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Executive Summary 

 The robotic revolution has shaped the world we live in in ways that mere decades ago 

were though impossible. Today mankind has created mechanical systems that have 

revolutionized manufacturing, warfare, medicine, and so much more. These impressive 

mechanical systems are a critical part of our growing society, and are only growing to become 

more present within our society from day to day. The capabilities of these systems, both good 

and bad, are why I have chosen the capstone topics that I have. My technical research is in the 

design and control of a rotary inverted pendulum (RIP). I chose this topic mainly due to my 

interest in control theory, but also at the request of Professor Michael Momot. Prof. Momot 

wanted a system he could use as a teaching aide in his undergraduate sections of controls. My 

STS research topic is the the effects of automation and robotic presence on unemployment and 

the economic health of workers both on a large scale and individual basis. I chose this topic in 

order to foster a deeper understanding of some of the effects of robotic systems as they are 

integrated into society. I wanted to determine if the semi-common fear of robots ruining the job 

economy for their human counterparts was based in reality or simply a ruse. The fundamental 

design tools and principles used within the design of the rotary inverted pendulum mechanical 

system are also the same tools that industry altering robotic systems are built off of. In this way, 

the principles I exercised in the design of the rotary inverted pendulum are of the same vein as 

those used in these industry staple robotic systems that could potentially harm human 

employability. 

 Prof. Momot’s idea for a teaching aide was a variable gain rotary inverted pendulum as it 

is a classic example of control theory and is widely used to test different controllers and control 

schemes. To this end, he wanted us to create a rotary inverted pendulum system that could have 
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its system parameters and controller algorithm altered on the fly, such that he could show his 

future students in real time what effects each parameter have on the output procedure of the 

system. Prof. Momot believed a real world demonstration of the control concepts present in the 

RIP would hugely benefit the learning and understanding of his students. To do this, we utilized 

our prospective system equations of motion to create a usable plant to dictate how we needed to 

drive the system from moment to moment. In order to modify the system and account for real 

world error, a PD controller was also created for use within the system that would modify the 

way that the system was driven such that we could fine tune the specific results of our system 

and achieve the most desired outputs for our application as an aesthetically pleasing teachine 

aide.  

 The capstone project was overall a success. The pendulum system works well enough as 

intended such that Prof. Momot will be able to use it as is for an aide, but he will also likely be 

doing more work on it with future graduating engineers such that the system can be made even 

better. Only a select few system parameters and controller parameters cannot be altered on the 

fly, with the majority of these being highly non-influential. The system will work well as a 

teaching aide as is at the moment, but it also has high potential to be modified in the future such 

that Professor Momot can achieve all of the desired characteristics within the system.   

 For my STS research topic I decided to see if I could find a relationship between the 

introduction of these systems into industries and the overall health of the national economy as 

well as the health of individual workers at different levels of employment within these affected 

companies. I wanted to undergo this research such that I could be sure that my desired future 

projects within the robotics industry would be beneficial to all parties, or at least detreimental to 

none. My methodologies involved looking at various statistics for economic health and personal 
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income across various time periods of United States history. I adjusted the monetary values for 

inflation rates and then compared these wages and GDP amounts from periods of relatively little 

robotic presence within the workforce to periods where there were high rates of robotic presence. 

Most of the anslysis that was done was simple calculated net changes and average rates of 

change by virtue of these statistics being very conclusive on their own. 

 In the end, the data suggests that automation and increasing robotics presence within the 

workforce hugely benefits corporations and their upper echelon of CEOs and executive workers 

and the overall productivity of the United States as a whole. Wages of these executive workers 

and board members have skyrocketed as more and more robots have been added to the 

workforce, and the United States GDP has grown to new heights. On the other hand, workers 

whose jobs have the potential to be replaced by these systems saw their wages actually decrease. 

Even the average, middle class worker would only be making less than a dollar more than they 

would have 4 decades ago, when upper class wages have increased by 150% within the same 

industry. I cannot conclusively say that this suggests that robots are bad for the economic 

wellbeing of workers in their industry, as the economy and wages as a whole are incredibly 

volatile and difficult to fully define their causes and effects. However, I am confident that there 

will need to be an increase in policy and laws surrounding robotic systems being implemented 

within the workforce in order to protect workers and their wages. It would appear that robots in 

the workforce asymmetrically benefit higher earners much more than lower earners whose jobs 

could be replaced by the machinery, but further research would need to be done to determine if 

this is an issue inherent to robots in the workforce, or rather if this is a systemic issue caused by 

corporate America. 
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Introduction 

 The goal of this capstone was to design and develop a functional rotary inverted pendulum (RIP) 

for use as a teaching aide by Professor Michael Momot when teaching control theory to UVA 

undergraduates. A rotary inverted pendulum is a classical example of control engineering often used to 

study and demonstrate differing control strategies. In a RIP system, typically a pendulum arm is attached 

to a pivot point that can rotate 360 degrees by some motor or 

actuator. A fully developed RIP should be able to fully control 

the motion of the pendulum arm by precisely driving the arm 

which the pendulum pivots about. The goal is to swing the 

pendulum arm up and balance it vertically in the air using 

rotational motion. The dynamics of a rotary inverted 

pendulum include both translational and rotational motion, 

and as such the control system needs to consider the angular 

position, velocity, and acceleration of the pendulum, in 

addition to its linear position and velocity.  

The RIP was designed with several constraints given by Prof. Momot: The RIP needed to be 

lightweight, portable, and aesthetically pleasing so it could be used in classroom demonstrations by 

Professor Momot. Specifically, the maximum weight of the RIP was given as 16 pounds, and it should be 

no more than 1 foot tall. Additionally, the volume of the RIP should remain under 1 cubic foot. These 

constraints ensure that the RIP can be easily carried from room to room, and set up quickly and with 

minimal space necessary. The RIP must be designed to be easily disassembled, so parts could be swapped 

out in the event of wear and tear. In order to be of use within classroom demonstrations of system 

variation within control systems, the weight of the pendulum arm should be easily moved across the arm. 

During use, the RIP should have minimal vibrations, i.e. not move along the surface it is placed upon or 

move a small table. It should also be able to attain an inverted state and hold it within 1 degree of 

 

Fig 1: RIP 

Diagram 
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equilibrium for a minimum of 10 seconds. Parameter gains 𝐾𝑃 , 𝐾𝐷 , and 𝐾𝐼 should be easily changed 

through the microcontroller, ideally during use.  
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Technical Calculations 

The full derivation of the system equations of motion and complementary forces and torques 

present within the rotary inverted pendulum can be found within Appendix C and Appendix D 

respectively. The resulting equations of motion, solved for by utilizing the Euler LaGrange equation of 

motion on both the rotary arm and pendulum arm are respectively are as follows: 

 

𝑑2𝜃1
𝑑𝑡2

(𝐽1 +𝑚2𝑙1
2) + 𝑚2𝑙1𝑙2(

𝑑2𝜃2
𝑑𝑡2

− (
𝑑𝜃2
𝑑𝑡

)2 ⋅ 𝜃2) = 𝑇𝑖𝑛 
(1) 

 

𝑚2𝑙2(𝑙1
𝑑2𝜃1
𝑑𝑡2

− 𝑔𝜃2) +
𝑑2𝜃2
𝑑𝑡2

(𝐽2 +𝑚2𝑙2
2) = 0 

(2) 

 

 

Both equations were linearized by making the assumption that for small angles (less than 30 

degrees) sin(𝜃) is approximately 𝜃, and cos(𝜃) is approximately 1. In equations 1 and 2 any variable with 

subscript 1 refers to the rotary arm, and any value with subscript 2 refers to the pendulum arm. J refers to 

the arm’s mass moment of inertia about the arm’s center of mass. 𝜃 refers to the angle of the arm relative 

to some determined zero. M refers to the arm’s mass. 𝑙1is the distance along the rotary arm longitudinal 

axis between the rotary arm center of mass and the projection of the pendulum arm center of mass onto 

the longitudinal axis of the rotary arm. 𝑙2 is the distance from the pendulum arm center of mass to the 

longitudinal axis of the rotary arm. The gravitational constant is g in the above. 𝑇𝑖𝑛 represents the input 

torque to the rotary arm. These equations of motion are what will ideally be used alongside a state space 

representation of the system to create a precise controller. 
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As a brief cautionary check, we determined what forces and moments we could expect our 

machinery pieces to undergo. The full derivation for these values can be found in Appendix D, but the 

maximum values were found to be characterized by the following: 

 

𝑚2(− |(
𝑑𝜃1
𝑑𝑡

)2 ⋅ 𝑙1| 𝑖 + |(
𝑑𝜃2
𝑑𝑡

)2 ⋅ 𝑙2 + 𝑔| 𝑗 − (
𝑑2𝜃1
𝑑𝑡2

⋅ 𝑙1 +
𝑑2𝜃2
𝑑𝑡2

⋅ 𝑙2)𝑘) 
             (3) 

 

It is important to note here that the directional unit vectors are somewhat arbitrary here as these 

magnitudes will remain constant for constant velocities and accelerations, just in varying directions. 

Using expected velocity and acceleration values for our system produced forces well below anything that 

could deform any of our parts, making further stress calculations unnecessary. Assuming necessary 

angular acceleration and angular velocity values for both bars of 30 radians per second and 30 radians per 

second squared respectively, principal stress values barely reached greater than half of the yield strength 

of our materials affected. Keep in mind that this is the case when substituting in values near 5 revolutions 

per second, much higher than anything we would need for our system.  

Additionally, in order to avoid driving the system near its natural frequency, we needed to 

determine what said natural frequency would be for our desired design.  

 

𝑘 =
𝐹𝐴
𝛿
=
−3𝐸𝐼

𝐻
 

(4) 

⍵𝑛 = √
𝑘

𝑚
 

 

(5) 
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 Equation 4 was our derived spring constant for the load bearing portion of our frame. E 

represents the elastic modulus of our load bearing supports, I represents the area moment of inertia for 

those supports, and H is the distance from the base of the frame that the load is applied to the frame from 

the mechanical portions driving the system. Equation 5 relates the spring constant k and the mass of 

material fixed to the frame m to the natural frequency of our system. The full derivation of the results can 

be found in Appendix E. The first natural frequency of our system based off of the current design is 

upwards of 47 revolutions per second or 7.5 Hz. We expect to be able to stay well below this threshold 

when operating our system. 
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Design and Implementation 

Mechanical 

 The group came up with a plethora of ideas regarding the design of the RIP. We began by 

researching existing rotary inverted pendulums and noted key features of their design. In order to best 

organize the ideation process, we have divided it into 3 categories: Frame, Rotation, and  Control. 

 The frame needed to be lightweight but strong, aesthetically pleasing, and stable. The group 

started with material considerations. Laser cut acrylic was proposed, but rejected because of difficulty in 

assembly. A metal frame was discussed, with multiple variations put forward. A box made from welded 

pieces of angle bar, a large machined block, and a custom design made from entirely machined parts were 

among the designs considered. The group decided that a metal frame would be too heavy to haul between 

classrooms, difficult to take apart, and the cost and labor involved in making the frame would be too 

much. We reasoned that the expected forces that the frame would have to withstand would come nowhere 

close to the magnitudes that would make the strength of a metal frame necessary. 3D printing was briefly 

considered, but it would severely limit the possible designs of our system, and the size of the pieces 

required would force us to print in numerous sections. Eventually the group decided to create the frame 

out of wood. Wood was selected due to its sufficient strength, light weight, aesthetic qualities, and 

machinability. As a bonus scrap wood was readily available for use within the project.  

 The main features reviewed relating to function of the RIP were the workings of the inner rotating 

parts. First, the group debated how the motor should attach to the rotating pendulum arm. The group was 

in agreement that the motor should connect to a vertical shaft which would then connect to some kind of a 

horizontal bar housing the pendulum arm. How the motor should connect to the vertical shaft, however, 

was a point of contention. Three main designs were proposed. First, the motor connects directly to the 

vertical shaft, and then consequently to the pendulum arm.  Second, the motor connects to the vertical 

shaft through a series of gears. Third, the motor connects to the vertical shaft through a pulley or series of 
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pulleys. The motor directly connected to the driveshaft was the simplest solution, however the rapid 

accelerations required to precisely control the system required extremely high torques that the base motor 

was not capable of producing. For this reason, this design was scrapped.  

Utilizing gears within the system had a few key drawbacks that prevented the group from moving 

forward with it. Gears are subject to backlash, which could have added uncertainty and limited the 

precision of collected rotation measurements that needed to be very precise. Finally, for the ratios we 

desired, gears would need to be machined, adding to the overall cost and complexity of the production 

process.  

The group ended up settling on a pulley drive system with a 1:3 gear ratio. Using a pulley would 

solve the problem of the motor not having enough torque. Additionally, with proper belt tensioning, the 

pulleys were expected to give minimal deflection or slippage 

 The control of the RIP refers to the parts involved in reading the position of the pendulum arm, 

the microcontroller, and the equations of motion and software used to direct the motor. A rotary encoder 

was decided upon as the best means for detecting the positions of the pendulum arm and rotary arm. A 

multi-turn encoder was necessary because the pendulum shaft needed the ability to rotate 360 degrees in 

either direction. The resolution of the encoder needed to be quite high, so the system could adjust quickly 

to small changes in position. The final system made use of 

two separate quadrature encoders. One of these encoders was 

directly attached to the swinging pendulum arm that 

collected the angle of the pendulum arm relative to the 

vertical position and another attached to the base of the 

motor to measure the angle of the rotary arm relative to some 

designated zero.  

This design choice demanded that a slip ring be 

Fig. 2: First Rough Assembly 
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included, as the encoder directly connected to the pendulum arm would have to have the ability to rotate 

360 degrees without any wires wrapping around the vertical rotating shaft. A slip ring with a hole through 

the middle was chosen so that it could be placed directly onto the vertical rotating shaft, minimizing the 

amount of contact the slip ring had with the moving assembly and ensuring it wouldn’t be placed under 

any loads.  

 The entirety of the 3D modeling was performed in SolidWorks. In order to streamline the process 

of designing and ordering parts, the group used as many stock pieces such as nuts and bolts from the 

McMaster catalog as possible. Our design went through several iterations during the design process, and 

even more iterations during final assembly. The first full assembly is shown in Fig. 2. This design 

consists of a cylindrical frame, held together by 4, ⅝” steel bolts. The motor is mounted to the top of the 

frame, along with an encoder mounted by a custom designed rotary coupling under it. A pulley is attached 

to the motor, which drives the central rotating shaft. A taper bearing in a custom designed holder can be 

seen at the bottom, and attached to that shaft on top is a slip ring and the bar that connects to the 

pendulum arm. The inclusion of the taper bearing was to ensure the central rotating shaft could not jump 

upwards as the pendulum spun. The pendulum arm features a bolt on its end that can be switched between 

several holes and acts as a weight that could be used to vary the position of the pendulum arm’s center of 

mass. There is a bearing press fit into it which allows it to rotate around the horizontal bar.  After 

convening and discussing this design, the group decided to improve on a few key features.  

First, the slip ring on top of the frame was supporting the weight of the pendulum arm. It was 

decided that it would be best if the slip ring was not in a load bearing position. Secondly there was a need 

to improve the aesthetics of the design and cover up any potential moving parts that could lead to injury 

or a malfunction.  



DESIGN & CONTROL OF ROTARY INVERTED PENDULUM 15 
 

This led to the second design iteration, shown in 

figure 3. In this design, we included a completely revised 

frame featuring a wooden shroud. This shroud serves a few 

different purposes. It conceals the inner working of the RIP, 

acts as support for the 4, ⅝” steel bolts, and is the new 

mounting point for the motor. A new supportive frame 

connecting directly to the steel bolts was added to reduce 

vibrations and increase stability.  

The decision was made to use two encoders, one on 

the pendulum arm and one on the motor. Additionally, there 

were concerns regarding the weight and balance of the 

existing design. Figure 4 shows the fully updated result. A 

flat rectangular 6061 aluminum beam was used as the rotary 

arm in order to allow for easier mounting of the encoder and 

pendulum arm, while the pendulum arm itself was a bent ¼” 

stainless steel rotary shaft. The aluminum beam was chosen 

due to its low weight and so it would be easy to attach 3D 

printed mounting brackets for the encoder and pendulum 

arm. It mounts to the central, vertical rotating arm by a 

coupling that will be welded onto the bottom of the beam.  

The encoder now screws onto a mounting bracket and attaches to the pendulum arm via a 

coupling. This allowed for easier mounting of the pendulum arm to the encoder as we were not forced to 

press fit the bearings to the rod to balance the horizontal forces that the pendulum arm motion would 

create. The pendulum arm itself is supported by 2 ball bearings press fit into a bracket that bolt onto the 

aluminum beam. On the end of the pendulum arm is a quick release aluminum clamping shaft collar that 

Fig. 3: Second Draft Exposed Assembly 

 

 
Fig. 4: Updated Full Assembly  

 

 

Fig. 3: Second Draft Exposed Assembly 
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serves as an adjustable weight. A model of an Arduino was added to visualize the clearances within the 

assembly. 

  Upon finalizing the design, the group was comfortable enough to start ordering parts and putting 

things together. The shroud was expected to take a long time to construct, so the group opted to construct 

a rough frame and assemble the internals around the 4, ⅝” bolts to test out components and tolerances.  

Once the group put the motor and encoder together, we did some preliminary testing and realized 

a few things. The coupling between the motor and the encoder was not going to work. The group ordered 

a 6 mm coupling to fit the diameter of the encoder, but did not account for the difference in diameter 

between that and the 5 mm shaft of the motor. This resulted in intense vibrations during testing of the 

motor.  

Furthermore, the central vertical rotating shaft was smaller than the inner diameter of the taper 

bearing, meant to reduce its freedom to pitch or roll. As a result, that shaft was tipping over, dramatically 

affecting the rest of the system. To counteract this, the group added another brace on the inside of the 

shroud, with a bearing in its center that allows the central shaft to still rotate but prevent as much 

deviation in the rod from the vertical. This final model can be 

seen in figure 5. 

Upon assembling the mechanical pieces of the RIP, a 

few changes became necessary. The main driving rod was 

originally made from aluminum, but to avoid bending in the rod 

due to high stresses from the belt tensioner, the aluminum rod 

was swapped for a high strength steel one that had a yield 

strength four times higher than that of the aluminum rod. 

Additionally, the initial design idea to simply bend the pendulum 

arm into a 90 degree angle from a flat rod proved too difficult to accurately achieve. In order to work 

Fig. 5: Final SolidWorks Model 
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around this, the rod was simply cut to length, then secured within a fixture comprised of two couplings 

brazed together in a 90 degree angle. 

The bill of materials for the final design can be found in Appendix A. Assembly drawings for the 

final design can also be found within Appendix B.  

Electrical 

The electrical components required for the 

functioning RIP were as follows. All of the wiring was done 

through a single breadboard for ease of wiring and so that in 

the event that the future work done to finalize the system 

requires a circuit change the change can be made easily and 

quickly. The direct connections between the slip ring and the 

pendulum arm quadrature encoder were soldered in order to 

prevent any noise in the position signals generated from a loose 

connection between the leads.  

In order to precisely drive the motor the BTS7960 motor 

driver was used. This motor driver module contained pulse width 

modulation capabilities alongside an H-bridge that allowed the P2 

microcontroller to vary the direction of rotation.  

 Finally, a Schmitt trigger was used in order to clean up 

the position signals of both encoders. This comparator chip served 

to remove the majority of noise in the encoder pulses caused as a 

result of the rising and falling voltages of the encoder pulses 

giving unclear readouts to the microcontroller as the encoders 

began rapidly spinning. The circuit diagram can be seen in 
 

 

Fig. 7: Final System 

 

 

Fig. 6: Circuit Diagram of RIP 
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figure 6, alongside the final completed system with its electrical components exposed in figure 7.  

Controls 

 While testing components of the RIP, a gain scheduling control scheme was utilized to perform 

basic tests of effectiveness for the system’s encoders and motor. While making sure the motor could be 

driven solely off of the angular position based off of the 

pendulum encoder, the system proved to be capable of very 

limited balancing. The pendulum was able to remain within 

45 degrees of the vertical position for upwards of 6 seconds. 

This gain scheduling was quickly made obsolete by attempts 

at a full PID controller. A snippet of this control algorithm 

can be seen in figure 8. 

 Time constraints prevented a proper, detailed PID controller from being created for use in driving 

the RIP. As a result, the decision was made to simplify the equations of motion. These equations are what 

will be referred to as the plant of the system from this point onwards. This was done to minimize the time 

that would be needed for testing quantities on the system such as mass moment of inertia and the 

unknown motor constants of the used motor. 

The plant was simplified from the 

complicated matrix of two equations that can 

be seen in Appendix C to a simple model that 

can be seen in figure 9. This model proved 

sufficient when properly calibrating the system by 

repeatedly and slowly shifting the various gains and constants within the system to a point where the 

system was able to function.  

 

 Fig. 9: Simplified Plant PD Controller 

Plant 

Fig. 8: Gain Scheduling Controller 
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 Outside of the plant, a simple PD controller was constructed to better drive the RIP system. The 

optimal proportional gain was found to be just under 15. The optimal derivative gain was found to be just 

over 1. Implementing this controller with the simplified plant saw success in the functionality of the 

system with it being able to maintain balance for upwards of a minute before the imprecision of the used 

plant model became to great for the system to control. 

 A less simplified model was drafted before the end of the design cycle, but there was no 

remaining time to implement it and debug the controller. This model saw the originally unknown plant 

parameters estimated. Specifically, the encoders and attached pendulum mass and counterweights were 

modeled as point masses to find the mass moment of inertia of the rotary arm by applying parallel axis 

theorem, while the mass moment of inertia of the pendulum arm was simple enough to calculate by hand. 
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Results 

 The RIP designed as a part of this capstone project functions as a good foundation for future 

students working under Prof. Momot to improve upon and finalize a proper control algorithm. The system 

met all of the portability requirements. The assembly weighed in at just over 11 pounds, significantly 

under the maximum given weight of 16 pounds. The total volume of the RIP came out to an 

overestimated .7 cubic feet, meeting the volume criterion of being under a single cubic foot. More 

importantly than this, Professor Momot was able to lift and move the RIP around. The vibrations created 

from the operation of the system were minimized by applying counterweights to the rotary arm, allowing 

the meeting of the vibration criterion. 

 The functional criterion of the RIP were mostly met as well. The RIP system is able to maintain 

its position within 1 degree of the vertical for well over 10 seconds, however the gains are not variable 

during motion. The nature of the plant model that was utilized prevents extreme changes in the system 

gains as the current system is imprecise. With proper calibration of the RIP the team was able to create a 

demo that saw the RIP, when started from the vertical, maintain its upright position for upwards of 5 

minutes. However, the dynamics of creating a swing up controller for the RIP were also quite difficult to 

characterize in the time frame that we had, so the specification to have the RIP be capable of swinging 

itself up from rest to the vertical position was not met during this design cycle.   
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Conclusion 

  While some of the system capabilities and parameters that were originally desired to be 

implemented within the RIP system were not implemented, the mechanical construction of the current 

system was properly done in such a way that future groups working on this project should only have to 

focus on fine tuning the control algorithm of the system.  

 The current construction of the RIP is not a finished product, as the machining time required to 

create some of the semi complicated geometries required limited the amount of time that could be spent 

fine tuning the controls. With the construction of the system out of the way, the RIP should be capable of 

being fine tuned on the controls side. In this way, the system is a success as the construction of the RIP 

was done of such quality that it should be usable for years to come. The easy disassembly should allow 

easy mathematical and/or experimental determinations of the system parameters that the team was not 

able to determine for lack of time and a solid experimental plan.  

 Given another year of design and engineering work from a similar sized team of engineers, we 

fully expect that the RIP could be upgraded such that it meets all of the criteria originally set forth by 

Professor Momot and becomes a fully finished, precisely driven mechanical RIP system. 
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Appendix A: Bill of Materials 

**All detailed drawings utilize below BOM for part numbers and descriptions** 
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Appendix B: Assembly Drawings 
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Appendix C: Derivation for Equations of Motion 

 



DESIGN & CONTROL OF ROTARY INVERTED PENDULUM 25 
 

 



DESIGN & CONTROL OF ROTARY INVERTED PENDULUM 26 
 

 



DESIGN & CONTROL OF ROTARY INVERTED PENDULUM 27 
 

Appendix D: Acceleration of Pendulum Arm Derivation 
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Appendix E: Derived Spring Constant and Natural Frequency 
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Appendix F: Simple Stress Calculations for Weakest Portion of the System 
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Introduction 

 A hot topic of modern debate in today’s economy and workforce is the uprising and potential 

replacement of manual jobs by industrial robots. As far back as 1929, economists and scholars had bold 

predictions that a new form of economic instability, dubbed “technological unemployment” would sweep 

across the developed world alongside other wage imbalances and inequalities (Keynes, 1931). This fear 

has proven to be more than just an overreaction to a fear of a future technologically controlled dystopia 

brought on by traditionalists. In fact, there is mounting evidence suggesting that, while not the drastic 

economy bending force it has the potential to be yet, modern advances in automation and robotics have 

already created or worsened wage imbalances between various working classes and different industries 

(Autor, Levy, and Murnane 2003).  

 My research question is as follows: What are the effects of automation within the United States 

workforce on both large scale and individual levels? The conclusions drawn from the research within this 

paper will be entirely quantitatively based in statistics and survey information. There is another side to the 

impacts of automation in industry, that being the qualitative benefits to worker satisfaction and happiness 

that are impossible to accurately quantify without extensive polling. Even then, things like happiness and 

contentedness are difficult to objectively scale. As such, these aspects of the evolving industries of 

America will not be considered.  

 The goal of the following paper is to give a very simple analysis on the impacts of robots being 

introduced into the workforce on American worker wellbeing. This paper will consider various metrics 

when determining overall economic health of the United States as well as individual worker health and 

effects. I will consider economic impacts on groups pertaining to gender, economic status, education, and 

age. 
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Background 

As defined by the International Federation of Robotics, an industrial robot is: “an automatically 

controlled, reprogrammable, and multipurpose machine,” (International Federation of Robotics, n.d). The 

line that defines what an industrial robot actually is can be slightly ambiguous at times, as the 

multipurpose nature of the definition can be difficult to interpret. Commonly agreed upon examples of 

industrial robots are: Robotic welders, autonomous painting machines, and assembly machines whose 

motions can be altered depending on the product being produced are all considered solid examples of an 

industrial robot. 

It is reasonable to expect that in the presence of companies making more money and producing 

more of their products that workers within that company would see higher raises, bonuses, and starting 

salaries for newly employed workers (Rotman, 2013). However, there is evidence suggesting that 

increased wages over the past few decades are entirely concentrated in the upper 10% of earners in the 

United States (Congressional Research Center, 2020). 

This economic boom in a small area has the potential to create jobs due to industry expansion as 

well as the necessity of new jobs handling, maintaining, and otherwise keeping tabs on the newly 

implemented automated systems. However, if it is the case that automation has been creating more and 

more displacement of workers that originally worked those low skilled jobs, even if more jobs are created 

than are destroyed the workers that were originally displaced by the effects of automation will still likely 

struggle to find new employment as they are unqualified to fill the created positions like machinery 

technicians (Dizikes, n.d.). 
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Methodology 

I looked into my STS problem statement through the use of the actor network theory (ANT) 

framework. I will be using ANT to research the effects of automation on job diversity and unemployment 

in affected industries. I considered my problem in the scope of actor network theory as my questions are 

heavily dependent on the relationships between various components of a larger whole. The ANT 

framework has us considering everything within our given system as interacting with one another in a 

series of individual relationships. Everything, from human beings, to tools and other objects, to ideas and 

processes are all considered as actors within the network we are considering. As such, every single actor 

in our network has the capability to impact a social precedent or any other relationship within the 

network. The ANT framework works so well for my problem because analysis of unemployment rates, 

worker wages, worker displacement, productivity rates, and various other metrics by which I will be 

considering automation’s impacts on economic relations is very dependent on numerous small 

interactions between affected parties. To fully characterize why these individual metrics are changing, it 

is extremely important to understand how each of these metrics interact with one another, as well as how 

they interact with each player in the network. Automation may destroy more jobs than it creates, but if the 

wages of the workers that are not cut increase threefold, then it can become a little more complicated to 

determine if it is overall a good thing. 

In my analysis of this problem, I will be collecting data and analyzing trends within two very 

distinct situations. Firstly, I will be looking at how automation has affected economic profitability and 

employment rates on a large scale across the United States. I will be considering metrics such as the US 

GDP in order to determine company productivity. Additionally I will be considering how country-wide 

employment rates shifted during times where robots were rapidly becoming part of the workforce. Ideally 

quantifying industrial productivity and the impacts automation had on potentially displaced workers over 

time periods where robotic presence in the workforce was heavily changing will give insight into the net 

effects of automation for the country. 
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I will also be considering these same effects on a much more individual scale. I will be 

considering unemployment rates within lower earning workers whose jobs are more likely to be replaced 

by robotic systems and analyzing whether or not any trends arise during eras of high automation. I will 

then consider how individual wages and salaries of workers within companies undergoing automation  

change, but I will specifically be comparing wage changes of workers within lower paying jobs within 

their respective companies, such as assembly line workers or warehouse staff, to workers in the upper 

levels of a company, such as designers or CEOs whose jobs are not at risk of being overtaken by robotic 

systems. In doing this I hope to highlight whether or not those workers whose jobs are actually impacted 

by automation are negatively impacted while those who run the companies reap immense rewards alone. 
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Literature Review/Results 

 It is estimated that the introduction of some robotic system into a workplace eliminates 6 jobs 

from that area (Brown, 2020). On the flip side of this, Brown also makes the claim that automation has 

been seen to increase productivity and efficiency, improving profits for companies and generally 

increasing economic health in the areas that are automated. These seemingly inverse effects are extremely 

difficult to diagnose as solely being related to automation (Rotman, 2013). As this happens worker wages 

are expected to increase. Also, this economic boom in a small area has the potential to create jobs due to 

industry expansion as well as the necessity of new jobs handling, maintaining, and otherwise keeping tabs 

on the newly implemented automated systems. 

Predictive models such as one from “Automations Impacts on China’s Job Market”, suggests that 

if automation is to continue in China, entire cities would become entirely specialized in either automated 

fields like manufacturing and textiles or they would become solely focused on fields that are not able to 

be automated. There would be no overlap between industries in the same city (Chen et al., 2021). These 

implications have interesting implications for the potential of an automated future. Based off of trends 

used within the model, the predictive model suggests that within these automation friendly super cities, 

human involvement in the industry itself would approach a minimum. Outside of managerial and other 

social positions, most other jobs within these cities would cease entirely. 

In another such model, it was predicted based off of historical wage and automation data that 

increasing automation levels across industries would end up decreasing worker wages as skilled workers 

could more easily be replaced with machines (Arnoud, 2018). The author refers to this potential 

phenomenon as a “decrease in worker bargaining power”. If automation technology continues to evolve 

and advance, installation costs, operation costs, and maintenance costs of these new technologies will 

likely decline. Simultaneously, the increase in efficiency will allow the cost of manufactured products to 

decrease, incentivizing purchase and increasing company profits. As the capabilities for companies to 

implement automative technologies becomes more and more financially feasible, Arnoud argues that 
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companies can then cut worker wages with little repercussion to the company. If workers go on strike or 

halt production, automative technology can easily be installed, replacing the workers. A similar situation 

can arise from workers asking for pay increases, better benefits, etc.  

In a series of hearings presented to the United States Subcommittee of Education and Labor, real 

data from the United States Bureau of Labor Statistics was compiled detailing critical economic metrics 

within the steel manufacturing industry from the years of 1938 to 1960. During this time, the industry was 

undergoing massive automation advances that allowed the production of steel to become quicker, more 

cost effective, and capable of supplying much larger quantities (Committee on Education and Labor, 

1961). This ended up making the profitability of the industry as a whole reach all-time highs year after 

year. Not only were employee salaries collected and presented during this hearing, but other more 

unassuming metrics were also presented. The total number of employees across the industry was 

collected, as well as the recorded hours worked for an annum. 

In Erik Brynjolffson’s article “The Great Decoupling”, he discusses a concerning trend brought 

on by automation within the workforce. Historically, as jobs became more productive via the introduction 

of automation technology or scientific advances, the loss of jobs in automated fields was offset by the 

increase of wealth brought about by these advances. Unemployed workers were rapidly hired and picked 

up by the slew of other new companies created due to the influx of wealth into the economy. This trend 

was ideal for both workers and the companies they worked for. Companies were able to maximize profits 

and extend their spheres of influence, while workers were able to enjoy increased wages and employment 

opportunities as a direct result of a more healthy and competitive economic market. This trend saw 

private employment rates go up while closely following the overall GDP of the United States, up until the 

turn of the 21st century. Around this time, GDP continued to increase as private employment rates 

stagnated. This is what became known as “The Great Decoupling”. This trend suggests that modern 

technology is so inexpensive and readily available that the increased business ventures available to 

companies as a result of technology production increases are no longer requiring substantial numbers of 
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new jobs to be created to pilot the new companies and products. Paired with the reasonable idea that 

automation will only become more readily available, this decoupling suggests that eventually private 

employment will decrease as jobs that were originally streamlined or aided by technology get totally 

replaced and become obsolete (Brynjolffson, 2013). 

In 2022 alone, industrial robot installations were up 10% of what was the total amount within the 

workforce at the time. This translated to just shy of 40,000 robots being added to the workforce during the 

year. During this year, the automotive industry was the largest contributor to automation growth, with 

almost 50% of the total robotic installations being related to the industry. Both metal 

production/manufacturing and electronics manufacturing were the next two largest industries for 

automation, with each having almost 13% of that year’s automation increases associated with their 

industry (IFR International Federation of Robotics, n.d.). 

It is estimated that the introduction of some robotic system into a workplace eliminates 6 jobs 

from that area (Brown, 2020). On the flip side of 

this, automation has been seen to increase 

productivity and efficiency, improving profits for 

companies and generally increasing economic 

health in the areas that are automated. Timmer 

found that in a decade span from 1995 to 2005 

United States productivity increase because of 

automation was around 1% (Graetz, 2015). This 

translates to an increase in money flow throughout 

the US of tens of billions of dollars each year.   

 
 

 

Fig. 1: US GDP Over Time 
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 I initially looked at the United States 

GDP from 1947 to the end of 2023 to find the 

change in order to gauge increases in industrial 

productivity, which can be seen in figure 1. The 

data for this analysis, and all other within this 

paper unless otherwise specified, was pulled from 

the St. Louis Federal Reserve Database FRED. 

This value incorporates all facets of American 

manufacturing and production, not just those 

areas undergoing heavy automation, but automation can likely be attributed with being a major cause of 

the change. The percent change in American GDP from 1979 to 2023 came in at 113.97%, meaning that 

the amount of goods produced by the nation more than doubled across that small time frame. It is a 

reasonable assumption to make that this increase in production across the United States is largely due to 

the widespread usage of computers and the increased amounts of robotic workers within the workforce.   

The increase in country-wide productivity is likely due to automation increases, suggesting that 

the addition of robots into the workforce is extremely 

effective at increasing company production and profits. 

A study performed by the International Federation of 

Robotics (IFR) shows yearly increases in the number 

of robots within the workforce. The data can be found 

tabulated in appendix A, and graphically represented in 

figure 2. The robotic intensity, or the number of robots 

present in a surveyed metropolitan area per thousand 

workers, has almost perfectly quadrupled from .451 to 

1.805 robots per thousand workers from 2004 to 2017. 

 

 Fig. 3: US Unemployment Rate Over Time 

 
 Fig. 2: Robot Intensity Over Time 
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I was unable to find reliable data on robotic intensity rates for any time frame prior to 2004, but the trend 

of steady increases in robot presence within the workforce was likely present well before the 2000’s.   

When considering the rate of unemployment change across the past three decades, it has not 

drastically changed. This data can be seen in Figure 3, and it suggests that the ratio of eligible working 

people in America to the number of employed people did not steadily shift upwards or downwards during 

this time. When analyzing the prior three figures together, it should be noted that during the years past 

1990, the steady and rapid increase in robotic intensity, corresponding to a steady and rapid increase in 

US GDP, does not correspond to any quantifiable change in United States unemployment. If we consider 

that the US population only increased by around 50% during this time, then the overall productivity of the 

working class of Americans must have drastically gone up for a 50% increase in workers to correlate to a 

doubling of the American GDP. Looking at unemployment across the entirety of the United States seems 

to suggest that increased introduction of robots into the workforce did not cause a pronounced 

displacement of workers countrywide.  

An analysis of the individual annual median wage of American workers from 1974 to 2019 can 

be seen in figure 4. The median annual individual 

income increased from 1974 to 2019 by $13,490. All 

values were adjusted to 2019 values of the dollar. This 

metric suggests that the very middle of earners in the 

United States made substantially more money in 2019 

than they would have in 1974. This is not a perfect 

metric to determine whether a class of workers is 

experiencing wage shift, as it fails to represent things 

like gender and race, which have played huge roles in 

wages during the respective time frame. Despite these 

 
 Fig 4: Median Income over Time 
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shortcomings, this metric would suggest that somebody in the middle class of workers is making 

substantially more money than they originally were. 

An analysis was performed by the United States Congressional Research Service using data 

collected from the Current Population Survey (CPS) describing wage changes of workers from 1979 to 

2019 separated by the percentile that each group of workers fit into in terms of overall income. There 

were three “levels” of earners, a low wage group where members were at or below the 10th percentile of 

income, a middle group where members sat between the 45th and 55th percentile of earners, and a high 

group where members were at or above the 90th percentile of earners. The individual median annual 

income for workers in the bottom 10% and 

top 10% of earners in the United States 

revealed huge disparities in the experienced 

wage changes across the wide range of 

American earners during this time frame. The 

collected data can be found tabulated and 

graphed in Appendices B and C, and the 

collected data for men in the bottom 10th 

percentile of earners can be seen in figure 5.  

A brief look at these changes reveals 

that workers in the bottom 10% of earners, whose jobs are most often displaced and impacted by 

automation technologies, were likely to experience a decrease in their wages. Overall (excluding race and 

ethnicity) men in this percentile of earners made $1.09 less in 2019 than they did in 1979. Women on the 

other hand made $0.99 more. Considering only earners making more than the 45th percentile and less than 

the 55th percentile, what will be referred to as near the 50th percentile, reveals a similar situation to the 

bottom 10th percentile earners. Women’s hourly wages in this range increased by $4.68 while men’s 

wages decreased by $0.79.  

 
 

 
 

Fig. 5: Wage Shifts by Race Over 40 Years 
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 During this same time frame, men and women in the upper 10th percentile of earners wages 

skyrocketed. Men’s hourly wages during the period between 1979 and 2019 jumped up by $18.47 overall. 

Women’s wages increased by $20.20 as well. These numbers present stark contrasts to the changes seen 

in the lower earner percentiles, and the rates of change over the 40 year timeframe can be found in 

Appendix D. This would suggest that the productivity increases created as a result of robots being added 

to the workforce are resulting in wage increases and economic boons for less than half of the working 

class at a minimum. This is hardly the proposed economic gains that would offset and account for the 

unemployment increases in industries heavily impacted by automation. Another trend suggested by the 

data was that a worker’s race/ethnicity heavily impacted the wage shift they could expect to see during 

this time frame. 

In a study performed by The Century Foundation while analyzing Midwestern manufacturing 

industries growth and shifts since the Great Recession, the introduction of robots into the workforce were 

found to significantly harm the employment rates of young, less-educated men and women working 

within these manufacturing industries. The study showed a decrease in the employment-to-population 

ratio of the industry by about 3.5%. Additionally, this study suggested that for every additional robot 

added to the workforce per thousand workers, the workers experienced a 4-5% decline in their wages. 

This hyper localized scale research into the effects automation in the workplace is a double-edged sword. 

The small-scale data collection likely cannot capture what the “average” experience in such a situation 

would be. On the other hand, in this specific situation it gives great insight into how workers could be 

affected devoid of other large scale societal changes and outlier effects that are inherent to a large scale 

study.  
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Conclusion 

 Drawing conclusions about this topic is a very complex thing to attempt, as the United States job 

market is such a volatile and complicated thing. However, based off of the literature review I conducted 

and the data that I collected and analyzed, there are some apparent trends to be discussed pertaining to my 

STS questions: What are the effects of automation within the United States workforce on both large scale 

and individual levels and how do robots in the workforce impact the United States economy on a global 

scale? 

 Firstly, on a country- wide scale the introduction of robots into the workforce and the increased 

robotic intensity within the American workforce have increased the productivity and profitability of a lot 

of industries. The GDP increases seen since the turn of the 20th century show very concretely that the 

United States has heavily increased its productivity over time. Paired with the relatively similar workforce 

size between the turn of the century and now and the notable and rapid rate of robotic intensity increase at 

the turn of the century, I am inclined to trust that the addition of robotic aid into the workforce and, as a 

result, the increased automation of viable industries has and will continue to beneficially stimulate the 

American economy and by extension its many businesses and corporations at a rapid rate. On a country-

wide and global scale, automating our industries has had immensely lucrative effects both efficiency wise 

and monetary wise. I fully expect the trend of automation to continue as AI systems and electronics 

continue to become better and more viable for industry. 

 The United States overall increase in individual annual income appears to speak to automation 

benefitting lower skill workers, but I suspect that this value is heavily skewed by strides over recent 

strides in companies to equalize pay across genders and races. Considering men in the middle level of 

earners increased their wages by less than a dollar, I suspect that the apparent increase in median wage is 

majorly because of women being paid more reasonable and fair wages compared to their male 

counterparts.  
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 As far as unemployment effects are concerned, automating our industries seems to not have 

significant impacts as well. Of course, unemployment is incredibly difficult to tie specifically to a single 

industry factor or variable, but considering United States rates over the past decades suggests that in this 

era of rapid automation, humans are not being replaced and displaced from their jobs. On a country-wide 

scale, increased automation seems to have little impact on overall employment rates. The implications of 

this will be discussed when considering automation’s effects on a more individual level. 

 In terms of economic effects on workers within these industries facing automation, the benefits 

seem much less ideal than those of the corporations. The lack of notable wage increases for middle- and 

lower-class workers while upper class wages skyrocket suggest automation benefits are focused solely at 

the top of companies and businesses. The slight decline in wages even suggests that automation may be 

lessening worker wage bargaining abilities, which could have dire implications in the future as robotic 

intensity increases more and more. I would say that automation appears to be actively hurting workers 

and laborers whose jobs compete with robotic systems in terms of wages.  

 Considering employment effects that automation seems to have on an individual level, it yet 

again does not appear to bode well for the laborers whose skills compete with robots. The statistics 

previously discussed suggest that these unskilled laborers are indeed becoming displaced by automated 

systems, and unable to find jobs within their skill set due to robots being more efficient and economically 

effective. Considering the country-wide unemployment rates seemingly not reflecting these losses of jobs, 

I consider two reasonings behind these seemingly paradoxical trends plausible.  

 Firstly, it could be that the increased unemployment within low-skilled laborers, brought on by 

automated systems fully taking their jobs over, is being offset by the creation of jobs designing, 

maintaining, and installing these new machines. This scenario may seem beneficial overall, but in all 

likelihood in the event of this scenario being correct the displaced workers would not be the ones filling in 

these new positions. Instead, this scenario would likely see an increased unemployment rate of low skilled 

workers whose jobs can now be done by machines and who lack skills and education necessary to move 
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into other more skill-oriented positions, while previously unemployed engineers, machinists, and 

designers experience newfound employment due to the increased need for their training and expertise. 

This would even more heavily disadvantage lower class earners in terms of both wages and employment 

opportunities.  

Secondly, it is possible that the increased money within the American economy could allow 

lower skilled, less educated workers easier access to education and further training programs. As a result, 

their displacement from their jobs could be kickstarting these workers into gaining skills necessary for 

movement into new fields and areas that are less susceptible to automation influences.  
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Appendices 

Appendix A: Robot Intensity from 2004 to 2017 

Year Intensity 

2004 0.451 

2005 0.526 

2006 0.587 

2007 0.657 

2008 0.713 

2009 0.754 

2010 0.82 

2011 0.891 

2012 0.969 

2013 1.073 

2014 1.253 

2015 1.545 

2016 1.811 

2017 1.805 
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Appendix B: Wage Differences of Women of Varying Race Between 1979 to 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Wage Change for Women 

in Lower 10th Percentile 

 

 
 

Fig. 7: Wage Change for Women 

in Near 50th Percentile 

 
 

 

Fig. 8: Wage Change for Women 

in Upper 10th Percentile 
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Appendix C: Wage Differences of Men of Varying Race Between 1979 to 2019 

 

Appendix D: Percent Change in Wages for Men of Varying Earnings from 1979 to 2019 

 

 

  

 
 

 

 

Fig. 9: Wage Change for Men in 

Near 50th Percentile 

 
 

 

 

 

Fig. 10: Wage Change for Men in 

Upper 10th Percentile 

 
 Fig. 11: Percent Change of Men’s Wages 

Based on Earning Percentile 
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Introduction  

My overall research topic is automation technologies. Modern day industries are being automated at a 

rapid rate, introducing more robotic systems into the workplace than ever before. With modern strides in 

controls work as well as artificial intelligence and algorithms, more and more jobs are becoming capable 

of being automated. The effects and implications of what automation could do to the current workforce is 

poorly understood at best. I will be looking into the creation and applications of these technologies with 

my technical research portion: The creation of a rotary inverted pendulum (RIP) and a corresponding 

linear controller. I will be researching automation’s effects and implications as part of my STS portion: 

The effect of automation on unemployment and job diversity in automated industries.  

My technical project of engineering the RIP and, more specifically, it’s necessary controller will 

demonstrate the awesome degree to which modern robots are capable of taking in various inputs of data 

from their surroundings and utilizing said data to perform a changing task within specific guidelines. 

Future AI systems capable of adapting their logic to inputs paired with controls systems that are capable 

of adapting their functions and modifying the outputs they are capable of producing could be the future of 

robotic systems. These systems have the potential to perform tasks that humans currently do at much 

quicker and more precise rates, which could lead to a massive increase in the presence of automated 

processes within the workplace. It is still somewhat unclear what the full effects of automation within the 

workplace are, however. This uncertainty necessitates looking into the relationships between workers, 

robotic systems, and the economy to determine if unchecked automation is fine to leave unchecked or if 

there is a necessity to create ,implement, and strengthen policies and programs to check automation’s 

negative side effects.  

I will be looking into my STS problem statement through the use of the actor network theory 

(ANT) framework. I will be using ANT to research the effects of automation on job diversity and 

unemployment in affected industries. I have decided to consider my problems in the scope of actor 

network theory as my problems are heavily dependent on the relationships between various components 
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of a larger whole. The ANT framework has us considering everything within our given system as 

interacting with one another in a series of individual relationships. Everything, from human beings, to 

tools and other objects, to ideas and processes are all considered as actors within the network we are 

considering. As such, every single actor in our network has the capability to impact a social precedent or 

any other relationship within the network. The ANT framework works so well for my problem because 

analysis of unemployment rates, worker wages, worker displacement, productivity rates, and various 

other metrics by which I will be considering automation’s impacts on economic health is very dependent 

on numerous small interactions between affected parties. To fully characterize why these individual 

metrics are changing, it is extremely important to understand how each of these metrics interact with one 

another, as well as how they interact with each player in the network. Automation may destroy more jobs 

than it creates, but if the wages of the workers that are not cut increase threefold, then it can become a 

little more complicated to determine if it is overall a good thing.  
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Engineering an Effective Rotary Inverted Pendulum 

The rotary inverted pendulum (RIP) is a controls project that has historically been used as a 

fantastic way to model and test various controller methods. This system consists of a rotary arm that spins 

around some central base with a pendulum arm pinned to the end of the rotary arm that is capable of 

rotation about the rotary arm. The system kinematics allow us to determine equations of motion for the 

RIP, which can be utilized within a controller to vary the torque applied to the rotary arm to generate an 

angular acceleration (Sukontanak et al., 2009). As the rotary arm undergoes angular acceleration, the now 

accelerated reference frame of the pendulum arm causes some interesting dynamics to occur, allowing the 

pendulum arm to seemingly rotate around the end of the rotary arm. As the rotary arm rotates, sensors of 

some kind can be used to measure how far the rotary arm and pendulum arm have rotated, and this 

information can then be fed back to the controller, which determines if the pendulum angle is at the 

desired position, and if not, how much torque should be applied at the next moment in order to get it 

there.  

This loop of the motor being told how much torque to apply by the sensors before the sensors 

measure the position of the system and then feed that information back to the motor is controlled by the 

system controller. Within a mechanical system, a controller is, in essence, the part of the overall 

mechanical system that takes in some input signal or data alongside a reference signal that is desired and 

determines what type and magnitude of signals the controller needs to output to the rest of the system in 

order to come closer to that desired input signal.  

The goal of my team’s capstone project is to create our own design for a RIP and then create a 

controller that will allow us to manipulate the system’s responses and actions during three distinct 

portions of RIP motion for use as a teaching aide in future controls classes taught by Professor Michael 

Momot. We want our controller to be able to recognize when the RIP is in stable equilibrium so that the 

system may begin swinging the pendulum arm up to the unstable vertical position under the controller’s 

guidance. Once the pendulum reaches near the area of pendulum instability, the controller will detect this, 
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and switch it’s algorithms to begin balancing the pendulum instead of swinging it up. Upon switching, the 

controller will then balance the pendulum in the unstable vertical position indefinitely (Hamza et al., 

2019).  

This controller has the potential to be created under numerous differing frameworks and models, 

but the current project plan will see us employing an attempt at a form of a linear time-invariant 

controller, a proportional, integrated, derivative (PID) controller. We have currently opted to attempt a 

PID controller as these are generally the most friendly controllers to create, especially when compared to 

non-linear controllers that require large computation power or other methods like cascade controllers that 

require an increased amount of processing power from the microcontroller (Boyd, 1991).  

This PID controller will take in the position signal of the pendulum arm and rotary arm as well as 

the desired positions of the arms before computing an error signal which is simply the difference in the 

two. However, this error signal is constantly fluctuating and experiencing various interferences from 

things like friction and vibrations within the system. To curb the impacts that these interferences have on 

the input error signal that is needed to accurately move the system, the error signal is split into three 

functions of itself and then summed back together to get a more stable error input. The first function is the 

proportional term, where the original error signal is simply multiplied by some constant called the 

proportional gain. The second function is the integral term, where the original error signal is integrated 

with respect to time and then multiplied by a constant known as the integral gain. Finally, the original 

error signal is differentiated with respect to time and yet again multiplied by some constant, the derivative 

gain. All three of these gains are normally determined through experimentation or based on desired 

system output parameters. The summation of all three of these PID terms is then output by the controller, 

and into the rest of the system to determine what torque needs to be applied by the motor (J Crowe et al., 

2005).  

This controller will function as a teaching aide for future UVA controls classes as it will be made 

to be easily modified in order to create differing system responses and response times. This controller 



RESEARCH PROSPECTUS  56 
 

should allow students to better understand what the portions of a PID controller actually do and how they 

are used in engineering applications.  

Somewhere around 90% of modern robotic systems employ some form of a PID controller, as it 

is a relatively simple controller framework. These controllers are allowing robotic systems to take in 

information from their surroundings and then modify the actions that they take accordingly with no 

further operator input. This is allowing heavier loads to be moved, more precise motions to be controlled, 

and overall allowing people and industries to achieve things that were previously unattainable (Nise, 

2019). Creating controllers like this can be linked to the modern advances in automation, who’s effects 

form the foundation of my sociotechnical problem statement.  
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The Effect of Automation on Unemployment and Job Diversity  

My research question is on the impact that automation has on unemployment rates and job 

diversity in automated industries. A more specific question that is attached to my overall topic that I am 

interested in researching is the type and quantity of jobs that are created within an industry when that 

industry experiences large-scale automation that may destroy some jobs.  

It is estimated that the introduction of some robotic system into a workplace eliminates 6 jobs 

from that area (Brown, 2020). On the flip side of this, automation has been seen to increase productivity 

and efficiency, improving profits for companies and generally increasing economic health in the areas 

that are automated. These seemingly inverse effects are extremely difficult to diagnose as solely being 

related to automation (Rotman, 2013). As this happens worker wages are expected to increase. Also, this 

economic boom in a small area has the potential to create jobs due to industry expansion as well as the 

necessity of new jobs handling, maintaining, and otherwise keeping tabs on the newly implemented 

automated systems.  

I am interested to see a multitude of things about employment within recently automated fields. 

Namely, I am interested to see if automation is generally linked to any change in unemployment within 

affected industries. Also, I want to see if automating an industry has been seen to disproportionately affect 

different skill levels of workers. For instance, I am curious to see if the jobs that are created when a field 

is automated require a different skill set or education level than the jobs that are destroyed. If this is the 

case, even if more jobs are created than are destroyed the workers that were originally displaced by the 

effects of automation will still likely struggle to find new employment as they are unqualified to fill the 

created positions (Dizikes, n.d.).  

In my analysis of this problem, I will be collecting data in three distinct ways. Firstly, I will be 

checking over similar papers and surveys to determine unemployment statistics, worker wages, and other 

economic data that has been collected in the past during times of heavy automation, like the 1920’s. This 
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data will be used to create a general picture of the effects that automation is known to have in a vacuum, 

before being extrapolated into a predictive model as was done in “Automations Impacts on China’s Job 

Market”, which suggests that if automation is to continue in China, entire cities would become entirely 

specialized in either automated fields like manufacturing and textiles or they would become solely 

focused on fields that are not able to be automated. There would be no overlap between industries in the 

same city (Chen et al., 2021).  

Secondly, I will be looking at mathematical projection models of economic health and 

unemployment across various industries under varying degrees of automation. I will compare this data 

with the historic data to determine if these projections are somewhat feasible, and then extrapolate this 

projected data into discussions on what the projections would mean for the health of modern affected 

workers in the near future. In one such model, it was predicted based off of historical wage and 

automation data that increasing automation levels across industries would end up decreasing worker 

wages as skilled workers could more easily be replaced with machines, making their skills less valuable 

(Arnoud, 2018).  

Finally, I will be looking specifically at the relevance and effectiveness of displaced worker 

training programs in these impacted industries to see if such programs are required to prevent workers 

from getting entirely displaced from their jobs during automation of their jobs. Additionally, I want to use 

this data to see if these programs are working as intended and frequently being used within corporations, 

or if they are ineffective, or not employed due to costs on the company’s part.  
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Conclusion  

The end goal of my technical research is to research and fully create a working rotary inverted 

pendulum with a functional PID controller. This RIP will be capable of balancing it’s pendulum arm 

above it’s axis of rotation indefinitely. Also, the RIP will be capable of allowing modifications to the 

system in order to view differing system responses. If possible within the given time frame, the RIP will 

also be able to move the balancing pendulum arm to any desired angle around the rotary arm axis of 

rotation. For my STS research of the effects of automation on unemployment and job diversity, the end 

goal will be to better understand automation and the effects and ramifications of these processes that may 

need to be addressed in the coming future. Ideally, I hope to find better guidelines for what parameters 

and programs are required in order to allow for automation to be healthy for individual workers, 

companies, and the economy as a whole. Hopefully, predictive models and current and past economic 

data can shed light on the individual interactions that workers, systems, programs, and employers have 

with each other that can allow for policies, rules, and healthy practices to be created and better enforced to 

maximize economic and worker health. I expect that my research will suggest that automation can lead to 

incredible economic and scientific growth in the coming future so long as ethical consumption, workplace 

training programs, and access to education are increased accordingly to mitigate lower skilled workers 

potentially becoming obsolete in the face of automated processes. 
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