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Artificial incubation of chicken eggs is the economic procedure in the poultry 

industry. Early detection of infertile and dead embryos could add value to the poultry 

industry. Candling is widely used to check for the incubated multiple eggs’ fertility and 

embryos development. It cannot precisely sort out the dead embryos especially when 

the embryo is large and dark. In this work, we designed the lab-scale noninvasive and 

non-contact optical equipment that could measure the embryonic heart rate of the 

multiple incubated chicken eggs at the same time by using a digital camera. 

We measured the embryonic heart rate of 115 incubated chicken eggs in total 

for days 0−18 of incubation period. We could recover the embryonic heart rate of 

multiple incubated eggs from day 3−18 of the incubation period. The measured 

embryonic heart rate ranged from 151−315 beats per minute. The electrocardiography 

method was used to validate the results from our optical equipment. The two methods 

showed good agreement in their embryonic heart rate results.  

The developed system could offer good benefits to both, the poultry industry 

and animal science researchers. The poultry industry might use this system to precisely 

identify hatching eggs from non-hatching eggs. This system could replace the candling 

method. The animal science researchers might also use this system for studying 




	01_cover page (Thai).pdf
	01_cover-page (Eng).pdf
	02_approval form.pdf
	03_Abstract (Eng).pdf
	03_Abstract (Thai).pdf
	04_ACKNOWLEDGEMENTS.pdf
	05_TABLE-OF-CONTENTS.pdf
	06_LIST-OF-TABLES.pdf
	07_LIST-OF-FIGURES.pdf
	08_SYMBOLS-AND-ABBREVIATIONS.pdf
	09_Chapter-1.pdf
	10_Chapter-2.pdf
	11_CHAPTER-3.pdf
	12_CHAPTER-4.pdf
	13-CHAPTER-5.pdf
	14-CHAPTER-6.pdf
	15-Chapter-7.pdf
	16_REFERENCES.pdf
	17_cover appendix A.pdf
	18_Appendix A.pdf
	19_cover appendix B.pdf
	20_appendix B.pdf
	21-BIOGRAPHY.pdf



