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Managing the Inspection Process in a Production Line

Problem Description

Production lines consist of an ordered sequence of n production stages. The products start being processed at the 1st stage of the production line in batches of size B ≥ 1. The products are then processed in all stages of the production line until they are finally ready to be delivered to customers. An issue that managers face in managing production lines is identifying where to place inspection stations. Inspection stations could ideally be placed next to each production stage. However, this is not a common practice, as it is expensive. The managers are interested in identifying an optimal inspection plan that specifies at which stages to inspect a product so that the total of production and inspection costs is minimized.       

The aim of this project is to build a decision support system that will help the user to identify where to locate inspection stations in a production line. Below we present a mathematical formulation for this problem. 

Mathematical Formulation 

We formulate this problem as a shortest path problem on a network with n + 1 nodes. The network contains an arc (i,j) for each node pair i and j for which i < j; therefore, the network has 
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 arcs. We assume that the inspection identifies every defective product and the defects are not repairable. The defective products are scrapped. The probability of producing a defective product at stage i is (i. The production line must end with an inspection station so that defective products are not delivered to customers. 

The following notation is used:

A
the set of arcs of the network

N
the set of nodes of the network 

pi
the unit production cost in stage i
fij
the fixed cost of inspecting a batch after stage j, given that the batch was last inspected in stage i  

gij
the variable unit cost of inspecting in stage j, given that the batch was last inspected in stage i.

Note that the inspection costs at stage j depend on the time when the batch was inspected last because the inspector looks for defects incurred at the intermediate stages.  Let
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 denote the expected number of non-defective products at the end of stage i. We associate cost cij with any arc (i,j) of the network:
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The integer programming formulation is as follows:
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The objective is to minimize the total production and inspection costs. The first set of constraints is the flow conservation constraints. Our decision variables take values 0 or 1. xij takes the value 1 if j is the next stage to be inspected after stage i has been inspected; and xij takes the value 0 otherwise. 

The shortest path problem can be solved using Dijkstra’s algorithm. To learn more about the shortest path problem and Dijkstra’s algorithm, we refer the students to Ahuja et al. (1993).    

Excel Spreadsheets
1. Build a spreadsheet that presents the fixed and variable production costs in all stages of the production line.

2. Build a spreadsheet that presents the probability of defects in all stages of the production line.

3. Build a spreadsheet that presents the cost of inspecting a batch after stage j, given that the batch was last inspected in stage i.  

User Interface

1. Build a welcome form.
2. Build a data entry form. The following are suggestions to help you design this form. In this form include two option buttons. The option buttons enable the user to select whether to read the data from a file or manually enter the data. Include a command button that, when clicked –on, performs these actions: 
a. If the user chose to read the data from a file, a text box should appear where the user types in the name of the file.

b. If the user chose to enter the data manually, a text box appears where the user types in the total number of production stages (n). Upon the submission of this information, three tables appear. The first table, with dimensions 1 by n, allows the user to type in production costs. The second table, with dimensions 1 by n, allows the user to type in the probability of defects in each production stage. The third table, with dimensions 2*n by n(n+1)/2, enables the user to type in the inspection costs for each arc (i,j).    

3. Build a form that presents the following details about a related example. The user can understand how the nearest neighbor algorithm works by using this form.

a. The problem statement. 

b. The integer programming formulation.

c. The solution found using Dijkstra’s algorithm. 

d. A graphical representation of the solution. 

e. The optimal location of the inspection stations. 

f. Present how Dijkstra’s algorithm was implemented to solve this example. 

4. Build a form that allows the user to solve the problem and perform a sensitivity analysis. Give the user the option to select either the Excel solver or Dijkstra’s algorithm to solve the problem. Insert a command button that, when clicked on, submits the user’s selection and solves the problem. Give the user a number of options (problem parameters to choose from) for the sensitivity analyses.  

5. Build a form to allow the user to access the reports described below. Use option buttons. 

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Report the expected number of non-defective products at the end of stage i (B(i)) for all
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2. Report the total (production and inspection) costs on arc (i,j) (cij) for all 
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3. Report the optimal location of the inspection stations and the optimal production and inspection costs.

4. Give a graphical representation of the optimal solution.

5. Present the results from the sensitivity analysis.

Reference
Ahuja, R.K., Magnanti, T.L., Orlin, J.B., “Network Flows: Theory, Algorithms and Applications.” Prentice Hall, 1993.
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� EMBED Equation.3  ���
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