0.0047400		0.0055300

		14H		0.0046700		0.0039000		0.0036700		0.0047400		0.0055600

		15		0.0048100		0.0035100		0.0034800		0.0031100		0.0031500

		16		0.0142900		0.0135200		0.0156500		0.0185300		0.0249200

		17		0.0097600		0.0106500		0.0128000		0.0180400		0.0252200

		18		0.0221300		0.0204200		0.0227300		0.0281300		0.0350700

		19		0.0200000		0.0186300		0.0205500		0.0256000		0.0325900

		26		0.0197300		0.0196400		0.0201100		0.0200100		0.0181900

		Mirror Side 2

		1		0.0132825		0.0121219		0.0113450		0.0102788		0.0075250

		2		0.0073544		0.0069506		0.0080737		0.0115800		0.0162888

		3		0.0067550		0.0064500		0.0052850		0.0031850		0.0055875

		4		0.0161900		0.0145775		0.0139150		0.0127775		0.0089625

		5						N/A

		6						N/A

		7		0.0125600		0.0120175		0.0115300		0.0118475		0.0092575

		8		0.0346200		0.0408200		0.0441900		0.0488500		0.0532600

		9		0.0151000		0.0189600		0.0199800		0.0235200		0.0275300

		10		0.0069300		0.0049500		0.0046400		0.0041800		0.0057200

		11		0.0090800		0.0067600		0.0062500		0.0063900		0.0077100

		12		0.0155900		0.0095600		0.0093500		0.0070200		0.0049100

		13		0.0085300		0.0048500		0.0042400		0.0031800		0.0030600

		13H		0.0084600		0.0048300		0.0042300		0.0030900		0.0031200

		14		0.0045300		0.0038700		0.0036100		0.0046800		0.0056700

		14H		0.0046600		0.0039300		0.0036600		0.0046800		0.0056800

		15		0.0046800		0.0034700		0.0034500		0.0030100		0.0029200

		16		0.0141800		0.0134000		0.0154400		0.0182400		0.0242900

		17		0.0098700		0.0105200		0.0125800		0.0177000		0.0248100

		18		0.0220600		0.0203900		0.0226600		0.0279600		0.0350600

		19		0.0200000		0.0185500		0.0204500		0.0254600		0.0325400

		26		0.0197100		0.0195600		0.0201400		0.0200100		0.0180800
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