
Abstract--- Autonomous navigation in mobile robotics 

generally requires solving two problems pertaining to the 

localization and navigation of a mobile robot in an 

environment not known with certainty. The localization is 

done using RFID tags, which gives the information about the 

position. The RFID tags act as waypoints to guide the robot to 

the desired target. The tag ID of the waypoints is stored in the 

robot’s memory. Our proposed technique will be useful for 

real-world robotic applications such as pharmacy dispensing 

system. Each rack of the Pharmacy system is fitted with an 

RFID tag. A robot mounted with an RFID reader navigates 

along the racks using the position information from the RFID 

tags. The RFID reader checks the signal from the RFID tag 

and estimates the robot’s position. Once the robot reaches the 

target rack, a counter circuit keeps track of the number of 

drugs loaded from the particular rack based on the user-

defined count. Experimental results show that the proposed 

system is time efficient and reduces manpower, human prone 

errors and the complexity of the pharmacy infrastructures. 

Keywords--- Counter Circuit, Localization, Navigation, 

Pharmacy Dispensing System, RFID, Target Rack.  

I. INTRODUCTION 

AVIGATION robots help humans in positioning and 

orientation for performing specific work such as human-

robot interaction, providing guidance, transportation etc. 

General robotic problems include robust navigation and 

localization techniques. The navigation of robots can be done 

in indoor and outdoor environments. Localization techniques 

can be of relative localization and absolute localization 

varying in their procedure. The existing methods have more 

localization errors causing orientation problems. 

Navigation techniques proposed in existing literature face 

crisis related to complex image processing algorithm, 

expensive hardware and prior knowledge about the 

environment. The novel idea behind RFID systems is that path 

planning algorithms are simplified to IR sensor based track 

detection and locomotion. 

Radio Frequency Identification (RFID) Technology is 

widely used in robotics because of its ease of use,                  
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cost-effectiveness, and scalability. RFID tags are used in the 

human living environment by using them under carpets or 

flooring materials and also they are reliable against wear and 

tear, vibration, dirt. This technology can give knowledge about 

location information but it is tedious to calculate it due to the 

property of the antenna. For identifying the location and 

orientation, RFID tags should be present within the sensing 

range of the antenna. Sensors used in mobile robots are 

usually small, inexpensive and lightweight. 

Conventional navigation strategies are influenced by noise, 

precision error, sensor drifts which may result in cumulative 

positioning errors. The posture and orientation of the robot in 

its workspace are affected due to the sensors which make the 

robotic system vulnerable to machine errors. In most of the 

studies, RFID systems have proved to be the most efficient 

alternative technique for localization.  

In a traditional Pharmacy environment, the drugs 

dispatched are counted manually which is time-consuming and 

prone to human errors. This method requires human resource 

round the clock. This paper deals with automating the 

Pharmacy Dispensing system with the help of mobile robots. 

In hospitals, these robots help to deliver drugs to inpatients 

from the pharmacy. The robots are equipped with a counting 

circuit which is mounted on it.  

The current manuscript proposes a novel localization and 

navigation technique that uses an RFID reader mounted on a 

mobile robot and a number of tags positioned in the robot’s 

working environment. The tags define the robot’s trajectory. 

The IR sensors help to sense the path of the robot depending 

upon the absorption coefficient. Thus complex path planning 

algorithms are not required. DC motor drives the vehicle 

based on the commands received from the controller. It 

controls the speed of the vehicle by its applied voltage across 

its terminal. The controller that is used is Arduino 

Microcontroller which is fed with the commands. Counter 

helps to check the number of drugs delivered to the patients. 

RFID systems have applications that improve the quality of 

business, inventory and customer experiences in various 

industries. 

II. LITERATURE SURVEY 

Hallmann et al.[1] designed a robot which can navigate in 

a partially known environment. 16 infrared sensors and a gray 

scale camera mounted on the robot help the vehicle to map the 

robot’s environment based on the information fed by the 

infrared sensors.  Robot navigation algorithm exploits natural 

landmarks in addition to artificial landmarks. For instance, 

Betge-Brezetz et al.[2] guided a mobile robot in an unknown 

environment focusing on the high-level representation of the 
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natural scene. The landmarks used in this research expressed 

natural objects generated from perceptual data. In order to 

locate robot in its workspace, the processor has to perform 

complex image processing algorithms and pattern recognition. 

Robot position estimation can be improved by tracking visual 

features in the environment which are used as landmarks. 

Without any prior knowledge about the landmark positions, 

this estimation returns bearing to the visual features only. This 

technique has its own drawbacks which comprise of complex 

image processing algorithms with the high computational 

burden, lack of information depth and interdependence with 

the robot’s environment. 

 Park et al. [3] proposed a method for localization and pose 

estimation for mobile robot navigation using passive radio-

frequency identification (RFID). Identification of tags and 

measurement of the robot’s pose is based on the relationship 

between the previous and current location according to the 

RFID tags. Gueaieb W. and Md. Suruz[4] described a 

navigation technique that uses a customized two-antenna 

RFID reader mounted on the robot and a number of tags 

attached in the robot’s workspace. The tags are used to define 

the desired trajectory of the robot.  

RFID tags are positioned as artificial landmarks placed on 

specific locations in the robot’s environment to communicate 

with the RFID readers mounted on the mobile robot. This 

information is used to estimate the robot’s position. Khubitz et 

al. [5] documented navigation system in which the artificial 

landmarks are the RFID tags. The tags memory is pre-stored 

with the environment position, environment class, and global 

position. Certain navigation systems in artificial environment 

use tags as artificial landmarks for a robot that is equipped 

with an onboard computer, an RFID tag sensor, and a vision 

system. The tags are placed at specific locations and the RFID 

reader is mounted on the robot itself. This methodology is 

specific only to a known environment and requires a 

substantial amount of customization for it to navigate in a new 

environment. Chae et al. [6] said that the combination of RFID 

and vision technology would help in the localization of the 

mobile robot. By incorporating signal detection from artificial 

landmarks given by the RFID tags, global localization is 

achieved. This algorithm inherits the shortcomings of vision 

based algorithms. Hence, RFID technology used in mobile 

robot systems concentrate mainly on the robot’s localization 

rather than its navigation. 

III. METHODOLOGY 

A. Robotic System 

RFID system comprises of RFID tags or transponders 

which are used to retrieve and store data that can be accessed 

from remote locations. The components of RFID System 

include the reader, RFID tags, Arduino Controller, infrared 

sensors, DC motor, and counter. By using passive RFID tags 

the needed power for data transfer is given by non-contact 

technology by the RFID reader. They communicate by using 

inductive coupling. The communication between the reader 

and the tag can be of two types differing from their 

applications. They can be near-field and far-field applications. 

In near-field systems, the distance between the reader and the 

tag is less than 30cm whereas, in far-field systems, the 

distance is greater than 30cm. Readability of the tags will not 

be changed due to dielectrics like water and metal in near-field 

applications. When the tag is being sensed by the reader, the 

motion of the robot is halted. A pair of DC motors is used to 

control the wheel motion. The speed of the robot depends 

upon the voltage applied to the DC motor. The robot designed 

with RFID technology is implemented in Pharmacy 

Dispensing System. The infrared sensors can be used only for 

the indoor environment because of its bad performance in 

bright sunlight. The sensor will not be able to distinguish the 

light source. So this technology will be helpful in Pharmacy 

Dispensing System. A counter is incorporated to verify the 

count of drugs that is delivered from the pharmacy to the 

inpatient ward.   

 

Figure 1: Block Diagram of RFID System 

i. RFID Reader 

An RFID Reader is basically an interrogator which 

establishes communication between the robot and the tag data 

which gives information about the particular rack in the 

pharmacy. The reader connects with the tags that are located 

in its range of operation. Once the reader senses a particular 

tag it searches for certain criteria that can be fulfilled only by 

the target tag ID. The reader uses its inbuilt antenna to acquire 

information about the target tag and other tags in its 
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waypoints. This data is then given to the Arduino 

Microcontroller which does the work of processing and 

interpreting the information fed into it. Reader antennas 

capture the electrical signals and convert them into 

electromagnetic waves. These waves are then acquired by the 

tag’s antenna which translates it back to electrical energy. 

RFID tag is accessed by a reader which is fixed on a mobile 

robot. The data in the tag is made available for the robot’s 

controller. 

ii. RFID Tag 

The tags present in the RFID system are used for tracking 

purpose. They are tiny in size, which can be attached to the 

antenna for localization. There are different types of tags such 

as security tags labels, asset tags, hang tags etc. These tags are 

etched with a code named Electronic Product Code, which is 

stored in the robot’s memory. Usually, the tags are made of 

PolyEthylene Therephtalate. 

 

Figure 2: Block Diagram of RFID System 

iii. Controller 

There are many types of Arduino depending on their 

features it is being divided into Arduino Deicimila, Arduino 

UNO, Arduino Leonardo, Arduino Due, Arduino Nano, 

Arduino Mega, Arduino LilyPad etc. Arduino Mega 2560 

provides a great development platform for 8-bit 

microcontroller applications. The advantages over the Uno or 

other previous-generation Arduino boards are additional I/O 

and serial ports and plentiful code space in the Mega.  Arduino 

Mega has the ability to export code from one hardware device 

to another and supports platform independent code 

portability.  

iv. DC Motor 

The movement of the DC motor is dependent upon the 

voltage being applied across its terminals.  If the voltage 

applied to the motor terminal is proportional to the speed of 

the wheel rotation. This principle is used to control the 

forward movement of the robot by altering the duty cycle of 

the pulse applied to the motor (popularly known as PWM 

control).  Before feeding it to Arduino microcontroller the 

receiver decodes the command to drive a DC motor through 

motor driver IC. As the output of the microcontroller, PWM 

(Pulse Width Modulation) is generated. For coding either 

Assembly language or Embedded C is used. The average 

current flowing through the motor or the average voltage is 

given changes depending upon the duty cycle (ON and OFF 

time), thereby the movement of the robot will change 

accordingly. For receiving PWM signals and delivering 

desired output for speed control of the DC motor, the motor 

driver IC, and the microcontroller is interfaced. 

v. IR Sensor 

The basic principle of operation of an infrared sensor is 

that infrared light is reflected when it is hitting an obstacle. An 

IR receiver receives the reflected light and the voltage is 

measured dependent on the amount of light received. These 

sensors are employed in a wide range of applications like 

proximity robotic applications for determining distance and 

object detection or color detection and tracking. The 

disadvantage is that IR sensors performances bad in strong 

sunlight and so implemented in indoor applications. The 

advantages include the low cost of these sensors. When an 

infrared sensor is implemented for object detection, users 

should have knowledge about the minimum and maximum 

range of the sensor that is used. 

vi. Counter 

An object counter is an electronic circuit which can be 

used to keep track of the number of objects entering and 

exiting through it. The wide range of applications includes a 

number of people entering and exiting a mall, number of 

students in a class, automatic parking slots monitoring etc. It 

consists of two variants: 

1. Laser diode with LDR combination 

2. IR led with photodiode combination 

The first variant can be used where the distance between 

the source ie. The laser diode and the sensor i.e. LDR is large 

whereas the second variant can only be used for short 

distances and it is comparatively less accurate. Majorly 

optical interruption counters use a light bulb along with light-

dependent resistor (LDR) or a phototransistor as the sensor. 

The interruption counters work well only in darkness and  it 

cannot be used in outdoors due to the chances of false 

counting of light sensed from other light sources such as sun, 

light bulb etc. They have an infrared sensor that can sense   

modulated frequency of the infrared beam. A small transmitter 

circuit has an IR LED that is used to emit modulated IR 

signals. The transmitted IR signal falls on the IR 

receiver.When the object interrupts the path of IR beam falling 

on the sensor, the triggering circuit gets activated to trigger the 

monostable multivibrator. The output of the multi vibrator 

improves the count of the 4-digit counter-cum-display driver 

to count on 7-segment, common-cathode displays. The 

infrared interruption counter circuit comprises of the power 

supply, infrared interruption counter stages, and transmitter.  

vii. UART 

A universal asynchronous receiver or transmitter is a 

computer hardware device that helps to translate data between 

parallel and serial forms. They are commonly used in 

conjunction with communication standards like TIA (formerly 

EIA) RS-232, RS-485 or RS-422. The electric signaling levels 

and differential signaling is taken up by a driver circuit which 

is placed external to the UART. It accepts bytes of data and 

the individual bits are transmitted in a sequential manner. 
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Figure 3: Flow Process 
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In destination part, a second UART re-assembles the bits 

into complete bytes. They contain a shift register, which 

performs the fundamental method of conversion between 

serial and parallel forms. In the Serial transmission of digital 

information, i.e. bits through a single wire are less costly than 

parallel transmission via multiple wires. 

The flow process describes in detail robot’s navigation. 

The tag ID is stored in the memory of Arduino controller. The 

target station number and drug’s count are given as input to 

the robot by a pharmacist. The robot begins to navigate. With 

the help of infrared sensors, the robot is able to identify the 

trajectory. The target tag is located by the robot’s reader by 

reading its tag ID. After reaching the target ID the robot halts. 

The robot checks for the drug count which is to be matched 

with the user defined count. The drugs are delivered only 

when the count is matched, else the robot waits till the count is 

matched. After the count is verified, the robot automatically 

navigates to the pharmacist 

IV. EXPERIMENTS AND RESULTS 

A. Experimental Environment 

The robot was experimented in a totally unknown 

pharmacy environment. It was able to identify the target ID 

when the command was given by the pharmacist. 

 

Figure 4: Mobile Robot with a RFID Reader in an Unknown 

Pharmacy Environment 

Initially, the pharmacist enters the target station tag 

number (drug station) and number of drugs (count) to be 

fetched. 

 

Figure 5: Robot Halts after Identifying the Target Tag 

The robot begins its navigation after the input is given. The 

robot searches for the target station tag number along the 

predefined trajectory. After identifying the drug station, the 

number of drugs to be delivered is counted and verified. 

 

Figure 6: LCD Displays on the Robot during Localisation, 

Navigation and Delivery of Drugs 

It then automatically goes to the pharmacist. The 

pharmacist enters the next target station tag number i.e., the 

corresponding inpatient’s number and the robot navigates and 

delivers the drug to the right inpatient’s room. 

 

Figure 7: Navigation towards Inpatient Ward and Subsequent 

Delivery of Drugs 

The tag sensitivity was determined based on the distance 

between the tag and the reader.   

B. Experimental Results.  

This experiment aims navigation of mobile robot in a 

workspace where tags are arranged in a linear fashion and in a 

parallel fashion. When a calibrated signal source was applied 

to the RFID tag, the minimum power required to get a 

response at a distance of one meter from the source was 

measured. The following tag sensitivity graph was generated 

for the specified tags based on their frequency. Two 

commercial tags were in the same environment to experiment 

their sensitivities to the other tags. 

 

Figure 8: Tag Sensitivity vs. Frequency 
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The c paper tag was not as sensitive as the two commercial 

RFID tags and therefore may not be suitable for certain uses. 

This level of response from the c paper tag antenna would be 

adequate for straight line or parallel fashion tagging and 

tracking, making it a viable alternative to traditional RFID tag 

manufacturing and cost constrains. 

 

Figure 9: Comparison of RFID tags based on Read Range 

Most tag mount situations are 'average'. To typically 

deploy/test is difficult because the environment will change 

over time. With the 224 tag, an effective working range of 40’ 

can be planned and confidently 100% reads will be achieved. 

If minor optimization are done, solutions will work 100% of 

the time at over 60' using the AD 224 can be worked out.  Free 

space is an unlikely scenario however, traps based on free 

space can be created especially when longer range 

surveillance is needed. This just tests the maximum range of 

the tag. To create an optimized environment, a clear view of 

the tag, metal reflectors to help signal bounce and a low-noise 

environment is needed.  Rarely an optimized situation in a 

deployment can be made -- but, when a long range 

surveillance on an item is needed, we can.  In fact, this 

optimization can use RFID as a trip-wire because any 

disturbance in the force will cause loss of tag view. 

 

Figure 10: Throughput of the Different Wireless Technologies 

Throughput of a wireless network can be measured in two 

ways. One is based on the air signaling rate, this is mostly 

quoted on packaging. The other method measures how quickly 

the payload data can be transferred, which is the most efficient 

method.  

V. CONCLUSION AND FUTURE ENHANCEMENT 

Our proposed method is useful in Pharmacy Dispensing 

System for distributing drugs from pharmacy to patient’s 

ward. It checks the count of drugs before dispatching it from 

the pharmacy. This technique reduces time, cost, and errors 

thereby increasing efficiency. Further the robot can be built 

with the grabber that can be used to pick drugs more 

efficiently eliminating man power. 
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