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Panax ginseng (Asian ginseng) and Panax quinquefolius (American ginseng) are widely used in traditional Chinese medicine (TCM) .Despite taxonomic 

similarities, they differ in TCM classification—AsG is "warm" and AmG is "cool"—leading to distinct clinical applications [1]. 

 

 

 

 

 

 

 

 

 

Introduction 
 

This study applies THz-SPI combined with deep learning to directly distinguish Panax ginseng and Panax quinquefolius from dried ginseng slices, 

bypassing destructive preprocessing. Innovations include a thickness-agnostic spectral normalization method to reduce sample inhomogeneity. A six-

layer neural network trained on 12,250 spectral datapoints achieved 97.55% accuracy within the 0.2–1.2 THz range, with confusion matrices 

confirming robust classification. Compared to tablet-based methods, this approach significantly reduces preprocessing time, offering a scalable, non-

destructive solution for rapid botanical authentication in pharmaceutical and food safety industries. 

Prediction Scheme Loss Accuracy 

0.2 ~ 1.2 THz 0.161 97.552% 

0.2 ~ 3.0 THz 0.190 87.595% 

 

Result 

Conclusion 

Traditional [2] 

- morphological inspection 

- sensory evaluation 

 lack reliability for processed  

form 

Analytical techniques [3] 

- gas chromatography-mass spectrometry 

- high-performance liquid chromatography 

 destructive sample preparation 

 limit in laboratory settings 

Optical spectroscopy [4] 

- Raman and Fourier-transform 

infrared spectroscopy 

 sensitivity to sample opacity  

 the need for homogenized 

samples 
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A. Experimental Setup 
 

C. Computation of Normalization 

Fig. 1 An illustration of experimental setup of the THz-HIS experiment. 

Fig. 2 the hyperspectral images of a ginseng slice at different frequencies. 

          �̂�𝑁 = {
𝐸𝑖𝑗̅̅ ̅̅

max(𝐸𝑖𝑗̅̅ ̅̅ )
}         (Eqn. 1) 

B. Computation of Normalization 

Fig. 4. An illustration of the ANN in this work for classification. 

⚫ Terahertz Time Domain Hyperspectral Imaging (THz-HSI) 

measurements were conducted using an Asynchronous Optical 

Sampling (THz-TDS) system (Fig. 1).  

⚫ The system used two lasers to enable single-shot waveform acqui-

sition and a ginseng slice could be scanned within 15–20 minutes. 

⚫ Characteristic frequency can be selected for subsequent classifi-

cation tasks, ensuring optimal contrast and feature extraction. 

⚫ The transmitted THz optical field is recorded as a time-domain 

wave-form𝐸(𝑡); the spectral amplitude is �̅�(𝜔) = |𝐹{𝐸(𝑡)}|.  

⚫ Imaging data are structured into a 3D matrix, with spatial 

coordinates i, j and frequency dimension k.  

⚫ A normalization method (Eqn. 1) scales each pixel’s spectrum to 

its maximum intensity. 

⚫ This normalization highlights relative spectral features rather than 

absolute amplitudes and compensates for sample inhomogeneities.  

⚫ Enhances visibility of intrinsic chemical signatures and suppresses 

physical artifacts, enabling more accurate discrimination [5]. 

Fig. 3 Comparison and visualization of frequency spectra for multiple datasets (a) before 

and (b) after normalization. 

Fig. 5. Comparison and visualization of frequency spectra for multiple datasets (a) before 

and (b) after normalization 

Table1.  Prediction accuracies of ANN  

⚫ An artificial neural network (ANN) is designed to classify two 

ginseng species (Fig. 4). 

⚫ Out of 12,250 total samples: 70% for training, 15% for vali-dation, 

15% for testing. 

⚫ Training is optimized using back-propagation. Dropout regulari-

zation is applied to prevent overfitting. 

⚫ Final classification performance is assessed on the test set. 

⚫ Results (Table 1) show the ANN accurately distinguishes between 

the two species. 

 

Terahertz Imaging 
 

- Terahertz Time Domain 

Hyperspectral Imaging 

 
✓ reduce preprocessing time 

✓ non-destructive 


