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Fig.5 Root thermal infrared image repairing algorithm flow chart
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Table 1. Thermal infrared image, color image and real corn root
phenotypic information comparison
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Root Color  Thermal Actual Color  Thermal
phenotypic  image  infrared  value error infrared
parameters image error
RTN (0 d) 10 9 9 11% 0%
RTN (1 d) 9 9 9 0% 0%
RTN (3 d) 10 8 8 20% 0%
RTL (0 d) 110.2 111 110.7  0.45% 0.27%
RTL (1 d) 96 102.1 102.3 6.1% 0.19%
RTL (3 d) 78.6 79.2 79.8 1.5% 0.75%
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Fig. 7 Root length development of different aging days Maize
seedings using thermal infrared imaging method
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Fig.8 Root number statistics of thermal infrared imaging images
with different aging degrees
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Maize root phenotypic detection based on thermal imaging and root
gap repair algorithm
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Abstract  Aiming at the problem of incomplete root image information because of blocking by the soil, the paper proposed a
root phenotypic method by using thermal image combined with improved Criminisi algorithm for root image repair, and studied
the relationship between the root phenotype and seed vigor. First, an annular double-layer quartz culture device adapted to maize

root configuration was designed to push maize roots to grow along the inner wall of the device, and the maize seeds aged 0d, 1d,



3d and 6d were planted in the annular culture device respectively.

Base on the significant difference of heat capacity between soil and water, water was used to irrigate the seedings along their
stems followed by short time hot air thermal excitation, and then infrared thermal images were captured based on the temperature
difference between the soil and interstitial water flow around the roots. Secondly, the endpoints of the root thermal images after
preprocessed were selected and matched for connecting using improved Criminisi algorithm to repair root image. Finally, different
aged-day maize seeds were applied for seeding root phenotyping detection to verify the mentioned method which results shown
that the proposed thermal infrared imaging method can help to enhance the root phenotypic image information which improve the
precision of phenotypic parameters about 0.5-10% compared with color image. The was no significant difference of Root Total
Length (RTL) and Root Total Number (RTN) after 1 d aging, but there were remarkable difference of RTL and RTN after 3 d and
6 d aging which decreased about 20-35% and 10-55% respectively. In general, the maize root phenotypic parameters such as RTN
and RTL were significantly negative with the aging-day which can be used as important index parameters of seed vigor. Furthermore,
RTN is more sensitive to impress a seed vigor. Root number of 1d/3d and 6d aging days increasing delayed about 1day and 2 day
compared with 0 aging-day seeds respectively. The proposed root phenotypic detection method based on the thermal infrared
imaging combined with improved Criminisi algorithm for root image repair can be used in root high throughput nondestructive

detection which has a broad application prospect.

Keywords  Root phenotype; Thermal infrared imaging; Image restoration;seeds



