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Abstract 

Solteq is a leading software solutions company based in Vantaa, Finland that specializes in 

many different sectors, including the retail sector. Solteqs latest project was to produce a 

robot that can go into retail stores to gather information in real-time about the product 

inventory, locations, and prices.  

A comparative study between Cloud, Edge, and Fog computing platforms was conducted 

to help Solteq identify which computing platform is best suited in the development of the 

project to address bottlenecks and provide information as quickly as possible for their 

customers. 

Through studying and understanding the robot systems, how they transfer data, and by 

testing different computing platforms on the robot or in an isolated environment which 

will simulate how the robot operates, the advantages and disadvantages of each 

computing platform were identified. 

The results showed that it is in the best interest of Solteq to adopt and edge or fog 

computing strategy as the robot will work more effectively and more importantly, safely if 

the computation is done near the robot. Issues with latency, file transfer speed, and 

expensive computing plans offered by cloud services make using edge computing and fog 

computing a more viable choice, which may better satisfy customer need for up-to-date 

information on their inventories and price data. 
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Terminology 

 

AWS – Amazon Web Services: an example of a cloud service 

DPI – Dots Per Image: used to measure image quality. A high DPI is usually better. 

EAN – International Article Number: used to identify goods in a computer system 

FTE – Full-Time Employee 

GB – Gigabyte, 1,000 Megabytes. A little over one hour of video fits in one GB 

Gbps – Gigabyte per second: A high-speed rate of transfer 

IT – Information Technology 

MB – Megabyte: 1,000,000 bytes 

Mbps – Megabyte per second, a good rate of transfer, or a good download speed 

measurement 

OCR – Optical Character Recognition: A technology that can transform handwriting or 

photos to editable text on a computer 

PIP – PIP Installs Packages: A package manager run on python 

RAM – Random Access Memory: a form of computer memory that can be read and 

changed in any order, typically used to store working data and machine code 

TB – Terabyte: 1,000 Gigabytes  
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1 Introduction 

1.1 Thesis Background 

Robotics is becoming more a part of our lives than ever before. In the beginning, 

robots were mainly used in repetitive manufacturing processes and any improvements 

took years or even decades to research and discover. The first industrial robot was put 

into use by General Motors in 1961, and it was mainly used for welding. Several years 

later, the first jointed robot was made by the same company. (Latxague 2013) 

As the years went by, newer and newer technologies were invented, various sensors 

entered the robotic industry which allowed robots to “see”, “hear” and “touch”, thus 

robotics began slowly spreading into other areas in the industrial sector, replacing 

more repetitive tasks, and giving the factory workers more time and freedom to focus 

on more skilled labor. As these technologies progressed, Robotics soon began 

spreading into the consumer market on all levels, from entertainment and marketing 

to doing daily chores like vacuuming the floor and mowing the lawn. However, for 

many years, robots were only able to strictly follow given instructions. (Latxague 2013) 

The invention of artificial intelligence opens a lot of possibilities in robotics 

advancement. With simple AI programs, robots can now have some ability to make 

their own decisions that might alter an otherwise repetitive task to either be more 

efficient, or avoid an obstacle, or complete calculations much faster than before, 

much like a human would in the real world. This new advancement secures the 

eventual spread of robotics into more challenging tasks such as keeping track of 

inventory, navigating, and even advancing medicine in ways such as being able to read 

x-rays and other medical-related images much better than an experienced doctor. For 

example, A doctor might be able to reference a few thousand images from memory to 

identify cancer growth, but an AI program with machine vision capabilities can 

reference millions of images and target cancer much earlier than a human can (Kann, 

Thompson, Thomas, Dicker, Aneja 2019). 
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Solteq is one of these companies that strives to lead the development of intelligent 

robotics systems in creating a robot that can be released into one of the most 

challenging and versatile environments that a robot has ever seen before: A retail 

store. In this environment, the robot must be able to navigate very dynamic layouts, 

identify and avoid unpredictable obstacles such as supply pallets and customers, make 

informed decisions about its surroundings, and report back to the retailer about what 

it ‘sees’ in near real-time. This creates a unique challenge in which the robot must be 

able to make millions of calculations very quickly while simultaneously collecting more 

data to process. This creates a very tight bottleneck in the processing of data as the 

robots need to be as efficient as possible to keep their clients on top of their market. 

This study aims to give an insight into this unique bottleneck and explore possible 

computing solutions to the issues caused by heavy data flow, from cloud computing to 

edge computing, and beyond. This study aims to provide a foundation for Solteq in 

deciding on which route it will take. 

1.2 Company Profile 

From the company website: “Solteq is a Nordic provider of IT services and software 

solutions specializing in the digitalization of business and industry-specific software. 

The key sectors in which the company has long-term experience include retail, 

industry, energy, and services. In addition to Finland, the company operates in 

Sweden, Norway, Denmark, Poland, and the UK. The company employs 600 IT 

professionals.” (Solteq 2020) 

Solteq operates primarily in Finland, with several offices in six cities around the 

country. Solteq has three offices in Denmark, two offices in Sweden, and an office in 

Norway, Poland, and a new office that just opened in London, England. (Solteq 2020) 

In 2019, the Solteq group reported total revenue of 58,3 million euros, an operating 

profit of 5.7 million euros, and an adjusted operating profit of 3,5 million euros. 

Comparatively in 2018, the total revenue was 56,9 million euros, an increase of 1,4 

million euros 2019, with an operating profit of 2,5 million euros (56% increase in 

2019), and an adjusted operating profit of 2,3 million euros (34% increase in 2019). 

(Solteq 2020) 
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Solteq employs 600 professionals as of 31.12.2019, which is up from 567 from the end 

of 2018.  

From their website, Solteq claims that they work in many different sectors in public 

and private business. Some of these sectors include Car Sales, Energy, Hotels and 

Restaurants, Wholesale, Manufacturing, Retail, and Public Sectors. 

Solteq is very proud of many of their development projects in these sectors, and work 

with a lot of very well-known businesses. The projects Solteq is most well-known for 

are 

 BI and analytics 

 Customer Point of Sale Systems 

 Enterprise Resource Planning systems 

 eCommerce 

 Online Marketing 

 And Solteqs newest focus, and focus of this thesis: Robotics  

1.3 A brief history of Solteq  

Tampereen Tiedonhallinta (Tampere Data Management) was founded in 1982 as a 

company that specialized in Retail, Auto Retail, Manufacturing, Health, and Social data 

management. TH Tiedonhallinta was founded by Seppo Aalto, Chairman of the Board, 

and Ali U. Saadetdin, President and CEO until 2015. TH Tiedonhallinta Oyj was listed 

on the Helsinki Stock Exchange in August of 1999. On November 15th, 2000, TH 

Tiedonhallinta changed their name to Solteq Oyj. The current CEO as of 2017 is Olli 

Väätäinen, Kari Lehtosalo as CFO, Ilkka Brander as EVP of the Solteq Software team, 

and Juha Rokkanen as EVP of the Solteq Digital team.  (Solteq 2020) 

1.4 Research Questions 

This research focused on a few key bottlenecks that are impacting the data flow in the 

robot systems. Thus, the questions that have come up, and will be the focus of this 

thesis are: 

1. Where are the bottlenecks in the data flow from Robot to Client? 
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2. What are the challenges in sending large amounts of data wirelessly in real-

time? 

3. What are the pros and cons of each available computing platform? 

1.5  Research methods 

The methods which will bring about the best possible solution to the research 

questions lie within the observation of how the robot works and researching the 

solutions to the bottlenecks that come up during normal observation. 

The most important clues towards the answer to the questions lie in a very thorough 

understanding of the robot systems: 

 How each system works 

 How the systems work together 

 How the data gathered by the robot systems is processed internally 

 How the data is sent elsewhere to be either processed further or published.  

Next, a cost/benefit analysis for each computing system will be conducted, and if 

possible, the best system, in theory, will be tested on the robot to analyze how the 

robot performs using the computation services. These methods should be enough to 

come to a reasonable conclusion whether one computing platform is better than the 

other, if a mix of computational platforms should be used, or if there is a previously 

unknown or newly developing platform that Solteq may consider as a more attractive 

solution to their needs. 

1.6 Targets 

The target of this thesis is simple: the computing service that would theoretically 

perform most effectively under high demand will be considered or chosen as the 

computing platform used in the future of the Solteq Retail Robotics development 

project. This is nothing that the most effective computing platform is not necessarily 

the fastest, but that which produces the highest quality of data within the time 

constraints given by the customer, at the lowest cost possible. The robot will be 

expected to perform numerous calculations from each dataset it receives and output 

the result of these datasets continuously while more data is constantly flowing in and 
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being queued up for processing. The computing platform which will be chosen will be 

the one that performs the best under high pressure, with minimal data loss, with a 

few program errors and other failures as possible. The criteria for choosing the 

computing platform in order of priority are as follows: 

1. The speed at which the data is processed 

2. Amount of data which can be handled at once 

3. Quality of data processed 

4. The visual output of the data after computation 

There also may be a more mixed solution available, in which one computing platform 

is tasked to do take a certain load of the computing, while another is tasked to take 

care of the rest of the computational load. There is no real reason for the answer to be 

either black or white, in which the computational platform the robot uses can only be 

one or the other. This project is still in the prototype phase, which gives the 

development process the unique advantage to be very flexible in which directions it 

takes as it progresses.  

2 Solteq Retail Robotics 

2.1 Background 

In 2017, Employees at Solteq were brainstorming some ideas for a new field of 

technology for Solteq to venture into. They discussed with their current customers 

and traveled the globe to various technology conferences in their search for solutions 

to their customer’s needs. As a result of the brainstorming session, the Solteq 

Incubator team was born. This team’s goal was to build and test different projects that 

may prove worthwhile for Solteq to invest in as a product. Amongst a few ideas, 

Solteqs retail customers noted that their retail store costs to check their inventory 

levels and keep the price tags up to date cost the retailers a lot of time, money, and 

valuable human resources. In some cases, they may need to hire one or two full-time 

employees just to keep track of all of this information. If Solteq could develop a robot 

that can do this repetitive work, then the employer could invest the employee's 

attention on other tasks that make them more valuable to the retailer. Thus, the Retail 
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Robot project idea was presented to the executive team, and the project idea was 

accepted. The Solteq incubator team was funded and the Retail Robot project was 

launched. (Solteq 2020) 

The idea behind the Retail Robot was simple: to save a grocery retail company time 

and money it spends to check the shelves and products for emptiness and keep the 

price tags and EANS up to date.  According to an advertisement found on YouTube, 

The Robot is advertised to be able to make a map of the store and pinpoint the 

products in their exact location in a 3D environment. The robot is also able to take 

street view photos of its surroundings and stitch them into a 360-degree panorama 

that is uploaded to the internet, where a retailer, executive, or vendor can check up 

on the layout of necessary displays without having to physically visit the store or send 

someone to do it for them, saving countless hours in traveling or asking someone at 

the location to verify the layout through photos or video. The robot can scan the 

shelves, and collect price tag information, and tell the retailer if the shelves are empty, 

give live feedback on the status of an EAN, and other product information on the EAN.  

The robot is advertised to be fully integrated into the POS and ERP systems in the 

store which allows the robot to fetch the latest information instantly from the store's 

supply chain and back-end systems. The Retail Robot is advertised to potentially save a 

retailer millions of dollars per year in reduced labor costs, and improved sales due to 

the improved availability of the store's products. From the website, the robot is 

advertised to forecast demand more accurately, and this can provide many benefits 

for a retailer including:  

 Sales growth 

 Less waste 

 More efficient use of working capital 

 More efficient purchasing and supply chain management 

 Better customer experience as a bonus 

The use of robotics in a retail chain is advertised to save a retailer money in hiring 

staff, offers real-time space management and shelf-space planning, allows precise 

identification of product locations in a 3D map, checks real-time price information, 

allows monitoring store displays remotely, and can guide online-store collections. 
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The number of full-time employees needed to check the shelf availability of 

products and inventory management can reduce by as much as one FTE per mid-

sized store or more depending on the store size. (Solteq 2020) 

2.2 Physical Characteristics 

The Retail Robot as advertised, is approximately 2,5 meters high and has a sleek 

modern design. It is white by default but can be ordered in different colors to suit a 

customer’s environment. It is wider and heavier at the base, and the tower is thinner 

and lighter. This gives the robot stability as it moves and navigates through the tricky 

store environment while being able to view the highest shelves without tipping over. 

The robot features several types of cameras capable of doing the different tasks at 

hand, such as taking photos of the products, and very bright LED lights spanning the 

length of the tower. The robot can detect and differentiate between obstacles and 

customers, and it can navigate the store using a LIDAR attached to the front of the 

base. The robot has two long brass plates on the backside of the base, which is used to 

charge the robot. The robot backs into a charging base and the copper plates connect 

with the charging mechanism. The emergency stop button and power buttons are also 

located here. In summary, the design of the robot is physically very simple (see Figure 

1). 

 

Figure 1. Solteqs Retail Robot prototype 
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2.3 Retail robotics elsewhere 

The idea of having a smart retail robot in a working environment is not an entirely new 

concept. There are many approaches that robots are taking in the retail world, such as 

handling checkout procedures and customer service. (Yakowicz 2016; Fukushima 

2016) The use of robots in the inventory management sector of retail work is a 

relatively new concept, with the first robots hitting the stores as recently as 2018. 

Bosa Nova Robotics and Simbe Robotics for example have had their inventory robots 

in stores since early 2018 and many other companies quickly followed suit worldwide. 

(Smith 2018)  

These companies have many common goals: to help their customers keep their 

shelves stocked, to reduce losses in missed sales and missing products, and free up the 

time used by workers in checking shelves. Some robots can identify the products on 

the shelves and determine if something is in the wrong place, others can take stitched 

photos so their customers can see the store without having to physically visit them. 

Solteq is the first known company to offer the ability to create a 3D model of the store 

shelves and place the products in the model in real-time. 

2.4 Criticism against Retail Robotics 

While Retail Robots are new and are advertised to help retailers 'save millions', 

Robotics has not been an entirely welcome sight to many. According to one article 

from Wbur, many workers are not seeing these robots as opportunities, but more like 

replacements. Robots in retail are not all that they're cracked up to be, noting that the 

newest AI robots are being left unattended, they're finicky and slow, and are 

constantly requiring human assistance. In some cases, the robots are not able to 

navigate isles as advertised and will shut down because the robot cannot take a 

corner. While the robots are working out their kinks, there has been a notable 

improvement in their performance and workers are starting to worry if these 

machines will eventually take over their jobs altogether. (Bauman, Chakrabarti, 

Schroeder 2019) 

While many places of work claim that their robots will not replace their workers, it has 

been shown time and time again throughout modern history that robots have 
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replaced as many as 3.3 workers per robot in the US (Dizikes 2020), and that as many 

as 25% of the entire labor force may be replaced as early as 2030 (Carson 2019). 

Robots are slowly taking over the most seemingly unlikely of jobs such as retail floor 

work and courier services and it is only expected to grow from there.  

3 Challenges 

3.1 Inventory Management Issues 

In the past, a lack of up-to-date data in retail stores has caused losses of billions, losses 

which can cause even the largest retail chains to close their doors. In 2015, Target's 

supply chain suffered chaos when their Barbie toy cars piled high in their distribution 

centers. The mistake was caused by a mismatching EAN in Target's computer system, 

resulting in empty shelves, frustrated customers, a loss of $2 billion, and Target's 

eventual exit from Canada (Sengupta 2018). Similar losses affected Walmart when 

misplaced goods, overstock situations, and lack of immediate replacement cost the 

brand $3 billion. 

These kinds of losses are the prime examples that motivate retailers to turn more to 

robotics, with 57% of retailers planning on making some sort of investment in AI by 

2021. The implementation of robotics promises increased sales through product 

availability, better able to make accurate predictions, and adapt more quickly to 

customer needs.  

Finnish grocery store chains have been making investments in AI as early as 2018, 

noting that people are spending too much time performing manual labor. AI is a more 

sensible solution lately as robotics can make more logical decisions and lower 

mistakes made by workers. (Kupsa 2018) 

3.2 Bottlenecks 

As the retail robot nears the end of the prototype phase and enters into the customer 

environment, the fleet of robots must be able to handle the data it collects as 

effectively and as efficiently as possible. The amount of data that the robots will 

collect will increase as they become more efficient, and the number of robots that will 

enter full service will also increase. This means that there could be several bottlenecks 
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that will hinder the flow of data from the robots to the customer. According to PC 

Builds, A Computer Bottleneck occurs when there is a restrictive element holding back 

the performance that could otherwise be achieved. In simpler terms, it is anything 

that slows down the flow of data and keeps the computer running at maximum 

performance.  (Bruno 2019) In other words, the computer system can only perform as 

fast as its slowest component. In the Retail Robot, it is believed that the main 

bottlenecks lie in the ability for the robot to perform all functions necessary in 

converting the photos that the robot collects into usable data that the customer can 

use, and in the bandwidth speeds in which the robot sends the data to the cloud 

service. In a retail robot, the data flow would be fairly straightforward: 

 

1. The Robot moves along an aisle and takes photos of the shelves (see Figure 2). 

2. The photo processing program and OCR checks the photos for any readable 

data, such as barcodes, EANS, and other characters.  

3. A trained algorithm checks for shelf emptiness. 

4. The shelf emptiness value and the price tag information are paired together 

5. The exact location of the price tag is calculated and recorded in a 3D map. 

6. This data is compiled together and sent to a computing service for storage and 

gathering. 

7. The computing service then checks the accuracy of the price tag information 

with the store's systems. 

8. The results are sent to the customer, and they receive information on any price 

tags that are inaccurate or outdated, any shelves that are missing products, the 

exact location of the product in a 3D map, and a series of panoramic photos of 

each shelf.  
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Figure 2. Retail Robot in action (Solteq Group 2020) 

 

The robot can take as many as 5000 photos of a shelf in a single run, and each photo 

must be checked for the data mentioned above and sent to the customer in as little 

time as possible. The robot must then repeat this process for every shelf in the store, 

so the robot must be able to handle the data it collects as effectively as possible and 

return it to the customer promptly. Thus, this thesis aimed to determine the best 

course of action to take in managing this data flow as quickly as possible. Should the 

robot process the information onboard or close by before sending it to the cloud 

service and customer, or should it send the data to a cloud service and have it 

processed there before being sent to the customer? 
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4 Cloud Computing vs Edge Computing 

4.1 Scenario 

The Retail Robots task, as stated earlier, is to navigate the isles of their customer's 

retail stores and gather data from the images that the robot captures of the shelves 

and its surroundings. The robot may gather thousands of images from its cameras 

from even a single run, and these images must be of high enough quality that the data 

from the shelves is legible by the cameras and sensor. This means that the size of each 

photo can be large, and thousands of these photos mean that the amount of data that 

should be processed and sent are even in the terabyte range. In a fictional setting, a 

retail robot takes 40 Mb images and gathers 50,000 images, totaling 2 Tb of high-

quality photographs. Each photograph must be analyzed, and the data from each 

photo must be extracted before it can be sent to the customer for review. In this 

scenario there are a few choices: In which the robot can process the data via a cloud 

computing platform, where the raw data is sent first to the cloud to be processed and 

then sent to the customer, or an edge computing platform, in which the data is 

processed on board before being sent to the cloud service for further processing to be 

sent to the customer.  

4.2 Cloud Computing 

According to the Microsoft Azure Cloud service, a cloud computer is, in simple terms, a 

platform in which resources are available for delivery on demand, especially data 

storage and computing power (see Figure 3). (Microsoft 2020) Cloud computers offer 

a host of other services such as servers, databases, networking, software, analytics, 

and intelligence that can be delivered over the internet. These are used to help a 

business lower their operating costs, and run a company’s infrastructure more 

efficiently while allowing them to scale the services as they change. A cloud computing 

service is attractive in many cases. 

 

1. Cloud computing services cut out the hardware and eliminates the need to cut 

out on-site datacenters, which in turn cuts the costs of electricity use for 
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power and cooling, and cuts the need for IT experts for managing the 

infrastructure, which results in a much lower cost for the software company. 

2. Cloud computing services can be set up and provisioned in a few clicks and can 

be serviced and scaled on-demand, which take the pressure off of businesses 

in planning for their capacity. 

3. IT professionals no longer need to take part in IT management chores, such as 

hardware setup, patching, maintenance, updating, and upgrading their 

software.  

4. Cloud services are usually more reliable than in-house solutions as businesses 

can back up their data and recover from disasters more easily and cheaper 

since the data can be mirrored across multiple sites instead of in-house. 

5. Cloud services are usually very secure, saving a business from investing in a 

private data security business 

 

Many companies offer cloud computing services. According to Guru99, some of the 

companies that offer these services are 

 Amazon Web Services, or AWS 

 Kamatera Performace Cloud  

 Cloudways 

 DigitalOcean 

 RackSpace 

 MassiveGrid 

 AlibabaCloud 

 LiquidWeb 

 Microsoft Azure 

 Google Cloud Platform 

Each having its niches and specialties which allow them to stand out from the others, 

such as free SSL certificates, unlimited website hosting, 24/7 support, Free trials, and 

more. (Guru99 2020) 
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Figure 3. Cloud Computing Diagram  

 

The major cons of cloud computing are that its use requires a consistently high-speed 

connection between the cloud service and the customer. Also, the use of cloud 

computing services is becoming more popular, which may slow down the cloud 

services' ability to perform as required. While security for most cloud services is a high 

priority, it may not be enough for extremely sensitive data which is safest solely in the 

hands of the owner and disconnected from the internet. 

4.3 Edge Computing  

According to Gartner Solutions and NetworkWorld, edge computing is, in simple 

terms, any information processing that happens “close to the edge” – where things 

and people produce or consume that information.  

“Edge Computing brings computation and data storage closer to the 

devices where it's being gathered, rather than relying on a central location that can be 

thousands of miles away. This is done so that data, especially real-time data, does not 

suffer latency issues that can affect an application's performance. Also, companies can 

save money by having the processing done locally, reducing the amount of data that 

needs to be processed in a centralized or cloud-based location. (see Figure 4) 
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Edge computing was developed due to the exponential growth of IoT devices, which 

connect to the internet for either receiving information from the cloud or delivering 

data back to the cloud. And many IoT devices generate enormous amounts of data 

during their operations.” (Shaw 2020) 

A few reasons edge computing is used is to save on bandwidth costs and decrease 

latency for critical processes. Sending tremendous amounts of computing being 

processed and sent to a cloud service is expensive. Instead, all of the heavy processing 

can be done locally, and the cloud service can be reserved for lighter processes. This 

saves the business time and money compared to relying solely on cloud service 

technology to conduct all of the processing. Another major advantage of edge 

computing is that this gives the company more power to prioritize which data gets 

handled first, whereas cloud services may only process the data in the order it comes 

in. 

 

Figure 4. How Edge Computing Works (NetworkWorld 2019) 
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One study from IEEE Communications Magazine suggests that Edge computing devices 

can have up to 50% lower response time compared to core (cloud) computing 

systems, along with up to 40% lower delay and 30% throughput time respectively (see 

Figure 5). “Compared to the traditional core-based cloud computing infrastructure, 

mobile edge computing leads to lower delays and response times, and high 

throughput for many applications because most of the devices used in mobile edge 

computing need various services at the edge of the network.” (Kumar, Seadally, 

Rodrigues 2016) 

 

Figure 5. Delay, Response, and Throughput comparisons between core and edge computing devices 
(Kumar, Seadally, Rodrigues 2016) 

 

This suggests that if Solteq were to use more edge devices in their robotics network, 

they may experience a much shorter latency period compared to using core or cloud 

computing services with their robot fleet. 

According to w.media, The major cons of edge computing are that companies must 

invest in their ability to process, secure, and store the data. This is very expensive for 

many companies to do and should be considered if: 

 The amount of data that requires processing would be more expensive to send 

to the cloud service to process than to process locally 

 The data needs to be processed and returned with little latency. 

Other cons include the lack of redundancy, which in turn causes issues with longer 

downtimes if there is data loss, corruption, or hardware failures. (w.media 2018) 
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4.4 Fog Computing 

Fog computing is a relatively new platform compared to cloud and edge computing, in 

which computing happens over a distributed network and is collected in a place where 

it can be accessed without having to send it to a cloud service. The term fog 

computing was used first in 2011 (Bonomi 2011). 

According to Tim Keary from ITPRC, a fog computing system enables an organization 

to be able to collect and access data from a central point without having to send it to a 

cloud service (see Figure 6).  

Devices from controllers, switches, routers, and video cameras can act as 

fog nodes. These fog nodes can then be deployed in target areas such as 

your office floor or within a vehicle. When an IoT device generates data 

this can then be analyzed via one of these nodes without having to be 

sent back to the cloud. The main difference between cloud computing 

and fog computing is that the former provides centralized access to 

resources whereas the latter provides decentralized local access. (Keary 

2018) 

Fog devices are best suitable for companies that need to be able to react to data in 

less than a second, for example in automobiles. Fog computing allows you to generate 

real-time data and insights at the edge of the network without sending information 

back to the center. (Keary 2018) 

 

 

Figure 6. Fog computing diagram (Keary 2018( 
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In short, the main purpose of fog computing is to reduce the amount of data sent to a 

cloud service for processing as much as possible, while keeping the data as close to 

the end-user as possible. 

4.5 Bottleneck analysis 

Using the scenario laid out earlier, each cloud computing platform will be considered 

for the same set of fictional data. In the first scenario, the robot will send the data to a 

cloud service.  According to a file transfer calculator provided by expedient, even with 

the fastest unhindered advertised internet speeds available in Finland today, at 

600Mbps, it could take a robot network over 2 hours to transfer 2 TB of photo data to 

a cloud service to be processed. It would be impossible for Solteq to consider a pure 

cloud computing solution for a single retail robot, let alone an entire fleet of them. 

Thus, the bottleneck that would take place in a cloud computing strategy would be 

clearly in the bandwidth speeds available to transfer the data to the cloud service.  

In an edge computing model, robots in a local area would send the photos to a local 

server to process the images. Afterward, the data extracted from the images would be 

sent to the cloud service to be further processed if needed. This could lower the 

processing time to potentially hours instead of days. If a robot could send 4 images per 

second to an edge computer, the computing platform would be able to process 1000 

images in just over 4 minutes. If the robot takes 50,000 images throughout several 

runs of the shelves in a grocery store, and a local edge device processes the data 

between each run, the processing would still take over 2 hours. Even though, the time 

saved compared to a pure cloud computing strategy is significant. Since the size of the 

extracted data is negligible compared to the size of a photo, the network would be 

able to handle a fleet of retail robots sending data to the cloud service at once. Here, 

the bottlenecks would lie in the robot’s ability to process the photos and extract data 

from them instead of a network's ability to send it.   

However, this may cause data integrity issues if any systems become corrupted during 

the processing phase. A lack of redundancy and risk of breakdown would delay the 

transfer of data from the robot to the customer severely, plus storing large amounts 

of data onboard may hinder the robot’s function if there is no way for the data to be 



23 
 

 

stored externally.  In turn, a mixture of cloud computing/edge computing services are 

considered to take advantage of the strengths of both services. 

In a fog computing strategy, Each robot is responsible for its processing, and the 

processed data is sent to a local service which then a customer can access without 

having to log into the cloud service to see updates as close to real-time as possible. 

This eliminates the need for a central computer to handle the photo processing, but 

instead, each robot must have enough computing power onboard to process the 

photos that they take. This may make each robot more expensive but it may save 

money overall from having to invest in local processing power. This also eliminates the 

need for the cloud service for most needs, but the cloud service can still be considered 

if there is data that needs to be accessed globally. 

5 Testing theories 

5.1 Set up 

To determine which method would be best for the Retail Robot project, a series of 

small simple tests can be set up and carried out to help estimate how data handling 

might function in the real world. The most important qualities a successful retail robot 

prototype needs are simple. Firstly, a high computation rate which can process images 

quickly is most important. Next, a high rate of data transfer needs to be possible for 

data to flow freely from the robots to destinations. Finally, low latency is necessary to 

ensure that data is delivered as quickly as possible from source to destination. Using 

some of the numbers and figures stated earlier in chapter 4.1, we can run a set of 

simulations to test which computing platform may return results faster. 

The first test that will be run is a simple latency test, which tests the latency between 

A computer and cloud services, and also with other local devices. This should simulate 

the cloud computing and edge computing network. The test should also simulate 

sending large numbers of requests that the robots will be making to their respective 

hosts. The goal was to see how each computing platform can handle the request and 

what happens to the latency during each phase.  
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The next test would be a file transfer test. The robot may need to be able to transfer 

large file sets to a cloud service or edge device, and the test will determine how much 

time it is expected to take for a large file to be transferred to either a cloud service or 

a local storage service.  

 The final test will be a data extraction test, to determine how quickly available OCR 

software can extract data from a set of photos both on a cloud service and locally. This 

will help determine if it is best for image processing to happen locally or in a cloud 

service. 

5.2 Latency Testing 

Latency is the time it takes for a request to be sent from the source to a destination. 

This is calculated in milliseconds, the best target latency is as close to 0 as possible 

(see Figure 7). (DNSStuff 2019) With a latency of close to 0, the possibility to receive a 

fast response to a calculation is possible.

 

Figure 7. What is Latency? (DNSStuff 2019) 

 

Latency can be determined by sending a tracert command to a set address. Some 

cloud services have latency testing available online. AWS, Google, and Azure have a 

latency program available that anyone can access by visiting their respective pages 

online. First, A cloud service latency test was requested from AWS, Azure, and Google 

to measure the range of latency these services have. The tests took between 10 
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minutes each, and each test sent several queries to each several different locations 

worldwide. The results are summarized in Table 1. The latency tests were provided by 

cloudpingtest.com (see Appendix 1).  

Table 1. cloudpingtest showing cloud services latency range 

Cloud service Number of 

queries 

Range of Latency 

AWS 78 69-2371 ms 

Google Cloud 87 38-1882 ms 

Azure 110 71-306ms 

  

The results of the cloud service latency tests show that servers closer to the source 

tend to have lower latency (Europe region). While servers further away have higher 

latencies (Asia) (see Figure 8).  

 

Figure 8. AWS Latency test (ping.psa.fun) 

Next, the same latency tests were performed again and the areas with the best mean 

latency are selected. It is shown in table 2 that the areas with the best latency are 

usually within the European continent or Schengen territory. 



26 
 

 

Table 2. cloudpingtest results for mean latency 

Cloud service Area Mean Latency 

AWS Europe (Stockholm) 219ms 

Google Cloud Finland (Hamina) 160ms 

Azure Germany/West Europe 74ms 

 

In the next phase of testing, local latency was checked using a tracert command to a 

nearby location. A local area latency test can simulate an edge environment. To 

simulate a local area edge device, a tracert command was sent to jamk.fi from a 

nearby location. (see Figure 9).  

 

Figure 9. Tracert command to Labranet from a local location 

Next, a ping command was sent to jamk.fi, and it shows similar results of latency being 

close to 30ms. A ping command simply calls the target and waits for a reply (see Figure 

10). The reply shows the number of bytes received, the time in milliseconds for the 

target to receive the call, and the TTL (Time to Live) in which a packet is to be dropped 

if the latency exceeds that time. 
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Figure 10. ping to jamk.fi 

Another latency test from within the JAMK Labranet network can simulate if the robot 

does not need to send data to an external source (see Figure 11).   

 

Figure 11. tracert from within JAMK network 

After several tests, the latency rarely exceeded 1ms. It can be concluded that using the 

local network is the best possible solution in regards to latency. Table 3 shows the 

local area latency result. 

Table 3. Local network latency tests 

Tracert to Latency 

jamk.fi 29ms-33ms 

jamk.fi (from inside the network) <1ms 

  

The result of the latency tests is heavily in favor of using local or edge networks in a 

computing platform. 
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On the retail robot, some critical systems require a near-zero latency to work 

successfully. One of these systems for example would be obstacle avoidance. The 

robot needs to be able to know how to react to possible obstacles in its path, for 

example, a human. A human may suddenly step in front of the robot to retrieve an 

item, and the robot should not have to send the data to a remote data center and 

have to wait even a few seconds to know how to react, instead an immediate reaction 

is necessary, and the robot should know to stop when there is a person in its path. On 

the other hand, a static obstacle, such as a box, is not moving. The robot should be 

able to know the difference between a human and an object and be able to change its 

course if the object is not moving from its path. 

5.3 Data Transfer Tests 

A data throughput test was conducted to cloud services and local services to 

determine how fast it would take to upload data to a specific destination. If a retail 

robot has to send even several gigabytes of data somewhere, the transfer must be 

completed as fast as possible. In this case, we can use some speed test tools available 

online such as cloudharmony to test how cloud services handle data transfer. Local 

data transfers to edge devices can be simulated through a file transfer done via the 

command line. In the case that the robot processes its data, we can assume that the 

time for file transfer is 0 since the data will stay at the place it is stored originally. 

Cloudharmony network tests performed 6 tests from 256KB to 10Mb file sizes on each 

cloud service, testing the throughput speed on each service (see Figure 12). To keep 

data concise, one region from each service was chosen. 

 

Figure 12. Example result from cloudharmony test on Azure 
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Table 4 shows the throughput speed for a specific region in the EU area. This may be 

inaccurate compared to real-world figures available to companies, however an 

accurate result when using a personal device. 

Table 4. Throughputs in the EU region 

Service Region Uplink Mb/s Downlink Mb/s 

Amazon EC2  Eu-west-1 10.79 34.03 

Amazon Lightsail Eu-west-1 8.66 16.7 

Amazon S3 EU-west-3 - 39.36 

Google Compute 

Engine 

Europe-

west3-a 

8.83 44.37 

Google Cloud 

Storage 

EU - 48.32 

Microsoft Azure 

Virtual Machines 

EU-west 7.55 

 

52.08 

Microsoft Azure 

Cloud Storage 

EU-north - 30.13 

 

While Computing services showed both downlink and uplink speeds, cloud storage 

services provided only downlink speeds to be shown in these tests. (see Figure 13) 

 

Figure 13. Amazon S3 Downlink speeds 

In a local network, writing and reading files can happen much faster. In a local file 

transfer test conducted through a program available online, the 'LAN speed test', a file 

of 1 Gb size was created and transferred to a folder on the local device.  



30 
 

 

The results show that transferring files to a local location is much faster compared to 

transferring over the internet to a remote location. (see Figure 14) 

 

Figure 14. Local area network file transfer 

 

Similarly, when the same file was transferred from within the JAMK network to a 

shared drive online simulating an edge device, the file transfer speed does drop 

somewhat but not significantly. (see Figure 15) This best simulates the retail robot 

environment, as all systems are contained since the robot is mobile, all non-local file 

transfers must be made wirelessly. 

 

Figure 15. File transfer to JAMK shared drive 
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While the results of a transfer to an online drive in the same network are slightly 

slower compared to a file transfer to a different place on the same computer, it is still 

clearly much faster compared to transferring files over the open internet to a cloud 

service.  

Using the figures from the scenario earlier in chapter 4.1, it could take a robot 

network perhaps several days to transfer 2 TB of photos to a cloud service even at the 

fastest available speeds, whereas a local connection can potentially transfer several 

gigabytes of photos every second, cutting the transfer time of large files to local and 

edge devices to less than an hour. Table 5 shows the results of the data transfer tests. 

Table 5. Estimated time to transfer 2 TB of data over a network 

2 TB Transfer to Writing speed 

Mb/s 

Estimated time 

Cloud service (AWS) 10.79 4 days, 22 hours, 46 minutes, 33 

seconds 

Edge network (Local 

cloud) 

1,176.7 1 hour, 5 minutes, 21 seconds 

Local drive 1,443.39 0 hours, 53 minutes, 16 seconds 

  

It can be concluded from this experiment that transferring large files within the local 

area network is more beneficial than sending files to a cloud service to be processed. 

Therefore, it adds weight to the decision to avoid cloud services to process large 

amounts of data. 

The main issue with storing photos locally is the amount of space available on the 

retail robot. Since all systems are contained and the robot is mobile, the number of 

photos that can be stored is limited considering that they must be of high quality and 

enough photos must be taken as to not miss any important details. More storage 

space can always be purchased, but this also leads to increased costs, and purchasing 

extra storage for hundreds of units is very expensive. 



32 
 

 

5.4 Data Extraction 

Successful data extraction using OCR and Machine Learning algorithms depends on 

relatively few factors. First, the cameras must be of high enough quality to take photos 

continuously while the platform the cameras mounted to are moving quickly. The 

photos also need to be able to be clear enough and focused on critical points to 

ensure high image quality. Secondly, the OCR program needs to be able to receive the 

images, extract the data it needs, and either store or discard the image as required by 

the task the robot is handling at that time quickly enough as to not cause a backup of 

queued images. Backups might cause an increase in processing time, lower image 

quality, and possibly loss of data due to overflow.  The software which is used for data 

extraction specifically in-house is confidential, but there is some freely available OCR 

software available that can be used to test if data extraction is better to be done 

locally or through a cloud service. One such widely used software available online is 

Tesseract.  

Tesseract is the most acclaimed open-source OCR engine of all and was initially 

developed by Hewlett-Packard. It’s a free software under Apache license that’s 

sponsored by Google since 2006 (Taylor). Tesseract will be used in conducting this 

next part of the test phase. A simple photo containing text will be selected and run 

through the tesseract program, and the time will be recorded. The test will be run 

using a local computer and if possible, on a cloud service. It is estimated that the cloud 

service will be able to perform the OCR function much more quickly given that cloud 

services have high performing computing hardware, but CPU usage is expensive 

especially if a high-powered service is used. 

To install tesseract on a personal windows computer, it is as simple as downloading a 

package from a link on Windows machines, adding a PATH variable, and then using 

simple pip commands. 

Assuming python and pip are installed and working: 

1. Install the Tesseract package from the internet. (https://tesseract-

ocr.github.io/tessdoc/Home.html) 

2. Open the EXE file and follow the simple setup procedure. 
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3. Add the Tesseract source to the PATH variables on the computer (see Figure 

16).  

 

Figure 16. Path setup 

If there are issues with exporting the path variable, usually by a failed command after 

setup is complete, a command to add the source to PATHS is possible:  

setx path "%path%;c:\dir1\dir2" 

4. Restart the computer 

5. Confirm tesseract is installed by running the tesseract command on the cmd 

command line (see Figure 17) 

 

Figure 17. tesseract command on cmd 
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6. Finally, to use tesseract on python, a pytesseract package can be installed using 

a PIP, or Python Package Installer command:  

pip install pytesseract or py -m pip install pytesseract 

Tesseract can be tested by using the command  

tesseract <image> <output file>.  

In some cases, a dpi (dots per inch) parameter is needed. This can be retrieved by 

checking the image properties. 

An open image of a receipt was saved off of the internet to be tested with 

Tesseract (see Figure 18). The image consists of some basic characters and 

numbers that Tesseract should be able to easily pick up and output to the 

destination file.  

 

Figure 18. Open source sample image for testing Tesseract 

 

After the image is saved, the dpi of the image is retrieved from the image properties, 

and then a command is carried out to extract the characters from the image: 
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tesseract --dpi 96 Target_Receipt.jpg target. The command 

takes a moment to execute but it works without issues (see Figure 19). 

 

Figure 19. Successful execution of a Tesseract command 

From the cmd command, it is clear that the command was successful. The resulting 

text output was very close to what the image has. 

EXPECT MORE. PAY LESS: 
@TARGET 
OAHU HONOLULU ALA MOANA 
05/12/2018 02:05 PM EXPIRES 08/10/18 
UNIAN 
GROCERY 
267008011 BANANA FT —- $0.39 
SUBTOTAL 0.39 
T = HI TAX 4.7120% on $0.39 Se 
TOTAL 0.41 
CASH PAYMENT $0.44. 
REC#2-8132-2870-0169-3511-3 VCD#759-280-869 
Everything «' 
comeup  *i 
roses? 
Help make your Target Run better. 
Take a 2 minute survey about today's trip: 
Y 
UUd 
informtarget.com 
User ID: Wigs 7718 0983 
Password: 064 887 
CUENTENOS EN ESPANOL 
Please take this survey within 7 days. 

While the command was successful, the text is not entirely clear and sometimes 

mixed. However, all the important information is there including items and prices. It is 

difficult to understand how long it takes to execute the command. PowerShell has a 

tool to measure the time it takes for a command to run, called Measure-Command. 

The previous test was then run using the available command via PowerShell: 

Measure-Command {tesseract --dpi 96 Target_Receipt.jpg 

target | Out-Default}  

The results show the time it takes to execute the command in several different 

formats, including days, minutes, milliseconds, and ticks amongst others (see Figure 

20). 
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Figure 20. Successful Measure-Command execution 

Running the Tesseract command in several successions using various settings on a pc 

with 16 Gb of RAM produces results of around 800 milliseconds. A faster gaming 

computer can process the same image in about half the time. 

Using Tesseract in a python program is also fairly simple, many guides online such as 

nanonets show examples of a successfully working Tesseract function in just a few 

lines (Zelic, Sable 2020): 

import cv2  

import pytesseract 

img = cv2.imread('image.jpg') 

# Adding custom options 

custom_config = r'--oem 3 --psm 6' 

pytesseract.image_to_string(img, config=custom_config) 

There are guides available such as nanonets to preprocess the image to reduce 

background noise, correct skew, and enhance the colors to make the image easier to 

read for Tesseract. The example below shows a code using all of these features (Zelic, 

Sable import cv2 

import numpy as np 

img = cv2.imread('image.jpg') 

# get grayscale image 

def get_grayscale(image): 

    return cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) 

# noise removal 
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def remove_noise(image): 

    return cv2.medianBlur(image,5) 

 #thresholding 

def thresholding(image): 

    return cv2.threshold(image, 0, 255, cv2.THRESH_BINARY + 
cv2.THRESH_OTSU)[1] 

#dilation 

def dilate(image): 

    kernel = np.ones((5,5),np.uint8) 

    return cv2.dilate(image, kernel, iterations = 1) 

#erosion 

def erode(image): 

    kernel = np.ones((5,5),np.uint8) 

    return cv2.erode(image, kernel, iterations = 1) 

#opening - erosion followed by dilation 

def opening(image): 

    kernel = np.ones((5,5),np.uint8) 

    return cv2.morphologyEx(image, cv2.MORPH_OPEN, kernel) 

#canny edge detection 

def canny(image): 

    return cv2.Canny(image, 100, 200) 

#skew correction 

def deskew(image): 

    coords = np.column_stack(np.where(image > 0)) 

    angle = cv2.minAreaRect(coords)[-1] 

     if angle < -45: 

        angle = -(90 + angle) 

    else: 

        angle = -angle 

    (h, w) = image.shape[:2] 
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    center = (w // 2, h // 2) 

    M = cv2.getRotationMatrix2D(center, angle, 1.0) 

    rotated = cv2.warpAffine(image, M, (w, h), 
flags=cv2.INTER_CUBIC, borderMode=cv2.BORDER_REPLICATE) 

    return rotated 

#template matching 

def match_template(image, template): 

    return cv2.matchTemplate(image, template, 
cv2.TM_CCOEFF_NORMED) 2020). 

Online services such as AWS Textract offer much more powerful OCR software than 

what is generally available for free. Textract claims it can extract tables, forms, and 

other structured data without custom code. Other OCR software available can do 

these things, but some training may be necessary. While testing Textract is possible, it 

is a paid service and requires sign-up with the credit card information to use. On the 

other hand, one source available online states that Amazon Textract is capable of 

scanning millions of pages of documents in just a few hours (Moon 2019). This 

indicates that using a cloud service to do image processing is much faster due to the 

seemingly limitless capabilities that the cloud has. Using the scenario in chapter 4.1, it 

can be calculated roughly how long it can take to process some images in a real-world 

environment. Table 6 shows a rough calculation using available resources. 

Table 6. Comparing Local and Cloud CPU power 

OCR Service Time to process one image Time to process 50000 images 

Tesseract 800ms 100 hours 

Textract 0.4ms 20 seconds 

 

While Textract is faster here, it is notable that Cloud CPU usage can be expensive. A 

slower computing service may be available to suit the processing needs while saving 

money.  
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Processing power is not needed just for images. All other systems onboard a retail 

robot must share the CPU available to function properly. Lights, Cameras, Sensors, 

Displays, Modems, Motors for example are just as dependent on a well-functioning 

computer system with available processing power as image processers. While 

Tesseract is a good OCR example, Other OCR systems or one specifically designed for 

the retail robot needs may cut the time down enough to compete with some paid 

services like Textract.  

6 Recommendations 

Considering the data gathered earlier, it would be in the best interest of Solteq to 

eventually adopt a fog computing approach, with some edge and cloud computing 

where it best benefits the company. Fog computing has several pros that take the 

qualities from both cloud computing and edge computing which fill in key gaps and 

weaknesses that the other platform lacks. 

 Smaller devices are placed over a distributed network 

 Each device processes its own collected data 

 Processed data is sent to a more centralized edge device or cloud service which 

will compile the data, prepare the results, and handle the release 

 A centralized database or cloud service will store the data as needed  

There are several main reasons that fog computing should be considered in Solteq.  

1. The robot network will be widely distributed 

2. The heavy computing power required to process the images would be most 

beneficial to both Solteq and their customers if it is done in the vicinity of each 

robot.  

3. The photos a robot takes are large in terms of memory space, and it would be 

cheaper to keep the photos close to the customer vs. sending them to a cloud 

service and back. 

4. Sending the data to a cloud service may result in high bandwidth costs and 

potentially cause unnecessary delays between data gathering runs and release.  
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5. It is safest for customers and objects around the robot if it can make its own 

decisions without having to wait for a remote device to instruct the robot how 

to react to an obstacle. 

Cloud computing services can still be used as a central location for data gathering and 

storage, but all other heavy processes should eventually be handled using local edge 

devices in a fog network.  

Another fact to consider is that the use of cloud computing services is becoming more 

heavily used worldwide, and issues with latency are increasing. Thus they are 

becoming more expensive for companies to invest in, which will make edge 

computation and storage more attractive in the long run. Likewise, a pure edge 

computing system would be more suitable if all of the data came from one source. 

In practical terms, the robot network which is distributed over a large network should 

handle their image processing and send the lightweight data onwards to be collected 

and released. First, the robot will run scanning operations and take photos. After the 

photos are collected, they are processed onboard the robot next. Any data relevant to 

customer needs are extracted from the photos are collected in one location or list, and 

sent to a central database in a central location such as a cloud service, whether the 

cloud service is sourced in-house by Solteq or hosted elsewhere. Next, an application 

created by Solteq for their clients fetches the data in the cloud and processes the 

results to be released to the customer. Photos that are meant to be viewed by the 

customer should be sent directly to the user interface avoiding cloud service use as 

much as possible (see Figure 21). The user interface can also be used to monitor the 

robots themselves in tasks such as checking robot status, battery levels, and 

scheduling tasks to the fleet to be carried out. 
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Figure 21. Suggested data flow 

 

This would enable Solteq to better prioritize the data processing that needs to remain 

up to date as quickly as possible while saving the company valuable recourses that no 

longer need to be sent to cloud services to be processed. The focus of the cloud 

services would be mostly on storage of the processed data collected by the robot fleet 

during their runs, and the distributed network of edge devices would keep the heavier 

data such as photos and raw unprocessed data in the clients' vicinity, keeping 

bandwidth usage to a minimum.  

An application and user interface for the robots used to store important photos, 

results and alerts, set up tasks and schedules, and see robot status, is most easily 

accessible if hosted by a cloud service but issues with latency and bandwidth use can 

be avoided if the application is hosted by a local data center.  
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7 Conclusion 

As cloud computing services are becoming more widely used, they are also becoming 

more expensive, and many problems are beginning to surface as a result. For example, 

some services are starting to lag due to increasing amounts of traffic. Critical results 

are taking longer to return to customers, causing delays in their work and 

development. Thus, many businesses are turning away from cloud computing and to 

edge and fog computing platforms to cut cloud computing costs and data latency. 

Edge computing and fog computing are more useful for companies that need to 

handle high amounts of data and need to keep it up to date. These platforms also 

enable companies to keep important data close to their customers, allowing them 

quicker and more secure access than if the data was sent to a cloud service. 

At Solteq, the high amounts of photo processing should discourage the use of cloud 

computing as much as possible. The amount of bandwidth needed to send the photos 

back and forth to the cloud would eventually become very expensive as the robot 

network expands. An Edge computing or Fog computing platform located in the 

vicinity, or onboard each robot could handle the photo processing and send the lighter 

processed data to the cloud service.  The cloud service should only be used to receive 

and store the data captured by the robots to keep the data sent there as light as 

possible, and any photos that are meant to be seen by the clients should be sent 

directly to a more localized database and user interface that the customer will have 

access to, avoiding the use of cloud computing. The user interface created for 

customers would then fetch the data that the cloud service receives, and the results of 

the data would be gathered and published within the edge or fog computing platform.  

Writing an effective thesis in this field for a technology company providing several 

unique challenges that had to be overcome to deliver an effective thesis for both the 

company and the institution where this thesis was written. On one hand, it was hoped 

that the topic of the thesis would be less common, avoiding subjects that were written 

over and over again. Given the authors' background in quality assurance and testing, it 

would have been an easy choice, but instead, it was hoped that this thesis would be 

more unique, thus more interesting to the institution and potential readers, potential 

clients, and even competitors. The next challenge to be overcome was the fact that 
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this thesis had to be publishable while maintaining a level of secrecy that the company 

expects from a very high-profile project in the prototype phase. This thesis also had to 

maintain a more technical viewpoint hoped by the institution, and not one that is 

more of a marketing standpoint. The idea of the topic came from a colleague at Solteq 

who had planned to study some of the different computing platforms but had no time 

to carry out the study. 

Furthermore, the Coronavirus pandemic that was ongoing at the time this thesis was 

written further complicated the situation as the authors' contract with the host 

company was terminated due to financial complications caused by the pandemic. This 

changed the focus of the thesis from one that was aiming to carry out experiments to 

gather physical data to use in the reports, to one that had to be more theoretical. 

Many of the ideas presented in this paper may or may not have been considered or 

decided upon at the time this thesis is submitted. The goal of this thesis was to help 

Solteq gain a little deeper understanding of what direction they may be able to take 

when the topic of computation platforms are brought up in the future. Any 

experimental work which was originally planned to be carried out for the thesis was 

severely delayed or canceled as a result of the coronavirus pandemic. The 

experimentation could be carried out as part of a future thesis topic, but the results of 

the experimentation may not be publishable due to company confidentiality practices. 

Working at Solteq Oyj was a great experience and a great opportunity to grow as a 

developer. The working atmosphere was relaxed, the people are great to work with, 

and there are several opportunities for any young developer to grow in their field of 

expertise. It was a great honor to be able to work with leading-edge technology and to 

be a part of something that will become common in everyday lives soon. The retail 

robot project is expected to begin use in stores across Finland within a few years. 
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9 Appendices 

Appendix 1. Latencies from Google Cloud Platform 

 

 


