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Appendix 

Additional Data for Chapter 2 

 

Figure A2.1 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 1. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point.  
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Figure A2.2 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 2. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point.  
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Figure A2.3 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 3. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point.  
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Figure A2.4  Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 4. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.5 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 5. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.6 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 6. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.7 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 7. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.8 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 8. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.9 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 9. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.10 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 10. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.11 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 11. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.12 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 12. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.13 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 13. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.14 Heat map generated using mvtsplot showing parameter fluctuations distributed across 24-hour interval for eight parameters [DO.Out (A), 

DO.PV(B), F.PV (C), FO2.PV (D), pH.Out (E), T.Out (F), XCO2.PV (G), XO2.PV (H)] on Day 14. The X-axis represents time and the Y-axis shows the different cultures. 

Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the 

right hand side panel present the data in each time-series and the one on the bottom panel displays the median values across all time-series for each time 

point. 
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Figure A2.15 Correlation matrices showing similar parameter correlations while using condensed values from averaging (left hand side) and Lp
TS norm (right 

hand side) for Day 1 (A,B) and Day 2 (C,D). Panel on the right-hand side of each matrix shows the gradient of the heat map. Due to the specific nature of data 

generated from the process, parameter pH.Out had to be split into two controller outputs ς one for CO2 addition (pH.Out_CO2Addition) and one for Base 

addition (pH.Out_BaseAddition), to avoid occurrence of negative values in the input before calculating correlations. The black areas in the correlation plot 

ǊŜǇǊŜǎŜƴǘǎ b¦[[ ǾŀƭǳŜǎΦ !ǎ ŎŜƭƭǎ ŘƻƴΩǘ ǳǎǳŀƭƭȅ Ǝƻ ŀŎƛŘƛŎ ƻƴ ǘƘŜ ŜŀǊƭƛŜǊ Řŀȅǎ ƻŦ ǘƘŜ ŎǳƭǘǳǊŜ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ōŀǎŜ addition values. 


