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ABSTRACT:—1In today’s world, technology plays a vital role, without technology it is hard to imagine our day to day
life. Everyday an innovation is taking place in some part of the world. ‘Just walk out technology’ is such an example of
innovation and sheer brilliance that will take the world by storm. Currently this technology is been used by self-driving
cars and major online shopping giant ‘Amazon’. Amazon have launched it as ‘Amazon go’. But this technology has
vast applications in various fields and will play lives changing role in near future.
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I. INTRODUCTION

Just Walk Out Technology automatically detects when products are taken from or stored back to the shelves and keeps
track of them in a virtual cart. While you’re carried out buying, you could just go away from the shop. Rapidly after,
Amazon will deduct money from customers Amazon account and send customer a receipt. This technology is being
presently enforced by Amazon as Amazon Go, that offers checkout-free shopping expertise and it's created potential by
an equivalent kinds of technologies as utilized in self-driving cars, face recognition system etc. that are computer
vision, sensing element fusion, RFID tag and deep learning. Amazon hasn’t yet revealed how these technologies work
in co-ordination with each other but we have tried to explain the functioning of Just Walk out Technology according to
the working of Computer vision, Sensor fusion and deep learning,RFID tag.

The use of RFID will simplify shoppers’ experiences at stores and will allow stores to operate in a “no lines, no check
out” fashion. This simplified shopper experience will be desired, because the customer will only need to grab what they
need, and do not need to wait in the dreadful checkout lines. The “no lines, no checkout” experience the Amazon Go
store has is due to the use of sensor fusion; specifically, passive RFID tags. RFID Tags store data similarly to barcodes;
however, the tags do not need to be near or insight of the reader for the reader to scan the item. This will allow to the
store to work autonomously, where the only staff members will be maintainers. RFID will both revolutionize a new
method of shopping that will change the convenience store market, leading to improvements in the shopping
experiences by saving time for the consumer. At the same time, Amazon will be able to gather even more information
about consumers than was possible before, allowing for more directly targeted marketing. Moreover, as time
progresses, more companies will likely adopt similar technology, moving this type of merchandising to various
categories of storefronts across the globe. In short, Amazon Go stores are going to change the way that consumers shop
for good.

Il. LITERATURE SURVEY
1. “The Research of lot based on RFID Technology”
In this Internet of Things is the third flood of worldwide data industry following PC, the Internet and versatile
correspondence organize. The International Telecommunication Union proposes four key application advances of 10T:
RFID innovation, sensor innovation, shrewd innovation and Nano innovation. RFID innovation, which is short for

radio recurrence distinguishing proof, is presented in this paper. The foundation, meaning and engineering of loT is
right off the bat displayed, at that point is the RFID innovation, including its parts, standards and guidelines. Based on
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it, uses of 10T framework bases on RFID innovation is exhibited, for example, product offering and coordinations
administration, sustenance security supervision, healing facility resources, staff and compartment administration, and
checking for mineworkers. Among these, EPC loT framework is uniquely laid out, which is made out of RFID
equipment, Savant middleware and the Internet framework. Finally, the advancement of RFID innovation in our nation
is displayed. In spite of the fact that there are a few troubles at exhibit, we trust that RFID innovation will be
additionally created and developed to give more helpful administrations to clients later on.

Disadvantage:

e Although readers can scan through most non-metallic materials, they have problems with metal and water.

e The fact that you can scan multiple objects in a range is a benefit, but also comes with possible issues that can
cause malfunctions. Tag collision may occur if a reader picks up signals from multiple tags at the same time.
Reader collision may be an issue if two readers interfere with each other's signals.

o RFID systems are still typically more expensive to set up and use than alternative systems such as optical
scanning.

e RFID also brings up some security issues. Unauthorized devices may be able to read and even change data on
tags without the knowledge of the person who owns the object. Side-channel attacks can pick up RFID data as
it passes from a tag to a reader, which could give the attacker access to passwords or information that should
be secure. Some states have privacy statutes to restrict activities that might use RFID technology to collect
personal information.

2. *“Preview on Structures and Algorithms of Deep Learning*

Profound learning proposed by Hinton et al is another learning calculation of multi-layer neural system, and it is
additionally another investigation field in machine learning. This paper portrays the structures and favorable
circumstances to shallow learning of profound learning, and dissects current famous learning calculation in detail. At
long last, this paper dissects inquire about bearings and future prospects of profound learning.

Disadvantage:

e Requires a large amount of data — if you only have thousands of example, deep learning is unlikely to
outperform other approaches.

o Is extremely computationally expensive to train. The most complex models take weeks to train using hundreds
of machines equipped with expensive GPUSs.

e Do not have much in the way of strong theoretical foundation. This leads to the next disadvantage.

e Determining the topology/flavour/training method/hyper parameters for deep learning is a black art with no
theory to guide you.

e What is learned is not easy to comprehend. Other classifiers (e.g. decision trees, logistic regression etc) make
it much easier to understand what’s going on

3. *“Sensor Fusion”

Sensor fusion is consolidating of sensory data or information got from different sources with the end goal that the
subsequent data has less vulnerability than would be conceivable when these sources were utilized separately. The term
vulnerability diminishment for this situation can mean more exact, more total, or more trustworthy, or allude to the
aftereffect of a rising perspective, for example, stereoscopic vision (calculation of depth information by combining
two-dimensional images from two cameras at slightly different viewpoints).

Disadvantage:

o Inflexible to sensor changes and the workload is concentrated at a single point.

e Decentralized: Data fusion occurs locally at each node on the basis of local observations and the information

obtained from neighbouring nodes.

e No central processor node.
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1. SYSTEM REQUIREMENTS AND SPECIFICATION
Functional Requirements
e Sensors to sense the objects.
RFID tags
RFID readers to read the RFID signals.
Camera’s to take the images of the objects in the shop.
Technical person who is capable of handling the issues related to electronic devices.

Non-Functional Requirements
e Land to build a shop or mall.
e Visitors.
e Grocery items or eatables that should be available in the mall.
e  Parking slots for the users who enters the shop.

IV. TECHNOLOGY USED
WHAT IS SENSOR FUSION AND HOW ARE RFID TAGS INVOLVED?

Why does Amazon Go need sensor fusion for the store to work? Well, to better understand how the store would run
imagine you and maybe ten other workers standing throughout the store. You cannot move or communicate with the
other employees and it’s your job to determine the all the items the customers are picking up. It would be
overwhelming for one person to do that job. There are numerous customers to keep track of and you could be at an
angle where you cannot see if a customer is taking an item off the shelf.  WilfriedElemenreich, from the Institute of
Informatics, describes sensor fusion as, “the combining of sensory data or data derived from sensory data such that the
resulting information is in some sense better than would be possible when these sources were used individually” [3].
Dr.JitendraRaol, a doctoral research guide at Ramiah Institute of Technology, summarizes this idea into a computer
collects the images obtained from one or more sensors, then stiches them together to form one picture that will
accurately describe the location of the item [4]. Also, but fusing the images together the data being collected will yield
better results because it will increase the clarity of the image [4].  Essentially, Amazon Go hopes to enhance the data
being collected by the system of cameras, RFIDs tags and readers throughout the store. One way to look at how sensor
fusion works is to relate the camera system to the human eyes. We have two eyes to process the physical world, and by
having two eyes that have two different perspectives, our brain can fuse those two images together to into one picture
that will increase the clarity of the image and tell us how far the item is. This concept is comparable to the system of
cameras being used. Each camera is in a fixed location, allowing them to each have their own perspective of the image
being processor. When these perspectives are stitched together, this will result in a more detailed, accurate image.
However, Amazon knows that they cannot rely solely on cameras to accurately determine what item is picked up off
the shelf and if the customer put the item back. The cameras are in fixed location in the sore, there maybe a case where
the cameras could potentially have a blindspot. So alongside with cameras, Amazon will use RFID tags and readers to
determine when an item moves [2]. To summarize, there are RFID readers in the Amazon Go store and based on
where the RFID tags are in relation to the readers, the store will know if the customer moved an item on the shelf and if
the customer is leaving the store with the item [2].

WHAT ARE RFID TAGS?

RFID falls under the family of automatic identification and data collection; other examples within this family
include barcodes and QR codes. What makes all of them similar, besides being iterations of each other, is their increase
data storage and ability to store information that can be read later.
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1D Barcode QR Code

Fig 1:Representation of Storage Ability

The Material Handling Institute (MHI), the nation’s largest material handling, logistics and supply chain association,
explains how barcodes “use patterns of dark lines and light spaces to represent numeric or alphanumeric data”, a one
dimensional way to store information [6]. While “QR codes store information in a pattern of black and white squares
or dots, and can store considerably more information in smaller spaces than linear barcodes”, all of which is illustrated
in Figure 1 above [6].

Fig 2:Example of a RFID Tag

For RFID tags, on the other hand, they can store up to eight kilobytes of data compared to qr codes that can hold up to
three Kkilobytes [6]. A new popular use for RFID tags, as shown in Figure 2, is using them to store and validate your
banking information on your credit or debit card. This can be done by the additional storage capacity that RFID offers.
Another way RFIDs differ from the more traditional identifiers is how RFIDs are read.

Fig 3: Example of a RFID Reader

For barcodes and QR codes to be read, they must be inches away from the reader and in sight of the reader.
However, since RFID tags have antennas and an antenna can be added to a RFID reader, the tag can be a significant
distance away from the reader, compared to barcodes and QR codes, and does not have to be in sight of the reader
either.  With RFID, you do not have to stand in line anymore, waiting for your items to be scanned by a cashier. By
being able to be a distance away from the reader and do not need to be insight of the reader, RFID tags are a major
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contributor to Amazon’s goal to have no lines and no checkouts. You just have to grab what you want and walkout, all
because of Amazon’s “Just Walk Out Technology.”

Electromagnetic field

Transponder/Tag \ RFID Reader

| " {1cad ] \ = _
l _T ______ J & o ;jHE.(/I'.at.rcr.'L’(‘sl:I—E‘.DJM
_‘E A g r
- Power Power £
| [ I I ——- ~EEEE—— 1 I o | 1 ‘ 0 | 1
t Data Data t

=4 s ]
Fig 4:Simple Diagram Showing How RFID Works

RFID tags store data on a chip that can be converted into into radio-frequency [10]. As shown in Figure 4, when a
tag is in range of a reader, the reader will then intake the signal and send the data to a computer to compile the data
[10]. This process does vary on the type of RFID tag being used. As shown in Figure 5, there are three types of tags:
passive, semi-active, and active.

Tags and Features Passive Tag Active Tag Semi Passive Tag
Internal Power Source Mo es Yes
Signal by backscattering Yes Mo Yes
the carrier wave from the
reader
Response Weaker Stronger Stronger
Size Small Big Medium
Cost Less expensive More Less

expensive
Potential Shell life Longer Shorter Longer
Range 10 centimeters to Hundreds of Hundreds of
few meters meters meters
Sensors Mo Yes Yes

Fig 5:Difference Between RFID Tags

The main difference between the three types of tags is how different components receive power. Passive tags do
not have their own power source; they instead rely on the reader to provide power. The reader transmits a signal to the
tag, where there is radio-frequency (RF) voltage developed on the antenna that is then converted into DC power [11].
This then powers the chips that has the information stored on it, “which sends back the information by varying its front
end complex RF input impedance” (this is the backscattered signal shown in Figure 5) [11].  Semi-Active tags “use a
battery to power the tag electronics, but also depend on a reflected signal for communications” [10]. Figure 5 displays
how active tags are equipped batteries strong enough to power, “fullfeatured radios with their own transmitting
capability independent of a reader” [10]. Since, the “active” tags have a power source to power some of their
components, they have a larger effective range compared to passive tags [10]. However, in a store environment, the
tags do not need the range capability that the more active tags have. Also, “passive tags are the most common in cost-
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sensitive applications, because, having no battery and no transmitter, they are very inexpensive”, so passive tags would
be the best chose to use for a convenience store that has tags on the items themselves [10]. After reviewing the patient,
Amazon has stated that the RFID would power the tags once they were close range of the readers [2]. Comparing
the passive and active tags, it is clear that the

V. EXPERIMENTAL RESULTS

FINANCIAL IMPLICATIONS

Amazon’s usage of RFID will provide proof to the retail industry that while switching to RFID may demand high
upfront costs, the long-term profits easily outweigh the costs. One of the major roadblocks preventing the industry from
making the switch is the cost of the tags at face value. Mark Roberti, owner of RFID Journal, points out that when
purchasing in bulk, an individual barcode costs less than a penny, whereas a RFID tag costs about five cents [3].
However, as was previously mentioned, the cost of purchasing individual tags will be incurred much less frequently
with RFID, as they are rewritable, allowing modification and reusability. This will negate a small amount of the extra
costs associated with RFID tags, but most savings come from assessing the implications of making the transition to the
technology. Specifically, reading RFID tags is an incredibly fast process, especially compared to the traditional usage
of barcodes. RFID tags can be read in bulk, allowing procedures such as inventory counts to take place with extreme
speed improvements and therefore higher frequency. As is pointed out by RFID Arena, taking an inventory count with
current barcode technologies allows a speed of only 250 items per hour, whereas RFID tags can be scanned at speeds of
up to 25,000 items per hour [13]. With the ability to take inventory counts at such high speeds, Amazon will save
significant amount of money, as paid workers will work fewer hours. On top of this, inventory counts will be far more
accurate, since each tag has an individual identity. This eliminates inventory errors caused by scanning the same
barcode twice, reducing much of errors in stock counts attributed to common methods used today. The benefits only
grow when you consider the possibilities granted by the ability to read tags without line of sight, as this means that it is
not necessary to unload bulk quantities of a product stored in a crate or palate. With RFID tags, the entire stored
quantity can be scanned in an instant, without needing to unpack and then potentially repack said items.Next, RFID
tags are much more durable than competing options. If a product's barcode were to somehow become wet or damaged,
it becomes much harder to read, if it can still be read at all. In contrast, RFID tags are resistant to inclement weather,
extreme temperatures, as well as wear and tear. This is ideal for a retail environment such as Amazon Go, as
implementing their “Just Walk Out” technology leaves little room for errors in item detection and recognition. Oof
course, these details certainly prove that RFID tags are a major innovation when used properly in the retail industry,
especially when it comes to monetary incentives; but it is important to see how effectively they work in practice.
Fortunately, a few major department store chains have implemented RFID technology into sectors of their supply
chains. Notably, Wal-Mart started employing RFID on January 1st, 2005, providing an excellent proving ground for
retail usage of the tags. As is calculated by Software Engineer AchchuthanSeetharan, Wal-Mart saves nearly $8.35
billion annually purely due to switching their tags.

Retail Sustainability

Introducing this new shopping experience will certainly change the world of retail for the better. By practically
eliminating checkout lines, customers will be able to save a great deal of time when they shop, improving their general
quality of life. Furthermore, this effect won’t simply be limited to Amazon Go; competition drives the market to
improve. Therefore, in order to compete, other retail chains will need to introduce similar technologies. With this in
mind, Amazon Go’s stores won’t only improve quality of life for Amazon customers, they will also improve quality of
life for anyone going out to shop.  Dr.llias Vlachos, previously Reader in Logistics and Supply Chain Management at
Newcastle Business School, conducted an experiment, in 2013, to evaluate the impact of RFID in retail supply chain
performance. In this experiment eight variables for RFID applications: supplier warehouse, retail central warehouse,
retailer warehouse, retailer owned stores, standards, transportation, pallet level, and specialised software [16]. When
analyzing the data collected, there was significant results in the following supply chain performance factors: supplier,
inventory, distribution, ordering, plan, sales and forecasting [16]. Whenever there was RFID implementation at the
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supplier warehouse or the retailer’s central warehouse, there was significant impacts in supplier performance and
inventory performance, respectively [16]. To be more specific, both suppliers and retailers “have access to more
accurate and more detailed knowledge of inventory, demand and supply history” with the implementation of RFID
[16]. “[T]he performance of the of the distribution system, including products dispatched and inventory in transit, [was]
improved by 33.8% and stock availability [was] improved by 45.6% [16]. Dr.llias Vlachos states in his report that 45%
is considered a huge improvement, any improvement at all though should not be neglected in supply chain performance
[16]. Key performance indicators (KPIs) is a measurable value that demonstrates how effectively a company is
achieving key business objectives. Managers use KPIs to to aid them in important decision that will affect the
company. “By providing more clarity of information about KPIs across the supply chain, managers can make more
accurate and more timely decisions, which, in turn, allow for further lead time reductions” [16]. We live in a society
that goes by the motto “time is money”. With the amount of time saved, there is a vast amount of money saved as well
through the implementation of RFID. However, simply pushing RFID into corporations is not enough to have a
profound effect. As Vlachos states, “this wide application of RFID requires technical infrastructure that includes the
standardisation of data exchanges and the implementation of proper software applications” [16]. In other words, the
companies must also ensure they have the software to run a business with RFID. As was pointed out previously,
Amazon Go uses machine learning and sensor fusion, proving that they do have the technology capable of running a
store [1]. Once Amazon Go opens stores to the general public, they will likely see “improving operations, reducing
costs, and improving customer satisfaction” [16]. In order to compete, other stores will have to follow suit, leading to
higher customer satisfaction for everyone.

POTENTIAL CONCERNS WITH RFID TAGS.
Customer Profiling

The use of RFID tags has raised various concerns, especially in relation to the gathering of information and customer
profiling. As is pointed out by researchers at Marche Polytechnic University, using sensor fusion and RFID technology
allows Amazon to create incredibly detailed customer profiles [17]. This has a variety of implications on the retail
industry, as well as the specific design of Amazon Go stores. The technology implemented in the stores would allow
Amazon to perform analysis such as tracking customer paths throughout the store, determining item popularity for
individual demographics, and determining item popularity for specific customers, all of which have respective
ramifications.

To begin with, tracking customer paths through an individual store on a mass scale would allow the store to determine
the best design and product placement for sales. In this way, Amazon could effectively design the ideal grocery store
for consumers living in the general area, a major advantage in the retail industry.  Furthermore, as Amazon would be
able to track purchases by individual from both Amazon Go stores and their other retail markets, such as Amazon.com,
they could easily identify the type of items different demographics purchase. By comparing this data to information
concerning what demographics live in a certain location, Amazon would be able to develop region specific item
choices. Again, this is something that traditional grocery chains would not be able to compete with on the same level.
Third, Amazon Go’s technology would allow the company to track the types of purchases that individual customers
make. For example, it could determine a customer’s favorite foods, brand preferences, or how frequently they purchase
bread. When added to the similar information already gathered from Amazon’s other subsidiaries (primarily
Amazon.com), there is an incredible amount of customer profiling data available. This would allow countless
possibilities for targeted advertising, like reminding a customer to buy an item based on how often they’ve purchased it
in the past, or notifying a customer when an item they buy frequently is on sale. This type of profiling could raise
concerns about privacy for many consumers, as their purchasing decisions begin to be majorly affected by targeted
advertising.  The final and arguably most important ramification of customer profiling is the potential for Amazon to
sell customer data to other companies. As other competitors struggle to keep up with Amazon directly due to the
amount of information they have, it is highly likely that they will look towards Amazon to purchase said information.
Should Amazon choose to comply, selling customer information could become a major source of profit. As this
becomes more of an issue, the ethics of a company being able to profit from selling customer info will likely be
questioned by consumers, industry professionals, and government figures. However, due to the lack of publicly
available Amazon Go stores, it is unknown what the future will hold.
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Retail-Specific Complications

While using RFID tags is financially beneficial to Amazon Go, there are various complications that could arise for both
Amazon and the economic future. First and foremost, as many have been quick to point out, Amazon Go has high
potential of being a major job killer [18]. According to the Bureau of Labor Statistics, grocery stores employ 856,850
cashiers in 2015 [19]. By introducing Amazon Go, Amazon will be creating stark competition to the modern version of
grocery stores known today, as the checkout process will be much faster. Therefore, most grocery chains will likely
need to look towards similar technologies in order to compete. If they don’t follow suit with Amazon, there is a chance
they could be run out of business. Eliminating cashiers reduces a major cost for the company, allowing a lot more
annual revenue, especially compared to competitors that will lose some customers to Amazon. Simply put, a large
chunk of these jobs will likely disappear over time due to Amazon Go. Leaving such a high number of Americans
without work will undoubtedly have a negative impact on the economy. While it isn’t Amazon’s responsibility to solve
this issue, it is still a major consideration, with the potential of leading to new regulations for automated stores such as
Amazon Go.

On another note, Amazon has yet to elaborate on how they will deal with the issue of returning items to shelves. Of
course, detecting an item has been returned to its original position is a simple procedure, but scenarios will not always
be quite so easy. For example, suppose a customer is ready to leave the store, and then decides he do not want one of
the items in his basket. In a customary grocery store, the customer could just tell the cashier they no longer want the
item, so that the cashier could return it. Alternatively, some customers may decide to put the item down in the incorrect
location, possibly because they forgot where they picked it up. These situations are especially important for items that
are perishable without refrigeration, such as milk products. With Amazon Go’s customer cart tracking system, these
situations are either not possible, in the case of handing the item to a cashier, or would result in the item staying within
the customer’s virtual cart. Of course, Amazon could allow the customer to manually remove the item from his cart
from his phone, but this would provide increased opportunity for theft. Finally, Amazon has shown that their concept
involves a customer scanning his phone upon entry into the store, but that only accounts for a single customer.
However, customers do not always shop independently; it is common to see a parent bring his children to the grocery
store along with them, for instance. This scenario would require the store to somehow detect that the customer and his
children are within the same group, and the items they purchase should all be a part of the same shopping cart. With
current information about Amazon Go, it is impossible to know how Amazon will solve these issues, so only time will
tell.

THAT’S HOW AMAZON GOES

Through the application of sensor fusion and passive RFID tags, Amazon is hoping to revolutionize the grocery retail
industry through introduction of Amazon Go. While retailers have looked to speed up checkout by using self-checkout
lanes in the past, no retailer has gone as far as Amazon, creating what they label as “Just Walk Out” technology.
Upon the launch of Amazon Go, customers will have the option to choose a much more efficient grocery shopping
experience, by simply entering the store, grabbing their items, and leaving. They no longer have to worry about
scanning each individual item at the checkout; their cart will already be tracked digitally through the use of RFID
technology.  As popularity for Amazon Go stores grows, other stores will be forced to look to similar technologies to
compete, and the entire industry may domino into a revolutionized new way to shop, as was initially introduced by
Amazon Go. No doubt, Amazon Go is the shopping experience of the future, as well as one of the first major examples
of automation decreasing the demand for human works for basic occupations, such as cashiering.  Arguably, Amazon
Go will not only shake up the grocery retail industry, but has the potential to change the entire general retail industry,
and likely the economy, by setting new standards for customer experiences.

VI. CONCLUSION
This technology is a boon in the modern era as it saves time & human labour. This technology has the potential to
change the lifestyle of the masses for forever if implemented properly. Just walk out technology uses Sensor fusion,

deep learning and Computer vision which are or can be prominently used in Self -driving cars, Robotics and Artificial
Intelligence.
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