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Summary

» High resolution for 3.45 um pixel size and 1.1"” Sensor:
= Very small amount of vignetting for 1.1” Sensor
= Nyquist limit (up to 145 Ip/mm) with minimal drop at edges and corners
= No gravity coma in horizontal configuration
= Excellent polychromatic performance

Working Resolution [Ip/mm on the image]
di[sr:'ar:;e White light Red light
Vertical Horizontal Vertical Horizontal
350 140 142 140 140
420 137 138 135 135
650 141 128 141 141

> Angular Field of View [°] From 350 mm to 650 mm

AFOV Type Wb 650 mm 420 mm 350 mm
Width 11.01 11.60 11.32
Height 8.08 8.51 8.31

Diagonal 13.63 14.35 14.01
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First ELM with gravity compensated liquid lens

e Thanks to passive gravity compensation technology, the performance of
this ELM is identical for vertical vs. horizontal optical axis orientation

Liquid lens with extreme Gravity compensated
gravity effect liquid lens
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Main specifications

IMX255LQR
Sensor 1" format
14.131mm x 7.452mm, 16.0mm

Wavelength (nm> 430nm-700nm

EFL (mm) 73mm

F-number 4.0

BFL (mm) 12.4mm (+0.7mm CG+0.3mm Filter)
TTL (mm) 95.5mm (+0.7mm CG+0.3mm Filter)
Max Image Circle (mm) 18.0mm

DFOV 12.9° @16.0mm

HFOV 11.4° @14.131mm

VFOV 6.1° @7.452mm

350mm to 650mm (with 1.00 to -1.55 dpt)

Working Object Distance Best MTF at 420mm

Distortion F-Tan(Theta) 1.0%

Relative Illumination 90% @16.0mm

Max Chief Ray Angle 4.5° @16.0mm

Lens construction 12G + EL-16-40-GTC

3 This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent. ‘(;F)’[OJ[UHG



Method for image evaluation

« After acquisition, images are zoomed in to show resolution limited element

N a

Note: 1.1” image sensor used is 10% larger than the nominal image circle
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Four different tests performed

Test setup 1 (Vertical with white backlight)
Test setup 2 (Horizontal with white backlight)
Test setup 3 (Vertical with red backlight)
Test setup 4 (Horizontal with red backlight)
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Test setup 1

Camera:

Lens:

Controller:
Target:
Light:

Orientation:

1.17, 4104 x 3004 px,
Pixel size = 3.45 um

Model: IDS UI-3200SE-M-GL

ELM-75 with EL-16-40-VIS-5D-GC

Vertical Optical Axis
Optotune ICC-4C-500

USAF chrome target, transparent

White backlight
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7

WD 420 mm @ O dpt

Camera

Sensor size = 4104 x 3004 px
Nyquist limit = 145 Ip/mm
Pixel size = 3.45 um

Light
White background illumination

Orientation
Vertical

USAF element:
Line width (um):
Lp/mm (object):
Magnification:
Lp/mm (image):

Center Edge Corner
B §
L .;I ﬂ , an w
Lok T I L
Em T .'_':5 = El.‘ ==
‘- EH A - 1“ m.-s-.
ER W= 3.
4/4 4/3 4/3
22.1 24.8 24.8
23 20 20
0.166 0.166 0.166
137 122 122
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Sheet1

		USAF element:		4/4				4/3				4/3						Group		Line width

		Line width (um):		22.1				24.8				24.8						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		23				20				20						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.166				0.166				0.166						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		137				122				122						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		107				107				107						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		369.15				369.15				369.15						0/2		445.45

		Magnification:		0.1657425076				0.1657425076				0.1657425076						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






WD 350 mm @ 1 dpt

Camera

Center Edge Corner
Sensor size = 4104 x 3004 px I ey 17 1T 2
Nyquist limit = 145 Ip/mm Zuwis Zus]
Pixel size = 3.45 um 22 2
Light . ] .
White background illumination i ' “ 9 .-l \l
=W =W
_ _ =W 1 Eak
Orientation =0 -k L
: . =3 LEl W=
Vertical 20 W= = =5 W
o
Lt
USAF element: 4/6 4/5 4/5
Line width (um): 17.54 19.69 19.69
Lp/mm (object): 29 25 25
Magnification: 0.204 0.204 0.204
Lp/mm (image): 140 124 124
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Sheet1

		USAF element:		4/6				4/5				4/5						Group		Line width

		Line width (um):		17.54				19.69				19.69						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		29				25				25						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.204				0.204				0.204						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		140				124				124						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		131.7				131.7				131.7						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		454.365				454.365				454.365						0/2		445.45

		Magnification:		0.2040026939				0.2040026939				0.2040026939						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






WD 650 mm @ -1.55 dpt

Camera

Sensor size = 4104 x 3004 px
Nyquist limit = 145 Ip/mm
Pixel size = 3.45 um

Light
White background illumination

Orientation
Vertical

USAF element:
Line width (um):
Lp/mm (object):
Magnification:
Lp/mm (image):

Center Edge Corner
B
L B
N \ 3
- W2 2 W
= “\- We = W=
I WS — e
W s, 2N e
- =\
2N WS 2N WS
AT B szW
4/1 3/6 3/6
31.25 35.08 35.08
16 14 14
0.113 0.113 0.113
141 126 126
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Sheet1

		USAF element:		4/1				3/6				3/6						Group		Line width

		Line width (um):		31.25				35.08				35.08						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		16				14				14						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.113				0.113				0.113						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		141				126				126						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		73				73				73						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		251.85				251.85				251.85						0/2		445.45

		Magnification:		0.113076664				0.113076664				0.113076664						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






Test setup 2

Camera:

Lens:

Orientation:

Controller:
Target:
Light:

1.17, 4104 x 3004 px,
Pixel size = 3.45 um

Model: IDS UI-3200SE-M-GL

ELM-75 with EL-16-40-VIS-5D-GC

Horizontal Optical Axis
Optotune ICC-4C-500

USAF chrome target, transparent

White backlight
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WD 420 mm @ O dpt

Camera Center Edge Corner
Sensor size = 4104 x 3004 px “——— _—
Nyquist limit = 145 Ip/mm Zumis Sy

e e
SENME 20 W

Pixel size = 3.45 um

Light I ‘

White background illumination

= --t E .‘ 19 .‘
Orientation -Em.":‘. | Eﬂ“‘:' | Ew". i 1
_ E“:ll L i'l‘lll B ﬁ_lln L
Horizontal Ly a# o - i W '|.-'.1'=- = 'j:ﬁ E
— i
.E'l:'l"' W ‘-,_u'- W t_'- W
USAF element: 4/4 4/4 4/4
Line width (um): 22.1 22.1 22.1
Lp/mm (object): 23 23 23
Magnification: 0.163 0.165 0.167
Lp/mm (image): 138 137 135
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WD 350 mm @ 1 dpt

Camera Center Edge Corner
Sensor size = 4104 x 3004 px '

Nyquist limit = 145 Ip/mm
Pixel size = 3.45 um

Light

White background illumination

Orientation

Horizontal
USAF element: 4/6 4/5 4/5
Line width (um): 17.54 19.69 19.69
Lp/mm (object): 29 25 25
Magnification: 0.201 0.201 0.201
Lp/mm (image): 142 127 127
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WD 650 mm @ -1.55 dpt

Camera

Sensor size = 4104 x 3004 px
Nyquist limit = 145 Ip/mm
Pixel size = 3.45 um

Light
White background illumination

Orientation
Horizontal

USAF element:
Line width (um):
Lp/mm (object):
Magnification:
Lp/mm (image):

19 This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent.
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0.112
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Sheet1

		USAF element:		3/6				3/6				3/6						Group		Line width

		Line width (um):		35.08				35.08				35.08						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		14				14				14						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.112				0.112				0.112						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		128				128				128						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		72				72				72						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		248.4				248.4				248.4						0/2		445.45

		Magnification:		0.1115276686				0.1115276686				0.1115276686						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






White light @ Center:
No resolution drop thanks to gravity compensation

350 mm @ 1 dpt 420 mm @ O dpt 650 mm @ -1.55 dpt
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Test setup 3

Camera:

Lens:

Controller:
Target:
Light:

Orientation:

1.17, 4104 x 3004 px,
Pixel size = 3.45 um

Model: IDS UI-3200SE-M-GL

ELM-75 with EL-16-40-VIS-5D-GC

Vertical Optical Axis
Optotune ICC-4C-500

USAF chrome target, transparent

Red backlight

21 This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent.
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WD 420 mm @ O dpt

Camera Center Edge Corner
ze = [ 1T 1T B
Sensor size = 4104 x 3004 px e - 2
Nyquist limit = 145 Ip/mm oy -
Pixel size = 3.45 um e | \j |
Light L “ . -
|
Red background illumination . b 2 W
=Bt .Eﬂ'--':'._'i |
Orientation 'Eﬂ I"'-é - i;ﬂ i- 2
LR — e
= W=
Vertical 'j‘gﬂ W= ‘ﬁ. w
USAF element: 4/4 4/4 4/3
Line width (um): 22.1 22.1 24.8
Lp/mm (object): 23 23 20
Magnification: 0.167 0.167 0.167
Lp/mm (image): 135 135 121
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Sheet1

		USAF element:		4/4				4/4				4/3						Group		Line width

		Line width (um):		22.1				22.1				24.8						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		23				23				20						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.167				0.167				0.167						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		135				135				121						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		108				108				108						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		372.6				372.6				372.6						0/2		445.45

		Magnification:		0.167291503				0.167291503				0.167291503						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






WD 350 mm @ 1 dpt

Camera Center Edge Corner
Sensor size = 4104 x 3004 px | 1T ' AT B
Nyquist limit = 145 Ip/mm Sowl \ o
Pixel size = 3.45 um , e \ L
Red background illumination g 1\ J o I“‘
Wl sW®s |
: : =W =W
Orientation -1 bl =W :
T ) 20 WS
Vertical s B A W= =
‘r.'f-'l- = "
USAF element: 4/6 4/6 4/6
Line width (um): 17.54 17.54 17.54
Lp/mm (object): 29 29 29
Magnification: 0.204 0.204 0.204
Lp/mm (image): 140 140 140
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Sheet1

		USAF element:		4/6				4/6				4/6						Group		Line width

		Line width (um):		17.54				17.54				17.54						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		29				29				29						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.204				0.204				0.204						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		140				140				140						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		131.7				131.7				131.7						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		454.365				454.365				454.365						0/2		445.45

		Magnification:		0.2040026939				0.2040026939				0.2040026939						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






WD 650 mm @ -1.55 dpt

Camera

Sensor size = 4104 x 3004 px
Nyquist limit = 145 Ip/mm
Pixel size = 3.45 um

Light
Red background illumination

Orientation
Vertical

USAF element:
Line width (um):
Lp/mm (object):
Magnification:
Lp/mm (image):

Center Edge
l‘ _ i ]
O | 7 |
2 -9
;=\ -‘tvﬂ;—;_;_' = “\l m-*l
SWEE, | 2ues
“;'z.-im n=' ﬁﬁ;m \“
4/1 4/1
31.25 31.25
16 16
0.113 0.113
141 141
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Sheet1

		USAF element:		4/1				4/1				4/1						Group		Line width

		Line width (um):		31.25				31.25				31.25						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		16				16				16						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.113				0.113				0.113						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		141				141				141						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		73				73				73						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		251.85				251.85				251.85						0/2		445.45

		Magnification:		0.113076664				0.113076664				0.113076664						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






Test setup 4

Camera:

Lens:

Orientation:

Controller:
Target:
Light:

1.17, 4104 x 3004 px,
Pixel size = 3.45 um

Model: IDS UI-3200SE-M-GL

ELM-75 with EL-16-40-VIS-5D-GC

Horizontal Optical Axis
Optotune ICC-4C-500

USAF chrome target, transparent

Red backlight
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WD 420 mm @ O dpt

Camera Center
Sensor size = 4104 x 3004 px

Nyquist limit = 145 Ip/mm /
Pixel size = 3.45 um Hel

Light .
Red background illumination i
=W
. : a
Orientation =M
, -
Horizontal = 1
USAF element: 4/4
Line width (um): 22.1
Lp/mm (object): 23
Magnification: 0.167
Lp/mm (image): 135

"
.

—\\\I
= \\\ w

!
\‘

Edge
\\
A
L)
1.' "I"-
I
4/4
22.1
23
0.167
135
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Sheet1

		USAF element:		4/4				4/4				4/4						Group		Line width

		Line width (um):		22.1				22.1				22.1						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		23				23				23						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.167				0.167				0.167						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		135				135				135						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		108				108				108						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		372.6				372.6				372.6						0/2		445.45

		Magnification:		0.167291503				0.167291503				0.167291503						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1
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WD 350 mm @ 1 dpt

Camera

Sensor size = 4104 x 3004 px
Nyquist limit = 145 Ip/mm
Pixel size = 3.45 um

Light
Red background illumination

Orientation
Horizontal

USAF element:
Line width (um):
Lp/mm (object):
Magnification:
Lp/mm (image):
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Sheet1

		USAF element:		4/6				4/6				4/6						Group		Line width

		Line width (um):		17.54				17.54				17.54						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		29				29				29						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.204				0.204				0.204						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		140				140				140						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		131.7				131.7				131.7						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		454.365				454.365				454.365						0/2		445.45

		Magnification:		0.2040026939				0.2040026939				0.2040026939						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






WD 650 mm @ -1.55 dpt

Camera Center Edge Corner
Sensor size = 4104 x 3004 px F |
Nyquist limit = 145 Ip/mm /

Pixel size = 3.45 um

Light
Red background illumination g “'fp
=1n mm'-'__:;_
Orientation 1_':'_::::: :..3%&
Horizontal =W I —
s=N ‘ _—
USAF element: 4/1 4/1 4/1
Line width (um): 31.25 31.25 31.25
Lp/mm (object): 16 16 16
Magnification: 0.113 0.113 0.113
Lp/mm (image): 141 141 141

_\\
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Sheet1

		USAF element:		4/1				4/1				4/1						Group		Line width

		Line width (um):		31.25				31.25				31.25						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		16				16				16						-2/2		1781.8				1		2000		1000		500		250		125		62.5		31.25		15.63		7.81		3.91		1.95		0.98

		Magnification:		0.113				0.113				0.113						-2/3		1587.4				2		1781.8		890.9		445.45		222.72		111.36		55.68		27.84		13.92		6.96		3.48		1.74		0.87

		Lp/mm (image):		141				141				141						-2/4		1414.21				3		1587.4		793.7		396.85		198.43		99.21		49.61		24.8		12.4		6.2		3.1		1.55		0.78

																		-2/5		1259.92				4		1414.21		707.11		353.55		176.78		88.39		44.19		22.1		11.05		5.52		2.76		1.38		0.69

																		-2/6		1122.46				5		1259.92		629.96		314.98		157.49		78.75		39.37		19.69		9.84		4.92		2.46		1.23		0.62

																		-1/1		1000				6		1122.46		561.23		280.62		140.31		70.15		35.08		17.54		8.77		4.38		2.19		1.1		0.55

		Magnification calculation:																-1/2		890.9

		Group:		0/2				0/2				0/2						-1/3		793.7

		Line width (um):		445.45				445.45				445.45						-1/4		707.11

		Whole box (um):		2227.25				2227.25				2227.25						-1/5		629.96

		Box length in pixels		73				73				73						-1/6		561.23

		Pixel size (um):		3.45				3.45				3.45						0/1		500

		Image size (um):		251.85				251.85				251.85						0/2		445.45

		Magnification:		0.113076664				0.113076664				0.113076664						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62

																		1/1		250

																		1/2		222.72

																		1/3		198.43

																		1/4		176.78

																		1/5		157.49

																		1/6		140.31

																		2/1		125

																		2/2		111.36

																		2/3		99.21

																		2/4		88.39

																		2/5		78.75

																		2/6		70.15

																		3/1		62.5

																		3/2		55.68

																		3/3		49.61

																		3/4		44.19

																		3/5		39.37

																		3/6		35.08

																		4/1		31.25

																		4/2		27.84

																		4/3		24.8

																		4/4		22.1

																		4/5		19.69

																		4/6		17.54

																		5/1		15.63

																		5/2		13.92

																		5/3		12.4

																		5/4		11.05

																		5/5		9.84

																		5/6		8.77

																		6/1		7.81

																		6/2		6.96

																		6/3		6.2

																		6/4		5.52

																		6/5		4.92

																		6/6		4.38

																		7/1		3.91

																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19

																		8/1		1.95

																		8/2		1.74

																		8/3		1.55

																		8/4		1.38

																		8/5		1.23

																		8/6		1.1






Red light @ Center:
No resolution drop due to Gravity Coma

350 mm @ 1 dpt 420 mm @ 0 dpt 650 mm @ -1.55 dpt
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