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Now days, due to busy routine life, people forgetvater their plants. In this
paper, we present a completely autonomous andteeffestive system for
watering indoor potted plants placed on an everfaser The system
comprises of a mobile robot and a temperature-hityngknsing module.
The system is fully adaptive to any environment &aices into account the
watering needs of the plants using the temperdtuneidity sensing module.
The paper describes the hardware architecture ef ftilly automated

Keyword: watering system which uses wireless communication communicate
Mobile Robot between the mobile robot and the sensing modules §ardening robot is

completely portable and is equipped with a Radiay&eacy Identification
RFID . (RFID) module, a microcontroller, an on-board wateservoir and an
Temperature-Humidity Sensor attached water pump. It is capable of sensing théenmg needs of the
Water Pump plants, locating them and finally watering themocenatmously without any

Wireless Communication human intervention. Mobilization of the robot teethotted plant is achieved
by using a predefined path. For identification, RRID tag is attached to
each potted plant. The paper also discusses tladedetmplementation of
the system supported with complete circuitry. Tapgy concludes with the
system performance including the analysis of theemearrying capacity and

time requirements to water a set of plants.
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1. INTRODUCTION

Plants are a pleasing addition to any house oo patithe very least, they add color and interegtin
shapes to a bland room. In the late 1980s, a diydyASA and the Associated Landscape Contractbrs o
America (ALCA) [1] resulted in excellent news foorheowners and office workers everywhere. This study
concluded that common decorative houseplants sachamboo palms, money plant, snake plant, ficus
benjamina, Chinese evergreen and spider plantsmyptmake indoor spaces more attractive but al$o toe
purify the air we breathe by absorbing toxins actihg as little oxygen factories. They've also beeoven
to reduce stress . Plants simply make us feel bbfteeasing mental fatigue and improving air quyalit
Therfore plants are an indispensable part of éer li

Unfortunately, many plants die each year due taffitsent watering. We've all seen the brown,
withered leaves about to fall off. Now a day, daebusy life routine owners either forget to taleecof
these precious possessions, or they just don't tianeeto take care about their watering needs. Wéiering
techniques used till date are either, stagnantnamgbortable or they are very costly. In this cse “Plant
Watering Autonomous Mobile Robot” will do the neeldby providing a cost-effective solution to this
problem.

Moreover today, labor and security are the lar@@stiors. More than 30% of the total production
costs are spent on wages of the employees. Thegbareasons why already many years ago, reseash
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focused on the automation of the most tedious apetitive tasks in horticultural activities and gro
production [2]. Moreover, in India the major contés security. People are reluctant to let worlemger
their house due to their personal security in thbsence especially in metropolitan cities. Theesgswill
act as their personal gardener and will be a boothie people who love grwoing plants but cannobhagg
them due to their busy schedule.

A similar system was developed in May 2003 as & pamtel Research, “A Robotic Plant Care
System” by Kevin Sikorski [3] which watered plamtsthe Intel Lab. The system used laser range fate
locate pot plants in the lab environment. But y&tem had several shortcomings. Firstly, the systasinot
cost-effective, the approximate cost of only thgan@omponents of the system like SICK Laser Range
Finder, sonar sensors and Pioneer 2-Dxe Robot &asminted to approximately $9000 (Prices accortting
ActiveMedia pricelist June 2002). Moreover, apadni that, the system uses wireless network of Intel
Research Lab. Secondly, in spite of using such bag range finders, the laser range finders fdibedork
sometimes as the Lab contained surfaces that vestdehto laser reflections e.g. the glass doonirdly, the
pot plants were considered to be circles when tlddelby the range finder, with an assumption thdy on
circular base pots were used, but in real life agerthe shape of the pots can vary from being =qt@a
hexagon to a circular one.

Another system, “PotPet: Pet-like Flowerpot Rohmy” Ayumi Kawakami, Koji Tsukada, Keisuke
Kambara and ltiro Siio developed in 2011 [4] islavierpot-type robot called PotPet. The system exmabl
each plant to physically move autonomously as lalhts are placed on the robotic structure equippi¢ial
wheels. The PotPet automatically moves to sunngeglan search of sunlight. Moreover, it moves adoun
people to grab their attention when in need of waants also express their happiness when watstieer
by people or rain. But, this system requires eactied plant to be equipped with all the sensors thu
increasing the cost of the system with each newllyed pot. Secondly, if there are large numbersot$ p
moving here and there, the people in the vicinitghihget disturbed. And finally, the system doesiwtually
water the plants; it just grabs their attention aschinds the user to water the plants making theenvey
operation manual rather than completely autonomous.

Another system with the same purpose is ‘A Smadt&y for Garden Watering using Wireless
Sensor Networks’ by Constantinos Marios AngelopsulSotiris Nikoletseas and Georgios Constantinos
Theofanopoulos which was also developed in 2011[Bhis system waters the potted plants by analyzing
their soil moisture using sensors and waters theimguhe attached valves. The problem with thisesyss
that it is not portable; the valves are always chigal to the potted plant spoiling the beauty of the
environment. Moreover, each potted plant is equippéh separate sensors and valves for wateringghwh
increases the cost of the system as the numbetiafdpplants increase.

Keeping in mind all these parameters, the “Plantéftag Autonomous Mobile Robot” developed
by us is a cost-effective, portable, compact argilyeanaintainable system that will solve the problef
watering plants and will efficiently water the pattplants. It will ease out the work of peoplelss $ystem
is completely autonomous and will prevent the gdmm dying by providing timely and adequate antoun
of water to them.

The next section (Section 2) talks about the waykémvironment of the robot. It describes the
System Layout (Figure 2) and the main design caimgt and assumptions taken into considerationewnhil
developing the system. Section 3 - Materials anthbl#s, discusses the various hardware componeats us
in the development of the system and the overatking of the autonomous robot. It describes in itl¢ta
flow of control along with module wise working atfte circuit diagram of the complete system.

Section 4 depicts the results and analysis of farit Watering Autonomous Mobile Robot”; it
contains a graphical analysis of the performandh@tystem and evaluates the time and water esgaints
on the basis of number of pots. Further, Sectiand Section 6 focus on the conclusion and endteesith
the future scope of the system stating the impre@rmand further additions that can be made toreehthe
performance, usability, reliability and efficien@f the system. Figure 1 shows the Architecture haf t
Autonomous system depicting its complete functiiyal

2. THE WORKING ENVIRONMENT OF THE ROBOT

The area to be watered by the Autonomous MobiledRoan be any field with plants placed in a
line along the predefined path which the robot fallow.

The path to be followed by the plant has to belblat white background due to the LDR sensors
that absorb light and differentiate between thersobn the basis of amount of light absorbed byntheach
plant has an RFID tag placed on it. The range efRFID EM-18 Reader Module is about 4 inches. The
plant needs to be within 4 inches of the autonomob®t. The RFID tag has to face the RFID Reader
Module. The wireless Xbee modules used are cordijtw interact with each other forming a network.

Plant Watering Autonomous Mobile Robot (Hema N)
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The system can carry only limited amount of wateone go since the water carrying capacity is
one liters due to the weight the DC motors canedribhis also restricts the number of pots and the of
pots to be watered.
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Figure 1. Architecture of the Autonomous System

Since a DC power is supplied to the water pumpgthdiguration of water pump is taken to be 12V
or less. The water pump is triggered using a 6Myrelhich acts like a switch but instead of physjcal
touching it to switch it on/off we supply voltage toggle it. For a relay to trigger, an externald power
supply is required.

The temperature and humidity sensor module is tplheed near the plant so that desired values
can be obtained for proper functioning of the syste

The height of the potted plant is taken as perhisight of the mobile robot so that water can be
easily dispensed to the plant using the water pipe.

3.MATERIALSAND METHODS

The Plant Watering autonomous Robot comprises dfidwo Duemilanove controller which has an
Atmega AT168 microcontroller that has a pre-ins@lboot loader, so one can download code to thedboa
using only a USB-serial connection. The code writiea Arduino Software can be uploaded to the
microcontroller using the A-B USB cable.
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Radio Frequency ldentification (RFID) Reader Modptevides a solution to read passive RFID
transponder tags from up to 4 inches away. RFIB #ag placed at each potted plant.

Temperature and humidity sensor HSM-20g moduldasqul on the plant to sense the temperature
and humidity values of the plant and analyze it¢eviag needs [6] [7] accordingly. XBee is a wiraes
communication module that Digi built to the 8024lZigbee standard. The main feature of the
802.15.4/Zigbee wireless standard is that it camfself-healing mesh networks [8] . It is usedrEmsmit
the temperature and humidity of the plant to thditeovehicle wirelessly. Since we are using a XBeees
2, the Outdoor RF line-of-sight range is 120 m #relIndoor/Urban range is 40 m which is quite sigfit
for the system developed.
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Figure 2. Plant Watering Autonomous Mobile Rob8lystem Layout

The Plant Watering Autonomous Mobile Robot willlfat a predetermined path that will bring it in
close proximity to plants. Using an RFID (Radio dgrency Identification)-tag on it, it will detecteémearby
potted plant placed within 4 inches. The tag isdetd by the RFID reader module EM-18 placed on the
mobile robot. The robot senses the plant’'s tempezaind humidity, locates it, waters it [9] and thoues on
to the next plant.

The plants are placed along the path the autonomahat will follow. Wireless sensor nodes are
placed both on the robot and in the plants beimgccfor. The temperature and humidity sensor inplhets
provide a continuous stream of data reflectingrtbigite while the sensor node on the robot thaives the
data acts accordingly .

A small electrical water pump triggered by a relaysed to deliver water from the on-board water
reservoir to the plant. Once the robot has watafkthe plants it will return back to a specifiediqt at the
end of the path in the reverse position so thearit again begin the watering if it senses thapthet is again
in need of water. In the case when the water @haie the robot has exhausted it will quit examinthg
plants and returns back for manual refilling of evaih the water reservoir. The detailed descriptibrthe
system is given below.

Plant Watering Autonomous Mobile Robot (Hema N)
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e Module 1 comprises of: Zigbhee Module [10] (Acting a transmitter), Arduino Duemilanove board
(Microcontroller) and Temperature and humidity ser$SM-20g).

e Module 2 comprises of: Zigbee Module ( Acting aseaeiver), System with robotic wheels carrying
water, Two DC Motors with 360 degree rotation, ArduDuemilanove board ( Microcontroller), RFID
reader module EM-18, Relay ( For triggering theewgump), DC Water pump and a water reservoir.

In the first module, the temperature and humidagpsor module attached at the plant senses the
temperature and humidity of the plants in scrutijth the help of attached microcontroller i.e. theluino
board, it determines whether the plant needs watemot . The water requirement is determined using
predefined C code uploaded on the Arduino Boardgusiie Arduino Software. The module 1 component
provides a continuous stream of data reflectingsthte of the plants to be watered, while the semsde on
the robot acts according to the affirmative it getsn the plants. If the plant needs water accgydmthe
predefined temperature and humidity threshold regti{11] then a ‘Y’ is transmitted to the mobilebod
using Xbee transmitter placed on the plant to theeXReceiver placed on the Module 2 moving robot. |
according to the sensed temperature and humidityesaand the set threshold, the plant doesn’t requi
water then the Xbee Coordinator sends an ‘N’ tognsor node placed on the robot [12]. Figurea3vsh
the overview of the system.

Water Pipe to Potted Plant to be

Xbee End dispense water watered +— Q@
Device To the plant \ \
Water . /
T Rei:er;'mr HSM-20g Temperature and S J

Humidity Sensor

| RFID Reader Xbee Coordinator

— Module Module 1
RFID Tag Placed
Black on the Plant
Path

Module 2 DC Motor
Component driven wheels

Figure 3. System Overview of plant watering autooasxmobile robot

In the second module, on receiving a 'Y’ the sys&tarts moving on the predefined path with the
help of LDR sensors placed at the base of the autons vehicle. The path is made using a blackviinieh
the robot follows till it detects an RFID tag [1B®an RFID tag is identified by the RFID readerdute [14],
the robot stops for about 10 seconds to water #tected plant in need of water. As soon as theistag
identified the attached relay is triggered by giviha high voltage which turns on the attachedewaump
[15]. This water pump fetches water from the onfbdoaater reservoir of the robot for about 7 secoaols
dispenses water to the plant. After the water immetely dispensed to the plant, the autonomouscheh
waits for 3 seconds and then moves again on thetpatontinue watering the rest of the plants. Thushis
way this Plant Watering Autonomous Mobile Robotevateach plant that comes on the way.

The control flow diagram in Figure 3 summarizes Warking of the Plant Watering Autonomous
Mobile Robot. The Figure 5 shows circuit diagranattihas been implemented for the Plant Watering
Autonomous Robot. Since the plants are placedsiuare field in a small area, the temperature df géant
is assumed to be the same and thus only one tetapeeand humidity sensor module is placed andlaiitp
are watered according to the values sensed bgéingor.

In case of a huge area spread in kilometres, thérde a need for more than one temperature and
humidity sensor to be placed. The capacity of theboard water reservoir is taken to be one litrélavh
performing the experiment. The RFID Reader Modslanounted along the left side of the autonomous
mobile robot. By placing one more RFID Module t@ thight side, the efficiency of the system can be
improved as now the system will be able to waterglants coming on both sides simultaneously. lItvat
have to take another round for the plants placedsoright side. This will reduce the time requireg the
system considerably.
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Figure 4. Control Flow Diagram of the System
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Figure 5. Circuit diagram of Plant Watering Autormue System

4. RESULTSAND ANALYSIS
The Plant Watering Autonomous Mobile Robot is desiykeeping in mind all the shortcomings of

all the existing systems.
On comparison with the already existing systemsmatering the plants indoors, as discussed in the

introduction section, our system design emergedi@uiie efficient in terms of portability when comed
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with the ‘A Smart System for Garden Watering usiigeless Sensor Networks’, as the above mentioned
system is stagnant and valves are attached foringtthe plants which lay all around the plantsitapg
their natural beauty,

User ease and maintainability were the areas winerelesign proved to be better when compared
with the system “PotPet: Pet-like Flowerpot Robas' the PotPet system doesn’t actually water thetgl it
just alarms the user to water the plants manudlhe system is also not easily maintainable as thete
when large in number roaming here and there afiewifto manage unlike the design proposed in laiper
where there is just one completely autonomous rdieibwing a predefined path without disturbingeth
people nearby.

And finally it has an edge in terms of cost effeetiess when compared with the ‘A Robotic
PlantCare System’ by Intel which is discussed itaillén the next section. The Figure 6 below shdkes
System snapshot of the Plant Watering Autonomousilgl&Robot:

On- board Water

Reservoir Water Pipe
RFID EM-18
Reader Module
Motor Driven  —
Wheels
» LDR Sensor
for path
> following
Figure 6. System Snapshot
Table 1. Cost Analysis of exisiting automated paatering system
Intel Research PlantCare System* Plant Watering Autonomous M obile Robot
(Major Components)
COMPONENT QTY COST** COMPONENT QTY COosT
SICK Laser Range Finder 1 $5000 Arduino Duemilanove3 Rs 1600
Pioneer 2-Dxe Robot Base 1 $3995 RFID EM-18 Readeér Rs 800
Module
Lead-Acid batteries 3 $68.44 DC Motors 2 Rs 300
Sonar Sensor 8 $236 Relay 1 Rs 50
Xbee Module 2 Rs 5000
Temperature and 1 Rs 800
humidity sensor HSM-
209
Water Pump 1 Rs 250
LDR Sensor 2 Rs 50
Total Cost (Approx) $9299.44 Total Cost Rs 885060)***

*Apart from this it uses the wireless network ofdinResearch Lab.
**Prices as per ActiveMedia pricelist June 2002
** According to the conversion of Rupees to Dol[d$=Rs 56)

Plant Watering Autonomous Mobile Robot (Hema N)
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4.1 Cost Analysis

On comparison with the already existing system kbgeal by the Intel Research Lab, “A Robotic
PlantCare System”, our design of the Plant WateAngpnomous Mobile Robot emerged out to be very
cost-effective. Shown below is the cost analysibath the systems stated with the distribution astdor
different sensors and equipments used.

The difference in cost of building the system igéand Plant Watering Autonomous Mobile Robot
is almost 50 times more cost-effective.

4.2 Performance and Evaluation

The autonomous vehicle uses DC motors with rpraiat per minute) of 180. Once an RFID tag
is detected, on average the system needs 10 setmnmeser the potted plant. After another 3 secpiitds
continues further on the path towards rest of faatp coming on the way. If in total 50 plants plgced on
a equal distance of 20 centimeters, then approgiméine needed is ((180*10*50)/60) +
(3*50)+(9*49)=2001 seconds=33.35 minutes. The watarrying capacity of such a system will be
400*50=20000 milliliters.

Corresponding is a relationship between no. of potstime:

Number of Potted Plants

60

50

40

30

20 ——10

10

Number of pots

Time in MiNUteS ——— —

Figure 7. Analysis of time and water requiremeitsoading to the number of pots

The table 2 depicts the calculations for the nundfepots, the time taken by the robot to water
those plants and the total amount of water requmedilileters to perform the watering operatiorisiance
between each pot is 20 centimeters.

Table 2. Calculations showing timing and water rezraent for different numbers of pots.

No. of pots  Time(in minutes) Water (millileters)

10 6.67 4000
20 13.34 8000
50 33.35 20000

5. CONCLUSION

In this paper, we presented a completely autonoragsiem which helps in watering indoor potted
plants that are arranged along a predefined pdib. mMobile robot is capable of performing three main
functions of sensing the watering needs of thetplam need of water, locating them and finally wistg
them autonomously without any human interventiohe lSystem comprises of the autonomous vehicle,
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Arduino microcontroller, the RFID reader moduleg ttvater pump, the relay, temperature and humidity
sensor (HSM-20g), and the Xbee device for wirelsm®mmunication. The performance of the individual
components has been assessed in the laboratogrioys experiments.

The calculations for the number of pots wateradetrequired by the system to water the selected
set and the water required in milliliters have bdepicted. The System performance had been evdlbgte
plotting a graph between the number of plants \eat@nd the time required by the mobile robot tdquer
the watering operation indicating that the systemat only cost-effective but also efficient inrtex of time.

6. FUTURE WORK

In future, we plan to use solar panels along wéthargeable batteries instead of 9V batteries in
order to make our system efficient, reliable andl sestainable in terms of energy consumption. e a
plan to incorporate to our system the ability tonenaged remotely. This will be done by allowingtzess
and control the system with the use of web-servieas via Android smart-phones).

Plant detection can be done by using a wireless @&hera instead of RFID tag. This will reduce
the cost of the system considerably. Moreover, ghme can be used for path planning and obstacle
avoidance for the mobile robot.

Furthermore, the plant water requirements can bkscanalyzed by extracting the present day
temperature and other required values by remotarsgof satellite data.
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