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Summary of Optotune ELM-25-2.8-18-C

High resolution and medium field of view (FOV)
> Ideal for code reading (e.g. box packing), iris recognition

Working distance (WD) range from 250mm to infinity
>Ideal optical leverage of 0.61m/dpt

Resolution for 2.4um pixels (e.g. IMX183 1" or IMX304 1.1")

>»In the center over the WD range: at 169-180 Ip/mm
(close to Nyquist limit)

> At the corners for WD 250mm-1000mm still 157-174 Ip/mm

Image quality
> No vignetting up to 1.1” format
>Very low distortion

»Great polychromatic (white light) performance although better
contrast was achieved with monochromatic (red) light
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Best performance of this lens achieved with

monochromatic light at F/4

e Several series of test images were acquired varying: Field positions, lighting, optical axis

orientation & f-number

500mm WD Center

USAF target
position

Optical axis vertical

Red backlight 174%*
White backlight 174
Optical axis horizontal

F/2.8, white 158
F/4, white 177
F/5.6, white 177

Edge

141
177
158

Corner

174%*
174

141
158
158

*While the resolution with the red backlight is similar to white, the contrast achieved is higher
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Specs & mechanical design

Sensor Spec 14"
1B A E 14.2x10.4,17.6
Max Image Circle
EFL 4 %R 26.6mm
FNo. F{d F2.8
D.% ffy | 36.6
F.OV. #34f | HAKT | 30
VIEH | 22

Back Focal Length
JE R

11.01mm(in air, @INF,CRVT=0)

1 Lens Effective g’?m"t @28mm
Diameter .
i k7S %'E @16.8mm
Lens construction
A 113
OP Distortion
s g e
Resolution 4 ¥ £ For IMX304
Relative lllumination
AR it
Iris J%JH Manual
Max Chief Ray Angle 5
Sk 3 B S T
M.O.D T 4¥E 0.2m
Working Distance
Tirs 0.5m
Mount 11 1-32UNF(C)
TTL SRR K 86.23mm(in air, @INF,CRVT=0)
?lf;‘}gi;"“ (@xL) @47.4xT4mm
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BFL=11.01(in air)

FBD=17. 53 (in air)

TTL=86. 23 (in air)
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Test setup 1 with 1” sensor, 2.4um pixel size,
red light

Camera: Baumer VCXU-201M.R, 1" CMOS,
2.4 um pixel size, 5472%x3648 pixels

Lens: ELM-25-2.8.18.C
25 mm lens with integrated liquid lens
EL-16-40-TC-VIS-5D

Driver: Optotune Lens Driver 4i

Target:  USAF chrome target

Working distance (WD)

Light: Red background illumination
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WD 970 mm, lens @ 0.45 dpt, F/2.8
Resolution close to Nyquist limit

Camera Center Edge Corner
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
Red background illumination

USAF element: 2/3 2/2 2/2
Line width (um): 99.21 111.36 111.36
Lp/mm (object): 5 4 4
Magnification: 0.028 0.027 0.027
Lp/mm (image): 180 167 167
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Sheet1

		USAF element:		2/3				2/2				2/2						Group		Line width

		Line width (um):		99.21				111.36				111.36						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		5				4				4						-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:		0.028				0.027				0.027						-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):		180				167				167						-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		26				25				25						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		62.4				60				60						0/2		445.45

		Magnification:		0.0280166124				0.0269390504				0.0269390504						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62
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																		1/2		222.72

																		1/3		198.43
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																		3/4		44.19
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																		3/6		35.08
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																		4/4		22.1
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																		6/1		7.81
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																		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






WD 500 mm, lens @ 1.27 dpt, F/2.8
Resolution close to Nyquist limit

Camera Center Edge Corner
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
Red background illumination

USAF element:

Line width (um): 55.68 55.68
Lp/mm (object): 9 9
Magnification: 0.052 0.052
Lp/mm (image): 174 174
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Sheet1

		USAF element:		3/2				3/2				3/2						Group		Line width

		Line width (um):		55.68				55.68				55.68						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		9				9				9						-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:		0.052				0.052				0.052						-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):		174				174				174						-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:		2/2				2/2				2/2						-1/3		793.7

		Line width (um):		111.36				111.36				111.36						-1/4		707.11

		Whole box (um):		556.8				556.8				556.8						-1/5		629.96

		Box length in pixels		12				12				12						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		28.8				28.8				28.8						0/2		445.45

		Magnification:		0.0517241379				0.0517241379				0.0517241379						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62
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																		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






WD 250 mm, lens @ 2.69 dpt, F/2.8
Resolution close to Nyquist limit

Camera Center Corner

Sensor size = 5472 %3648 pixels r;--m U A i:"“

Nyquist limit = 208 Ip/mm 2—'\‘“ ‘“\:2 \ sZW “
“.‘ B — ‘“;&55 \ 1

Pixel size = 2.4 um CL=m

l. \\5:‘\“ )\\" |

Light
Red background illumination

USAF element: 4/1

Line width (um): 31.25 : 35.08
Lp/mm (object): 16

Magnification: 0.095 : 0.091
Lp/mm (image): 169
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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:		0.095				0.095				0.091						-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):		169				150				157						-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:		2/2				2/2				2/2						-1/3		793.7

		Line width (um):		111.36				111.36				111.36						-1/4		707.11

		Whole box (um):		556.8				556.8				556.8						-1/5		629.96

		Box length in pixels		22				22				21						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		52.8				52.8				50.4						0/2		445.45

		Magnification:		0.0948275862				0.0948275862				0.0905172414						0/3		396.85

																		0/4		353.55

																		0/5		314.98

																		0/6		280.62
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																		1/6		140.31

																		2/1		125
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																		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






Test setup 2 with 1” sensor, 2.4um pixel size,
white light

Camera: Baumer VCXU-201M.R, 1" CMOS,
2.4 um pixel size, 5472%x3648 pixels

Lens: ELM-25-2.8.18.C
25 mm lens with integrated liquid lens

EL-16-40-TC-VIS-5D

Driver: Optotune Lens Driver 4i

Target:  USAF chrome target

Working distance (WD)

Light: White background illumination
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WD 970 mm, lens @ 0.45 dpt, F/2.8
Resolution close to Nyquist limit

Camera Center Edge Corner
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
White background illumination

USAF element: 2/3 2/3 2/2
Line width (um): 99.21 99.21 111.36
Lp/mm (object): 5 5 4
Magnification: 0.028 0.027 0.027
Lp/mm (image): 180 187 167

_‘\\
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Sheet1

		USAF element:		2/3				2/3				2/2						Group		Line width

		Line width (um):		99.21				99.21				111.36						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		5				5				4						-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:		0.028				0.027				0.027						-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):		180				187				167						-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		26				25				25						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		62.4				60				60						0/2		445.45

		Magnification:		0.0280166124				0.0269390504				0.0269390504						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






WD 500 mmlens @ 1.22 dpt, F/2.8
Resolution close to Nyquist limit

Camera Center Edge
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
White background illumination

USAF element: 3/2 3/2
Line width (um): 55.68 55.68
Lp/mm (object): 9 9
Magnification: 0.052 0.052
Lp/mm (image): 174 174
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Sheet1

		USAF element:		3/2				3/2				3/2						Group		Line width

		Line width (um):		55.68				55.68				55.68						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		9				9				9						-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:		0.052				0.052				0.052						-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):		174				174				174						-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				2/2				2/2						-1/3		793.7

		Line width (um):		445.45				111.36				111.36						-1/4		707.11

		Whole box (um):		2227.25				556.8				556.8						-1/5		629.96

		Box length in pixels		48				12				12						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		115.2				28.8				28.8						0/2		445.45

		Magnification:		0.0517229768				0.0517241379				0.0517241379						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






WD 250 mm lens @ 2.69 dpt, F/2.8
Resolution close to Nyquist limit

Camera Center Edge Corner
Sensor size = 5472x3648 pixels .= , el CEWE
et limi L 2R o\ ezl
Nyquist limit = 208 Ip/mm =Wl =W\ 2w v
e, “\ ‘;wé“\‘\'-iﬂ - - o]
Pixel size = 2.4 um T’A‘é\“ s
.“"1“ 65 :_E—__‘“ M‘m\!-—“

Lig ht A A .. |
White background illumination ;

-

' |
S Bl

USAF element: 4/2 3/6 3/6
Line width (um): 27.84 35.08 35.08
Lp/mm (object): 18 14 14
Magnification: 0.095 0.091 0.091
Lp/mm (image): 189 157 157
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Sheet1

		USAF element:		4/2				3/6				3/6						Group		Line width

		Line width (um):		27.84				35.08				35.08						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		18				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:		0.095				0.091				0.091						-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):		189				157				157						-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:		2/2				2/2				2/2						-1/3		793.7

		Line width (um):		111.36				111.36				111.36						-1/4		707.11

		Whole box (um):		556.8				556.8				556.8						-1/5		629.96

		Box length in pixels		22				21				21						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		52.8				50.4				50.4						0/2		445.45

		Magnification:		0.0948275862				0.0905172414				0.0905172414						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






WD 500 mm, lens @ 1.22 dpt, F/2.8
Optical axis horizontal, gravity coma visible

Camera Center Edge Corner
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
White background illumination

USAF element: 3/1 2/6 2/6
Line width (um): 62.5 70.15 70.15
Lp/mm (object): 8 7 7
Magnification: 0.051 0.051 0.051
Lp/mm (image): 158 141 141
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12 This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent. ‘(Op’[otune



Sheet1

		USAF element:		3/1				2/6				2/6						Group		Line width

		Line width (um):		62.5				70.15				70.15						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		8				7				7						-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:		0.051				0.051				0.051						-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):		158				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		47				47				47						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		112.8				112.8				112.8						0/2		445.45

		Magnification:		0.0506454147				0.0506454147				0.0506454147						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






WD 500 mm, lens @ 1.22 dpt, F/4.0
Optical axis horizontal: nho more gravity coma

Camera Center Edge Corner
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
White background illumination

USAF element: 3/2 3/2 3/1
Line width (um): 55.68 55.68 62.5
Lp/mm (object): 9 9 8
Magnification: 0.051 0.051 0.051
Lp/mm (image): 177 177 158
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Sheet1

		USAF element:		3/2				3/2				3/1						Group		Line width

		Line width (um):		55.68				55.68				62.5						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		9				9				8						-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:		0.051				0.051				0.051						-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):		177				177				158						-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		47				47				47						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		112.8				112.8				112.8						0/2		445.45

		Magnification:		0.0506454147				0.0506454147				0.0506454147						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






WD 500 mm, lens @ 1.22 dpt, F/5.6

Optical axis horizontal, no gravity coma, but diffraction limit reached off-center

Camera Center Edge Corner
Sensor size = 5472x3648 pixels
Nyquist limit = 208 Ip/mm

Pixel size = 2.4 um

Light
White background illumination

& '“1 - - i—- ‘

=W %
= W '
2 W=

USAF element: 3/2 3/1 3/1

Line width (um): 55.68 62.5 62.5

Lp/mm (object): 9 8 8

Magnification: 0.051 0.051 0.051

Lp/mm (image): 177 158 158
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Sheet1

		USAF element:		3/2				3/1				3/1						Group		Line width

		Line width (um):		55.68				62.5				62.5						-2/1		2000				Element		−2		−1		0		1		2		3		4		5		6		7		8		9

		Lp/mm (object):		9				8				8						-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:		0.051				0.051				0.051						-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):		177				158				158						-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		47				47				47						-1/6		561.23

		Pixel size (um):		2.4				2.4				2.4						0/1		500

		Image size (um):		112.8				112.8				112.8						0/2		445.45

		Magnification:		0.0506454147				0.0506454147				0.0506454147						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
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Monochromatic performance is better
(WD 500, lens @1.22dpt, F/4)

Center Corner

White backlight
+ Similar resolution

Red backlight
+ Higher contrast

USAF element (white): 3/2 3/2 3/2
Lp/mm (image, white): 174 174 174
USAF element (red): 3/2 3/2 3/2
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	25 mm lens with integrated EL-16-40 
	Summary of Optotune ELM-25-2.8-18-C 
	Best performance of this lens achieved with monochromatic light at F/4
	Specs & mechanical design
	Test setup 1 with 1” sensor, 2.4um pixel size, red light
	WD 970 mm, lens @ 0.45 dpt, F/2.8�Resolution close to Nyquist limit
	WD 500 mm, lens @ 1.27 dpt, F/2.8�Resolution close to Nyquist limit
	WD 250 mm, lens @ 2.69 dpt, F/2.8�Resolution close to Nyquist limit
	Test setup 2 with 1” sensor, 2.4um pixel size, white light
	WD 970 mm, lens @ 0.45 dpt, F/2.8�Resolution close to Nyquist limit
	WD 500 mm lens @ 1.22 dpt, F/2.8�Resolution close to Nyquist limit
	WD 250 mm lens @ 2.69 dpt , F/2.8�Resolution close to Nyquist limit
	WD 500 mm, lens @ 1.22 dpt, F/2.8�Optical axis horizontal, gravity coma visible
	WD 500 mm, lens @ 1.22 dpt, F/4.0�Optical axis horizontal: no more gravity coma
	WD 500 mm, lens @ 1.22 dpt, F/5.6�Optical axis horizontal, no gravity coma, but diffraction limit reached off-center
	Monochromatic performance is better�(WD 500, lens @1.22dpt, F/4)

