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	Design and PLC Programming for Operation 
of an Aquaculture/Hydroponics System



	Subject(s) 


Technology (Engineering, Computer Programming),
Science, Mathematics, and English Language Arts
	
Rigor/Relevance

Framework



	Grade Level 11–12
	

	Instructional
Focus
Instructional
Focus
(con’t).
	Mathematics

Number Operation and Concepts: Students use number, number sense, and number relationships in a problem-solving situation. Students communicate the reasoning used in solving these problems.
Measurement: Students use a variety of tools and techniques of measurement in a problem-solving situation. Students communicate the reasoning used in solving these problems.
Statistics and Probability: Students use statistics and probability to analyze given situations and the results of experiments. Students communicate the reasoning used in arriving at a conclusion.
Tools and Technology: Students use appropriate tools and technologies to model, measure, and apply the results in a problem-solving situation. Students communicate the reasoning used in solving these problems.
Problem-Solving and Mathematical Reasoning: Students apply a variety of problem-solving strategies to investigate and solve problems from across the curriculum as well as from practical applications.
Science

Basic Concepts and Knowledge: Students develop an understanding of scientific concepts using facts, theories, principles, and models.
Unifying Concepts and Processes: Students recognize patterns and processes, making connections in terms of systems and subsystems that explain the interrelationships of the natural and designed world.
Science as Inquiry: Students demonstrate knowledge and skills necessary to perform scientific inquiry.
Habits of Mind: Students develop habits of mind including curiosity, open-mindedness, and persistence.
Communication: Students communicate and apply scientific concepts.
Science and Technology: Students develop skills in using technology and recognize the relationship between technology and science, including its potential and limits.

English Language Arts

Reading: Students read a variety of grade level materials, applying strategies appropriate to various situations.
Writing: Students write for a variety of purposes and audiences with sophistication and complexity appropriate to the grade level.

Listening: Students listen for a variety of purposes appropriate to the grade level.

	Student
Learning
Student
Learning

(con’t).


	Mathematics

Number Operation and Concepts: Students will write and use numerical computer codes that will control the various parts of an aquaculture/hydroponics system. Students will need to communicate the reasoning why the program is sequenced for aquatic and garden operations.
Measurement: Students will use a variety of sensors and techniques to monitor time, water levels, water quality, equipment operation, override status, control lights, control pumps, control valves, and operate an alarm. Students will communicate the reasoning used when they extrapolate the necessary steps to control the aquaculture/hydroponics system according to written specifications.
Statistics and Probability: Students will use mathematical reasoning-programming, sequencing, logic, variables, and operations to properly control the various systems in the aquaculture/hydroponics system. Students will need to analyze the computer program and make corrections after the preliminary results of experiments. Students will provide a written logic sequence for each mode of operation, as agreed to during brainstorming, based on the blueprint, specification, and sample sequence devised during class group discussion.
Tools and Technology: Students will use the appropriate drawing tools and computer technologies to properly model, measure, and apply the results to control their aquaculture/hydroponics system. Students will communicate their reasoning using blueprints, written specifications, and sample sequences.
Problem-Solving and Mathematical Reasoning: Students will apply a variety of problem-solving strategies based on the blueprints, written specifications, and sample sequences devised during class group discussion. Students will investigate the many scientific and mathematical variables needed to properly produce aquatic and plant life in an aquaculture/hydroponics system.
Science

Basic Concepts and Knowledge: Students will develop a clear understanding of the many plant science concepts such as pH levels, water levels, and water quality and will develop an aquaculture/hydroponics system to form valid conclusions.
Unifying Concepts and Processes: Students will recognize the growing patterns of plants, the life cycle of fish, and the many processes that need to be controlled to produce in an aquaculture/hydroponics system. Students will make real-life connections in terms of controlling systems and subsystems using computer programming. Students will gain insight into the interrelationships of the natural and designed world of plant and aquatic life.
Science as Inquiry: Students will demonstrate basic knowledge of plant science and biology and the skills necessary to perform scientific inquiry. These skills will be utilized when they provide a written logic sequences for each mode of operation, then extrapolate the necessary steps to control aquaculture/hydroponics system according to a written specifications.
Habits of Mind: Students develop habits of mind including curiosity, open-mindedness, and persistence in the areas of computer programming, plant science, biology, and sequencing control mechanisms. These habits will be utilized when they produce the final program to be loaded on the controller and put into operation.
Communication: Students will communicate and apply mathematical and scientific concepts in the forms of a written logic sequence for each mode of operation, a blueprint, and a sample sequence devised during class group discussion.
Science and Technology: Students will develop skills in problem solving, computer programming, sequencing, logic, variables, and operations. Students will use computers and sensors to control an aquaculture/hydroponics system according to written specifications. Students will recognize the relationship between technological controls and the growing variables of plants and aquatic life.

English Language Arts

Reading: Students will read a variety of grade level materials in the areas of computer programming, plant science, and aquaculture/hydroponics system specifications. Students will apply these readings to properly grow plants and maintain aquatic life in an aquaculture/hydroponics system.
Writing: Students will provide a written logic sequence for each mode of operation and produce a final program to be loaded on the controller and put into operation. This information will be used to justify control levels for growing plants and maintaining aquatic life in an aquaculture/hydroponics system.

Listening: Students will need to listen to classmates during brainstorming sessions and class group discussions. Students will need to discuss system blueprints, specifications, and develop a sample computer control sequence.


	Performance
Task
Performance
Task
(con’t).
	Overview
In this activity, students will brainstorm, record, and extrapolate the necessary steps to properly design and control an aquaculture/hydroponics system. The students will apply the mathematical and scientific principles that will enhance the aquaculture/hydroponics systems computer control systems and will enhance aquatic life and plant growth. The students will collaborate to determine the components of the activity that need to be accomplished, work individually to produce written logic sequence steps, and collaborate on the final program that will control the aquaculture/hydroponics system according to a written specifications.

Description

Using PLC Programming students will design and then control an aquaculture/hydroponics system. The students will provide a written logic sequence for each mode of operation, as agreed to during brainstorming, based on the blueprint, specifications, and sample sequence devised during class group discussion. Students will produce a ladder logic program to (a) monitor time of use, water level sensors, water quality sensors, equipment operational sensors, and override status; (b) control lights, pumps, and valves; and (c) operate an alarm. Students will team to produce a final program to be loaded on the controller and put into the operation.

The following procedures will need to be completed:

1. The students will assemble a team that will research and design an aquaculture/hydroponics system according to written specifications. This portion of the activity will include aquatic life and plant research and drawing to scale (written specifications and floor plan attached).
2. Complete a brainstorming session then provide a written logic sequence for each mode of operation.

3. Each student will produce a computer program to monitor and control the following:
a) time of use

b) water level

c) water quality

d) equipment operation

e) override status

f) control lights

g) control pumps

h) control valves

i) operate an alarm
4. The students will reassemble the team to produce the final program to be loaded on the controller and put into the operation.

5. The students will produce a three-ring binder with neat hand-written or computer generated control logic, ladder logic, IO listing, and program code dump. Students will include a short write-up that includes the many variables needed for the survival of plant and aquatic life in an aquaculture/hydroponics system.

	Essential
Skills

Essential
Skill

(con’t).
Essential
Skills

(con’t).


	· Perform operations with signed (positive and negative) numbers, including decimals, ratios, percentages, and fractions. (m1)

· Understand the best procedures for statistical data collection, organization, and display, including making estimates and predictions and drawing inferences. (m5)

· Know how to compute the distance between two points (i.e., length of a line segment) on a coordinate plane. (m9)

· Compute the perimeter and area of two-dimensional figures. (m13)

· Understand the characteristics of measures of central tendency (i.e., mean, median, and mode). (m15)

· Use the technique of dimensional analysis to convert units of measure (e.g., convert km/hr to m/min) including drawing to scale and applying ratios. Understand and use various techniques for estimating, making, and converting measure and using these to perform dimensional analysis. (m33)

· Use the process of integration (i.e., antiderivatives) to determine areas, volumes, and distances. (m50)

· Know and apply the principles of scientific inquiry. (Implicit in this statement are the processes of prediction, estimation, developing hypotheses, drawing conclusions, evaluation, and following ethical principles and professional procedures.) Not ranked (s114)

· Plan and apply real or hypothetical models and constructions to facilitate investigation and learning and the solution to practical problems. Not ranked (s115)

· Understand the impact on society and the environment of scientific and technological discoveries and the contributions of scientists. Understand how society may accept or reject scientific discoveries based on need or refusal to change. Not ranked (s116)

· Make observations using senses and instruments. Inferences and interpretations are arrived at based on observations. Classify observable properties and organize observations in a meaningful and logical way. ( s5)

· Understand the human impact on the environment through pollution (air, water, and soil), and ways to improve it through education, research, laws, and conservation. (s10)

· Know the structure and functions of roots, stems, leaves, flowers, and other parts of plants. (s11)

· Understand ecology as the study of the interactions and relationships of organisms with their living and nonliving environments (i.e., the ecosystem, communities, and populations). (s13)

· Exhibit good data management skills by collecting, organizing, and graphing data. (s19)

· Measure properties of the environment using dimensional quantities such as time, length, mass, pressure, volume, acceleration, etc. Compare, estimate, and predict measurements. (s23)

· Know the characteristics, roles, and divisions of complex organisms (i.e., plants and animals). (s30)

· Know how to obtain accuracy and precision using common measuring devices. (s33)

· Understand the concepts and uses of machines (e.g., levers and pulleys). (s49)

· Give oral or written directions that are clear and understood by another person. (e2)

· Gather information from a variety of sources, including electronic sources, and summarize, analyze, and evaluate its use for a report. (e3)

· Follow oral or written directions. (e4)

· Identify, collect, and/or select pertinent information while reading. (e5)

· Follow written directions carefully and accurately. (e6)

· Present information in well-organized fashion that will be clear to the target audience. (e11)

· Express opinions clearly and forcefully without interrupting or insulting others. (e16)

· Use brainstorming, role-playing, and standard problem solving strategies to define a problem and suggest solutions. (e19)

· Summarize, synthesize, and organize information while reading. (e24)

· Apply the information gathered from technical texts in real-life situations. (e35)

· Ask questions of others that encourage them to participate, elaborate, and contribute to understanding topics under discussion. (e48)

· Respond orally to fellow students’ opinions during presentations by asking questions, asking for clarification, agreeing, and/or disagreeing courteously. (e59)

· Understand that technical texts require precise understanding rather than interpretation. (e65)
· Understand the nature of informational and/or technical texts. (e71)

	Scoring Guide
See attachment.

	Attachments/

Resources 
	· Specification for Aquaculture/Hydroponics System Pump Controls
· Building Layout


Submitted by: Loren Arford, Mid-Coast School of Technology
Specification for Aquaculture/Hydroponics System Pump Controls

General: There are two systems, each consisting of the following:
(a)
An aquaculture tank for raising 200–300 rainbow trout from fingerlings to 12–14” in length
(b)
A 120-plant hydroponics bed with associated collector basin (a feeder will be added in the future)
(c)
A supply pump
(d)
A return pump
(e)
A settling basin
(f)
Incoming make-up water feed in the future
(g)
Incoming water filter
(h)
Sediment drain
(i)
Lights for the plants
(j, k, l)
Various controls, sensors, valves, and piping
The purpose is to maintain a self-sustaining aquaculture and hydroponics system in which the fish waste provides nutrients to the plants that in turn cleanse the water for the fish. External sustaining nutrients (organic), energy, and water will be provided. Energy will be provided by the power grid, solar, and wind. Water will be provided by municipal sources. Plant and fish nutrients will be purchased via the Internet.

Controls consist of Gleason Research Handy Board with expansion board, computer interface, and power supply.
Sensors consist of the following:
· Low–water level hydroponics sensor (12 volt digital)
· Operating water level hydroponics sensor (12 volt digital)
· High–water level hydroponics sensor (12 volt digital)
· Low–water level aquaculture sensor (12 volt digital)
· Operating water level aquaculture sensor (12 volt digital)
· High–water level aquaculture sensor (12 volt digital)
· Tank temperature analog (0–12 volt)
· Air temperature analog (0–12 volt)
· Air relative humidity analog (0–12 volt)
· Water dissolved oxygen sensor analog (0–12 volt)
· Water pH sensor analog (0–12 volt)
· Electrical conductance analog (0–12 volt)t

Controls will provide timed sequence for the solenoid-operated valves by priority to accomplish the following:
1. Keep the fish alive by maintaining oxygen, water, and proper temperature levels.
2. Keep the building, equipment, and occupants safe from water overflow.
3. Provide an alarm for situations threatening the viability of the fish.
4. Supply water containing nutrients to the plants.
5. Operate the plant lighting.
6. Provide correct timing for the plant watering, fish aeration, fish feeding, and plant lighting (variable) and continuous monitoring of sensors. Register status will be provided by polling PC.

Building Layout
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1. Pump d pumps water from tank a via f or from reservoir b to horticulture beds b.
2. Beds b blow to reservoir b. Pump e returns water back to tank a.
3. Water is drained manually via i. Water is added from g thru filter h. Lights j are fluorescent, k are LED, and i are HPS.

Scoring Guide
Evaluation Rubric for Aquaculture/Hydroponics System

	Aquaculture/hydroponics system design according to written specifications 

	 4 Points =
Accurately accounted for all monitoring control sensors and drawing is to the correct scale. 

	 3 Points =
Accounted for 8 or more monitoring control sensors and drawing is to the correct scale.

	 2 Points =
Accounted for 6 or more monitoring control sensors or drawing is/may be incorrectly scaled.

	 1 Point =
Accounted for 4 or less monitoring control sensors and/or drawing incorrectly scaled.

	Student will produce a computer program (control logic) to monitor and control the various outputs

	4 Points =
The student has a good understanding of the control logic by identifying all 6 sensor type parameters using the inputs and incorporating them to produce the specified response at the 8 output controlled points

	3 Points =
The student displays an understanding of most of the control logic by incorporating 5 of the 6 sensor inputs or correctly controlling 7 of the 8 outputs

	2 Points =
The student displays only minimum understanding of control logic by correctly identifying 3–5 of the 6 sensor types and applying logic to controlling between 4 and 7 of the outputs

	1 Point =
The student attempts to understand but can not assemble the required control logic necessary for the ladder logic or programming

	Ladder logic

	4 Points =


The student has a good understanding of ladder logic by assembling the correct sequence of inputs and outputs to achieve the specified controls

	3 Points =
The student displays an understanding of ladder logic by achieving 80% accuracy to the specified sequence lines

	2 Points =
The student displays only minimum understanding of ladder logic by achieving 50% of the lines accurate and could not program the controller

	1 Point =
The student attempts to understand but is less than 50% accurate using ladder logic

	Programming the controller

	4 Points =
The student has a good understanding of programming the controller to complete all tasks

	3 Points =
Programmed the controller to do 80% of the delineated tasks

	2 Points =
Attempted to program but obtains less than 60% accuracy

	1 Point = 
No program or the program obtains less than 50% accuracy


	Final write-up and report

	 4 Points =
Produced a three-ring binder with neat hand-written or computer-generated control logic, ladder logic, IO listing, and program code dump. Included a short write-up that includes the variables needed for survival of plant and aquatic life in an aquaculture/hydroponics system



	 3 Points =
Produced a three-ring binder with 2 of the following 4: hand-written or computer-generated control logic, ladder logic, IO listing, and program code dump. Included a short write-up that includes most of the variables needed for survival of plant and aquatic life in an aquaculture/hydroponics system

	 2 Points =
Produced three-ring binder with 2 of the following 4: hand written or computer generated control logic, ladder logic, IO listing, and program code dump. Included a short write-up but failed to include all the variables needed for survival of plant and aquatic life in an aquaculture/hydroponics system

	 1 Point =
Produced a three-ring binder with completed control logic only. Didn’t attempt a write-up.
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