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INTRODUCTION

• Manual phenotyping of pepper plants often 
relies on human judgment, leading to 
subjective evaluations that can introduce 
inconsistencies in data collection (Hong et al., 
2020).

• The process of manually phenotyping pepper 

plants is highly labor-intensive and time-

consuming (Ninomiya, 2022).

• Errors in assessing traits like leaf area and 
height can lead to inaccurate evaluations of 
plant health and performance, thus 
compromising the research outcomes in 
pepper plant studies (Ninomiya, 2022).

• Many manual measurement techniques can 
be destructive to plants, which limits the 
number of times measurements can be taken 
from the same plants (Horgan et al., 2015).

• To develop and evaluate PhenAI-
Bot, an autonomous robotic 
system for 3D crop phenotyping 
of pepper varieties in greenhouse 
settings.

• To assess the accuracy and 
efficiency of PhenAI-Bot in 
measuring five key phenotypic 
traits (plant height, canopy major 
and minor diameters, canopy 
area, and leaf count per plant) 
across four pepper varieties.
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HYPOTHESIS

PhenAI-Bot can accurately and efficiently measure key phenotypic 
traits of pepper plants autonomously with measurement accuracy 
comparable to ground truth data. 

OBJECTIVES

Fig 1. Manual 
phenotyping of 
pepper plants

Fig 2. Destructive 
phenotyping

PhenAI-Bot specifications
• Robotic Platform: Roboworks Wheeltec​
• Sensor: Intel RealSense D435i RGBD camera, Astra S 

camera, Arducam B0205 2MP camera, Campbell 
Scientific CR310 datalogger​

• Processor: Nvidia Jetson Orin Nano 4GB​
• Chassis Controller: STM32 ​
• Max Payload: 35 Kg ​
• Max Speed: 1.65 m/s​
• Battery life: 4 hrs. (no Payload), 2.5 hrs. (max. Payload)

Fig 5. Chili pepper plantation in the greenhouse 

Experimental Setup
• Location: South Dakota State University 

East Headhouse
• Crop: Chili Pepper (Capsicum annuum L.)
• Varieties: Poblano, Thai Hot, Hungarian Hot 

Wax, Black Hungarian
• Data acquisition: May  - July 2024
• Datalogger: Two CR310 dataloggers set up 

in two rows independently​
• Soil moisture sensor: 4 sensors with one in 

variety of pepper plant​.

MATERIALS AND METHODS

Fig 3. using PhenAI-Bot for 3D 
phenotyping of pepper plants

Fig 7. System architecture and data flow diagram, illustrating how 
data is transferred from the sensors mounted on the robot to the 
on-board computing systems. Fig 8. The PhenAI-Bot robotic platform
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Fig 4. CR310 datalogger 
and soil moisture sensor

(a) (b) (c) (d)
Fig 6. (a)Thai Hot, (b)Poblano, (c) Hungarian Hot Wax, (d) Black Hungarian

Fig 9. RGB, depth and point cloud images generated by 
RealSense camera

Fig 11. Trends in calculated phenotyping 
traits across different pepper varieties

Fig 10. Trends in soil moisture sensor data across different 
pepper varieties

Fig 12. Correlation and errors in measurement accuracy for calculated 
phenotyping traits across different pepper varieties

Fig 13. Distribution of calculated phenotyping traits across different pepper varieties

DISCUSSION AND CONCLUSIONS

• PhenAI-Bot demonstrates potential as a low-cost, autonomous 
solution for 3D crop phenotyping.

• The robot can operate at a moving speed of up to 0.2 m/s under 
standard daytime conditions.

• The system shows varying degrees of accuracy across different 
pepper varieties:.

• Pearson's correlation coefficient (R2) values ranged from:​
• As low as 0.015 for Hungarian Hot Wax​
• As high as 0.91 for Poblano​

• Mean squared error (MSE) ranged from:​
• As low as 0.004 for Hungarian Hot Wax​
• As high as 0.097 for Thai Hot​

FUTURE WORK

• Application of AI algorithms for improving measurements of 
crop phenotyping traits.

• Expanding the application of PhenAI-Bot to other crops, such as 
wheat, soybean, corn, and sunflower.

• Autonomous harvesting using ROSMASTER X3 PLUS robot
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