O 40 CHAPTER4O DO OO —
0000000000 O Digital Twin—Digital Representation of
the Physical Components of Your System

gobobobbbuoogggobbobboooogobboobbouooooobobo
gooobobboooooobboobbtooooooobbobbooooooobbobobobooa
goboobboodooooobon

A digital twin is a model of the real world that enables the analysis of metrics and outcomes that
matter most to a physical system. It is an excellent model for the UX design of Al-driven products.
Digital twin modeling is at the exact intersection where UX for Al design can effectively demonstrate its

incredible potential.
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Digital twins are handy tools because they allow designers to think about real-world systems in a
way that is sufficiently complete yet manageable. It is an excellent way to build a mental model of your
system, an essential exercise for all sorts of Al-based modeling and predictions. Finally, a digital twin is

important for identifying and modeling what the system tracks and what it chooses to ignore.
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Let us demonstrate with a few examples.
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Digital Twin of a Wind Turbine Motor
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One of my favorite examples is the digital twin on GE Haliade 150, a gigantic offshore wind turbine,
which I had a chance to work on while at General Electric. Unfortunately, the digital twin of the entire
wind turbine is a bit too complicated for use in this chapter. We can, however, look at a much simpler
model, that of a yaw motor. (For those unfamiliar with the three-dimensional navigational axis, yaw is
the direction [such as east or south] where the wind turbine is pointing. You can read more about yaw
here: www.machinedesign.com/learning-resources/engineering-essentials/article/21834526/whats-the-

difference-between-pitch-roll-and-yaw.)
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Thus, in this chapter, we will focus on the digital twin of one of the seven motors of the yaw system

that controls the direction in which the wind turbine is pointing (see Figure 4.1).
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Figure 4.1 Schematic of GE Haliade 150 wind turbine showing seven yaw system motors
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Each individual yaw motor can be described with a relatively simple digital twin collecting only two

measurements:
-0000o0oooooo® OO O Inputcurrent (* electricity”  sent to the motor)
-0 0O O O Temperature of the motor
gbodooooooooootdodoooooooooogao
Using these two inputs, this digital twin predicts just one thing: the remaining motor life.
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The basic idea behind this simple model is that the more motor temperature jumps when the motor
is running, the less life it has remaining. Intuitively, this model makes sense. This is a bit like we would
expect an old car to be prone to overheating when being driven uphill—the older the vehicle, the more it
will overheat until it can’ t make it up the hill. You can see that the motor coils in the model are

overheating, so the motor will probably need to be replaced soon.
04200 0000000000000 0000000000 U™

Figure 4.2 shows the hand-drawn digital twin model, summarizing the detailed Ul shown later in

the chapter.
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Figure 4.2 Digital twin model diagram of the wind turbine yaw motor
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The GE Wind Turbine Management Software (GE-WTMS) leverages this simple digital twin to
create four detailed screens that represent the health of the yaw motor to the user. This is an excellent (if

somewhat literal) example of how a digital twin might appear in the UI.
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The first screen, shown in Figure 4.3, displays the turbine’ s Parts View. The Ul follows a simple
master-detail pattern: The master list on the left shows all seven motors of the yaw system, with Engine
EN4 detail currently selected. You can visually ascertain that something is wrong with this particular
motor because part of the engine schematic in the middle is red (trust me, although this book isn’ tin

color).
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Figure 4.3 GE-WTMS Parts View showing the EN4 yaw motor schematic and metadata
00000 YouTube O O GEO https://youtu.be/P36yJkE1zIM?si=vgXiH5uHfrputhsE
Source: GE on YouTube: https://youtu.be/P36yJKE1zIM?si=vgXiH5uHfrputhsE
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The second screen, shown in Figure 4.4, displays the input current. Note that the current is only on
some of the time because the turbine only needs to engage the yaw system when the wind changes
direction. The graph of the input current shows a cyclical pattern, so perhaps the wind blows from the
north in the morning and changes direction to the south in the afternoon. Hence, the yaw system

periodically engages to pivot the turbine into the wind. Note that despite the cyclic nature of the graph,



the forecast (line past the vertical © now” line) predicts a continuous max input current, which would
constantly spin the turbine all the way around the points of the compass—clearly not an ideal
prediction! We can ignore this forecast for now, as we will revisit this topic in Chapter 13, “ Forecasting

with Line Graphs.”
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The third screen, shown in Figure 4.5, displays the motor’ s temperature. Note the cyclical nature
of this graph—it corresponds perfectly with the input current, which makes sense—maore current
flowing through the motor will cause the corresponding increase in temperature. However, unlike the
current, the temperature of the “ on” state keeps gradually increasing—perhaps this motor is getting

older and becoming less efficient.
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Figure 4.4 GE-WTMS Parts View showing EN4’ s input current
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Source: GE on YouTube: https://youtu.be/P36yJKE1zIM?si=vgXiH5uHfrputhsE
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Figure 4.5 GE-WTMS Parts View showing EN4’ s temperature
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Now that we have both input current and temperature inputs, we can use the GE Predix Al to use
the” Al magic” to predict the all-important variable: remaining asset life. This“ remaining lifetime”
graph is shown in Figure 4.6. If you could see the color of the illustrations, you might notice that the
prediction is now shown in green (hurray for consistency!). Regardless, we now have the output of our

digital twin model: the forecast of how much longer the yaw motor EN4 will remain operational.
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While this model is obviously quite simplistic, it works pretty well for its intended purpose: to avoid
having a crew of mechanics take a boat 50 miles offshore in rough seas and climb 100m (30 stories) up

the sheer turbine mast in punishing 50-mile-per-hour winds to inspect the yaw motors—all while the




turbine blades are spinning at 150 miles per hour!
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Now, given the pain and expense of sending the mechanics crew over for the yaw motor inspection,
you might think that our digital twin is too simplistic: you could, after all, track other things, like the
speed of the motor (RPM), torque, and temperatures at various spots on the motor (like that of front
and rear sets of ball bearings, electrical coils, mount, etc.), vibration of the motor shaft, power curve

(how increase in current corresponds to motor power output), and many more measurements.
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Figure 4.6 GE-WTMS Parts View showing EN4’ s remaining lifetime
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GE monitors all of these things for other machines—just not for this motor. Why not? The yaw
motor is a relatively cheap and reliable component, installed with more than triple redundancy (e.g., two

motors are likely sufficient to rotate the turbine under normal circumstances, and GE installed seven).
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Thus, our simple digital twin is necessary and sufficient to monitor this motor. In our specific use
case, other measurements are not essential to the machine's operational aspects. To paraphrase Einstein,

digital twins need to be as simple as possible but not simpler.

HEN

NOTE
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The value of creating a digital twin is in conducting the exercise of figuring out what is essential and

not essential to include in the model and nailing down the use cases your model will deliver.

Jogbogoodbotubotoboboboogogo

The Digital Twin Is an Essential Modeling Exercise for Designing
Al-Driven Products
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A digital twin is an essential exercise in understanding and modeling. In that way, it’ s a bit like the
exercise of creating a persona: what does my persona care about or not care about? Usability? Aesthetics?
Efficiency? Or the ease of learning? Think of the digital twin creation in the same way, but for Al systems.

The digital twin should include all of the aspects that drive operational control of the system and



contribute to knowing which “ knobs” to rotate and “ buttons” to push.
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Recall the old story of the four blind men and an elephant (from the Buddhist text Tittha Sutta;
https://en.wikipedia.org/wiki/Blind_men_and_an_elephant): The person touching the tail thinks an
elephant is like a rope, the one touching the ear thinks an elephant is like a fan, the trunk reminds the

third of a snake, and so on.
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Just as a persona creation exercise, the exercise of creating a digital twin is best undertaken as a team
of four-in-a-box specialties: Product Manager, UX Designer, Developer Lead, and Data Scientist, all
focused on real-world use cases and with direct subject matter expertise grounded in real-world user
research. Just like the four blind men touching an elephant, as a team, you are much more likely to
discover all of the aspects that really matter to your model and uncover important use cases the Al can

deliver. That discussion, this process, delivers the actual value of creating a digital twin model.
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How to Build a Digital Twin: An Example
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So, how do we go about building a digital twin model? The core of the process is pretty

straightforward:



.00 AIDO00000000O0OO0OOOOO O Understand what information the Al

model sensors collect from the real world.

200000000000 0000DDO0ODOODraw apicture visually representing

relevant aspects of the physical world.
3.0000000 000 Label the picture with the incoming data.

4.0000000000000000O00000 Figure out the use case and most valuable

measurements that the model can predict.

5.000000000000D00000000ODOODODOOO Note any missing incoming

data and discuss with the team how the system can obtain it.

6.0 0000000000000 000O0ODDO DO Consider which siloes you need to break to
get the additional data.

. 000000000DO0DOO0ODO0OD0ODO0ODOO0ODO0OO00bO0ODOODOODODOn
000000 Watch out for“ creepy” data conclusions, such as those that might affect

insurance rates, and loan eligibility. Ethics matter!

.000000000O0ODODODODODODODODODODORemain humble. Remain curious. Iterate,

iterate, iterate!
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The last point is the most important one—you are about as likely to guess at the right model at the
outset as one of the blind men to accurately describe an elephant by touching its leg! Let’ s take, for
example, the case of a smartwatch exercise tracker. The most important measurement that the
smartwatch is collecting is the person’ s pulse. With some clever measurements (and because the watch
also, ahem, tracks time), we can also collect the difference in pulse rate between resting and exercising
heart. If we also know the person’ s age, we can compare how quickly the pulse goes back to normal

after exercise to those of similar age and come up with an approximate fitness level. Thus, the first



iteration of the digital twin, utilizing just the smartwatch, might look like Figure 4.7.
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Figure 4.7 Digital twin iteration 1: smartwatch alone

gobobobbbouogoogobobbodoooobbobbuoooooobobo
GpSsOobobboooooobobbobbbodoodubbbbbooooULobbobobog
gobobobbooogoobbobbtboooooooboobooooooobboobooa
gbobobobbooggooobbbbuoooooobbobooooo 4800

Then, you might consider that a smartwatch is also usually connected to a smartphone. A
smartphone collects a wealth of data, such as GPS coordinates and elevation of each point of the exercise
walk. By using a smartwatch paired with a smartphone, we can collect all sorts of interesting additional
data. Thus, the next iteration of the digital twin might include a picture of the terrain, combined

elevation, and (if we also know the person’ s weight) the amount of work the person expended to get

themselves up and down those mean hills (see Figure 4.8).
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Figure 4.8 Digital twin iteration 2: smartwatch + smartphone with a GPS tracker
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Now that we know the inputs, what kind of things would this information let us compute? If we
know the person’ s weight, we also know the work, so we can calculate calories burned. Calories
burned are a very useful measurement because they help people achieve and maintain a healthy weight in

today’ s health-conscious world.
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To complete the picture, in addition to the person’ s weight, we need to know their age and sex.
All this information is self-reported, which means we cannot detect it through technology alone.
However, once we have this data, we can correlate the pulse resulting from a particular level of exercise

and pulse recovery and come up with a measure of the comparative fitness of the specific individual



versus other owners of smartwatches around the world. In other words, we could tell people how this
particular individual’ s fitness measures up against others of a similar age (and affluence, one presumes,

as smartwatches are not cheap).
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The power of creating a digital twin is an exercise in figuring out what is essential and not essential to

include in the model and nailing down the use cases the model will deliver.
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We can also measure the number of steps and know the person's height and the expected length of
stride. In that case, we can estimate how limber they are and detect any walking abnormalities, such as
one leg being shorter than the other and knee and ankle injuries. Using this additional input data, one
could more accurately predict the individual’ s lifespan. And if this is not already getting into an

uber-creepy life and health insurance costs territory [

Joogooood

Wait, There’ s More!
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Exercise is but one silo created by the smartphone industry. Apps often create unnecessary siloes
that do not share data. If we truly want to unleash the next level of Al, we must traverse multiple apps to
gather more data and build an even more complete digital twin model of this particular individual. For
instance, we might recall that many people also wear their smartwatch while they sleep. And while this
may be data collected in a different app, it is collected about the same exact individual. If we approach
the problem holistically, an exciting new set of inputs becomes available: the quality and quantity of rest

(see Figure 4.9).
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But why stop there? You can combine it with other kinds of tracking that a typical smartphone can

do, such as
-0000D00O000000O Spending money at the supermarket versus going out to eat
-0 O O O Coffee consumption
-0 0 0O O Airplane travel
-0 0O O O O Languages spoken
-00000O0O0O00O 0O Number of hours per day of driving commute

-000000000000O0DOODOO0O0O0O O Neighborhood location (plus crime, air

pollution, noise, etc.)

-000000000000000O0O0O00O0Whatkind of music you listen to (and for how

many hours a day)
-00000000000D0D0O0DO OO Screen time (how much time you spend scrolling)
-00 23000 DNAO OO 0O 0O O Data from DNA trackers like 23 and Me
-0000000000000O0O O Data from your calendar to track your social connectedness
- [0 O Occupation
-0 0 O O Education level

- 0 O Savings



-0 O 0O O Investments risk

-0 0O O O O And many more!
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Figure 4.9 Digital twin iteration 3: smartwatch + smartphone with a GPS tracker + sleep tracker
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You can see where |1 am going with this. Using this data, you can have a pretty complete picture of
the person’ s predicted lifespan, athletic performance, health problems, the likelihood of ending up in

assisted living, the likelihood of early death, and 1 Oh, so much more.
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Should you collect and model this data? As in the case of the wind turbine yaw motor we discussed
earlier, it depends! It depends on what you are trying to predict and what types of data the humans who

own these devices will allow to be shared to gain the specific insight your digital twin provides.
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Whether we should be collecting particular data also depends on the legal and ethical
considerations of your modeling. Remember, not all data will be used by the entity that collected it—or

for its original intended purpose!
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These discussions lie at the heart of our age’ s technological, human, and ethical considerations.

(See Part 4 of this book for more on Al ethics.)
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Digital twin modeling is a high-quality discussion about what is being measured, what is being
predicted, what buttons to push, and for what use case. During the discussion with your team, start by
drawing the picture representing your system in the middle of the page. Label your data inputs on the left
and indicate the kind of data coming in (time series, summary data, JSON objects, pictures, etc.). Then,
on the right side of the page, label the variable your system will be trying to predict. Voila ! That' s
your digital twin model diagram. Be sure to review this model with your team and discuss sources of data

and the ethical implications of your predictions.

Jogbogboogoouogogo

Design Exercise: Create Your Own Digital Twin
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Now, it" s your turn to create a digital twin model for your use case. Recall that this is not normally
asolo activity! In the real world, you would be doing this with your team. However, although exercise is
“ just for practice,” do not skip it. As we discussed in Chapter 1, Case Study: How to Completely
F*ck Up Your Al Project,” using a boiling pot of spaghetti as an example, even a simple 15-minute
digital twin modeling exercise can absolutely make a difference between success and failure of your

Al-driven project.
0000 1000000000 bo0oooooooooboooooooo
To sketch your digital twin in just 10 minutes, follow this simple set of steps:

1.00000000000000000000O0OO0O Inthe middle of the page, draw a

picture visually representing the model of your system.

200000000000 000000ODODOOWhatinformation is collected by sensors?
Label inputs to the left of the picture.

0000000000000 0000bO0ODLO0ObLOO0ODO0ODODODODOO0OD00O0O0OON
ote if some inputs will need to be self-reported or brought in using external databases. How will

you get access to this information?

A0000000000000000O000O000O00O0OOo0ObOOoObOO GPS
00000000000 O What additional inputs can you compute? Write those below the

picture. (For example, calories burned can be calculated using weight and GPS coordinates.)

50000000000000D00000000Whatdoyouwantthe model to predict?
Label outputs to the right of the picture.

6.0 000000000ODOOO" OO0 U0DOobObooooooooooooog
00000000 O What sort of control . knobs”  are there in your model to help the user

affect the outcomes? (Note: There may not be any, as in the case of the yaw motor.)



Reflect

-00AID00000DO0DOO0DOO0DOO0DOO0DO0DO000D0o0o0oOooOoDOooDOon
0000000 00000oooooDOOododdwillyour Al model need any
other data to generate the predictions you want? (Recall the need for a transparent lid on the

spaghetti pot to see the surface of the boiling liquid from Chapter 1.)

-0do0ooooOo/oodooooonbddIifso, how/where can you get this additional

data?
-0000D00000000 DO Iswhat you are trying to predict ethical?

-0000D00O000000How can this system potentially be misused?

HEN

NOTE

guoobobbogoooobbouoooobbboooooobobobboooa

If you need inspiration, consider the following example. Do not proceed to the next chapter until

you have completed your own design exercise.

Jogogboooogogogo

Design Exercise Example: Life Clock Digital Twin

gobobobobboosgbbobboogoogbbobbboooooobobobobod
Ooooboboooooooobbobobboo 41000

Recall our * Life Clock” storyboard from Chapter 3, “ Storyboarding for Al Projects.”

Here’ s the digital twin model for the system described in our storyboard (see Figure 4.10).
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Figure 4.10 Complete digital twin exercise for the Life Clock app
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In the first row of the diagram, we provide the Al with the database of labeled food images with
which we will train our model. When the user provides a picture of the food, we pass it into an image
analysis Al module, which returns a prediction of what the food is and the number of servings (e.g.,
“ pepperoni pizza, one serving” ). A lookup in the nutrition database provides a base number of

calories and macros (protein, carbs, fat).

guoobbbbtoggooobbuodogoobbbboooooobbbogo
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gobobbobodoooouobobbuouoooobooboobood

In the second row, the nutrition data is combined with the user’ s personal data, cardio, weight,
exercise, and rest, and fed into a health and longevity analysis Al model. This model returns the
predicted immediate impact, D&D style (+1 Strength due to protein, O 1 Agility due to high fat and
high processed carb content, etc.), as well as the overall prediction impact on this person’ s lifespan

(00 5 minutes as the pepperoni slice is not the healthiest meal as part of a sedentary lifestyle).

gobobobbbuoogggobbobboooogobboobbouooooobobo
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If you did the digital twin exercise correctly, you should end up with a similar diagram, but of
course, for your own use case, which might be slightly different. If you have not done the exercise yet,

please stop and do it now. (Done already? Have a cookie—you earned it!)



