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Spin-scan tomographic scanning imagers utilise a reticle with a fixed
number of thin slits and nutating optics, and have produced images and
video at both infrared and optical wavelengths. However, the fixed na-
ture of these systems reduces their versatility by restricting changes that
can be made after manufacture. An alternative rosette-scan tomographic
scanning imager based on similar concepts is proposed to overcome this
limitation. A single thin-slit reticle is rotated to be perpendicular to the
line scan angle of each rosette petal, thereby allowing tomographic re-
construction. The parameters of the proposed system can be dynam-
ically changed to achieve different trade-offs between resolution and
frame rate. Initial results obtained from a proof-of-concept prototype
demonstrate the feasibility of this approach.

Introduction: Recent developments in single-pixel imaging have ad-
vanced the fields of medicine, military imaging and engineering. These
imaging systems make it possible to capture images at various wave-
lengths at a low cost. The cost of high-resolution imaging systems at
wavelengths other than the optical spectrum is generally dominated by
the cost of the sensor array which makes such systems impractical [1–3].

It has been shown that single-pixel imagers can produce images
and video with good resolution and frame rates using post-processing
techniques such as compressive sensing (CS) and tomography [4, 5].
Single-pixel imagers that operate at a variety of wavelengths have been
demonstrated, including in the infrared (IR) to terahertz spectra [6–8].
The majority of research on single-pixel imaging has focused on systems
using digital micromirror devices (DMDs) or liquid-crystal displays
(LCDs) to modulate the reflected or radiated light of an illuminated
scene, and the use of CS to reconstruct an image. A number of samples
of various structured light patterns are taken, after which an algorithm
is used to reconstruct the image. In general, the resolution of the image
for fixed image size improves as more samples are taken. Furthermore,
pulsed lasers can be used to include the time of flight data to reconstruct
three-dimensional (3D) images based on CS or tomography [9, 10]. The
cost of these systems was dramatically reduced compared to systems
with multiple pixels that achieve comparable resolution.

The resolution of single-pixel imaging systems is constrained by the
size of the DMD array or LCD, so for example, a 256×256 pixel image
can only be obtained using a 256×256 pixel device. While additional
samples can improve the clarity of an image, the size of that image re-
mains unchanged [11].

Additionally, the use of rosette-scan patterns with CS reconstruction
has been considered [12, 13]. Rosette-scan systems move a narrow in-
stantaneous field of view (IFOV) over the scene, as shown in Figure 2a,
with the scan pattern (the number of petals) and the scan rate (the
speed with which the IFOV moves) determining the clarity of the
reconstructed image. Rosette-scan inherently emphasises the centre
region of the scene, but there are applications where the majority of
image information is assumed to be predominantly centred within the
scene [13, 14].

A problem shared by all the single-pixel imaging systems considered
above is the high computational cost of using CS to reconstruct images.
One approach to addressing this problem is using tomographic recon-
struction to generate images, as is done in Hovland’s tomographic scan-
ning (TOSCA) single-pixel imagers [1]. Low-cost spin-scan TOSCA
single-pixel imagers have been shown to capture useful images at visible
and IR wavelengths using computationally-efficient tomographic image
reconstruction [1].

A rosette-scan TOSCA single-pixel imager is proposed in an effort to
combine the versatility of rosette-scan systems with the computational
efficiency of tomographic reconstruction. Initial results obtained using
a proof-of-concept prototype indicate that this proposed approach can
both produce useful images and allow trade-offs between parameters
such as resolution and update rate.

Fig. 1 The proposed rosette-scan optical architecture. The IFOV would be
smaller and the reticle would be absent for a traditional rosette-scan sys-
tem [16] as seen in Figure 2a

(a) (b)

Fig. 2 (a) The rosette pattern generated by the rotating prisms in Figure 1
with the IFOV of a conventional rosette-scan imager shown, and (b) the pro-
posed rosette TOSCA concept showing how the reticle slit is swept across the
scene

Rosette-scan seeker: A rosette-scan seeker consists of a mirror-prism
pair or a dual-prism pair [15], focusing optics, and a detector, as shown
in Figure 1. The two prisms are rotated in opposite directions at different
rotational velocities to obtain the rosette pattern. The relative rotational
velocities of the two prisms determine the rosette pattern (e.g. the num-
ber, size, and spacing of the petals) [15] shown in Figure 2a.

It is known that a small IFOV is desirable in rosette-scan seekers to
effectively distinguish between targets and decoys in the scene [15, 17].
A small IFOV would improve the signal-to-background-noise ratio. In
general, one would choose a large number of petals to ensure that the
entire scene can be observed. However, constraints on the speed of the
rotating elements will limit the scan rate of the system, which affects the
maximum number of petals, and subsequently, the size of the IFOV.

Rosette-scan seekers are also known as pseudo-imaging seekers due
to the incorporation of spatial and temporal data to effectively track tar-
gets [18]. Increasing the amount of data sampled by, for example, in-
creasing the number of petals will result in improved resolution. Addi-
tionally, incorporating CS to reconstruct the image results in an imaging
system [12, 13].

TOSCA imager: The TOSCA imagers proposed by Hovland are based
on sampling a scene in a manner that allows computationally-efficient to-
mographic reconstruction techniques to be used to form images [1]. This
was achieved by using a combination of spinning optics and a reticle
with narrow slits to sample a scene by sweeping a narrow slit across the
scene at different angles in a manner similar to other tomographic sys-
tems [19]. The spinning optical system is similar to that found in older
missile seekers, allowing mature technologies to be exploited. This, in
addition to the reduced computational requirements associated with to-
mographic imaging, means that TOSCA imagers offer the possibility of
low-cost implementation.

One significant drawback of a TOSCA imager is that system param-
eters such as resolution and update rate are largely determined by the
physical construction of the system. As a result, reconfiguration of the
characteristics of a TOSCA imager is only possible by changing part of
the hardware. Additionally, the spin-scan TOSCA imager prototype im-
plemented by Hovland showed that there are physical limitations on the
number and angle of the reticle slits in a practical system [5], thereby
limiting the practically achievable imaging performance.
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Fig. 3 A photograph of the proof-of-concept prototype of the rosette-scan
TOSCA single-pixel imager

Specifically, the reticle structure is rather large radially, and increas-
ing the IFOV or the number of angles at which the thin slit is swept across
the image, would further increase the radial dimensions of the system.

Rosette-scan TOSCA imager: A rosette-scan TOSCA imager seeks to
combine the versatility of a rosette-scan imager with the simplified re-
construction of a TOSCA imager. The result is a reliable and config-
urable single-pixel imager based on mature technologies and constructed
with low-cost hardware. The relevant concept can be realized by noting
that the IFOV of a rosette-scan imager need not necessarily be small, but
can be large relative to the scene as shown in Figure 2b. The rosette-
scan concept nutates the IFOV over the scene in a rosette pattern with
the addition of a thin-slit reticle as shown in Figure 1. As in the case of
TOSCA imagers, this configuration results in a narrow slit being swept
across the scene, allowing tomographic reconstruction to be used.

The nature of the proposed rosette-scanning TOSCA concept is that
variations to the rosette pattern can be made without fundamentally
affecting the hardware or reconstruction processes. As a result, it is
possible to dynamically adjust the operation of the system to different
requirements such as resolution or update rate by simply changing the
rotation rates of the prisms and the reticle, and the parameters of the
tomographic reconstruction algorithm. So for example, the system could
be configured to use a small number of rosette petals to provide a rapid
update rate until an object of interest is encountered, at which point,
the number of petals could be increased to provide higher resolution to
better identify the object.

Experiment description: The simple proof-of-concept rosette-scan
TOSCA single-pixel imager shown in Figure 3 was implemented and
tested, with image reconstruction being implemented in MATLAB
R2023a. The full optical system was implemented, with the exception
of the narrow-slit reticle, which was simulated.

Similar to the seeker optics illustrated in Figure 1, the optics for this
experiment consisted of two wedge prisms, both with a deviation an-
gle of 4°. Each prism was placed into a 3D-printed rotor fastened with
other 3D-printed structures, which was fixed onto a Nikon Bellows PB-
6. The bellows ensured that each element was on the system’s optical
axis. Stepper motors rotated the prisms by use of a belt.

A digital single-lens reflex (DSLR) camera and lens were used to
capture and focus the scene. A video of the nutating IFOV of the rosette-
scan TOSCA system during operation was recorded. The imregcorr

function was used to analyse the recorded video to determine the
nutation position of the IFOV for the duration of the imaging process.
Then, the line scan angle of each rosette petal was determined, and the
simulated reticle mask was rotated to the specific angle and applied
to the recorded frames, as seen in Figure 4. The nutating IFOV was
then multiplied by the simulated reticle mask and averaged to obtain a
single value, simulating a single detector device. A reticle mask width
of 2 pixels was implemented to obtain the results in Figure 5, although
a far larger reticle mask width is shown to illustrate the concept. The
averaged intensity of the frame is determined and used to populate the

Fig. 4 A thin-slit reticle is simulated by (a) masking a portion of the image to
obtain (b) the portion of the image would be transmitted through the reticle

Fig. 5 Reconstructed images of (a) a test image when (b) 40, (c) 80, and
(d) 140 petals were used

Fig. 6 Reconstructed images with resolutions of (a) 882×882 pixels and
(b) 444×444 pixels when the scan rate in (a) is doubled to produce (b)

intensity function [19]. Filtered back projection was implemented to
reconstruct the final image [20].

The frame rate of the DSLR camera and the prism pair rotational
velocities could be controlled to complete a scan of the scene within
a specified duration. The prism pair rotational velocities were set to be
relatively slow to obtain a sufficient number of samples for each line
scan due to the limited frame rate of the camera. The images in Figure 6
show a significant change in image size with varying scan rates.
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The contrast of the images produced by the prototype were equalised
using the histeq function in MATLAB R2023a to make the results of
the imaging easier to view when printed.

The central portion of the ISO 12233 resolution test chart was used
as a test target due to its combination of coarse and fine detail [21].

Results and discussion: The first illustration of the capability of the
rosette-scan TOSCA single-pixel imager was to demonstrate the effect
of the number of petals in the rosette pattern. The results were recorded
with the same frame rate, imaging scene, and optical configuration. In
Figure 5, it can be observed that an increase in the number of petals
greatly increases the clarity and apparent image quality. This observation
is consistent with the results obtained in TOSCA-related literature [5].
Furthermore, it can also be observed that the centre of the reconstructed
image exhibits excellent resolution, with the objects near the edge of
the reconstructed image frame being degraded like other rosette-scan
imagers. An indication of this phenomenon is the solid black vertical
rectangle above the centre which is accurately reproduced near the cen-
tre and fades toward the edge of the reconstructed image. These artefacts
are inherent in the scanning method that was implemented and were not
observed in existing TOSCA imagers making use of different scanning
methods [5].

Although the clarity of Figure 5b is worse than the other results, it is
still possible to identify a square object in the centre of the image and a
larger rectangular object below it. Increasing the number of petals from
40 to 80 petals in Figure 5c and 140 petals in Figure 5d, improves the
clarity of the centre square and more clearly captures the central circular
pattern and other fine detail surrounding it.

The line artefacts seen in Figure 5 are inherent in tomographic recon-
struction. The greater the number of distinct line scan angles, the fewer
such artefacts will appear [6, 19]. The sampling space of the filtered back
projection reconstruction process is non-Cartesian, while the displayed
image is fundamentally in Cartesian space, and interpolation errors that
also contribute to the artefacts arise [19]. Furthermore, any errors in the
position of the centre of the IFOV could cause additional artefacts. It is
also possible that the reticle mask is not perfectly perpendicular to the
line scan, effectively incorporating unwanted data into the sampled in-
tensity value. The fact that the centre of the image is distinguishable,
but not the rest of the image is due to line-scan angle calculation errors.
The slightest erroneous angular variation in postprocessing will cause
the edges of the image to distort and appear to be out of focus. However,
the centre of the reconstructed image remains unaffected by erroneous
line-scan angle calculations.

The dynamic reconfigurability of the rosette-scan TOSCA single-
pixel imager is shown in Figure 6, which considers a larger portion of
the test image in Figure 5a than Figure 5. Figure 6a was captured with
80 petals resulting in an image of 882×882 pixels. Figure 6b was cap-
tured with the same parameters as Figure 6a, but with double the scan
rate, resulting in an image of 444×444 pixels. Figure 6a clearly has a
higher resolution than Figure 6b, but Figure 6a requires twice as much
time to capture and generates twice as much data as Figure 6b.

Conclusion: A rosette-scan TOSCA single-pixel imager was proposed,
with a proof-of-concept prototype demonstrating that useful images can
be produced. The number of distinct line scans was shown to improve the
quality of the reconstructed images. Furthermore, the ability to dynam-
ically alter the scan pattern of a rosette-scan TOSCA imager was both
introduced and experimentally demonstrated. For example, it was shown
that the same imager could be dynamically reconfigured to trade the clar-
ity of the resulting images off against the rate at which updated images
were generated. Although some image degrading artefacts unique to the
proposed scanning method were observed, these artefacts were caused
by limitations of the proof-of-concept prototype rather than any funda-
mental limitation of the underlying concept.
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