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Foreword

Optics and photonics
Fundamental standards.
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Optics and photonics — Wavefront sensors for 
characterising optical systems and optical components

1 Scope

2 Introduction to wavefront sensing techniques
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[11]

3 Foucault knife-edge test

3.1 The knife-edge test

1

2

3

a) Test set-up

b) typical intensity pattern seen by observer
Key
1 mirror

2 knife-edge

3 source

Figure 1 — Knife-edge test for wavefront from a concave mirror

[12]

). 

Figure 1b).
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position.[13]

[14-16]

3.2 Variations on the knife-edge test

[17]

[18]

3.3 Application of knife-edge test to diode lasers

[19 20]

[21]

3.4 The pyramid sensor

[22]

Figure 2
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[23 24]

1

2

3

4

5

Key
1

2 lens

3

4

5

Figure 2 — Pyramid prism sensor

4 Screen testing

4.1 General

4.2 Hartmann test

[25] The 
[26]
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[27]

4.3 The development of automated wavefront sensing

[28]

mirror.[29]

[30]

[31]

© ISO 2013 – All rights reserved 5Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:34:20 MSTNo reproduction or networking permitted without license from IHS

--``,`,,,,,,`,,,`,``,,`,,```,`,`-`-`,,`,,`,`,,`---



ISO/TR 16743:2013(E)

[32]

4.4 Shack-Hartmann test
[33]

1 2 3

Key
1

2

3

Figure 3 — Array of lenslets (microlenses) used to sample an incident wavefront

1
2 3 4

Key
1

2

3

4

Figure 4 — Experimental arrangement for wavefront measurement using Shack-Hartmann 
technique
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Figure 3

Figure 4.

[34]

[35]

[36] One 

4.5 Measurements with a Shack-Hartmann sensor

4.5.1 General

4.5.2 to 4.5.5.

4.5.2 Wavefront dynamic range

4.5.3 Alignment
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4.5.4 Illumination levels

4.5.5 Calibration

4.5.5.1 General

4.5.5.2 Calibrating sphericity component

[37]

5 Wavefront curvature sensors

5.1 General

Figure 5
[38]

W

L
P1

P2

F

Figure 5 — Curvature sensing by measuring irradiance distributions either side of the focus

5.2 Wavefront curvature sensing and phase diversity techniques
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Figure 5 or either 

Figure 5

In Figure 6

Figure 6

1 2 3

Key
1

2

3

Figure 6 — Curvature sensing by measuring irradiance in successive planes

5.3 Phase diversity wavefront sensor with diffraction grating

Figure 7[39]

[40-43]
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1 2 3

1

2

3

+1

0

−1

Key
1

2

3

Figure 7 — Wavefront sampling with a special diffraction grating

[44]

6 Wavefront sensing by interferometry

6.1 General
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6.2 Self-referencing interferometry
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6.3 Electronic detection and phase measurement

6.4 Shearing interferometry

6.4.1 General outline

[45] He reported 

[46]

[4748]

w x y A x y A x y A x y, ...( ) = +( ) + +( ) + +( ) +2
2 2

4
2 2

2

6
2 2

3
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[49]

[50]

[51]

6.4.2 Advantages and disadvantages of shearing interferometry
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6.4.3 Lateral shearing with a parallel-sided plate

[52]

[53]

[54] Shown in Figure 8

Figure 8

1
2

3

4

5

6

a) side view with shear plates aligned
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4

5

b) plan view with shear plates rotated
Key
1 source

2 lens

3

4

5

6

Figure 8 — Wavefront shearing with two plates

6.4.4 Lateral shear Mach-Zehnder interferometer

Figure 9
[54]

1 2

3

4

M1

M2

Key

interferometer mirrors
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6.4.5 Radial-shear and exploded shear interferometry

6.4.5.1 General

[55]

[56]

6.4.5.2 Exploded (radial) shear Mach-Zehnder

In Figure 10

[57]
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1

2

3

Key
1 light source

2

3

Figure 10 — Mach-Zehnder interferometer used for exploded-shear testing

6.5 Point-diffraction interferometers with error-free reference wavefronts

6.5.1 General

6.5.2 Point-diffraction interferometer

Figure 11 [58]

[59]
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1
2

3

Key
1 light source

2

3

Figure 11 — Point-diffraction interferometer

[60]

[61]

[62]

Figure 12
[63]
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1

2

34

BS1 M1

M2

BS2

Key
1 light source

2 mirror on PZT mount

3

4

interferometer mirrors

Figure 13
shown in Figure 12
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a) 

b) 

c) 

d)
Key

tilt fringes

b) defocus with tilt

c)

d)

6.6 Lateral shearing and the Ronchi test

[64]
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6.7 Lateral shearing with a double frequency grating

Figure 14

[65] The 

1

2

3
4

7

5

6

8

Key
1 point source

2 lens under test

3

4

7

8

Figure 14 — Double frequency grating used for lateral shear
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7 Summary of wavefront sensing methods

Table 1 — Wavefront sensing methods and characteristics: Tests

Knife-edge test Hartmann screen 
test

Shack-Hartmann
test

Ronchi test

Method
outlined knife edge which 

blocks portions of 
-
-

-
uring intersection of 

-
verse positions of the 

-

-

-

Common uses Testing mirrors 
-

ponents.

Advantages Simple sensitive 
test. Useful for 

-

Disadvan-
tages

Heights deduced 
from slopes.

-
edge of knife edge 

-
fronts.

discrete points. His-
-

process.

effects.

-

Wavelength 
dependence

None. -
-

Works with white light.

Coherence 
requirements
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Table 2 — Wavefront sensing methods and characteristics: Shearing interferometry

Shearing interferometry
Method
outlined

-

Types of shear Lateral shear Radial shear Point diffraction interfer-
ometer

Optical path 
design

or interferometers. Interfer-
Michelson interferometer.  

-

Beamsplitting 
method

Amplitude division. Amplitude division. -

often used.

Common uses
Advantages

-
resented.

-

Disadvantages
-

tion.

directions.

-

-
tern.

-

-
-

Wavelength 
dependence

light use.

Coherence 
requirements
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Table 3 — Wavefront sensing methods and characteristics: Sensing

Curvature sensing Phase diversity sensing
Method
outlined

Common uses
-

tive optics.

Advantages
-

Disadvan-
tages

-

Wavelength 
dependence

White light.

Coherence 
requirements
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