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Abstract 

 
    This paper describes the design of a pool-
playing robot. A leading manufacturer of pool cues 
needs a repeatable device to shoot pool cues. A 
pool-playing robot (Revision A) is designed as the 
outcome of a Senior Design Capstone project in 
cooperation with the project sponsor. The robot is 
designed for two primary objectives, to test the 
performance of pool cues, and to compare the 
performance of one cue over another. The latter 
objective will occur in a demonstration setting, 
thus the project sponsor desires aesthetic and 
anthropomorphic features for the robot similar to a 
human shooting a pool cue at a pool table. Design 
aspects of the structure, actuation manipulator, 
bridge and grip, and the platform for the computer 
control system are described. 
 

I. INTRODUCTION 
 

A pool cue design and manufacturing client [1] 
desires a robot to shoot pool cues at pool cue balls 
with high repeatability. Although a simple single 
degree of freedom mechanism is sufficient for the 
task, the client desires a robot with advanced and 
attractive features. A main objective of the robot is 
to shoot the cues with repeatability in order to test 
and compare one cue over another. The company 
manufactures high performance pool cues designed 
specifically for the shooting aspect of the game as a 
feature product of their product line (in addition to 
other cues such as break cues). The company’s 
shooting cues are widely used by professional pool 
players. The client desires to demonstrate the high 
performance of their products and the superiority of 
their products over their competitors, particularly in 
tournament and trade show settings.  

This paper describes the progress and 
accomplishments on the development of a pool-
playing robot. Following some additional background 
of the project, more details of the requirements and 
specifications for the robot are given. Design aspects 

of the robot are then provided followed by 
conclusions and future work.  
 

II. BACKGROUND 
 

Predator Products, Inc. (Predator) is a world-
class manufacturer of pool cues with headquarters 
in Jacksonville, Florida. The company has 
previously created a first generation robot 
nicknamed Iron Willie for test and demonstration of 
pool cues [1]. Although not truly a robot, this 
device, actuated with springs, has served to test and 
demonstrate pool cue performance at the 
company’s manufacturing facility. 

In a partnership effort, Predator has joined with 
the University of North Florida (UNF) to create a 
next generation of pool-playing robot for the 
company. Predator has sponsored the Senior 
Capstone Design project for the 2002/2003 
academic year to design the next generation of 
pool-playing robot. In the Fall 2002 semester, 
Mechanical Engineering students submitted design 
concepts based on design methodologies [2] for the 
next generation pool-playing robot. The outcome 
was a combined effort of design concepts between 
Predator and UNF established in early Spring 2003 
semester. The students subsequently began their 
detail designs in the Spring 2003 semester. 

The current design, referred to as Phase 1 
Revision A, is to establish the platform for the next 
generation pool-playing robot for Predator. The 
primary objectives are to design a modular, 
mechanical and computer control platform for 
research and development of pool cue performance 
and demonstration of pool cue performance. The 
basic system and current design effort consist of the 
mechanical structure and actuation manipulator. 
The computer control and user interface is also 
established in the design effort in Revision A. 
Motion control and data acquisition is also included 
in Phase 1 Revision A.  
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An objective is to also have an expandable and 
scalable architecture for advanced sensing and data 
acquisition for future generations of the pool-playing 
robot, beyond Phase 1. This will occur in 
subsequent phases once the scalable architecture is 
established. For Phase 1, the Senior Capstone 
Design project of the 2002/2003 academic year 
created Revision A of the design.  

The plan is to further refine and finalize the 
design described in this paper by further consultation 
with the partnering fabrication shop [3] to generate 
Phase 1 Revision B. The refined design is then a 
completed design for manufacturability to be initiated 
in the Summer 2003 timeframe. The intent is to 
have fabrication complete in Fall 2003 timeframe 
with demonstration and testing subsequently 
occurring.  

The next generation pool-playing robot is planned 
to be operational for trade shows in 2004 timeframe. 
With the basic platform established, advanced 
features can be incorporated in subsequent Phases. 
Some suggested improvements for subsequent 
Phases, with the Phase 1 platform in place, are 
discussed in Section VI - Conclusion and Future 
Work. 
 

III. PHASE 1 REQUIREMENTS  
 
The requirements for the first phase of research 

and development of the electromechanical pool-
playing robot are stated below: 
Must be safe to operate. The robot is used for 
demonstrations at trade shows and pool tournaments 
so it must be safe to operate and use. 
Must have human-like appearance. Because the 
robot is used at tournaments and trade-shows, the 
client requires the robot to have human-like 
appearance for marketing purposes. 
Must shoot cue in similar manner as human at a 
standard pool table. The pool cue is grasped and 
held at the bridge as a right-handed professional pool 
player would hold the shooting cue for a shot. 
Must be repeatable. In order to compare cues the 
shot performed by the robot must be repeatable.  
Must be adjustable including shot alignment.  
Due to the variety of shots, the location of the bridge 
must be adjustable along the axis of the cue. Also, 
the bridge must be in alignment with the grip along 
the axis of the cue for a proper shot. Furthermore 
many pool shots require English, or offset, to create 
a desired spin on the cue ball.   
Must be self-supporting. The robot uses the floor 
and the pool table for support. 

Must be aesthetically pleasing. Because the robot 
is used at tournaments and trade-shows, the client 
requires the robot to have cosmetic features for 
marketing purposes.  
Must be modular and transportable.  Because 
the robot is used at tournaments and trade-shows, 
the client requires the robot be easily transportable. 
This necessitates a modular design for easy set-up, 
disassembly, and transportation. 
Should have electromechanical actuation. 
Electricity is the most convenient power source. A 
motor with computer control is required. However, 
since the robot is used at trade shows all over the 
world additional adapters and transformers are 
required.  
Should have programmable motion to emulate 
variety of shooting styles. Professional pool-
players, past and present, have distinct styles of 
shooting including their stroke. The robot should 
have the programming features to emulate various 
strokes of a pool shot. 
Should allow for extra sensory input. Beyond 
the control system for the electromechanical 
actuation, additional sensors are needed for shot 
alignment and resulting cue ball motion. 
Should allow for future sensor, data acquisition, 
and software enhancements. Subsequent phases 
of research and development require that the robot 
be used in advanced performance testing of pool 
cues. This requires the easy integration of additional 
data acquisition instruments and sensors. Additional 
user features may also be required and should be 
easily accommodated in software. 
  

IV. PHASE 1 SPECIFICATIONS  
 

In order to be safe in a public place, the robot is 
encapsulated by intrusion detection device such as a 
light curtain, or safety mats. The safety devices are 
hard-wired to the emergency power of (EPO) 
safety circuit to shut the robot off when an intruder 
is too close to the robot. 

The client requires that the robot be of human 
scale and proportion. The pool shooting stance of a 
skilled pool player 70 in. tall is use to obtain 
proportions for components.  

The typical shooting pool cue is 58 in. long and 
weighs 19 oz. The location of the bridge by the 
player varies by 6 in. to 12 in. relative to the tip 
depending on style of the player and type of shot. 
The shooting cue is gripped and held approximately 
36 in. from the ground to accommodate a standard 
table height of 30 in. Standard table sizes in feet are 
3½x7, 4x8, and 4½x9. The grip location on the cue 
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varies from 9 in. to 12 in. from the butt, or end 
opposite of the tip, of the cue. The grip pressure 
varies by the style of the player and type of shot. 

In order to compare cues the shot must be 
repeatable to within ±0.002 in. for impact position 
repeatability of the cue stick onto the cue ball. The 
velocity and acceleration of the stroke are 
programmable. The velocity and acceleration 
repeatability of the stroke must be within 5% of 
nominal for the programmed shot. The actuation 
manipulator must have the capability to accelerate 
the cue from rest up to a velocity of at least 15 ft/s 
at the time of impact of the cue tip to the cue ball. 
The stroke must then be decelerated to zero 
velocity. The robot structure including the bridge 
must remain stationary before, during and after 
changing a cue for a shot. 

The bridge arm and bridge contain a minimum of 
six degrees of freedom (DOF) to arbitrarily position 
and orient the bridge assembly relative to the grip for 
shot alignment. This is done manually. Furthermore, 
once the shot is aligned, offsets must be 
accommodated with 0.10 in. increments, vertically 
and/or horizontally, up to 0.80 in. to provide English 
for shots. These are passive, manual adjustments 
that, once accomplished, are lockable to meet the 
repeatability requirements. 

The robot’s weight, estimated at approximately 
150 lb. must be supported by the legs and the bridge 
contact with the pool table. An optional torso 
support to the table may be necessary so that the 
bridge may be easily adjustable for shot alignment. 

Cosmetic features are incorporated into the 
design and finish of the robot. This includes cutouts 
in component design, finishes, and contour lines. 
The components are either chrome plated or 
anodized, depending on client preferences. 
Coordinated and cosmetic knobs for adjustments are 
to be specified. Cosmetic, nonfunctional components 
are added to create desired aesthetic appearance. 

The design is modular with no assembly weighing 
more than 40 lb. Minimal setup with a detailed 
assembly and disassembly procedure is incorporated. 
Of course this also improves transportability. Also 
importantly, this allows easy modification to 
components for redesign and improved performance 
if necessary. Rapid incorporation and infusion of 
new technologies such as with the motor of the 
actuation system is also possible with modular 
design.   

An electric motor with amplifier is used. This is 
integrated with a computer control platform, the 
LabView [4,5] motion control subsystem. The 

motor/amplifier system is 220V, three-phase power 
source. Sensors are 12V DC. 

LabView is used for software including motion 
control, supervisory functions, data acquisition, and 
user interfaces. This is a scalable, upgradable, 
software platform with motion control modules. 

National Instruments PXI computer and data 
acquisition system is used. This is a scalable, 
upgradable, hardware platform with the ability to 
collect data from a variety of sensors. The initial 
sensor set is a laser alignment sensor for shot 
alignment and a motion velocity detection sensor 
for the cue ball.  

The National Instruments PXI computer and 
data acquisition system with LabView software is 
scalable to allow for future incorporation of sensing 
and data acquisition capabilities for cue 
performance testing.  

 
V. PHASE 1 DESIGN 

  
The design for Phase 1 is partitioned into four 

main design modules structure, actuation 
manipulator, grip and bridge, and computer control 
system. These are described below. The modular 
design facilitates infusion of alternative design for 
modules over time in the event a given module is 
redesigned for improvement. 
 
Structure Subsystem 
 

The structure subsystem consists of the legs and 
feet, torso, and the bridge arm. The robot has three 
contact points for stability, the two feet and the 
bridge arm resting on the table. The design for the 
legs is shown in Figure 1. Although a tripod design 
was originally recommended as the outcome of 
design methodology exercises [2], the client 
strongly desired a more human-like form.  

Shown in Figure 1 is the left leg. Each leg is 
milled from a solid aluminum stock 1 in. thick. 
Cutouts exist within the leg structure for weight 
reduction and aesthetics. Threaded plates are 
welded to the leg to allow connection of the feet. 
Cosmetic caps are attached to the knee and the hip 
sections of the legs. The finish is either chrome 
plated or anodized. 
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Figure 1. Leg Design  
 
A front view of both of the legs and feet is shown 

in Figure 2 with the feet connected. There is a slight 
angle relative to the vertical for each of the legs. The 
feet are the same as those used in pool tables. The 
feet have threaded studs for height adjustment and 
leveling of the robot assembly. 

 

 
Figure 2. Leg and Feet Assemblies  
 
The legs are connected to the horizontal hip of 

the torso assembly. The legs are mounted to the hips 
at slight offset angles to more closely resemble 
human form and to insure that the feet are exterior 
to the center of mass. Since a two-leg design is being 
used, it may be necessary to add additional support 
from the torso to the table for stability and to 
facilitate adjustment of the bridge arm for shot 
alignment. 

The torso assembly is shown in Figure 3 (a 
perspective rear view). The torso assembly is 
constructed from 4 in. aluminum tubing (0.5 in 
thick) welded at the joining surfaces. In order to 
mimic the appearance of a pool-player stance, the 
lower portion, or hip, of the torso is horizontal, the 
spine tube of the torso is rotated by 45° pitch from 
the horizontal.  

To approximate the form of an experienced pool 
player, the shoulder blade portion of the torso, the 
upper tube, is successively rotated  by a 30° roll 
about the spine tube and then pitched 10° about a 
resultant axis normal to the upper tube and spine 
tube. This gives the desired effect of the robot 
leaning forward with the bridge arm, it’s left arm. 
The right arm is the shooting arm comprised of the 
actuation manipulator. The angles for the torso are 
determined by measuring the stance of a 
professional pool player. 

 
Figure 3. Torso Assembly 

 
The bridge arm is connected to the torso and 

provides an additional support for the robot as it 
leans on the pool table with the current design 
(Revision A). The bridge arm, shown in Figure 4 is 
also adjustable and lockable. It is rigidly attached to 
the torso at the shoulder. It has four adjustable 
degrees of freedom (DOF), all passive and 
manually adjustable. The elbow has one adjustable 
DOF accomplished through a four-bar slider with a 
lock down on the slider as shown in Figure 4.  

The wrist is adjustable in three DOF and 
lockable in a ball joint assembly as would be found 
similar to a camera tripod adjustment/lock 
mechanism to accomplish 3 DOF adjustments. 
Slots in the interface of the bride arm to the bridge 
provide an additional single DOF of vertical 
adjustment to allow the bridge to rest flat on the 
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table. Thus these five passive DOF allow the bridge 
to be manually adjusted in orientation, horizontally, 
and vertically. The bridge accomplishes the 
adjustment along the axis of the cue. The bridge has 
two DOF of adjustment, vertical and along the axis 
of the cue. A total of seven DOF of manual shot 
adjustment exist with the bridge arm and the bridge. 
The vertical bridge adjustment provides the desired 
top and bottom English. The offsets for left and right 
English are accomplished by offsetting the cue ball 
relative to the cue during setup of the bridge. 

  

 
Figure 4. Bridge Arm Assembly 
 
 
Actuation Manipulator Subsystem 
 

The shooting arm is a single DOF 
electromechanical device to supply the torque 
needed to shoot the cue. It consists of the motor, 
transmission, shooting arm member, and mounting 
structure to support the motor. Figure 5 shows the 
assembly.  

 

 
 
Figure 5. Shooting Arm Assembly Front View 
 

The shooting arm assembly directly connects to 
the torso and is the robot’s right arm. A plate is 
added to hide the motor from the side as viewed 
from the shooting side of the robot. A protective 

shroud is also being considered. The motor and 
transmission selected are capable of supplying 440 
in-lb of output torque. The maximum velocity 
available at the output shaft is 160 rpm at impact. 

The design of shooting arm assembly allows for 
ease of assembly and disassembly of the motor 
insertion into the shooting arm assembly as shown 
in Figure 6. The transmission contains a 90° output 
shaft that rotates about the axis of gear head 
mounted to the motor. Thus, the drive is in the 
horizontal plane, as is the output shaft, which 
actuates planar motion in a plane aligned with the 
vertical.  

 
 
Figure 6. Shooting Arm Assembly Side View  
 

Figure 7 shows another view of the shooting 
arm this time without the motor and transmission 
assembly. Note that an attachment cut from 
compound angles is needed to mount the shooting 
arm assembly to the torso.  

 

 
 
Figure 7. Shooting Arm Assembly Side View Rear  
 

The stroke of the shot occurs as the shooting 
arm is pivoting about the output shaft of the 
transmission. The robot is designed such that when 
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the shot is set up, the shooting arm is aligned with 
the vertical when the tip of the cue comes into 
contact with the cue ball.  
 
Grip and Bridge Subsystem 
 

The grip and bridge subsystem are critical to 
creating a repeatable shot. Laser alignment is used to 
insure that the grip and bridge are in alignment. The 
laser is to be attached to the shooting arm and fixed 
along the centerline of the grip. The bridge contains 
feature markings to manually line up the shot using 
the laser. The grip assembly is shown in Figure 8. 
The grip is connected to the shooting arm by a single 
DOF passive joint. A compliant material such as 
neoprene is used inside of the grip. 

 

 
Figure 8. Grip Assembly 
 

The grip contains a bearing to allow for smooth 
motion between the shooting arm and the cue. The 
grip stroke is illustrated in Figure 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Stroke of Grip Illustrated 
 

As discussed earlier, the bridge, shown in Figure 
10, has two DOF of adjustment, vertical and along 
the axis of the cue. The vertical bridge adjustment 

provides the desired top and bottom English. The 
offsets for left and right English are accomplished 
by offsetting the cue ball relative to the cue during 
setup with an ancillary alignment tool. A compliant 
material is also used inside of the bridge at the 
interface to the cue shaft. The bridge has a spring-
loaded pawl to created downward force while 
allowing vertical motion of the shaft during shot 
follow through. This also eliminates the potential 
for binding. Although modified in this generation of 
the design, this basic arrangement was successfully 
used in the client’s first generation machine. 

 
 

 
 
Figure 10. Bridge Assembly 
 
 
Computer Control System 
 

The platform for the computer control system is 
National Instruments (NI) PXI computer [4]. 
National Instruments PXI computer and data 
acquisition system a scalable, upgradeable, 
hardware platform with the ability to collect and 
process data from multiple sensors.  

One or more monitors are used, including a flat 
panel display monition attached to the torso as 
shown in Figure 11 and Figure 12. This emulates 
the head of the robot and can be used for user and 
demonstration display features as the robot is used 
at trade shows and tournaments. Wiring for the 
robot is accomplished with internal routing within 
the hollow structure, or by wire bursts mounted to 
the exterior of machine members. 

The software platform is LabView [4.5]. As 
discussed earlier LabView is used for software 
including motion control, supervisory functions, 
data acquisition, and user interfaces. 
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Figure 11. Front View of Pool-Playing Robot 
 
LabView is a scalable, upgradeable, software 

platform with motion control modules and advanced 
data acquisition features. The motion control module 
of LabView is used to control the motor. The initial 
sensor set is a laser alignment sensor for shot 
alignment and a motion velocity detection sensor for 
the cue ball. Further information about the 
architecture of the software and control system is the 
scope of additional future reporting. 

 
VI. CONCLUSION AND FUTURE WORK 

 
Phase 1 Revision A of a pool-playing robot has 

been described. The outcome of the Senior 
Capstone Design project of the 2002/2003 academic 
year is Revision A of the design. The plan is to 
finalize the design described in this paper before the 
robot is built. Consultations are underway with the 
machine shop that is building the robot. 

 
 
Figure 12. Rear View of Pool-Playing Robot 
 

Changes to Revision A as shown in Figure 13 
are primarily being considered for aesthetic reasons. 
Some likely feature changes in Phase 1 Revision B 
are being discussed. These include using 6 in. 
tubing for the shoulder portion of the torso for 
aesthetic reasons and adding aesthetic shrouding to 
the bridge arm to balance the appearance relative to 
the shooting arm. This changes the mass 
distribution in the system. Already being considered 
is a brace extending from the torso to the table. 
This relieves the load the bridge arm is currently 
required to take. Relieving the load from the bridge 
arm makes it easier to manually set up for a shot. 
Also, the selection of the passive, lockable, ball-
and-socket joint of the bridge arm needs to be 
finalized thus affecting the final detail design. 

The NI PXI computer system with LabView 
exists at UNF. Development of the architecture of 
the software and control system continues under 
the auspices of sponsored research. The motor and 
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transmission is on order and scheduled to arrive in 
the Summer 2003 timeframe. Work then can 
proceed on software development and motion 
control using the motor while the mechanical 
components of the robot are being fabricated. This 
includes user interface features and programming the 
shots for various shooting styles.  

The mechanical components of the robot are to 
be fabricated by a business partner of Predator. The 
company, Uni-Loc, has extensive machining 
capabilities. The fabrication is planned to begin in 
Summer 2003 after review of Revision A and 
finalization of Revision B. The target is to have the 
fabrication complete by year-end 2003 and to have 
the robot integrated and operational in 2004. 
Demonstration and testing subsequently occur. The 
next generation pool-playing robot is planned to be 
operational for trade shows in 2004 timeframe. 

Other parallel activities include more extensive 
dynamic modeling of the pool shot including impact 
models of the cue stick and cue ball interactions. 
These models can then be coupled with the 
advanced data acquisition features of the research 
and development platform. 

 In 2004, Phase 2 begins after completion of 
Phase 1. It is expected that the robot will travel 
extensively to worldwide pool tournaments and trade 
shows as the sponsoring company uses it. With the 
R&D basic platform established, advanced features 
can be incorporated in subsequent phases.  

NI hardware and software platform, the PXI 
computer and data acquisition system with LabView 
software, is scalable to allow for future incorporation 
of sensing and data acquisition capabilities for cue 
performance testing. Examples of potential 
enhancements include vibration transducers attached 
to the cue to for modal analysis of shooting cues.  

Also the robot itself can be more fully 
instrumented for shot analysis. Another example is a 
vision system for target analysis of the cue ball after 
a shot. Vision modules for this development are 
included with the current versions of LabView. 
Video capture and analysis of the cue ball path after 
shot is another enhancement feature under 
consideration for future phases of development. The 
platform specified allows for rapid infusion of 
advanced data acquisition and testing features.  
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