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ABSTRACT

The level of urban illumination supervisory control reflects not only construction levels but also the modernization
degrees of the city. Traditional control and maintenance of street lamps is not enough more to moder nization need. It
is a necessity to design and realize a kind of higher autoimmunization, more credible and efficient long-distance
monitoring and control system. The work takes GPRS (General Packet Radio Service) communication and ZigBee
networks as the key technologies. It realized the unified control, monitoring and management of urban street lamp
system by computers. And the entire Remote Terminal Unit is powered by the solar energy. Through the experiment
result, it indicates that one month can save energy about 20%. So, the system has high reliability, strong applicability
and can save manpower, reduce expense of electricity and improve management of street lampsin city.
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INTRODUCTION

With the development of city construction, peoplkevdr a higher demand of urban landscape. Street lamp
indispensable factor for the beauty of the urbghtwiew. The monitoring and control of street laim@an important
component of urban landscape. In the past yeadayling cost, constructing cycle and technologgleetc., all of
these factors influenced the line monitoring andticd method, and limited the application of str&ehp remote
control [1]. Most of the traditional controls torest lamps are manually operated method, time-cbrnd
light-control, which open or close the street Igyht the stated hour. Otherwise, there are maegtdamps that break
usually present every road in big or medium citigiols would bring many inconveniences to the halstaBecause the
controller could not communicate with the managenadiice timely, it is inconvenient for remote supisory and
management. So, the public facility managementefis difficult to acquire the work conditions dfeet lamps of
their district in time [2].

In this case, the street lamp patrol often takbsri&inspecting method for grasping the workingditions of the
equipment. The method of patrolling lamps at nayid line in the day makes a waste of manpower Eudrieity, its

monitoring and control effect is not ideal. Obvilyudhe traditional way could not meet the highhligg rate of
modern society [3]. To solve the problems in thapgr, we designed a remote street lamp contraérsybased on
solar-powered. Combined optical with time conttble solar street light could be controlled by resnaireless
controller at the same time. Using the GPRS netwitiik system could realize remote data transmissasier to
implement, and could decrease the cost of commiimisaequipment.
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EXPERIMENTAL SECTION

Time Calculation of Sunrise and Sunset

Suppose the figure of the earth is circular, anangie existing atmospheric refraction influencenrsse and sunset
time is the point when the sun’s upper edge atheéhorizon. In other words, taking the standiranplof the observer
as the referenced plane, the sun is at the locafieB.833°. When calculating the sunrise timesuippposed the sun
location is 180°. Using the supposed locatioraiit calculate the sunrise location. Through theloeation and by the
iterative method, it can calculate a new locatidinttsatisfied the calculating precision. The sffie steps are as
follows [4]:

Step 1: Calculate the days from A.D. 1/1/2000 (GNoihe calculating day.
Step 2: Calculate the century number t from A.[/2000 (GMT) to the calculating day

t = (days+U,,/360) /36525 )

In the first time
U, =180 (2)

Step 3: Calculate the mean longitude of the sun
L =280460+36000770*t 3)

Step 4: Calculate the anomaly of the sun
G =357528+35999050* t 4)

Step 5: Calculate the ecliptic longitude of the sun
A= L+1.915*sing+0.020*sin (2G) (5)

Step 6: Calculate the dip angle of the earth
£=23.4393-0.0130%t (6)

Step 7: Calculate the deviation of the sun
o = arcsin(sirf¢ *sinA) (7)

Step 8: Calculate the time angle of the sun

GHA=U,, -180- 1915*sing — 0020* sin@G) + 2466" sin@A) — 0053 sin@éA) (8)

Step 9: Calculate the modifier
_ . ( sinh-sin(Glat)xsind
e=arg
codGlat)x cosd
Whereh = — 0833

9)

Step 10: Calculate new time of sunrise and sunset

U; =U;, - (GHA+Long +e) (10)
Where Long is the longitude of the city. When calculating usrise time, it selects “+”; when calculating timee
of the sunset, select “-".

Step 11: IfU ;4 —U; >0.1°, then takéJ ; as the new time of sunrise and sunset, startsailealation from step 2; If

U, —U; <0.1°, therlJ; is the GMT time of sunrise and sunset.

Step 12: The above calculations take degree asiihel80° equals to 12 hours. After changing thiefuom degree to
hour, it could get the time of sunrise and sunéétecalculating place

T =U; /15+ Zone (11)
Where, Zone is Time Zone of the calculating place.
GPRS
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GPRS is the abbreviation of General Packet Radivi@&e It is a new kind of carrying network devedopfrom the
traditional communication technology of GSM (Glosaistem of Mobile Communication), in order to sypphcket
data services for GSM user.

In terms of the bearer data service, GPRS has wlwvipus advantages. Through the multiplexing of @&M slot
time, the data transmission rate of GPRS is vagly;his theoretical peak value could up to 171.2klmut the practical
bandwidth is about 20kbps to 100kbps. Differenimoek users share one GPRS communication channeh whe
user need send or receive data, the channel resaas occupied. Through multiplexing of many ustrs,channel
resources of wireless network are utilized effitierso, it is fit to the small flow rate data tsanissions, which is very
fit for the situation that there are much dataams$mit but the time is not continuous. The turrtiore of GPRS is very
short; the time of packet switching is shortenindeiss 1s, so it could provide timely connectioRR% support the
protocol of TCP/IP and X.25; they are widely usedthie Internet work, so it has the global wirelassess technology
with Internet and other packet networks. The ctmaygvay of GPRS is flexible, it is charged accordioghe data
traffic. Every GPRS user has superiority of onlioeever. At the same time of data transmission, GRBuld make
voice communication. To the wireless data commuitinaservice, SMS has obvious price advantage dPRS user
could select the charging way according to the mémdelf, monthly payment, or yearly. Generallyageg, GPRS is
economic and practical, especially for the mobdeipment, or for the district of not easy erectimige network

[5106](7]-

ZigBee Protocol

ZigBee (IEEE 802.15.4 standard) is a rising wirglestwork technology which is of short space, lemplicacy, low
power consumption, low data rate and low cost Ruiit for industrial and home intelligent contslipervisory and
remote control. Compared with other wireless neksot R-WPAN (Low-Rate Wireless Personal Area Nekgdr
needs very few infrastructures. The highest trassionm rate of the network is 250kbps; it is fit fhe situation of
smaller message throughput. The time of signalstréiting and receiving is short, and it takes slespde in

non-working time, the ZigBee node module is low powonsumption. When it has the requirement ofstratiing

data message, the sent data package must wditfaothfirmation message of the other, and resgmddnfirmation
message. If it is not receive the confirmation ragss it must send again. Thus, it guarantees ttabitity of the

transmission [8]. ZigBee offers green and globiaéless standards connecting the widest range \a€ele to work
together intelligently. ZigBee lets the researakasily and cost-effectively add intelligent newtfgas that improve
the efficiency, safety, security, reliability andnvenience of their products [9].

System structure and function
The street lamp intelligent supervisory controkegswas composed of RTU (Remote Terminal Unit) B&ig network
and supervisory control centre, as shown in Fig.1.
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Fig. 1 The composition of the supervisory control system
The supervisory control centre was the nuclear pathe system; it was composed of personal comp@ERS

module, GPS (Global Positioning System) modulejterj UPS and so on. The supervisory control cduiretions as
the telemetry and tele-control, and does the wdrknaintenance, management, statistic and analysis. RTU
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parameters were all transmitted to the supervisomyrol centre, including voltage, current, acipsver, power factor
and so on. In the centre, the parameters were zethignd displayed as the form of figure and tabléch could
provide a basis for the decision of street lampagans or workers [10]. On the other hand, the sig@ny control
centre sends the specific order according to thecrete conditions. The control mode includes tiroetml,
light-control, group-control and single-control.

RTU includes parameters collecting module, keroektw| module, LCD module, keyboard module, anasoThe

composition of RTU was pictured in Fig.2. All ofetliRTU are powered by solar energy [11]. Throughptbiential

transformer and the current transformer, the pat@msief the street lamp were transmitted to tharpaters collecting
module. The collecting module uses ATT7026 whicthésspecial chip to measure electrical energhi@ttreet lamp
to acquire and process data. The collected data tremsmitted to the kernel module through SPligb&eripheral
Interface), and displayed on the LCD module. Thiotig keyboard module, it sends the control messatle kernel
module of ATmegall28. The ATmegall28 transmits dat@essages to the ZigBee terminal node. The tatmbde

could inter-transmit data with neighboring nodeltife data were collected to the converged noales fransmitted to
the supervisory control centre through GPRS netjtizk

LCD display|| keyboard

module module
parameters collecting kernel control = ZigBee
module — module module

Y

power control module

v

sreet lamp |[<— solar panel <<—>| storage battery

Fig. 2 Schematic diagram of the RTU
RESULTSAND DISCUSSION

The intelligent street lamp control system adoddanced control method; it could enhance the npaditevel of
hardware, improve the reliability of the city illimation and find the fault timely. According to tlkbange of the
seasons and weather condition, it made rationadfussources. Thus, it could save power resoladsaise people’s
living standards. Otherwise, the system could redine patrolling workload of the workers and raigerking
efficiency. It realizes the target of intellectazaliion, high reliability and low cost of the monitay and control system.
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