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Introduction

The main goals of this Ph.D. proposal are the development of a high-fidelity multi-species

simulation of plants from multi-spectral images and vegetation taxonomy. Deep Learning models

are being applied to address plant phenotyping classification problems such as leaf segmentation

and identification. Training these models requires large annotated datasets of plant images,

which, in many cases, are not readily available. This problem of data scarcity can be mitigated

through a data augmentation approach based on generating artificial images using Generative

Adversarial Networks (GANs). Plants can be identified by their leaves contour, as well as through

spectroscopy imaging. Hyperspectral data enable the discrimination between species, foliage

type, and condition, retrieving foliage moisture and photosynthetic, i.e. live, versus dead (non-

photosynthetic) vegetation.

The work plan is in line with the “Semi-Autonomous Robotic System for ForestCleaning and Fire

Prevention” (SafeForest) project (CENTRO-01-0247-FEDER-045931). A Large-scale

Collaborative Project from the CMU Portugal Program where Ingeniarius, Ltd (supporting ICT

company for this Ph.D. studentship application) is the leading company and ISR-UC (the

institution where the candidate will develop the majority of the Ph.D. work plan) is a partner.

Methods
To develop a zero-shot learning system capable of simulating the features of sub-species of

forest plants from vegetation taxonomy and multi-spectral images of that filo's leaves.To

achieve this the following methodological approach will be used:

• Create models of leaves of the same filo from RGB images. The GAN is meant to extract the

common features of the plant’s structure and leaves within the same filo from a single

species of plants. Then from those features synthesize valid models of the plant’s structure

and leaves belonging to the same filo. An extra validation network must be set up to make

sure the synthesized model attained can produce realistic models of leaves.

• Gan with Multi-spectral data. Hyperspectral imaging is a non-invasive process in this task

plants are scanned to collect high-resolution data, focusing on detecting high saliency

features in plants using hyperspectral image analysis. adapt the GAN architecture achieved

in task 1, to a GAN architecture able to create models of plants within a specific filo group

from exclusively using hyperspectral data of a specific leaf.

• Add to the current GAN a zero-shoot learning where noisy texts descriptions of the plant’s

structure and leaves of a certain plant species in a certain filo group are combined with the

multi-spectral images of the leaves belonging to that filo group. From these inputs a

synthetic model of the plant’s structure and leaves is produced, the synthetic leaves must

not just have the multi-spectral characteristics of that filo group but also be the specific

species characteristic that fit the noisy text description model of the plant’s structure.

Conclusions

A survey of the most relevant work in this field was already been  made.

The proposed approach is new and will therefore contribute to the development of 
datasets consisting of simulated multi-spectral leaf models.
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State of art
The Ph.D. candidate will develop a ZSL solution, which leverages GANs (generative adversarial 

networks) to extract features of plants, namely leaves, to synthesize plant’s structure and leaves 

characteristics belonging to the same filo. Those features are meant to be extracted from multi-

spectral images, and a noisy text describing the physical characteristics of a specific specie in the 

filo group.

In 2017 Zhu et al. [1]  proposed a novel generative adversarial approach for ZSL, which leverages 

GANs to imagine wide range of visual features given the noisy textual descriptions from 

Wikipedia. (Figure 1)

In 2018 Karras et al. [2] propose “A Style-Based Generator Architecture for Generative 

Adversarial Networks”, an alternative generator architecture for generative adversarial networks 

named StyleGAN (Figure 2). StyleGAN is known for its great performance generating images 

based on a certain style (figure on the left). Nonetheless StyleGAN v3 [3] the was publish in 

2021, with slighter changes in its arquictecture that reduce undesirable effects in the generated 

images. Improving the quality further and considerably advancing the state of the art in several 

dataset

Figure 2 - Style-based generator architecture [2] Figure 3 -Two sets of images were generated from 

their respective latent codes (sources A and B) [2]

Figure 1 - Model overview from “A Generative 

Adversarial Approach for Zero-Shot Learning from 

Noisy Texts”[1]
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