
The Systems Engineering Method
So what is systems engineering, anyhow?
Systems engineering is the discipline of engineering which is responsible for solving complex engineering problems. 
Major engineering projects – such as an interstate highway, an aircraft carrier, or a computer data center – require 
the contributions of many engineers working on different parts of the system. Systems engineers are responsible for 
making sure that all of the parts of the system work together.

The lessons learned from systems engineering can be applied to smaller projects as well. In the Engineering merit 
badge, you will apply systems engineering to either:

• The planning of a campout

• The design of a piece of patrol equipment

There is no single “systems engineering method,” but there are many different models and lessons learned. Your 
book provides one model, and this handout will explain a second model, called the “V model”, which is widely used in 
industry. Other models, such as the “double-V model,” “iterative V model,” and “iterative waterfall model” exist. 
However, all of these models are based on the same core method. This method is basic enough that it doesn’t have its 
own name, but we’ll call it the Bare-Bones Method of System Engineering:

Bare-Bones Method of System Engineering

1. Break a complex problem into small pieces.
2. Solve each of the small pieces.
3. Put the small pieces back together.
4. Check the complete solution.

When you’re working to apply the “systems engineering method” to campout planning, patrol box design, or 
anything else, make sure to keep this fundamental approach in mind. All other systems engineering models are this 
core method with different details. However, these details do matter, because they determine how you go through 
the steps in the Bare-Bones method. Let’s take a look at the “V” model to see what this means.

The “V” model of system engineering
The “V” model of system engineering, shown in the figure on the next page, provides one example of how to take a 
large problem, break it down into components, solve the components, and then assemble a complete solution for the 
whole problem.  We’ll show how the “V” model can be applied to an Eagle project, so you can get some idea of how to 
apply this model to a campout or a piece of patrol equipment.  Let’s work through the “V” model step-by-step.

Problem Statement

Life Scout Zach has been volunteering at the local natural history museum in the summer.  He’s 
noticed some problems with the exhibits there about the solar system.  There are some exhibits that 
show the distances between the planets, and there are some exhibits that show the sizes of the 
planets, but there aren’t any that show both.  This makes it very hard for visitors to get an idea of 
the size of the Solar System.  So, Roger comes up with a problem statement for his Eagle Project: “I 
want to build an exhibit that lets visitors better understand the scale of the Solar System.”

The first step of the “V” model is identifying the problem that you want to solve.  Try to identify the problem as 
generally as you can, without specifying a solution.  “We need to build a new patrol box” is a bad problem statement, 
because it eliminates any possibly solution that isn’t a new patrol box.  A better problem statement would be “We 
need a way to carry all of our patrol cooking gear, and we need a surface to cook on at campouts.”  The solution to 
this problem might be a new patrol box, but it might also be a plastic bin for the gear and a collapsing table to cook 
on.  You’ll work out which of those solutions makes sense later on, but don’t rule either of them out now.  Jumping to 
a solution too early is a hard habit to break, but it’s important to avoid so that you can evaluate all of your options.
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Concept of Operations

Now that Zach has stated his problem, he needs to figure out how the exhibit should work.  He had 
an idea of making some sort of a slide show with pictures of the different planets to scale, but didn’t 
think this would give people a good impression of the sizes of the planets.  He then remembered a 
mile-long scale model of the solar system he had seen when he was younger, which he had been very 
impressed by.  He remembered that the large distances between the planets, combined with their 
small size, had given him a very good idea of the size of the system.  He chose the following concept 
of operations: “The exhibit will be a large model of the Solar System with both the sizes of the 
planets and the distances between them to scale.”

Once you’ve developed a problem statement, you’ll need to figure out a concept of operations.  This is a description of 
how you want your solution to be used.  Note that concepts of operations are not a description of the how the solution 
should be designed or built, only how it will be used when it is completed.  If Zach had said, “The exhibit will be a 
large wooden model of the Solar System,” that would be a bad concept of operations, because it would eliminate any 
solution that wasn’t made out of wood.  You may need to consider several concepts of operations at this point, and 
then pick the approach you think best. 

Detailed Requirements

Zach sat down with an encyclopedia and a calculator to figure out the sizes of the planets and the 
distances between them in his model.  He soon realized that unless the model was very long, the 
planets would be so small that the couldn’t be seen.  Zach also realized that an exhibit would have to 
be able to resist vandalism and require little maintenance.  Finally, anything he built would have to 
cost less than $1000, or he couldn’t get funding from the museum to build the exhibit.  Based on this, 
Zach came up with a list of requirements for the exhibit:

1. The exhibit must be as long as possible, within the limits of the museum property.  The exhibit 
must be no less than 200 yards long, or it can’t be built.

2. The exhibit must require no maintenance once installed.
3. The exhibit must resist damage from minor impacts.
4. The exhibit must cost less than $1000, including installation.

The detailed requirements are where you should take your concept of operations and figure out what constraints 
apply to it.  How much money do you have?  How big or small can the solution be?  How much can the solution 
weigh?  Does the solution have to be waterproof?

Engineering Merit Badge, Spring 2009 Zachary Heaton

2



It’s important to distinguish at this point between things that are required and desired.  If an item is required, then 
the project will fail if that item is not met.  Other items may be desired - they’re nice to have, but the project can 
succeed without them.  For example, Zach required that his exhibit be longer than 200 yards, or the project will fail 
because the planet models will be too small.  Zach desired that his exhibit be as long as possible, because the bigger 
the exhibit is, the easier it will be to make the planet models.

System Design

Once Zach had established his requirements, he began a high-level design of the exhibit.  Surveying 
the museum showed that there were two possible locations for the exhibit, an indoor location and an 
outdoor location.  The indoor location allowed the exhibit to be 200 yards long, but the outdoor 
location allowed the exhibit to be 600 yards long.  Since Zach wanted the exhibit to be as long as 
possible, he decided to build the exhibit for the outdoor location.

Building the exhibit outdoors would require visitors to walk over some nature trails by the museum 
which had mostly washed out.  Other parts of the trails had become overgrown.  Zach realized that 
putting the exhibit outdoors had exposed a requirement he missed earlier - visitors must be able to 
easily walk throughout the exhibit.  Zach added this to his earlier list of requirements.

Zach then sketched out a rough idea for the whole project:

1. Build a series of ten pedestals – one for each planet and one for the sun – which would have a ball 
the size of the planet, the planet’s name, and some information about the planet.

2. Write a brochure giving visitors directions from one pedestal to the next.
3. Add steps to the part of the trail that had been washed away by erosion..
4. Cut away the brush where the trail had become overgrown.

During the system design phase, you will create a high-level design of your solution, based on the requirements you 
defined earlier.  You may need to create several alternative designs and choose between them.  Zach had two designs 
that both met his requirement of having the exhibit be 200 yards long, but he picked the outdoor design because it 
met his goal of having the exhibit be as long as possible.

Define Components

Having completed a basic design, Zach divided the problem up into smaller pieces.  The brochure, 
adding steps to the trail, and cutting away overgrown brush could all be handled easily and didn’t 
need to be subdivided.  However, building the pedestals would be a three-part process:

1. Build a scale model of the planets (which were all small) and a scale model of the sun (which 
would be large).

2. Create a plaque which would display information about the planet.
3. Build a pedestal which would hold up both the planet and the plaque, and which could be 

installed in the ground.

Zach realized that the design of the pedestal would depend on the design of the model and the 
plaque.  Zach was very sure that he could build a pedestal in any shape or size, but didn’t think that 
the design of the plaque and model would be that flexible.  Zach decided to design the plaque and 
model first, and then design the pedestal when he knew more about the other two parts.

When defining components, your goal should be to break the problem down into smaller pieces that you can handle 
one at a time.  In some cases, you can make this easier by defining an interface between components.  For example, 
if you’re building a pump and filter for a swimming pool, you can say that the pump will be connected to the filter by 
a 2” pipe with up to 10 gallons/minute of water flowing through it.  You can then design the filter without knowing 
anything about the pump design, as long as you the filter will take in water from a 2” pipe at up to 10 gallons/
minute.  As long as all the components match the interface specification, everything should work when you put it 
together.

In other cases, one component will depend on another, or you may not have enough information to design an 
interface.  For example, if Zach had known the size and weight of the plaque and model, he could have specified an 
interface between them and the pedestal.  Because he didn’t, he chose to design the risky items (the plaque and the 
model) first, and then to build the pedestal afterwards.  It’s important to identify these dependencies early on.  If 
Zach had started building pedestals right away, they might not have fit the plaques when they were finished.
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Some components may not be physical pieces, but activities.  Once of Zach’s components was clearing away the 
brush on the overgrown trails.  Nothing had to be built, but this was still part of the overall solution.

Design Components

Zach looked at getting the plaques engraved by a signage company, but then discovered that they 
would cost $400 each.  Engraving ten plaques would cost $4000 and break his $1000 budget, so Zach 
searched for another way to make the plaques.  Eventually, Zach found a way to engrave them 
himself on sheets of bronze.

The models could be made out of ball bearings (for the planets) and wood covered with fiberglass 
resin (for the sun).  Both of these could be fabricated given the tools Zach had available.

Based on the sizes of the plaques and the models, Zach designed a pedestal that could be made out of 
pressure treated lumber and marine plywood.  The pedestals could be installed in postholes filled 
with concrete.

Finally, for the steps he would have to build in the trail, Zach copied a technique for installing steps 
he’d seen at an Eagle project in a local park earlier in the year.

During the component design phase, you’ll need to sit down and draw the final blueprints for all of the parts you’ve 
defined.  At the same time, you’ll need to check that you can build each of the parts without causing problems for the 
whole project.  Zach discovered that he had a problem when building these plaques, because simply ordering them 
would be much too expensive.  Zach had to modify the design of that component in order to meet the constraints of 
the overall project.

Part of the systems engineering process is trying to find surprises (like the high cost of the plaques) as early as 
possible.  Every design will have changes during its development, however, early changes are much easier than late 
changes.  Ideally, Zach should have realized that he didn’t know much about the cost of the plaques during the 
system design phase, and this was a risk for meeting his $1000 requirement.  Discovering this during the component 
design phase was OK, because he hadn’t spent any money building parts yet, but could have made him redo a lot of 
designs if he hadn’t found a solution.  Under no circumstances do you want to discover something is impossible 
during the “Build Components” phase of the project.  Once you’ve started building parts, “surprises” tend to be 
expensive and difficult to fix.  The worst case of all, of course, is finding out that you haven’t met a requirement after 
you’ve build the project.

To avoid these cases, make your component designs as detailed as possible before you start building parts.  Make 
sure that you understand exactly how you will build each of your components, what parts you will use, and how 
much they will cost.

If your components are activities rather than parts (such as clearing the brush from overgrown trails), then you still 
need to design them.  Instead of physical blueprints, you may need to work out how long the activity will take, what 
tools you need, and how many people you will need working on the problem.

Build Components

Zach worked for several months to engrave the plaques, build the models, and build the pedestals.  
This work was slow and required lots of practice, so Zach did much of this himself with help from 
just a few people.

Later on, once these parts were completed, Zach got many more people to help with installing the 
pedestals, adding stairs to the trails, and clearing away the trail brush.

This step is the simple one - you’ve got your design, you’ve got your plans, it’s time to start building!  As you build, 
you may discover that you need to go back and revisit the earlier steps - perhaps a component could be made easier 
to build with just a few design changes.  Try to limit how much you’re redesigning at this stage, because changes 
will quickly use a lot of time and money.  When half of your parts are built, it is not the time to start redesigning the 
entire system unless you really have no other choice.

Verify Components

The first plaque Zach created was a quarter-size test plaque, to make sure that the engraving 
process would work smoothly.  Zach checked that his build procedures gave him results that 
matched his designs, and then started engraving the rest of the plaques, checking each one.
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Zach did the same checks with each of the pedestals and the models that he created, making sure 
that the final components were as designed.

After you’ve started building components, you need to verify that they work as you planned.  In some cases, this is 
simple.  Zach just needed to check that his plaques were correctly engraved, and that the engraving was deep 
enough.  If Zach had been building an airplane and the landing gear was one of the components, this step would 
have been more complex.  Zach would have had to test the landing gear extensively to make sure it worked as 
designed.

Integrate System

Zach took the first plaque, pedestal, and model and assembled them together to make sure that all of 
the parts fit without difficulty.  He also tested the screws and sealant he planned to use to hold all 
the pieces together.

Once all of the components have been built, it’s time to put all of the parts together.  For the pedestals Zach was 
building, this was pretty simple.  If Zach had been building an airplane, this step would be much longer.  Instead of 
just fitting together a few parts, Zach would be combining the wings, fuselage, engines, and landing gear to make 
the first prototype airplane.  In addition to just making sure the parts fit, Zach would be connecting and checking all 
of the electrical and hydraulic connections.  If any interfaces had been created when the components of the problem 
were defined, this is where you would check to see that all the parts followed the interface.

Verify System Design

Before the assembled pedestals were installed, Zach checked each one to make sure that it was the 
right height and that it met all of the original requirements (models to scale, text accurate, etc.)

After the installation, Zach made sure that the pedestals were placed in the correct locations.  Zach 
also checked the trail and made sure that it could be easily walked, now that the steps were installed 
and the overgrown brush had been cut back.

It’s time to check that your solution is the same one you originally designed in the system requirements, and that it 
meets all of the original specifications.  To go back to our airplane example, we would be checking to make sure that 
the airplane was the same weight and size we had originally designed for, that it had the same amount of payload, 
and that the cost was what we had originally predicted.

Validate Operation

Zach walked through the completed exhibit from start to finish.  He made sure that the entire 
exhibit was accessible, that it showed the solar system to scale, and that all of the parts were 
sturdily installed to resist damage.  This inspection confirmed that the exhibit had met all of the 
requirements Zach had defined in the detailed requirements stage of this design.

Finally, it’s time to make sure that the system works as designed.  For a museum exhibit, this may mean a simple 
walk-through.  For an airplane, this would mean a long series of test flights to evaluate the performance and safety 
of the new aircraft.

Always make sure you have a plan for checking to see if your new system works.  Some systems (such as a sprinkler 
system in a school) may be used rarely or never, but they have to work when they’re needed.  If you don’t have a 
plan to check that the system works correctly, you might first learn that the system doesn’t work in the middle of a 
fire.

Verify Problem is Solved

Zach talked with the head of the astronomy department at the museum, and she was very pleased 
with the new exhibit.  Both of them agreed that the new exhibit gave a very good sense of the scale of 
the solar system.

Finally, you must make sure that your new system solves the original problem!  Go back to your problem statement 
– does the new system solve all of the issues you identified?  Are there additional problems you’ve learned about 
which require a follow-on project?  Do you need to go back and make any changes to deal with an issue you’ve 
missed?  Changes at this stage will be very expensive and take a lot of time, but it may be better to make changes 
now than to leave part of the problem unsolved.
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