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Abstract

Optical information processing provides massive parallelism and speed, making it an attractive foundation

for fast computation. Building on these principles, we propose a method for detecting and counting oranges
in orchard imagery using ASEF. Input images are converted to grayscale, resized without distortion, and
locally normalized to amplify fruit against foliage. A phase-only ASEF correlator produces a correlation
plane where true fruit locations form strong, isolated peaks. The method requires only simple training, runs
efficiently on low-power hardware, and is suitable for fast multiple object detection deployment as well as
future optical or hybrid optical-digital implementations.
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Introduction

Accurately detecting and counting fruit is essential for yield estimation and modern precision agriculture.
However, simple color-based methods often break down in real orchard conditions, where fruit may be
partially hidden by leaves, blended into cluttered backgrounds, or affected by changing lighting [1]. These
limitations motivate more robust approaches that can handle noise, occlusion, and visual variability.
Correlation-based techniques originally developed in the field of optical information processing offer
several advantages for this kind of problem. They operate in a highly parallel manner, are resilient to noise,
and can be implemented efficiently on low-power hardware [2]. Within this kind of methods, Adaptive
Synthetic Exact Filters (ASEF) stand out because they learn filters that respond strongly at known
targetocations while suppressing irrelevant background structure [3]. Unlike deep learning approaches,
ASEEF does not require large datasets or heavy computation, making it well suited for real-time operation
in the field. Prior hybrid digital-optical correlators, such as the wavelet-modified MACH filter used for
single-target recognition in cluttered scenes [4] and the haze-refined FITC architecture designed for one-
object detection under adverse weather [5], mainly operate on a single target per image. In our method
learns a phase-only filter can localize multiple oranges at the same time within a single orchard image, even
in the presence of foliage and variable lighting.

In this paper, we present a grayscale pipeline for detecting oranges in orchard images using ASEF
correlators. Our main contributions are as follows: A preprocessing method that enhances edges and local
contrast, a phase-only ASEF filter design that remains stable under challenging illumination and peak-
detection procedure that delivers accurate fruit localization.

Methodology

The proposed pipeline consists of four stages: preprocessing to enhance edges and local contrast, ASEF
filter design, correlation and peak detection. Input images are resized to a fixed resolution (500 x 500 pixels)
and converted to grayscale. Figure 1 depicts a 4f optical correlator, which performs correlation by placing
a learned ASEF filter in the Fourier plane of an optical system. In these systems, light passing through the
first lens produces the Fourier transform of the input image, the filter modulates the spectrum, and the
second lens reconstructs the correlation signal. To build a correlation filter that responds strongly to oranges
while suppressing background clutter, we use the ASEF formulation. Each training image is first pre-
processed. For an image k, and F, denote the Fourier transform of the pre-processed image, and Cj
represent the desired output; a synthetic correlation plane containing Gaussian spots centered at the
annotated fruit locations.
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Figure 1: Cross-correlation pipeline and its optical 4f counterpart. a) Both the reference image and the target scene
are transformed into the Fourier domain, where the learned ASEF correlation filter is applied. An inverse Fourier
transform produces the correlation plane, whose peaks indicate the locations of oranges. b) The optical 4f system
performs the same sequence physically by using two lenses to implement forward and inverse Fourier transforms,

with the correlation filter placed at the Fourier plane. The output plane exhibits bright peaks at matching locations.

The ASEF filter is obtained by combining information from all labelled images:
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where «a is a small regularization term that stabilizes the division in the frequency domain. This formulation
encourages the filter to generate a strong peak at each true fruit location while minimizing responses
elsewhere. The resulting phase-only ASEF filter aligns closely with the behavior of classic optical

correlators, which are known for sharp, distinct correlation peaks even under challenging imaging
conditions.
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Figure 2: : a) Input grayscale scene with verified detections (red circles). b) correlation plane where bright localized
peaks indicate potential fruit locations. c) Learned phase-only ASEF filter, shown in the spatial domain for reference.
d) 3D visualization of the correlation surface, illustrating the peaks associated with true oranges and the suppressed
background response.



Once the phase-only ASEF filter is constructed, detection on a new orchard image proceeds by correlation.
The preprocessed scene (Figure 2a) is transformed to the frequency domain by first lens and multiplied by
the ASEF filter in the Fourier domain, and then by using second lens for inverse Fourier transform to
reconstructs the spatial correlation response (Figure 2b) and the 3D correlation surface (Figure 2d) where
confirmed oranges produce strong peaks with suppressed background (Figure 2d). The resulting correlation
surface contains numerous local peaks. Some of these peaks correspond to true oranges, while others arise
from foliage, branches, or background texture. The red circles (Figure la) indicate the locations and
estimated radii of the oranges identified by the ASEF-based correlator. In this example, the system correctly
identifies the majority of visible fruit, but a few errors remain. Here, two false positives and three false
negatives were observed.

Conclusion

This work presented a correlation-based method for detecting and counting multiple objects (oranges) in
an image, by the optical information processing. By combining preprocessing with a phase-only ASEF, the
method produces sharp, localized peaks at fruit locations while suppressing clutter from foliage and
background texture. The cross-correlation process via 4f optical correlator, offering high parallelism and
simple operation.
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