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Abstract. Since ChatGPT was released in 2022, the generative artificial intelligence (Al) industry has seen massive
growth and is expected to bring significant innovations to cognitive tasks. Al-based image generation, in particular, is
leading major changes in the digital world. This study investigates the technical foundations of Midjourney, Stable
Diffusion, and Firefly—three notable Al image generation tools—and compares their effectiveness by examining the
images they produce. The results show that these Al tools can generate realistic images of tomatoes, strawberries,
paprikas, and cucumbers, typical crops grown in greenhouse. Especially, Firefly stood out for its ability to produce very
realistic images of greenhouse-grown crops. However, all tools struggled to fully capture the environmental context of
greenhouses where these crops grow. The process of refining prompts and using reference images has proven effective
in accurately generating images of strawberry fruits and their cultivation systems. In the case of generating cucumber
images, the Al tools produced images very close to real ones, with no significant differences found in their evaluation
scores. This study demonstrates how Al-based image generation technology can be applied in agriculture, suggesting a

bright future for its use in this field.

Additional key words: Al-based image generation, Diffusion model, Generative Al, Image-to-image generation,
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?10f(Derevyanko 2} Zalevska, 2023), 5d3o} i
E—LEOHE E-okal A v AaES AdStiFig. ).

MEStAX XSS K|, M33H K25 2024

c complex neotech sociely that has mastered fully bionic tech architecture, heavily populated,
A sleek glass walkways, bioluminescent gardens, glass domed agriculture,nature, ray tracing,
(best quality: 1.2), (masterpiece:1.1), (detailed), photorealistic, 8k

future of sustainable agriculture, a panoramic view of expansive green fields managed by
B automated drones, high-tech smart greenhouses, detailed digital ilustration with emphasis on
the technological aspects and futuristic farm equipment

Fig. 1. Conceptual representations of future agriculture generated by
Midjourney, Stable diffusion, and Firefly, showcasing images
integrated with the city (A) and sustainable agricultural practices
(B) and the prompts used for generating these concepts (C).
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2.1 OJEXL|(Midjourney)

"] =% Y(Midjourney Basic Plan, Midjourney, San Fran-
cisco, CA, US)= &5 1= 2ElS E5) A A, gl AE
ZIEREE 7HFO 2 o|u| x| & A4S Anyatasia, 2023).
*%ﬂ%ﬂﬂﬂiéﬁéﬂéﬁaﬂEﬂ4Eﬂ%ﬂ%
0 2 A|ZH& Zel =5 AAJSITH Reviriego 2} Merino-Gomez,
2022). =& Aol oﬂgﬂ 2B & ofu| X5 skl
S 7, 53] BRIl 4442l ofolt]ol & AZs}
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B AulAE AR 72 29 52 27 Bl A
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Fig. 2. Image generation process of the diffusion model, illustrating forward diffusion with increasing noise levels and reverse diffusion where noise

is reduced based on predictions.
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Fig. 3. Al-generated images of fruits: tomato (A), strawberry (B), sweet
pepper (C), cucumber (D), and an example of the lowest quality
image (E).
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= 2020).
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HlE AU Sk TS S ApLA 0 2 Helstol, 2l
otehol ek 80 o]u| S A0 2 A0
Uk 7 22 A, 271 6191, Al WIS 5 A =o] 24

Real image Artificial image

Midjourney

Stable diffusion Firefly

m

[ (Crop name) on plants are growing, greenhouse, sunlight, realistic, photography

Fig. 4. Comparison of real and Al-generated images of horticultural
crops: tomato (A), strawberry (B), sweet pepper (C), cucumber (D),
with the prompt used for generation shown in (E).
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e

Optimizing prompts for text-to-image generation

Midjourney

Stable diffusion

Firefly

Prompt A strawbeny fru,

White background,
Realistic, Photograph

A strawberry frut,

Sttty White background

Fig. 5. Progressive improvement of Al-generated strawberry fruit
images, optimizing prompts with generative Al tools MidJourney,
Stable Diffusion, and Firefly.
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Fig. 6. Progressive improvement of Al-generated strawberry plant images, optimizing prompts and reference images with generative Al tools

MidJourney, Stable Diffusion, and Firefly.
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Fig. 7. Quantitative evaluation of CLIP scores showing the effect of prompt handling and added context with generative Al tools MidJourney, Stable
Diffusion, and Firefly. Boxplots illustrate distribution and quartile ranges. Alphabetic markers denote significant differences between prompt
stages within each model, analyzed using ANOVA and Tukey’s HSD test.
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Fig. 8. Quantitative analysis of CLIP scores for MidJourney, Stable
Diffusion, and Firefly. Boxplots illustrate distribution and quartile
ranges, while individual scatter points illustrate data variability(ns:
no significant difference by ANOVA).
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