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(57) ABSTRACT 
A grid gateway and a transmission tower management 
system having a plurality of the grid gateways are disclosed. 
The grid gateways are connected with one another to form 
a mesh network. A plurality of sensors are provided within 
a wireless transmission range of the grid gateways. The 
sensors collect and send environmental parameters to the 
corresponding grid gateway within the wireless transmission 
range, in order to choose an optimal transmission path in the 
mesh network through grid gateways to transmit. The envi 
ronmental parameters are transmitted through the optimal 
transmission path to a server for storage and analysis. A grid 
gateway and a transmission tower management system 
having a plurality of the grid gateways have broad and local 
area wireless transmission ability, so as to overcome restric 
tions of topography and communication to execute broad 
area management and monitor tasks. 

9 Claims, 3 Drawing Sheets 
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1. 

GRID GATEWAY AND TRANSMISSION 
TOWER MANAGEMENT SYSTEM WITH 

MULTIPLE GRID GATEWAYS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims under 35 U.S.C. S119(a) the 
benefit of Taiwanese Application No. 103123434, filed Jul. 
8, 2014, the entire contents of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to transmission tower man 

agement systems, and, more particularly, to a grid gateway 
and a transmission tower management system having a 
plurality of grid gateways. 

2. Description of the Prior Art 
In general, most of the extra high Voltage transmission 

lines are aerial and provided between the electric towers 
within the complex and steep terrain. Thus, the Voltage 
transmission lines will be widespread and distributed over a 
wide area to overcome the rough and irregular topography. 

During the transmission, the Voltage transmission lines 
will pass the urban, mountain, coastal areas, and so on. 
However, the different natural disasters in the various areas 
will result in the damage of transmission lines accidentally. 
For example, in the coastal areas, the climate of high moist 
and salinity may make the transmission lines age more 
easily. In addition, in the mountain areas, the mudslides may 
make the depletion of the soil near the power tower by the 
earthquake and heavy rain, and that will make the ground 
slide and make the buildings tilt or even collapse. Once the 
accidents mentioned above happen, except thr the impact of 
the people's daily life, the industrial loss cased by powerless 
will be inestimable. 

To increase the safety of transmission lines and transmis 
sion tower, build is systemic management and monitoring 
mechanism is necessary. However, the power towers are 
mainly built in the urban, mountain, and costal areas, these 
areas don’t have as enough infrastructures of interact com 
munication as metro areas has. In addition, the distance 
between the tower to tower is usually too long and doesn’t 
has any wireless network. Thus, the monitoring data can not 
be efficiently transmitted back to the remote monitoring 
center through a single network system. That makes a big 
restriction of the data communication and transmission. 

According to the above information, there is an urgent 
need in building a transmission management and monitoring 
mechanism which can overcome the restriction of the data 
communication and transmission, so the monitoring data can 
be collected and be analyzed more efficiently, and even can 
further be taken as the reference for maintenance and 
management. 

SUMMARY OF THE INVENTION 

In light of the foregoing drawbacks of the prior art, the 
present invention provides a grid gateway and a transmis 
sion tower management system having a plurality of grid 
gateways to build a management and monitoring system to 
overcome the restrictions of topography and communica 
tion. 

The present invention provides a transmission tower 
system, comprising: a plurality of sensors provided on extra 
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2 
high Voltage transmission lines of transmission towers to 
collect environment parameters around the extra high Volt 
age transmission lines; a plurality of grid gateways provided 
on the transmission towers to receive the environment 
parameters from the sensors within a wireless transmission 
range of the grid gateways, the grid gateways being con 
nected to one another to form a mesh network, and the 
environment parameters being transmitted to one of the grid 
gateways through the mesh network; and a server connected 
to at least one of the grid gateways to receive the environ 
ment parameters and save the environment parameters in a 
database of the server. 
The present vention further provides a grid gateway, 

comprising: a LAN wireless module that receives environ 
ment parameters collected by sensors disposed on extra high 
voltage transmission lines of transmission towers; a WAN 
wireless module connected to a WAN wireless module 
provided on grid gateways of another transmission tower to 
form a mesh network; a packet format converting module 
connected to the LAN wireless module to acquire the 
environment parameters and convert the environment 
parameters from a LAN packet format of the LAN wireless 
module to a WAN packet format of the WAN wireless 
module; and a router module that chooses an optimal 
transmission route within the mesh network, wherein the 
WAN wireless module transmits the environment param 
eters in the WAN packet format through the optimal trans 
mission route to one of the grid gateways within the mesh 
network. 

Accordingly, the grid gateway and the transmission tower 
management system comprising a plurality of grid gateways 
according to the present invention are capable for wireless 
transmission in wide and local areas. Thus, the present 
invention can overcome the restrictions of the topography 
and communication. The environment parameters can be 
transmitted to the back-end management center efficiently. 
Then, the operation state of the transmission towers and the 
grid gateway network can be managed and monitored simul 
taneously and ensure the safety of the transmission towers 
and the grid gateway network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic view of a transmission tower 
management system having a plurality of grid gateways 
according to the present invention; 

FIG. 1B is a schematic view illustrating the connection 
condition between any two of the transmission towers in 
accordance with FIG. 1A; and 

FIG. 2 is a schematic view of a grid gateway according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is described in the following with 
specific embodiments, so that one skilled in the pertinent art 
can easily understand other advantages and effects of the 
present invention from the disclosure of the present inven 
tion and be utilized or applied according to the other 
different embodiments. 

FIG. 1A is a schematic view of a transmission tower 
management system having a plurality of grid gateways 
according to the present invention. FIG. 1B is a schematic 
view illustrating the connection condition between any two 
of the transmission towers in accordance with FIG. 1A. FIG. 
2 is a schematic view of a grid gateway 200 according to the 
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present invention. In an embodiment, the grid gateway 200 
is provided directly on a transmission tower 12 or in the 
industrial distribution box on the transmission tower 12. The 
industrial distribution box can prevent the damage caused by 
long term exposure. The grid gateway 200 comprises a local 
area network (LAN) wireless module 210, a wide area 
network (WAN) wireless module 230, a packet format 
converting module 220, and a router module 240. The LAN 
wireless module 210 is used to connect a plurality of sensors 
14 on extra high Voltage transmission lines 13 provided on 
the transmission tower 12. The connection is built by a 
wireless method. In an embodiment, the connection between 
the LAN wireless module 210 and the sensors 14 build the 
first (e.g., ZigBee) wireless connection 16 in the wireless 
sensing network protocol (e.g., ZigBee). In other words, the 
LAN wireless module 210 is specifically the ZigBee wire 
less sensor network (802.15.4 WPAN) transmission module. 
The plurality of sensors 14 carry the same ZigBee wireless 
sensing network transmission module to build the first 
wireless connection 16 with the LAN wireless module 210. 
In addition, the plurality of sensors 14 are provided with a 
variety of sensing components, such as a temperature sensor, 
a humidity sensor, a rain gauge, an anemometer, an illumi 
nometer, a 3-axis accelerometer, and so on. With the plu 
rality of sensing components, the environment parameters, 
Such as temperature, temperature of the extra high Voltage 
transmission lines, humidity, rainfall, illuminance, gravity 
acceleration, and so on, can be acquired. The environment 
parameters can then be transmitted to the grid gateways 200 
through the first wireless connection 16. 

The WAN wireless module 230 of the grid gateway 200 
has a different wireless network protocol from the LAN 
wireless module 210. Specifically, the WAN wireless mod 
ule 230 uses IEEE 802.11 protocol. The specification of the 
protocol can be used to make a base station connect to a 
polarity of subscriber stations with each other and build a 
many-many mesh network. In other words, since the grid 
gateway 200 provided on the transmission tower 12 has the 
WAN wireless module 230, the transmission towers can 
build the mesh network which has the second (e.g., IEEE 
802.11) wireless connection 17 via the WAN wireless mod 
ule 230 of the respective grid gateways 200. It means that 
each grid gateway is applied as a base station and Subscriber 
station simultaneously. In an embodiment, as shown in FIG. 
1A, the mesh network is mainly built with the transmission 
towers 126. The transmission range of the mesh network is 
the wireless transmission range of the grid gateways 18 of 
the transmission towers 126. Within the wireless transmis 
sion range of the grid gateways 18, the transmission towers 
122, 123 and 125 can build the second connection 17 with 
the transmission tower 126 respectively. The transmission 
towers 121 and 124 are outside the wireless transmission 
range of the grid gateways 18, so the connection to the 
transmission tower 126 cannot be built. However, the trans 
mission towers 121 and 124 can build the connection with 
other transmission towers inside the transmission range. 
Therefore, the grid gateways of each transmission tower can 
build connection to the other transmission towers inside the 
wireless transmission range and form a large mesh network 
accordingly. In an embodiment, the WAN wireless module 
is specifically an industrial router with WiFi function, and 
the transmission distance can reach to 2 kilometer. Thus, if 
there is a server 11 inside the wireless transmission range of 
the grid gateways 200, the grid gateway 200 then can build 
the second connection 17 to the server 1. The data can 
further be transmitted to the server 11 and save in the 
database of server 11. 
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4 
The packet format converting module 220 is connected to 

the LAN wireless module 210 for acquiring the environment 
parameters. In an embodiment, the packet format converting 
module 220 is a software program. The packet format 
converting module 220, after receiving the environment 
parameters, converts the environment parameters from the 
LAN packet format of the LAN package wireless module 
210 to the WAN packet format of the WAN wireless module 
230. For example, the packet format of environment param 
eters will be converted from ZigBee protocol to IEEE 802.11 
protocol. 

After received by the sensors 14 of the grid gateways 200, 
the environment parameters will be transmitted to the server 
11. When the grid gateway 200 receives and transmits the 
environment parameters to the server 11, the router module 
240 will firstly choose an optimal route within the mesh 
network by an algorithm, and the WAN wireless module 230 
transmits the environment parameters in the packet format 
of IEEE 802.11 protocol through the optimal route to one of 
the grid gateways 200 within the mesh network. In an 
embodiment, the environment parameters will be transmit 
ted to the nearest one of the grid gateways to the server 11, 
as the transmission tower shown in FIG. 1A. As the nearest 
one of the grid gateways 200 is chosen, the software 
program, or the router module 240 will determine the 
optimal transmission route according to the quality of Ser 
vice (QoS), the time to live (TTL), or the priority of traffic 
between the grid gateways within the mesh network. For 
example, to choose the route of the better QoS. short TTL, 
or use the enhanced distributed channel access (EDCA) 
based on competition, HCF controlled channel access 
(HCCA) based on non-competition, an So on techniques to 
control the each traffic has different priority or the bandwidth 
resource and so on, and choose the optimal route accord 
ingly. 
The grid gateway 200 further includes a power unit 260 

for supplying the electric power to the grid gateway 200. For 
the electric power to be supplied stably, the power unit 260 
includes a solar panel 262 and a charging module 264. The 
solar panel 262 can convert the solar light to electric power 
and stores the electric power in the charging module 264 
such that the electric power can be supplied to the grid 
gateway 200 at any time. In an embodiment, the charging 
module 264 is a secondary battery. 

Furthermore, a grid gateway 200 further includes at least 
one monitoring unit 270 to collect the environment param 
eters around the arid gateway 200, including temperature, 
temperature of extra high Voltage transmission lines, humid 
ity, rainfall, illuminance, gravity acceleration, and so on. As 
such, the grid gateway 200 can be provided with a plurality 
of different monitoring unit 270 to acquire different envi 
ronment parameters for different propose. For example, 
3-axis accelerometer, temperature sensor, humidity sensor, 
rain gauge, anemometer, and so on can be provided. 
As such, the grid gateway 200 further includes a task 

scheduling module 250. In an embodiment, the task sched 
uling module 250 is a software program, which can be used 
to set the grid gateway 200 to execute the command from the 
Software on schedule time and can repeatedly execute the 
command periodically. In an embodiment, the WAN wire 
less module 230 within the grid gateway 200 can be set to 
turn on at 10:00 a.m. everyday, and to turn off at 10:10 a.m. 
everyday. In other words, the WAN wireless module 230 
only works 10 minutes everyday, and the transmission of 
environment parameters will be complete in the 10 minutes 
routinely. Thus, because the WAN wireless module 230 is 
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kept in a turning-off state for a long time to reduce the 
connection state time, the power can be saved. 

In another embodiment, as shown in FIGS. 1A and 1B, the 
grid gateway 200 can build a transmission tower, which 
includes a plurality of sensors 14, a plurality of grid gate 
ways 200, and a server 11. The plurality of sensors 14 are 
provided on the extra high Voltage transmission lines 13 
between the plurality of transmission towers 12. In an 
embodiment, sensors 14 are temperature sensors, humidity 
sensors, rain gauges, anemometers, illuminometer, or 3-axis 
accelerometers. Therefore, the environment parameters 
around the extra high Voltage transmission lines 13 can be 
acquired, for example, temperature, temperature of extra 
high Voltage transmission lines 13, humidity, rainfall, wind 
direction, wind speed, illuminance, gravity acceleration, and 
so on. In addition, the grid gateways 200 are provided on a 
plurality of transmission towers, and have to be disposed 
within the corresponding wireless transmission range. Thus, 
the grid gateways 200 can then build a first connection 16 in 
ZigBee protocol to the sensors 14 within the wireless 
transmission range to receive the environment parameters 
which are collected by sensors 14. As the mesh network is 
formed by the connection between grid gateways to each 
other via IEEE 802.11 protocol. In other words, the grid 
gateways 200 communicates with one another through the 
second connection 17, and at least one of grid gateways 200 
can connect to the server 11 through the second connection 
17. Accordingly, the environment parameters acquired by 
the sensors 14 can be transmitted to the grid gateways 200 
through a first connection 16, and transmitted to any one of 
the plurality of grid gateways 200 within the mesh network 
formed by a plurality of grid gateways 200. The environ 
ment parameters can finally be transmitted from a grid 
gateway 200 to a server 11 for saving the parameters through 
the second connection 17 which is built by grid gateways 
and a server 11. Besides, the clock of a plurality of grid 
gateways can be synchronized to make the data, for 
example, environment parameters can be transmitted oppor 
tunely and not get lost easily. 
As a Summary of the above description, the grid gateway 

and the transmission tower which is provided with a plu 
rality of grid gateway in the present invention can transmit 
the received environment parameters back to the remote 
server for saving and analyzing, so the manager will not 
need to be in the frontline to know the operation state of the 
grid instantly. As under the structure of the mesh network 
between each grid gateways, the connection of the whole 
network is highly fault tolerance. When one of the grid 
gateways is malfunctioned, the environment parameters can 
still be transmitted via other arid gateways. As such, the 
transmission tower management system in the present 
invention has stable transmission channels and faster trans 
mission speed. In addition, the structure of the mesh network 
can overcome restrictions of the topography and the com 
munication caused by the location of the transmission tow 
ers, and it can also improve the work efficiency of wide area 
management and task monitoring to ensure the safety opera 
tion of the power Supply network. Beside, the design of task 
scheduling to turn on and turn off the WAN wireless module 
synchronously can make the propose of power saving be 
achieved more efficiently. 
The foregoing descriptions of the detailed embodiments 

are only illustrated to disclose the features and functions of 
the present invention and not restrictive of the scope of the 
present invention. It should be understood to those in the art 
that all modifications and variations according to the spirit 
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6 
and principle in the disclosure of the present invention 
should fall within the scope of the appended claims. 
What is claimed is: 
1. A transmission tower management system, comprising: 
a plurality of sensors provided on extra high Voltage 

transmission lines of transmission towers to collect 
environment parameters around the extra high Voltage 
transmission lines; 

a plurality of grid gateways provided on the transmission 
towers to receive the environment parameters from the 
sensors within a wireless transmission range of the grid 
gateways, wherein the grid gateways are connected to 
one another to form a mesh network, and the environ 
ment parameters are transmitted to one of the grid 
gateways through the mesh network; and 

a server connected to at least one of the grid gateways to 
receive the environment parameters and save the envi 
ronment parameters in a database of the server, 

wherein the grid gateways comprise: 
a local area network (LAN) wireless module that 

receives the environment parameters around the 
extra high Voltage transmission lines of the trans 
mission tower that are collected by the sensors; 

a wide area network (WAN) wireless module connected 
to a WAN wireless module provided on a grid 
gateway of another transmission tower to form the 
mesh network; 

a packet format converting module connected with the 
LAN wireless module to acquire the environment 
parameters and convert the environment parameters 
from a LAN packet format of the LAN wireless 
module to a WAN packet format of the WAN wire 
less module; and 

a router module that chooses an optimal transmission 
route within the mesh network, 

wherein the WAN wireless module transmits the envi 
ronment parameters in the WAN packet format 
through the optimal transmission route to the one of 
the grid gateways within the mesh network, and 

wherein the router module chooses the optimal trans 
mission route in accordance with quality of service 
(QoS), time to live (TTL), or priority of traffic 
between the grid gateways within the mesh network. 

2. The transmission tower management system of claim 1, 
wherein the grid gateways and the sensors are connected via 
ZigBee protocol, and the grid gateways are connected to one 
another via IEEE 802.11 protocol to form the mesh network. 

3. A grid gateway, comprising: 
a LAN wireless module that receives environment param 

eters collected by sensors disposed on extra high Volt 
age transmission lines of transmission towers; 

a WAN wireless module connected to a WAN wireless 
module provided on grid gateways of another trans 
mission tower to form a mesh network; 

a packet format converting module connected to the LAN 
wireless module to acquire the environment parameters 
and convert the environment parameters from a LAN 
packet format of the LAN wireless module to a WAN 
packet format of the WAN wireless module; and 

a router module that chooses an optimal transmission 
route within the mesh network, 

wherein the WAN wireless module transmits the environ 
ment parameters in the WAN packet format through the 
optimal transmission route to one of the grid gateways 
within the mesh network, and 

wherein the router module chooses the optimal transmis 
sion route in accordance with quality of service (QoS). 
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time to live (TTL), or priority of traffic between the grid 
gateways within the mesh network. 

4. The grid gateway of claim 3, wherein the WAN 
wireless module sends the environment parameters in the 
WAN packet format to a server, and saves the environment 5 
parameters in a database of the server. 

5. The grid gateway of claim 3, wherein the WAN 
wireless module is an industrial router that has a WiFi 
function. 

6. The grid gateway of claim 3, wherein the LAN wireless 10 
module uses ZigBee protocol, and the WAN wireless mod 
ule uses IEEE 802.11 protocol. 

7. The grid gateway of claim 3, further comprising a 
monitoring unit that acquires the environment parameters 
around the grid gateways, wherein the monitoring unit is a 15 
3-axis accelerometer, a temperature sensor, a humidity sen 
Sor, a rain gauge, or an anemometer. 

8. The grid gateway of claim 3, further comprising a task 
scheduling module that sets and executes tasks of turning 
on/off the WAN wireless module at predetermined time 20 
periodically. 

9. The grid gateway of claim 3, further comprising a 
power unit that comprises a Solar panel and a charging 
module, wherein the charging module stores electric power 
generated from the Solar panel, and the power unit Supplies 25 
the electric power to the gird gateway. 

k k k k k 


