RGB EXTRACTION AND DATA ANALYSIS

The software used to extract the RGB values called Image]. It is completely free software
which is widely used in the field of microscopy (for further information please refer to
‘Digital Image Processing’ by Burger and Burge).

The download page is here:

http://rsb.info.nih.gov/ij/download.html

Which download depends on your operating system and whether you have Java installed or
not. The rest of this procedure assumes that the software is now installed and ready to use.
This procedure was written using Windows 7 32-bit, the software is platform independent so
the procedure should be the same across platforms. This procedure also uses Microsoft Excel

2010 and a basic image editing software (such as Irfanview).

STEP 1. - Import Images from Scanner

Using the USB to mini-USB cable, import the pictures from the hand-held scanner. To do
this plug it into the PC and turn on the scanner. The scanner should be recognised by the PC
and allow access to the picture folder. Copy and Paste the pictures to a new folder on the

desktop or wherever is convenient on your machine.
STEP 2. — Cropping the pictures
Make a new folder within the folder of imported pictures.

Using basic image editing software crop all of the pictures to the outer edges of the samples.

Like so:

This is achieved relatively easily and quickly using Irfanview. Note that some of these steps
have shortcuts associated with them and learning to use them will make this part of the

analysis much quicker.

1.

Open the software and ensure that View > Display Options (Window Mode) > Fit
only big images to window is selected.

Open the first image in the sequence with Irfanview and draw a selection around the
outer edge of the samples. Now select Edit > Custom crop selection.... The

following window will pop up:
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Select the Save values and exit button (marked in red above). What this does is save
the selection dimensions so that for every picture you can recall this custom selection
and apply it to each picture in turn — like a cookie cutter. This ensures that every

picture is the same size and this will help in analysis.

Once this is done, using the right mouse button you can move the selection to
include all the samples (if it already doesn’t). If you accidentally left-click the
selection, it will just zoom to the selection. If this happens, press the letter ‘F° (F for
fit) to refit the image in the window and then press Shift + C to apply the custom

selection again.
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4. Now select Edit > Crop selection. You will notice that the picture outside of the
samples has disappeared leaving only the samples. Click File > Save as... (shortcut
letter ‘S’) and save the picture in its own folder.

It is prudent to name the picture the irradiation time in seconds which it represents.

6. Once the cropped picture is saved, press the right arrow key on the keyboard to skip
to the next picture in the series. The number in the series is displayed in the toolbar at
the top of the window:

- PTDCO018JPG - IrfanView (Zoom: 1262 x 757)

File Edit Image Options View Help
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Steps 3 to 6 can now be repeated quickly with shortcuts (provided steps 1 and 2 have been
done):

Open Irfanview,

press ‘O’

browse to and select the desired picture

‘Shift + C* and move selection (with right mouse button!) so samples fit inside.

‘Cntrl + Y’ to crop to selection.

Press ‘S’ key to save (name it the time in seconds)

Press right arrow key to move to next image.

NOTE: Be careful to save each cropped picture in the correct order and to its own folder.

Do this for all the pictures, they should look like this:

0JPG 30.JPG 60.JPG k 1200PG 150JPG 180JPG

£
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210.JPG 240.PG 270.JPG 300.JPG 330JPG 360JPG

STEP 3. — Image analysis with ImageJ Software
1. Open Imagel:
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B olc|o|<|4|w|x|Ala|o]2] s s]a] | | |»]
Wand (tracing) tool

2. Click ‘File > Import > Image Sequence...’ like so:
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3. An explorer dialogue box will open, browse to the folder of cropped images:
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Select the first picture in the series only and then click ‘Open’.

. . . . 5. Go back to the main ImageJ window and select ‘Image > Color > Make Composite’.
The following box will pop-up, select the ‘Use virtual stack’ check box and click ‘OK’:

f d Sequence Options g i Imagel L=
File Edit Process Analyze Plugins Window Help
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Starting image: 1 —
Increment. 1 *Point* ormu - Adjust 3
Scaleimages: 100 % Show Info... Cirt+l
File name contains: SIS GHBEIHE
or enter pattern:
Stacks »| Merge Channels...
[~ Convertio RGB Hyperstacks »| Channels Tool...
v Sort names numerically :
[ Use virtual stack Crop Ctri+Shift+X | Stack to RGB
Duplicate... Ctri+Shift+D Make Composite I
500x 918 x 13 (26.9MB)
Rename... Show LUT
OK | Cancel | Helpl Scale__. Ctri+E Edit LUT...
— Transform »| Color Picker... Ctri+Shift+K
4. This imports the entire series of pictures as a stack. You can see each image in the Zoom k
. - . . . Qverla »
series by clicking the scroll bar at the bottom of the window, when you are finished .
checking the images make sure the scrollbar is set all the way to the left: TR 4
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Image] splits each picture into its Red, Green and Blue channels. A pop-up will Hold the Shift key down and select an area of 100 x 100 pixels in the centre of the
appear to this effect, ignore or close it. You will notice that the image window (4., first glass sample in the picture, to help with this you will notice in the main ImageJ

above) will now have a red outline and a second scroll bar labelled ‘C’ appears at the window it tells you what size the selection is, like so:

bottom like so:
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This may be difficult to do if the mouse is not sensitive enough in which case go to

the main window and select ‘Edit > Selection > Specify..." like so:

4 Imagel Convex Hull E
File Image Process 4 Make Inverse pu—
Undo Ctrlsz | Create Selection J
Create Mask ]
Cut Cirl+X
e ; Copy Ctrisec | Properties... ctisy =
- - ' Copy to System Rotate. .
| e indi . i indi Paste Cirisy | ENlarge...
This red outline indicates which channel is shown and the ‘C’ scroll bar indicates the S
ake Band...

Paste Control. ..

‘component’ channels which can be scrolled through for each image — although this is not
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6. Go back to the main Image] window and select the Rectangular selection button on Area fo Line
] ) Invert Ctrl+Shiftsl .
the main toolbar (it should already be selected). Image fo Selection...
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7. You can move the yellow square in the picture to wherever is needed, however if you
click outside the selection (and on the picture) it will disappear and it will have to be
drawn again. Note that it is not necessary to grab the actual yellow box, just click
inside the box to be able to move it. Scroll through the pictures using the ‘Z’ scroll bar
at the bottom of the picture window, to be sure that the selected area is over the
sample and the pictures aren’t moving around too much (not catching an edge of the
sample or the blue label for instance).

8. To save the selection as a ‘Region of Interest (ROI)’ press ‘Ctrl + T” and the ROI

Manager will pop-up:

o
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In the column on the left there is a number which represents the region of interest
(yellow selection box) in the picture. Click ‘Rename...” and name it to whatever
glass sample the selection is on.

Now, go back to the picture window and move the selection to the next sample as
shown below.

Before: After:
{ Cropped (50%) [E=EER 4 Cropped (50%) =8

c:1/3z1/13, 590x918 pixels; 5-bif, 20MB c:1/3z1/13; 580x5918 pixels; B-bit; 20MB

Press ‘Ctrl + T’ again. Once again a number will appear in the ROI Manager

window, rename it (in this case to ‘2”). Do this for all the samples in the picture.

There should now be 6 ROIs listed in the ROI Manager window (one for each sample,
including the blank B1). Now the RGB data for each of those areas in each of the
pictures can be extracted and saved. Select the first ROI in the window, hold the shift
key down and click the last one. The entire list of ROIs will now be highlighted.
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Now click More... > Multi Measure’. GIESEdREOn Uk cs U
[Areart) Mean(t) [Ming1) [Wax(1) [Area(2) [Mean(2) [Min(2) [Max(2) |Area(3) |Mean(3) [Mint3) [Max(3) [Areat4) [Mear ~
’ " 110000 101292 @1 112 10000 98480 83 113 10000 92535 79 103 10000 9907
4 ROIManager Iilﬂléj 2 10000 157.900 148 165 10000 158616 144 168 10000 153546 145 183 10000 1590
310000 184470 177 193 10000 188.033 173 197 10000 183385 173 191 10000 1866
Add [f] 4 10000 121827 111 132 10000 117361 106 133 10000 105100 80 16 10000 1177
Update 5 10000 148138 136 154 10000 146150 136 154 10000 46621 13% 154 10000 147%
6 10000 182.025 173 191 10000 185728 1v6 183 10000 182287 172 190 10000 186.%
7 10000 143559 132 153 10000 136377 123 152 10000 115755 98 131 10000 1347
Rename... B 10000 137266 126 145 10000 136132 128 143 10000 141222 130 151 10000 1384
5 10000 185540 177 183 10000 188114 180 187 10000 184731 174 193 10000 189
LEEEITE 10 10000 160706 143 174 10000 156032 142 176 10000 127.086 108 141 10000 155.
Deselect 1110000 125689 114 135 10000 124908 116 133 10000 134306 125 143 10000 129f
- 12 10000 178402 189 183 10000 184498 173 194 10000 184365 172 191 10000 1885
(PO 13 10000 1800852 162 182 10000 177000 162 184 10000 139168 119 153 10000 175
T 14 10000 123884 113 135 10000 120040 109 130 10000 129088 120 136 10000 124¢
Save... 16 10000 183694 174 191 10000 187127 176 195 10000 183954 175 192 10000 188
Fill 16 10000 185324 168 136 10000 186297 176 187 10000 152,883 135 167 10000 1852
1710000 126490 117 136 10000 120752 110 133 10000 124498 117 132 10000 123¢
DEw 18 10000 184148 177 134 10000 167807 180 197 10000 183A15 175 192 10000 1AG<
AND 18 10000 185732 171 136 10000 188937 177 195 10000 163.3%6 145 177 10000 1861
OR (Combine) 20 10000 128217 118 138 10000 121993 108 135 10000 120161 112 130 10000 1247
T 2110000 184404 176 192 10000 187866 176 196 10000 163052 174 191 10000 16875 -
ol I ] v
Split
Add Particles
Multi Plot

The following window will pop-up:

_(‘;_ Multi Measure M

¥ Measure All 39 Slices
¥ One Row Per Slice

Enahling hoth options will result
in a table with 24 columns.

Cancel |

Click ‘OK’
The following Results window will pop-up after clicking OK. In this window click ‘File
> Save As...” or ‘Cntrl + S’ and save the data in a folder. Note that the data are saved as

a “.xls’ file (Office 2003) as opposed to a “.xlsx’ file (Office 2007/2010).
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STEP 4. — Data Processing Now select ‘Row 1’ from the ‘Sort by’ drop down menu (in the ‘Sort” window) and click

There should now be a “Results.xls” containing the mean RGB values from each of the ‘OK’:

pictures in the series. Note that the data file is an older format excel file (.xIs) so Office o — = :

2007/2010 users will have a pop-up to deal with:
Microsoft Excel E

Row Sort On
. The file you are trying to open, ‘Results. s, is in a different format than specified by the file extension. Verify that the fileis not corrupted and is from a trusted source before opening the - =
A% fie. Do you want to open the fie now? Sorthy | Iz‘ [values

| My data has headers

) Add Level ” X Delete Level ” 153 Copy Level ” - =

l=]

Was this information helpful?

Click ‘Yes’.

Press ‘Ctrl + A’ to select all the values in the sheet.

Click the ‘Data’ Tab and select the ‘Sort’ button.
Ed9-o-=

i QK ] ’ Cancel

“_Hume Insert  Pagelayout  Formulas | Data | Review  View 3
£ 7 TED  7ED | = (&) connedions 4 I 5 ? K Clear
3 = = =]
@ ‘—a &= =l ST I‘@ £ Properties ‘ T Reapply
From From From From Other | Edsting | Refresh : z il sort | Fiter o
Access Web  Text Sourcest  Connections | Allr 52 Editlinks & Advanced i i
Get External Data Connedtions Sort & Filter The data will now be SOI'th, left to rlght:
: ¢ 0 bl ¢ . N .
In the pop up click the ‘Options...” button and select the ‘Sort left to right’ radio button and Before sort:
EOR 5.
click ‘OK’: = e ———— e eults.xls -
s e e e — o r B Mnme Insert  Pagelayout  Formulas | Data | Review
Sort - B B e . Sort Options (2 e —— =
[ uaddrevel ][ X pelete Level ][ Gncopytevel |||+ || < |[ optons... | My data has headers L% I ;1 Y o _@ B connections 4l il
£ = = - == = = S properties T Reapply | :
Raw sarton Order From From From From Other = Existing  Refresh ) Z| sot | Fiter o Textta  Remo
Sortby [v] | velues ] [az = ) ) Access Web Text Sources  Connections | Allw dit Links A Advanced | Columns Duplic
o o ) Orientation Get External Data Connedtions Sort & Filter
) Sort top to bottom | Al - | 5 |
) Sort left to right A B | G D | E F G | H 1 | J | K
1 _Area[l) Mean(1) Min{l) Max(1l) Area(2) Mean(2) Min(2) Max(2) Area(3) Mean(3
[ oK ] [ Cancel 2 1 10000 101.292 91 112 10000 98.48 83 113 10000 92.5
3 2 10000  157.9 148 165 10000 158.616 124 168 10000 153.5
= = = = — = = 4 3 10000 18447 177 193 10000 188.033 173 197 10000 183.3
5 4 10000 121.827 111 132 10000 117.361 106 133 10000 100
6 3 136 154 10000 146.15 136 154 10000 146.6
After sort:
@Hﬂ"f' o -7 Resultsxs -
mwne Inset  Pagelayout  Formulas | Data | Review  View
i ? B 3 Gy el By [y [ connections ] ~ r — E<
| =5 ] [ h@ & Properties £ apply EL
From From From FromOther  Existing  Refresh o | St | Fiter Tedtto Rem
Access Web Text Sources~  Connections | All~ =2 Edit Links 47 Advanced | Columns Duplis
Get External Data Connections Sort & Filter
[ AL il |
A B @ D E F G H 1 J K
1 _Alea[l) Area(2) Area(3) Area(d4) Areal5) Area(Bl) Max(l) Max(2) Max(3) Max(4
2 i 10000 10000 10000 10000 10000 10000 112 113 103 .
3 2 10000 10000 10000 10000 10000 10000 165 168 163
4 3 10000 10000 10000 10000 10000 10000 193 197 191
5 4 10000 10000 10000 10000 10000 10000 132 133 116
6 3 10000 10000 10000 10000 10000 10000 154 154 154
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The columns of data of interest are the ones titled “Mean(xx)” etc.. all the rest can be deleted.
Multiple columns can be selected at a time by clicking on the grey column title, the cursor
should change to a downward pointing black arrow, once selected right-click the columns and

select ‘Delete’.

R Results.
I o | et Pogelaout  Formuss  Dats  Review  View
oo Calibri BTV WA M- SWepTed General
“— Bacopy ~
Eeite  Format Painter B I U~ i~ A [ Merge & Center - &3 - o
Cliphoard 7 Font 3 Alignment g Num
[ BL - £ | areay)
(4] a B [ ¢ [ o | E [ F [ & % T
a [area(1) Area(2) Area(3) Area(d) Area(s) Area(BL) Za Copy Ma
2 1| 10000 10000 10000 10000 10000 10000 Paste Options:
3] 2| o000 1000 10000 10000 000 rovor g
a| 3| o0 1000 000 000 0000 aoc0c T
| - | 4| 10000 10000 10000 10000 10000 1000 5
6 5| 10000 10000 10000 10000 10000 1000(  Insett
= 6| 10000 10000 10000 10000 10000  1000C  Delete..
8] 7| 20000 10000 10000 10000 10000  1000C  Clear Contents
9| s 10000 10000 10000 10000 10000 0000 .. 5
10| 9| 10000 10000 1000 10000 10000 000C )
| 10| 10000 10000 10000 10000 10000  1000C
2| 1| 10000 10000 10000 10000 10000  10p0¢ d IMsert Comment
13| 12| 10000 10000 10000 10000 10000 10000 (5F Fomat Cells..
| 13| 20000 10000 10000 10000 10000 10000 Pick From Drop-down List
14| 10000 120000 10000 10000 10000 10000  pefine pame.
(16| 15| 10000 10000 10000 10000 10000 10000 ...
7] 16| 10000 10000 10000 10000 10000 10006 w7 07

The only columns of data that should be left now are the ones titled ‘Mean(xx)’ (where xx is
the number of the sample) and a single column to the left (column A — if this was deleted

right-click column A and click ‘Insert’).

g9 o — ——
Home | Inset  Pagelayout  Formulas  Data  Review  View
= * c Calibri T v
Pt e B I U-|
- < Format Painter & )
Clipboard 0 Font . Alignme
[ a1 - 5]

B C D E F G
1 _Mean(l} Mean(2) Mean(3) Mean(4) Mean(5) Mean(B1)

2 1 101.292 98.48 92.535 99.033  102.801 88.712
3 2 157.9 158.616 153.546 159.092 155914 157.833
4 3 184.47 188.033 183.385 183.802 188.01 194.215
5 4 121.827 117.361 1051 117.224 120.1 90.346
6 5 146.138 146.15 146.621 147.932 149.091 157.877
7 6 182.025 185.729 182.287 186.764 184.325 191.246
8 7 143,559 136.377 115.755 134.784 139.273 88.575
9 8 137.266 136.132 141.222 138.573 140.152 158.78
10 9 185.54 188.114 184.791 189.146 186.214 194.502

The data have to be sorted once more.

The data in each column are present as a list of the Red, Green and Blue (RGB) values of
each of the pictures just taken — these have been coloured in the picture below to illustrate
this. The values can be sorted into the RGB values by typing in ‘r’ into cell A2, ‘g’ into cell
A3 and ‘b’ into cell A4.
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“Hnme Insert  Pagelayout  Formulas | Dats | Review  View

ARD B B B @ Y

Resultsadls - Microsc

2a 58 |

oly
From From From From Other Existing Refresh % i—l Sort. Filter v, Te:
Access Web  Text Sources  Connmections | All- =% Edit Links w7 Advanced | Columns Duplicates Val
Get External Data Cannections Sort & Filter D
[ AL - 5|

] ¢ D E F G H ] ]
1 Mean(1) Mean(2) Mean(3) Mean(¢) Mean(s) Mean(81)

a 1 9848 92535 99.033 102801  8BTI12
3 2| 158616 153546 150002 150914  157.833
4 3 188033 183385 188.802 18801 194215
s of 117361 1051 117224 1201 90.386
6 H 14615 146621 147931 149081 157.877
7 5| 185729 182287 186764 184325 191.246
8 7| 136377 115755 134784 139273 88575
B & 136132 141222 138573 140152 15878

B 188114 184791 189.146 186214 194502

11 10| 156032 127.086 155131 156456  88.077
12 1 124908 134306 129859 13207 159.278
13 12| 184496 184365 188236 18447 194212
1 13 177 139168 173197 173823  88.033
15 4] 12004 129088 123607 12585  159.667
15 15 187127 183954 188186 184122 194.944
17 1| 186207 152883 185437 183578  00.464
18 17] 120751 124498 123816 125028  160.477
19 18] 187.807 183815 188479 183891  195.029
20 19| 186937 163356 186222 185023  89.221
21 20| 121993 120161 124304 12545  159.671
2 2 187.886 183051 187788 184449 104514
23 2] 187.27 173456 187839 185485  90.563
2 23] 125507 117743 128151 126923  160.487
P 2] 187871 183522 188152 184143  194.669
26 = 186967 178548 185804 186027  92.803
27 2| 13204 118567 133927 129455 161765
28 27] 181051 17688 183414 1845645 194561
2 2] 187916 183935 188452 186283 90585
30 2| 120382 116815 133188 13042 16107
ER 30, 187707 182641 189156 185463  195.054
32 31 188499 183075 187643 184908  88.978
33 32| 131635 115946 134662 130476  160.154
31 33 188357 182189 189506 184938 194592
35 34] 188906 184077 188413 184973  S0.614
35 35 135219 117971 137.228 133921  160.487
37 £ 189521 18273 18932 185863 194782
3 37| 187.103 184289 188316 184739  B9.62
39 38| 136446 119358 130231 136054  160.898
an 2l 1RR4RL 1R7 @S] 1RQ4TA IRSART 164127

16



Select these cells and copy them down so that you get r,g b repeating down column A like so: Meort Options m‘

|:| Case sensitive

XEw9-e-T= - XIHd9-~-% -

m_Home Insert Pag “_Home Insert Page
3 i EE li I lﬁ_ 4 s s Tﬁ« A B! (") Sort left to right
L% \_a EEET L% 3 =2 Ed

Crientation

From From From From Other From From From From Other [ QK ] [ Cancel
Access  Web Text  Sources~ [ Access  Web Text  Sources~ C
Get External Data Get External Data
| A2 - a2 - [
' A B C o A B C D Now, in the ‘Sort by’ drop down menu select ‘Column A’ and from the ‘Order’ drop down
1 Meanil) Mean{2) Mean 1 Mean(1l) Mean(2) Mean( . s
2 9848 92! 2 r 9848 925 menu select “Z to A’.
3 158.616 155! 3 le 158.616 153.5
4 188033 185: 4 b 188033 183.3
5 117361 10 5 |r 117.361  10¢ [sort (B |
& 146.15 1464 6 |s 146.15 146.6
. mesr e = 136377 1152 E I |E | | gptors... |
5 136377] 115 2 Ir 136377 1157 il Add Level }( Delete Level =2 Copy Level v Op D My data has headers
k) 136132 141. Sl 136.132| 1412 Column Sort On Crder
188114 184~ 10 |b 188.114 184.7 Sortb
1RRNR? 1271 1110 156.032 127.0: ¥ | Column A IZI Values IZI ZtoA IZI
AtoZ
It A
Custom List...
Now select the data set (not including the titles) as below:
| —
XIE9-o-%
mome Insert Page Layout Formulas Data
T ? a bR . Iy @ B8] connectior E oK ] [ Cancel
= =5 St St g 5 Properties
From From From From Other Existing Refresh Sy
Access Web  Text  Sources=  Connedlions All~ =2 Edit Links
Get External Data Connections
| A2 - £
[ A [ 8T e[ o[ e [ F [ e ]

Mean(l) Meani2) Mean(3) Mean(4] Mean(5) Mean(B1)

98.48 92535 99.033 102.801 88.712
158616 153.546 159092 159914  157.833
183.033 183.385 18802 18801 194215
117.361 105.1 117.224 12001 90.346)
146.15 146621 147932 149.091 157.877)
185729 182.287 186.764 1B4.325 191.246
136.377 115755 134784 139273 88.575|
136132 141222 138573 140.152 158.78]
188.114 184791 1B9.146 186.214 194.502|
156.032 127086 155131 156.456 BR.077

ST gm0 @i oo m

Go to the ‘Data’ tab and click the ‘Sort’ button. Now click the ‘Options..." button and click
the ‘Sort top to bottom’ radio button and click ‘OK’.
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The values should now look like this:

—
ISERA N
W o ren e romuos | oo
,{2] N ) N = @ comedto
et & B3
Pt e B S0 B o ) e
= R IS ma S
Gt bematoota G
A2 - Elr

59033 102601
51 11728 1201
138788 139273
155131 156456
173187 173923

185437 183578

185222 185023

18783 185485

185808 186027

188462 186283

187663 182908
188905 184077 188413 188973  S0.514)
167103 184289 188315 184730 8962)
158616 153545 159092 15991¢  157.833)
16615 146621 147932 189091 15787
136132 161222 138573 140152  156.75)
126908 138306 120859 13207 159.278)
12006 129088 123507 12585 159.567]
120752 128458 123816 125028 160.477)
121983 120161 124308 12545 150671
125507 117743 128151 126923  160.487)
13606 118567 133527 129455  161765)
19382 116815 13188 13042  15L07)
131635 115945 134662 130476  160.154)
135209 117971 137.228 133921  160.467)
136465 119358 139231 136056 160.898)
188033 183385 188802 13801  194.215|
185720 182267 186764 184325 191246
188116 184791 189.145 185218  194502)
18243 184365 188236 13447  194.212)
167127 183954 188185 184122  196.94a)
167807 183815 188479 183891  195.029)
167865 183052 187788 1ssase  194514)
167871 183522 188152 184163 194563)
181051 17688 183418 184665 19561)
187707 182642 189156 185463  195.054)
188357 182189 189525 184938  194590)
189521 18273 18932 185863  194762)
1s8a8s 182951 189.474 185687 194.140f

ElElelelele e |l ol -

The pictures were taken every 30 seconds, so column A was filled with the time in seconds

like so: @d9- [l T —
Home Insert Page Layout
3 ‘5 ot Calibri -
Paste e B 7 U~
- & Format Painter =
Clipboard 1 Font
A2 - £|o
| A | 8 c D
1 Mean(l] Mean(2]) Mean(3
2 0] 101.292 98.48 92.5
3 300 121.827 117.361 105
B 60] 143.559 136.377 115.7
5 901 160.706 156.032 127.0
6 |r 180,852 177 139.1
7 |r 185,324 186.297 152.8
8 |r 185,732 186.937 163.3
9r 186.254 187.27 173.4
10 r 183.544 186.967 178.5
11 r 186,158 187.916 133.9
12 r 186.068 188.499 183.0
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The red values are the ones of interest as this is the region of the spectrum which Resazurin
absorbs most strongly (Am.x = 610 nm). The fact that the colours are additive means that as
there is less and less Resazurin to absorb the red light and there is a consequent increase in

the red component of the pictures of the samples as they are irradiated.

This can be seen in a picture of the red component only for increasingly irradiated samples:

£ C1-Cropped (75%) e 2

T SO0 pils 58 6706

‘_:14&‘

The blanks in the bottom right hand corner do not reduce the dye from blue to pink and hence
the red component does not increase with irradiance.

The maximum value the red component can reach is 255 which represents the maximum of
256 possible values (0 to 255) contained in an 8-bit per channel digital image. The red values

are rarely more than 200.

Typical response and Data analysis

The red component from a piece of self-cleaning glass is plotted vs. irradiation time. It can be
seen that the values reach a maximum and then level off so that a clear break in the line is
observed. Perhaps the most accurate way then to determine the time of the end point is to plot
a line through the linear portions of the curve and determine the time at which they intersect.

A plot of a typical response is shown in Figure 1. below.
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Figure 1(a). — The variation of red component as a function of irradiation time (s) for a

typical self-cleaning glass sample.

Usually there is a clear break in the response curve (Figure 1 (a)) so that they can roughly be
divided into two linear portions; before the end-point and after the end-point as shown in

Figure 1 (b).
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180 e — = — — =
© y =0.0116x + 180.31
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e}
[«}]
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y = 0.7207x + 71.966
100
60 T T T ! ! '
0 100 200 300 400 500
Time (s)

Figure 1(b). — The linear portions of the data plotted in different colours are the portions

used to determine the end point.

Plotting a trendline through each part of the curve gives an equation for each trendline. So,

for example using the equations shown in the plot above
Y =0.7207x + 71.966 ...eq. 1.
Y =0.0116x + 180.31 ...eq. 2.

Where these two lines intersect, (x, y) will be the same so the equations equal each other:

= 0.7207x + 71.966 = 0.0116x + 180.31

Rearranging to find x:

= 0.7207x = 0.0116x = 180.31 — 71.966 ...at this intersection, x is the same value so:
= 108.344 = 0.7091x

= x = 152.79 seconds
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To test this, this value can be inserted into either of equations 1 or 2 above and then the value

of y for the above calculated value of x can be obtained.

For example:

Y = 0.7207 x 152.79 + 71.966 = 182.08 (value of red component at the end point time of
152.79 seconds)

The coordinates (152.79, 182.08) are shown plotted in Figure 1 (c) below. The only value of

importance here though is the time for the end point (x).

220

180 A—p
° y = 0.0116x + 180.31
=
= 140
T
[«F]
o

y = 0.7207x + 71.966
100
60 - . : : : ‘
0 100 200 300 400 500

Time (s)

Figure 1(c). — The calculated intersection plotted on the data (the red dot).

This can be summarized as:
Xi=(C; - C2)/(M; — M) = AC/AM

Where the equation is of the form y = mx + c.
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Thankfully in excel this process can be done without having to plot trendlines for every set of

data by using the SLOPE and INTERCEPT functions.

Draw the following table in excel:
Mean(l) Mean(2} Mean(3} Mean(d) Mean(5) Mean(B1)
cl
ml

c2
m2

Xi

where ¢l and m1 represent the intercept and gradient for the first, linear part of the curve.
Similarly, ¢2 and m2 represent these in the second, linear portion. Xi represents the value of

x at the intersection of the two linear trendlines — i.e. the end point.

Type in “=intercept(” (without the inverted commas) and select the linear portion of the first
part of the dataset, as shown in the picture above (the Y values first and the X values second,
separated by a comma — depending on your country). So that the equation can be copied
across, after selecting the y-data (shown in blue) press the F4 key twice. Type a comma ”,”.
Select the x-data and press F4 once. Close the brackets and press ‘Enter’.

Where the dollar sign “$” is in front of the column letter this fixes the column when copying.

When the dollar sign is in front of the row number this fixes the row range, the difference is

shown below.

Pressing F4 Once Pressing F4 Twice
Mean(l) Mean(2) Mean(3) Meat Mean(l) Mean(2) Mean(3) Mean
cl =intercept(5B53:5B56 cl :intercept(B$3:E$6|
ml | INTERCEPT (known_y's, known_x's) | ml | INTERCEPT(known_y's, known_x's) |
c2 c2
m2 m2
XK Xi
24



The equation should look like this when finished.

Mean(1l) Mean(2) Mean(3) Mear
cl |=intercepE{BSZ:BSG,SASl:SASE}

ml

c2
m2

Xi

Now copy across, hover the mouse over the bottom left corner (shown in red) and drag across

for all the samples.

Mean(1l) Mean(2) Mean(3) Mean(4) Mean(5) Mean(B1)
cl 102.047

ml

c2
m2

Like so:

Mean(l) Mean(2) Mean(3) Mean(4) Mean(5) Mean({B1}
cl 102.0474 97.9078 92.8784 9B8.0268 102.7906 89.474
ml

c2
m2

Xi

The intercept values should be roughly the same as the first points of the response curve and
should be roughly comparable. If they are not it is likely that the equation has not copied
properly because it is incorrect.

Now select the cell for the first sample in the series and copy it down into the row for m1:

Mean(1l) Mean(2) Mean(3) Mean(4) Mean(5) Mean(B1)
cl 102.04?4. 97.9078 92.8784 98.6268 102.7906 89.474

ml
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Mean(1l) Mean(2) Mean(3) Mean(4) Mean(5) Mean(B1)
cl 102.0474 97.9073 92.8784 98.6268 102.7906 89.474
ml I 102.04?4!

Edit the equation by deleting the ‘intercept’ term and replacing it with ‘slope’:

B 4 U S 2 === =
5 Font Alignment
- K & Jf | =INTERCEPT{B$2:B$6,5A32:3A36)

| 3 [ k[INTERCEPT(knawn_y's, known x) | o p a

Mean(1l) Mean(2) Mean(3) Mean{4} Mean(5) Mean(B1)

cl 102.0474 97.9078 92,8734 98.6268 102.7906 89.474
ml :INTERCE‘

c2

m2

Xi

Like so:

-]
[
(=
i
[
]
il

Font Alignment

- ® & [ =SLOPE(BS2:B56,5A52:5A56)

] K | SLOPE(known_y's, knownxs) | iy o e

Mean{l) Mean(2) Mean(3) Mean(4) Mean(5) Mean{B1)
cl 102.0474 97.9078 92.8784 98.6208 102.7906 89.474

ml :SLOPE(E!

c2
m2

Xi
Copy the equation across all the samples as before and repeat for the second, linear portion of
curve (usually the last points after the ‘elbow’ in the curve).
Now, for the last part, to determine Xi, the time for the end point is calculated by (C2 — C1) /
(M1 - M2) like so:

Mean(l) Mean(2)

cl 102.0474] 97.9078
m1 0.659997| 0.65237
2 185.2962] 190.2396
m2 0.003103] -0.00677
Xi =(K5-K2)/(K3-K6)
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Copy across for all samples as described previously.

Mean(1l) Mean(2) Mean(3) Mean(4) Mean(5)

cl 102.0474 97.3078 92.8784 98.6268 102.7306
ml 0.659997 0.65237 0.384173 0.620783 0.595333
c2 185.3962 190.2396 181.6768 187.8599 190.0211
m2 0.003103 -0.00677 0.00688 0.001107 -0.01522
Ki [ 126.8833 140.0785 235.3564 143.9995 142.8?04]

Calculate the average and the standard deviation:
=average(P8:Y8)

=stdev(P8:Y8)

And the Standard deviation as a percentage of the average (mean).

Average =AVERAG‘

stdev
%

To work out the time in minutes and seconds simply divide the time in seconds by the

number of seconds in 24 hours (86400):

Average | 157.8376) =R8/86400

stdev 43_86977
o4 27.79425

Now change the cell format to ‘Time’

Format Cells B

Number | Alignment | Font | Border | Fil | Protection

Category,

General o] sample

b 00:02:28

Currency

Accounting Type:

Eate *13:30:55 -
N

Percentage 5

13:30:55
Fraction
01:30:55PM

scentific ey

Text :

Special Y
Custom

Locale (location):
Engish (U.) =

Time formats display date and time serial numbers as date values. Time formats that begin with an
asterisk {¥) respond to changes i regional date and time settings that are specified for the
operating system. Formats without an asterisk are not affected by operating system settings.

l ()

27

The result should look like so:

Mean(1l} Mean(2) Mean(3) Mean(4) Mean(5)

cl 102.0474 97.907% 92.8784 93.6268 102.7906
mi 0.659997 0.65237 0.384173 0.620783 0.595332
c2 185.3962 190.2396 181.6768 187.8599 190.0211
m2 0.003103 -0.00677 0.00688 0.001107 -0.01522
Xi 126.8833 140.0785 235.3564 143.9995 142.8704
Typical Results:

Pictures from a typical set of data:

0.JPG 30JPG 60.JPG

150.JPG 180.JPG 210JPG

300JPG 330JPG 360.JPG

Average
stdev
%

90.PG

240.JPG

157.8376 00:02:38
43.86977 00:00:44
27.79425

120JPG

270JPG
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cl
ml

c2
m2
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Time (s)

102.0474 97.9078 92.8784 98.6268
0.659997 0.65237 0.384173 0.620783

185.3962 190.2396 1B81.6768 187.8599
0.003103 -0.00677 0.00688 0.001107

126.8833 140.0785 235.3564 143.9935
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Mean(4) Mean(5)

102.7906
0.595333

190.0211
-0.01522

142.8704

300

350 400

Average
stdev
%

—4—Mean(1)
—#—Mean(2)
== Mean(3)
== Mean(4)
=3t=Mean(5)
—®—Mean(B1)

157.8376 00:02:38
43.86977 00:00:44
27.79425



