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Abstract Q
For the current test of concentrator relay routing leaspi uﬁctlo aboratory,

based on the hardware cost and the deployment e to realize
large-scale electric energy meter group network, I sce e ment cannot be
simulated. In order to solve these problems, the of tes m for concentrator

based on virtual electric energy meter is proposed in this, paper. The design aims to
simulate the communication routing networ |thm ric energy meter and help
the communication instruction to estabhi @ opt op®dlogy network which through
using the specified data source, target% e anq@te address. So the concentrator
can get the specific data through thi et net NI'his paper have also observed and
analyzed the hierarchy order tc@igy and cg%red with the autonomous learning
topology of the concentratog% outing ithm. Then verify the deviation between
communication routing topology” and \ alue, and eliminate the deviation. At the
same time, verify whetheép relay ro@lgorithm can get the optimal communication

topology network. , %
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1. Introd

Electric energy is the information exchange window between power grid
enterprises andi0 users, which is directly oriented to electric power users, it is
responsible f e electric power user's electricity consumption information
collectio The automatic meter reading technology is developed on the basis of
the ele information acquisition system, which affects the quality of life of the

=N the 1970s, the technology of Automatic Meter Reading(AMR) has been
abroad. By the mid-1980s, the United States, France and Japan and other
ries put the AMR system into regional to carry out a trial. After entering 21th
century, wireless technology of meter reading system has become more and more
mature, and smart meter reading system has become a very important part of the
construction of smart grid. Britain has basically realized the automatic collection for
power consumption information of industrial and commercial users and some
residents[2].

Since the 1990s, the development of AMR technology in China has experienced
three stages, from trial-produce to gradually mature. In recent years, many provinces
and cities in China have gradually started the application of AMR system, the
technology of AMR in our country is developing in the direction of more intelligent.
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Due to environment limitation in many areas, we still mainly take the way of manual
meter reading [3].As a result, the electric information acquisition system, which is
developing rapidly in recent years is of great significance for China's construction of
smart grid, intelligent community.

As an important terminal device for electricity power information collection
system of power consumers, concentrator is responsible for collecting a large
number of energy data of energy meter, processing and storing data and then
transferring to master station. Meanwhile, concentrator is also in charge of
conveying orders from master station to energy meter. So the concentrator is an
important part in meter reading, it plays a connecting role[4]. Therefore, it’s an
indispensable link to test the concentrator’s function before the net.

At present, concentrator test mainly concentrates in the laboratory, a small
amount of electricity energy meter can be used during the test. But the grid condition
of the laboratory is better than that of the district, and all kinds of power gridknoisee
is very small, cannot effectively reflect the problems of some complex envi .
And it needs to remount different electric energy meter if you test carriegof different

protocol, so the concentrator test in laboratory cannot fully simul mplex
scene [5]. Based on this background, a virtual tes otm f ncentrator is
proposed.

Through simulating the actual power grid en his s will be able to
simulate power information of a large number o tr|c e ter without going
to the scene. The actual communication succgess rate of m d the relay route [6]
between meter will be preset according to Néumulat communlcatlon status of
the scene environment. The system pr feasibl ulatlon data, we need not

go to the complex scene to debug i evel t phase, so as to improve the
efficiency of testing and reduce th@

of de nt.

Briefly, this paper consi tsg ive par%irstly, the thesis elaborates the
background and signific% the segeatch. The second part of this paper
introduces the realization o syste ion. The third part tells the design of
system architecture. A e fourm&describes the design of database system.
Finally, this paper, a he t when the system is put into operation.

2. The Main% ion DE@\ the System

Accord e t@aarameter which are input in advance, the virtual test
platform sinftlate th% lectric energy meter as much as possible in the real
operation situatio grid environment. This provides test environment and
data-processin ions for concentrator’s operation. Main function is embodied

in the followi ints:
(1)ThesMirtual test platform can simulate multiple transformer districts, 1000
pleces 10us types of meter can be simulated in each district, and the types of

met de: card meter, terminal voltage monitor, multi-function meter, ordinary
d assessment meter. So we can see the impact on the concentrator reading
several districts exist at the same time.
2)The success reading rate of concentrator is set on the virtual platform, and set
the response frame at the same time. In order to simulate the scene that some meter
don’t response to concentrator when interference existing in transformer district.
(3)According to the routing table of concentrator, the virtual test platform
automatically set relay node for the destination node from levels 1-7. Meanwhile, the
communication status between two relay nodes is set up[7]. In order to simulate the
situation that concentrator can read through relay routing.
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3. The Structure Design of System

The virtual test platform for concentrator communicates with the concentrator
through read controller, as shown in Figure 1. The test platform communicates with
read controller by RS232, and the read controller only completes the work of the
conversion between data of RS232 and data of power line carrier. Using C/S mode in
the structure of system software, and the design idea of WebUI is adopted in the
interface design.

Concentrator "> Read controller (——" Test platform

Figure 1. The Whole Structure of System

voltage power line, communication signal attenuation[8] and long distén tween
electric energy meter and concentrator. It’s useful for data forwargdi
nodes between electric energy meter and conceﬁ\ :

algorithm of concentrator must traverse all pat tivéan

feasible paths. Then select the best path based rulesv
The system simulate the communication ower\% rk[9], the carrier
th

command frame which are sent out by congqgator rga:@ target meter through
multi-level relay routing of the virt ectric e meter, eventually the
concentrator receives the returned datf@e. Themholé communication process is
very complicated, and it needs to um ihks, and take into account the
subsequent maintenance, such a tocol ex% and so on, so it is necessary to
design a hierarchical globaIQ rk.‘T overall framework is shown in Figure 2.

centrator
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Figure 2. The Main Frame of the Test Platform for the Concentrator
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First, the carrier protocol layer is triggered. The length of the serial port buffer
was being cleared which to be prepared for subsequent reception. According to the
current supported protocol type, carrier protocol layer will verify the validity of
data, parse target meter number, router information, reading contents, then trigger
the application layer to deal with current command. If the carrier protocol layer
receives the successful response from application layer. Then data frame will be
organized according to the protocol and being stored into serial buffer, triggering the
sending task of serial port[10].

When application layer received the request from carrier protocol layer, then it
will judge whether the target meter number exists and the direct reading or relay
route is connected. The application layer will send data requests to the data logic
layer when the conditions is meets or directly returns failure response to carrier
protocol layer when not meets. After getting the returns data from data logic layer,
the application layer will reply success or failure response to the carrier p tocole
layer[11].

The data logic layer will check the validity of data identification acc Rto the
current protocol. If the validity check passed, then extract all needed from

the data layer of base meter and returns the organized oﬁppll

The data layer of base meter manage a batch of r en rg er in V|rtual
power grid, which could be read by concentrate operat arameters and
status needs to be set in advance. The data | f base elp1s responsible for

simulating the various data of local electricg

4. Database Design

Design of database logical is sh@\w!ﬁlgnge\{\@
B OB EAER A %W EEBHRE

IRkt L B

mwﬁ{sz nvarchar (200) Sgeﬁ,&z# varchaR200)_ awﬁ*zﬁ‘“ nvarchar (200) <pk>

B nvarchar (200) <pk> ERELS | nvamghaNR0 <pk> H s A 8 nvarchar (Max)
9%4’%%’? nvarchar (200) <pk> || Hifg#KHKH farclig (M) s (335 8 nvarchar (Max)
§f’}1¢§i nvarchar ESiiE] cha¥iax) ZON i nvarchar (Max)
nnrcha AT HLE nvalghar (Max) nvarchar (Max)
AH%FWL nva BI{HL ar (Max) nvarchar (Max)
nvarchar (Max) nvarchar (Max)
char nvarchar (Max) nvarchar (Max)
nvarchar (Max) nvarchar (Max)
nvarchar (Max) nvarchar (Max)
nvarchar (Max) nvarchar (Max)
nvarchar (Max) nvarchar (Max)
ﬁ nvarchar (Max) i s i 3 B nvarchar (Max)
nvarchar (Max) H st k% nvarchar (Max)

nvarchar (Max)

A %‘JWM‘J & nvarchar (Max)

L) S
b R B 447K nvarchar (200)  <pk> Ml}*?)‘xzf“ varchar (200)  <pk>
@i«}fﬁ% 2 ) Eﬁﬁi’i Rl | Pt nvarchar (200) <pk> varchar (200)  <pk>
4}:&%35 har (Max) H brait nvarchar (Max) FH‘T%EH#U nvarchar (200) <pk>
varchar (Max) - 3i:ESap nvarchar (Max) B S nvarchar (Max)
B2 nvarchar (Max) STIR A nvarchar (Max)
I3 nvarchar (Max) R IR [ nvarchar (Max)
R4 nvarchar (Max) HEWUE 23 Eo nvarchar (Max)
#H%t5  nvarchar (Max) FEER I KWIE S nvarchar (Max)
B iit6 nvarchar (Max) TR
T
P
EES PRSI R F AR nvarchar (200) <pk>
TRV RAAFR nvarchar (200) <pk> || %% nvarchar (200) <pk>
M?&ﬁ%zﬁ: nvarchar (200) <pk> || &% nvarchar (200) <pk> | | f#7F M ] datetime <pk>
H G 1) datetime <pk> || fRAFIT ] datetime <pk> | | HifEFIBATI 1] nvarchar (Max)
HEN% text RERIE(TH nvarchar (ax) A nvarchar (ax)
A I e nvarchar (Max) AR T e nvarchar (Max)
AIEEI;JJ%%% nvarchar EMBX; BT D) L i nvarchar (Max)
P BARAT T i HL R nvarchar (Max CHIA Thia HiRg nvarchar (Max)
Y BT CARA D L fiE nvarchar (Max) iE [ T A g nvarchar (Max)
ARRTTRAFK nvarchar (2000 <pk> | | IE[AA D) s HLAE nvarchar (ax) I T e nvarchar (Max)
£S5 nvarchar (200) <pk> | | 45 D) & '?' 1 FL il nvarchar (Max) T T £ HL R nvarchar (Max)
HIEATHIE nvarchar (Max) nvarchar (Max) AFITETh bt nvarchar (ax)
nvarchar (ax) BHIJEI) A HL B nvarchar (Max)
R nvarchar (Max) CHITETh S HL it nvarchar (Max)
nvarchar (ax) 1E [ JE 2 FL nvarchar (Max)
MRYT R4 nvarchar (200) <pk> nvarchar (Max) RIS A i nvarchar (Max)
JE nvarchar (Max) nvarchar (Max) R IR HAE nvarchar (Max)
;% SR AfE nvarchar (lax) FERREINMHAE nvarchar (Max)
RIRET)EALAE  nvarchar (Max) FE=RIRTNRAHEE nvarchar (Max)
%:?Fﬁ%mﬁ@ﬂm nvarchar (Max) BRI S AEE nvarchar (Max)
BNRITL) EHAE nvarchar (Max) RLTET % nvarchar (Max)
BHAET) % nvarchar (Max) AHPLE D)% nvarchar (Max)
AMEAAED) R nvarchar (Max) BHIMZETZE nvarchar (Max)
BARRLAED) 3 nvarchar (Max) CHAMLLE T3 nvarchar (Max)
CARYLAETh 2 nvarchar (Max)
Ty nvarchar (Max)

Figure 3. Entity Relationship Diagram of the System
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Database of meter’s number has stored all meter’s number of current test
concentrator. It’s used to check whether the target meter’s number and relay meter’s
number in the carrier are right. When the system is running, data will be loaded from
the configuration file or database to be used as the original data for a single base
meter. The timer triggers the base meter to calculate the data, and then shifty
simulation data is generated. Method of additional process is used for database to
connect storage and log storage. The design of database in this system follows the
principle of "paradigm three". It increases association between the primary key and
foreign key in physical. Abstract and classify the data which generated in the
system.

5. The System Test and Result Analysis

The hardware of the virtual test platform is consist of computer, concentrator of,
power line carrier, read controller, all kinds of gauges and other co CW.
Development environment uses Windows XP. MS SQL2005 and é%the
r . MS

mode in

running environment uses the operating systems of windows
SQL2000/2005, the programming language uses C# QL. Ugin

the structure of system software[12].

The main window as shown in Figure 4 afterss Qis r nnWhe interface of
parameter setting mainly adopts the form of so, hat \Wution corresponds
to a series of parameter setting. After the mgin ofm log im ploads data of large

guantities of electric energy meter from da ..
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Then click the button of grid electric energy meter network configuration,
popping the window of network routing, as shown in Figure 5. Its function is to open
communication to monitor the meter. Record running time, parse frame and group
frame. Here to add theoretical communication route of concentrator, the path which
is set by system can be connected. It will add the required meter to be routing meter
in each communication path, and the connection percentage of each node in each
communication path is set. For example, set 000000000001 as the target meter, set

@ A — -
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PR @0

[ Emmmeme| [ m N

v

Figure 4. Main Form
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000000000003 as the first routing meter, set 000000000002 as the second routing
meter. Here set the loopback percentage of each node in 321 is 100%, the connection
percent of the nodes in other paths is set from 0 to 90%, including the successful
connection rate of direct reading is set as 50%. In theory the concentrator will
eventually choose the path whose successful connection rate is the highest. This path
is 321.

Finally click on the start button, the system turns into the network analog state of
meter. When the target meter is directly read, judge whether the target meter can
communicate due to the successful communication rate of the meter. When the target
meter is read through the relay routing, and judge the successful communication rate
of routing meter and communicate status between relay meter, the routing process is
shown in Figure 6.
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On the other s Q&cen ra arts to traverse all paths in power grid, including
the route with i .
out comm . It imdicates which piece of target meter to be read. It will
choose dir ad if i&et meter’s data directly. On the contrary, it will choose
the way of relay r if the direct read cannot get the meter’s data. The first
routing meter& e which target meter will be received the frame through

t
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parsing frame jfit ¥ successfully connected, or not. After parsing, the first routing
meter will tranSwit the frame to the next routing meter when it has completed frame
processirb&be next routing meter will work like the last one, if there is a routing
meter be connected, it returns failed to the concentrator. Consequently, the
con or will choose other path until it finds the routing topology which can be

read the target meter’s data. Then concentrator will record the routing
t ogy and stores it in its buffer. Each recorded route will be repeated 100 times.
Finally concentrator stored the route with the highest ratio in successful reading
route.

During the test, the concentrator sent out a command frame for reading
000000000001 meter directly, but it’s failed to get the meter’s data. So the
concentrator starts to traverse each relay routing. According to the communication
success rate of each route, finally the concentrator always sends the same command
frame, when it wants to read 000000000001. Through the analysis of the frame, the
target meter is 000000000001, the first routing meter is 000000000003, and the
second routing meter is 000000000002. In the beginning, the first routing meter
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can’t communicate with the second routing meter, so the concentrator sent three
command frames successively. Until the command frame received by the second
routing meter. The result shows clearly that this communication is successful. So the
target meter returns response frame to the secondary routing meter, the secondary
then returns to the first routing meter, and the last routing meter returns to the
concentrator, this is the successful process of reading.

System initialization

»la
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) 4
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Direct-reading? \
4
Reley routin Q V
Yy g v \
| R \ s/

A 4 .

Record the comk] tion state o
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6. Process of Routing Parsing

The following displayed the frame data received and forwarded by the
routing meter s the target meter more intuitively, as shown in Figure 7.
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Figure 7. Meter’s Frame Data
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Through multiple tests, the direct-reading and other low successful
communications rate of relay route was been given up by concentrator
automatically. And then the communication routing of 321 was been use to read
every time for concentrator. This is the same as the highest success rate of
communication routing that we set in theory. This is proved that through routing
learning concentrator can obtain the best routing.

6. Conclusion

Because of the imperfection that concentrator test in laboratory cannot fully
simulate the fact in district which has complex environment, this paper designed a
test platform system for concentrator. At the same time, this paper finished the
system structure design, function design and database design. The whole system
software was compiled under the guidance of system design scheme. This design,
verified the meter reading function, that concentrator mainly take the meth
relay routing in low communication success rate of direct-reading. This s% as
three evident characteristics in promoting the development of concefitr First,
This system simulate the management of electric energy\meter, sosit ved the
test efficiency which means no longer need to conn diffe pes of real
electric energy meter. Second, the system simulate of &lectric energy

meter data and could change constantly as the -@- f ti ata is similar to
the actual data which make the test reliability irvpraved. Fi

this system proved
that the concentrator’s meter reading succe te can.b@pr ved through the relay

routing learning function. ’\O \
References \% s‘@
[1] J. Lu, D. Li and Y. Chen, “St @e ection method%vof concentrator function”, Northeast Electric

Power Technology, no. 4, (2013), pp. 21-23. » %
voltage electricity collecting system”, Yanshan

[2] M. Lv, “The design of conce r for re
University, (2013).
[3] X. Li, “Embedded int I@’ design of meter reading concentrator”, Guangdong University of

Technology, (2015).

[4] K. Chen and X% sign of ator based on electric line broadband carrier and relay routing
algorithm”, Elg€ WerAu%n uipment, vol. 31, no. 9, (2011), pp. 115-120.

[5] J. Nonbury=aph\W."Miller, “Multip¥otocol routing for automatic remote meter reading using power line
carrier ’, PowerDeliveny, no. 16, (2001), pp. 1-5.

[6] J.Zhaot Researc amic routing methods for PLC”, Zhejiang University, (2011), pp. 1-4.

[71 Y. Wang, “Study samdwimplememtation of routing algorithm based on low power line carrier
communication mhatic reading meter system”, Hebei University, (2010).

[8] B. Liu, P. Qi Y. Zhao, “A communication solution of carrier automatic meter reading System”,

niversity of Science and Technology, vol. 10, no. 2, (2005), pp. 48-50.

[9] R.Podmdre and”’M.R. Robinson, “The role of simulators for smart grid development”, Smart Grid, no. 1,

°, Zhejiang CHINT Instrument Co., Ltd, (2009).
T645-2007 Communication protocol of multi-functional electric energy meter”, National
evelopment and Reform Commission, (2007).
[12Y'S. Yang and W. Zhu, “Design and development of networking virtual instrument testing platform”,
Measurement & Control Technology, vol. 29, no. 10, (2010), pp. 81-87.

230 Copyright © 2016 SERSC





