A universal robot is a Danish company that came to the market with a different vision for robotics. The company is surrounded by heavy and expensive robots where they provide low-cost, flexible and easy to use automation solutions for different kinds of companies. The company has four robots such as UR3, UR5, and UR10. The invention of the robots was useful because whether it was a small company making small batches or a big company with higher manufacturing processes, the robots fitted effectively [1]. This is because they were low noise robots, had sufficient energy, were very precise, flexible movements, uses, had simple programming, and could handle lightweight parts.  
The universal robots are very different from the traditional robots which are huge and dangerous for employees to work with. As part of their features, they had to be attached to the ground for them to work, this limits some of their performing tasks. Also, unlike the UR3 robots, the previous robots were expensive to purchase, and their installation required expertise since they had safety features to be observed to protect those working around them [2]. Referred to as UR3, they are the world’s fastest table top robot. Though very new, they have smaller collaborative robots that are suitable for light assembling errands and have mechanical worktop settings.  
Additionally, universal robots had a lot of advantages to the company in terms of manufacturing and recording higher yields. This is because the machines relieved employees from having repetitive work by ensuring only specific duties were carried out once, thus saving on time and giving space for more activities that added value to the business. Companies using the universal robots have also noted fast and flexible deployment where they were able to adapt production lines to new products. These were enabled by the improved speed and quality processing which reduced risks of injury that came from working with heavy machinery [3]. Other advantages include increased production with increased quality because the robots have the capability of automating even manual tasks and there are lower operating costs due to the payback periods in the robot industry. 
For this project, our group will be creating a palletizing program by using UR3 which is Universal Robot model 3 from the Tech department located in the PLC lab in Still Hall. By having this robot, we will be operating UR3 by using touch screen interface and PolyScope in order to do product stacking. So, UR3 can be used for classroom demonstration using RG2 Industrial Robot Gripper. 
 
 
Design Objectives 

The overall goal of the project is to create palletizing a program using UR3 that will do a complete automated system without human interaction. Our main objectives are to create program, integrating sensors, designing a proper workpiece, design box, and holders for the workpiece that all will be used in classroom demonstration. Our list of objectives is as follows; 
i. To design a palletizing program that will do the stacking process for classroom demonstration. This design will include adding a variety of programs to allow the users to change the stacking number, increase the speed of the stacking process, and change how high the stack should be.  
ii. To learn functionality and capability of the robot that including how far could the robot can reach. This learning will include all the specifications of the robots such as reach, payload, and I/O   
iii.  To learn functionality and capability of the gripper as well that including how width could gripper can maximize. This learning will include all the specifications of the gripper such as force, load, speed, time, operating voltage, maximum current, temperature, product weight, and mechanical dimensions of the gripper.  
iv. To integrate photoelectrical sensors and 1100 Series Miniature conveyor to I/O of the UR3 that will send signals to UR3 to perform the tasks. This integration will include wiring two photoelectrical sensors to I/O, and as well as conveyor in order to control each task of area and tracking each workpiece on the conveyer. Also, making sure to testing the integration of the UR3 before we run the program.  
v. To design box and a product holder that will hold workpiece properly that won’t move easily when we are doing the picking and placing operation. This design of box will be 3.6” * 3.6” * 4.6” dimensions and have walls around the area of the stacking the workpiece inside the box in order to secure workpieces very well. It will be printed in the 3D printer at Makerspace Lab at Engineering Building as well as the holder of the product. This holder will be. This design will include designing 3D modeling and 3D printing to print the holder and box.  
vi. Finalizing an appropriate workpiece which is Mild Steel Square Tube that dimensions is 1.5’’ * 1.5’’ * 1.5” that will be cut in three parts in the lab. By having theses workpieces, we will be able to perform stacking inside the box and able to pick up by the gripper and place it on the conveyor to do looping operations. 
 
Research Objectives 

We researched on online literature and patents to learn about palletizing procedure and to learn what type of robots were being used for this task. We learned that based on the manufacturing product, there were different types of robot with verities of grippers being used to achieve a palletizing task. The manufacturing lines were improving the types of gripper, the robots use, when there is a change in an existing condition in workspace for the robot.  
When researching main research objectives were as following. First was to learn about UR3 Universal Robot and second we had to learn how to integrate an external device, third we needed to know what type of work holder can be built to hold our workpiece and lastly we had to understand robot’s capability and its performance. 
To learn what type of function this robot could do. We went online and searched UR3 Universal Robot’s website and it provided us with a basic understanding of the functionality of the robot. To go more depth, we started to look at the specific palletizing program, here the online instructor guided us on the different palletizing operation the robot could perform. The Universal robots’ website was a valuable tool, it has training courses which went in detail in explaining different aspects of the robot. Reading through the user manual was also helpful when integrating a photoelectric sensor.  

Theory 
The UR3 Universal Robot is a type of industrial robot, which is not only limited to palletizing but also transporting, assembling and organizing a product. This robot integrates its mechanical and electrical components to provide a successful product such as product holder, feeding system, photoelectric sensor, and workpiece. For our project, the UR3 Universal Robot is being used as a palletizing robot.  
The UR3 robot has highly flexible movements, wrist joints and base of the robot can move 360° and other joints can rotate in 180°, this allows the robot to move in any direction and expands its working range.  We are using PolyScope to program both UR3 Universal Robot and RG2 gripper. They can be integrated into PolyScope as one program. We are also using a photoelectric sensor, which will be used to detect our workpiece. Our workpiece is 1.5” x 1.5” 1.5”, hollow cube. This size was chosen based on the limitation of RG2 gripper. UR3 robot will be palletizing these workpieces into a 3D printed box. This box will be holding three workpieces before robot moves the box to different area. We will be using the same workpiece throughout our project, by using this product, we can gradually improve the robot's stacking capabilities, and this can help us learn about the robot’s movement and precision. UR3 specifics that the repeatability of the UR3 Universal Robot is +/- 0.1 mm, so we can consider this and work accordingly.  
In the following Figure 1 is a wire diagram for our photoelectric sensor and conveyor belt. 

Technical Methodology and Implementation 
 
We are using PolyScope to program our UR3 robot through Teach Pendant. PolyScope is the graphical user interface (GUI) which let the user operate the robot arm, control box, and execute robot programs easily. We need to teach the robot arm how to move and where to be, the way we do this is by giving the robot a series of waypoints. Waypoints are the fundamental base of a robot program. These waypoints are positions, where robot arm can move to. We did our first test run just by giving it a few of them. There are two ways we can assign waypoints first by using a Move tab or second by Freedrive.  
In order to program RG2 gripper, we used the same PolyScope program. We set the width of the workpiece and assign the force we want the gripper to apply on the workpiece. When we do this, the gripper will remember those command and apply consistent force to the workpiece. As mention earlier in theory, our workpiece is 1.5-inch hollow cube. If the user wants, there is also an option to manually adjust the width.  
Next, we integrated two photoelectric sensors. These sensors are being used to identify workpiece and work holder material. Referencing to the Figure 1 below, the first photoelectric sensor detects the workpiece and sends a signal to UR3 to pick up that material. The robot picks up the part and begins to palletize in the work holder located on the opposite side. Originally, our RG2 gripper was picking up the workpiece from external grip, but after we 3D printed our work holding box, we noticed that gripper was hitting the work holder while palletizing. Therefore, we decided that the best option here is to pick the workpiece from an internal grip. ADD Figure 
The gripper has maximum capability to extend 4.3” therefore, that we had to work within this boundary line. Our work holder is 3.6” and it is holding 1.5” x 1.5” workpiece. We chose this size because if we were to increase the size of workpiece than our work holder would be too big for RG2 to pick up. The workspace of the UR3 robot extends to 500 mm / 19.7 in. from the base point. According to the UR3 robot’s user manual, we should try to avoid moving the tool close to its cylindrical volume (Figure 1) because even if the tool is moving slow, the joint has to move fast, and this could cause the robot to not operate properly. 
When the program is activated and UR3 Universal Robot starts to palletize, there is no need for human interaction. There are features in Universal Robot that will prevent any accidents, such as safety planes, which limits the robot to not move to any hazard region of its workspace and emergency stop button can also be used to immediately stop the robot. Additionally, the robot will stop if it encounters force while moving. 
 
Figure 1: UR3 Universal Robot Work Area 
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Figure 2: concept of workpiece and box 
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Data Collection and Analysis 
The UR3 is a 6-axis robot arm manufactured by Universal Robotics Co. It weighs 24.7 lbs. and can lift 6.6 lbs. from 19.7 inches away. Its wrist joints can move 360 degrees in either direction, while its end joint can rotate indefinitely. 
The RG2 gripper is an electric gripper manufactured by OnRobot Co. It consumes 1.9 to 14.4 Watts and weights 1.43 lbs. Its gripper can open to 4.33 inches wide and has a grip strength of 3 to 40 Newtons. It is possible to connect a second model directly to the gripper, with each able to operate individual from one another.  
The Rubik’s Cube is a 3D puzzle owned by Rubik’s Brand Ltd. It is 2.25 x 2.25 x 2.25 in large and weighs 3.7 ounces.  
Looking at the capabilities of the equipment and the requirements of the demonstration product, we can conclude that it will be more than enough to handle pick and place tasks with this product. Subtracting the RG2’s weight from the UR3’s maximum payload, we get 5.17 lbs dedicated to lifting the product. Also, since the Rubik’s Cube is a uniform 2.25 inches around, the RG2 can have a grip clearance of 2.08 in all available directions. 
As shown in Figure 2 and 3, the UR3 performed slower than the 3 humans tested. This test was a time trial that consisted of moving 4 blocks from one corner and stacking them in the center. On average the UR3 was 17.15 seconds slower to complete an entire cycle. Each motion to stack the blocks was 5.72 sec slower compared to the test of humans. However, the humans demonstrated inconsistent movements and imprecise stacks. On the other hand, the UR3 showed no inconsistencies with its movements. Thus, we expect the UR3 to have neat stacks compared to human workers. 
 
Figure 2 - Product Stacking Time Trial UR3 vs 3 Humans Table 
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Figure 3 - Product Stacking Time Trial UR3 vs 3 Humans Graph 
 

Budget and Cost Analysis 
Our design has six components, three are required for the system to function, three are necessary for demonstration purposes, and several other minor components to supplement the previous three's capabilities. The first major component is Universal Robot’s UR3, a robotic arm with a retail price of $35,000. The second major component is OnRobot’s RG2 Gripper, an end effector with a retail price of $4,360. The third major component is the photoelectric sensor. These sensors have a retail price of x. NIU’s Engineering Technology Department provided these three components at no cost to our budget. 
As for the other three components, they will be used for demonstration purposes. They are demonstration pieces, a product container, and a conveyor belt. The conveyor belt is 1ft long 3inch wide made by Donor.  It has a 30W variable speed stepper motor made by x. This is used to feed the demonstration product to the system. For our demonstration product, we have selected three 1.5 cubes of x. These pieces were cut from a x long x tube. Each of them retains the tube’s through hole. As for the container that the pieces will go in, it is a 4inch tall, x wide, x long, box. It was 3D printed in the Engineering Building’s Maker’s Space using PLA. Additionally, we have So far, this project will cost $81 to create and demonstrate. If the system were to be reproduced without the demonstration components, it would cost $39,391. With the demonstration components, the total goes up to $x. 
Economic Analysis 
Robotic automation requires a substantial initial investment to get started. However, due to the productivity, consistency, and flexibility of robotic arms, the time required for the return on investment is short. In a case study performed by Universal Robots, the manufacturer Task Force Tips had a ROI of 34 days. This is mainly due to the way they implemented their robot reduced their required number of workers. Our system, while meant to replace only one worker, can be an operator in collaboration with itself. This means, that one robot operator will be able to manage multiple instances, which replace human workers. Thus, the company would only have to pay one operator to handle multiple robots. Universal Robots has stated that the average payback is 195 days. 
Since robots do not have the same needs as humans, time allocated for breaks and limits on work hours do not apply. The average full-time worker in the US works between 8 to 9 hours a day with approximately 30 minutes in the middle for a break.[4] For a 40-hour workweek, which consists of 5 working days, a total of 2.5 hours a week are spent not working. Combine this with the few minutes it takes for a worker to get to their maximum productivity, there is time wasted in the process that a robot would be able to circumvent. In 2016 CEO of RSS manufacturing, Geoff Escalette, stated that the UR5 does 2-3 days of work in 4 hours.[5] 
Also, there is a multitude of end effectors available for purchase to handle any task. Thus, in the event where a robot needs to switch tasks, the training required is instead translated to programming time. If multiple robots needed to switch to the same tasks, the time it takes to train each worker individually is limited to the programming time it takes for one robot. This is because once one program is complete, it can be transferred over to other robots performing the same task.Page Break
Feasibility Studies 
Implementation of the system is not restricted by the components we are using for our project. Robotic arms are manufactured by a variety of companies, such as Fanuc, Yasakawa Motoman, and ABB. In their lifetime, each of these companies has produced over 100,000 robotic arms. The same can also be said for end effector availability. If needed specialized end effectors can be produced and attached since the UR 3 is capable of being programmed to use the tool.  
For the UR3, the implementation does not require extensive knowledge. Upon the arrival of the arm and end effector, assembly and setup can be completed within the day for a prepared work area. At the minimum, programming and bug testing can take two days for simple tasks with a proficient operator. In this case, a proficient operator would have completed Universal Robot’s online training and be capable of programming without extensive referencing of the training materials.  
Depending on the size and weight of the product, this system can be modified and scaled up if necessary. If the product’s size and shape is the issue, then the end effector can be modified. In our current system, the RG2 gripper can open to 4.33 inches wide. If needed, the gripper can be switch out to an end effector with bigger jaws or changed to vacuum grippers. If the product’s weight is the issue, then the UR5 is the next biggest arm that can lift 11 lbs. If that is still not enough, then Universal Robot’s largest arm, the UR10 can lift 22 lbs. 


Conclusion 
In conclusion, palletizing robots have made stacking of boxes, bags bottles, and cartons simpler than it was in the past. The universal robots are efficient to use in the modern world, unlike the previous ones, which were huge and risky for people to work with. The palletizing program using the UR3 will make the working environment better and friendlier as it will be operated using a touch screen interface and polyscope in its functioning. It will least demand precedence of a human assistance and hence it will save on operating cost.

Recommendation
The universal robots model should be programmed to work on their own within an unmapped environment without the assistance of a human being. 
[bookmark: _GoBack]Technology is upgrading day in day out. Just like the self-driving cars, the robots should be designed in such a way that they can navigate in environments which are unmapped and poorly understood without assistance

The robots should be integrated with the brain-computer interfaces; this will enable them to be controlled by an individual’s minds. The robots will be able to sense what their human assistances are thinking and put the thoughts into action, especially on transportation assembling and organizing a product.

The robotics should be integrated with artificial intelligence; this will enable the robots to reason and come up with decisions while working together in a specific environment.  Individual efforts to move the arms of the robot will not be needed. Many waypoints should be integrated for the robot to work on its own without being limited to specific directions

The robotics should be made bio-inspired. This will enable the robots to work similarly like the different efficient systems which are found in our nature.
There performing speed should be high; the robot should be designed in a way that it can accomplish significant tasks within a short period as it does not get tired like human beings. Besides, its performing duration should be checked; it should be in a position to work for twenty-four hours without any defect in its functionality raised.

