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Abstract 
The authentication of crude drugs serves as the primary checkpoint 
for safety in the herbal industry, transitioning from subjective human 
sensory evaluation to objective, high-throughput computational 
analysis. Artificial Intelligence, specifically Computer Vision, 
digitizes the expert taxonomist's eye by utilizing Convolutional 
Neural Networks (CNNs) to classify botanical samples based on 
intricate morphological features. These deep learning architectures 
analyze macroscopic textures and microscopic structures, such as 
pollen grains and cellular anatomy, to distinguish genuine species 
from look-alikes with high precision. Beyond visual inspection, AI-
driven chemometrics revolutionizes quality control by interpreting 
complex chemical fingerprints generated via HPLC, GC-MS, and 
vibrational spectroscopy. Machine learning algorithms untangle 
these multivariate datasets, identifying specific spectral signatures 
that correlate with quality and potency, effectively mapping the 
chemical diversity of the sample. This data-driven approach excels at 
detecting adulteration and substitution, using one-class classifiers to 
flag anomalies that deviate from the established chemical norm. 
Implementing these automated verification systems secures the 
global supply chain, ensuring that raw materials entering the 
production line are authentic, safe, and chemically consistent with 
regulatory standards, thus preventing economic fraud and public 
health risks associated with misidentified herbs. 

Keywords: Computer Vision, Convolutional Neural Networks (CNNs), 
Chemometrics, Semantic Segmentation, Data Fusion, Adulteration Detection 
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Learning Objectives 

After completion of the chapter, the learners should be able to: 

• Recall the limitations of traditional organoleptic evaluation 
and the advantages of AI-driven objective analysis. 

• Explain the architecture and function of Convolutional 
Neural Networks (CNNs) in the classification of botanical 
images. 

• Demonstrate how chemometric algorithms (like PCA and 
PLS-DA) process multivariate chemical fingerprint data for 
quality control. 

• Distinguish between authentic crude drugs and potential 
adulterants using microscopic and macroscopic image 
recognition models. 

• Justify the integration of visual and chemical data fusion 
techniques for robust authentication of herbal materials. 

AI IN CLASSIFICATION OF CRUDE DRUGS 
USING IMAGE RECOGNITION  

 The authentication of crude drugs raw plant materials used 
in traditional medicine stands as the primary gatekeeper of 
safety and efficacy in the herbal industry. Traditionally, this 
process relied heavily on the sensory acuity of experienced 
taxonomists and pharmacognosists, evaluating samples based 
on organoleptic properties such as texture, fracture, odor, and 
color. However, human evaluation is inherently subjective, non-
scalable, and prone to fatigue, leading to dangerous 
inconsistencies in quality control. Artificial Intelligence, 
specifically Computer Vision, introduces a paradigm of 
objective, reproducible, and high-throughput analysis. This 
technology digitizes the "expert eye," transforming the 
qualitative visual characteristics of a botanical sample into 
quantifiable mathematical tensors that allow for precise 
classification and authentication. This shift allows for the 
standardization of herbal assessment, moving it from an 
artisanal skill to a data-driven industrial process. 

Computer Vision and Convolutional Neural Networks (CNNs) 

Computer Vision is the field of Artificial Intelligence that 
enables machines to interpret and make decisions based on 



ML in Pharmacognosy & Biotech Discovery 

85 

visual data. At the core of modern computer vision lies the 
Convolutional Neural Network (CNN), a deep learning 
architecture architecturally inspired by the biological 
organization of the visual cortex in animals. Unlike traditional 
image processing, which required the manual definition of 
features (e.g., "look for green circles" or specific edge gradients), 
CNNs autonomously learn the optimal features for classification 
directly from raw pixel data through a process known as 
representation learning. 

Table 5.1: Evolution of Crude Drug Authentication 

Feature Traditional 
(Organoleptic) 

Chemical 
(Wet Lab) 

AI-Driven 
(Computation
al) 

Primary 
Sensor 

Human Senses 
(Eye, Nose, 
Tongue) 

Chromatograp
hy 
(HPLC/TLC) 

Digital 
Sensors 
(Camera, NIR, 
e-Nose) 

Subjectivity High 
(Experience-
dependent) 

Low 
(Quantitative) 

Zero 
(Mathematical 
Objectivity) 

Throughput Low (Sample 
by sample) 

Medium 
(Preparation 
time) 

High (Real-
time/In-line) 

Data Type Qualitative 
Description 

Peak Area / Rf 
Value 

High-
Dimensional 
Tensor / 
Matrix 

Destructiven
ess 

Variable 
(Tasting/Breaki
ng) 

High (Solvent 
extraction) 

Non-
destructive 
(Image/Spectr
al) 

 



ML in Pharmacognosy & Biotech Discovery 

86 

 

Figure 5.1: Dual-Stream AI Authentication 

Macroscopic analysis using CNNs to identify whole root/bark textures, and 

Microscopic analysis using Semantic Segmentation to isolate and count 

diagnostic cellular features in powders. 

A CNN operates through a deep hierarchy of layers, each 
tasked with extracting increasingly abstract information. The 
initial convolutional layers act as low-level feature extractors, 
identifying simple geometric primitives like edges, curves, and 
corners using learnable filters or kernels. As the data progresses 
deeper into the network through successive layers, these simple 
features are aggregated into complex representations, detecting 
intricate patterns such as leaf venation networks, trichome 
density, or the specific rugosity of a bark surface. Pooling layers 
are interspersed to reduce the spatial dimensions of the data, 
minimizing computational load and providing translational 
invariance, meaning the network can recognize a feature 
regardless of where it appears in the image. Finally, fully 
connected layers at the end of the network perform the final 
classification logic, mapping the extracted feature maps to 
specific class probabilities. This hierarchical learning capability 
allows CNNs to distinguish between closely related species that 
may appear identical to an untrained observer, capturing subtle 
phenotypic variations that defy manual description. 

 



ML in Pharmacognosy & Biotech Discovery 

87 

Developing Models for Classifying Macroscopic Images of Crude 
Drugs (Morphology, Shape, Texture) 

Macroscopic identification involves analyzing the external 
morphology of whole or fragmented plant parts. AI models 
trained on macroscopic images focus on distinct morphological 
descriptors such as shape, size, color distribution, and surface 
texture.  

Table 5.2: AI Architectures for Herbal Image Analysis 

Architecture Input Data 
Type 

Specific 
Application 

Advantages 

ResNet-50 Macroscopic 
Images 
(Whole) 

Species 
Classification 

Deep layers 
capture fine 
texture details of 
bark/roots without 
vanishing 
gradients. 

U-Net Microscopic 
Powder 
Images 

Semantic 
Segmentation 

Pixel-perfect 
isolation of 
diagnostic 
trichomes or 
crystals from 
background 
debris. 

MobileNet Smartphone 
Camera 
Images 

Field 
Identification 

Lightweight 
architecture 
optimized for 
running locally on 
mobile devices. 

Mask R-
CNN 

Microscopic 
Slide Scans 

Instance 
Counting 

Counts individual 
pollen grains or 
stomata to 
calculate 
quantitative 
indices. 

Siamese 
Networks 

Comparative 
Images 

One-Shot 
Learning 

Detects adulterants 
with very few 
training examples 
by learning 
"similarity." 
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Texture analysis is particularly critical for identifying roots, 
rhizomes, and barks, where color alone is often non-diagnostic 
and shape can be variable due to processing. Algorithms employ 
techniques like the Gray-Level Co-occurrence Matrix (GLCM) to 
mathematically quantify texture features contrast, correlation, 
energy, and homogeneity before feeding them into machine 
learning classifiers. 

In practice, the implementation involves creating 
standardized imaging environments, often using light boxes 
with controlled color temperature and illumination angles to 
eliminate shadows and reflections.  

 

Figure 5.2: Chemometrics for Adulteration Detection 

Deep learning models, such as ResNet, Inception, or VGG, 
ingest these high-fidelity images to learn species-specific 
signatures. For instance, differentiating between Cinnamomum 
verum (true cinnamon) and Cinnamomum cassia relies on 
detecting subtle differences in the quill's thickness, surface 
roughness, and fracture patterns. The AI effectively creates a 
multidimensional "morphological fingerprint" for each species. 
Deploying these models via mobile applications enables field 
researchers, customs officers, and supply chain inspectors to 
authenticate raw materials on-site using a smartphone camera. 
This capability is vital for detecting adulteration at the source, 
significantly reducing the risk of accidental substitution at the 
point of collection where taxonomic expertise may be scarce. 
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Table 5.3: Diagnostic Microscopic Features for AI Segmentation 

Feature Biological 
Description 

Identification 
Value 

Common 
Adulteration 
Detected 

Trichome
s 

Epidermal hairs 
(Glandular/Coverin
g) 

Highly 
specific 
geometry per 
species. 

Differentiatin
g Senna vs. 
Dog Senna 
(Warty vs. 
Smooth 
hairs). 

Stomata Gas exchange pores Stomatal 
Index 
(Count/Area). 

Distinguishin
g Datura 
species based 
on stomatal 
type 
(Anisocytic). 

Ca-
Oxalate 

Crystalline deposits Shape 
(Rosette, 
Prism, 
Raphide). 

Identifying 
Rheum 
(Rhubarb) vs. 
dock weeds 
based on 
crystal size. 

Sclereids Stone cells 
(Lignified) 

Wall 
thickness and 
lumen size. 

Detecting 
"spent" 
material 
(exhausted 
cinnamon) 
mixed with 
fresh bark. 

Pollen 
Grains 

Male gametophytes Exine 
ornamentatio
n 
(Spines/Pores
). 

Authenticatio
n of honey 
floral source 
or Saffron 
purity. 

 

Analyzing Microscopic Images (e.g., Powder Microscopy, Leaf 
Anatomy, Pollen Grains) 

When crude drugs are processed into powders, macroscopic 
features are destroyed, making microscopic analysis the gold 
standard for identification. AI automates this traditionally labor-
intensive process by analyzing digital micrographs obtained 
from slide scanners. The primary challenge here lies in 
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