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Performance Improvement at a Color Sample Manufacturing 

Industry: A Case Study 
 
 
Abstract 

Tally gallons estimation is one of the most critical operations in color sample manufacturing. It 

involves an estimation of paint volume to cover a given surface area of paper. Ideally, this 

quantity should be enough to cover the target surface area regardless of color appearance. 

Currently, for the same surface area, lighter colors run out in the middle of the production run 

while darker color appearances have significant amount of left over paint. The amount of 

painting waste is as high as 15% (by volume) in some cases. The as-is tally gallons estimation 

process is rudimentary and largely depends upon the human experience. The objective of this 

paper is to present a predictive model to better estimate the tally gallons by minimizing the waste 

due to leftover paint. It presents a case study of an American color sample manufacturing 

company. The results show that the proposed multiple linear regression approach reduces the 

leftover paint significantly.  

 

1 Introduction 

Painting is one of the most difficult manufacturing processes to manage and control. Following 

literature highlights the challenges of the painting processes at various industries. Wayenbergh et 

al. (2004) describe painting as the single most expensive stage of the automobile manufacturing 

process that is critical towards cost management. One of the most difficult issues in painting or 

color manufacturing industry is to come up with an appropriate recipe that matches with the 

customer requirements (Mizutani et al., 2000). Part of it is due to the dependence on visual 

judgment based on human eyes. Maintaining paint shop possesses extreme challenge because of 
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strict cleanliness requirement to avoid the paint defects caused by dust and dirt particles 

(Waynebergh et al., 2004). Omar et al. (2006) suggest a diverse list of industrial paint defects 

including the one related to painting process. The authors describe, in addition to curing defects, 

the paint deposition or coating thickness issues that contribute to the paint defects typically found 

in the industry. Therefore, a lot of painting jobs especially in large manufacturing firm such as 

automotive, use paint robots to be able to better control the operation (Grohmann, 1996).  

 

Recent advancement in manufacturing has seen many improvements in quality and efficiency by 

implementing the principles of lean manufacturing and six-sigma process (Womack et al., 1990; 

Achange et al., 2006; Domingo et al., 2007; Krishnamurthy et al., 2007). However, most of these 

efforts have been focused on medium and large scale operations in both manufacturing and 

service enterprises. Very few research cases can be found on painting process (Dhafr et al., 

2006). None of the past studies focuses on a painting process that emulates the paint or color 

sample manufacturing industry problem. The challenges facing the color sample manufacturing 

industry are unique and very complex from process management perspective. First, the paint is 

applied on paper which is very thin and flexible. There is no reliable paint gauge technology 

available till date to accurately measure the coating thickness on paper. As a result, we see a very 

high variability in the measurement process. Second challenge deals with tally gallons which is 

an estimated quantity of paint in gallons allocated to cover the target square inches of sheet 

(white paper). Estimating tally gallons for producing color samples is extremely difficult as the 

color matching process largely depends on visual inspection of color appearance. There are no 

standard approaches to estimate the tally gallons. The current industry practice is rudimentary in 

which precision is largely dependent upon the human experience. Third, typically product 
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portfolio includes over one thousand different color types (or appearances); and a separate 

estimate is needed for each color type. It makes the process enormously complex and prone to 

higher variability. Lastly, there is no concern in industry for coating thickness so long as the 

color appearance is satisfactory, which leads to higher variability in the paint consumptions even 

within the samples of similar color appearances.  As a result, in any typical production batch, 

there will be unused paint left for some color appearances while other color appearance will run 

out of paint in the middle of the production. Over time, this creates a huge manufacturing and 

environmental waste in the form of left over paint leading to increased overall production cost 

for the company.  

 

The objective of this paper is to present a predictive model to better estimate the tally gallons for 

manufacturing color samples by minimizing the painting waste. Hypotheses on relationship 

between paint consumption and potential control variables are formulated based on the initial 

exploratory study. These hypotheses are then tested with the real world production data from a 

North American color sample manufacturing company. Finally, multiple linear regression 

models are developed for predicting the tally gallons for different production scenarios. The 

results show that the proposed approach provides a better estimation of the tally gallons than the 

existing rudimentary approach. With the new approach the leftover paint is reduced significantly. 

 

The remainder of the paper is organized as follows. Section 2 presents the case study, problem 

statement and data analysis. Regression models and their results are presented in section 3. 

Finally, section 4 provides concluding remarks with some outline for future work.  
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2 The Case Study 

Color sample manufacturing company provides an important support for the paint manufacturers. 

It manufactures color samples that help paint manufacturers to sell paint by allowing potential 

customers to accurately visualize a specific color. They are responsible for designing the color 

match, developing color recipes and producing the color samples in a customized format 

provided by its multiple customers. In general, production schedule resembles job-shop 

environment comprising of different variable order sizes from multiple customers for multiple 

color appearances. Figure 1 shows a typical color sample deck found in retail stores or on 

commercial websites (Note: each stripe shows a unique color type). 

 

 

Figure 1: An example of Color Sample Binder downloaded from public domain 

(Source: http://www.sherwin.com/pro/paint_colors/paint_color_samples/) 

This paper presents a case study of American color sample manufacturing company that was 

experiencing a high amount of paint waste in their manufacturing process.  

 

2.1 Color sample manufacturing process  

Figure 2 presents an overview of color sample manufacturing process. It mainly consists of five 

steps: (1) determination of color recipe based on the customer requirements, (2) color (paint) 
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mixing in small samples to create a color that looks the same as the newly designed color recipe, 

(3) estimation of tally gallons of paint to cover the given square inches of paper, (4) production 

of color samples, and (5) cutting the painted paper to the predetermined size, packaging, final 

quality inspection, and finally shipping out to customer.  

 

Figure 2 Color sample manufacturing process 

Step-1: Determine Color Recipe Customer Requirements

Step-5: Quality Inspection, Packaging, and shipment

Step-3: Tally Gallon  Estimation

Step-2: Color Mixing

Is color matching
with customer 

sample? 

Is color matching
with newly designed color

sample? 

Customer Order Quantity

Step-4: Color Sample Production

 
Of the above five steps, first three steps are the most critical ones. For example, recipe design 

involves computer aided algorithms to come up with a matching color as desired by the 

customer. Once a color recipe is developed, it is tested using color spectroscopy and by visual 

inspection. This process is quite tedious due to a large variety of colors. Once the recipe is 

formed, then this formula is used to mix the actual paint to create the matching color. This is a 

manual process and requires special skills to determine the right match. More importantly, it is 
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very critical to a precise estimation of tally gallons. Tally gallon is an estimated quantity of paint 

in gallons allocated to cover a certain square inches of sheet (white paper). Currently, there is no 

scientific process to estimate the tally gallons and it primarily depends upon the human 

experience. Once this quantity is determined, ideally, it should be enough to cover a given 

production batch. However, there is high variability in the coating thickness due to the current 

setting of production process. Therefore, even for the equal production volume and equal square 

inches of painted surface, the consumption of paint varies significantly from one set of color 

appearances to another. 

 

As a result, some colors run out in the middle of the production while other color appearances 

have significant amount of left over paint. The company management indicated that they run out 

of lighter colors paint in the middle of the production run while there will be some leftover paint 

for darker color appearances.  The production data shows that the average waste of dark color 

paints is as high as 11% while consumption of lighter color paint is significantly more that the 

estimated volume.  

 

2.2 Hypothesis formulation 

After preliminary study of data pertaining to paint volumes used on the shop floor, it was 

realized that the left over paint was largely from the darker colors. It was observed that the 

average coating thickness and stripe width of lighter colors were greater than those of the darker 

colors. In the preliminary study, we also looked into other variables such as viscosity and 

number of sheets covered (area of painted surface). Based on the initial study, following 

hypotheses were formulated:  

 

H1: Coating thickness has significant impact on paint consumption  
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H2: Stripe width has significant impact on paint consumption  

H3: Paint viscosity does not have any significant influence over paint consumption 

 

As corollary of H1 and H2, two more hypotheses were formulated as follows. 

H4: Lighter color appearances have higher coating thickness than the darker colors 

H5: Lighter color appearances have greater stripe widths than the darker colors 

 

2.3 Data collection and analysis 

The company had maintained a comprehensive production database that included information on 

actual paint consumption, color types, paint viscosity, coating thickness, stripe width, tally 

gallons, coating line, cavity position, and percentage whiteness. Therefore, the data used in this 

study was obtained from the company production database.  

 

The data analysis was done in two phases. In the first phase, a descriptive statistical analysis was 

performed to investigate any evident trends in the data set. The outcome of descriptive analysis 

was useful in refining and removing rival hypotheses. For initial study, a random sample of 109 

records was chosen to identify any evident trends in the dataset. The sample included both darker 

and lighter color appearances produced at three coating lines. Although the descriptive analysis 

has shown that stripe width, coating thickness and number of sheets coated were the major 

contributing factors, the analysis of combined random sample did not reveal much to explain the 

variability in the paint consumption data set (see Fig. 3). For example, the matrix plot shows that 

viscosity did not have bearing on the paint consumption. Consequently, it has led us to believe 

that the relationships might have been confounded due to undefined co-variables such as color 

types and coating lines. It is worth noting they are categorical variables. Therefore, the data set 
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was divided into various subsets with respect to color appearance and coating lines. Next, 

descriptive analysis was completed on each subset.  In the second phase, a series of multiple 

regression analyses were run to determine the correlation between the gallons of paint consumed 

and the control variables as outlined earlier in the hypotheses. 

 

Figure 3 Matrix plot of paint consumption in gallons versus Viscosity, Coating thickness,  Stripe 

width, number of sheets coated 
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Separate regression analyses were performed for lighter and darker colors. Similarly, each 

coating line data were analyzed separately so as to examine any possible confounded relationship 

between the variables. In addition to coating lines and color appearance, there were two more 

qualitative variables: die position and cavity position. The die position represents different types 

of dies that are used to control the coating thickness. Whereas, cavity position denotes the hole 

position on a die. Typically one die will have seven to eight cavities. Therefore, 0-1 type 
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indicator variables were used to model die position. However, the variable ‘cavity position’ was 

removed from the analysis based on the results of multicollnearity tests. 

 

2.4 Hypothesis tests  

Table 2 provides the detail results of the hypothesis tests on regression coefficients.  

 
Table 2 Summary of hypothesis (T-tests) test on regression coefficients 
 
Data type used for 
Regression of Paint 

consumption Vs other 
control variables 

T-Statistics, p-values and VIF values for hypothesis tests on regression 
coefficient of predictors 

 
Coating 

Thickness 
Viscosity Sheets 

Coated 
Stripe 
Width 

Die 1 Die 2 

Only Darker colors data 
R-sq.= 40.9% 
R-sq (adj.)=40.3% 

T= 5.33 
p =0.00 
VIF = 1.09 

T= 2.43 
p = 0.015 
VIF = 1.04 

T= 12.62 
p = 0.00 
VIF = 1.04 

T= 12.99 
p = 0.00 
VIF = 1.59 

T= -6.89 
p = 0.00 
VIF = 1.53 

T = -1.53 
p = 0.126 
VIF = 1.69 

Only Lighter colors data 
R-sq.=65.2% 
R-sq (adj.)=64.7% 

T= 7.38 
p =0.00 
VIF = 1.15 

T= -1.7 
p = 0.09 
VIF = 1.02 

T= 12.57 
p = 0.00 
VIF = 1.04 

T= 20.71 
p = 0.00 
VIF = 1.1 

T= -2.93 
p = 0.004 
VIF = 1.57 

T= 3.17 
p = 0.002 
VIF = 1.78 

Overall Coating Line 2 data 
R-sq.=58.4% 
R-sq (adj.)=53.6% 

T= 2.18 
p =0.03 
VIF = 1.15 

T= -0.77 
p = 0.44 
VIF = 1.13 

T= 7.5 
p = 0.00 
VIF = 1.1 

T= 8.38 
p = 0.00 
VIF = 1.11 

T= 1.33 
p = 0.18 
VIF = 1.39 

T= 4.65 
p = 0.00 
VIF = 1.36 

Coating Line 2(Darker 
colors only) 
R-sq.=57.2% 
R-sq (adj.)=56.9% 

T= 3.18 
p =0.002 
VIF = 1.21 

T= 2.24 
p = 0.029 
VIF = 1.02 

T= 6.66 
p = 0.00 
VIF = 1.09 

Constant;  
Removed 
from the 
Equation 

T= 1.15 
p = 0.23 
VIF = 1.27 

T= 3.44 
p = 0.001 
VIF = 1.39 

Coating Line 2(Lighter 
colors only) 
R-sq.=58.4% 
R-sq (adj.)=53.6% 

T= .78 
p =0.44 
VIF = 1.4 

T= -1.08 
p = 0.287 
VIF = 1.12 

T= 3.91 
p = 0.00 
VIF = 1.11 

T= 6.57 
p = 0.00 
VIF = 1.17 

T= 0.65 
p = 0.57 
VIF = 1.69 

T= 2.4 
p = 0.02 
VIF = 1.40 

Overall Coating Line 3 data 
R-sq.=57.2 % 
R-sq (adj.)=56.9% 

T= 10.1 
p =0.00 
VIF = 1.03 

T= 0.65 
p = 0.52 
VIF = 1.03 

T= 16.32 
p = 0.00 
VIF = 1.01 

T= 27.57 
p = 0.00 
VIF = 1.31 

T= -9.3 
p = 0.00 
VIF = 1.54 

T= -3.21 
p = 0.001 
VIF = 1.64 

Coating Line 3(Darker 
only) 
R-sq.=41.3% 
R-sq (adj.)=40.7% 

T= 4.62 
p =0.00 
VIF = 1.02 

T= 1.27 
p = 0.21 
VIF = 1.04 

T= 11.75 
p = 0.00 
VIF = 1.03 

T= 14.28 
p = 0.00 
VIF = 1.63 

T= -8.36 
p = 0.00 
VIF = 1.57 

T= -3.56 
p = 0.00 
VIF = 1.78 

Coating Line 3(Lighter 
colors only) 
R-sq.=66.8% 
R-sq (adj.)=66.3% 

T= 7.2 
p =0.086 
VIF = 0.00 

T= -1.72 
p = 0.086 
VIF = 1.08 

T= 12.39 
p = 0.00 
VIF = 1.03 

T= 20.05 
p = 0.00 
VIF = 1.09 

T= 3.26 
p = 0.001 
VIF = 1.96 

T= 2.6 
p = 0.01 
VIF = 1.87 
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All the regression analyses were run at 95% confidence level and checked for the model 

adequacy. As mentioned earlier, the variance inflation factor (VIF) for each input variable was 

calculated as a part of multicollnearity test. 

 

3 Results and Discussions 

Results in Table 1 support the hypotheses H1-H5. In other words, from the above multiple 

regression analyses, we could make the following conclusions. The variability in the coating 

thickness, stripe width, and number of sheets coated were the three main contributors to total 

paint consumption. Viscosity had occasionally influenced the paint quantity. The 

multicollnearity test has shown that the cavity position had very high “variance inflation factor 

(VIF)” (typically > 25) hence was removed from the analysis. It made sense because the cavity 

position is a function of die design. However, die design or position certainly contributed 

significantly towards the paint consumption (note that Die 1 and Die 2 are significant in almost 

all cases except two instances of coating line 2, see Table 1). It may be worth noting that there 

were three types of dies (position 0, 1, and 2) represented by (0, 0), (1, 0) and (0, 1) respectively. 

The contribution of die position 0 (if applicable) has been confounded into the intercept of 

corresponding regression equations. Furthermore, the data analysis results have shown that 

average stripe width and coating thickness for lighter color appearances were significantly 

greater than those for darker color appearances.  

 

There was some inconsistency in the regression analysis about the contribution of a predictor 

even within the same color appearance when the data was divided into different groups by 

coating line and color appearance. For example, contribution of coating thickness was 

insignificant for ‘coating line 2 (for lighter colors)’ dataset. However, the same predictor was 
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highly significant for both ‘only dark colors’ and ‘overall coating line 2’ datasets. Supporting 

our initial hypothesis, the multiple regression analyses on ‘only darker colors’ and ‘only lighter 

colors’ data sets have shown that coating lines have contributed towards the variability in the 

paint consumption data. The p-values corresponding to the variable coating line were 0.0.00 (T= 

-5.27, VIF = 1.07 for darker colors) and 0.005 (T= -2.84, VIF = 1.08 for lighter colors). Further, 

R-sq values were moderate in all cases. This raised a new research question that there might be 

some interactions among color appearance and coating lines or other variables which have not 

been captured by current regression models. Following set of regression equations were 

recommended for estimating the tally gallons in future (depending upon color appearance and 

coating lines). 

For Lighter Color appearances: 

Coating Line 2:  
Paint Consumption in Gallons = - 36.0 + 1.80 Coating Thickness - 0.0525 Viscosity 

+ 0.000451 Sheets Coated + 28.5 Stripe Width +  

0.388 Die 1 + 1.42 Die 2     (1) 
 
Coating Line 3: 
Paint Consumption in Gallons = - 35.4 - 0.0385 Viscosity + 5.09 Coating Thickness 
                                + 27.2 Stripe Width + 0.000421 Sheets Coated 

                                - 0.832 Die 1 + 0.680 Die 2    (2) 
 

For Darker color appearances 

Coating Line 2:  
Paint Consumption in Gallons = - 15.3 + 0.0979 Viscosity + 6.62 Coating Thickness 
                                + 0.000691 Sheets Coated + 0.590 Die 1 

                                 + 1.63 Die 2      (3) 
                          
Coating Line 3:  
Paint Consumption in Gallons = - 11.9 + 0.0227 Viscosity + 2.33 Coating Thickness 
                                + 15.6 Stripe Width + 0.000307 Sheets Coated 

                                - 1.72 Die1 - 0.709 Die 2    (4) 
  

Table 4 shows the comparison of the current approach and the proposed approach of estimating 

tally gallons. By using the proposed regression models the company could reduce overall paint 
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consumption by eliminating the left over waste. 95% confidence intervals on difference between 

mean gallons of paint (estimated vs. actual consumption) are very narrow for all of the above 

subsets of data. It shows that over times the estimation error will be reduced to a fraction of 

gallons, if we used the proposed regression models for estimating the tally gallons. The 

percentage savings as a result of new models are expected to be between 5 to 8% depending 

upon the coating lines and color types. Since the company consumes paint volume worth 

millions of dollars the potential savings is expected to be significant. 

 

Table 4 Tally Gallons estimation using current approach vs. proposed approach 

Current Approach Proposed approach
Darker Colors (Coating Line 3)
Mean 31.19 28.85 28.84 8% (-0.221, 0.201)
St. Dev 2.36 1.37 2.14
Darker Colors (Coating Line 2)
Mean 32.35 30.20 30.20 7% (0.-68, 0.68)
St. Dev 0.76 1.70 2.27
Lighter Colors (Coating Line 2)
Mean 33.13 31.55 31.43 5% ( -0.69, 0.94)
St. Dev 1.47 1.96 2.48
Lighter Colors (Coating Line 3)
Mean 32.90 31.32 31.32 5% (-0.4, 0.4)
St. Dev 3.04 2.58 3.14

Actual Gallons 
Used per batch

Tally gallons estimation (per production batch) using % Saving in 
paint use per 
batch from 
regression

95% C.I. for 
difference in 
means(actual 
vs. estimated)

 
 

 
4 Conclusions and Areas for Future Research 

This paper has developed statistical models to estimate the tally gallons by minimizing the 

painting waste. Through multiple regression analysis, we were able to identify the relationship 

between paint consumption and its control variables. The results of the analysis have provided 

important management insights in determining the root cause of the production problem facing 

the color sample manufacturing industry. For example, lighter colors had higher coating 

thickness and wider stripes than that of darker colors. The variability in the coating thickness, 

stripe width, and number of sheets coated were the three main contributors to total paint 
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consumption. The factors such as die position and coating lines were also influencing the 

variability in actual gallons of paint used. Viscosity has occasionally influenced the paint 

quantity.  

 

The moderate values of R-square of the proposed models suggest that there is significant amount 

of un-captured variability in the paint consumption data. Therefore, future studies should involve 

a cross functional team comprising of paint engineers, die designer, chemists, and other related 

professional to identify the newer control factors such as percentage whiteness of the paper. In 

the face of findings from this study and knowledge about new factors, statistically designed 

experiments can be performed to develop and validate the new statistical models. On the other 

hand, the biggest challenge for designed experiment will be to figure out the technique to control 

the coating thickness on the paper. With the current die design, it is almost impossible to control 

the thickness of the coating as the flow is primarily based on gravity.  
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