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Comparative Study of Image Quality on Different Photo Papers
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Introduction


The goal of this study is to compare various printer modes and brands of paper by testing them against one another using a constant printer and a constant ink cartridge. Several factors go into making a good print. These include quality of the input image, number of inks, size of ink drops, placement of ink drops (called dpi – dots per inch), and the paper used to print (Toolbox, 2007). This study will be focused on the paper used to print.

In each inkjet printer cartridge, there are many hundreds of little nozzles that place dots of ink in a specific spot on the photo paper. When people first started using inkjet printers for photos, the dpi was low, and ink drops were large. This caused the image to be unrealistic and blurry. Higher dpi and smaller ink drops make an image more realistic.
A common inkjet printer today can print more than 2400 dpi. Inkjet printers use tiny nozzles to place microscopic dots of ink on the paper. Most photo printers have 6 colors of ink. This allows for many color combinations, even up to 72.9 million of them (Hewlett-Packard Development Company, 2007). A standard ink drop in an inkjet photo printer has a volume of

2-5 picoliters. A picoliter is a millionth of a millionth of a liter. This is roughly equivalent to ⅓ of the width of a human hair. The small size allows for remarkable image quality. These drops combine with other drops the same size to create the image (Hewlett-Packard Development Company, 2007). This process happens over and over again until the image is complete. This aspect of printing is not really in the control of the consumer. It is in the hands of the big corporations.

What the consumer can control is what paper is used. Oftentimes, companies like HP advertise that it is necessary to match their printers with their ink and papers in order to have the greatest image quality. However, some paper manufacturers say that their paper “works on all inkjet printers” (Kodak product packaging for product #CAT 836 6353) and that their paper is “compatible with all major inkjet brands.” (Office Max product packaging for product #OM96077)

Because of the promises that HP has made about their printing system, it is hypothesized that the HP Premium Plus photo paper will give the best results – both with rank (best to worst) and score (high to low image quality).

Methods & Materials
· 4 sheets HP Premium Plus photo paper (HP+)
· 4 sheets HP Premium photo paper (HP)
· 4 sheets Epson Ultra Premium photo paper (EPS)
· 4 sheets Kodak Ultra Premium photo paper (KOD)
· 4 sheets Canon Photo Paper Plus (CAN)
· 4 sheets Office Max Premium photo paper (OMX)
· 4 sheets Georgia Pacific Inkjet Paper (IJT)
· HP Photosmart 3300 series printer

· HP Vivera inks

· Leica Mz-12 low power microscope

· Leica DM/RM high power microscope

All of the papers listed above were purchased at a local office supply store. Two images were tested on all seven papers with two different print modes. One print mode was named “Best,” and the other was named “Fast.” The “Best” print mode is designed to give the best possible print. The “Fast” print mode is designed slightly faster, using slightly less ink. Two different images were also tested. These images were taken from a Canon website about image quality (Bebit). They are standard test images used by other companies for similar studies. One image was a lighter image of a girl that featured many sensitive facial tones that, if not printed well, could ruin the picture. The other image was a darker image of soaps with many dark parts to the picture. It also had light areas as well.

A panel of six judges was asked to rank each sample from one to seven, one being the best quality, and seven being the worst quality. The judges were also asked to score the images on image quality as High, Medium, or Low.

After the conclusion of the testing, the results were formed and some original observations and conclusions were made. To try to understand the results, image samples were viewed under a Leica Mz-12 low power microscope. This was done to see how the ink was spreading after contact with the paper (the quality of this would greatly influence the quality of the image).

Results
Photos printed on different papers were ranked by a panel of judges on a scale from one to seven, with one being the best and seven being the worst image quality. They were also scored High, Medium, or Low. A score of “1” corresponds to High, “2” corresponds to Medium, and “3” corresponds to Low. Two different images were used in two print modes.
	Girl- Best Mode
	 
	 
	 
	 
	 
	 
	 
	Girl- Fast Mode
	 
	 
	 
	 
	 
	 

	Paper
	Rank
	
	
	
	
	
	Average
	
	Paper
	Rank
	
	
	
	
	
	Average

	HP+
	1
	1
	1
	1
	1
	1
	1.00
	
	HP+
	1
	2
	2
	3
	1
	1
	1.67

	HP
	2
	2
	3
	3
	3
	2
	2.50
	
	HP
	3
	3
	3
	1
	2
	4
	2.67

	KOD
	3
	4
	2
	5
	2
	3
	3.17
	
	KOD
	2
	6
	1
	2
	3
	2
	2.67

	OMX
	6
	3
	4
	2
	4
	5
	4.00
	
	CAN
	4
	1
	6
	4
	5
	5
	4.17

	CAN
	4
	5
	5
	4
	5
	4
	4.50
	
	OMX
	6
	5
	4
	5
	4
	3
	4.50

	EPS
	5
	6
	6
	6
	6
	6
	5.83
	
	EPS
	5
	4
	5
	6
	6
	6
	5.33

	IJT
	7
	7
	7
	7
	7
	7
	7.00
	
	IJT
	7
	7
	7
	7
	7
	7
	7.00

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	Girl- Best Mode
	
	
	
	
	
	
	
	Girl- Fast Mode
	
	
	
	
	
	 

	Paper
	Score
	
	
	
	
	
	Average
	
	Paper
	Score
	
	
	
	
	
	Average

	HP+
	1
	1
	1
	1
	1
	1
	1.00  H
	
	HP+
	1
	2
	1
	1
	1
	1
	1.17  H

	HP
	1
	1
	2
	1
	1
	1
	1.17  H
	
	HP
	1
	2
	1
	1
	1
	2
	1.33  H

	KOD
	1
	2
	1
	2
	1
	1
	1.33  H
	
	KOD
	1
	3
	1
	1
	2
	1
	1.50  H

	OMX
	3
	1
	2
	1
	2
	2
	1.83  M
	
	CAN
	2
	1
	2
	2
	2
	2
	1.83  M

	CAN
	2
	2
	2
	2
	2
	2
	2.00  M
	
	OMX
	3
	3
	2
	2
	2
	2
	2.33  M

	EPS
	2
	3
	3
	3
	3
	2
	2.67  L
	
	EPS
	3
	3
	2
	3
	3
	3
	2.83  L

	IJT
	3
	3
	3
	3
	3
	3
	3.00  L
	
	IJT
	3
	3
	3
	3
	3
	3
	3.00  L


	Soaps- Best Mode
	 
	 
	 
	 
	 
	 
	 
	Soaps- Fast Mode
	 
	 
	 
	 
	 
	 

	Paper
	Rank
	
	
	
	
	
	Average
	
	Paper
	Rank
	
	
	
	
	
	Average

	EPS
	1
	1
	4
	4
	1
	2
	2.17
	
	HP+
	2
	4
	1
	1
	2
	3
	2.17

	CAN
	2
	3
	3
	1
	4
	3
	2.67
	
	EPS
	1
	2
	4
	6
	1
	5
	3.17

	HP+
	3
	2
	2
	2
	2
	5
	2.67
	
	HP
	3
	3
	2
	2
	3
	6
	3.17

	HP
	4
	5
	1
	3
	3
	4
	3.33
	
	CAN
	4
	1
	3
	4
	5
	4
	3.50

	KOD
	5
	4
	5
	6
	5
	1
	4.33
	
	KOD
	6
	5
	5
	3
	4
	2
	4.17

	OMX
	6
	6
	6
	5
	6
	6
	5.83
	
	OMX
	5
	6
	6
	5
	6
	1
	4.83

	IJT
	7
	7
	7
	7
	7
	7
	7.00
	
	IJT
	7
	7
	7
	7
	7
	7
	7.00

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	Soaps- Best Mode
	
	
	
	
	
	
	
	Soaps- Fast Mode
	
	
	
	
	
	 

	Paper
	Score
	
	
	
	
	
	Average
	
	Paper
	Score
	
	
	
	
	
	Average

	CAN
	1
	1
	2
	1
	1
	1
	1.17
	H
	HP+
	1
	1
	1
	1
	1
	2
	1.17

	HP+
	1
	1
	1
	2
	1
	2
	1.33
	H
	HP
	1
	1
	1
	1
	2
	3
	1.50

	HP
	2
	2
	1
	2
	1
	1
	1.50
	H
	CAN
	2
	1
	1
	2
	2
	2
	1.67

	EPS
	1
	1
	3
	3
	1
	1
	1.67
	M
	EPS
	1
	1
	2
	3
	1
	2
	1.67

	KOD
	2
	2
	1
	3
	2
	1
	1.83
	M
	KOD
	2
	2
	2
	1
	2
	1
	1.67

	OMX
	3
	3
	3
	3
	3
	2
	2.83
	L
	OMX
	2
	2
	3
	2
	3
	1
	2.17

	IJT
	3
	3
	3
	3
	3
	3
	3.00
	L
	IJT
	3
	3
	3
	3
	3
	3
	3.00


The following charts summarize all of the results:

	Overall Results
	
	
	Number of Scores
	Percent of Scores

	Paper
	Avg. Rank
	Avg. Score
	Avg. Value
	H
	M or L
	H
	M or L

	CAN
	3.71
	1.67
	M
	8
	16
	33.3%
	66.7%

	EPS
	4.13
	2.21
	M
	7
	17
	29.2%
	70.8%

	HP
	2.92
	1.38
	H
	16
	8
	66.7%
	33.3%

	HP+
	1.88
	1.17
	H
	20
	4
	83.3%
	16.7%

	IJT
	7.00
	3.00
	L
	0
	24
	0.0%
	100.0%

	KOD
	3.58
	1.58
	M
	12
	12
	50.0%
	50.0%

	OMX
	4.79
	2.29
	M
	3
	21
	12.5%
	87.5%

	
	
	
	
	
	
	
	

	HP Papers
	2.40
	1.27
	H
	36
	12
	75.0%
	25.0%

	Other Papers (not IJT)
	4.05
	1.94
	M
	30
	66
	31.3%
	68.8%


For the main hypothesis in this experiment, the comparison of HP papers versus other photo papers is the key result. 75% of the votes for HP photo papers were high, while only 31.3% of the other papers scored high. The Z-Test for two proportions (Z-Test for Two Proportions Calculator) results in a P-value < 0.001. This means the observed result is statistically significant and that there is a difference between HP papers and non-HP papers.
Notes:

1. Three judges commented that they did not like the color shift in the face.

2. Some of the judges also commented that the gloss was better on the HP papers.

3. Judges used the lighter areas of the darker image of the soaps to judge image quality.

Discussion

The main goal of this study was to compare various printer modes and brands of photo paper in order to determine if you need to use HP paper with an HP printer in order to achieve high image quality. Conclusions were taken after the end of the experimentation and observations. First of all, HP Premium Plus paper was generally chosen in the top three. In fact, for three of the four experimental conditions, HP Premium Plus paper was chosen as the best sample on average. However, in one case, Epson Ultra Premium paper had the highest average rank and Canon Photo Paper Plus was tied with HP Premium Plus for second best. Further, the average rank of HP Premium paper was right behind HP Premium Plus in all cases. In general, the HP photo papers give the best results. Based on ranking alone, it appears that some papers work just as well as the HP papers with some images. Unfortunately, it is worth noting that Epson Ultra Premium paper and Canon Photo Paper Plus do not give the same high quality with all images.


Even if a sample is ranked the highest, it may be that none of the samples have high image quality. So, the panel of judges was asked to rate each sample as High, Medium, or Low image quality. On the image of the girl where skin tones and lighter textures are more prominent, HP Premium Plus, HP Premium, and Kodak Ultra Premium papers all scored High on average in both Best and Fast mode. At the same time, Office Max Premium Photo Paper and Canon Photo Paper Plus both scored Medium on average, and Epson Ultra Premium and Georgia Pacific Inkjet Paper scored Low on average. This is in image where life-like skin color is very important. There seemed to be an unappealing color shift on the Epson Ultra Premium and Georgia Pacific Inkjet Paper papers. 
For the darker image, the image quality score results again showed that HP photo papers have High average results. As for the light image, another paper also has an average score in the high category. However, it is Canon Photo Paper Plus for this image. Kodak Ultra Premium paper scored High on average with the lighter image of the girl, while it scored Medium on average with the darker image of the soaps. It is interesting to note that the judges said they looked at the lighter parts of the dark image to determine image quality.


While the print mode did not seem to affect image score for the lighter image of the girl, there was a difference on the darker image of the soaps. With the best mode, Canon Photo Paper Plus, HP Premium Plus, and HP Premium papers all scored High. However, in fast mode, only HP Premium Plus and HP Premium papers scored High on average, and Canon Photo Paper Plus slipped to an average Medium score. With the best mode on this darker soap image, Epson Ultra Premium and Kodak Ultra Premium papers also scored Medium on average, and Office Max Premium Photo Paper and Georgia Pacific Inkjet Paper scored Low on average. On the other hand, with the fast mode, Office Max Premium Photo Paper was scored Medium on average instead of Low. This analysis seems to show that results are generally the same regardless of print mode. However, this experiment did not directly compare samples from the two modes. This suggests potential for follow-up research.


Analysis of selected print samples under magnification shows that the ink drops interact different with different photo papers. In general, the photo papers that scored better for image quality also had more precise dot formation. This also suggests potential for more research. These seven samples were taken from the image of the girl using the best mode:
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      HP +
      HP

  KOD

 OMX

CAN
          EPS
        IJT
In summary, HP papers always score well. Some other papers do score very well on occasion. However, there are no other papers that score consistently as well as the HP photo papers. As expected, regular Georgia Pacific Inkjet Paper was always ranked and scored at the bottom because there is no gloss on the paper. There is also no depth and layering to the paper to absorb color.
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This experiment determined if it was necessary to use the manufacturer's photo paper to get good results on an inkjet printer. Advances in inkjet printing technology have enabled the transition from analog photography to digital photography. In the literature of printer manufacturers, there is a strong bias toward having to match the printing system with the photo paper in order to yield the best result. Seven different photo papers were ranked against each other from best to worst. They were also scored on High, Medium, and Low quality by a panel of six judges. Two different print modes and two different images were tested – one light image and one dark image. The print modes were the best possible mode, and the fastest possible mode that would still give a high quality product. No major differences were found between the two print modes. This study found that photo paper from a different manufacturer can work well sometimes, but the results are not consistent. However, matching the paper with the printer manufacturer consistently gives good results and high image quality.
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