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1
Introduction

Poker chip shuffling is one of the most common chip tricks that can be seen at the poker table today.  Similar to card shuffling, it involves taking two stacks of chips and merging them into one larger stack.  Tutorials are available online [1] that can teach the average person how to shuffle chips, but they note that it is not an easy task and takes quite a bit of practice to master.  The difficulty of the task lies in a complex set of manipulations that require very precise control of the manipulators, i.e. the fingers.  
In examining the mechanics of the shuffle, I will provide instructions on how to perform a shuffle with two stacks of five chips each.  Subsequently, an analysis of the mechanics of each step will be presented.  Finally, I will conclude with some ideas about the design of a robot that might be able to reproduce the shuffle.  

2
Shuffling

This section will cover the technique of a basic chip shuffle, as performed by myself.  The technique may not be picture perfect, as I am not an expert, but it will show how a basic shuffle is performed for a right-handed shuffler.  This basic technique will serve as a base for analysis of the procedure. 
1.
To begin, start with a stack of 8 poker chips.  It is best to use standard, 11.5 gram poker chips.  An example setup of chips is shown in figure 1.




Figure 1:  Two stacks of 11.5 gram chips[1]
2.
Now, place your pinky and ring finger along the right side of the right stack and place the index and thumb on the left side of the left stack, with the middle finger in front of the two stacks.  The specific placement of the fingers can be seen in figure 2.  



Figure 2: Finger placement[1]
3.
Using the four fingers on the edges of the chips, place even pressure along the height of the stack, pushing the stacks against one another.  You will begin to feel the stacks buckle upwards in the middle, as shown in figure 3.  After this, use the free middle finger to separate the chips by running the finger up the “V” created by the touching stacks of chips.  This lifts the chips apart and enables them to interlock.  This can be seen in figure 4. 



 Figure 3:  The buckling of the chip stacks[1]


Figure 4:  Sliding the middle finger up the stacks[1]
4.
Continue sliding your middle finger up the fronts of the two stacks, while applying pressure to the sides.  The chips should slide together in an interlocking fashion, as shown in figure 5.  



Figure 5: The interlocking stacks[1]
5. 
Finally, with continued pressure from the four fingers on the edges of the stacks, the stacks will combine into one, shuffled stack.  The process of shuffling is now complete, and you should have a nicely shuffled stack, as in figure 6.  
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Figure 6: A shuffled stack of chips[1]

Chip shuffles can also be performed with different finger placement schemes, but for the purposes of this investigation, I will focus on this technique.  

3
Manipulation Analysis

Each of the steps in the procedure involve interesting manipulations that I will analyze in the next sections.  
3.1 Finger Placement

The placement of the fingers is one of the most important parts of executing the shuffle.  The sideways pressure applied by the four fingers keeps the two stacks together and forces the interlocking of the chips.  Additionally, the upward dragging of the middle finger is what causes the chips to shuffle later on in the procedure.  The placement and forces applied by the finger, shown in red, are shown in figure 7.  
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Figure 7:  Finger placement on the stacks and the forces applied to the stacks.  
3.2 Buckling of the stacks
The buckling of the stacks is the necessary precursor to the shuffle.  Although rather simple in nature, it requires coordinated movements between four of the five manipulators to achieve the desired effect.  The pressure being applied to the walls of the two chip stacks must be altered slightly in order them to buckle upwards.  The pressure applied to the stacks by the tips of the four fingers, all except the middle, is increased as the pressure applied to the wall of the stack by the rest of the finger is decreased.  This enables the stacks to buckle upwards and fall gently against the bodies of the fingers and even pressure along the length of the stack is regained.  This process is illustrated in figure 8.  
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Figure 8:  The initial and buckled positions of the chip stacks.  
3.3 Sliding of the middle finger 

The sliding of the middle finger is what enables the chips to shuffle once they are in the buckled position.  Upward force can be applied due to the friction between the chips and this finger.  The upward frictional force applied to the stacks by the finger creates separation between the chips and lets them slide in between one another.  As the frictional point of contact moves upwards, more chips are separated, and once it has passed the chip, they fall down shuffled one on top of the next.  This vertical force is absolutely essential to the process, and any slippage would cause an insufficient separation of the chips for them to interlace, and would ruin the shuffle.  We would, therefore, look to attain the maximum upward force that is still within the friction cone of the contact point.  This process can be shown more clearly in figure 9.  
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Figure 9:  The point of contact of the frictional force applied by the middle finger moves up, shuffling the chips.

4 Discussion
Shuffling poker chips is a process that can be written about extensively, or demonstrated very quickly and effectively in person.  A short explanation by a person who is capable of shuffling chips followed by a quick demonstration can teach a person how to effectively perform the task.  We are not, unfortunately, at this point with robots and they would require specific instructions were they to attempt to reproduce a dexterous task such as shuffling poker chips.  They would, however, benefit from the fact that the end effectors required to perform such a task would be quite simple.  

Were we to try to design a robot capable of shuffling poker chips, there are two major advantages that the robots would have over a human being.  First, when a human shuffles poker chips, they are forced to use two fingers on the side of each stack to put pressure on it and maintain their positions.  In practice, this proves quite difficult due to the structure of the hand and the size of the chips being shuffled.  This task could be performed by just two robotic end effectors with a semi-cylindrical shape that would yield the exact same results.  Second, once the human’s fingers are in place they must then carefully perform the sliding with the middle finger in order to ensure equal contact to both stacks, without looking directly at it.  This task could be performed robotically by a separate effector, not having to be attached to a hub connecting the other two.  Furthermore, the fact that it could be positioned precisely to obtain the correct frictional force would give it a distinct advantage over a human finger.  


Although the task could be accomplished in a more simple fashion by a robot, one would quickly call into question the value of a robot limited to this task.  Some value can be derived from seemingly trivial tasks such as this in that it may be used in the future to evaluate the robustness of the next generation of robotic hands.  Shuffling chips, while of little direct value to the field of robotics, is still a testament to the incredible manipulating capability and robustness of the human hand.  
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