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ABSTRACT

This  paper  explains  the  development  of  a  wireless  network  system  implemented  to
streamline grocery store checkout procedures. The design employs a wireless telemetry
network  consisting  of  a  base  station  and  wireless  motes  (Micaz  MPR2400)  that  will  be
located on certain aisles, and attached to shopping carts. This system allows customers to
scan items while they shop and uses cashiers for payment purposes only. The objective is
to minimize the amount of processing performed by cashiers in order to reduce waiting
times in line. The system was tested in a simulation environment and waiting times were
reduced by 65%.
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INTRODUCTION

Grocery stores are dynamic environments where people and carts are almost constantly
moving  without  pattern.  Today,  a  typical  grocery  shopping  experience  consists  of  a
customer walking into a store with a cart or a basket, carefully picking the products and
placing them into the cart or basket, having each item individually scanned at the
checkout counter, and paying the balance. But because the process of scanning each item
is so lengthy, checkout lines form and customers grow impatient. During peak shopping
hours, high customer flow and customer anxiety make the problem extremely acute. This
is a serious concern for grocery store managers, who want their customers to have the
most enjoyable shopping experience possible.

 This  paper  describes  the  design  of  a  wireless  sensor  network  system  that  can  be
implemented to streamline grocery store checkout procedures. First, the system
requirements  will  be  analyzed,  and  then  the  focus  will  be  on  the  design  concept.  The
paper will outline the main components, hardware and software processes, testing,
validation and verification procedures, and the final project results.
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GROCERY STORE APPLICATION

The proposed design was a wireless network system, consisting of a barcode scanner for
each  shopping  cart,  a  base  station  and  a  set  of  wireless  motes  that  will  be  located  on
certain aisles, and may be employed to improve customer flow and reduce the waiting
lines. This system utilizes a mobile wireless module (attached to each cart) to allow
customers to scan the items while they shop, permitting them to only require the cashier
for payment purposes. Cashier stations have a direct connection to the main computer
where the base station resides and simply input the shopping cart ID to retrieve the
shopping list and print out an itemized receipt.

The motes are capable of detecting incoming signals from the scanner and broadcasting a
signal to the base station through a mesh network. When a message arrives at the base
station, the information is queried from the main database in order to retrieve the product
description and price. The item is then added to the cart shopping list and sent back to the
mote which updates the information on the display (product description, price, and total
balance).

DESIGN

The designed grocery store system consists of three fundamental functions: reading
product barcode information, retrieving and updating information from the database, and
updating the display. These functions are performed in an iterative manner as depicted by
the main flow of the system in Figure 1.

The process is initiated by the customer when he triggers the barcode scanner. The
scanner reads the barcode and the information is relayed to the mote, which will
communicate wirelessly to the base station. When the barcode is received at the base
station, the database is updated and queried to retrieve information such as item name and
price. This information is sent back to the mote, which in turn updates the price and
information on the display. This process is repeated until the customer finishes shopping.
At this point, the shopper will go to a cashier station in order to begin the check out
process and pay the total balance.
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Figure 1. Flow Chart

FUNCTIONAL DECOMPOSITION

The wireless module attached to the shopping cart consists of four main components: a
barcode scanner, a wireless mote, an LED display, and a set of input buttons.
Additionally, the grocery store must have a base station connected to a computer where
the base station resides, and might have additional motes located at strategic points
throughout the facility (in order to overcome obstacles).

Figure 2 depicts the level-two functional decomposition. The system may receive two
types of input: a barcode, or a functional input which will be received by the mote. The
mote contains a Microcontroller (MC) and Radio Transmitter (RT).  The RT in the mote
is  responsible  for  properly  transmitting  the  data  from the  MC to  the  base  station.   The
base station has a mote connected to it as well, and thus has a MC and RT but it does not
need to add or subtract balances, it will receive the information from the mote, transmit
information to it, and signal the main computer connected to it to update the shopper
database, that is, the list created by each shopper’s scan. Therefore, it is able to handle the
communication between the database and various carts (with motes).  The main computer
performs operations which involve updating databases such as the shopping lists, and
inventory and recording the total number of customers in each cashier line at any given
time.
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Figure 2. Level Two Functional Decomposition

SOFTWARE

The  wireless  communication  software  manages  all  the  data  being  transmitted  from  the
external components as well as the wireless transmission.  Since software would need to
be installed on each mote, a low power consumption was required in order maximize
battery life.  TinyOS, which is based on nesC, complies with the previous requisite thus
making it the best candidate for the software development.

Barcode/Button data reception and data packet transmission

This was the most elaborate part of the design; the software created here was dependant
on the interfacing of the hardware parts, and thus, in learning a new programming
language. For this phase of the design, TinyOS, an operating system designed for
wireless sensor networks, was used because of its low power consumption. The packet
transmission from mote-to-mote, and mote-to-base station was created following the
steps  of  the  programs  which  were  provided  as  examples  and  tutorials  with  minimal
changes other than the information being sent over the network.

Server Database

Data retrieval was performed in the main computer, to which the Base Station was
connected.  The base station, the nucleus of the wireless network, needed to have access
to the main store inventory (found on the main database). The information read by the
scanner was sent over the network by the mote at one end-point and received by the base
station at the other.  From there, the computer searched the store inventory database in
order to retrieve product information, and then the Base Station transmitted this
information to the requesting mote (guided by the mote ID number). Once the mote
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receives the information, it  is  sent to the display unit  via the USART ports in the mote
and adapting it to be received as a TTL signal by the display unit.

PostsgreSQL was used to manage and organize information such as the health status of
each mote/shopping module, shopper lists, and inventory items into database tables.  This
database tool was chosen due to its current integration with our main mote
communication interface, Moteview.  PostsgreSQL offered ease-of-use to control the data
coming from the modules.  The base station provided the necessary values (mote ID
number and barcode) to query the database on the main computer. As a result of this
query, the information mentioned previously was inserted into their respective tables.

 Microsoft Access was used for managing the raw data and converting it into usable
tables for maintenance of inventory, real-time shopper data and service time tables.  The
Inventory Items table was accessed by the modules whenever a barcode was provided
and similarly, the database was queried, and the shopping lists were updated accordingly
(by adding or deleting) product descriptions and prices. Once the customer was ready to
checkout, the cashier would enter in the cart ID number into its MS Access interface to
begin  a  series  of  queries.   The  cashier  collected  the  shopper  list  activity,  based  on  the
module ID number that was entered, and displayed those items and its corresponding
information  on  a  receipt.   Another  query  released  a  timestamp  of  when  the  module
checked-out, and this value was sent back to the database so that any activity/items in the
list BEFORE the timestamp were erased.  This was to ensure that the next shopper using
the same module would have a new list. This process was performed during the checkout
event.

ELECTRICAL DESIGN

The most important requirements to be met in the Electrical Design were power control
and signal conversion. Since each electrical component needed different power levels, a
proper amount of power has to be supplied to the components to maintain system
functionality.

Power Considerations

Below, Table I summarizes power consumption for each component. The mote operates
at three volts which is easily realizable with two AA batteries at 1.5V each. A standard
Energizer® Lithium battery is rated to 3000 mAh or milli-amp hours. When the mote
processor is in active mode, the power consumption is approximately 24mW. When the
mote  is  communicating  wirelessly,  the  transmitter  consumes  1mW of  power.  The  LCD
display module operating voltage is 5V and the power consumption is 500mW. The
barcode scanner requires 7V and consumes 14W of power. In order to supply the various
power needs of the wireless module, the design includes five AA batteries in series. This
will provide about 7.5 volts, and will be capable of running for about 2.7 hours assuming
normal use. Normal use was defined as the barcode scanner being active for 50% of total
time, as well as the mote processor. The transmitter would be active about 10% of the
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time, and the display unit being active 100% of the time. This leads to an average current
draw of 1.06A.

Table I. Power consumption for each electrical component.

Mode Current Draw Power
consumption

Approximate
hours of use

Active 8mA 24mW 125Mote
(Processor) Sleep 15uA 45uW 66667

Transmit (max) 17.4mA 1mW 3000
Idle 20uA 60uW 50000Mote

(Transceiver)
Sleep 1uA 3uW 1000000

Scanner Active 2A 14W

Display module Active 100mA 500mW

Important Considerations

Continuous communication between the motes and the base station was a critical
requirement for the system. However, the wireless components (motes and base station)
have a maximum communication range of 30 m. Although the project was intended to be
a proof of concept, one of the goals is to eventually manufacture a real prototype, which
should be able to function in any grocery store. Given that many grocery stores have a
size that exceeds this 30 meter radius limitation, a mote mesh network topology was
implemented in order to satisfy this requirement. As described in Figure 3, this approach
results  in  a  self-healing  network  that  allows  motes  to  communicate  with  each  other,  so
that the base station may be accessed either directly or indirectly through an alternate
mote. Individual motes will be fixed at different locations within the store to guarantee
that at any given time a mote will have another wireless component within a 30 meter
range.

Figure 2. Mesh Network Topology
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SYSTEM BUILD

The display was connected to the Microcontroller in the mote by directly using the logic
transmit/receive pins in order to allow the mote to send all the characters that need to be
displayed. This type of connection, also called TTL interface, is illustrated below in
Figure 3.

Figure 3. TTL interface with microcontroller

Barcode detection was accomplished by using the IR-200R scanner which has an RS232
(Recommended Standard 232) serial port which was used to connect the scanner to the
microcontroller  on  the  mote.   The  “receive”  and  “transmit”  pins  on  the  scanner  serial
connection (pins # 2 and 3 respectively) were connected to pins # 14 and 15 on the
ATMega128L microcontroller in order to allow communication.

Both the scanner and display were connected to the mote, which was able to
communicate with the other motes or with the base station. This communication was
made  possible  by  using  the  Zigbee  Wireless  Protocol,  which  was  chosen  over  WiFi  or
Bluetooth given that it mainly involves lower power consumption and cost. In order to
allow the motes and the base station to communicate with each other, they were
configured using MoteConfig and MoteView; two wireless network software packages
provided by Crossbow Technologies. MoteConfig configured and programmed the
motes, with parameters such as ports, mote ID, and transmission frequency. Once the
motes were communicating, the network was analyzed by using MoteView.
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RESULTS

 A simulation model was built using Arena (a simulation software package) in order to
test expected results in a grocery store scenario. Store specific information was requested
from  Mr.  Clyde  Tune,  the  general  manager  at  Fry’s  Foods  on  Grant  Rd   and  1st Ave
(Tucson, AZ). He provided information regarding average number of customers per day,
average scheduled hours per day, cashier scanning rates, and average number of items per
customer. These parameters are described in Table II.

Table II. Information provided by Fry’s Foods General Manager
Description Value
Number of items per customer 30 - 50
Scanning rate 100 items/minute
Number of customers per day 3300
Cashier hours per day 75 - 100

The original scenario consists of Fry’s current scenario. It was developed using the
parameters given by Mr. Tune, and was verified and validated to ensure that it actually
represented the real system. After running the simulation for several replications, the
maximum waiting times were recorded for each one of their six available cashiers.  The
maximum waiting times occurred in cashiers 1, 3, and 4, and have maximum times
ranging between 8.38 and 10.26 minutes.

The wireless scenario was constructed by using the parameters retrieved from the
wireless communication results. The scanning rate used for the original scenario was
substituted  with  the  communication  time  (time  for  the  cashier  station  to  access  and
retrieve information from the main database) which turned out to be 2 seconds. Similar to
the  original  scenario,  the  simulation  was  run  for  several  replications  and  the  maximum
waiting times were recorded for each one of their six available cashiers.  The maximum
waiting times occurred in cashiers 1, 3, and 5 and have maximum times ranging between
2.67 and 3.45 minutes.

As  a  result  of  the  implementation  of  the  wireless  grocery  system  within  the  store,  the
average of the maximum waiting times for the six cashier stations was reduced by 69%.
The average time was decreased from 8.41 minutes to 2.58 minutes.
The simulation parameters for the grocery store system were set in a conservative
manner: although the inputted scanning rates were the ones given by the manager, they
were significantly higher (faster) than the ones that were observed during the observation
visits. This will affect the simulation since the waiting times for the original scenario will
be somewhat higher than what they actually are. However, this change makes our results
more robust in the sense that the time reduction will be greater when compared to the
observed system.
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CONCLUSIONS

A  wireless  sensor  network  in  a  grocery  store  is  an  innovative  wireless  network
application, since it involves a dynamic environment. By developing such an application,
the system was built to minimize power consumption and optimize communication
ranges. Based on the results from the simulation, the system is expected to function
properly  in  a  real  grocery  store  scenario.  It  complies  with  all  of  its  initial  expectations,
satisfying the product goal of reducing waiting times in line. The results were tested
within different store scenarios, and the product is expected to reduce waiting times in
line by 69%.

The wireless shopping system functions can be upgraded with the addition of sensors. A
voice recognition sensor can be added to the cart module to detect voice commands (such
as  the  name  of  an  item).  The  information  received  from  the  voice  recognition  sensor
would be queried from the database in order to retrieve the location of the item. The item
location (isle number) will be displayed in the unit in order to help customers to quickly
and easily find their products.

Another feature that could be added is the estimated waiting time in line. This could be
done by calculating the current number of customers at each cashier, and sending arriving
customers to the shortest line by displaying the cashier number on the unit. This would be
expected to further reduce the waiting times in line. Also, a security feature could be
added to each unit, by installing a weighing system in the cart (similar to the ones at the
self-service checkouts) in order to prevent items from being put inside the cart without
first being scanned.
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