
 

集成 EL-16-40 的 25 mm 镜头 

ELM-25-2.8-18-C (Evetar E3406A) 测试报告



Optotune ELM-25-2.8-18-C 总结
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高分辨率与中等视场角 (FOV)

在 WD 250mm-1000mm 下的边角区域仍可达 157-174 lp/mm 

 适用于条码读取（例如装箱）、虹膜识别工作距离 (WD) 范 
             围从 250mm 到无穷远

理想的光学杠杆比为 0.61m/dpt
针对 2.4μm 像素的分辨率 (例如 IMX183 1″ 或 IMX304 1.1″ 传感器)

在整个工作距离范围内的中心区域：169-180 lp/mm 
   (接近奈奎斯特极限)

成像质量
 在 1.1″ 传感器格式下无渐晕
畸变极低
尽管使用单色（红光）光可获得更好的对比度，但白光下的多色
   性能也很出色 



该镜头在 F/4 光圈和单色光下达到最佳性能

• 通过改变以下参数获取了多组测试图像：视场位置、照明方式、光轴方向 & F 值

工作距离 500mm 中心 边缘 边角

USAF 分辨率
板位置

光轴垂直
红光背光照明 174* 174* 174*
白光背光照明 174 174 174
光轴水平
F/2.8, 白光 158 141 141
F/4, 白光 177 177 158
F/5.6, 白光 177 158 158
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*虽然红光背光的分辨率与白光相似，但获得的对比度更高



规格与机械设计
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Test setup 1 with 1” sensor, 2.4um pixel size, 
red light
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相机：BaumerVCXU-201M.R, 1” CMOS,
2.4 um pixel size, 5472×3648pixels

ELM-25-2.8.18.C
集成液态镜头 EL-16-40-TC-VIS-5D 的 25 mm 

镜头

Optotune Lens Driver 4i
USAF 铬板分辨率目标
红光背光照明

镜头：

驱动器
目标物：
光源：  



2/3 2/2 2/2
99.21 111.36 111.36
5 4 4
0.028 0.027 0.027

工作距离 970 mm, 镜头光焦度 @ 0.45 dpt, F/2.8分辨率
接近奈奎斯特极限

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 180 167 167
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中心 边角边缘相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
红光背光照明


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

																		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







工作距离 500 mm, 镜头光焦度 @ 1.27 dpt, F/2.8分辨率
接近奈奎斯特极限
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中心

3/2 3/2 3/2
55.68 55.68 55.68
9 9 9
0.052 0.052 0.052

边角边缘

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 174 174 174

相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
红光背光照明


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

																		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







4/1 3/6 3/6
31.25 35.08 35.08
16 14 14
0.095 0.095 0.091

工作距离 250 mm, 镜头光焦度 @ 2.69 dpt, F/2.8分辨率
接近奈奎斯特极限

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 169 150 157
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中心 边角边缘相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
红光背光照明


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

																		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







测试配置 2：使用 1″ 传感器，2.4μm 像素尺寸，白光
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相机：BaumerVCXU-201M.R, 1” CMOS,

ELM-25-2.8.18.C
集成液态镜头 EL-16-40-TC-VIS-5D 的 25 mm 

镜头

Optotune Lens Driver 4i

USAF 铬板分辨率目标

红光背光照明

镜头：

驱动器

目标物：

2.4 um pixel size, 5472×3648pixels

光源：  



工作距离 970 mm, 镜头光焦度 @ 0.45 dpt, F/2.8分辨率
接近奈奎斯特极限

2/3 2/3 2/2
99.21 99.21 111.36
5 5 4
0.028 0.027 0.027

相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
白光背光照明

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 180 187 167
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中心 边角边缘


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







工作距离 500 mm, 镜头光焦度 @ 1.22 dpt, F/2.8分辨
率接近奈奎斯特极限

中心 边角边缘
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3/2 3/2 3/2
55.68 55.68 55.68
9 9 9
0.052 0.052 0.052

相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
白光背光照明

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 174 174 174


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







工作距离 250 mm, 镜头光焦度 @ 2.69 dpt, F/2.8分辨率

相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
白光背光照明

接近奈奎斯特极限

中心 边角边缘
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4/2 3/6 3/6
27.84 35.08 35.08
18 14 14
0.095 0.091 0.091

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 189 157 157


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







工作距离 500 mm, 镜头光焦度 @ 1.22 dpt, F/2.8
光轴水平，可见重力彗差
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3/1 2/6 2/6
62.5 70.15 70.15
8 7 7
0.051 0.051 0.051

中心

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方

边角边缘

): 158 141 141

相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
白光背光照明


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







3/2 3/2 3/1
55.68 55.68 62.5
9 9 8
0.051 0.051 0.051

工作距离 500 mm, 镜头光焦度 @ 1.22 dpt, F/4.0
光轴水平：不再有重力彗差

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 177 177 158
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中心 边角边缘相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
白光背光照明


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







工作距离 500 mm, 镜头光焦度 @ 1.22 dpt, F/5.6
光轴水平，无重力彗差，但离轴区域达到衍射极限
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3/2 3/1 3/1
55.68 62.5 62.5
9 8 8
0.051 0.051 0.051

中心 边角边缘

USAF 分辨率：
线宽 (um):
线对/mm (物方):
放大率:
线对/mm (像方): 177 158 158

相机
传感器尺寸 = 5472×3648pixels 
奈奎斯特极限 = 208 lp/mm
像素尺寸 = 2.4 um

光源
白光背光照明 


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

																		6/6		4.38
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																		7/2		3.48

																		7/3		3.1

																		7/4		2.76

																		7/5		2.46

																		7/6		2.19







单色光性能更佳 (工作距离 500mm, 镜头光焦度 @1.22dpt, F/4)

中心 边角边缘
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白光背光
+ 相似的分辨率

红光背光
+更高的对比度

USAF 元素 (白光): 3/2
174

USAF 元素 (红光)
线对/mm (像方, 白光): 

:

3/2 

174 

3/2 3/2

3/2 

174 

3/2


Sheet1

		USAF element (white):		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, white):		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

		USAF element (red):		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, red):		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

																		-2/6		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

																		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






	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)

