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ABSTRACT

ZigBee is a new low complexity, low cost and low power wireless communication technology. ZigBee technology is
used to build a wireless sensor network and we must consider the energy saving and simple of algorithm in
designing routing algorithm for wireless sensor networks. As heuristic search algorithm of ant colony optimization
has the advantages of good distribution, strong global search capability, and the algorithm is simple to implement.
RFID (radio frequency identification) is a kind of automatic recognition technology of non-contact. The paper
proposes using ant colony algorithm to construction wireless sensor Zigbee and RFID routing. Smulation results
show that the algorithm can effectively achieve balanced energy consumption of nodes.
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INTRODUCTION

Mobile Ad Hoc network is a mobile wireless netwaystem is new; it does not need any fixed basditfesj
communication between nodes with other mobile nddawing multi hop communication. Because the nekwo
fast, flexible, strong survivability, convenienteuand wide range of application, so it is a hotsgatetwork and
communication technical field. From the researchtent, the network layer protocol Ad Hoc is the éwagis and
difficulty in study and the Zigbee routing algorithis the core technology of network layer protocols

Energy is exhausted, or a change in the environieawt to node can not work normally, the wirelessmork

quality of service will be reduced, which can leadnetwork is not reliable, this requires the netweoouting

protocols need to have certain network redundateyensure the reliability of data transmission. 8ese the
topology is constantly changing, which directlyesffs the energy consumption of nodes, the netwodlity of

service and routing structure, therefore need wing protocol can converge to the optimal pathgrider to adapt
to the new topology is better, reduce the energysemption of the nodes, to improve data transmissapability
of nodes.

The application field of RFID is more widely, suds public security, production management, logstic
management, traffic management and other fieldsAlthough the RFID technology has been a certaigree of
development, but in the large-scale applicatiol exist many problems. One is between the reading device
and the server using a wired connection; the réagsition is fixed, not in urgent cases tempotang rapid
networking, and transmits the data to the servemaatically to satisfy the requirements of rapidrstierm.

ZigBee routing algorithm based on ant colony opation, the algorithm to improve the quality of\dee network,
improve the average life span of the network rautimde, the optimal path for any two nodes in teévork,
improve the success rate of packet transmissiotineasame time, balance network bandwidth, delay savings,
and to restrict them, ensure the overload congeatidhe network, the important data without deteydiscarded.
Ant colony algorithm shows it in the routing of eiess sensor network advantage.
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When the network QoS intensive applications, othi transmission of data coherence have specialreggents.
For example, in the need to obtain the monitorestii@ real time, the network is required to morbesent view
information. However, the dynamic changes in thisvoek topology, signal will lead to network when REHEY'S
bad, it is difficult to guarantee the reliability wireless communication transmission process. 8enithe users of
the QoS network when the demand is higher, to éimgpwrotocol for wireless sensor technology foghiQoS
design. The paper proposes using ant colony akgorib construction wireless sensor Zigbee and RBLIing.

2. Design Routing of Zigbeein WSN by Ant Colony Algorithm

Ant colony algorithm is a kind of bionics basedtdizited parallel nonlinear optimization algorithia,a bionic
algorithm of ant colony search path simulation lssBiologists found that ants looking for foodthe process, by
the group to find a path from the nest to food patid ant colony and strong ability to adapt to ¢éhgironment,
such as when the ant colony through appearing edahnrier, the ant system can always find agaieva optimal
path, through the unremitting efforts, bionic stign finally found: ant colony is looking for fooith the process,
will be in the path left a unique secretary substar pheromones, other ants within a certain racge detect the
substance and thus their effects on the path fipditnen the number of ants through a path on atiomg, the path
of the pheromone concentration is bigger alsoaditsn to ants is higher, therefore, form a positieedback
phenomenon, namely the path through the numbentsf the ants will more likely he pass throughphth.

In the algorithm, each ant like ant colony optintiza algorithm, based on its experience and perdoe in the
network, dynamic update routing table [2]. If art &nin the network caused a delay of more becaitee routing
congestion, and it is on the table to make largdraacement. At the same time according to the phene
volatilization mechanism to realize the system iinfation update, thereby abandoning the routingrin&tion out
of date. So, the current optimal routing congest®@R algorithm can quickly searches another adttive optimal
path, so as to improve the rate of load balano tlae use of network. At present, the study in #sigect is still on
the rise, because the nature and characteristit®eadsynchronous evolution algorithm for distrdzliinformation
structure, non stable stochastic dynamic charatiesiof communication network and the networkestaid ACO
are very similar.

The IEEE802.15.4 specification is an economic cedfit, low data rate (<250kbps), wireless technpling2.4GHz
and 868/928MHz, above the network layer protocekttgped by the ZigBee alliance, IEEE802.15.4 ipoesible
for the standard physical layer and link layer. Tdwenplete ZigBee protocol suite by the applicat@fnhigh
standards, convergence layer, network layer, aisciata link layer and physical layer and compmsit

Ant colony algorithm is a new heuristic optimizatialgorithm with a kind of ant colony system, basedthe

principle of self organization ability. The basidneiple of ant colony system, ant colony systesuglly referred to
as the ant colony system) used to pass informgileeromone trail and the heuristic information goicka to

construct solution [3]. Artificial ant colony is bipe foraging behavior of real ant's revelationtleis behavior,
which can find the shortest path between the fandce and the nest of ants. Initially, the anta random way to
explore the area around the nest, once an ant $iowhe food source, it will assess the quality amahtjty of food,

and carry the food back to the nest, as showrgirfi

Fig. 1. Path selection of ant colony foraging sour ce point to the node

As shown in Figure 1, through the search angle ttistriction conditions, the initial number of argsarch is
defined as number of boundary nodes within thecbesange theta angle, this can be avoided by &id tauses
the search speed is slow.

Establish the communication path between the semsbithe observer for storage; cooperative sensoitgcting,
processing, publishing information is the basicction of sensor networks. A group of sensor coliabon features
limited to complete large perceived task is an irntgrat characteristic of the sensor network, senstwork part or
all of the nodes can be mobile, sensor networkltampyowill be with the mobile node and the contineaynamic
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changes. Each node can act as a router's roleg\arg node is capable of dynamic searching, pasitgp and
restoring the connection.

The algorithm mainly the optimal multi hop path déng from the cluster head node to the sink ndige basic
idea of the algorithm is: (1) network nodes in thester to cluster, the largest diameter of inttester into 2 jump --
intra cluster nodes to the cluster head node distmp to 1 hop; cluster head the node to the rsdale routing
search by ant colony algorithm. (2) The availabiergy of the node into the ant colony algorithm atmid the
excessive use of a gateway node for routing prod83sA group of "ant" agent with distributed exé@on of
parallel test, search from each cluster head notleetsink node routing.

The application layer includes the application abjerminal equipment and application interfaceelayand can
contain at most 31 application objects. Applicatiaterface layer will be mainly responsible for thdferent
application is mapped to the ZigBee network layesluding: security and authentication, multiplevéee data flow
convergence, device discovery and service discovEmg network layer is considered using the teabmplof
ad2hoc based network protocol, network layer costahe following functions: universal function, luiand
maintain the topology structure, naming and reldvediness, including addressing, routing and sgguself
organization, self maintenance, to the greatesinexeduce consumer spending and maintenance costs.

The entire alternate path basic idea of multipaghb&e routing algorithm is built close to the mpath, further is to
replace the node or nodes on the path is on tha pwth, either adjacent node on the primary patterid]. Its
basic principles can be summarized as follows. 3twerce node flooding route is request packet RREfDee.
Received the RREQ node in the confirmation of ttasle is not the destination node, without sendirgRREQ
conditions, the calculation of node and sent toupstream node link between its RREQ prices, véllritten into
the RREQ Cost domain forwarding this RREQ. Theidatsbn node according to all the RREQ packetsivece
within the specified time to extract the informatiof network topology construction, simple multipaZigbee
routing.

Multi hop routing can be divided into intra clustaulti hop and multi hop between clusters of 2stdu multi hop

refers to a sensor node in the cluster transferamdtion with other nodes in the cluster of relag information to
the cluster head nodes (when the entire sensoworiefield as a cluster, the inter cluster multi efers to a cluster
head node information through the base statiohasltister head node), he cluster head nodesay irdbrmation

that arrive at the receiving device base statiomenergy consumed for Formula 1.

ETx(l,d)=ETx-elec(l)+ETx-amp(l,d) (1)

Where: ETX (L, d) is indicating that the sendingl@mergy consumption; ERX (L) indicates that theerang end
energy consumption; Eelec emission circuit enemgysamption;e FS ande amp amplifier coefficient; d0 is the
critical distance.

Sensor nodes are deployed randomly hypothesiseimehwork, the network is a peer-to-peer structeaeh node
can receive data and send data [5]. However, eadh maintains a network node information tablearéigss of
the bandwidth, energy or storage capacity for ndisised capacity is huge overhead, so the selectioould be
routing method, each node knows only adjacent nopesservation of routing information limited to pnove
efficiency in the use of node. Usually s broadeashould forward ants (reactive forward ant) FAdjs,each FA (s,
d) contains group ID, algebra, time stamp, the amurode and the destination node information, aneérapty
stack, the stack is used to record the timestandptlae forward path. The first generation of antshesr ethnic
gueen, each ethnic group has ID.

The ad hoc network node mobility, network topoladyanges, thus to route connectivity must route teaamce.
The idea is that each node periodically broadaastssages to the neighbor node Hello. If in a gtirar after t, the
neighbor node has not received confirmation of ¢leflessage connection, the node is considered te aag
disconnect themselves, their road to link repaitufe of nodes will start the routing discoverpgess, in order to
build the new broadcast RREQ routing. If in a gitene asked Li to rebuild efficient routing, ancethsend the
data; if a route is not successful, is sent toRERR upstream node. Routing failure after firsaldink repair can
reduce the data transmission delay, improve pdcke$mission rate.

The basic ACO model consists of the following thi@enulas are described below:
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Where, M is the number of ants; n is iteratiorg ant location; J is an ant which can reach theasgtcan reach the
position set; as heuristic information, the patheh®y | to j visibility, namely; as the objectiverfction, here for two
Euclidean distance (Euclidean); the path from jl tlee intensity of pheromone; ant K from | to lea@heromone
quantity; the path for the right; as heuristic miation for the right path; pheromone quantity ehgoration
coefficient; Q as information quality coefficiemtnt K from the transfer probability position | mibto position J.

ZigBee is a new low complexity, low cost and lownss wireless communication technology. A compleatatqcol
stacks only 32 KB. And can be embedded into a #ané electronic information equipment. Due to teehnical
characteristics of wireless sensor network requér@s) so the ZigBee technology as the wireless aamvation of
wireless sensor nodes is feasible. We through pipdication of ZigBee technology are to build a Wss sensor
network. Due to wireless sensor networks with nodkulation ability is weak, node power (battery\pdes)
Limited, in the routing algorithm in wireless sensmetworks, must consider the energy saving andolsim
algorithm. Ant colony optimization as a heuristéasch algorithm, has the distribution of good, mirglobal search
capability, algorithm is simple and easy to achieve

Wireless sensor network congestion can occur inléwels: one is the same with the traditional nelamngestion,
is packet flow nodes need to transmit over thestrassion capacity, making the network queuing déatayease,
and even result in the loss of buffer overflow gratket; another type is congestion in wireless lael. The
wireless channel is a shared channel, adjacentsnmdlg at the same time a node using the wireleaarel. When
multiple adjacent nodes compete for the use ofwtineless channel at the same time, an access iviolatcurs,
caused the link level congestion, increase packebusiness hours, reduce the link utilization aretwork
throughput. For the design of event driven wirelssssor network routing protocol should adopt tless layer
design method, considering the state informati@mfrthe media access control layer and node caclhiagl,
balance and network congestion control.

Ant colony algorithm is a novel simulated evolutioy algorithm; preliminary studies show that thgoaithm has
many good properties. This paper introduces thée lzag colony algorithm model of AS principle, cheteristics,
structure and realization method, analyzed theoredse selection of the parameters of the basiccahiny
algorithm, gives the basic principle of algorithrarameters, is helpful for the promotion and apgilicaof ant
colony algorithm in optimization problems.

On the ant colony algorithm pheromone volatilitytbe performance of the algorithm and its effecthie practical
application of choice, can be analyzed by compsitaulation experiment and determine.

The relay way through radio waves to move data frova sensor to another, which makes the commuoitati
efficiency, is very high. In general, with increagithe communication distance, equipment complextywver
consumption and system cost are increasing. Comipaith the various existing wireless communications
technology, low power consumption, low rate of ZégBtechnology is most suitable for sensor netwtakdard.
ZigBee technology is suitable for carrying lessadaaffic, especially for sensor networks.

The introduction of a new constant, its range, teetbe ant K each path to generate a random nurabdr,after a
random number, the path will ant K is carried cztaading to the following rules..
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In the formula(5), where the node that currentated ant K is |, then the ant K from node i to ploent J moves to
follow the rules of using the formula PP expresssdequation(5). Ant colony algorithm is a randorarske
algorithm, and other simulated evolutionary aldorit through a plurality of candidate solution (hset of feasible
solution set) the evolutionary process groups &k $ke optimal solution, not only need the adapéibiity of each
individual in the process of mutual cooperationrenneeds group. In the search process has showpleorind
orderly behavior of ant colony, individual inforn@t exchange and cooperation plays a vital rol€&ffect of ant
colony algorithm in the number of m on the perfonee of the algorithm and its selection in real agpion, also
can be analyzed by computer simulation experimedtdetermine.

Wireless sensor network routing optimization iseesiglly a routing optimization problem solving riutriteria
QoS. Usually the wireless sensor network is abtdainto a weighted vertex set V and edge set &ctiid graph G
(V, E), where nodes set V={1,2,, n}, end pointaisy respectively represent the source node andi¢isénation
node, the other representing a forwarding nodeolfection of A elements called edge, with arc JIreloresents the
node i to node j, wherein I, J V, arc (I, J) E, adge (I, J) dynamic variable weights between nddesl Eij said J
routing metric or routing cost.

ZigBee device object (ZD0) a series of service igpibn objects and manufacturer defined used é&wark layer
and application layer interface. The APS sub ldher services provided by the data service entityBE) and
management service entity (APSME) to realize. APSPB&ess points through data service entity (APSBER) to
provide data transmission services.

In the model of ant cycle, released in the patlthef information content of Q ant cycle when the antoThe
general understanding is: the total amount of miion Q bigger, path in ant has passed on thearnton
pheromone accumulation speed, can strengthen thitiveofeedback performance of ant colony seareist f
convergence help algorithm. Due to various algarifparameters in ant colony algorithm effect is tiglsoupled,
which plays an important role on the performancehef algorithm is a heuristic factor expected hstigrifactor
information, and information remains constant Zapagters.

Ant colony algorithm by swarm intelligence can dbtéhe global optimal solution, has strong scalghitobustness
and adapt to the dynamic environment, is very blétdor wireless sensor networks and has receivtensive
attention in many research fields. At present, usatetwork routing algorithm based on Ant Colonptithization

for mobile self networking solution for ARH algdrin, ABC algorithm of telecommunication circuit sg¥ied

network load balancing problem.

3. Application of Ant Colony Algorithm in Building RFID Routing

RFID radio frequency identification is a kind oftamatic recognition technology of non-contact, Rinhal through
its automatic target recognition and access tovagliedata, identify the work without human intertien, it can
work in various environments.

Due to the adoption of RFID technology, the system automatically read RFID tags within the usésrimation,
without the need for manual input information rethto the payment process, the user does not oeduectly
provide the mobile phone number, therefore, asrtbiile phone number of user privacy is better mteid

Ants from point A (nest) starting, speed is the sathe destination point in D (food), may randorséect route
ABD or ACD. Assuming the initial time each distriimn line an ant, each unit of time walking stemph above,
after 9 time units when the situation: go ABD atatseach the terminal, and take the ACD ant justog@, for half
the journey [6]. In the after 18 time units when #ituation: go ABD ants arrive after the end tbfged returned to
the starting point of A, and ACD ants came to Dséming the ant every leave pheromone as a unit; 3 time
units, all start starting with the ants go throuliffierent paths made food from D, the ABD routesital from the 2
times, each pheromone is 4 units, while the ACDgaaund trip, each pheromone is 2 units, the iati1.

The RFID chip can be read-only, but also read tenmode, according to the application demand. Pasaarker
equipment adopts E2PROM (electrically erasable nammghable read only memory), easy to use speckictienic
processing device to write data. General labeliggipment in the factory is set to read-only. ThetcAlD
specification also includes deadlock command,dp ghe tracking process under appropriate circumst
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Sorting ant colony system introduced the conceptsaifting genetic algorithm, the basic principle tee
improvement of each ant release pheromone evaporaffected by their respective levels, accordiogheir
respective level to determine volatile degree.

a1
ﬂ.‘;"rj = Z (&_}_ a}r)ﬁru 3 &.ﬂf;m
B (6)

B4
ﬂuf'[.:'r. = 1 ¥
0
(7)

Where w is an ant generation path, and it is frbortsto long be sorted according to their respecpigth length, r
represents the grade shorter path length is higiret,k is vice versa. Therefore, in the update ghene, not
considering all of the ants, and it is only consiulg the "excellent" ant (said ant ranking), ashewn by equation
(6,7). The algorithm proposed in this paper hafahewing characteristics:

(1) Routing cost. The distributed routing decisiotts avoid the routing table in the network, rontaintenance
automatically in the data transmission processs tho¢ need the transmission process using addititaita package
and data transmission for route maintenance;

(2) Good adaptive ability. Ant colony algorithm feelf-organizing features make the algorithm catoraatically
adapt to the dynamic changes in the network statdtee node energy, algorithm robustness.

In RFID system, signal transmitter for differenfpépation purposes, will exist in different formthe typical form
of tag (TAG). Label the equivalent of bar code teabgy in the bar code symbol, used to store tteei e identify
the transmission of information, in addition, witte bar code is different, the label must be ableutomatically or
under the action of external force, the storedrimftion initiative launched.

The first cycle started, these ants were arrivatieB point and D point, since all the path onittigal pheromone
values are equal, it is assumed that the antsiaded into two parts from two paths in the optibaaso there will
be fifteen only to C, the rest of the way to F. ®eeond cycle, because half of the BFD is the lengtthe path
BCD path, thus BcD pheromone will be two timeseaBBFD, and thirty ants from the B and the D, agvahin
figure (c), the route choice probability formulbete will be twenty ants to C and B admiral D, éauts left to F, and
so on, the path to the BCD pheromone will be mokraore, so that the ants will choose the optirasthp

Each from the source node to the destination nqdé;¥Wansmission of data packets, and it is the edginaf a
path to enhance the ant. The path is enhancedebgrthpheromone to achieve cast mechanism, natmelygh the
modified node pheromone to achieve in the datastréssion process. Optimal path will automaticafpear in the
process. Automatic optimization mechanism can enautomatic selection of optimal path in the desaagmission
process of ants. As with real ants, it is the phemoe concentration, not permanent. Changes indheentration of
pheromone through two mechanisms, and it are pramesmand pheromone evaporation enhancement.

This algorithm is seeking the optimal multi hop lp&étom the cluster head node to the sink nodefiaati ants
according to formula (3) choose the next hop naady need to explore the neighbor nodes, insteaallaiodes
except the list nodes, the total computation timm@sreduced. PSACA algorithm is a distributed palralgorithm,
artificial ants from the boundary node set outibal the optimal path, the sink node. So, the timmglexity of the
algorithm can be used in the worst situation amifical ants search only met to consider.

4. Using Ant Colony Algorithm to Construction Wireless Sensor Zigbee and RFID Routing

Ant colony algorithm is a bionic optimization algfom of intelligent behavior of ant colony a simidld insect
kingdom of latest developments in. It has stronigustness, excellent distributed computer systers @asy to
combine with other methods, the source of thoughtature in ant colony foraging for food processthe process
of feeding, the ant will release related to patigta of the pheromone on the path it through, p@tlonger, the
smaller amount of information release. Then the @an exist and the concentration of pheromoneepéon, to

guide their direction of motion, and tend towarkle pheromone concentration high direction. Thea,cllective

behavior of ants will show a positive feedbackrdbrmation tendency.
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In wireless sensor network, each node needs to khewnformation of adjacent nodes, including eashnection
round-trip time, available bandwidth, and the plnevaoe values. In order to accurately reflect thevoet status,
need to be connected in sending the HELLO messeigettbn with the neighbors, update the routingrimfation.
The HELLO message includes a transmitting nodeditbestamp, and available bandwidth. HELLO messageye
time (such as one second) broadcast again. The/ireg@ode to the news, with the current time mitius time
stamp to calculate RTT, then check the messagesniodéhe neighbor table, if you update the valuethie
corresponding table neighbors, if not add the rinftgmation in the neighbor table.

At present, the routing algorithm design featunes ase the energy of ZigBee network itself effezliivhas become
an important research topic in ZigBee network. A énergy resource, computing power and bandwidfigBee
nodes in the network are very limited, and the ZgBiodes are usually powered by batteries, thetefeuse of
ZigBee network's lifetime depends heavily on enerfjthe batteries, the effective use of node enaryy prolong
the network lifetime in ZigBee network is crucial.

RFID access to consider this problem, in this dedige privacy issues are saved in the IBS or sémvihe leakage
of information, such as personal data. RPS confirtiat a user's privacy rights and privacy polisg matter

when, in the IBS server or receive security infaioraserver query events will be transmitted to RS, the RPS
server check user information and gives the udeilgme level.

Above the columns of the TSP problem as the rekeabgect, 0.5, 0.6, algorithm of the parameter rinfation
heuristic factor taken as ant cycle: total quanfity: a week by the release of 1, pheromone renwicomstant 1,
the stop condition of the operation is adjacent lwap search optimal solutions in difference oklésan 0.003 the
number of ants, and make changes to m={12,23,3k48&xpected heuristic factor 7}. The simulatiogules on the
performance of the algorithm affect the numberrdaéa

In this paper, through the Matlab programming, itmproved ant colony algorithm, the traditional amiony
algorithm is analyzed and compared. This papercsele00 nodes randomly distributed and each trezssom
process of data fusion, here, the assumption #et rode transmits and receives are of a fixed452@bit data. In
the range of 403m*210m, the base station is locate®5600), in the range of 340m*350m, the baa#ost is
located at (50200). Ant colony algorithm parameteting are 564343. Experiment 1000 times. Accaydo the
network size scaling network scene area is to ragirat constant node density.

Impact on the performance of the algorithm andéigction in practical application, it can be amatyby computer
simulation experiment and determine. Above the roolsi of the TSP problem as the research object,aand
heuristic factor in ant colony algorithm ant colamymber 0.9, M = 65, the algorithm parameters tasant cycle:
total quantity Q = a week by the release of 1, plmame remaining constant simulation on the perfocaaof the
algorithm affects the results as described in thlowing table. Display: stop condition and opevatiof two

adjacent circular searches for optimal solutionglifference of less than 0.001, combined the h&arfactor of

different values.

This paper presents an algorithm of Zigbee wiretessor network based on ant colony optimizatioainiénance
of distributed memory mechanism of this algoritheing ant colony adaptive optimization mechanism amd are
selected and the routing path, through optimizimg data transmission path and the remaining engfrgyodes,
network balanced energy consumption, prolong theard lifetime.

CONCLUSION

The paper proposes using ant colony algorithm testraction wireless sensor Zigbee and RFID routing/VSN,

each sensor node in the routing process and théoraging optimization behavior has great similgriherefore,
routing algorithm based on ant colony optimizatiordesign WSN is feasible on theory. Based on thésput the
sensor node simulates the ants, the selection rfosepath simulation into ant foraging path choleuristic

information path simulation into ant release in gieeromone on a path, we propose a routing algoriihsed on
ant colony optimization.

The ant colony optimization ZigBee routing algonittshows unique advantage in the routing of wireksssor
network, and it can improve the service qualitytbé network, prolong the service life, saving thastcof.

Therefore, the ant colony algorithm routing protoios sensor networks based on a great deal ofitidte Due to
the positive feedback principle, coordination ahd tmplicit parallelism more so that it has greavelopment
potential, and can be understood as a reinforcetaanting algorithm of special. According to theyBee routing
strategy and ant colony optimization features, #nsl structure of sensor node. This algorithm hatter energy
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saving and global optimization ability, and imprdte performance of network, to achieve networkmjgaation.
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