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Summary

The objective of our experiment was to assess the clarity of a photographic image produced by a SLR camera by varying relevant factors.

We selected the response variable to be the average of ranking given to the image by a panel of judges. Taking various photographs as per the design matrix, we got them evaluated by a panel. The panel ranked the photographs on a scale from 1 to 16. The criterion for assigning the ranking was the ability of clearly seeing the word in the photographs and the sharpness of the object.

The design selected for the screening experiment was a 26-2 Fractional Factorial Design.

The factors identified as important were Distance of the object, Aperture opening, Shutter speed, Angle of view, Location (indoors, outdoors) and Flash status.

The Experiment was conducted and the analysis yielded the following factors as the most important factors Distance of the object, Aperture opening, Shutter speed, Angle of view.

An interaction effect was also noticed between Distance of the object and Angle of view.

A residual analysis was done to test for defects such as non-normality, non-independent and non-constant variance. The model was found to be free of all these defects.
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Objective of the Experiment: - 

To assess the clarity of a photographic image produced by an SLR camera by varying relevant factors.

Procedure: -

· Choice of Factors and Levels

The following factors and their level were considered for the experiment

	Sr.no


	FACTORS                                LEVELS
	HIGH LEVEL 

           (+)
	LOW LEVEL

         (-)

	1.
	Distance of camera from the object (A)
	20 Feet
	4 Feet

	2.
	Aperture Opening (B)
	Max
	Min

	3.
	Shutter Speed (C)
	Fast
	Slow

	4.
	Angle of View (D)
	Max
	Min

	5.
	Location (E)
	Outdoor
	Indoor

	6.
	Flash Status (F)
	On
	Off

	
	
	
	


· Response variable
· The response variable was the clarity of the image. In conducting the experiment we took photographs of your object varying the factors as per the design matrix. Thereafter different rating was assigned to the different photographs so obtained by a panel of experts. The rating of the photographs was done on a scale of 1 – 16 with 1 being the highest ranked and 16 being the lowest.

· The object that was photographed during the course of the experiment contained a word written on it. The criteria for assigning the rating were the ability of clearly seeing the word in the photographs and the sharpness of the object. No two photographs were assigned similar ratings. Moreover ratings in terms of fraction were not considered.

· Choice of experimental design and design matrix
· Choice of design: -
The different number of factors that were decided by the team in conducting the experiment was 6. So initially the team decided to conduct a 26 design. On further research the team found out that of the six factors only four main factors were really important. Also the team was considerably confident that higher order interactions weren’t that important. Therefore going by the Sparsity of effects principle these higher order interactions could be neglected. But the team was not sure about the two-order interactions. This called for resolution IV design. The team chose two levels of each factor, in an attempt to screen factors not significantly affecting the response variables. Furthermore we know that a fractional factorial such as one-quarter fractional factorial is helpful to estimate the same with less number of runs. So the final design selected as a screening experiment was 26-2 .  

· Design Test Matrix
The design test matrix for the 26-2 is as shown below. Design Expert was used to arrive at the above design matrix to test combination and run orders.



             6 Factors: A, B, C, D, E, F


             Design Matrix Evaluation for Factorial Reduced 3FI Model


     Factorial Effects Aliases

[Est. Terms]    Aliased Terms

     [Intercept] = Intercept

     [A] = A + BCE + DEF

     [B] = B + ACE + CDF

     [C] = C + ABE + BDF

     [D] = D + AEF + BCF

     [E] = E + ABC + ADF

     [F] = F + ADE + BCD

     [AB] = AB + CE

     [AC] = AC + BE

     [AD] = AD + EF

     [AE] = AE + BC + DF

     [AF] = AF + DE

     [BD] = BD + CF

     [BF] = BF + CD

     [ABD] = ABD + ACF + BEF + CDE

     [ABF] = ABF + ACD + BDE + CEF

     Factorial Effects Defining Contrast

     I = ABCE = ADEF = BCDF

     Defining Contrast Word Lengths

1
2
3
4
5
6

0
0
0
3
0
0


 Degrees of Freedom for Evaluation

Model         
15

Residuals   
0

  Lack 0f Fit
0

  Pure Error 
0

Corr Total   
15

Design Matrix- One-Quarter Fractional Factorial Design(Resolution IV)

	 
	 
	 
	Factor 1
	Factor 2
	Factor 3
	Factor 4
	Factor 5
	Factor 6

	Std
	Run
	Block
	A:Distance
	B:Aperture Opening
	C:Shutter Speed
	D:Angle of View
	E:Location
	F:Flash Status

	order
	Order
	 
	
	 
	 
	 
	 
	 

	1
	11
	Block 1
	-1
	-1
	-1
	-1
	-1
	-1

	2
	15
	Block 1
	1
	-1
	-1
	-1
	1
	-1

	3
	10
	Block 1
	-1
	1
	-1
	-1
	1
	1

	4
	2
	Block 1
	1
	1
	-1
	-1
	-1
	1

	5
	5
	Block 1
	-1
	-1
	1
	-1
	1
	1

	6
	14
	Block 1
	1
	-1
	1
	-1
	-1
	1

	7
	12
	Block 1
	-1
	1
	1
	-1
	-1
	-1

	8
	8
	Block 1
	1
	1
	1
	-1
	1
	-1

	9
	4
	Block 1
	-1
	-1
	-1
	1
	-1
	1

	10
	9
	Block 1
	1
	-1
	-1
	1
	1
	1

	11
	1
	Block 1
	-1
	1
	-1
	1
	1
	-1

	12
	6
	Block 1
	1
	1
	-1
	1
	-1
	-1

	13
	16
	Block 1
	-1
	-1
	1
	1
	1
	-1

	14
	13
	Block 1
	1
	-1
	1
	1
	-1
	-1

	15
	7
	Block 1
	-1
	1
	1
	1
	-1
	1

	16
	3
	Block 1
	1
	1
	1
	1
	1
	1

	 
	 
	 
	 
	 
	 
	 
	 
	 


Performing the experiment

· The experiment was conducted using the same camera and by the same person. Also the object was kept same throughout the experiment.

· The camera (SLR) was loaded with a single brand of film and the photographs of the object were taken. The readings were randomized within this set.

· The photographs were processed on a same machine to reduce any variation in the experiment.

· The response variable as already discussed was the clarity of the photographic image. A panel of experts who did not have any knowledge about the experimental settings did the rating. Hence in this way we could get a set of authentic readings. This also helped us in reducing any variation or biasing.  

Other sources of nuisance variation (Assumptions): -

· The camera used was the same throughout the experiment.

· Wearing of any part during the course of the experiment was assumed to be negligible and was ignored.

· The development of the films was done at the same place.

· The panel of experts was the same.

· Performance of the human photographer was assumed to be constant.

· The object was the same throughout the experiment.

· Change in natural illumination during the experiment was considered constant.

· The films were processed at the same processing lab under the same machine. 

Statistical Analysis of the Data and Model Adequacy Checking 

· Statistical Analysis of the data: - 

The results of the 26-2 fractional factorial design are shown in the table below. 

	 
	 
	 
	Factor 1
	Factor 2
	Factor 3
	Factor 4
	Factor 5
	Factor 6
	Response

	Std
	Run
	Block
	A:Distance
	B:Aperture Opening
	C:Shutter Speed
	D:Angle of View
	E:Location
	F:Flash Status
	Clarity 

	order
	order
	 
	
	 
	 
	 
	 
	 
	 Rating

	1
	11
	Block 1
	-1
	-1
	-1
	-1
	-1
	-1
	14.4

	2
	15
	Block 1
	1
	-1
	-1
	-1
	1
	-1
	7.6

	3
	10
	Block 1
	-1
	1
	-1
	-1
	1
	1
	5.8

	4
	2
	Block 1
	1
	1
	-1
	-1
	-1
	1
	4.6

	5
	5
	Block 1
	-1
	-1
	1
	-1
	1
	1
	14.8

	6
	14
	Block 1
	1
	-1
	1
	-1
	-1
	1
	14.4

	7
	12
	Block 1
	-1
	1
	1
	-1
	-1
	-1
	6

	8
	8
	Block 1
	1
	1
	1
	-1
	1
	-1
	10.2

	9
	4
	Block 1
	-1
	-1
	-1
	1
	-1
	1
	4.2

	10
	9
	Block 1
	1
	-1
	-1
	1
	1
	1
	10.4

	11
	1
	Block 1
	-1
	1
	-1
	1
	1
	-1
	1

	12
	6
	Block 1
	1
	1
	-1
	1
	-1
	-1
	7.4

	13
	16
	Block 1
	-1
	-1
	1
	1
	1
	-1
	7.8

	14
	13
	Block 1
	1
	-1
	1
	1
	-1
	-1
	14.4

	15
	7
	Block 1
	-1
	1
	1
	1
	-1
	1
	4.2

	16
	3
	Block 1
	1
	1
	1
	1
	1
	1
	8.4


The values in the response column was obtained by taking the average of the ratings given by the panel of experts. They are as follows.

	Std
	AMV
	POV
	SPR
	ARM
	MSA
	RSA
	Average

	Order
	 
	 
	 
	 
	 
	 
	value

	1
	13
	15
	14
	16
	14
	72
	14.4

	2
	7
	7
	9
	7
	8
	38
	7.6

	3
	5
	8
	5
	5
	6
	29
	5.8

	4
	4
	5
	6
	4
	4
	23
	4.6

	5
	16
	14
	15
	13
	16
	74
	14.8

	6
	14
	16
	13
	14
	15
	72
	14.4

	7
	6
	2
	3
	11
	8
	30
	6

	8
	12
	12
	12
	10
	5
	51
	10.2

	9
	2
	3
	4
	2
	10
	21
	4.2

	10
	11
	11
	11
	12
	7
	52
	10.4

	11
	1
	1
	1
	1
	1
	5
	1

	12
	10
	7
	8
	9
	3
	37
	7.4

	13
	8
	6
	7
	6
	12
	39
	7.8

	14
	15
	13
	16
	15
	13
	72
	14.4

	15
	3
	4
	2
	3
	9
	21
	4.2

	16
	9
	10
	10
	11
	2
	42
	8.4


· The following figure represents the normal probability plot of the effect estimates from the experiment. The main effect A, B, C, D and the two-factor interaction AD seems to be large and significant.
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The following table summarizes the Analysis of Variance for the fractional factorial experiment.

	Response:
	Clarity Rating
	 
	 
	 

	        ANOVA for Selected Factorial Model
	
	 

	Analysis of variance table [Partial sum of squares]
	 


The table gives the values of the different effects found out significant from the normal probability plot. The P values for all the effects are within acceptable range.

	 
	Sum of
	 
	Mean
	F
	 

	Source
	Squares
	DF
	Square
	Value
	Prob > F

	Model
	236.1
	5
	47.22
	12.10459
	0.0006

	A
	23.04
	1
	23.04
	5.906178
	0.0354

	B
	102.01
	1
	102.01
	26.14971
	0.0005

	C
	38.44
	1
	38.44
	9.853884
	0.0105

	D
	25
	1
	25
	6.408613
	0.0298

	AD
	47.61
	1
	47.61
	12.20456
	0.0058

	Residual
	39.01
	10
	3.901
	
	 

	Cor Total
	275.11
	15
	 
	 
	 


From the table above we could conclude the following: -

1. The Model F-value of 12.10 implies the model is significant.  There is only
a 0.06% chance that a "Model F-Value" this large could occur due to noise.

2. Values of "Prob > F" less than 0.0500 indicate model terms are significant.  
In this case A, B, C, D, AD are significant model terms.  
Values greater than 0.1000 indicate the model terms are not significant

	Std. Dev.
	1.975095
	 
	R-Squared
	0.858202

	Mean
	8.475
	
	Adj R-Squared
	0.787303

	C.V.
	23.30495
	
	Pred R-Squared
	0.636998

	PRESS
	99.8656
	 
	Adeq Precision
	11.65777


The table above gives the required parameters to carry out the statistical analysis of the model. From the table above we could conclude that: - 

1. The "Pred R-Squared" of 0.6370 is in reasonable agreement with the "Adj R-Squared" of 0.7873. The difference between the two is not greater than 0.20.  

2. Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable. The ratio of 11.658 indicates an adequate signal.  This model can be used to navigate the design space.

	 
	Coefficient
	Standard
	95% CI
	95% CI
	 

	Factor
	Estimate
	DF
	Error
	Low
	High
	VIF

	Intercept
	8.475
	1
	0.493774
	7.374804
	9.575196
	 

	A-Distance
	1.2
	1
	0.493774
	0.099804
	2.300196
	1

	B-Aperture Opening
	-2.525
	1
	0.493774
	-3.6252
	-1.4248
	1

	C-Shutter Speed
	1.55
	1
	0.493774
	0.449804
	2.650196
	1

	D-Angle of View
	-1.25
	1
	0.493774
	-2.3502
	-0.1498
	1

	AD
	1.725
	1
	0.493774
	0.624804
	2.825196
	1

	 
	 
	 
	 
	 
	 
	 


The table above gives the Effect Estimates of the significant factors. The table also gives the confidence interval for the significant factors.

The block below gives the Model Equation in terms of Coded Factors as well as Actual Factors.

	Final Equation in Terms of Coded Factors:
	 

	 
	
	
	
	 

	 
	Clarity Rating
	 =
	
	 

	 
	8.475
	
	
	 

	 
	1.2
	 * A
	
	 

	 
	-2.525
	 * B
	
	 

	 
	1.55
	 * C
	
	 

	 
	-1.25
	 * D
	
	 

	 
	1.725
	 * A * D
	
	 

	 
	
	
	
	 

	 Final Equation in Terms of Actual Factors:
	 

	 
	
	
	
	 

	 
	Clarity Rating
	 =
	
	 

	 
	8.475
	
	
	 

	 
	1.2
	 * Distance
	 

	 
	-2.525
	 * Aperture Opening
	 

	 
	1.55
	 * Shutter Speed
	 

	 
	-1.25
	 * Angle of View
	 

	 
	1.725
	 * Distance * Angle of View

	 
	 
	 
	 
	 


The table below gives the value of residuals, which are useful in analysis of the model.

	              Diagnostics Case Statistics
	 
	 
	 
	 
	 

	Standard
	Actual
	Predicted
	
	
	Student
	Cook's
	Outlier
	Run

	Order
	Value
	Value
	Residual
	Leverage
	Residual
	Distance
	t
	Order

	1
	14.4
	11.225
	3.175
	0.375
	2.033367
	0.413458
	2.518764
	11

	2
	7.6
	10.175
	-2.575
	0.375
	-1.64911
	0.271956
	-1.83355
	15

	3
	5.8
	6.175
	-0.375
	0.375
	-0.24016
	0.005768
	-0.2285
	10

	4
	4.6
	5.125
	-0.525
	0.375
	-0.33623
	0.011305
	-0.32079
	2

	5
	14.8
	14.325
	0.475
	0.375
	0.304204
	0.009254
	0.289938
	5

	6
	14.4
	13.275
	1.125
	0.375
	0.720484
	0.05191
	0.701974
	14

	7
	6
	9.275
	-3.275
	0.375
	-2.09741
	0.439913
	-2.65875
	12

	8
	10.2
	8.225
	1.975
	0.375
	1.26485
	0.159985
	1.309232
	8

	9
	4.2
	5.275
	-1.075
	0.375
	-0.68846
	0.047398
	-0.66918
	4

	10
	10.4
	11.125
	-0.725
	0.375
	-0.46431
	0.021559
	-0.44531
	9

	11
	1
	0.225
	0.775
	0.375
	0.496334
	0.024635
	0.476773
	1

	12
	7.4
	6.075
	1.325
	0.375
	0.84857
	0.072007
	0.835674
	6

	13
	7.8
	8.375
	-0.575
	0.375
	-0.36825
	0.013561
	-0.35174
	16

	14
	14.4
	14.225
	0.175
	0.375
	0.112075
	0.001256
	0.106391
	13

	15
	4.2
	3.325
	0.875
	0.375
	0.560377
	0.031402
	0.540169
	7

	16
	8.4
	9.175
	-0.775
	0.375
	-0.49633
	0.024635
	-0.47677
	3


All the model statistics and the diagnostic plots are found to be reasonably okay.

Model Adequacy Checking: -

· The figure below shows the normal probability plot of residuals. The graph is reasonably okay and it passes the fat pencil test.
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                                 Figure: Normal Probability Plot of the residuals.

· The figure below shows the plot of Residuals vs Predicted Run. The plot does not show any pattern and the scatter is reasonably well   
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· The figure below shows the plot of Residuals vs. Run. The plot is okay as we do not observe any distinct pattern and the scatter is quite uniform. 
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Analysis of the Factor Interactions

The graph below shows the two- factor interaction found significant from the analysis of the model.
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From the plot we can conclude that: -

1. At low level of factor D the factor A effect is not significant whereas at the high level of factor D the A effect is quite significant.

2. Thereby we find that best results can be obtained at low level of factor D and low level of factor A.

The other single factor interactions are attached in the appendix.

Conclusions and Recommendations

· Conclusions: - 
The statistical analysis of the data clearly indicates the following factors significantly affect the clarity of the photographic image. 

· Factor A – Distance of the camera from the object. This should be maintained at the low level. i.e. nearer to the object. 

· Factor B – Aperture Opening. This should be maintained at the high level.

· Factor C – Shutter Speed. This should be maintained at the high level.

· Factor D – Angle of View.  This should be maintained at the high level.

· Factor AD Interaction – Distance and Angle of view interaction. The best results are obtained at low level of factor A and low level of factor D.

· The model satisfies the normality, independency and constant variance assumptions.

· Also we had an estimate and we were fairly certain that A, B, C, D would be important and therefore they were kept in the basic design. The relatively less significant factors E and F were then generated using the generators.   

· Recommendations
· Future Improvement: - In this experiment we did not use different types of cameras. So in the future using different type of cameras one can perform the experiment. The selection of the cameras should also be randomized. If one is not able to do so a technique should be used which would take care of this condition. This method is “SPLIT PLOTS”. These designs are especially used when it is not possible to completely randomize because of some reasons. This design would give more true results as compared to the present one. 
· Also an individual holding the camera in his hand took the photographs. This could introduce certain nuisance variables, which may have affected our results. In the future experiments may be conducted by keeping the camera on a steady surface, like using a tripod stand. 
APPENDIX 

AD Interaction Plot
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3- Dimensional Response Surface
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Residuals  VS  Shutter Speed
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Single Factor Plot for Aperture opening
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Single Factor Plot for Shutter speed
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Cube Plot 
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