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Teacher’s 
notes Sustainable Futures: Environmental Controller 

Advanced Level 

Introduction to programming intelligent machines  
All of the levels below belong to the category of ‘weak’ artificial intelligence. In this category, 
human-like skills and processes are simulated to develop ‘smart’ systems that can perform 
everyday tasks.  
Smart systems developed in these activities focus on issues of sustainability for the future. 
The central thesis being that we can improve our use and management of resources if we 
make use of intelligent machines to help us. The activities provide some examples of 
approaches to developing machines that can provide this capability.  
 
1. Basic level: able to follow instruction sets (see Basic level document for details) 

·  Little steps 
·  Tracking steps 
·  Amazing steps 
 

2. Intermediate level: able to respond to environmental conditions 
Single input activities: (see Intermediate level document for details) 

·  Let’s dance! 
·  The heat is on 
·  Dodgem cars 
·  Light on 
 

Multi-input/output type activities: (suggested) 
·  Climate controlled system 
·  Recycle materials 
·  Clean sweeper 
·  Water saver 

 
3. Advanced level: able to respond to environmental conditions and previous responses. 

·  Environmental controller and data logger (see details below) 
·  Heat or light seeker (suggested) 
·  Solar power optimiser (suggested) 
·  Solar powered exploratory vehicle (suggested) 
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Explorer Board 
 
 
 
 
 
 
 
 
 
 
 
 

Input Sensors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

J11 J13 J6 J7 J8 J9 J10 J12 

J1 J2 J3 J4 J5 

PICBLOK / SFT 
PICAXE 08/18 CPU BOARD 
REV 1.2 

 

12V 1A 
Power Pack Serial 

connector 

DS 1820 MODULE 

PICBLOK/SFT 

LDR MODULE 

PICBLOK/SFT 

IR MODULE 
PICBLOK/SFT 

Infrared sensor 
IR sensor detects infrared signals from transmitter devices such 
as remote controls (Sony type).  
 
Connect to analogue inputs: J1 – J3 (red) 
 

Light sensor 
Light dependent resistor (LDR) reads light intensity by changing 
resistance. Voltage values vary between 0V (dark) and 5 V 
(bright). An analogue to digital converter translates these values 
to 0 to 255. 
Connect to analogue inputs: J1 – J3 (red) MODULE 

Temperature sensor 
DS 1820 temperature sensor detects air temperature from -55C 
to 125C. Do NOT use for liquids or open flames. 
 
Connect to analogue inputs: J1 – J3 (red) 

Switch 
Digital pulse input switch. This sends a single digital pulse (5 V) 
as input when pressed. Use to trigger an event. 
 
Connect to digital inputs: J4 and J5 (blue) 
LED MODULE 



 

3 

Sample BASIC code 

 

 
 PICBLOK/SFT 

Temperature sensor 
 
start: 
 
© Program to test Temperature sensor on INPUT 1 (RED) J2 
© 
© GREEN LED on OUTPUT 5 (WHITE) J13 
© RED LED on OUTPUT 6 (WHITE) J12 
© 
symbol GREEN = 5  ©rename Output 5 as GREEN 
symbol RED = 6  ©rename Output 6 as RED 
symbol TEMP = 1  ©rename Input 1 as TEMP 
 
main:    ©make a label called main 
 
 readtemp TEMP, b0 ©Read TEMP and store as value b0 
 debug b0  ©View TEMP value b0 on screen 
 
 if b0 >=29 then RED_led_on ©Test if b0 is above maximum 29 
 
  low RED   ©turn off red led 
  high GREEN  ©green led on 
  goto main ©Read TEMP again 
 
RED_led_on: 
 
 low GREEN   ©turn off green led 
 high RED   ©turn on red led 
 goto main  ©Read TEMP again 

Infrared sensor 
 
start: 
 
© Infrared Module connected to RED J1 - INPUT 0 on Picaxe 18x 
© 
 
init: 
 

infrain   ‘Read input pulse from transmitter 
 

high 7   © Red LED module connected to OUTPUT 7 J13 
pause 125 
low 7   © Red LED module connected to OUTPUT 7 J13 
pause 125 

 
debug   ‘Show in debug dialog box 

 
goto init 
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Output 
 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Green LED 
This indicates a HIGH value reading on output port connection 
by continuous light ON. 
 
Connects to digital outputs J6 – J13 (white) 
 

High power switch 
A MOSFET relay that switches on power from another source 
(power pack) to enable high current devices such as heaters and 
fans. 
Connects to digital outputs J6 – J13 (white) 
 

BUZZER MODULE 

PICBLOK/SFT 

LED MODULE 

PICBLOK/SFT 

 
IRF540 MODULE 

PICBLOK/SFT 

LED MODULE 
PICBLOK/SFT 

 
IRF540 MODULE 

PICBLOK/SFT 

9-12V DC J6-J13 

Heater / Fan 

� �
� �

Sound buzzer 
This indicates a HIGH value reading on output port connection 
by a continuous beep. 
 
Connects to digital outputs J6 – J13 (white) 
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Display Output 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7-SEG LED MODULE PICBLOK/SFT 

7 Segment display 
This displays characters A-Z and 0-9. This requires 
two output connections. 
 
Connects to digital outputs J6 – J13 (white) 

Sample BASIC code 
 
start: 
 
© 7 Segment Led Module  
© J1 on module connected to OUTPUT 7 (WHITE J12) and 
© J2 on module connected to OUTPUT 6 (WHITE J13) 
© 
 
init: 

pulsout 6,150  © clear 7 segment module to 0 ZERO; pulsout 150ms 
pause 125 

 
 

for b0=1 to 9 
pulsout 7,150  © pulsout 150ms to OUTPUT 7 
pause 125 

next b0 
 
goto init 
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Input / Output Data Storage 
 

 
 

EEPROM data storage 
24LC 256 holds 256 K Bits of data as temporary read / write 
memory storage. 
 
Connect to J7 (orange) and J10 (black) 

 
12C EEPROM MODULE 

PICBLOK/SFT 

Sample BASIC code writes to and then reads from EEPROM 
 
init: 
 
symbol COM = 44         ©comma 
symbol RET = 13           ©carriage return 
symbol LFEED = 10         ©line feed 
symbol Address = b3    ‘first address 
let b3 = 00 
 
i2cslave %10100000, i2cslow, i2cword ‘initialise EEPROM connection 
 
main: 
 readadc 0, b0    © INPUT 0 = LDR Sensor RED (J1) 
 pause 10 
 
save_data: 
 
 writei2c address, (b0)   ‘Write data to address b3 
 pause 10 
 
 let address = address + 1  ‘increment address 
 if address > 10 then read_data ‘check if finished 10 readings 
 
 pause 500    © Time delay between readings;  

‘i.e. 500ms = 1/2 second 
 goto main    ‘read another 
 
©Now read the data 
 
read_data: 
 let address = 0   ‘set starting address 
  
more_data: 

readi2c address, (b0)   ‘read value to b0 
 
tx_data: 
 sertxd (#address,COM,#b0,RET,LFEED) ‘send to terminal 
 let address = address + 1   ‘increment address 
 if address >=10 then all_done  ‘check if finished 
 

goto more_data    ‘read another 
 
all_done:      ‘finished 
end 
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Power sources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Optimisation method 
 
Voltage output from the battery pack is monitored through the analogue input. The stepper 
motor adjusts the angle of the panel until the maximum voltage is achieved. 
 
This could be further adapted to respond to a low voltage reading: 

·  Sound alarm or flash a LED 
·  Seek a better (brighter) light source 

 
Light intensity on the solar panel could also be monitored for sufficient intensity to provide a 
net voltage into the system (> 6V). Responses could be: 

·  Sound alarm or flash a LED 
·  Seek a better (brighter) light source 
·  Switch to alternate power source 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

POWER SUPPLY 

 
Battery 
pack 

Diode regulator 

Solar cells 
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Solar power optimisation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Charging 
Regulator 

 
 
 
 
 

Solar Cell 

Gear 
Motor 

Left Drive 

 

 
Microprocessor 

Jockey Wheel 

Gear 
Motor 

Right Drive 

 
 

 
Rechargeable 

Battery 

Voltage Monitor 
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Voltage Monitor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Solar Panel 

 
 
Battery Pack 

1
0
k 

1
0
k 

6 – 10 V 

3 – 5 V 

0V 

ADC Input 
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Climate controller for a sustainable energy house 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Solar Cell 

 
Microprocessor 

Mosfet 
Power 
Switch 

Mosfet 
Power 
Switch 
 

 
 

Fan 

 
Heater 
panel 

Temperature sensor 

 
Data storage 

Warning 
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Programming an environmental controller 
 

Temperature Controller 
 

 
 
 
 
 
 
 
 
 
 
 

start

let b5= 0

b5< 100

 Y

N

readtemp  0,b1

gosub check_temp

check_temp

b1> 27
Y

 N gosub Fan_on

gosub Heater_on

Heater_on

Fan_on

return

high 5

low 6

low 5

high 6

return

return

serout 0,N2400,(b1)

gosub flshLED

flshLED

high 3

pause 500

low 3

return

let b5=b5+ 1

stop

sub_stop_all

low 0

low 0

return

gosub sub_stop_all
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BASIC Program 
 
©BASIC program modules adapted for control: 
©Temp_Controller.bas 
©Updated on 22/6/2009 
©Allan Morrison  
 
©================================================================== 
©Program performs the following functions: 
© reads temperature 
© writes data to serial terminal 
© checks temperature for high value 
© controls heater and fan to maintain temperature high value 
©  
 
©================================================================== 
©      Initialise 
©================================================================== 
 
init: 
 
 symbol COM = 44  ‘comma    
 symbol RET = 13  ‘return 
 symbol LFEED = 10  ‘line feed 
  
 let b5 = 00   ‘set counter to 0 
  
  
©================================================================== 
©     Header to terminal 
©================================================================== 

 
head: 
 
 pause 50 
 sertxd("Writing data to Serial Terminal ... ",RET, LFEED) 
 
 
©================================================================== 
©      Main control procedure 
©================================================================== 
 
 
main: 
  
© Take 100 readings and check temp each reading 
 
 for b5 = 1 to 100 
  
  gosub read_Temp   ©Do procedure read temperature 
     
  sertxd(#b1,RET,LFEED)  ©Send data to terminal  
    
  gosub flshLED    ©Do procedure flash LED 
  gosub checkTemp   ©Do procedure to check temperature 
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 read_next:    ©Read next data set 
  
 next b5    ©Increment data count 
 gosub Stop_all   ©stop all devices 
  
end 
 
 
©================================================================== 
©    Additional sub procedures 
©================================================================== 
 
 
©================================================================== 
©     Read temperature 
©================================================================== 
 
read_Temp:      
 readtemp 1,b1    ‘Read temperature on port 1 
 pause 10    ‘Wait to read 
 return 
  
  
©==================================================================  
©     Flash LED  
©================================================================== 
 
flshLED: 
 high 3     ‘Turn on LED on port 3 
 pause 500    ‘Wait 0.5 sec 
 low 3     ‘Turn off LED 
 return 
  
 
©==================================================================  
©    Check temperature 
©================================================================== 
 
checkTemp: 
 if b1 >= 28 then gosub Fan_ON ‘If temperature above 28 turn fan on 
  gosub Heater_ON  ‘otherwise turn heater on 
 return 
  
 
©==================================================================  
©     Turn fan on 
©================================================================== 
 
Fan_ON: 
 low 5     ‘turn heater off on port 5 
 high 6     ‘turn fan on port 6 
 goto read_next   ‘read next temperature 
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©==================================================================  
©     Turn heater on 
©================================================================== 
 
Heater_ON: 
 low 6     ‘turn fan off 
 high 5     ‘turn heater on 
 goto read_next   ‘read next temperature 
  
  
©================================================================== 
©    Stop all devices 
©================================================================== 
  
 
Stop_all: 
 low 5     ©stop heater 
 low 6     ©stop fan 
 return 
   
©================================================================== 
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Data logging 
 
BASIC Program 
 
‘BASIC program modules adapted for control and data collection: 
©Light_Temp_Controller_DataLogger.bas 
©Updated on 16/6/2009 
©Allan Morrison  

 
©================================================================== 
©Program performs the following functions: 
© reads and writes to terminal interface 
© reads and writes to an EEPROM 
© reads temperature 
© reads light intensity 
© checks temperature for high value 
© controls heater and fan to maintain temperature high value 
© samples data every 100 reads and writes to EEPROM 
© checks memory full and waits to return data from EEPROM 
© returns data from EEPROM and displays on terminal 
 
 
©================================================================== 
©      Initialise 
©================================================================== 
 
init: 
 
 symbol COM = 44   ‘comma    
 symbol RET = 13   ‘return 
 symbol LFEED = 10   ‘line feed 
 
 symbol address = b3   ‘first address variable 
 symbol addr = b4   ‘second address variable 
  
 let b3 = 01    ©set starting address to 0 
 let b4 = 00    ©set second address to 0 
 let b5 = 00    ©set counter variable to 0 
  
 i2cslave %10100000, i2cfast, i2cword ‘initialise EEPROM connection 
  
 
©================================================================== 
©     Header to terminal 
©================================================================== 
 
head: 
 
 pause 50 
 sertxd("Writing data to EEPROM ...",RET, LFEED) 
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©================================================================== 
©      Main control procedure 
©================================================================== 
 
main: 
  
© Take 100 readings and check temp each reading 
  
 for b5 = 1 to 100 
  
  gosub read_Temp   ©Do procedure read temperature 
  gosub read_LDR   ©Do procedure read light intensity  
    
  sertxd(#b0,COM,#b1,RET,LFEED) ©Send data to terminal   
   
  gosub flshLED    ©Do procedure flash LED 
  gosub checkTemp   ©Do procedure to check temperature 
  
 read_next:     ©Read next data set 
  
 next b5     ©Increment data count 
  
 let addr = address + 1    ©Increment write address for  
 let addr = addr / 2    ©first data point in set 
 
save_data:      ©now save the data 
  
 writei2c address,(b0)    ©write temperature to EEPROM 
 pause 10     ©wait until done 
 
 let address = address + 1   ©increment to next address 
 
 writei2c address,(b1)    ©write light intensity 
 pause 10     ©wait until done 
  
© Memory full check 
 
 let address = address + 1   ©Increment address 
 if address > 40 then waitReadData  ©check if 40 data points saved 
  pause 50    © wait .05 
  goto main    ©go back to read more data 
 
 
© Wait to press return data button 
 
waitReadData: 
 
© turn off heater and fan 
 low 5      ©Turn heater OFF 
 low 6      ©Turn fan OFF 
 
© flash wait LED 
 high 2      ©Turn LED ON 
 low 3      ©Turn LED OFF 
 pause 500     ©Wait 0.5 seconds 
 low 2      ©Turn LED OFF 
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© check if pressed 
 if pin7 = 1 then read_data   ©If button is pushed the read data 
  goto waitReadData   ©Keep waiting  
  
  
©Now read the data 
 
read_data: 
 
 let address = 0    ©Set starting address to 0 
 
 pause 50     ©Wait 0.005 seconds 
 sertxd ("Reading Data from EEPROM...... ",RET,LFEED) ©Write header 
  
more_data: 
 
 let address = address + 1   ©Increment to first address 
 
 readi2c address,(b0)    ©Read temperature from address 
 pause 10     ©Wait until read  
 
 let address = address + 1   ©Next address 
 
 readi2c address,(b1)    ©Read light intensity 
 pause 10     ©Wait until read 
 
 
tx_data: 
 
 pause 1000 
 
 sertxd (#b0,COM,#b1,RET,LFEED)  ©Send data to terminal  
 
 if address >=40 then all_done  ©Check if all data read 
  goto more_data   ©Read more data if not finished 
 
all_done: 
 if pin7 = 1 then read_data   ©Read again if button pushed  
  goto waitReadData 
end 
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================================================================== 
©    Additional sub procedures 
©================================================================== 
 
 
©================================================================== 
©     Read temperature 
©================================================================== 
 
read_Temp:      
 readtemp 1,b1    ‘Read temperature on port 1 
 pause 10    ‘Wait to read 
 return 
  
  
©==================================================================  
©     Read light intensity 
©================================================================== 
 
read_LDR: 
 readadc 0,b0    ‘Read light intensity on ADC port 0 
 pause 10    ‘Wait to read 
 return 
 
©==================================================================  
©     Flash LED  
©================================================================== 
 
flshLED: 
 high 3     ‘Turn on LED on port 3 
 pause 500    ‘Wait 0.5 sec 
 low 3     ‘Turn off LED 
 return 
  
 
©==================================================================  
©    Check temperature 
©================================================================== 
 
checkTemp: 
 if b1 >= 28 then gosub Fan_ON ‘If temperature above 28 turn fan on 
  gosub Heater_ON  ‘otherwise turn heater on 
 return 
  
 
©==================================================================  
©     Turn fan on 
©================================================================== 
 
Fan_ON: 
 low 5     ‘turn heater off on port 5 
 high 6     ‘turn fan on port 6 
 goto read_next   ‘read next temperature 
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©==================================================================  
©     Turn heater on 
©================================================================== 
 
Heater_ON: 
 low 6     ‘turn fan off 
 high 5     ‘turn heater on 
 goto read_next   ‘read next temperature 
  
  
 
©================================================================== 
©    Stop all devices 
©================================================================== 
  
 
Stop_all: 
 low 5     ©stop heater 
 low 6     ©stop fan 
 return 
   
©================================================================== 
 


