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Abstract: In this work, the error introduced in a measurement was analyzed when, for simplicity, a

constant sensitivity vector corresponding to collimated light is assumed, however experimentally a

variable sensitivity vector associated with divergent light is used. Graphs were generated that indicated

the error that was introduced in the measurement of the displacement when fixing variables such as:

shape and size of the object and the position of the observer and the source of illumination.

Theory: To establish a relationship between the phase change and the displacement field, the

sensitivity vector is used, which is related to the geometry of the optical system.

Fig. 1 shows the geometry for the study of the sensitivity vector. In the case of an interferometer with

out-of-plane sensitivity, the measurement of the sensitivity vector Ԧ𝑒 is given by the orientation of the unit-

vectors of illumination Ƹ𝑠 and observation 𝑏:

𝒆 𝑷 =
𝟐𝝅

𝝀
𝒃 𝑷 − ො𝒔(𝑷) , (1)

where 𝑃 is a point on the sample. On the other hand, the relationship between the phase difference Δ𝜙,

the displacement vector Ԧ𝑑(𝑃) and the sensitivity vector Ԧ𝑒(𝑃) is given by the following equation:

∆𝝓 = 𝒅 𝑷 ∙ 𝒆 𝑷 . (2)

Based on the geometry of the setup, the components of the sensitivity vector in the plane can be made

negligible, so the displacement can be calculated with the following expression:

𝒘 =
𝝀𝜟𝝓

𝟐𝝅𝒆𝒛
. (3)

The relative error, 𝐸𝑟𝑤, in the displacement of the component 𝑤 is calculated as:

𝑬𝒓𝒘=
𝒘𝒄−𝒘𝒅

𝒘𝒄
× 𝟏𝟎𝟎, (4)

where 𝑤𝑑 is the out-of-plane displacement by using divergent illumination and 𝑤𝑐 is the displacement

evaluation by assumption of the use of collimated. Expressing the equation. (3) to determine ez and

substitute into equation. (4), the relative error based on the sensitivity vector, 𝐸𝑟, is obtained by:

𝑬𝒓 =
𝒆𝒛𝒅−𝒆𝒛𝒄

𝒆𝒛𝒅
× 𝟏𝟎𝟎, (4)

where 𝑒𝑧𝑑 and 𝑒𝑧𝑐 is the z component of the sensitivity vector for divergent and collimated illumination,

respectively.

Fig. 1. Representation of a system with out-of-plane sensitivity, where S
represents the point source of illumination, B the observer position and P a
point on the sample.

Results

Fig. 4. Relative error for a square plate of different sizes: a) 25 cm2 and b) 100 cm2 ; the observer
and the source of illumination are on 10°.

Fig. 3. Relative error for a square plate of different sizes: a) 25 cm2 and b) 100 cm2 ; ; the observer
and the source of illumination are on the optical axis.

Fig. 5. Relative error for a convex hemisphere of radius: a) 5 cm and b) 10 cm ; the observer and
the source of illumination are on the optical axis.

Fig. 6. Relative error for a convex hemisphere of radius: a) 5 cm and b) 10 cm ; the observer and
the source of illumination are on 10°.

Conclusions: An optical system with out-of-plane sensitivity where the error in the

displacement field measurement can be predicted when using divergent illumination

instead of collimated illumination was designed and demonstrated using the obtained

graphs. The error is dependent on the size of the object as well as the positions of the

illumination source and the observer. The graphics revealed that the optical system

design can be proven according to the percentage of error within the maximum

acceptable range which can be established given the application.
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Fig. 2. Topographies considered for the sensitivity vector analysis: a) Square
plate and b) Convex hemisphere.
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