
Radiation Flows - Absorbtion, Reflection, Radiation, - (Rainforest, Forestry and Farming land use)  DRAFT V1
The reason for the project:

This is part of a bigger research program to help the world understand the value of the ecosystem services that rainforests provide to support life on our planet.   An overview of this program is described at  www.whirinakirainforest.info/ecosystem_services_value/  
This program suggests that the water cycle is most important in rainforests, so we are looking to find out more about the water and energy flows in the Whirinaki Catchment
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We don’t know at this stage where this program might lead us.   But after talking with scientists at Landcare Research, NIWA, DOC and elsewhere, we are using our unique “place”,  The Whirinaki River Catchment including the Whirinaki Rainforest as our research site. www.whirinakirainforest.info 
Our Catchment Water Cycle project alerted us to massive amounts of energy received from the sun  that   flows across the water cycle to be radiated out into space..  That together with what we have observed using our weather station’s black plate sensor has prompted us to evaluate the surface terrain absorbtion, reflection and radiation effects of different land use in the catchment  - e.g. rainforest, commercial forestry and farming
Surfaces we might consider may include Geographic 3D terrain,   Tree 3D terrain,  Leaf  characteristics.  We expect to have to build some special energy spectrum analysis instrumentation to help us get an idea how important that flow might be.
Coaching Scrum 1:  absorption, reflection, radiation, colour
Here is a diagram from that explains  the electro magnetic spectrum and shows what gets to us from the sun and space. See this and more on Wikipedia
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At this point we are mainly interested in the area around the visible spectrum where we detect the colours of the rainbow.

We most often think of colour as something we get by adding pigments, as we have the supplier mix into in a tin of paint.  
Our ancestors identified pigments sources to use on their carvings, paintings, works of art, and taa moko  

Nature has another smarter way of generating colour as we see it in the beauty of a butterfly, in the shell of a paua,  in animals that change colour to match their envirionment and camouflage themselves, or in rainbows.   Here colour comes from the molecular nanostructure of the surface which controls how it  reflects absorbs transmits or radiates each light wavelength.  Search biological pigment on Wikipedia for more info 
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Incident radiation 

Our silver fern, the national emblem used by our All Black rugby and other sports teams, is hard to find when walking in a forest as from below it looks green ... but turn it over to the sunlight and it shows as silver.  Similarly, the top surface of the fern looks shiny when reflecting direct sunlight but matt when in the shade.  The silver underside reflects infrared heat radiated from the ground back creating a nurturing eco-climate under the canopy.  Ferns are nursery species that grow quickly to fill damaged spaces in the forest.

This project is about learning the smart ways in which trees, leaves and other natural vegetation change their optical and other characteristic to adapt to and thrive amidst the external stresses that the daily sun and other cycles impose on them.  In doing so they help create the conditions that enable us to live on planet earth.
Our instrumentation needs are for a low cost visible spectrum analyser that allows us to do the following  including  (Infrared to Ultraviolet wavelengths)
1. Self calibrate itself against a previously calibrated and stable multipoint LED light source, so readings are less dependent on instrument stability, temperature, power supply and other factors)                                                    
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2. Measure the sun’s incoming spectrum and compare that with what is reflected off or passed through the leaf, tree or species under consideration.  Some consider painting things white to increase energy reflection and thus counter global warming.  ( Perhaps some trees may use smarter ways of doing this “painting”?) 
[image: image11.jpg]


[image: image12.jpg]


                        
[image: image4]

[image: image5]              
                            
[image: image6]

3. Measure the earth’s radiation spectrum under the canopy ( mainly Infrared) and see what proportion is reflected  back to the ground by the underside of leaves  ((eg The Silver Fern example above which uses similar processes  to cloud insulation and global warming greenhouse barriers?) 

                             
[image: image7]
4. Other measurements that will be obvious once we start learning.
Design Scum; Picaxe based visible spectrum analyzer

Light Emitting Diodes LED’s are well known for their ability to convert electrical energy into light at various parts of the visual light spectrum.  What is less widely known is that they also work in reverse, receiving light in their spectrum band and converting this to a small electrical current.   Here is a Robot Room weblink that helped us get our heads around this opportunity thanks. 

Connect a LED to a high input impedence multimeter and you will see this show up as a voltage of around 1 -2 volts. (This works best with new technology high intensity LEDs with water clear lenses.    The graph below indicates the typical response of LEDS.  
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The picaxe analogue input channels have a very high impedance which with typical LED levels in sunlight give a reading between 1 and 2 volts with up to 10 bit resolution.   Our initial prototype design found a problem in that the Analogue to Digital Convertor ADC needs to be supplied with a low impedance source to charge its internal capacitor in the short time available.  A discussion on the PICAXE Forum quickly helped us find an acceptable answer for this, involving dummy reads to reset to to O volts between channel reads and integrating results over time - thanks to many participant suggestions.
We divided the spectrum into eight segments which overlap near the 3dB (½ power level)
	channel
	Wavelength
	Colour
	Intensity 
	Supplier
	(Alternative)

	0
	425
	Ultra Blue
	
	not yet found
	

	1
	478
	Pure Blue
	2500
	Jaycar zd-0180
	

	2
	525 (520)
	Green
	7500 (12000)
	Jaycar zd-0172
	Surp LA0068G

	3
	590 (?637?)
	Yellow
	4000 (9000)
	Jaycar zd-0164
	Surp LA0067

	4
	615
	Orange
	         (4000)
	>>>>>>
	Surp LA0068OR

	5
	660 (630)
	Red
	1200 ( 12000)
	Jaycar zd-0152
	Surp LA0066

	6
	875
	Infrared
	
	Not yet found
	

	7
	940
	Far Infrared
	
	Jaycar zd-1945
	

	8
	Interchannel gap where input input clamped to 0 volts


Block Design using PICAXE 28X2
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The prototype for proof of concept testing


Here is our provisional Picaxe 18m2 prototype that we used to prove the concept.   Subsequent to getting these results we added a 2n2 capacitor across each LED input that has the effect of   making a peak detector which with the LED polarity seems to catch the rise of any reading but adds a tine constant of around one second on its decay. 

Provisional Picaxe Code

1. ; Near Visible Spectrum analyser v2 (please acknowledge use listing http://www.whirinakirainforest.info/ecosystem_services_value)

start:
pullup %00000000
dirsB = %00000000
dirsC = %00001000

adcconfig %011 ; set up with internal reference
;pause 1000
fvrsetup fvr2048
start01:
let w1 = 0 let w2 = 0 let w3 = 0 let w4 = 0 let w5 = 0 let w6 = 0 let w7 = 0 let w8 = 0 let w9 = 0 let w10 = 0   ; clear all result word slots  for next spectrum reading

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 B.1 , w11 ; all others are OK but sometimes get a lower foll0w on to next
let w1 = w1 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 B.2 , w11 ; The one scanned first gets data even when input is OC
let w2 = w2 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 B.3 , w11 ; each input scanned 10 times and added to word register
let w3 = w3 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 B.4 , w11
let w4 = w4 + w11
next b26

readadc10 C.2 , w11 
for b26 = 1 to 10
readadc10 B.5 , w11
let w5 = w5 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 B.6 , w11
let w6 = w6 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
-readadc10 B.7 , w11
let w7 = w7 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 C.0 , w11
let w8 = w8 + w11
next b26

readadc10 C.2 , w11
for b26 = 1 to 10
readadc10 C.1 , w11
let w9 = w9 + w11
next b26

for b26 = 1 to 10
readadc10 C.2 , w11
let w10 = w10 + w11
next b26


sertxd (#w1,9,#w2,9,#w3,9,#w4,9,#w5,9,#w6,9,#w7,13,10,#w8 ,9,#w9,9,#w10,13, 10)
pause 1000
goto start01


RESULTS ACHEIVED:
Recorded on Friday 13th Jan 2012, a very changable day with moving clouds, sun and rain
The first 6 readings below are inputs with LEDS fitted 484 blue, 525 green, 590 yellow, 625 red / orrange, 660 red, 940 far IR. The remaining three are open circuit ADC channels.

(1) Outside pointing to a peek of direct sun

8202 7448 7649 7596 7151 4213 0
0 0 0
8257 7499 7695 7625 7161 4209 0
0 0 0
8275 7531 7722 7651 7198 4218 0
0 0 0
8222 7475 7696 7626 7170 4198 0
0 0 0

(2) Reflecing sun off white paper

8023 7265 7558 7397 4901 4121 0
0 0 0
8043 7295 7550 7400 4850 4119 0
0 0 0
8102 7321 7567 7403 4907 4122 0
0 0 0
8067 7307 7561 7404 4889 4119 0
0 0 0

(3) Shaded under a small green shrub with cloudy sky

8514 5170 4180 3738 2621 2142 0
0 0 0
4518 5184 4202 3765 2691 2175 0
0 0 0
4518 5200 4226 3771 2699 2143 0
0 0 0
4558 5247 4257 3740 2660 2111 0
0 0 0

(4) pointing upward to grey cloudy sky

7985 7009 6307 6986 3975 3937 0
0 0 0
7998 7016 6302 7009 3957 3927 0
0 0 0
8008 7025 6315 7041 3994 3920 0
0 0 0
8039 7027 6324 7062 4046 3920 0
0 0 0

(5) inside office wiith natural light

524 4580 3672 3788 2057 1830 0
0 0 0
484 4615 3662 3790 2013 1797 0
0 0 0
421 4578 3602 3710 1414 1629 0
0 0 0

(5) Under desk in darkened office 

0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0

(6) Under desk with each sensor lit sequentially with white LED (LED a bit shakey with much cross pollution)

0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 1475 0 416 0 0 0
0 0 0
740 2711 457 346 0 0 0
0 0 0
35 4805 3268 357 0 0 0
0 0 0
0 3620 4543 3383 0 0 0
0 0 0
0 2419 3116 5049 1787 0 0
0 0 0
0 2208 1324 3115 2889 10 0
0 0 0
0 0 0 160 161 773 0
0 0 0
0 0 0 157 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0

(6) Under desk with each sensor lit sequentially with BLUE 485 LED (LED a bit shakey with much cross pollution)

0 0 0 0 0 0 0
0 0 0
7071 423 0 0 0 0 0
0 0 0
432 2532 55 0 0 0 0
0 0 0
0 124 3685 344 0 0 0
0 0 0
0 0 334 4008 0 0 0
0 0 0
0 0 302 299 278 0 0
0 0 0
0 0 0 557 0 1456 0
0 0 0
0 0 0 0 0 0 0
0 0 0

(7) Under desk with each sensor lit sequentially with red 625 LED (LED a bit shakey with much cross pollution)

0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 194 0 0 0
0 0 0
0 0 0 172 0 0 0
0 0 0
0 0 0 243 25 0 0
0 0 0
0 0 0 229 0 0 0
0 0 0
0 0 3336 3280 170 0 0
0 0 0
0 0 681 3269 188 0 0
0 0 0
0 0 0 7051 249 0 0
0 0 0
0 0 0 6838 2508 0 0
0 0 0
0 0 0 376 5020 0 0
0 0 0
0 0 0 389 5028 0 0
0 0 0
0 0 0 195 219 627 0
0 0 0
0 0 0 142 269 744 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0

(8) Under desk with each sensor lit sequentially with red 660 LED (LED a bit shakey with much cross pollution)

0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 135 427 0 0
0 0 0
0 0 0 0 2135 11 0
0 0 0
0 0 0 0 0 781 0
0 0 0
0 0 0 0 0 920 0
0 0 0
0 0 0 0 0 0 0
0 0 0

(10) Under desk with each sensor lit sequentially with a farIR 940 LED (LED a bit shakey with much cross pollution)


0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 646 0
0 0 0
0 0 0 0 0 2394 0
0 0 0
0 0 0 0 0 1835 0
0 0 0
0 0 0 0 0 2598 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0
0 0 0 0 0 0 0
0 0 0 

Additional Colour Research Web Resources

Low Cost Colour Sensors for Monitoring Plant Growth in a Laboratory 

A research paper from  Plant and Food Research a,t Massey University, NZ 

Project Log:
Nov 2011 - Ariane M Roberge a volunteer from Quebec as resident intern helped plant the seeds of this project with our kura students..
12 Jan 2012 – This document produced by PG  to document the initial work done designing a Picaxe based Visual Spectrum Analyser.
Intellectual Property:
This research program is carried out at our Kura to support broad student learning, longer term skill development and appropriate economic outcomes for our students and community.

It is a local school Board of Trustees supported program that is carried out totally outside our standard Ministry of Education Funding streams.  It is project based learning and encourages “Systems thinking” that spans many NZ curriculum areas. 
A wide range of interested local and external parties have generously provided koha in the form of time, resources, information, publicity(and in some cases direct funding)  to be important conributors to this program.
Sharing is one of the values that our kura holds close.   That means that our learning is freely shared on the web with anyone else in the world who is interested in using it for educational and ongoing learning purposes.    
Please cite your use of this knowledge attributing it to the Whirinaki Rainforest Ecosystem services Research Program and linking to www.whirinakirainforest.info/ecosystem_services_value   
People anywhere who get benefit from this program are invited to acknowledge it with a koha  (in any form) that helps us to accelerate it. and share learning.
Our kura and community objective is to have our place respected internationally as a place of rich learning based on traditional indigenous Maori values and knowledge 

All intellectual property generated by this program is protected in perpetuity under the provisions of  The United Nations Declaration on the Rights of Indigenous people and The Treaty of Waitangi (1840)

All intellectual property is assigned to remain for all time at the place Te Whaiti Nui-a-Toi. Guarded by all future children’s of this place.

 © www.tewhaiti-nui-a-toi.maori.nz 
0v





Ribbon cable





Ribbon cable





Optional future 4D Systems 


uLCD144 graphics display





program





data











    Laptop Connection





Spectrum sensing LEDs set in light-tight Jig





Each with a multiturn


trimpot to adjust reference LED levels.





Also these LED outputs used with switch inputs for operator control
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