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Background:

Measuring water depths and producing images of seafloors and
riverbeds is necessary in preventing collisions with reefs, rock,
wreckage from large ships or boats, or the ground itself. One of the
most common ways to measure water depths is through a basic
active sonar system called an echosounder. These systems use a
transducer that emit sound pulses aimed straight down into the
water. The sound waves reflect off the bottom and return to the boat.
A receiver records the reflected sound waves. The time the sound
takes to move from the boat, to the bottom, and back again is used to
calculate the distance to the bottom.

Problem:
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Basic Echosounder Technology

A large shipping vessel needs to navigate down a river to deliver a load. There is a small stretch of the river
that the ship’s captain is particularly worried about because the river widens and becomes shallower. The

particular stretch of the river he is concerned about is approximately 30 meters wide (about 110 feet). The
ship’s captain says he must have a water depth of at least 5 meters (about 16.5 feet) to navigate safely. He has

asked that a 3-D model be made of the river bottom.

Tasks: (see rubric)

1. Graph the data using one of the following: pencil and paper, Office Excel, or

www.nces.ed.gov/nceskids/createagraph/

2. Create a 3-D model of the river bottom based on the criteria outlined on the rubric.
(Note: NASA’s Engineering Design Process has been provided as a reference on page 2. This can be used to help

you in your design and construction process.)

3. Using that model, make a recommendation to the captain about where he should navigate on the river

as he moves though this shallow area.

Data:

A boat with an echosounding device has traveled straight across the river as shown in the diagram below. The
data collected by the echosounder on the boat is shown in the following data table. The temperature of the

water is about 65°F to 70°F.
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This following design process can be used to help you develop your 3-D model.

Engineering Design Process

STEP 1: Identify the Problem -- Students should state the challenge problem in their own words.
Example: How can [ design a that will ?

STEP 2: Identify Criteria and Constraints -- Students should specify the design requirements (criteria).
See the rubric for more information on criteria and constraints. Example: Our 3-D model must be to scale.

STEP 3: Brainstorm Possible Solutions -- Each student in the group should sketch his or her own ideas as
the group discusses ways to solve the problem. These drawings should be quick and brief.

STEP 4: Generate Ideas -- In this step, each student should develop two or three ideas more thoroughly.
These are to be drawn neatly, using rulers to draw straight lines and to make parts proportional. Parts and
measurements should be labeled clearly.

STEP 5: Explore Possibilities -- The developed ideas should be shared and discussed among the team
members. Students should record pros and cons of each design idea directly on the paper next to the
drawings.

STEP 6: Select an Approach -- Students should work in teams and identify the design that appears to solve
the problem the best. Students should write a statement that describes why they chose the solution. This
should include some reference to the criteria and constraints identified above.

STEP 7: Build a Model or Prototype -- Students will construct a scaled model based on their drawings.
The teacher will help identify and acquire appropriate modeling materials and tools.

STEP 8: Refine the Design -- Students will examine and evaluate their designs based on the criteria and
constraints. Groups may enlist students from other groups to review the solution and help identify changes
that need to be made. Based on criteria and constraints, teams must identify any problems and proposed
solutions.

Reference:
NASA’s Engineering Design Challenge,
http://www.nasa.gov/audience/foreducators/plantgrowth/reference/Eng Design 5-12.html
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Cut this page into 3 different data tables. One data table should be given to each group.

Position | *Time Position | *Time Position | *Time

(meters) (seconds) (meters) (seconds) (meters) (seconds)
0 m 0.00068 0 m 0.00137 0 m 0.00137
2m 0.00085 2m 0.00451 2m 0.00451
4 m 0.00102 4 m 0.00628 4 m 0.00628
6 m 0.00109 6 m 0.00642 6 m 0.00642
8 m 0.00137 8 m 0.00669 8 m 0.00669
10 m 0.00314 10 m 0.00696 10 m 0.00696
12m 0.00478 12m 0.00546 12m 0.00696
14 m 0.00683 14 m 0.00437 14 m 0.00765
16 m 0.00710 16 m 0.00218 16 m 0.00846
18 m 0.00765 18 m 0.00123 18 m 0.00819
20 m 0.00819 20 m 0.00150 20 m 0.00710
22 m 0.00778 22 m 0.00205 22 m 0.00587
24 m 0.00532 24 m 0.00164 24 m 0.00532
26 m 0.00314 26 m 0.00109 26 m 0.00478
28 m 0.00137 28 m 0.00068 28 m 0.00410
30 m 0.00014 30 m 0.00014 30 m 0.00137

*This is the time it takes the echo *This is the time it takes the echo *This is the time it takes the echo

to return to the boat. to return to the boat. to return to the boat.
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Possible Points
Points Earned
Graph
= Title 3
= Appropriate graph type chosen to analyze data (i.e. bar, line, scatter, etc) 6
= X and Y axis correctly labeled 3
= Data correctly plotted on the graph 6
3-D Model
= Scaling - The model should be scaled down to an appropriate size. It
should be large enough to give the captain a detailed look at the shape of 6
the riverbed but not so large that unreasonable amounts of materials are
used during its construction.
= Accuracy - the riverbed model should have the correct shape/profile 12
based on the data
= Creativity - the builders creatively construct the model using materials 4
provided
Presentation to Captain
= Present the model to the captain. Be sure to discuss the scale and actual 4
depths of the riverbed.
* Based on your 3-D model, make an appropriate recommendation about the
overall safety of navigating down the river. Discuss where he should 4
navigate on the river as he moves though this shallow area.
* Present possible problems or concerns your group might have about 7
navigating in this area.
= Be prepared to answer the following questions about the use of sound to
navigate and make observations about the world around us.
How is the technology you used to create a 3-D model similar to the 5
echolocation techniques used by animals?
What is some other ways sonar can be used to observe, survey or examine 5
the natural world?
What equation did you use to make calculation for building your 3-D model?
Explain the parts of that equation and why it was the appropriate equation 5
to use in this situation.
Explain why sound waves were used to map the riverbed rather than other 5
types of waves such as light.
Total 70
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