
Tadro Abbott – Project Engineer

Presenter
Presentation Notes
Good afternoon. The new version of the AWRI ferment simulator has been available this vintage and is currently in the beta stage. Today I’m going to take you through what we’ve developed and some of the data that we gained from the first season, so that hopefully, if you haven’t looked at it already, it might be something you consider using for next vintage. 
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A quick acknowledgement. Most of the original work was developed by Richard, with funds from Wine Australia. This new version is all building on his models that he implemented in Excel.



Old Version
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The original simulator looked a lot like this. It was housed in excel with a lot of detail



Old Version
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Looked like this



Old Version
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And everything was graphed with quite a lot of detail. 



Multiple Platforms
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And repackaged it into something more intuitive and easy to use. The ferment simulator is now available as a web app, so winemakers can use it wherever they have an internet connection. You can take the ipad out into the cellar, you can show your friend on your phone over dinner, or even check your ferments sitting on the toilet. Whoopie!



Parameter Fitting
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But as a simulator, what does it actually do? I’m assuming you’re all more or less familiar with your standard ferment curve. As the ferment progresses, the sugar gets converted into ethanol and the density changes. We usually get a curve that ends up looking something like this. Every ferment looks different, but they have a general shape. Curves with standard shapes can usually be described with equations. This particular curve is described using a logistic equation, for illustration’s sake. (Don’t worry, not a maths lesson). 



AWRI Fermentation Model
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The actual equations in the simulator are a fair bit more complicated. Differential equations anyone? Don’t worry about them specifically, I just wanted to look impressive. Generally speaking, we have equations for yeast growth, sugar consumption, ethanol production and cell death. These equations make up the model and they have a bunch of parameters which control the shape of the baume curve. 




Parameter Fitting
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If we come back to our simpler logistic equation, we have a bunch of model parameters which explain the shape of the curve. A, K, C, Q, B and v. As we guess different values, the curve changes. When the curve matches the data that you’ve actually measured from the ferment, then we know we have the right parameters. Once we’ve got the right parameters, we’ve got a model that describes what the ferment is doing, and we can project that out to predict what the ferment is going to do in the future. 

So we’re not trying to take your juice analysis and say “well based on this kind of juice and this kind of ferment you’ll either have a problem or not”. That would be way too complicated and would require way more analysis than winemakers generally do. And you can have two batches of fruit that look more or less the same, and one gets stuck and the other doesn’t. Why? *shrug*. Sometimes we can explain why and other times we don’t really know. So that’s not the way we’re going about it. All we’re doing is looking at the ferment profile so far, using what we know about ferments and models in general, and forecasting the rest of the ferment. 

What we’re doing is saying “This is how the ferment is tracking, and based on what we know, it’s trajectory looks good, or it looks troubling”. 



Particle Swarm Optimisation (PSO)

Target
Best

Best
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And because guessing might take forever, we use a thing called particle swarm analysis. Without it, we would just be guessing randomly, hoping that we happened upon the right answer for the model parameters. With PSO we make a bunch, or a swarm of guesses at once. Then we stop and calculate which guess was the closest. We then point all of the other guesses towards the best one and make them step towards it. Then we recalculate each guess and see which one is now the closest. Eventually all of the guesses will converge to the same point. 

This is in two dimensions. In the simulator we’re doing it in Six. 



Kinky Curves

Simulated Events:
• Temperature Changes

• Pumpovers

• Other Mixing

• Nutrient Additions

• Juice Additions

• Water Additions (Dilution with adds)

• Yeast Additions (Overseeding, Reinoculation)
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You might say, “It’s all well and good to have a nice smooth ideal ferment curve, but most of my ferments aren’t smooth. They won’t fit to a nice function”. And you’re right. There are heaps of things you might do in the winery that put a kink in the ferment curve. Things like changing temperature and adding nutrients. But as long as you tell the simulator that you’re doing them, it can compensate and move with it. This first curve shows the model adapting to the changing temperature. We’re going from 15 to about 20 and you can see the curve bend with it. On a more extreme example, here we’re adding juice, essentially adding more sugar back to the ferment. Again, the curve (the green line) goes with it. This is a list of actions that the simulator records and feeds back into the model, calculating the kinks. 



Quick Walkthrough
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I’ll take you on a quick walkthrough of how it works. You enter data. At minimum all you need are the temperature and baume measurements from the ferment, which winemakers are already taking anyway, though the more information you can give the simulator, the better the results will be. The simulator then takes that information and predicts how the ferment is going to progress. This graph is showing a ferment after 2 and a half days. The blue points are the real measurements that the winemaker has taken and the green line is the simulator’s prediction of what that ferment is going to do. 



Quick Walkthrough
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That prediction then feeds these gauges which give a quick overview of all of your ferments - where they are up to and where they are predicted to end up. 



Quick Walkthrough
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The gauge is centred around the winemaker’s expectation and the dial indicates the prediction, so it works kind of like a speedo. So in this case, the winemaker has said they want the ferment to finish in about 8 days, and the model is predicting something very close to that, about 7.5. Note that this is time to zero baume. 



Quick Walkthrough
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On the blue side it’s predicting a sluggish ferment and on the red side it’s predicting that it’s racing. 



Quick Walkthrough
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You can also filter the dashboard to show you only ferments that are stuck or sluggish, or look at specific tank groups, or whatever you want to do.



Quick Walkthrough

Increase temperature
+

Add nutrients
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We’ve also got a few different modes for investigating changes to ferment conditions. So in this case we’re looking at how the prediction changes if we increase the temperature and add some nutrients. This is a great way to use the simulator if you do have a ferment this is predicted to get stuck or something. You can model your interventions so that you can get it back on track before you’re at the point of actually having restart the ferment entirely, which is a huge pain in the backside. 



Training Material

1. Overview

2. Getting Started

3. Data Entry

4. Simulation

5. Reports

6. Dashboards

7. Stuck Ferments

8. Archiving

9. Algorithms

30mins of training videos
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We’ve also created a bunch of tutorial videos to guide users through the simulator. There’s about 30mins of content broken up into small clips that take you through all of the different aspects from getting started and entering data to the nuts and bolts of how it all works. 



Beta Uptake

52 Wineries
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So the app has been in beta this year, for its first release. During vintage we had 52 wineries sign up to the app and ran about 650 ferments, which is pretty cool. But what we really want to know is did it work? How did it perform?



Model Performance
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There’s a few ways to look at this. One is by the prediction score which is based on the RMSE, basically a measure of how well the prediction fit the data. This is a histogram of the scores for all ferments. Below 25 was defined as a good fit, which I basically determined by looking a whole tonne of ferments and deciding what looked like a good fit. Based on this, 81% of ferments had a good fit, but the median was around 12 which is well below that cutoff. 

This was analysed at the end of ferment though and is a measure of the ability of the model to lock on to the data but doesn’t assess it’s predictive capability. If you want to assess the accuracy of a prediction, you can’t give it all the data. That’s kind of like footy tipping, knowing the result, which wouldn’t we all love to do. 



Model Predictions
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So to analyse that I gave the simulator half of the data, showing what the winemaker would get half way through ferment, and compared the endpoint that it predicted with what actually happened. So the graphs are going to look something like this. The blue dots are the data that the simulator knew about. The blue line is the prediction. The red dots are what actually happened, but the simulator knew nothing about. The red line is temperature. Orange line is active cell mass and the green is nitrogen. So in this case, the prediction was bang on. For someone doing simulation, this kind of result makes me giddy. 


Ferment 261 – Bang on



Endpoint prediction at halfway
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So I ran this with all ferments. The predicted end point at half way through ferment were within 2 days of the actual endpoint for 73% of cases, which I think is pretty good. 

The majority looked like the one we just saw. But most people don’t find good news as interesting, so lets look at some of the fringes. We’ll look at this side first, so where the simulator predicted a quicker finish than actually happened. 



Model Predictions
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A couple of the ones that didn’t model so well looked like this one, where the match was actually pretty close, only half a Be off at the point that the model crossed over, but due to the slow finish of this ferment, that translated into a 5 day difference by the time the actual ferment crossed zero.



Model Predictions
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Or this one. The temperature profile of this one is all over the place. This was a 50kL ferment, but I wonder how close the temp probe was to the cooling plate and how indicative of the bulk temperature the probe measurement was. Anyway, the simulator locked on fine with the data it had, but it’s prediction at half way was a bit long. That said, as it progressed further in time, giving it some more information, 

Ferment 187 – Half Way
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The prediction improved dramatically. So at 75% of ferment, it predicted the endpoint bang on. 


Ferment 187 – extra data points
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But most of the ferments were pretty good. This one tracked really well, even with a 400ppm dap add on day 8



Model Predictions
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This one which was a lot quicker. 



Ferment Duration
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Lets move on now to the types of things we can learn from the data. 

In this graph we’ve got histograms of ferment duration for red and whites so it’s pretty clear that winemakers tend to run red ferments quicker than whites, though there’s also a much wider spread of white ferment durations. So we can start to get data just about how winemakers conduct different ferments. 

We can also start to compare the actual ferment durations to the ferment length that the winemaker said they wanted at the start of ferment. This gives some indication as to which ferments were ahead or behind the intended schedule. This definition is a bit loose as duration isn’t the primary parameter that all winemakers use to judge a rapid or sluggish ferment. I’d like to make that definition more flexible but it’s what the simulator is set up for at the moment. 

Here we can see the ferments broken down by varietal that were on schedule, behind schedule in blue, or ahead of schedule in red. So even though white ferments tended to run longer, they had a higher propensity to run ahead of the desired schedule. Conversely reds, which usually ran quicker, had a higher propensity to run behind schedule. 



Inoculation Style
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If we look at inoculation style, ferments that were inoculated with active dry yeast had slightly more propensity to be ahead of schedule than ferments inoculated with propagated culture. 



DAP Additions
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If we look at DAP additions we see more ferments with little to no DAP added having a higher propensity to be behind than those with 100ppm or more. And ferments with 200ppm or more having a much higher chance of being ahead of schedule. This may be obvious as adding nutrients probably should have a quickening effect on the ferment rate, but it is interesting. It makes sense in a causative sense but we could have equally seen more blue here and argued that it made sense as you’d be more likely to be adding more DAP to sluggish ferments rather than rapid ones. So really I think this more likely highlights the danger of adding too much nutrient.
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The last one I’ll show you is Free SO2 at the beginning of ferment. We don’t see much change here until we get above 20 parts of free, where the blue starts to creep up and the red decreases. This will be much more interesting once we can start to drill down by yeast strain and other factors but at the moment the data set isn’t big enough to do that. 





Looking to the Future

Presenter
Presentation Notes
So I hope that’s given you a glimpse of what the simulator can do and what we can potentially pull out of it. There is a lot more I would like to do to it, both in terms of features, some of which we are doing now based on user feedback, and the kinetic models, particularly in terms of pH, sulfur, oxygen and micro nutrients. One of the things we’re looking to include for next vintage is some of the work the AWRI has done on yeast strains and sulfur and pH tolerance, so if you enter a juice with one of these stress conditions and select a yeast strain that we know may struggle with those conditions, the simulator will provide a warning and suggest some alternative strains that may suit better. 




Fermentation Sensors

 Spectral (e.g. At-line NIR, inline with fibre-optics)

 Osmotic potential

 Density

 Weight loss
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Sensors is also the other big area. It’s sort of a one-day area. There are some available but we’ve done some work with some of them and they all have issues to overcome. 



Machine Learning

 Learn from thousands of ferments

 Re-optimise after each vintage

 Continually improve accuracy 

 Better incorporation of fringe cases
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Machine learning is another thing I would really like to try. This provides an alternate way of performing data analysis and producing models. It enables the production of models that can learn from fringe cases, even when the cause of those cases isn’t known, so it may help to predict some of the more difficult stuck ferments that don’t necessarily follow the models we have now. 

Last year we ran about 650 ferments through the simulator. In order to build a good machine learning model you need a few thousand, so the dataset isn’t quite there yet but we’re hopefully only one or two years off, and is another really good reason to jump on board and start using the simulator, as the more data we collect, the better we can make the models, and the more we can learn about difficult ferments. 




More Information: 
https://www.awri.com.au/industry_support/winemaking_resources/wine_ferm
entation/awri-ferment-simulator/
Or google “AWRI Ferment Simulator”

Contact:
Ferment.simulator@awri.com.au
Tadro.abbott@awri.com.au
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The simulator is available for free. 

https://www.awri.com.au/industry_support/winemaking_resources/wine_fermentation/awri-ferment-simulator/
mailto:Ferment.simulator@awri.com.au
mailto:Tadro.abbott@awri.com.au
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