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CLAIMS 

1. A method comprising: 

 obtaining a plurality of 2-dimensional gray scale images of a portion of a printed 

circuit board assembly, each 2-dimensional gray scale image corresponding to one of a 

plurality of parallel planes intersecting the portion of the printed circuit board assembly at 

respective different locations; 

 converting the plurality of 2-dimensional gray scale images into a color image, each 

of the plurality of 2-dimensional gray scale images corresponding to and used as input for a 

respective color channel of the color image;  

 analyzing the color image to detect variation in color that indicates a defect; and 

 outputting an alert indicating the defect in response to detecting the variation in 

color. 

 

2. The method of claim 1, wherein the color image is a Red Green Blue (RGB) color 

image; and  

wherein the plurality of 2-dimensional gray scale images comprises three 2-

dimensional gray scale images, each of the three 2-dimensional gray scale images 

corresponding to a respective one of a red channel, a blue channel, or a green channel of the 

RGB color image. 

 

3. The method of claim 1, wherein analyzing the color image to detect variation in 

color that indicates a defect comprises analyzing the color image to detect a defect in a 

solder ball connection of a ball grid array. 

 

4. The method of claim 1, wherein the color image is a Cyan Yellow Magenta Black 

(CMYK) color image; and 

 wherein the plurality of 2-dimensional gray scale images comprises four 2-

dimensional gray scale images, each of the four 2-dimensional gray scale images 

corresponding to a respective one of a cyan channel, a yellow channel, a magenta channel, 

and a black channel of the CMYK color image. 
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5. The method of claim 1, wherein obtaining the plurality of 2-dimensional gray scale 

images comprises receiving the plurality of 2-dimensional gray scale images from a device 

configured to capture x-ray images of the printed circuit board assembly. 

 

6. The method of claim 1, wherein obtaining the plurality of 2-dimensional gray scale 

images comprises capturing the plurality of 2-dimensional gray scale images with an x-ray 

device configured to capture x-ray images of the printed circuit board; and 

 wherein converting the plurality of 2-dimensional gray scale images into the color 

image comprises converting the plurality of 2-dimensional images into the color image with 

the x-ray device configured to capture the plurality of 2-dimensional gray scale images.  

 

7. The method of claim 1, wherein analyzing the color image comprises processing the 

color image in a convolutional neural network to detect the variation in color that indicates 

a defect.   

 

8. A device comprising: 

 an interface communicatively coupled to an x-ray device configured to capture 2-

dimenstional gray scale images of a portion of a printed circuit board; each 2-dimensional 

gray scale image corresponding to one of a plurality of parallel planes intersecting the 

portion of the printed circuit board assembly at respective different locations; and  

 a processor communicatively coupled to the interface and configured to:  

 convert the plurality of 2-dimensional gray scale images into a color image, each of 

the plurality of 2-dimensional gray scale images corresponding to and used as input for a 

respective color channel of the color image; 

analyze the color image to identify color variation that indicates a defect in the 

printed circuit board assembly; and 

 output an alert indicating the defect in response to identifying the color variation. 
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9. The device of claim 8, wherein the processor is further configured to generate the 

color image from the plurality of 2-dimensional gray scale images. 

 

10. The device of claim 8, wherein the interface is configured to receive the color image 

from the x-ray device. 

 

11. The device of claim 8, wherein the processor is further configured to analyze the 

color image to detect variation in color that indicates a defect in a solder ball connection of 

a ball grid array. 

 

12. The device of claim 8, wherein the color image is a Red Green Blue (RGB) color 

image; and  

wherein the plurality of 2-dimensional gray scale images comprises three 2-

dimensional gray scale images, each of the three 2-dimensional gray scale images 

corresponding to a respective one of a red channel, a blue channel, or a green channel of the 

RGB color image. 

 

13. The device of claim 8, wherein the processor is configured to implement a 

convolutional neural network configured to analyze the color image to identify the color 

variation that indicates a defect. 

 

14. A system comprising: 

   an x-ray device configured to capture a plurality of 2-dimensional gray scale 

images of a portion of a printed circuit board assembly, each 2-dimensional gray scale 

image corresponding to one of a plurality of parallel planes intersecting the portion of the 

printed circuit board assembly at respective different locations; and 

 a defect detection device comprising a processor configured to: 

convert the plurality of 2-dimensional gray scale images into a color image, each of 

the plurality of 2-dimensional gray scale images corresponding to and used as an input for a 

respective color channel of the color image; 
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analyze the color image to identify color variation that indicates a defect in the 

printed circuit board assembly; and 

 output an alert indicating the defect in response to identifying the color variation. 

 

15. The system of claim 14, wherein the color image is a Red Green Blue (RGB) color 

image; and  

wherein the plurality of 2-dimensional gray scale images comprises three 2-

dimensional gray scale images, each of the three 2-dimensional gray scale images 

corresponding to a respective one of a red channel, a blue channel, or a green channel of the 

RGB color image. 

 

16. The system of claim 14, wherein the processor in the defect detection device is 

further configured to analyze the color image to detect variation in color that indicates a 

defect in a solder ball connection of a ball grid array. 

 

17. The system of claim 14, wherein the processor in the defect detection device is 

configured to implement a convolutional neural network configured to analyze the color 

image to identify the color variation that indicates a defect. 

 

18. The system of claim 14, wherein the x-ray device and the defect detection device 

share a common housing. 

 

19. A computer program product comprising a computer readable storage medium 

having a computer readable program stored therein, wherein the computer readable 

program, when executed by a processor, causes the processor to: 

 generate a color image from a plurality of 2-dimensional gray scale images by 

inputting each of the plurality of 2-dimensional gray scale images into a corresponding 

color channel of the color image, wherein each 2-dimensional gray scale image corresponds 

to one of a plurality of parallel planes intersecting a portion of a printed circuit board 

assembly at respective different locations;  
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 analyze the color image to detect variation in color that indicates a defect in the 

printed circuit board assembly; and 

 output an alert indicating the defect in response to detecting the variation in color. 

 

20. The computer program product of claim 19, wherein the computer readable program 

is further configured to cause the processor to detect variation in color that indicates a 

defect in a solder ball connection of a ball grid array. 

 

21. The computer program product of claim 19, wherein the computer readable program 

implements a convolutional neural network configured to analyze the color image to 

identify the color variation that indicates a defect. 

 

22. The computer program product of claim 19, wherein the color image is a Red Green 

Blue (RGB) color image; and  

wherein the plurality of 2-dimensional gray scale images comprises three 2-

dimensional gray scale images, each of the three 2-dimensional gray scale images 

corresponding to a respective one of a red channel, a blue channel, or a green channel of the 

RGB color image. 

 

23. The computer product of claim 19, wherein the computer readable program is 

further configured to cause the processor to output an alert comprising an annotated color 

image indicating a location of the defect. 

 

24. The computer program product of claim 19, wherein the variation in color indicates 

one of a head-in-pillow defect, first level packaging defects, second level solder joint 

defects, voiding defects, solder print quality, and underfill defects.   

  

    

 


