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Intro:  Vertical Hydroponic Farm
We call our project RUFS, for Robotic Urban Farm System

A vertical hydroponic garden
Allowing for high density yields and shorter growth cycles
Reducing resource consumption - water, fertilizer and space
Labor saving - no weeds or soil to till
Higher consistency of crops with great tasting results

Maintained by micro-controllers (Raspberry Pi & Arduino)
Watering cycles - monitor and auto refill levels
Plant nutrients and pH - monitor and correct
Temperature monitoring
Air Circulation & Lighting controls (for indoor operation)

Smart and Connected
Farm Controller App for smartphone, tablet and pc
Get notified when the system needs a refill
Alerts when something isn't running as expected

Year round growing - fresh produce every month of the year
Perfect for Urban setting with limited space
Reduced operational time and maintenance with automation
Eliminate the guesswork of nutrients and watering cycles

Hydroponics is a subset of hydroculture and is a method of growing plants using mineral nutrient solutions, in water, without soil.

The word hydroponics technically means working water, stemming from the Latin words "hydro" meaning water, and "ponos" meaning labor. Many different civilizations
from the beginning of time have relied on hydroponics for growing plants, such as the early Mexican and Egyptian civilizations. However, recently growing hydroponically
has grown in popularity and use across many different markets.

(from Wikipedia http://en.wikipedia.org/wiki/Hydroponics)

Green and Efficient

Water is recirculated which allows for great efficiency, often more than 90% efficiently on water consumption.

Our vertical design allows for a higher density of plants in a much smaller footprint. With a space less than 5' x 5' we are growing 160 plants.

Automation

The system is maintained with a series of Arduino controllers. Watering cycles, pH levels, nutrient levels, lighting cycles and ventilation fans are all maintained via the
Arduino's.

The Arduino's can be networked to a Raspberry Pi using I2C to allow all system parameters to be monitored and updated in real time. The Raspberry Pi is further used to
maintain a historical log of all the systems running data and make it available via a set if web services.

A companion smartphone/tablet app interfaces with the Raspberry Pi allowing for configuring and monitoring your entire system from anywhere in the world.

The steps are outlined here, additional project information including plant suggestions and updates are available on our website at
http://www.bltrobotics.com/wiki/RUFS_Plans

http://en.wikipedia.org/wiki/Hydroponics
http://www.bltrobotics.com/wiki/RUFS_Plans
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Step 1: What To Buy
For construction of model pictured above, 2 banks of 10 towers

Parts and Pieces (What to buy)

Support Frame

(5) 10' - 2" PVC pipe

(1) 10' - 3" PVC pipe

(4) 2" PVC 90° elbow

(8) 2" PVC tee

(4) 3" to 2" PVC tee

(4) 3" PVC endcaps

Note: All PVC pipe and fittings are Schedule 40 - cellular PVC

Towers/Return

(10) 10' - 2" x 3" PVC downspouts

(1) 10' PVC extruded gutter 4"

(4) PVC gutter end caps (make sure to get 2 left and 2 right)

(2) 1" threaded to 3/4" barbed adapter

(2) 3/4" PVC female threaded connectors

(20) 2" PVC Pipe Hangers ("J" hooks)

(20) #6 Stainless 1 1/2 " machine screws and nuts

Water Supply/Return

(1) 10' - 1"ID potable water tubing

(3) 1" threaded to 3/4" barbed adapter

(1) 1" barbed tee
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(5) 3/4" PEX 90° elbow - barbed

(1) 3/4" PEX tee - barbed

(1) 1" to 3/4" PEX reducer - barbed

(2) 10 pack PEX crimp rings

(1) 10 pack 1 1/2" hose clamps

(1) 25' - 3/4" PEX

(20) adjustable 0-10GPH drip emitters

(1) 14 gallon soft plastic bucket

Step 2: Building Support Frame
Support Frame

The support frame is constructed from standard Schedule 40 PVC in 2" and 3" OD(outer diameter). The frame was constructed from this material for is modular
properties (easy to fit together) and the ease of use for sizing (easy to cut straight with basic tools). This does not preclude the use of other structural material such as
wood, plastic and metal as the frame is structural and does not carry water.

Tool note:

PVC pipe for this project is best cut using a mitre saw. These are readily available as an inexpensive hand tool or an electric/power tool. A mitre saw provides good 90°
cuts that help add to the stability of the frame.

PVC is glue using a two part glue system.

An Oscillating Multifunction Power Tool was used to cut pockets in vertical towers.

An Electric Heat Gun was used to shape the pockets in the vertical towers.

The support frame is (2) main leg components joined by the (2) "top bar" components and (2) "cross supports".

The length of the "top bar" and "cross supports" dictate the capacity of the towers your system will support.

There are two additional leg extensions made from the 3" PVC that can provide addition support against the elements when used outside. These can be omitted for
indoor use.

At 4' we are supporting (10) grow towers spaced at 4.5" on center apart.
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Step 3: Main Legs
The core to the frame structure are (2) identically constructed leg units.

We glued our individual leg components together for stability but did not glue them to the cross pieces for ease of disassembly when the unit is moved indoors.

The majority of the legs are 2" PVC with the exception of pieces #4 and #8 which are 3".

Main Leg Cut List

From a 10' section of 2" PVC1.
Cut (2) sections at 32" - (these are Part #1 - first set)1.
Cut (2) sections at 28" - (these are Part #3 - first set)2.

From a 10' section of 2" PVC2.
Cut (2) sections at 32" - (these are Part #1 - second set)1.
Cut (2) sections at 28" - (these are Part #3 - second set)2.

From a 10' section of 2" PVC3.
Cut (2) sections at 24" - (these are Part #2 - first & second set)1.
Cut (4) sections at 3" - (these are Part #7 - first & second set)2.
Reserve remaining 60" for cross pieces3.

From the 10' section of 3" PVC4.
Cut (2) sections at 24" - (these are Part #4 - first & second set)1.

Main Leg Assembly Instructions

Part #5 and Part #6 are 2" 90° PVC tee's. You will need (8) in all to complete both legs. Part #8 is a 3" to 2" 90° PVC tee. You will need (4) in all to complete both legs.

Dry fit the following:

Fit 3" pipe Part #4 into (2) Part #8 90° tee with 2" opening on the top1.
Fit small 2" pipe Part #7 into top of Part #8 90° tee2.
Fit 2" 90° tee Part #6 into Part #7 with the opening of the tee at 90°3.
Fit 2" pipe Part #3 into Part #6 90° tee4.
Fit 2" 90° tee Part #5 into Part #3 with the opening of the tee at 90° facing towards other side of leg5.
Fit 2" pipe Part #1 into Part #5 90° tee6.
Fit 2" pipe Part #2 into the (2) Part #5 90° tee adding support to the leg7.

Image Notes
1. Step #1
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Image Notes
1. Step #2
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Step 4: Support Top
The top support dictates the size of the grow system and the number of towers the system can support.

Our current plan includes a 4' length of 2" PVC with towers spaced at 4.5" on center. The spacing can be modified to support larger growing areas by increasing spacing
between the centers of the towers.

Additional you can decrease the length of pipe to support a smaller number of grow towers.

The support top structure are (2) identically constructed units.

Support Top Cut List

From a 10' section of 2" PVC1.
Cut (2) sections at 48" - (these are Part #1 - first & second set)1.

Support Top Assembly Instructions

Dry fit the following:

Fit 2" pipe Part #1 into (2) Part #2 90° elbow1.
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Step 5: Support Bottom
Like the top support, the bottom cross dictates system size, the piece must be the same width as the support frame top.

Our current plan includes a 4' length.

The support bottom piece are (2) identically 4' sections.

Also included in the bottom of the frame are (2) optional extension legs that are good when the unit is set up outside to provide additional support against wind.

Support Bottom Cut List

From a 10' section of 2" PVC1.
Cut (2) sections at 48" - (these are Part #1 - first & second set)1.

From the remaining section of 3" PVC2.
Cut (4) sections at 12" - (these are Part #2)1.

Support Top Bottom Instructions

Dry fit the following:

Fit 2" pipe Part #1 into the Part #6 90° tee of the main leg component1.
Note:You man need an additional person to help hold up the legs when installing bottom cross pieces1.

Optional: Fit 3" pipe Part #2 into the Part #9 90° tee of the main leg component2.
Optional: Install cap Part #3 into the 3" pipe Part #23.
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Step 6: Grow Towers/Water Return
The towers provide the grow area for the plants in this system.

Or current design supports a very high density of plants by spacing the 3" vertical grow towers 4.5" apart on center (distance from center of tower to neighboring tower),
providing approximately 1.5" between towers.

The current 4' length supports (10) towers with (8) slots per tower. With two sides we get (160) plants for our entire system.

There are some limitations to this high density and vertical grow systems to the types of plant you can grow. We are continuing to test the limits of what we can grow and
will share our successes and failures in our What to Grow sections of our wiki and user forum.

Towers/Return Overview

The towers are 2" x 3" PVC modified downspouts. The downspouts are generally available in 10' sections.

The availability of 10' sections dictated the 5' height of our design.

The water returns are 4" PVC rain gutters. Also available in 10' sections. They are cut and capped on the ends with gutter caps. Make sure you pick up both left and right
versions of the end caps as they are different.

Towers/Return Construction Steps

Part 1: Towers

Towers Cut List

From a 10' sections of 2" x 3" PVC downspouts1.
Cut (10) sections in half at 60"1.

Tower Shaping Instructions

We constructed a wood template tool to help form the plant pockets

Divide the (20) towers in to (2) sets of (10).1.
To improve grow space we offset/stagger the plant slots in the grow towers.1.

Mark a horizontal line across the front of the first set of (10) towers every 6" starting 6" from the bottom for (8) lines.2.
A speed square is helpful and getting a straight line across the down spout material.1.

Mark a horizontal line across the front of the first set of (10) towers every 6" starting 9" from the bottom for (8) lines.3.
Using a Oscillating Multifunction Power Tool with the straight cut bit, cut a 2" slice on the drawn lines.4.
Using the Electric Heat Gun soften the plastic for a few seconds (approx. 15-30 seconds depending on wattage of your heat gun) 3" above and 3" below the cut.5.
The PVC will start to pucker or sink and takes on the appearance of wet saggy paper.
Use your wood template to slide into the softened PVC at the cut. Hold in place for approximately 30 seconds.6.
Repeat for remaining slots in the tower.7.
Drill a 3/16" hole on the top, back side of the tower to put the screw for the tower hanger.8.

Part 2: Water Return

Water Return Cut List

From a 10' sections of 4" PVC gutters1.
Cut (4) sections at 46"1.

Water Return Assembly Instructions

Identify the right and left gutter end caps.1.
Test fit end caps on the sections of gutter.2.

We roughed up the gutter plastic with some 150 grit sandpaper where the caps overlap the gutter (about 5/8") for a better adhesion.1.
Spread a liberal bead of silicone PVC adhesive on the inside overlapping edge of the end caps.3.
Carefully fit the end cap on the gutter making sure glue contacts all around the gutter material.4.

We used our finger to push excess adhesive around the edge of the gutter and cap to ensure good contact.1.
Place a piece of masking tape or other easily removable tape on the cap till the recommended dry time.5.
Repeat for other 3 sides and set aside till dry.6.

http://www.bltrobotics.com/wiki/
http://www.bltrobotics.com/users/
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Step 7: Water Supply
We choose 3/4" PEX for the main water supply lines for it's potable water safety properties and the ease of installation because we had a PEX crimp installation tool.
CPVC would also be an excellent choice if the crimp tool was not available, CPVC is also certified for potable water but requires glue and joint connectors for assembly.

Water Supply/Return Overview

The water supply is laid out so there is a single rise that forks at the center cross piece of the main leg. This design was implemented to reduce the overall height load on
the water pump. Instead of (2) 6' rises reducing overall water flow, the rise is slightly more efficient to the pump.

Water Supply/Return Construction Steps

Parts #1 - #6 are 3/4" PEX cut to mirror the main leg dimensions.1.
These are best sized by taking the measurements of the legs.1.

Crimp Part #1, Part #2 and Part #3 together with Part #7 - 3/4" barbed PEX tee.2.
Crimp Part #3 and Part #4 together with Part #8 - 3/4" PEX 90° elbow.3.
Crimp Part #4 and Part #5 together with Part #9 - 3/4" PEX 90° elbow.4.
Crimp Part #2 and Part #6 together with Part #10 - 3/4" PEX 90° elbow.5.
Drill holes in Part #5 and Part #6 for Part #11 - drip emitters.6.

Starting at elbow end of Part #5/Part #6 - measure from end 4" and mark first hole at the bottom of the PEX pipe.1.
It is helpful to draw a line along the bottom of the PEX pipe marking the bottom for the remaining marks.1.

Measure 4.5" from first mark and make a second mark.2.
Repeat every 4.5", the last mark should be 4" from the opposing leg from the elbow.3.
Using 3/16 drill bit drill on the mark.4.

Fit in the the drip emitters - Part #117.
The hole is slightly snug for the drip emitters to prevent unwanted dripping, soften the PEX briefly (30 sec.) with the heat gun, this will allow for easier1.
insertion of the drip emitters into the PEX.
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Step 8: Electronic Controllers
We broke the functionality of the controllers up into (2) separate components.

ClimateBot

Role: Environmental controls for indoor operation.

Used to maintain light cycles based on schedule of on/off intervals and a thermostatically and/or schedule based control of a circulation fan.

Hardware Components

(1) Arduino

(1) 2 Channel Relay Module Board and Shield For Arduino (source: eBay)

(1) Circulation Fan sized to your space

(1) 15 Meter - LED based - 12v Flexible 5050 5:1 Red/Blue (source: eBay)

(1) Waterproof DS18B20 Digital Temperature Sensor Probe for Arduino (source: eBay)

pHarmBot

Role: Water circulation and quality control

Used to maintain watering cycles based on schedule of on/off intervals, water reservoir level maintenance, pH level maintenance and nutrient level maintenance.

Hardware Components

(1) Arduino

(2) 2 Channel Relay Module Board and Shield For Arduino

(1) Analog pH Meter Kit (source: RobotMesh.com)

(1) Arduino Conductivity Sensor (source: eBay)

(1) Waterproof DS18B20 Digital Temperature Sensor Probe for Arduino (source: eBay)

(2) Side Mounted Water Level Control Float Switch Normal Closed (source: eBay)

(2) 12V DC Peristaltic Dosing Pump (source: Amazon)

(1) 1" Water Flow Meter Counter 1-60L/min (source: Amazon)

(1) 1/2" DC 12V Electric Solenoid Valve Water Inlet Flow Switch Normally Closed (source: eBay)

(1) 620 GPH Submersible Pump (source: Harbor Freight)

Arduino Resources (Sketches and Links):

DS18B20 Digital Temperature Sensor Probe - See attached document (OneWire.txt)

http://playground.arduino.cc/Learning/OneWire

Arduino Conductivity Sensor - See attached document (EC_Sensor.txt)

Analog pH Meter - See attached document (ph_Meter.txt)

http://dfrobot.com/wiki/index.php/PH_meter(SKU:_SEN0161)

http://www.ebay.com/itm/181026509345
http://www.ebay.com/itm/271415534077
http://www.ebay.com/itm/331111738688
http://www.robotmesh.com/analog-ph-meter-kit
http://www.ebay.com/itm/131293356146
http://www.ebay.com/itm/331111738688
http://www.ebay.com/itm/281302483360
http://www.amazon.com/dp/B00HHRRDGS
http://www.amazon.com/gp/product/B00EVKVM02
http://www.ebay.com/itm/290836421083
http://www.harborfreight.com/620-gph-submersible-fountain-pump-68393.html
http://www.instructables.com/files/orig/F7K/SH2V/I12KEZ8Y/F7KSH2VI12KEZ8Y.txt
http://playground.arduino.cc/Learning/OneWire
http://www.instructables.com/files/orig/FQC/F5HF/I12KEYQB/FQCF5HFI12KEYQB.txt
http://www.instructables.com/files/orig/FTW/AO2G/I12KEZTX/FTWAO2GI12KEZTX.txt
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File Downloads

EC_Sensor.txt (1 KB)
[NOTE: When saving, if you see .tmp as the file ext, rename it to 'EC_Sensor.txt']

OneWire.txt (1 KB)
[NOTE: When saving, if you see .tmp as the file ext, rename it to 'OneWire.txt']

ph_Meter.txt (2 KB)
[NOTE: When saving, if you see .tmp as the file ext, rename it to 'ph_Meter.txt']

Step 9: Webserver/Database and Smartphone App
Management Interface

The management interface is an optional component that allows you to update the schedule and levels of the controller components. It additionally records the sensor
data and corrective actions, both for immediate electronic notification and historical data analysis.

The Raspberry Pi communicates with the Arduino controllers via I2C on a simple communications bus.

Hardware Components

(1) Raspberry Pi

Software Setup

Raspberry Pi

Apache2 Web server

MySQL Database server

PHP5

Python

Thanks for checking out our project and please take a look at our full project website for additional developments.

Our full website is: http://www.bltrobotics.com

and our project wiki is: http://www.bltrobotics.com/wiki/RUFS_Plans

http://www.instructables.com/files/orig/FQC/F5HF/I12KEYQB/FQCF5HFI12KEYQB.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FQC/F5HF/I12KEYQB/FQCF5HFI12KEYQB.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FQC/F5HF/I12KEYQB/FQCF5HFI12KEYQB.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FQC/F5HF/I12KEYQB/FQCF5HFI12KEYQB.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/F7K/SH2V/I12KEZ8Y/F7KSH2VI12KEZ8Y.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/F7K/SH2V/I12KEZ8Y/F7KSH2VI12KEZ8Y.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/F7K/SH2V/I12KEZ8Y/F7KSH2VI12KEZ8Y.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/F7K/SH2V/I12KEZ8Y/F7KSH2VI12KEZ8Y.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FTW/AO2G/I12KEZTX/FTWAO2GI12KEZTX.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FTW/AO2G/I12KEZTX/FTWAO2GI12KEZTX.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FTW/AO2G/I12KEZTX/FTWAO2GI12KEZTX.txt?utm_source=pdf&utm_campaign=files
http://www.instructables.com/files/orig/FTW/AO2G/I12KEZTX/FTWAO2GI12KEZTX.txt?utm_source=pdf&utm_campaign=files
http://www.bltrobotics.com
http://www.bltrobotics.com/wiki/RUFS_Plans
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 Perspective Image says:  Oct 11, 2014. 10:35 AM  REPLY
Very cool project, and nicely done instructable!

 NSH says:  Oct 10, 2014. 7:49 PM  REPLY
How hard do you think this would be to covert to an aquaponic system?

 BLT Robotics says:  Oct 10, 2014. 8:23 PM  REPLY
Very easy, I have a version running that way currently. Same vertical towers, nutrients are monitored but not added.
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 svelez2 says:  Oct 10, 2014. 6:55 PM  REPLY
this is effing awesome

 d3ath101 says:  Oct 10, 2014. 5:56 PM  REPLY
I have been wanting a hydroponic system for a long while. This is a great set up that I will be modifying to fit my needs. Great 'ible!

 bennelson says:  Oct 10, 2014. 3:13 PM  REPLY
Hey, I got to meet these guys at the N.Y. Makerfaire! It was a very nice display with some great ideas in it!

 BLT Robotics says:  Oct 10, 2014. 2:07 PM  REPLY
All the frame parts are from local hardware stores with a build price just over $300. The electronics were about $150. So easily below $500 with out any
yankee ingenuity. I suspect you could drop the price ~100 if you gave it a little effort. I like to look at it as $500 for 160 plants with a potential harvest every
30-45 days.

 mike.nutile says:  Oct 10, 2014. 1:47 PM  REPLY
I love this. It's bee-you-tee-ful. Any rough idea on the price point so I can get a rough idea of how much I'd have to scrape together to do this?

 Cpt_Cosmos says:  Oct 10, 2014. 1:24 PM  REPLY
This is fantastic, I've been looking for an Arduino EC meter for while but to finally find that plus a Ph meter and dosing pumps? Yours is the first TRULY
functional automatic system I've seen. Congrats.

 l33tn00b says:  Oct 10, 2014. 11:04 AM  REPLY
Very detailed and informative 'ible!!! I have been wanting to do a hydroponic build for a while, I think this vertical build will make it much more interesting!
Props on the automated system too. Thanks for sharing!!

 seamster says:  Oct 10, 2014. 10:05 AM  REPLY
Very nice! Looks like a great system. Thanks for sharing this.

 BLT Robotics says:  Oct 10, 2014. 10:23 AM  REPLY
Thanks!
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