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Abstract
The simulation described in the main manuscript involve modeling forward scattering of a mosquito up to the
bednet, blocking and transmission of this wavefront at the bednet interface, and propagation of the combined wave
to the detector plane. The combined wave propagates through a two-component telecentric demagnification system
before being resized on the CCD/CMOS to simulate the sampling rate of an effective pixel size of interest. The
images are also converted to an intensity in the range [0 4095] to simulate a 12-bit quantised intensity CCD/CMOS
array. The following mathematical formulae explain the process in detail and how the simulated holograms at the
detector were modelled.

1 Forward-Propagation Simulation
As discussed in the main manuscript, the mosquito can

be considered as a transmission function 𝑇𝑀 [𝑚, 𝑛] = 0 for
all points M corresponding to the mosquito and 𝑇 [𝑚, 𝑛] =
1 ∀ [𝑚, 𝑛] ∉ 𝑀 , where 𝑚 and 𝑛 are the rows and columns of
the matrix in the spatial domain. An in-focus digital image of
a mosquito was taken and binarised to yield the transmission
function and digital representation of a mosquito for the
simulations. The mosquito object to be propagated could
therefore be considered as an incident wavefront 𝐸𝑖,𝑀 [𝑚, 𝑛]
to the rest of the optical system or the bednet. The discretised
wavefront propagation formulae of this wavefront using a
Fresnel Transfer Function [1] is given by:

𝐸𝑂,𝑀 [𝑚, 𝑛] = DFT2D
{
IDFT2D

{
𝐸𝑖,𝑀 [𝑚, 𝑛]

}
×H [𝑝, 𝑞]

}
(1)

where DFT2𝐷 and IDFT2𝐷 are two-dimensional forward
and inverse discretised fourier transform operations, 𝑝 and
𝑞 are the rows and columns in the frequency domain, and
the transfer function H[𝑝, 𝑞] is given by:

H[𝑝, 𝑞] = exp[− 𝑗 𝑘0𝑧] exp
[
− 𝑗𝜋𝜆𝑧

((
𝑝

𝑅Δ𝑥

)2
+

(
𝑞

𝑆Δ𝑦

)2)]
(2)

where 𝑅 and 𝑆 are the horizontal and vertical lengths of
the matrix (in pixels) and Δ𝑥 and Δ𝑦 are the horizontal and
vertical distances between each pixel, respectively.

The important variable to note is 𝑧, which is the
propagation distance. In the first instance, 𝑧 is the distance
between the mosquito and the bednet, which was varied in
the main manuscript to simulate different mosquito-bednet
distances. The wavelength and wavenumber (𝜆, 𝑘0) and
discretised sampling (𝑝, 𝑞, 𝑚, 𝑛,Δ𝑥,Δ𝑦) are determined and
fixed by the optical setup to be simulated.

Similarly to the mosquito, the bednet can be defined as a
transmission function where𝑇𝐵 [𝑚, 𝑛] = 0 for all locations B
corresponding to the nylon fibres and𝑇 [𝑚, 𝑛] = 1∀ [𝑚, 𝑛] ∉
𝐵. Again, an in-focus image of a bednet was binarised to
simulate the transmission function of this object.

The Hadamard product (element-wise multiplication) is
calculated between the mosquito object wavefront𝐸𝑂,𝑀 [𝑚, 𝑛]
and the bednet transmission function 𝑇𝐵 (𝑚, 𝑛) to simulate
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blocking of the incoming wavefront where the bednet strands
exist, and transmission where the holes exist, shown by:

𝐸𝑂,𝑀𝐵 [𝑚, 𝑛] = 𝐸𝑂,𝑀 [𝑚, 𝑛] ⊙ 𝑇𝐵 (𝑚, 𝑛) (3)

This combined mosquito-bednet wavefront𝐸𝑂,𝑀𝐵 [𝑚, 𝑛]
is then propagated to the back-focal plane of the two-
component telecentric demagnification system using Equa-
tion 1, except the 𝑧 term in the chirp function is changed to
correspond to the propagation distance between the bednet
and the back-focal point of the telecentric demagnification
system.

Propagation through the first thin lens or focusing mirror
is given by:

𝐸𝑂,𝐿 [𝑝, 𝑞] =
Δ𝑥

2

𝑗𝜆 𝑓
exp [ 𝑗 𝑘0 𝑓 ] DFT2D

{
𝐸𝑂,𝑀𝐵 [𝑚, 𝑛]

}
(4)

where 𝑓 is the focal length of the optic. This operation
is performaced twice to simulate propagation through a two-
component telecentric system to yield the wavefront incident
on the detector, 𝐸𝑂,𝐷 [𝑚, 𝑛].

The incident resulting wavefront on the detector is
complex-valued, so calculating the Hadamard product
between this matrix 𝐸𝑂,𝐷 [𝑚, 𝑛] and its complex-conjugate
converts the complex wavefront into an intensity to simulate
recording on an intensity-based CCD/CMOS device, given
by:

𝐼𝐷 [𝑚, 𝑛] = 𝐸𝑂,𝐷 [𝑚, 𝑛] ⊙ 𝐸∗
𝑂,𝐷 [𝑚, 𝑛] (5)

The image matrix 𝐼𝐷 [𝑚, 𝑛] was resized using an
averaging function to simulate the different effective pixel
sizes in the simulations in the manuscript. This intensity
matrix was then quantised in the range [0 4095] to simulate
a 12-bit intensity recording on a CCD/CMOS array.
2 Back-Propagation

Back-propagation was performed in the reverse order
of the forward propagation algorithms, with focal distances
𝑓 and propagation distances 𝑧 reversed (i.e. − 𝑓 ,−𝑧). The
recorded volume was mathematically reconstructed by back-
propagating to multiple values of 𝑧 in 2 mm increments,
and focus metrics (as defined in the main manuscript) were
used to determine the 𝑧-axis position(s) of the bednet and
mosquito.
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