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Validation Experiments for the Determination of Particle Focal Positions
in Digital Particle Holography
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Abstract

The feasibility and the accuracy of the correlation coefficient(CC) method for the determination of
particle positions along the optical axis in digital particle holography were verified by validation
experiments. A traverse system with capable of high precision was used to move the particle objects
by exact known distances between several different positions. The particle positions along the optical
axis were calculated by the CC method and compared with their exact values to obtain the errors of
the focal plane determination. The tested particles were 2D dots in a calibration target along with
different sized glass beads and droplets that reflected and caused a three-dimensional effect. The results
show that the CC method can work well for both the 2D dots and the 3D particles. The effect of
other particles on the focal plane determination was also investigated. The CC method can locate the
focal plane of particles with a high precision, regardless of the existence of other particles.
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Table 1 Comparison of the object distances moved
by the traverse with those calculated by the
CC method for 2D dots(Unit : mm)

Positions P1 P2 P3 P4 P5

Distance from
P1 (Moved by 0 6.6 13.2 462 79.2
traverse)

Distance from
Object (Moved |161.07 167.67 174.27 207.27 240.27
by traverse)

Distance from

Object
(Calculated by 161.07 167.675 174.275 207.285 240.3
CC method)
Error (tem) 5 5 15 30

(b) P2
Fig. 5 Holograms of the 2D dots at different
positions
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Table 2. Comparison of the object distances moved by the traverse with those calculated by the CC method
for different sized droplets(Unit : mm)

Positions P1 P2 P3 P4 P5
size(um)  CC d cc d,+66 cc  d,+13.2 cc d,+462 cc  d,+79.2
111 160.79 160.79 167.395 167.39 173.990 173.99  207.000 206.990 239.99  239.99
Error(pem) 5 0 10 0
185 160.80 160.80 167.410 167.40 174.005 174.00  207.000 206.975 240.00  240.00
Error(pem) 10 5 25 0
303.4 160.81 160.81 167.395 167.41 174.020 174.01  206.980 207.010 240.00  240.01
Error(em) 15 10 30 10
436.6 160.80 160.80 167.405 167.40 174.020 174.00  206.985 206.975 239.99  240.00
Error(em) 5 20 10 10

451.4 160.81 160.80 167.420 167.40 174.025 174.00  206.980 207.000 240.01  240.00
Error(pem) 20 25 20 10
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Table 3 Focal planes of the first bead in Fig. 12
calculated by the CC method(Unit : mm)
hologram A hologram B  hologram C

Focal plane 173.125 173.115 173.110

Error (1m) 10 15

(a) hologram A (b) hologram B (c) hologram C
Fig. 12 Holograms of the glass beads and ROIls
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Fig. 13 CC curves for the holograms in Fig. 12
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