TEACHER'S GUIDE

5. PROGRAM A GREENHOUSE SENSE AND
CONTROL SYSTEM

Project Overview

Students use an EcoChamber and a //control.Node along with all Greenhouse inputs (temperature, humidity,
brightness, soil moisture) and outputs (USB Fan, USB Pump, Grow Light) to incorporate and modify existing
Blockly code from previous investigations and use at least 2 sense-and-control approaches to program an
autonomous Greenhouse.

Time Requirements

Teacher Preparation: 10 minutes

Student Project: 1 or more 45-minute class periods

Goals
* Incorporate existing code into a new program.

» Design a program that combines a variety of control structures to autonomously maintain a greenhouse.

Materials and Equipment
+ Data collection system * Power Output Module with cable
* //control.Node * EcoChamber with lid and stoppers

* Grow Light with included cables and USB power supply * Assembled watering system*

* Greenhouse Sensor * Potted plant, ~4" x ~4"
» Greenhouse Sensor Module with cable and stopper + Shallow dish

* Soil moisture probe » Zip seal sandwich bag
* USB Pump o Ice

* USB Fan

*Includes all Greenhouse Accessory Kit components (tubing, connectors, drip irrigation heads, hook-and-loop fasteners, and a #5 one-
hole stopper), reservoir filled with tap water for USB pump, and materials to secure drip heads to the plant pot such as several strong
rubber bands, zip-ties, and binder clips. Systems that require increased humidity may include a 2" x 2" sponge and bottle caps,
however, once the plant is added to the Greenhouse, the setup may be modified as humidity conditions will change.

Teacher Tips

» For best results, fully charge wireless devices before starting the investigation.

» For long-term investigations, it is recommended to connect the //control.Node to continuous USB
power.

* For Blockly help, enter code-related search terms in PASCO's online Blockly reference guide at
help.pasco.com/sparkvue. The guide is also accessible from the Help option in SPARKvue's main
menu [E) while data collection is stopped.

* For helpful Greenhouse videos, visit PASCO's Greenhouse Sense and Control Kit video library
(click here or scan the QR code).


https://help.pasco.com/sparkvue/
https://www.pasco.com/resources/video?cid=UCYHaxowbwNkDNKB-fnfeY8g&pid=PLx8Xm8sCiICMqcZEl9EGjnXGIv6DZcy4W
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» If your students plan on running the greenhouse long-term, code must be uploaded as directed in Part 2 to avoid
data overload. The sample rate is 1 Hz, or 1 sample per second. When SPARKvue is run long-term with a fast
sample rate plus several sensor measurements, a large amount of data will be recorded. This large data set
translates to a large file size that could eventually overwhelm your system. However when code is uploaded to
and is executed from the //control.Node, data is not being recorded, so large data sets are not an issue.

» For ease of access, consider setting up multiple-outlet power strips within easy reach for students. Plug the USB
power supply into the power strip and connect the USB cable ahead of time so students can easily connect the
Grow Light to the USB cable.

* Depending on your students' experience level, you may wish to plug the USB cable and flat Power Out cable
into the Greenhouse Light for students ahead of time.

» This investigation requires background knowledge of Blockly variables, loops, functions, accessing Greenhouse
Sensor measurements, operating the Power Output Module, creating numeric and text outputs, working with the
USB fan, sleep delays, and creating data displays. To establish prior knowledge, students should complete the
coding investigations titled Program a Sunny Day for Plants, Code a Cooling Breeze for a Greenhouse,
Program Perfectly Timed Rain, and Optimize Water Movement before performing this investigation. The
investigation titled Optimize Water Movement helps students determine ideal temperature, humidity, brightness,
and soil moisture criteria for their plant.

» Optional (refer to sample code shown): Reinforce students' mathematical and
visual ideas of what a constant is, and what it means when two variables have a
proportional relationship. While students are working with the Regulate o
Temperature function in the Research section, have them create numeric outputs do | reguiateTemperature with
called intensity and error. Set each output equal to the intensity and error ety
variables from the function. Create a graph of intensity versus error. Find the
Properties &+ icon in the Graph Tools menu below the graph to turn Show
Connected Lines off. Collect a few minutes of data. Add a linear fit [% to the
results to get the slope m and y-intercept b. Slope should be about equal to the
proportionality constant, and the y-intercept should be about equal the ideal
intensity (as long as the ideal temperature is set 0.2 °C above ambient
temperature as directed in the student instructions).

» Optional, if the entire class is using the same type of plant of comparable initial size and health: After each
student group creates their own autonomous code, have the class create one code together. Once the code is
finalized, assign different student groups different light conditions: control with equal amounts of red and blue
intensity; only red light; only blue light; and other red:blue light proportions. Students should only modify the
Grow Light intensity settings in the class-designed code. Have the class monitor the effects on the plants over
several weeks.

Safety
Follow these important safety precautions in addition to your regular classroom procedures:
» Keep water away from sensor boxes, electrical plugs, and exposed electronic boards.

* Don't allow exposed electronic boards to contact a metallic or conductive surface.

CAUTION:
* Don't look directly at the LED:s.
* Don't touch the LEDs.

Prototype

Part 4: Plan Your Code

On a separate paper, sketch a flow chart that shows how you plan to modify and combine existing code to create a
single program that:
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The flow chart should include the approximate time of day each event occurs as well as ideas of the types of blocks
you will use. The flow chart does not need to show all lines of code; its purpose is to help you plan and think about
the things that need to happen in a logical order with the correct kinds of variables, loops, sleep delays, etc. needed
for a successful program. For example, a flow chart step might say "sleep for an hour then use a for each item loop
with a list to gradually turn on the light" instead of listing the many blocks that would be required to complete the
task.

Student plans should account for time as each event is identified; alerts associated with each event should also be
identified and the audio signal for each event should be defined. Like the example shown, details will be missing as
students discover unanticipated modifications they will need to make for the program to work on a 24-hour basis.

24-Hour Greenhouse Program Plan (Pothos Plant)

Everything is inside a repeat while true loop.

DIGITS
TIME: 5AM »/ ALERT(S) SOUND ALERT(S):
Start: ) éﬁ:gk'?eizmlir -Check reservoir: 3 ascending tones, fast
pre-dawn. (see activity #3) -Pump shutdown: 3 slow beeps of same tone

Set variable to Get

: ‘ -Pump shutdown
Time; set time to zero

(see #3)

A% _ SOUND ALERT(S):

-Watering: Single fast beep
-Check reservoir
-Pump shutdown

-Check soil moisture:

-High: 4x repeat, 2 ascending tones, fast

-Low: 3x repeat, 3 descending tones, fast

-Sun is down
-Watering
-Check reservoir
-Pump shutdown

-Check soil moisture

v

¥ . . .
i Check soil moisture, if 7%VWC
TIME: 5AM or less, use bang-bang control
through 6AM .

to run pump in short bursts to

water 'Jl';rgl f;;'f,;%nepem (see #4) “Check humnidity: if low, 2 slow beeps
‘ -Check humidity followed by 1 fast beep, all beeps
(see #4) same tone

l

From activity #5:
Use proportional control to
adjust light to lower intensity
if fan alone can't maintain
setpoint.

Sleep until time
= 3600 sec

SOUND
ALERT(S):

\ -Check reservoir

TIME: 6AM Get Time. When time = 3600 seconds, DIGITS ALERT(S): -Pump shutdown
through 6PM start light cycle with red-only: sunrise. —(_L—Sun sals -Check soil moisture
Use b_angl—bang control to program fan -Check reservoir -Check humidity
to maintain Temperature at setpoint of -Pump shutdown -Check temperature (see
24°C. Repeat until time = 36[_)0 Check soil moisture . activity #2) )
seconds for each of 12 hours, light -Check humidity -High: 2x repeat, 5 ascending
level set to mirror daily sun cycle. tones, fast

-Low: 2x repeat, 5
descending tones,
slow

\j Y

TIME: 7PM DIGITS ALERT(S): SOUND
through next day Sleep until time -Sun is down ‘ ALERT(S): ‘
4:59:59AM = 86,399 sec -Check reservoir -Check reservoir

-Pump shutdown
-Check soil moisture
-Check humidity

-Pump shutdown
-Check soil moisture
-Check humidity

PASCO 3
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1. Summarize the events that occur in your 24-hour program, and explain how your program was written to ensure
the correct timing over a 24-hour period.

The main code is the repeating 24-hour loop, and inside that code, the day begins at 5AM before sunrise when soil
moisture is checked and the plant is watered if needed. Watering can only occur at this time and alerts will sound
and display if the water reservoir gets too low; the pump can also be disabled if water is too low. Then sunrise
begins at 6AM. Light starts red only then blue is gradually added as intensity gradually increases until the peak at
noon, then intensity decreases until sunset at 6PM. While the light is on, proportional control is used to reduce light
intensity if necessary to maintain temperature setpoint. Reservoir level, humidity, temperature, and soil moisture are
checked once per hour and alerts are sounded/displayed if needed. Then the system goes dark until 24 hours have
passed, and the cycle begins again at the same time on the next day.

2. What were the top 2 challenges you faced when combining multiple input and output events into a single
program?

For most of the investigations, a repeat while true worked but for the 24-hour cycle, you couldn't use that loop for
individual functions because the program would get stuck in a forever-repeating loop and never make it to the next
function. You had to think about the type of loop, if any, to use for every function or you had to add a conditional
statement to make sure an alert from the previous day made it into the next day. Also figuring out how to sequence
one event to the next and the sleep time between each was a challenge. This was hard to think about because we
were not sure when one 24-hour cycle stopped and the next began, until we thought to create a "day counter”
variable and add it to a Digits display.

3. What advice would you give your peers on how to be successful when combining multiple input and output
events into a single program?

You need to break down all the pieces of the program into separate functions that a spread out over time with sleep
blocks. Think very carefully about the order in which things have to happen. Take the troubleshooting advice like
use table data displays for variables and measurements to make sure what's actually going on is what you think is
going on, and also code a little bit, then test - testing often saves time (and frustration!) in the long run. Finally, if
someone has already done the work to write code for something you need, review their code to see if you can use
some or all of it. As long as you understand how the code works, don't reinvent the wheel if you don't need to, but do
look for opportunities to improve it.

4. Explain your approach to using proportional control in your 24-hour program. Describe at least one advantage
this type of control has over bang-bang control.

| merged code from the Regulate Temperature function with an array (built from lists) and a for each item loop to
maximize light only as much as was appropriate for the time of day, so light couldn't increase above a maximum,
but could be reduced gradually if the fan alone could not keep the Greenhouse at setpoint. One benefit of
proportional control is you can spend more time closer to the ideal temperature and light values compared to bang-
bang control.

Sample code, part 1 begins on the next page.
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Sample code, Part 1 (continues on next page):

U Light = A; Fan = BCH 1: Pump = BGH2
set o @
set o | @
set fo
repeat  true ~ |
do | change X by M

in number output =) M dayCount - |

in text output enter Sun is down 3

set to | gettimeinms

waterFunctions with

percentMoisture%VWC

averageVolume(mL)
maxVolume(mL)
=" runningTime - L1 get time in ms

-1 pauseBeroresunrise - |
: 3600 L) =

LW pauseBeforesunrise + JLs -
runLightRegulateTemperature with:

proportionalityConstant | [E) (next page)
in text output [EET enter Sun is down B
=1 runningTime - L] get time in ms

1 pauserenoresumse < |1
: L soi00 LT e )

- W pavseBetoresunise + ) s -
A

=) (2) to MEEENIeTnE) with: percentMoisture%VWC, averageVolume(m

sef to [ value of [% -]

2 round - | a

do | repeat IS | e '®] disablePump |

L ———— port use - [(inext output enter £ Check Alerts

in text output enter Watering & set power output for port using (YRS on:
set frequency to B E[OG)| Hz repeat ﬂ times
sleep for mﬂ 4o | e e N Y el frequency to Hz

{1111 licontrol.Node Speaker -+ |} m sleep for . =

sleep for n = “21 fcontrol.Node Speaker - [ /s At} ﬂ Hz

change by Wl in text output [N enter @PUMP ON PAUSE®

in number output ([T enter seepfor ofEN] EXB

set t ] erage o :

=€ LR to | x - [l averageVolume(mL) - | in text output (TSR enter @RESERVOIR GRITICALLY LOW@
in number output K7 =P e I enter

LA oaivoume_ [~
[maxvoume(mi) - J{< - T 025 e lilmadotnetnl) ST sarmiowReservor

in text output enter L\ Check Alerts

do | disablePump
in text output enter A WARNING: Low reservoir level

of loop
cisei
do B do | et L e e il frequency (o W Hz
set power output for [T IS port (EC:ZES using (NS on
 lamowReservoir sleep for

set power output for (TEIC N port ENZZIE using (VS on: HEEXE -~ control Node Speaker - =TI 5000 10
sleep for sleep for ‘ms -
& L moisuroreacing - T SoVG (Loam) - % - | Jlcontrol Node Speaker - |1 s 0 7000 |-

= sleep for
set power output for FCLICETEEIRE port (=N P8 using (V512158 on: false =
in text output EYEE enter Soil moisture OK « hal/conioliode Speaker -

sleep for .2 = sleep for .20 {ms - |
= L

PASCO 5
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Sample code, Part 2 (continued from previous page):

2) to [ RGEN MECEEIE) with: proportionaltyConstant
£-{ imeon — LONN 5000]
= growiLight - 1) create listwith | (3 create list with {3 Good morning, its sunrise!&3 1)

create st P Very eary morming B

create list with _{ Early moming |-/

reate st P orning EJ

' Late moming 1)
L ign noon & 1)
(. Eary afternoon 1)

P Aernoon E1

L wic-attemoon 13

7 Cat sttemoon 1

«Emm»

0 its sunse [ 13

create list with

create list with

create list with

create list with

create list with

create list with

create list with

creats list with

slelclslclgislge

create listwith
LT Y sublistitem - FUVS S growLight - |
LR tomp - JUNINCIT L] Temperature - |
st OIS 10 = ErE
Lo timeinSec - LUNBFNTSY (oot Mz - ]

set o list titem - M g
i et 12 1) 1o CETSEINTTEEY with: TiggerAlammHi%VWC, iggerAlamLo% VWG
E= T igniintensityRed - [ NI Lot I T[] F L moistureReading - JMa /1| %VWC (Loam) - | % - |
<ot CETIEITED b || 11 (| EOIEITED (O R © DL oo ]
do i text output [EFTTEIEE enter £) Check Alerls.
in text output CIIEI enter /A WARNING: Low soil moisture
et Bt | in st 3 (30 repeat WY times
in text output enter
Ll icontrol Node Speater - Rt TEBAUN 2000 132
Corror - | (0] [Y checkrompersture]
steep for WER) G5 E-Ytemp - JORRN "X Tomparature - |
sat power output for (7N port (IR using (T2 o MELTI =

.| /icontrol.Node Speaker - RIL0 1L % U] Hz e
£V intensityRed - 119 T — Lo | T oo |
(SRS G sleep for s - |

ETightintensiyBiue + [N Poet Rz

in text output (7S enter L Check Alerts
in text output enter Temperature above ideal

repeat times

LN sicontrol.Node Speaker - LTSRN 100 1372

E{niensihbue I CoroportonaityConstant - = - W eror - ]

1 lconirol Noge Speaker - L1
in text output (TSR enter Light intensity adjustment Q' -
else {round - | > - Il triggerAlarmHi%VWC -
sleep for =

- o [ imtextoutput 0 Q Checkrts
etse. ({5t grow tight for (72NN port (2%58 o brighiness R (TR | B (EECEITED in text output (EYETTIER enter /A WARNING: High soil moisture. steep for HETRY] 9D

repeat times
ot por outputor (TN port EXGEENER using (U768 on: NS veat o] set (ETTITTISTIERR requency to e
= LN controLNode Speaer Lo (s Hz |

sleee for WY GO U icontolNode Speaker LTSN 00 113
4o | et grow light for (ZZITITTNEN port (2¥EM tobrighiness R o] & N
= set frequency to steepor m “ms |

seeit = o
S‘EW | eenteniose Seeser Il =
LU0 VicontrolNode - 1oid A - Lo o0 Uil lightintensityRed - )| - 8] lightintensityBlue - =
&

"1 /icontrol Node Speaker - | LR 100 [ms - ]
& Y

{ Ficontrol Node Speaker - L TELAN 000 (28
EEY Ol timeinsec - JLs - | else [ in text output enter moisture OK «
. steep for HIETTY) 2N

" sleap for m

et row gt for (TR port (3 tobrighness R WG] & M) ewr ofEll | contoinoss Speaker 11
L

sleep for WERY] (8

U intensityRed - (<~ JH{0)

—
Y che cirumiger” eseir =
o T o |
3 fT L] Relative Humidity - 1% - i< - Ji{40]
y to az [ intext output EEITERR enter 0 Check Aerts do | intext output XTI enter Temperature below ideal §

checkReservoirStatus
in text output [ enter Humidity too low #§ repeat B3 times
heckSoilMoisture  with: .
triggerAlammHi%VWC. -1 /icontrol.Node Speaker - R TEATH T 2000 1,74 U0 jjcontrol Node Speaker - fraquency to m Hz
riggerAlamLo%VWC | €3 steep for o] XD sieep for oY (D
checkHumidity
s 11 iiconirol.Node Speaker - 1L -1 Hlcontrol Node Speaker - |1 113 He
| in'text output (G enter R between checks, hang on. sleep for (ms -} steep for WY T30
D T -1 Jlcontrol Node Speaker - FIETEISHENT 2000 1774 1 /icontrol Node Speaker ~ LIS AT 500 o4
(o] sieepfor o] E63 sieep for {ETY| (3D
O > L fcontroLNode Spesker — |1 false
5] ot 025 | e T [ rase | set (TSRS frequency o e
sieep for Wi GEED steep for WD) T30
Sel T I reauency to MELITI) He sot (IO reuency to e
el b 2 | 5 awencr o WEE]
sleep for RET]
90 (<2t power utpt for (TTITERM port CXS12368 wsing (LS8 o HEZER ‘@ steep or oY ETED

do | disablePump.
S

A
etse | intext output (ETETEI enter Humidity OK «

else | in text output LTS enter Reservoir OK o else | intext output enter Temperature OK
sleep for =
steep for W3] EX3 L sieep for WEY] EXB

B 20 ([ms -}
steep for WJETY)] CIEB L e

sieep for WETY| TR

Improve

The chorus from the Bee Gees' Stayin' Alive will play while watering instead of the single beep. Unchanged code
has been collapsed (sample code on the next page).

6 PASCO
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to runLightRegulateTemperat...
to runChecks checkReservoi... -1 //control.Node Speaker + [ji- 1l-y/e/ 1) m Hz

to checkReservoirStatus if...
to disablePump in text out... sleep for m _ms - |

to alarmLowReservoir in te... briefPause

to alarmSoilMoisture with: ... =1 //control.Node Speaker ~ 1i-:[l=ys Al 466.16 | 174

to alarmHumidity if ((valu...
to alarmTemperature sette... Sl m mED

briefPause

@) 2) to (EEEMMETIY with: percentMoisture%VWC, averageVolume(mL), ma... | Jfconirol.Node Speaker - | ! yol o 4153 4
=4 moistureReading ~ FeM =1 %VWC (Loam) ~ | % - |
sleep for ‘ms - |

(GRS round ] (5]
briefPause
do | playWateringSong
- //control.Node Speaker = R [lEa@ A 392 gra
st IS ound -] percenioisiurc VWG - v
sleep for 'ms - |
90 | set power output for (I3 port NS using (VEEIES on: m
briefPause
in text output [EETTRA enter Watering ¢
- /lcontrol.Node Speaker * - [l e7A L) m
sleep for n (s v ]
! fi
change by S G
in number output ([EEIEEIEIED enter EiEira=s
=1 totalVolume - 5] = -1 //control.Node Speaker ~ i-(l-yn Al 349.23
in number output KEEEIEE IR enter | (EENCINS sleep for m ‘ms v |

if (totalVolume > ((maxVol...

Light = A; Fan = BCH 1; Pump = BCH2
=-f dayCount ~ RERE{ 0
set to (@
set to
repeat while true do change...

fasterPause

set power output for (ZITAYERERA port ENERFED using (K on: - =¢ //control.Node Speaker ~ i=LleAGH - 349.23

sieep for ofiE}] XD sleep for ‘ms - |
éetto \EIME ] %VWC (Loam) = EoimEmme

¢ /lcontrol.Node Speaker = Fis[[EAGH - 349.23

sleep for 'ms - |

briefPause

(| /icontrol.Node Speaker ~ [
sleep for 'ms - |

briefPause

-1 /lcontrol.Node Speaker = Ri=b [l mAGH 311.13

sleep for ‘ms |

briefPause

-1 //control.Node Speaker - B[l ETAGH | 349.23
sleep for ﬂ ‘ms - |

fasterPause

- ¢ /lcontrol.Node Speaker = Fi=c[l- A CH - 349.23
sleep for ‘ms - |

fasterPause

- /icontrol.Node Speaker - Ris[IyEAGH | 349.23

sleep for 'ms |
111 ficontrol.Node Speaker - He)i
sleep for 'ms - |

Seepor fET

set power output for (ZETEIERE port ENFED using (VSIS on:
in text output (TSI enter Soil moisture OK «

sieep for WESDI] GIED
~

D)\ briefPause |

111 Jlcontrol.Node Speaker - [+ s W

sleep for {ms |
e or Y

BN fasterPause |

|11 /lcontrol.Node Speaker « [o/H

sleep for ﬂ
~

Technical Support
Need more help? Our knowledgeable and friendly Technical Support staff is ready to provide assistance with this or
any other PASCO product.

Phone (USA) 1-800-772-8700 (Option 4)

Phone (International) +1 916 462 8384

Online pasco.com/support



http://www.pasco.com/support
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