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Description 

In context of Industry 4.0, the robotics will play an important role and the way we program and 
control them will have to be adjusted accordingly. In this class we will see how Autodesk Forge 
fits in this picture, where we will briefly go through the process of bringing a robotic arm into the 
3D world using Fusion 360; preparing the 3D model for in-web-browser visualization and connect 
the real robotic arm to its 3D model for duplex control.  

In the end, we will see what might be the obstacles in transferring this proof of concept to industrial 
robots and other machine types for visualization, remote diagnostics, and even manipulation. 
 
 

Your Forge DevCon Expert(s) 

Within Autodesk, Denis Grigor is providing programming support to 3ds Max and Forge external 
developers. This mix of desktop and cloud exposure, helps him in his endeavor to safely erase 
the borders between them.  

He likes to know how everything works under the hood, and he is not afraid of low-level stuff like 
bits, buffers, pointers, stack, heap, threads, shaders and of course Math.  

Add to this his interest of IoT and IIoT along with love for 3D graphics and here you have a cyber 
alchemist. 

 

  

Learning Objectives 

• Bring a real robotic arm into 3D world, using Fusion360; 

• Bring the CAD model into browser, using Forge Model Derivative API; 

• Visualize the 3D model in Forge Viewer and customize it with controls; 

• Connect the real robotic arm with its 3D counterpart for remote control and 
programing. 
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“Industry 4.0” – a term brought in context of a high-tech strategy in a country (guess which one) 
and now a worldwide trend for automation and data exchange in manufacturing technologies. 
 

 

This is considered as the next industrial revolution, where “robots” cooperate in achieving a 
certain goal. The “cooperative robotics” approach, demands new means and ways for supervision 
and diagnostic of the new Cyber Physical System.  
 
Even if we are still transitioning to Industry 4.0, the increasing number of robotic units, sooner or 
later will force us to come up with new approaches for control, program and their supervision. 
According to IFR (International federation of Robotics), by 2020, 1.7 million new robots will be 
installed in factories worldwide: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this context, the idea of “connected” is not a feature anymore, but rather a necessity and words 
like “artificial intelligence”, “cloud”, “IoT” and 3D interfaces will not be exclusive anymore. 
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IoT not equals IIoT 

One thing must be clear from the start: IoT (Internet of Things) is not the same as IIoT (Industrial 
Internet of Things). The difference lies not only in operating requirements (precision, reliability, 
safeness and other constraints), but also in the impact of potential failures and the ultimate 
responsibility.  
 
In case of an outdoor thermometer that sends you through WiFi the current temperature, if it fails 
or it degrades having low accuracy of +/- 2 degrees and a latency of 30 seconds, is not a big deal. 
In case of an automated assembly line, even a slight 1 mm offset could compromise the entire 
production and put you out of business, while for a medical equipment, monitoring the brain 
temperature and reacting upon it with some medicine, an erroneous temperature reading, even 
just 0.1 degree, might make the difference between life and death. 
 
Thus, we must be careful what each of us understands by IoT, what is the difference between IoT 
and IIoT, and what roll it could play in Industry 4.0. 

 

How useful could be 3D? 

There is a saying that “a picture is worth a thousand words”, but then how many words can 
worth an interactive 3D experience?  
 
It is considered that 90% information received by the brain is the visual information, but even this 
information can be presented in a such way that it is processed fast, or very slow. 
 
A very good illustration is the situation of an analog vs digital gauge: 
 

  
 
Which one in your opinion is easier to read? I guess that a potential poll will give the majority to 
the analog gauge. This is mainly because for reading the analog one, it suffices just to briefly look 
at the position of the needle (which takes a fraction of a second), while for reading the digital one, 
we usually spend more time reading it (and make sure that we read it correctly).  
 
This could explain why a lot of digital gauges and the digital panels in general are trying to mimic 
the analog look, because “a picture is worth a thousand of words”. 
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The same idea could be somehow transferred to the transition from 2D to 3D.  
 
Let us look at 3D visualization in context of a simple use case of presenting your product to 
potential customers. Suppose that we are in shoes of someone who would like to purchase a 
robotic arm. To not favor or upset any brand, we will build our use case around a no-name cheap 
non-industrial grade robotic arm (later we will put it into industrial grade context): 

 
Let’s make abstraction of price or other “non-engineering” related things. We are interested in 
robot itself, what it is made of and what it is capable of. Thus, we would like to avoid something 
made from cheap plastic and favor one made of aluminum (preferably a dural one) and its servos 
should have a copper head instead of plastic and perhaps other criteria, especially in context of 
“scouting” for an industrial grade one.  
 
Simple requirements, but good luck finding the needed answer out of those pictures. The fact that 
the title specifies that it is aluminum is not always much of the help, because it could have referred 
to some pins, nuts and bolts or other parts that you mistakenly assumed to be made from 
aluminum. It might be even made from cheap plastic with an aluminum finishing. 
 
You might think that this is specific only to these kind of cheap things, but I encourage you to have 
a look at the website of any industrial grade robot and, with very few exceptions, you will see how 
hard, if not impossible, to find information on the used materials. 
 
Now, let us take the perspective of the seller, he would be happy providing the needed information 
and he might even reference you to a long sheet on part descriptions and different characteristics 
and through a bunch of pictures, but again, good luck finding which one is which, as the name 
like (in this case) “Multifunctional bracket” is not always intuitive.  
 
In this context, the idea of having an interactive 3D model might be more than useful and I am not 
referring to just a 3D rotation around the object (found on many websites and still not very 
informative), but of a true interactivity, where you may examine different parts, understand the 
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size (maybe it is just 5 cm tall) and inspect the material and other relevant information of the 
interested components just by clicking it on the 3D model. 

 
Be it a cheap robotic arm or an industrial grade robot, the idea of allowing the potential customer 
to examine in a simple web browser the 3d model of it, select and isolate the interested 
component, examine the related metadata, might be the ultimate factor that will determine that 
customer to choose your solution.  
 
The obvious question at this point is usually “how this can be achieved and how accessible it is?”. 
To do all this from scratch is possible, yet might be quite challenging and along with necessity of 
implementing controls and other tools, this task might very easy get out of our area of expertise 
and instead on concentrating on tangible things, we are drawing robots on the screen.  
 
Here is exactly where the Forge Viewer comes very handy, as its main strength is to allow 
visualization of your model right in the browser, along with model’s data. The visualized model is 
not just a bunch of triangles on the screen, but rather a hierarchically structured collection of 
components forming your model as defined in your CAD file and each component containing the 
data specified within CAD.  
 
Being a JavaScript library, makes it easy to integrate the Viewer into your page, with navigation 
controls and toolbar provided out of box. Moreover, all this can be easily customized through 
writing extensions for this Viewer, or just get under the hood and “bend it” to your own needs. 
We’ll see all this further when talk about Viewer customization and connecting the 3D model to 
the real one, but this requires having a 3D model matching the real one.  
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Bring a real robotic arm into 3D world 

Note: For further illustrations, I will use the Autodesk Fusion360, not because it is my favorite CAD software, but merely because 
Fusion 360 can be easily given as example where the Forge technology is used by Autodesk within its own product. 
However, you should make abstraction of the used CAD. The interesting thing is that either you use SOLIDWORKS, CATIA or even 
in-house CAD software, the cloud related things illustrated here in context of Fusion 360, can be implemented for those CAD software’s 
too, through use of Forge. 
 

I hope that by now you are convinced that the 3D model of an “artifact” could be more useful that 
just for creation of nice muti-angle renderings. The 3D model of your “artifact”, be it a component, 
device, machine or a building, may come from different sources, but the important thing here is 
not just the model itself, but the associated metadata.  
 
If the origin of this models is a multimedia and entertainment content creation software like Maya, 
3ds Max, Blender, ZBrush and others, there will be almost no information on components, 
material type and other specific data to your models, as those applications operates more with 
polygons, vertices and textures. Thus, the needed data will have to be manually associated to 
each component (if we still have separated geometries and not just a single mesh), and this could 
be annoying and prone for errors. 
On the other hand, if our model comes from a CAD software, then we are good to go, as within 
any self-respecting CAD software there is a component segregation in a form of a model tree and 
the [meta]-data assignment for each component is part of the process and all is stored in that very 
CAD file. 
 

In what follows, I will not do a tutorial on how to create models in CAD, as I am sure that there is 
little I can teach you. However, there are some aspects that you might find interesting regarding 
the somehow new creation process that was made possible due to technology exposed through 
Forge, thus possible to implement in your favorite software. 
 
In Software Engineering domain, there is a concept called Version Control that, briefly speaking, 
allows you to keep the history of your progress. To explain how this concept can be useful for 
CAD, suppose that we are creating the design of this very robotic arm and we reach a point where 
we would like to try something new on it. The established approach is to make a copy of this file, 
or even better the copy of a folder, as there might be some dependencies (XRefs, textures etc.) 
that might get affected by our changes. Using this approach, after a couple of iterations, 
experiments and try-outs, we may end up having dozens of folders with different or similar files in 
each of them. 
 
This is exact situation where the Forge Data Management API becomes very handy, as it allows 
you to organize your data in hubs, projects and folders, while implementing the versioning when 
data is written in those folders. 
 

https://en.wikipedia.org/wiki/Version_control
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As I already mentioned, Fusion360 is a great illustration of how Forge technology is internally 
used by Autodesk, so the corresponding A360 Fusion Hub is the great example of what can be 
achieved by using the Data Management API. 
 
Here we have project segregation, folder abstraction, item versioning and even XRefs along with 
used versions: 
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The use of Data Management API is fairly simple and for example the following Python snippet 
illustrates how a developer could get the very same versioning info: 
 

 

 
As you can see from Fusion360 implementation, this is applied to XRefs too, thus it allows you to 
make nice picture not only of interdependencies, but also the version of those dependencies, 
which leads me to another useful aspect of Version Control. 
 
Another useful thing that derived in context of Version Control is the ability of comparing different 
versions of the same text and identify the changed parts. This becomes handy when having 
several versions, we would like to know what changes were made from version to version and 
might be helpful in understanding the direction of our changes (g.e. what part was the most 
frequently changed). 
 
However, can this be applied to 3d models and if yes, then how it could look like?  
 
It turns out that in case of a CAD model, since it has the component wise metadata, it is possible 
to implement a sort of “visual diff”.  
 
If you mix the different model version data coming through Data Management API and pass it to 
Forge Viewer and some code magic, it is possible to achieve something like in bellow screenshot 
taken from Fusion360 Hub: 
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Again, visual aspect of the data makes it even more useful. Just by briefly looking at it, we can 
identify the removed and added parts, while for those modified, we can see what was the actual 
modification.  
 
In general, use of Data Management API makes easier to manage multiple versions of the same 
model, for different scenarios or for experiments. As in our use-case, we might want several 
versions of the same model: one to be embedded into our frontpage (we need just the shape), 
another to allow query on component details and yet another for illustrations on how your model 
works etc. We could, of course, use the same model for all our use-cases, but as in case of all-
season tires, they are usually not very good neither for winter, nor for summer. 
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Bring the CAD model into browser, using Forge Model Derivative API 

At this step, having the 3D model, with all details on the structure of component, used materials 
and other relevant data associated to each component, with a simple call to Model Derivative API, 
like in this small Python snippet: 
 

 
 

we can prepare our model to be consumed by the Forge Viewer and allow to be displayed in a 
web browser, as we’ve seen before. 
 
However, at this point worth mentioning that Model Derivative service supports 60+ formats, be it 
Autodesk or non-Autodesk ones, and it is used not only for preparing the models for Viewer, but 
also can be used for translation into other formats (see the Supporting Translation Formats table). 

 

 
In fact, as mentioned several times, Fusion360 uses heavily the Forge APIs, so when visualizing 
your model or versions of it, you can ask to download it in several formats and at this very step 

https://developer.autodesk.com/en/docs/model-derivative/v2/overview/supported-translations/
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Fusion360 will use this Model Derivative service to convert your model into needed format, as 
seen in bellow screenshot: 

 

Among many useful features of the Model Derivative API, the most important one is that during 
the translation process it also extracts the object hierarchy trees, properties and geometries of 
model’s components. Of course, in case of translation of a CAD file into something like OBJ format 
(storing data on vertices, polygons and texture), the main part of this data is trimmed/ignored to 
fit the OBJ specification. Thus, there is a need of a special format that can store/read the 
translated meta-data along with geometry and texture, yet performant enough to be read and 
visualized in a simple browser.  
 
This is exactly why the SVF format was designed and along with Forge Viewer, it allows 
progressive loading of the model, with preserved hierarchical structure and all component’s 
associated metadata and all this in a simple web browser. 
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Visualize the 3D model in Forge Viewer and customize it with controls 

To recapitulate:  
• we have a model in a format that is supported by the Model Derivative service; 
• we use the Model Derivative API to translate it into a SVF format and we get an URN 

 
What is next? How can we have something similar like Fusion360 does?  

 
This is achieved through use of Forge Viewer, which being a simple JavaScript library, can be 
easily embedded into a html page and having the following minimal code (providing the needed 
URN and an access token): 

 
 

https://en.wikipedia.org/wiki/Uniform_Resource_Name
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you will "automagically" have you model presented like in this illustration: 

 
As you can see, the original hierarchical structure was preserved and the metadata associated to 
each component was preserved as well. The main benefit compared with other in browser viewing 
technologies is this exact preservation of useful data. In case of a house model, when you click 
on a window, you are not presented with info on vertices, triangles etc., but information like height, 
width, type of materials and many other relevant information. This is exactly why we call it “an 
industrial grade viewer”. 
 
At this step, we have our model illustrated in a web browser and as you can see, it comes with 
already integrated navigation controls, camera control (perspective/orthographic), component 
tree, measuring tools, property tools and many other goodies that comes by default.  
 
All this should be enough to embed our “artifact” into a web page for showcasing and/or for 
sharing, but the obvious question is “can we do more?”.  
 
The Forge Viewer has this concept of “extension”, that provides “a mechanism to write custom 
code that interacts with the viewer” and the official documentation provides even a step-by-step 
tutorial on writing such extensions. In fact, all tools you see on the bottom toolbar are extensions 
that can be easily used as reference implementations for your own tools. 
 
Extending the Forge Viewer through extensions is a neat thing, but in the end Forge Viewer was 
designed for static visualization. On the other hand, it is just a JavaScript library, so how difficult 
is to “bend” it to your own needs and make some geometry transformation and maybe add some 
animation? Since under the hood, it is based on powerful three.js library, there should be no 
problem in using “unorthodox” ways and mix three.js and Forge Viewer’s approach.  

http://mimikron-project.s3-website.us-east-2.amazonaws.com/default.html
https://developer.autodesk.com/en/docs/viewer/v2/tutorials/extensions/
https://developer.autodesk.com/en/docs/viewer/v2/overview/extensions/
https://threejs.org/
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The idea behind mixing the Forge Viewer with three.js is presented in some of my blog posts, but 
in general, I highly recommend visiting our blog for other orthodox and unorthodox use-cases for 
Forge technology. 
 
In our case, we could be interested in adding some interaction, maybe to show the degree of 
freedom of our robotic arm, the working zone and maybe even a demo. 

For these purpose, we might want to remove the default UI by creating a “headless viewer” (viewer 
without panels, toolbars etc.), so that we can have more freedom for UI design, but there should 
be no problems in combining the default UI with our custom one. 
 
The implementation of component transformation and manipulation is not a big deal, as I said, 
the idea behind the implementation is presented in some blog posts and the implementation code 
can be seen directly in the sources of this illustration, which were left unabstracted as a “spaghetti 
code” for relatively easy understanding. 
 
The main idea here is why would we need all this? We mentioned before that we could use this 
model for illustration of model structure, presenting component meta-data, even for demonstration 
of functional capabilities etc. What else? 
 
 

  

https://forge.autodesk.com/blog/know-how-complex-component-transformations-viewer-part-1-basics
https://developer.autodesk.com/en/docs/viewer/v2/tutorials/headless/
https://forge.autodesk.com/blog/know-how-complex-component-transformations-viewer-part-1-basics
http://mimikron-project.s3-website.us-east-2.amazonaws.com/
http://mimikron-project.s3-website.us-east-2.amazonaws.com/default.html
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Connect the real robotic arm with its 3D counterpart for remote control and 
programing 

 
Somewhere in the beginning of all this, we mentioned that “a picture is worth a thousand 
words”. After all stated above, the question now is: “can this 3D model serve as an analogue 
gauge for us?”.  
 
In case of this humble robotic arm, it might be an overkill, but what about an assembly line, where 
you have dozens of robotic arms and you just got a signal that there are some problems with one 
of the robots? In above illustration, where we were virtually manipulating the robotic arm, the 
signals were coming from our controllers (in my case a mouse), but these signals could come 
from anywhere, including from a real working robotic arm. In this case, just having a visual 
information on pose of the “in question” real robotic arm could be enough to remotely diagnose it. 
 
This is the very minimum that can be achieved by just linking some data from real robotic arm to 
its virtual counterpart and “use the 3D model as an analogue gauge”. However, by linking other 
data coming from robotic arm’s sensors (temperature, pressure etc.), this simple Viewer could 
easily replace a cluttered UI filled with numbers and other indicators. At this level, one of the most 
important aspects is that all this can be accessed through a simple web browser and, through use 
of cloud, accessible from any part of the world. 
 
Obviously, the next question is “can we manipulate the real robotic arm by manipulating the 3D 
model, and all this through the cloud?”. From security perspective (in context of serious robotic 
arm) this is quite scary and this is exactly where my humble robotic arm is very helpful for 
illustrating this very idea. 
 
To illustrate the concept of remote manipulation and diagnostic of the robotic arm, I stumbled 
upon Particle Photon (https://www.particle.io/) with its cloud ready infrastructure. 

  
The Particle Photon microcontroller is integrated into their cloud infrastructure allowing duplex 
communication between hardware and cloud endpoints. At this step, we can read hardware data 
and present them in the Viewer (like position of each servo motor), but also send instructions to 
these servo motors, thus remotely manipulating the real robot. All this is cool and great, with this 
IoT cloud ready solution all this is very simple, but we still should not forget that this is quite far 
from IIoT quality, performance and security standards. Nevertheless, this proof of concept could 

https://www.particle.io/
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serve as a starting point and the cloud ready infrastructure could be replaced by an in-house 
solution, respecting all security standards and still be attractive. 
 
However, this proof of concept also opens us another direction that could be explored. The idea 
of remote programming of a robotic arm. 
 
From perspective of hardware programming, could be highlighted 2 approaches: 

• flashing the needed instructions directly into machine’s microcontroller; 
• writing into specially allocated memory the movement/positional instructions that will be 

interpreted by machines’ microcontroller (the way that many G-code machines work). 
 
All this is (very) roughly speaking, but the main idea is that no matter what the approach is, we 
need data on “when, where and how long to activate something”. In context of animation, there is 
a concept of keyframing that especially in 3D graphics helps to solve this very problem and in the 
end, gives us the smoot animation we all see in cartoons and movies.  
Could we use the same approach for programming a robot?  

We will see this in practice during the class, how having a timeline JavaScript library (for 
example timeliner) added to our Viewer and capable of recording and exporting the keyframes 
(for example JSON), we translate the animation keys into needed instructions and using our 
cloud solution, we remotely upload/flash our robot with translated instructions.  

Using this workflow, we will end up having a trained real robot through training the virtual one, 
as “To an artificial mind, all reality is virtual. How do they know that the real world isn't just another 

simulation?” (Animatrix). 

 

https://en.wikipedia.org/wiki/G-code
https://en.wikipedia.org/wiki/Key_frame
https://github.com/zz85/timeliner

