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To characterize the phenotypical traits of soybean seed pods, this study uses a stereoscopic sensing 

technology to obtain three-dimensional data of soybean plants before harvest. However, 

soybean seed pods grow in different directions and in clusters, it is difficult to analyze them from 

the images of only one side of crop rows due to occlusions. To that end we have designed a 

gate-shaped camera rig to mount our PhenoStereo 3D cameras on both sides of the gate to 

capture soybean images from two sides (Figs 1 and 2). A caster wheel was used on the side 

further away from the Phenobot body to make the rig rotatable around the shaft at the 

rear of the Phenobot to accommodate the unevenness of the soil surfaces. In our 

experimental field, the height of most soybean plants was less than 40 inches, therefore the 

height of the rig was designed to be 40 inches. Since the row spacing of the soybean plants is 30 

inches, the width of the camera rig was designed to be 30 inches as well.  

Figure 1. CAD model of the gate-shaped 

camera rig mounted on the Phenobot. 

Figure 2. Field imaging of soybean pods by 

using PhenoStereos and PhenoBot. 

For data acquisition, four customized PhenoStereo cameras that consists of two FLIR BFS-U3-

50S5C-C cameras each with customized data acquisition software were used to collect images of 

soybean harvest stocks. The lower two PhenoStereo cameras were used to capture most part of 

the sideview of the soybean plants, and the upper two cameras were used to capture images of 

the top part of those tall soybean plants. The raw images have a resolution of 24482048 pixels 

and were captured at 10 FPS at a travel speed about 2 mph. The shutter speed was set to 0.3 ms. 

The Soybean images were collected in the field at Agricultural Engineering and Agronomy Research 

Farm in Boone, Iowa. Based on the collected images, a deep learning detection method called Mask 

R-CNN was used to detect individual soybean pods in the images from two sides of soybean plants. 

The pod detection results from the images of both sides of three soybean plants are shown in

Figures 3 and 4. Currently we are working on the algorithms to register the pods detected from the



two sides and from the cameras on the same side to generate a correct count of the total number 

seed pods. We will conduct 3D calibration of the cameras and then stitch the point-cloud data from 

different cameras. With the availability of the 3D point-cloud data, we will continue working on the 

algorithms to quantify the phenotypic traits of pods such as the size of pods, the distribution of 

pods, and the number of pods in each internode. Another important task is to detect the number 

of seeds in each pod, and we plan to use a deep learning-based key point detection algorithm to 

detect soybean seeds in images and then group the seeds into each pod. Based on these calculated 

phenotypic traits of soybean pods, the genetic characteristics of different soybean lines can be 

further analyzed by plant scientists. 
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Figure 3. Soybean pod detection results in the image taken by the camera at the closer side from 

the Phenobot body. (a) Original image. (b) Mask R-CNN detection results. 
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Figure 4. Soybean pod detection results in the image taken by the camera at the farther side from 

the Phenobot body. (a) Original image. (b) Mask R-CNN detection results. 


