
© 2009 – 2011 Brackenshiel Enterprises Inc. – All rights reserved 

 

 
 
 
 
 
 
 
 
 
 
 

Building a HydroHomeSoft+AG Hydroponics 
System 

 

Version 3.0 – March 2012 
 
 
 
Please note: The contents of this document currently apply to Phidgets 
devices. In the current and future versions of HHS, a Phidget 8/8/8 and 
0/16/16 are required regardless of what is implied here. Also, please use the 
Options->Device Digital port assignments dialog for the current use of 
ports. This supercedes the tables in this document. 
 
Additionally, HHS now supports the Arduino mega device.  For port 
assignments, please use the Options->Device Digital port assignments. 
 
We apologize for any inconvenience while we work on updating the 
documentation. We is a team of one and the team is quite busy trying to 
make the Arduino interface independent of the type of Arduino in use. This 
takes a bit of time. 
 
In the meantime, we hope you enjoy HHS and look forward to comments, 
ideas and constructive criticisms on the Google Group – 
HydroHomeSoft+ArduinoGrow. 
 
The HHS team. 
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1 Introduction 
 

1.1 Things to keep in mind 

Please exercise caution when constructing your system. Line voltages are involved 

near water. We cannot accept any responsibility for any indirect or consequential 

damages that may result from using this guide and/or the software and hardware to 

build your system.  
 

Building a system is a major part of the pleasure associated with hydroponics. There are 

numerous books, articles, and websites devoted to the subject. The purpose of this 

manual is to describe generally how to assemble a HydroHomeSoft (HHS) system. A 

high degree of flexibility is provided by the software and the hardware. As such, a 

number of different construction scenarios are possible using different parts and sources.  

 

There are three main sections in this manual: Nutrient Management System, Timers and 

other equipment, and Construction Techniques. Being familiar with electrical wiring and 

some minor electronics construction would be of benefit but is not a hard and fast 

requirement. Any handyperson should get along just fine. Don’t forget to tap the skills 

and knowledge of your friends and neighbors and, also, share the results  

1.2 Conventions 

A few conventions have been used throughout the manual 

• References to HydroHomeSoft menus and settings are in bold italics. Menus are 
of the form Tools->Options->Nutrient 

• As there are many types of growing media and techniques all plant growing 
locations will be referred to as “containers”. These hold the nutrient and have an 

attached float switch assembly. A set of joined containers managed by HHS as a 

unit is referred to as a “Channel”. 

1.3 A word about Phidgets 

Phidgets are handy devices for interfacing personal computers to a wide range of external 

equipment and sensors. To learn all about these devices, please visit the Phidgets web 

site. The Phidget components used in a HHS system are described in the this section. 

HHS can be configured to run with one Phidget (0/16/16) only. This will provide nutrient 

makeup and distribution for four channels. To utilize environmental control, drain/refill, 

and automatic pH and EC management, a Phidget (8/8/8) is also required. Be sure to read 

the Phidgets manuals carefully before making connections as these two devices are very 

different. 

1.3.1 Phidget Interface Kit 0/16/16 

The Phidget 0/16/16 has 16 inputs and 16 outputs.  Four inputs are assigned to channel 

fill float switches. Four outputs are assigned to timers, four to channel fill solenoids and 

seven to nutrient pumps/solenoids. Unlike the Phidget 8/8/8, the outputs can directly 
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handle a current of  up to 2 amps and can, therefore, be used to directly control 12 volt 

DC solenoids and pumps. To control high voltage devices such as high intensity 

discharge lights, additional hardware such as the Phidget #3051 dual relay board can be 

used. It is best to overrate the current handling capacity of relays by at least 20-30 

percent. Be aware that solid state relays do not function with transformer ballasts for 

HID lamps. They will, however, handle low power fluorescent fixtures, resistance 

heaters, humidifiers (not dehumidifiers or air conditioners) and pumps.  

1.3.2 Phidget Interface Kit 8/8/8 

The Phidget 8/8/8 has 8 digital inputs, 8 digital outputs and 8 analog inputs. Four 

input/output pairs are used for channel drain and refill operation control. The 8 analog 

inputs are assigned to temperature, humidity, light, pH and electrical conductivity (EC) 

sensors. The number of inputs and outputs used will depend on how large a system you 

wish to build. A fully configured system with four channels is described here.  

 

Two inputs are pre-assigned to temperature and humidity. Five (six if light is not 

measured) pH and EC sensors can be attached. This allows both a pH and an EC sensor 

on three channels or any combination of sensors for four channels.  

 

If a temperature sensor is provided, HHS can control a heater or an air-conditioner but 

not both at the same time. Similarly, if a humidity sensor is provided, HHS can control a 

humidifier or a dehumidifier. If your setup is subject to seasonal variations, it may be as 

simple as plugging in the correct equipment as the season changes. It’s just a matter of 

telling HHS which one is currently being controlled. 

 

The light sensor is mostly designed to be a warning device. HHS has an email capability. 

It can send messages about what it is doing from time to time. This includes what nutrient 

is being prepared for the channels, the status of nutrient and water supplies etc. It can also 

send a warning message when the light level does not reach a given threshold at a set 

timer interval. This can be used to warn of lighting failures. 

 

A Phidget 8/8/8 cannot control high power devices directly. Its inputs and outputs are at 

logic (computer) levels (0-5 volts). To control a heater, humidifier, solenoid or pump, it is 

necessary to use a relay that can use these low level signals as a control signal. The 

Phidget 3051 is an example of such a relay device. The inputs can behave as simple 

switches. Attach a float switch to an input and the Phidget will tell HHS when the float 

switch is on or off. 

1.3.3 Phidget Part Numbers 

• 1018 – 8/8/8 

• 1014 – 0/16/16 

• 1125 – humidity/precision temperature sensor  

• 1127 – precision light sensor 

• 3051 – dual relay board (10 amp maximum) 

• 1130 – pH adapter 
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• 3550 – pH electrode 

• 3024 – 12 volt power supply 

• 3004 – 350 cm sensor cable 

2 Nutrient Management System (NMS) 
This is the most challenging part of the system to construct.  Please take a little time to 

become familiar with the flow diagram in Figure 1. 

 

 

 
Notes:  1 - Only 2 of the three part Flora series are shown. Flora Micro is also required. 

             2 – System can also be constructed with one nutrient pump and a set of solenoids. 

Figure 1: Nutrient Management System Flow Diagram 

2.1 Decisions to be made before starting 

Some decisions relating to the initial capabilities of your system are best made before 

beginning construction. These initial decisions will not prevent adding to the system later. 

However, a little planning now may side step some issues later on. 

 

Tip 1: Phidgets sensors are connected to the 8/8/8 with cables having a plug at either 

end. The longest cable supplied by Phidgets is 350 cm. It is best to locate the 

computer and Phidgets at a distance from the growing setup to prevent accidental 

water damage to the Phidgets. Sensor cables can be extended somewhat but 

electrical noise may become an issue. Sensor cables should not be located near the 

HID ballast or line voltage cables. Length of cables is not critical (within reason), for 

float switches solenoids and pumps.  
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2.1.1 What nutrient hardware is required? 

The nutrient and pH dosing system can be constructed with one peristaltic pump and an 

array of solenoids or with one pump for each nutrient and pH reagent. Concentrated 

nutrients are added along with water to a batch Mixing Tank (MT) before delivery to 

containers. The pump(s) must be able to meter the nutrient accurately and be resistant to 

corrosion from concentrated chemicals. Peristaltic pumps with viton tubing are a good 

choice for this type of service.  

 

Figure 2 is a fully configured solenoid based nutrient dispensing system for a three part 

nutrient formulation and pH up and pH down reagents. The system dispenses one 

component at a time with pure water flushing between components. The water flush tank 

must be at the end of the array so that it can clean out the common manifold tube. Flora 

Micro is first as it contains the most reactive chemical components and this location will 

limit contact with other component. This is the physical location of the flora micro but 

this does not alter the electrical connection to the Phidget. HHS ensures that the Flora 

Micro is added to the mixing tank first. The plumbing connections between the solenoids 

and the header to the pump should be as short as possible. Pictures of the author’s setup 

are provided later. Quick connects with ¼” polyethylene tubing are a good choice. This 

enables easy assembly and disassembly for maintenance. If pumps are used for each 

component, they replace the solenoids and are plumbed directly to the mixing tank. No 

flush water is required when pumps are used. Pumps and solenoids cannot be mixed .  

 

Figure 2: Nutrient and reagent dispensing system 

2.1.2 How is water supplied to the Mixing Tank? 

A direct line feed to the MT can be set up with a solenoid if the source water is suitable 

and is available at a convenient location. If not, the choice of pump depends on the 

flexibility required. If a float switch is installed in the Mixing Tank (MT) and only one 
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volume for all channels is to be mixed, a submersible pump, direct water line feed or 

gravity feed from an elevated reservoir can be used to add water to the MT.A MT float 

switch will signal HHS when it is full.  

 

HHS can be set up to mix a different refill batch volume for each channel. This provides 

the ability to use small containers supporting pots and/or large deep water culture or 

aeroponics units such as the General Hydroponics Rainforest at the same time. If this 

flexibility is needed, an accurate peristaltic pump or equivalent must be used for the 

reservoir. Even so, a MT float switch is recommended to provide a measure of safety 

against overflows. A third level of overflow protection is provided by specifying the 

maximum pumping time to HHS. The MT float is set to trigger at the highest volume to 

be mixed for all channels. The pump is turned off by HHS when it has calculated the 

correct volume, the float switch triggers or the maximum overall pumping time has been 

reached. Please note that the sense of the float switch must be set to close when the 

mixing tank is full. This is the opposite of the channel fill and drain floats that trigger 

when the nutrient is low. To change the sense of most common magnetic switches, 

remove the magnet float, reverse it and replace. An ohm meter can be used to test that the 

sense is set correctly. 

2.1.3 How many float switches and solenoids are needed? 

This depends on whether both fill and drain functions are to be implemented. If only fill 

is to be set up, one fill float per channel, one MT float and one optional reservoir float are 

required. Similarly, one fill solenoid is required for each channel. This assumes the 

channel will be filled by gravity. If not by gravity, then a pump will be required for each 

channel.  

 

The drain function is optional for each channel. Draining can be accomplished manually, 

and HHS will help during this process, or it can be automated. The amount of nutrient to 

drain can be specified along with a drain initiation criteria. The criteria can be percentage 

of nutrient replaced, number of days since last drain or change of growth phase. While 

not required, a drain float will assist HHS in knowing when the channel has been drained 

to the required level. A specified draining time can be used instead of a float. For 

automatic operation, a solenoid with gravity feed to waste or a pump to waste is required. 

Manual drains can be accomplished by siphoning, for example, the specified portion of 

nutrient from a channel. It should be pointed out that automatic draining and refilling can 

become impractical if the containers are large relative to the MT. If the MT is 2 liters and 

the container is 100 liters, HHS has to mix 50 batches to refill the container. This may 

expose roots too long and is one of the reasons for allowing each channel to have a 

different MT volume. In the latter case, if the MT were 5 liters for the associated channel, 

the batch count would be reduced to a more practical count of 20. 

 

Nutrients are metered into the MT according to individual specifications for each 

channel. Similarly, automatic pH and EC management provided by HHS uses the MT to 

make up doses. HHS adjusts nutrient and pH doses dynamically based on the effect of 

past doses. To do this, accurate metering or peristaltic pumps are required. These pumps 

tend to be more expensive than solenoids. Therefore, HHS can be configured to use an 
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individual pump for each nutrient and pH reagent or one pump and a series of solenoids. 

In the case of solenoids, one extra is required for flush water. The purpose of the flush 

water is to clean out the common nutrient manifold connected to the MT between the 

additions of each nutrient or pH component. If this is not done, mixing of chemicals in 

the manifold would cause nasty reactions that effectively destroy them.  

2.1.4 Where does one get all the parts? 

There are many suppliers of parts. Some of the major parts needed are listed in Section 4. 

Many users have found eBay to be a good source of reasonably priced components such 

as float switches, pumps and solenoids. Phidgets are available from a number of 

international retail outlets or directly from the company. 

2.2 Making the Nutrient Mixing Assembly 

The Nutrient Mixing Assembly (NMA) includes the Reservoir, Mixing Tank and 

associated pumps or solenoids. It provides the ability to use multipart nutrient 

formulations with different concentrations depending on the plants to be grown and the 

growth phase. It also allows topping up different container types with varying quantities 

of mixed nutrient. The configuration described here is only one of the possible setups. 

Sizes and capacities of components must be adjusted for individual setups. It assumes the 

use of a three part nutrient formula such as the Flora© series by General Hydroponics. In 

addition, it provides the ability to distribute pH reagents to any channel with automatic 

pH adjustment enabled. 

 

The MT described here allows mixing of all three parts of the GH Flora series in any 

combination as well as pH up and pH down doses. An optional air stone provides a 

blending capability after addition of concentrated nutrients. A float switch is used to 

signal a full MT. The reservoir will be fitted with a submersible pump. 

 

The parts required for the construction are: 

 

• reservoir such as Roughneck tub (be sure the container is certified food safe) 

• 4 liter opaque plastic jug (the kind used for nutrients) 

• one submersible pump (50-80 gph). Must be able to pump from bottom of 
reservoir up to mixing tank (4-6 foot head) 

• 1 peristaltic pump (20-50 milliliters/minute capacity) 

• 2 float switches 

• six solenoid valves 

• 500 ml – 1 liter opaque containers for diluted nutrients, pH reagents and flush 
water 

• air pump and air stone, and 

• grommets and tubing 
 

Pictures and sources of most of these items are in Section 5. 
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Tip 2: It is recommended that the mixing assembly be located out of the direct 

influence of high intensity lighting. This will help prevent algae formation which will 

required nutrient tank cleaning and will waste nutrients. Also, the size of the tanks 

should be kept as small as practical so that the contents can be refreshed in, say, two 

week intervals. The nutrient is usually diluted in the tanks such that the minimum 

amount of time the peristaltic pump runs for a dose is in the order of 5 seconds.  

2.2.1 Mixing Tank 

 

 

Figure 3: Mixing Tank configuration 

 

The 4 liter jug is installed in an inverted position in a raised platform. In this orientation, 

the neck functions as a funnel thus leaving only a small amount of liquid in the tank after 

each use. This is important for the pH adjustments as only small amounts of liquid are 

involved. The float switch is glued into a plastic tube that just accommodates the float 

switch’s threaded mounting stud. The length of the tube depends on how much nutrient is 

required for each refill. This configuration should accommodate any amount up to 3.5 

liters. The tube is inserted through a drilled rubber stopper like the ones used for 

winterizing swimming pools. A stopper that fits a 1 ¼” (32 mm) hole is recommended. 

The effluent line is inserted into a ½” (13 mm) grommet fitted into the lid of the jug. The 

connections from the grommet to the system can be accomplished many ways.  

 

In the top (really the bottom) of the jug, drill a 1 ¼” (32mm) hole for the float switch, a 

hole each for the feed line from the peristaltic pump, air line and feed from the reservoir 

pump. It is recommended to keep the feed line for nutrients and reagent in the center so 

that the liquid drops into the pre-filled water and does not run down the sides. Figure 3 

shows the finished components.  

 

Mixing tank 
volume 

Solenoids 

 Res in  

 

Float switch 

 0/16/16 

Air stone 

Nute/pH in 



 

 

© 2009 - 2011 Brackenshiel Enterprises Inc. – All rights reserved 

8 

 

Figure 4: Mixing tank components 

 

To adjust the float switch depth, measure the amount of nutrient to be dispensed for 

refills and pour it into the container through the float switch hole. Attach an ohmmeter to 

the float switch connections. If the float is configured as normally closed, remove the 

magnet cylinder and invert it. Slide the plastic tube in the stopper until the meter just 

reads a very low value. Putting a small amount of soap on the tube will facilitate this 

process. One peristaltic pump is used in this configuration. The pump and solenoids 

require mounting in a location as close as possible to the mixing tank. Figures 4 and 5 

show the author’s setup. If using nutrients having separate micro elements, this is best 

positioned as the first solenoid.  

 

Tip 3: Do not mount float switches such that the wires are under water. They are 

not sealed tightly and will be destroyed. Seal them in the end of plastic tubing such 

as that available from aquarium suppliers.  
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Figure 5: Mixing tank installation 

 

To complete the NMS, set up the reservoir with its pump. Always aerate the reservoir 

vigorously to ensure maximum oxygen is available. An optional float switch can be 

provided to detect a low reservoir water level. Be sure that the inlet into the Mixing 

Tank from the reservoir pump is above the top of the liquid in the Mixing Tank to 

prevent siphoning back into the reservoir. 

 

 

Figure 6: Reservoir configuration 

3 Timers and Other Equipment 
HHS supports 4 programmable timers. Timer programming is described in the online 

software documentation. Phidget 0/16/16 output ports 4 to 7 are assigned to the timers. 

Usually, these outputs are connected to relays because the assumption is that high power 
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AC voltage devices are to be controlled. One option is the Phidget 3051 dual relay board. 

However, any relay board with a DC control voltage from 4-30 volts can be used. Relays 

should not be used at full rated capacity as this will reduce service time. About 70-80% 

of capacity is reasonable. This is sufficient for 900 watts using the 3051 relay. A power 

supply is required for the timer relays. One common Phidget 12 volt supply can be used 

for all relays. The 12 volt supply can also be used for all solenoids provided they have the 

same voltage rating. 

4 Construction Techniques 
This section contains information on the construction of Phidget based control modules. 

As a general rule, it is advisable to locate the personal computer and Phidgets at a 

distance from the actual growing area. This will prevent inadvertent spills getting on 

sensitive hardware. It also provides an extra measure of safety.  

4.1 Control Devices 

4.1.1 Phidget 0/16/16 

Figure 9 provides details of the 0/16/16 wiring. It is highly recommended that the Phidget 

manual be referred to when making connections to the 0/16/16. Polarity of connections is 

very important. The 0/16/16 is designed to be the negative polarity supplier. The positive 

supply is connected through the device being controlled. In the upper right of the diagram 

are the six nutrient solenoids. Below them are two SSRs (Omega or equivalent) 

controlling 110 volt reservoir and nutrient pumps. In the lower right are four fill 

solenoids. On the bottom left are the four channel fill float switches. Outputs 4 to 7 are 

not configured but are used for the four optional timers. These are connected the same as 

solenoids except that the solenoid is replaced with a relay such as the Phidget 3051. 
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Figure 7: Phidget 0/16/16 schematic 

As a precaution, each solenoid could have a diode soldered across its inputs from the 

Phidget to prevent high reverse voltages from entering the Phidget and thus the PC USB 

bus. Any diode similar to a 1N4001 can be used. Be sure to observe the polarity. The end 

of the diode with the band is connected to the (+ve) pole of the relay. Most solenoids will 

have room in the connector housing to accommodate the diode. Figure 8 illustrates how 

to attach a diode. 

 

 

Figure 8: Attaching diode to solenoid 

 

Power for the system is derived from a Phidget 3024 12 volt 2 amp wall wart. The 

maximum continuous load is 2 amps. Unlike the 8/8/8, the inputs to the 0/16/16 use 

voltage as a trigger. Therefore, 12 volts is switched by the floats. Solenoids are driven 

directly by the 0/16/16 outputs in what is known as a lowside switch configuration. See 
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the 0/16/16 user manual for more details on the connections. The load (solenoid or SSR) 

is in series with the (+ve) side of the power supply. When the output is switched, the (-

ve) side is provided by the Phidget. In this configuration, a maximum of two solenoids 

will be powered at one time which is within the power supply’s rating. 

 
Device Digital Output 

Channel solenoids 0-3 

Timers 1-4 4-7 

Flush water solenoid 8 

Nutrient solenoids/pumps 9-11 

pH down solenoid/pump 12 

pH up solenoid/pump 13 

Reservoir pump 14 

Common nute pump 15 

Table 1: Phidget 0/16/16 Output assignments 

 
Device Digital Inputs 

Channel floats 0-3 

Spare 4-5 

Mixing tank float 6 

Reservoir float 7 

Spare 8-15 

Table 2: Phidget 0/16/16 Input assignments 

 

Note: Outputs 4-7 are assigned to Timers 1-4. All that is required is to connect relay 

control inputs to the corresponding 0/16/16 outputs. The relays should have 12 volt coils 

or control signals so that the 12 volt power supply can be used. Be sure they can switch 

currents large enough for the attached devices. The wiring diagram provides an example 

for both mechanical and solid state relays. 

4.1.2 Phidget 8/8/8 

It is optional to use a Phidget 8/8/8. This device is only required if automated draining 

and/or automated pH/EC management and/or environmental sensors are to be used. 

Figure 7 is a schematic for a fully configured 8/8/8 with one pH and one EC electrode.  

 

 
 Digital Outputs Digital Inputs Analog Inputs 

Drain  0-3 pump/solenoid 0-3 channel drain float  

User controllable 4-5 4-5  

Humid/dehumidifier 6   

Heat/air conditioner 7   

Humidity sensor   0 

Temperature sensor   1 

Light sensor/pH EC   2 

pH/ EC electrodes   3-7 

Table 3: Phidget 8/8/8 Input/Output assignments 
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4.1.3 Connecting the drain float and solenoid 

Figure 9 illustrates the connections for a drain float and solenoid. The float is optional but 

makes the automation of the drain/refill function more transparent. In this figure, a 

Phidget 3051 is used as the relay for the solenoid (or pump). The 3051 uses an analog 

input which may not be convenient. An alternative is the Phidget 3052 dual SSR board 

that does not use an analog input.  

 

Figure 9: Phidget 8/8/8 drain connections 

4.1.4 Connecting pH and EC electrodes 

Analog inputs 2-7 can be used for pH and EC electrodes in any configuration required for 

a setup. Analog input 2 is only available if the light sensor is not used. The connections 

for a pH electrodes using a Phidget 1130 pH adapter is illustrated in Figure 10. The 

analog input for the pH adapter will be assigned by HHS. Go to Tools->Options pH/EC 

tab an click on Analog Input assignments for a list. 
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Figure 10: Connecting a Phidget 1130 pH adapter 

Connections for a typical EC electrode and adapter are illustrated in Figure 11. To use a 

Phidget 350 cm sensor wire with plug, remove a plug from one end and strip the wires. 

Either solder or use a small cable nut to twist the black (-ve) wires form the power 

supply, sensor and Phidget cable together. Joint the Phidget cable white wire and the 

sensor white wires. Join the sensor red wire and the power supply positive wires together. 

The power supply like the one from Phidgets may come with a plug. Sockets for these 

plugs are readily available in electronics stores. Check the polarity of the plug on the 

power supply to be sure it is the usual center positive design. The socket makes a 

convenient device for soldering the wires together. Do not connect the red wire on the 

Phidget cable to anything. It is best to tape it off. 

 

 

Figure 11: Connecting a typical EC electrode/sensor adapter 

12 volt power supply 
**Must not be used 
for any other 
purpose or any 
other pH/EC 
adapter 

Connect white Phidget 
cable wire to white 
sensor wire  Connect black 

Phidget cable wire 
to black sensor 
wire and power 
supply negative 

Connect red sensor wire to 
power supply positive 
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4.2 Nutrient Distribution to containers 

Solenoids in Figure 10 have ¼” NPT female inlets and outlets. An easy way to connect 

them to the MT outlet is with Watts quick connect fittings available at home stores. The 

outlet from the MT serves as a manifold. Each solenoid is fitted to the manifold with a 

tee. The final one is terminated either with a 90 degree elbow or a tee and a shutoff that 

can be used for sampling. 

 

 

Figure 12: Nutrient Distribution 

Several containers can be hydraulically connected together and serviced by one solenoid. 

The nutrient distribution tube from the solenoid should be split to achieve even 

distribution to each container or the containers should be hydraulically connected and 

fitted with a circulation pump. Otherwise, nutrient will not be supplied evenly to all 

containers. Be sure the branch for each container is the same length and at the same 

height to facilitate even distribution of refills. The ¼” plastic tube from the solenoid is 

compression fitted into a grommet at the top of each container. It is best to keep the 

solenoid liquid connections as short as possible. The reason for this is to prevent pH 

adjustment reagents from sitting in the lines and to ensure that the maximum amount of 

pH reagent reaches the destination containers. Mount the solenoid group well above the 

water line in the containers to maintain good drainage of the feed lines. Feed lines should 

be wrapped with electrical tape if they are translucent in order to prevent algae from 

forming in them. 

4.2.1 Float Switches for Containers 

Float switches are best fitted externally to the containers to reduce the risk of roots 

fouling the float. To do this, a small plastic food container can be used for housing the 

float. A grommet is installed in the food container and another below the nutrient level in 

the growing container. By raising or lowering the float assembly, the nutrient level can be 

tuned. Once the desired level is achieved, the float assembly is set up on blocks. Shims 

can be used for fine tuning. The float assembly should be shielded from light by covering 

with tin foil in order to help prevent algae growth. Figure 11 shows a typical setup. The 

float switch could also be installed in the float container lid in a manner similar to the MT 

configuration.  
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Figure 13: Float assembly for a container 

If both a fill and drain float are to be installed, the float assembly has to be tall enough to 

accommodate both floats. For adjustable floats silicon them into the end of plastic tubing 

long enough to reach outside the container lid like the MT float and install through a 

grommet. Another alternative is to use right angle float switches that can be installed at 

fixed levels. These switches are mounted to the side of the float container and are sealed 

with a gasket. The only difference is that the levels have to be pre-determined. Some 

experimentation is required to get them installed at the right location. 

Tip 4: Mount float switches externally to the containers to protect them from roots 

or they will eventually malfunction. 

4.3 Continuous pH and Conductivity Monitoring 

Continuous pH and/or EC monitoring is an option for any channel. To use this feature, 

analog inputs 3-6 and, optionally input 2, of the 8/8/8 Phidget are used. The software 

expects a linear signal of 0-5 or 1-4 volts on the Phidget analog inputs from the 

associated sensor. The 1-4 volt signal is usually provided by a 4-20 ma loop transmitter 

fitted with a 250 ohm resistor in the loop. It is important to be sure the inputs do not share 

a common power supply unless signal isolators are provided. Each pH sensor adapter, 

except the Phidget 1130, must have a separate power supply. Equally each EC sensor 

adapter must have its own power supply. A sample of available units is provided in the 

next section. HHS provides an easy to use calibration interface for most types of pH/EC 

electrodes. 

5 Startup 
Once all the components are assembled for your system, its time to begin testing all 

component functionality. This is the time to become very familiar with the HHS 

software. The reader is referred to the website for instructions on setting up HHS 

including assigning Phidgets, configuring timers and channels and calibrating pumps and 

floats. 

 

http://peterphrastus.com/drupal/HHS_Software 
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It is best to give the site a thorough read before moving on. 

 

Once becoming familiar with the software and its various functions and facilities, the 

following steps will assist in making the startup a smooth one. 

5.1 Entering basic information 

Having a log book for your setup is a good idea. Writing down formulas that work and 

don’t work, calibration, timing and volume data can be recorded for entry into HHS’s 

various dialogs. 

 

HHS is designed around the metric system of measurement. Volumes are in liters, pump 

rates are liters/minute or ml/minute, temperature is in Centigrade and so on. Here are 

some handy conversion factors: 

 

From To Multiply From by 

US Gal liters 3.7854 

Imperial gallons liters 4.546 

US Gal/hr liters/minute 0.0631 

Imperial gallons/hr liters/minute 0.0758 

Cubic inch liter 0.01639 

Cubic foot liter 28.31687 

Liters cubic centimeter (cc) 0.001 

Ounce gram 28.3495 

Table 4: Metric conversion factors 

5.1.1 Volume of channel containers 

Determining the volumes of containers that cause the float switch to trigger can be as 

simple as measuring the dimensions of each container accurately. However, this is 

usually not the best way to get an accurate volume.  

 

If using pots or trays for example, these can take up a large proportion of the volume. The 

best way to get the volume of a channel is to set up the containers as they will be used 

complete with media and follow this procedure: 

 

1. Measure amounts of water to be added before adding to the channel. 

 

2. Add the measured amounts until the float check mark just disappears in the 
dialog. 

 

3. Record this volume plus the volume of the MT for this channel. This will be the 
amount entered in the Channels->System tab. 

 

While in this tab, the Circulation parameters can be entered if appropriate. Circulation 

parameters are an estimate of how long it takes for the nutrient with a channel to 

completely circulate and mix after a refill or pH adjustment. Not all channels will have a 
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circulation pump. Some may only have air stones or bubblers. In the latter case, it can 

take a long time (one or more hours) for additions to come to a steady state. To simulate 

this long time, enter a low value for the flow parameter.  

Tip 5: When automatic pH and/or EC dosing is used, the time it takes to reach a 

steady state can be calculated with the help of the graph on the pH/ECTDS tab of 

the main HHS screen after the first dose is made. The impact of the dose can usually 

be seen as a rapid change. When the curve has recovered from the change and is 

fairly flat again, the difference between the start time of the dose and the beginning 

of the flat portion is the latency time to set in Channels->System. The start time of 

the dosage can be found in Tools->Diagnostics. Manipulate the flow rate until the 

latency is what you want. 

5.1.2 Pump calibration 

Next, calibrate the various pumps you will be using. For this process, go to Options-

>Calibrate Pumps tab. Here each pump can be put through a one minute test. Complete 

the following procedure for each pump: 

 

1. For the nutrient pumps, ensure the pump tubing is all primed by running tests 
until the water flows freely. Take the weight of a light container than can just 

contain one or two minutes of the advertised pumping rate on an accurate food or 

postage scale if available – the tare weight. Run the pump 2-3 times and re-

measure the weight. The weight of water pumped is now the difference from the 

tare weight. Convert the weight to grams if not already there. Since 1 gram equals 

one milliliter, the flow rate is the number of grams per minute divided by the 

number of pumping intervals used. 

 

If a scale is not available collect the water in a larger container and run the pump 

test 4-5 times. Then use a smaller container with fine graduations to measure the 

pumped volume in the larger container. This will average any errors over the 4-5 

pumping intervals. Convert the total volume to milliliters if not already there and 

divide by the number of pumping intervals to get the ml/min. 

 

2. For any other pumps, repeat the above process using appropriately sized 
containers. Repeat the tests several times and average the results. Enter the 

calibrated amount in ml/min 

 

3. Enter this amount in the box opposite ml/min.  
 

Now that the pumping rates are established, the maximum pumping times can be 

calculated. These times are used as safeguards against flooding and overdosing nutrients. 

For the reservoir, be it a pump or direct feed water supply with solenoid use the following 

formula: 

 

Reservoir pump timeout = [MT max volume (l/) * 1000] / [Pump rate (ml/min) * 60 seconds 
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Enter this amount in Tools->Options->Miscellaneous. 

 

Fill up the MT with the maximum volume required. Go to the Tools->Overrides-

>Solenoids dialog and enter a time of say 5 minutes for the Fill solenoids. Click on open 

and watch to see when water stops flowing. Record the time, divide by the number of 

liters and enter this amount in Tools->Options->Miscellaneous for Fill solenoid open 

sec/liter. You may have to repeat if the time was insufficient for the volume and height 

and the size of tubing for the tank discharge. 

 

While in this dialog, two other time limits can be entered. Blending time is the latency for 

the nutrient mix in the MT before it is sent to the channel. For small mixing volumes in a 

single container, this can be set to zero. For shared containers on the same channel, this 

should be set to a minute or more to ensure the fill is uniform before it is sent to the 

shared containers. 

 

Minimum nute pumping time is the minimum time allowed before a nutrient component 

dose is considered to be negligible. Pumps and the tubing leading from them need time to 

get up to speed and fill up. This should be set higher (say 5 seconds) for a 25 ml/min 

pump and lower (say 2 seconds) for a 100 ml/min pump.   

5.1.3 Channel nutrient schedule 

Justice cannot be done to this wide ranging subject in this document. This is left to the 

system builder to research. Once it has been decided what nutrient doses are to be used, 

they are entered in Channels->Schedule for each phase as appropriate. Manufacturers 

provide guidance on this subject for various plants. 

Tip 6: If automatic EC is going to be used, the nutrient component doses specified 

are more ratios of one component to the other than absolute amounts. The EC of the 

container is set in the EC/TDS mgmt tab and HHS scales the dose up or down based 

on the EC of the channel at refill time. Depending on the system and MT volume 

ratio and the maximum ml/l of nutrients specified in Options->Nutrients, the amount 

of adjustment HHS can administer is bounded.  

When the nutrient specifications for a channel have been entered in the Channels-

>Schedule, and the pump rates have been entered in Tools->Calibrate, the minimum and 

maximum pumping times can be seen in Nutrients->Setup. These times represent a 

standard refill without automatic EC adjustment. With automated adjustment, they can 

vary significantly. The minimum pumping time can be more important for automatic EC 

control. 

5.2 Initial filling of channels 

There are a number of options available for the initial filling of the channel with 

nutrients. These include: 

 

• Filling the channel from the reservoir before starting up. Please note that the 

reservoir need not be pure water. It can be set up with the complete nutrient 

mix required by your setup. While it is a fixed nutrient mix, HHS will 
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happily dispense it without the need for any nutrient mixing setup except the 

MT itself.  This is the simplest and most economical form of HHS 

implementation.  If the channel is filled with pure water, the nutrients can be 

introduced manually. 

 

• Filling the channel with nutrient mix as specified for the channel in Channels-
>Schedule tab. 

 

• Filling the channel manually with premixed nutrient solution. 

5.2.1 Filling from reservoir before starting up 

With the HHS hardware all in place and tested using Tools->Overrides, the channel can 

be filled from the reservoir (or direct water line connection if used).  

 

1. Start up HHS but do not click on the Start button.  

2. Go to Tools->Overrides and be sure the Dry box has a checkmark in it. It should 
because the fill float is at its lowest position. If not, the fill float may be stuck or it 

may need the magnet reversed. 

3. Click on Start Filling and HHS will fill the channel until the fill float is triggered. 
 

During this process, the Start button will not be displayed and the Close button for the 

Overrides dialog will be disabled. Only one channel can be filled at a time and HHS 

cannot begin managing the other channels while the fill is active. To terminate the fill at 

any time click on Stop Filling. When stopping a fill operation, the remaining contents of 

the MT will be sent to the channel. 

 

That’s it! Now you can introduce nutrients into the channel if they were not in the 

reservoir to begin with. 

5.2.2 Filling with mixed nutrients 

This option is only available if HHS thinks both a fill and drain float are installed.  If 

the drain float is not installed, then HHS can be fooled for this first run by temporarily 

placing a jumper wire from ground to the input port for the channel on the Phidget 

8/8/8 before HHS is started up. 

Tip 7: If ph auto adjustment has been specified in Channels->pH mgmt, be sure to 

calibrate you pH electrode using the Tools->Calibrate dialog before you fill a 

channels. If enabled, as soon as the channel is filled, HHS will attempt to correct the 

pH if it is out of range. Alternatively, turn off auto adjust until you are ready to 

have HHS begin pH management. 

Again, with the HHS system fully checked out, follow this procedure to have HHS fill 

the channel with the nutrient mix specified in Channels->Schedule. 

 

1. Start up HHS and click on the Start button. HHS will indicate the channel is 
Drained. 

2. Go to Tools->Overrides Drain tab and click on the Manual fill button. 
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3. HHS will indicate the channel is Draining. This is not a bug but is by design 
because this condition is not the normal running mode. Just click on Confirm 

drain completed. This confirmation is to prevent accidents. 

4. HHS will begin the filling operation batch by batch and the progress is displayed 
in the Fill Progress panel. 

5. If a jumper was placed on the 8/8/8 in lieu of a drain float, it should be 

removed as soon as the first batch is being processed.  
6. HHS will stop filling when the fill float is triggered or the calculated number of 
batches has been reached. 

Tip 8: If the volume of the system was not accurately calculated two things can 

occur. If the volume is less than the actual, the fill operation may terminate without 

the fill float triggering.  In this case, HHS will mix one more batch for the channel. 

If the channel is still not full, then a Check float error will be raised. If the specified 

system volume is more than the actual, HHS will stop mixing batches when the fill 

float triggers so no flooding will occur. 

5.3 System testing 

It has been an interesting project getting your HHS system all put together. Now for the 

fun part – watching it work for you and grow your babies. You can see if everything is 

working as expected by performing some of these procedures. 

5.3.1 Channel refill 

The procedures here assume the channel has its initial nutrient fill up done. To check that 

the NMS is functioning, use the following procedures: 

 

For auto EC setups with auto adjust and/or use progressive change checked. 

 

1. Run HHS and click on the Start button. 
2. Be sure the EC measured by the electrode is what is expected after filling the 
channel. The EC will be displayed on the main screen.  

3. If a long debounce time has been specified in Tools->Options Miscellaneous, it 

should be set to zero for this test otherwise the amount of nutrient removed 

may be excessive. 
4. Remove enough nutrient from the channel to trigger the fill float. 
5. If this is the first day for the channel, the EC that HHS mixes should be as 
specified for the corresponding phase Setpoint.  

6. HHS will begin the refill operation and progress will be indicated on the main 
screen. Open the Tools->Diagnostics dialog and select the channel under the 

EC/TDS tab. Here the nutrient mix is displayed as well as the ongoing change in 

EC when the fill solenoid is opened and the batch is sent to the channel. 

7. Reset the debounce time to the previous value. 
8. Observe the graph displayed on the main screen pH/EC(TDS) tab. The latency 

time for the channel may need to be adjusted based on what is observed here. 

 

For channels without an EC electrode, use the following procedure: 
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1. Run HHS and click on the Start button. 
2. If a long debounce time has been specified in Tools->Options->Miscellaneous, 

it should be set to zero for this test otherwise the amount of nutrient removed 

may be excessive. 
3. Remove enough nutrient from the channel to trigger the fill float. 
4. If this is the first day for the channel, the EC that HHS mixes should be as 
specified for the corresponding phase Setpoint.  

5. Open the Tools->Diagnostics dialog and select the channel under the EC/TDS 
tab. Here the nutrient mix is displayed.  

6. Reset the debounce time to the previous value. 

5.3.2 Auto pH correction 

Before beginning this test, pH electrodes must have been calibrated.  

 

1. Run HHS and click on the Start button. 
2. If the pH is not in range and auto adjust has been selected in Channels->pH 

mgmt, HHS will immediately attempt a corrective dose.  

3. If pH is within range, go to Channels->pH mgmt and adjust either the setpoint or 

hysteresis such that the pH is out of range by 0.1 units from that displayed on the 

main screen. 

4. HHS will begin mixing an adjustment dose and will send it to the channel. 
5. Open the Tools->Diagnostics dialog and select the channel under the pH tab. 

Here the ongoing change in pH can be monitored. 

6. Observe the graph displayed on the main screen pH/EC(TDS) tab. The latency 

time for the channel may need to be adjusted based on what is observed here. 

Pick the latency that has the longest time between an EC dose and a pH dose. 

5.3.3 Timers 

Timers are pretty much self testing. If the On time is within the specifications, be sure 

that the associated equipment is operating normally. For interval timing, the ON/OFF 

cycle events are displayed on the main screen. Check that the relays associated with the 

timers are functioning as expected when the cycles change.  

5.3.4 Environmental equipment 

With the equipment installed and checked out, go to Options->Environment and 

manipulate the Temperature and/or Humidity set point and hysteresis so that the range 

is outside the current values displayed on the main screen. The equipment should operate 

but only after the delay period for air conditioners and de-humidifiers. If not, check that 

the relays are operating. 

 

With everything checked out, you can now simply place your favorite 

garden friends into their new indoor home and sit back and enjoy them! 
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6 Parts Suppliers 
These are just examples of available parts sources. Many users have found eBay to be an 

excellent source of components. HHS and Phidgets can accommodate a wide range of 

voltages for solenoids, pumps and relays. The only recommendation would be to keep the 

control voltages the same for all components in order to use a common power supply. 

6.1 Solid State Relays 

Solid state relays (SSR), as the name implies, have no moving parts. For low current 

applications, they are inexpensive and are ideal for controlling the reservoir and nutrient 

pumps and the solenoids. They are available from Phidgets and from many other 

suppliers such as eBay.  

 

Typical SSR available from: 

 

http://www.omega.ca/shop/pptsc.asp?ref=SSR330_660&flag=1 

 
 

6.2 Solenoids 

Only low voltage solenoids are suitable because of the proximity to water. A typical ¼” 

solenoid available on eBay looks like this. 

 

 

 
 

6.3 Peristaltic Pumps 

Accurate metering of the concentrated nutrients into the mixing tanks is accomplished 

with peristaltic pumps. These are available from: 

 

http://www.omega.com/pptst/FPU100.html 

 

Part No.  FPU105  20 ml/min 
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6.4 Float Switches 

Float switches are available from various aquarium supply companies and eBay. These 

are used for fill and drain functions. Floats are best installed externally to the channel 

container with a tube. This will help prevent roots from fouling the float switches. 

 

 

6.5 pH/EC transmitters and electrodes 

Some suppliers of ph/EC Transmitters and electrodes are listed below. Calibration 

solutions are available at hydroponics stores.  

 

1.  Omega 

 

http://www.omega.ca/shop/pptsc.asp?ref=CDTX300&flag=1  

 

 
 

 

2. Phidgets 

 

http://www.phidgets.com/products.php?category=6&product_id=1130 
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3. Independent supplier of EC sensors and controllers 

 

http://webpages.charter.net/tdsmeter/conductivity.html 
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7 Photos of Prototype System 
 

 

Figure 14: System overview 

 

Figure 15: Seedling setup 

 

Figure 16: Nutrient Mixing System with pumps 
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Figure 17: Nutrient Mixing System with solenoids 

 

 

 

Figure 18: Electrical components 

 

 

Figure 19: Plants growing in tray and DWC  
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Figure 20: Net pots with HydroDonuts 

 

Seedlings are started in RapidRooters or equivalent. Once viable, they are transferred to 

the HydroDonuts and net pots with a minimal amount or no Hydroton in the bottom. The 

Hydroton serves as a nutrient path until the roots extend into the container for DWC. 

They are generally not required for aeroponics systems. Donuts prevent algae growth by 

blocking light from the nutrient and any exposed Hydroton. They are reusable. The 

plastic disc on the bottom of the right photo is left over from making the holes in the 

container lid. It is inserted into a net pot and the pot is placed in any unused holes thus 

serving the same preventative purpose as the HydroDonuts.  


