
Constructing An Avatar Arm With Unity and the
Intel® RealSense™ Motion Control Camera



In this guide, we will demonstrate how Sambiglyon built a fully controllable camera-controlled 
avatar arm for its RealSense App Challenge 2014 game project

STEP 1
Place a small 'Sphere' type object and scale it down to a small size so that it can act as a 
rotation joint for the arm's shoulder.

STEP 2
Create a 'Capsule' type object and scale it down, and then stretch it into a shoulder blade-like 
oval and position it so that the inner edge of it covers the rotation joint.  This will enable the 
shoulder 'flesh' to pivot up and down at its end.



STEP 3
Make the shoulder-flesh oval object a 'child' of the rotation joint sphere by holding down the 
left mouse button on the oval object in the left-hand 'Hierarchy' panel of Unity and then 
dragging and dropping it onto the rotation sphere in the Hierarchy to link the two together, with
the rotation joint as the oval's parent.

STEP 4
Drop inside the shoulder rotation joint the 'TrackingAction' motion tracking script that is 
supplied in the RealSense SDK's Unity Toolkit 

Set the script to use the 'Joint_Center' hand point as the point that the camera uses to 
generate shoulder motion.  



SIDE-POINT: THE PHILOSOPHY OF TRACKING NON-TRACKABLE BODY AREAS
At this stage in the guide, it is a good time to explain the philosophy behind how one can 
provide movement for body areas such as arms that are not normally trackable in the 2014 
release of the RealSense SDK software.

A key principle for RealSense app designers to bear in mind is the principle that a real-life 
lower and upper arm cannot move without certain parts of the hand (which is trackable) 
moving as well.  

For instance, lower arm movement (side to side and up and down) is driven by the pinky 
finger of the hand in Sambiglyon's RealSense game 'My Father's Face,' since the lower arm 
cannot move without the pinky moving too. 

The shoulder, which drives movement of the upper arm, moves up and down and swings the 
upper arm sidewards towards and away from the body, is driven by movement of the hand 
palm up, down and left / right.  This is because it is impossible for the real-life shoulder to 
move without the hand moving.  

If the lower arm is attached as a child object to the upper arm, the lower arm moves when the 
upper one does and yet can still move independently because it has its own rotational joint.  

This is due to how the 'parent and child' object linking hierarchy works in Unity: the object 
above in the hierarchy lists moves the one below.  So the shoulder is the overall parent of the 
arm.  The upper arm is a child of the shoulder and is moved when the shoulder moves.  The 
lower arm is a child of the upper arm and moves when the upper moves.  

The wrist, meanwhile, will be a child of the lower arm and move with it, and the hand will be a 
child of the wrist and moves when the wrist moves.  Likewise, the fingers will be children of 
the hand and move when the hand is moved, yet still be able to bend independently.

But that is not the whole story.  The second half of the parent-child relationship is that when a 
child object moves, it can only move the object directly below it in the hioerarchy - not the 
object above it.  

So the upper arm can move the lower arm, but the lower arm cannot move the upper arm.  
Like a real human arm, the upper and lower can move together but the lower can move 
independently if it receives a rotation input from the camera.

The term that Sambiglyon used for designing these movements was Reverse Thinking.  
Instead of thinking how to move a shoulder when it has no tracking point, we started at the 
opposite end of the arm, where the tracking points are, and thought how a hand could move a
shoulder.

Using Reverse Thinking, the potential of the RealSense camera's capabilities increases 
exponentially.



STEP 4 – PART B
Let's return to looking at the 'TrackingAction' camera script settings that we recommended for 
use in the rotation joint of the shoulder.

Note that in the 'Which Hand' section of the settings, where one specifies how they want the 
RealSense camera to detect the left and right hands, we prefer the 'Access Order By ID' 
option, as this seems to be the optimum setting for using left and right hands simultaneously. 

Also note that in the joint's 'Constraint' settings that determine which way the joint is permitted
to move when the 'TrackingAction' script receives a motion input from the player, we locked
every direction but the 'Z' axis.  This allowed the joint to rotate up and down in the sidewards 
direction and so lift the shoulder blade up and down.

If the flesh section is not moving in the direction that you need it to once the 'TrackingAction' 
is configured, another way in which its direction can be altered is to change the angle of the 
rotation joint by unlinking the flesh section from the joint, changing the spherical joint's angle 
in the rotation settings of the 'Position' section at the top of the object's 'Inspector' settings, 
and then re-childing the flesh to the joint.



It is vital to un-link the pieces before changing the joint angle because if you do it while they 
are linked, a change of angle in the joint will change the angle of the flesh section too.

STEP 5
Create another 'Capsule' type object, this time stretching it into a wide vertical “sausage” 
shape and positioning it so that its top merges with the outer end of the shoulder oval.  This 
new section will act as the upper arm.

There is no need to create a rotation joint for the upper arm, as its movement is driven by the 
motions of the shoulder rotation joint.

STEP 6
Create another small spherical joint and place it in the base of the upper arm.  This will act as 
the rotation joint for the lower arm.



STEP 7
Place a 'TrackingAction' script inside the lower arm rotation joint and give it the settings below.

A notable feature of this configuration are that its tracking point is set as the pinky finger of the
hand, whereas the shoulder rotation joint used the palm.  This is because the shoulder and 
lower arm joints need to have different tracking points so that they can be rotated individually. 
If the lower arm used the same tracking point as the shoulder then it would wrongly bend up 
and down whenever the shoulder-blade was moved.

Also, the 'Constraint' settings of the lower-arm rotation joint leave the 'X' rotation axis 
unlocked instead of the 'Z' axis the shoulder uses as its free movement direction.  This is 
because the shoulder moves up and down in a sideward direction, whilst the lower arm needs
to lift up and down at an angle that is about 90 degrees different from the shoulder angle.  
This is dictated by the anatomy of the human arm.



In our own project, we gave our lower arm rotation joint angles of X = '0', Y = '270' and Z = 
'90.'  

Bear in mind though that the 'correct' angle can actually change from one Unity project to 
another depending on the objects in the Hierarchy above the rotation joint you are working on 
and how they are linked together, so you may have to experiment to find the correct angles 
for your particular project by putting in test values, linking the flesh up and then unlinking it 
again and trying another value if the flesh does not rotate in the direction that you want it to.

STEP 8
Create another “sausage” from a 'Capsule' type object, making it a little thinner than the 
upper-arm sausage, and position it so that its top end slips just over the lower arm rotation 
sphere.  This object will act as the flesh of the lower arm and wrist that will be moved around 
by the rotation joint that has just been set up.

STEP 9
Drag the lower-arm / wrist flesh object onto the lower arm rotation joint object in the Hierarchy
panel to make the flesh child-linked to the rotation joint.



STEP 10
Create another small 'Sphere' type object and place it at the bottom end of the lower arm / 
wrist flesh object to act as the rotation point for the hand so that the hand – once it is 
constructed – can be rotated left and right.

STEP 11
Place a 'TrackingAction' script in the hand rotation joint and give it the following settings.



The notable features this time are that the tracking point is the 'Joint-Center' palm centre of 
the hand again.  This was chosen because the large size of the palm meant that it was 
easiest for the RealSense camera to detect when the hand was being turned side-on, even 
when the hand had achieved the side-on orientation.  

Once the player's hand has been turned sideward it becomes harder for the camera to be 
able to see other points on the hand – even the large wrist joint sometimes – but the palm 
provides constant, unbroken tracking of left-to-right hand turning.

STEP 12
Create another 'Capsule' type object and shape it so that it is wide and relatively thin, then 
position it so that its top end slips over the lower arm / wrist rotation joint.  This object will act 
as the flesh of the hand, minus the fingers (which are created separately.)

STEP 13
Child-link the hand flesh to the rotation joint.

STEP 14
At this point, we are now ready to begin creating a multi-jointed avatar finger whose sections 
will bend up into a fist and then unbend again when the RealSense camera detects motion in 
a joint of the player's hand.

It is this part of the arm that RealSense developers will be most familiar with, as hand tracking
is one of the RealSense camera's primary functions.



Begin by placing a small 'Sphere' type object at the approximate location at the end of the 
hand-flesh object where the base of the index finger will be.  This location will, of course, 
depend on whether you are constructing the left or right arm, as the finger positions are 
flipped on each hand.

While we are talking about left and right arms, it is the perfect time to mention that if you are 
planning having two arms (or just two hands) that are controlled simultaneously but have 
totally independent movement, all of the 'Hand Index' settings on every 'TrackingAction' script 
that you use should be set to '1' instead of '0' in the other arm.

Another tip that we would give is that the 'Which Hand' setting is set to 'Access Order Left 
Hands' for every 'TrackingAction', even the ones in the right arm.  This is because we found 
that if you use the Left Hands' setting in the left arm and the 'Right Hands' setting in the right 
arm, the right arm becomes unresponsive to camera inputs.  

So it does not seem to matter if 'Left Hands' is used as the ID setting for both left and right 
arms / hands – it is the value placed in 'Hand Index' that determines left and right recognition.



STEP 15
Place a 'TrackingAction' script inside the base rotation joint of the finger and give it the 
following settings.

There is a good reason why we chose to use 'JT 1', or Joint 1, as the tracking point for the 
base of our finger instead of the 'Base' joint.  In Intel's joint tracking specification, the 'Base' 
joint of the finger is actually buried a little way inside the hand instead of at the edge of it.  

Sambiglyon experimented with bendable fingers that used the 'Base' joint but found that we 
got better results by just skipping it and making 'JT 1' the trackable point that would act as the
rotational base of our avatar fingers.  

The same goes for the base joint of the thumbs, which are also buried inside the hand.



STEP 16
Create a 'Capsule' type “sausage” again, this time shaping it into a short, thin form to act as 
the base of the finger – we recommend comparing the size of the object to the relative size of 
the first section of your real-life finger to get the correct approximate length.

Slide the top end of the finger-base flesh over your base rotation joint and child them together.

STEP 17
Create a new 'Sphere' type joint at the bottom end of the finger base-section's flesh to act as
the rotation joint for the middle part of the finger.

STEP 18
Drop a 'TrackingAction' script into the rotation joint for the middle section of the finger and 
give it the exact same settings that were used above in the base rotation joint.

STEP 19
Child-link the middle rotation joint to the base-finger's flesh section so that the joint will remain
attached to the finger when the avatar hand is moved.  See the Hierarchy image of the overall
arm on the very first page of this guide as a reference.



Sambiglyon experimented also with using individual tracking points for each finger joint ('JT 1'
for the base joint, 'JT2' for the middle joint and 'Fingertip' for the fingertip joint) but found that it
resulted in very broken-looking finger bending.

We believe that the reason for this was that if the camera could not see each individual joint 
with the same clarity of detection as the hand moved then the rotational position of some 
finger joints would lag behind others, meaning that the flesh sections attached to the joints 
would be outside of the position that they should be in at a given moment during of the 
bending process and look as though the bones had been broken.

For this reason, we recommend setting all of the finger joints to track the 'JT 1' joint, as this is 
the joint that is most consistently visible to the camera no matter what position the player's 
hand is in (bearing in mind that whilst the fingertips are also usually good track-points the 
camera can lose track of them as the fingers bend downwards.)

By using the 'JT 1' track-point for every finger joint, it ensures that all of the joints will rotate by
the same amount at the same time and so look relatively unbroken as they curl over into a 
fist.

STEP 19
Create another finger flesh section from a 'Capsule' type object, for the middle section of the 
finger this time, and slide the top of it over the middle rotation joint.  Then child them together.

You may also wish to create a further joint and flesh section for the fingertip area of the finger 
in order to extend its length, but creating the base and middle sections is enough to test 
whether the bending action of your finger prototype is working properly.



If you create such an extension, position its rotation joint on the end of the middle flesh 
section and child-link the fingertip rotation joint to this middle flesh object to ensure that the 
fingertip joint-and-flesh assembly is firmly attached to the rest of the finger.  Again, see the 
Hierarchy image on Page 1 of this guide as a reference for the correct linking order.

STEP 20
Once you have an index finger for your hand, you can rapidly create the other fingers (middle,
ring and index) by making a copy of your finished index finger, pasting it and using Unity's 
Scaling tool to increase or decrease the size of the copy, then moving the scaled copy to the 
appropriate position on the end of the hand for that finger and for the hand (left or right) that 
the finger is on.

A very important tip that we would offer is to select the base rotation joint as the object to 
scale.  This is because the linkage hierarchy of the finger will ensure that every other part of 
the finger will be simultaneously selected as well and so every part will be scaled by the same
amount.

If another part of the finger is selected as the scaling point then some bits of the finger will be 
scaled whilst any part above the selected object in the hierarchy will not, and this will result in 
the finger bending being broken.

Very important warning
When scaling a finger, only use the center box of the scaler tool that scales the object up / 
down in every direction.  Do not use the individual directional scalers that change only the 
width or only the height, as you will end up distorting the perfect sphere shape of the rotation 
joints and disrupting the fingers' bending.  Sambiglyon found and learned from that little 
problem the hard way, by first-hand experience! 



FURTHER BENEFITS
It is also worth mentioning that constructing physical avatar arms, hands and fingers using the
methods detailed in this guide means that – thanks to the 'Collider' fields that surround Unity 
objects – the player can physically interact with other objects and even bend the fingers 
around them, lift them into the air to move them around and then open the fingers to release 
the held object.  The fingers of each hand can also be touched together physically or touch 
the player's avatar body – and the body of other avatars – to convey an extraordinary level of 
emotional intimacy.
Being able to use avatar hands with objects in the same way that you would use your real-
world hands on such objects means that the need for game instruction guides is largely 
eliminated, as the player already knows what to do from their life experience and does not 
need to commit lists of gesture commands to memory.

Here are some examples of such interaction from Sambiglyon's project.





CONCLUSION
Sambiglyon wishes users of this guide the very best of luck in creating full arm and hand 
assemblies for their own RealSense projects in Unity.  We welcome the posting of help 
requests for specific projects on the Intel RealSense developer forum and will do our best to 
provide assistance.   Good luck!

www.sambiglyon.org

http://www.sambiglyon.org/

