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Abstract 

The applicability of non-destructive optical imaging technique 

for the diagnosis of infected leaf materials was investigated 

along with a depth-scan (amplitude depth profile) signal 

analysis. The experimented plant leaf specimens were 

collected from persimmon plantations and the specimens were 

categorized into three groups: healthy leaf specimens, infected 

leaf specimens, and apparently healthy leaf specimens 

collected from infected trees. The non-destructive diagnosis 

was performed using 840 nm spectral domain optical 

coherence tomography (SD-OCT) system. The obtained OCT 

results confirmed that the proposed method is capable of 

identifying morphological differences between healthy 

specimens from infected specimens and partially infected 

specimens. Therefore, this method has the potential to 

generate significant cost savings in the field of agriculture 

through the accurate and rapid analysis of leaf infections at an 

initial stage.   

Keywords: Optical coherence tomography, SD-OCT, Leaf 

infections.  

 

INTRODUCTION 

Persimmon is mainly cultivated in East Asian countries, such 

as Korea, Japan and China. Various plant pathogenic diseases 

can infect on persimmon, and among them, circular leaf spot 

is the most destructive disease in persimmon cultivation [1]. 

This disease makes discoloration and defoliation on diseased 

leaves, premature fruit maturation and abscission, which lead 

to an enormous economic loss on persimmon orchards [2, 3]. 

Hence, early diagnosis is essential to control this disease due 

to the long incubation period compared with other diseases [4]. 

The existing agricultural inspection techniques for plant 

diseases are carried out visually and using costly conventional 

optical methods, such as light microscopy, scanning electron 

microscopy, magnetic resonance imaging (MRI), and 

transmission electron microscopy (TEM) [5-12]. However, the 

potential applicability of these methods has been limited by 

factors due to low resolution, limited penetration, and long 

acquisition time. Moreover, the interest towards non-

destructive techniques has been increased rapidly due to the 

requirement of time consuming precise sectioning techniques.   

To compensate for these major limitations of the 

aforementioned techniques, non-destructive, high-resolution, 

and high sensitive imaging technique called optical coherence 

tomography (OCT) was introduced for biological imaging, 

which is capable of providing real-time cross-sectional and 

three-dimensional images [13-15]. Ophthalmology was the 

fundamental and frequent application of OCT [16, 17], then 

later extensively applied in dentistry [18, 19], otolaryngology 

[20, 21], and for the inspection of industrial defects [22-24]. 

Owing to various technical developments of OCT, the interest 

has been grown increasingly in the field of agriculture during 

past decade [25, 26]. Furthermore, OCT was implemented for 

number of applications including assessment of horticulture 

products, such as microstructural analysis of kiwi and apple 

peels to introduce three dimensional image protocols [27, 28]. 

The diagnosis of various infections in melon seeds, cucumber 

seeds, apple leaves, and orchids were quantitatively and 

qualitatively analyzed to limit the spread of diseases in 

plantations [29-35]. Apart from the OCT based plant disease 

diagnosis protocols, an additional OCT-based quantification 

study was performed by our group to determine the seed 

germination rate [36]. 

The main objective of this study is to introduce a plant leaf 

disease diagnosis protocol by examining variations in the 

internal thickness of leaf specimens. To explore the 

aforementioned morphological differences of leaf specimens 

at an initial stage, we utilized SD-OCT optical imaging 

modality, which provides precise cross-sectional images with 

a high-resolution. OCT image based depth-scan (amplitude 

depth profile) signal analysis was performed to evaluate the 

thickness difference between leaf layers. The obtained results 

verified that the extended OCT application has the capability 

to visualize and characterize internal microstructural changes 

of leaf specimens that are useful in agriculture for the initial 

diagnosis. 
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MATERIALS AND METHOD  

The plant materials 

The experimented leaf specimens were collected from 

persimmon orchards in Sangju, Korea. To maintain the 

biological nature of specimens, the experiment was performed 

within 2 hours of sample collection. The specimens were 

randomly collected from healthy and infected trees to 

investigate morphological variations. All these plant materials 

were inspected using a customized spectral domain OCT 

system (SD-OCT). 

 

OCT based optical screening system 

A spectrometer-based, customized, compact spectral domain 

OCT (SD-OCT) system was designed as the OCT engine of 

the imaging modality. The designed schematic diagram of the 

system is illustrated in Figure 1. The broadband light source 

was a super-luminescent diode (EXS210068-01, Exalos, 

Switzerland) with a center wavelength of 840 nm and 

bandwidth of 55 nm. The incident beam of the light source 

was split evenly, using a 50:50 optical fiber coupler, into the 

reference arm and the sample arm. Optical scanning mirrors 

(GVS002, Thorlabs, USA) were used in the sample arm for 

transverse scanning. The reflected beams from the sample arm 

and the reference arm give rise to an interference pattern when 

the light beams from both arms have travelled same optical 

path lengths, which is less than the coherence length of the 

broadband laser source. An optical spectrometer containing a 

2048-pixel line scan camera (spL2048-140km, Basler, 

Germany) was used to detect the generated interference signal 

pattern and for image acquisition, and a transmission-type 

diffraction grating (spatial frequency 1800 lpmm, Wasatch 

Photonics, USA) with nominal diffraction angle of 46.05°, 

was adapted to diffract the light into components at the 

detection end. The system has 8 μm and 13 μm axial and 

lateral resolutions when measured in air [16].  

 

Figure 1: The schematic diagram of the non-destructive 

optical imaging technique (SD-OCT). 

 

 

Real-time image processing algorithm 

The real-time computing for image processing technique was 

implemented to acquire, process, and display the data. High-

speed data processing was performed using computer unified 

device architecture (CUDA) with a GTX480 NVIDIA 

graphics-processing unit (GPU) [23]. The frame rate of the 

system was significantly increased from 10 frames/s to 60 

frames/s with the image size of 2048 × 500 pixels. The 

subtraction of background noise, zero padding, k-domain 

linearization, fast Fourier transform (FFT), and log scaling are 

included in GPU data processing. The fast Fourier 

transformation (FFT) was implemented by CUFFT using GPU 

based CUDA technique. The detected spectrum as a function 

of wavenumber, k, is given by 

2 2*( ) ( ) 2Re{E ( )*E ( )} ( )ra ra sa saI k E k k k E k (1) 

Where, Era
 is the reference arm field and Esa is the sample arm 

field, including delay and attenuation. The interference term 

Iint(k), contains the image information and is the sum of 

fringes generated by the interference of light reflected from 

index variations within an object with the light reflected from 

reference arm. 

*

int ( ) 2Re[ ( )* ( )]ra saI k E k E k ,                  (2) 

2Re{ ( ) ( ) exp[ ( ( , ))]}n ra n n

n

I k I k i kz k z  (3) 

Where In is the intensity of light reflected from the nth layer 

of the sample, Ira is the intensity of light reflected from the 

reference arm. Zn is the depth of the nth reflection and 

( , )nk z   is a general phase term that includes dispersive 

effects. The calibration of wavenumber-domain linearization 

was used to remove the non-linearity in the raw signal [37].    

 

RESULTS AND DISCUSSION  

Randomly chosen six positions closed to the middle vein 

region from each leaf specimen were diagnosed during the 

experiment. The topographical images of the leaf specimens 

(Fig. 2(a, b, and c)) are shown along with the representative 

two-dimensional (2D) OCT images (Fig. 2(d, e, and f)). 

Clearly identifiable topographical differences between 

infected and healthy leaf specimens were visualized. However, 

no topographical difference was identified between healthy 

leaves and apparently healthy but infected leaf specimens. The 

acquired corresponding two dimensional OCT images confirm 

a clear difference in thickness between the first and second top 

layers. Although the physical appearance of leaf specimens in 

the topography looks similar, the OCT cross-sectional images 

of healthy leaves from healthy trees, and healthy leaves from 

infected trees show notable morphological differences, which 

confirms that OCT is capable of identifying symptoms at an 

initial stage.  
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Figure 2: The external appearance of the specimens along with the OCT cross-sectional images. (a) Photograph of a healthy leaf 

specimen. (b) Photograph of an apparently healthy but infected leaf specimen. (c) Photograph of an infected leaf specimen. (d, e, 

and f): The corresponding OCT images. 

 

 

Figure 3: The A-scan depth profiles of healthy, apparently healthy, and infected leaf specimens and corresponding layer 

information. (a, b, and c): 2D OCT images of healthy leaf specimen, an apparently healthy but infected leaf specimen, and 

infected leaf specimen. In Fig 3(d), Blue solid curve: A-scan depth profile of healthy specimens, red dotted curve: A-scan depth 

profile of infected or disordered specimens, black dashed curve: A-scan depth profile of apparently healthy specimens, and yellow 

dashed square region depicts the selected region of interest for the intensity signals. 

 

The depth scan OCT signals based A-scan profiles (amplitude 

depth profiles) were analyzed to detect the layer thickness 

reduction between leaf layers. The A-scans obtained from the 

depth direction are illustrated in Figure 3(d). The peak 

information shown in the A-scan profile depicts internal layers 

localized at different depth levels. For brevity, only the peak 

OCT signals will be described. The two peaks with higher 

intensities of each depth profile correspond to the two visible 

layers (1st and 2nd) in each OCT image, and Δt (ΔtH, ΔtAH, and 

ΔtI) represents the difference in thickness between the top two 

layers. Here, the Δt magnitude seen in Fig. 3(d) was reduced 

and moved towards the 1st peak as a result of infection. The 

aforementioned reduction in thickness is considered to be the 

main initial symptom of the disease, and it is essential to 

identify the difference in thickness (Δt) between leaf layers at 

an earlier disease stage in order to determine the physical 

status of the leaf sample. The average peak for apparently 

healthy leaf specimens from infected trees was located 

between healthy and infected peaks, which confirm the ability 

of the developed disease inspection protocol based on OCT to 

identify the physical state of the leaf specimens at an 

advanced stage of infection. 
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Table 1: The average, standard deviation (STD), minimum, and maximum thicknesses of three leaf categories. 

Leaf category Avg. (μm) STD (μm) Min. (μm) Max. (μm) 

Healthy 248.51 8.52 223.4 255.21 

Apparently healthy 178.32 1.93 160.36 187.29 

Infected 120.82 1.73 48.25 124.66 

 

To measure the leaf layer thickness of the experimented three 

leaf categories, a post-acquisition process was performed for 

all the acquired 2D-OCT images. The thickness between 1st 

and 2nd layers was measured and illustrated in table 1 along 

with minimum and maximum measurements. The thickness 

was measured by considering the distance between averaged 

A-scan peak information. To enhance the accuracy of leaf 

thickness measurements, six different positions were selected 

and acquired 2D-OCT images from each leaf specimen. The 

quantitative measurements revealed a clear correlation 

between the cross-sectional images, which confirms the 

feasibility and efficacy of the developed diagnostic modality. 

Moreover, the obtained numerical readings can be considered 

as powerful threshold values for the identification of the 

physical status of the leaf (healthy or infected) at advanced 

stages of these diseases. 

 

CONCLUSION 

Morphological and quantitative analyses have advantages in 

agriculture for diagnostic evaluations of plant related diseases. 

Thus, we implemented a non-destructive optical inspection 

technique (SD-OCT) based depth-scan (amplitude depth 

profile) signal analysis method to investigate the capability of 

OCT to identify the leaf infections at an initial stage. 

Especially in the field of agriculture, most disease inspection 

procedures are destructive and time consuming. Moreover, 

from the agricultural point of view, no topographical 

differences can be observed between healthy samples and 

newly infected (initial stage of an infection) samples. Hence, 

existing agricultural inspection methods have various 

limitations for identifying newly infected samples. To 

overcome these limitations, we performed various OCT-based 

agricultural experiments to confirm that OCT can be applied 

to reliably identify healthy, newly-infected, and infected plant 

materials. The obtained cross-sectional results and depth 

direction signals clearly indicate that the OCT method is 

sufficiently capable of identifying plant material infections at 

an initial stage, which are hard to be distinguished with visual 

inspection. Furthermore, the proposed method may be used to 

control the spread of various plant related diseases in the field 

of agriculture. 
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