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Abstract: Wind power generation is more mature and has good prospects for commercial development in the 
field of new energy technology. The wind parameters such as wind speed, wind direction, temperature, 
humidity, barometric pressure are required stably in the process of preliminary construction and operation of 
wind farms. This paper describes a set of wind measure system which achieves real-time data acquisition, 
storage and transmission reliably. The whole measure system consists of the core module, GPRS remote 
module, interface module and other components, in which the GPRS remote transmission module is 
accomplished through email attachments based on SMTP protocol. In the prototype test, the system operates 
accurately and reliably according to the analysis on the returned data. In addition, this paper processes the raw 
data for characteristic parameters with statistical methods, on the basis of which it simply sums up the 
characteristics of wind resource. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Reserves of fossil fuels are limited, and large 
amount of greenhouse gas is emitted during the 
process of them, which causes series of side effect to 
the environment. To ensure the coordinated 
development of energy use, environmental protection 
and ecological construction, new energy and 
renewable energy must be vigorously developed, 
among which the wind energy as the main 
representative of clean energy is paid more attention 
in the world [1, 2]. 

In China, the largely reserved wind energy is 
widely distributed, which reaches almost 
253 million kW on the land, and it has good 

prospects for development with the economic 
benefits rising steadily. The economic benefits from 
wind energy largely depend on the factors of the 
wind farm location, electricity generation dispatch, 
distribution of wind turbines. These factors are all 
analyzed on the basis of wind resource parameters 
such as wind speed, wind direction, temperature,  
etc. [3, 4]. 

The wind measure system described in this paper 
accomplishes to collect, store and transmit the wind 
resource parameters with low power consumption, 
better protective effect and convenient operation, and 
the PC software can set its parameters of the 
channels, sensors, working modes, etc. Besides, the 
relationship between wind assessment and these 
parameters is briefly discussed in this paper [4, 5]. 
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2. System Overview 
 

The measure system consists of wind sensors, 
data acquisition module, data transmission module, 
PC software and other components. To facilitate the 
system development, hardware maintenance, 
upgrades and debugging, modular design method is 
used, which means each module works independently 
and contacts other module via the certain interfaces. 
Fig. 1 shows the whole structure. 
 
 

 
 

Fig. 1. Structure of the measure system. 
 
 

Both of 485 bus communication and GPRS 
remote transmission are used in the system, and 
GPRS remote transmission is accomplished stably 
and conveniently via email attachments based on 
SMTP protocol. 

The lower device uses solar-powered, wide 
temperature range and low-power design, besides, a 
lead-acid battery and two dry cell batteries are 
supplied as the backup when the main power failed. 
In order to reduce the system power consumption, the 
following optimization is used: the LDO regulators, 
low-power chips, program optimization, etc. As a 
result, the lower system power consumption is 60 mA, 
and the low consumption working state ensures  
its continuity.  

System software consists of embedded software 
in the microcontroller and the PC terminal software, 
the former one completes data acquisition, disposal, 
transmission, the latter installed on the client 
computer configures the measure system and 
analyzes the data returned. 

Wind sensors in the wind measure system 
includes wind speed sensor, temperature sensor, 
humidity sensor, barometric sensor, rainfall sensor, 
and ultrasonic wind speed and direction sensors with 
digital output can be equipped with. Most of the 
traditional wind speed or direction sensors are 
mechanical rotary, which has the following 
advantages: good dynamic performance, high linear 
accuracy, good interchangeability. However, because 
of the rotation, they are easier to wear and vulnerable 
against corrosion in poor sealing condition. To 
overcome these shortcomings, lots of solid-state wind 
sensors come up which are based on radar, ultrasonic 
or laser principle, besides, with the inside 
microcontrollers, the output signal is accordance with 
the bus protocol such as Modbus or CAN protocol. 

All the sensors used are from NRG corporation, 
whose parameters are shown in Table 1. 

 

 
Table 1. Parameters of wind sensors. 

 
Wind 
Sensor 

Output Sensitivity Slope Offset 

2-wire 
Speed 

0-125 Hz 1.3 Hz/m/s 0.765 0.35 

3-wire 
Speed 

0-125 Hz 1.3 Hz/m/s 0.765 0.35 

Dir 0.42-4.58 V 0.012 V/°C — — 

Temp 0-2.5 V 0.018 V/°C 55.55 -86.38 

Baro 0.2-4.79 V 0.046 V/kPa 218 106 
Humid 0-5 V 0.05 20 — 

 
 

Data acquisition module consists of core module 
and interface module, they are connected by 322 pin 
connector for a better extend performance. STM32 
microcontroller, storage device, real-time clock, 
conditioning circuit, isolation protection and so on 
are integrated on the core board, and the interface 
module includes keyboards, LCD display, 
communication interface, 16 sensor channels. 6 
frequency channels are available for the speed and 
rainfall sensors, 10 analog channels are available for 
the direction, temperature, humidity and other analog 
output sensors. 

STM32 microcontroller is based on Cortex-M3 
architecture, with good performance, low 
consumption, various hardware interfaces. Fig. 2 
shows its connecting structure. RS232 interface are 
used both for the PC software and the GPRS module 
in a time division. One of the RS485 interfaces 
communicates with PC software for the real-time 
data, the other is for the Modbus protocol sensors. 
Some surrounded device are controlled via SPI bus, 
I2C bus, interrupts, timer, GPIO, etc. [6]. 

The memory chip is 8 MB flash industrial product 
from Atmel, communicating with the main controller 
via SPI. The flash chip consists of main memory part 
and two SRAM as buffers, data will be written to the 
buffer until the current page is done and then copy 
the whole page to the main part. It will significantly 
reduce the direct operation of the main part and 
increase its life. 
 
 

 
 

Fig. 2. MCU resources allocation. 
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Peripheral hardware module includes the 
following parts: solar-power supply module, GPRS 
module, lightning protection module. 

1) Solar-power supply module. 
As the energy source of the whole system, power 

supply system should be stable and reliable, which 
follows multiple security design principle. Solar-
power panels, 12 V lead-acid batteries, 9 V dry cell 
batteries compose the power supply system. Solar 
panels controller manages the solar power and the 
lead-acid batteries to switch, and LTC4412 a power 
management chip is responsible for the dry cell 
batteries as the backup. 

2) GPRS remote transmission module. 
GPRS module consists of voltage conversion 

module, STM32 microcontroller, SIM900, SIM card 
module and antenna, transmitting data via RS232 
with the main acquisition module. The maximum 
operating current of SIM900 can reach 2.5 A, so we 
choose a switching regulator LM2596. RF circuit 
design seriously affects the signal quality of antenna, 
50 Ohm impedance matching, antenna away from 
noise device, complete copper beneath the antenna 
must be considered. 

3) Lightning protection module. 
The device is generally installed in open terrain, 

mountainous or masts, there is a great chance being 
struck by lightning. Direct lightning strike on the 
device is serious harmful, which is nothing can be 
done to help with. The protection module provides 
mainly induced lightning protection. To allow a 
larger current and protect it precisely, gas discharge 
tube, TVS, varistor and fuse are widely combined in 
the protection module. 
 
 
3. System Software 
 

Three parts are mentioned in the STM32 
programming process, namely hardware layer, API 
layer and the application layer. In the hardware layer, 
we can operate the register directly, the firmware is 
in the API layer, and the application layer includes 
plenty of interfaces to the customer, each of which is 
separated into an independent file and can be visited 
via the parameters in related header file. Developed 
in C language under uVision4 IDE, program 
accomplishes data stream control from input to 
output. Fig. 3 shows the program flowchart. 

First, MCU and peripheral devices are initialized, 
then all the default parameters such as channel 
settings, sensor parameters are loaded from flash to 
the related variables. It is convenient to simulate 
multiple threads and manage complex tasks when 
system timer used as global timer. 

In every 10 minutes, data will be stored into flash 
with an added clock tag and data division tag 0xFFFF. 
In the flash, all data are sorted in a default order as 
average, maximum, minimum, standard deviation. It 
is worth noting that vector averaging algorithm must 
be used when calculating the wind direction average 
value. Considering great commercial value, XOR and 

cyclic shift encryption is used for data before stored 
into flash with good performance and little cost [7]. 

AT commands are widely used in the GPRS 
module control, which is a kind of protocol provided 
by the datasheet. STM32 communicates with SIM900 
through UART by sending and receiving AT 
commands or data package. As mentioned before, 
remote transmission is based on SMTP protocol that 
built in SIM900 including email subject, contents, 
attachment and so on. SIM900 can receive data 
package less than 1,360 Bytes every time, after all 
data sent in batches, SIM900 pack all the data and 
send them totally.  
 
 

 
 

Fig. 3. Flowchart of embedded program. 
 
 

Considering the uncertainty of mobile 
communication network, lots of fault tolerant 
measures are taken to ensure data not missing during 
the transmission. The program will check every 
respond command to make sure that the last control 
command is worked well. When it receives the 
ERROR command, GPRS module will retransmit the 
last control command for 3 times or even restart the 
device. At last, if the methods don’t work, data will 
be stored into the flash and sent in another suitable 
time. Fig. 4 shows the flowchart of GPRS module 
working process. 

Different environments require different modes of 
operations, the PC configuration software can set the 
measure system in flexible mode through RS-232. 
After a successful handshake between the measure 
system and PC software, lots of items can be set such 
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as Modbus slave address, RS232 baud rate, time 
synchronization, login password, channels selection, 
slope and offset of sensors, store interval, etc. Fig. 5 
shows the channel configuration interface [8]. A very 
important point to note is the wind direction average 
value is calculated not by the normal averaging 
algorithm but vector averaging algorithm. 
 
 

GPRS on by main MCU

GPRS receive data

Data process

AT commands

Send 
successfully?

GPRS off

End

Y
Store to flash

N

SIM900 initialized

Data acquisition done

Start

MCU & GPRS handshake

 
 

Fig. 4. Flowchart of GPRS module. 
 
 

 
 

Fig. 5. Channels configuration interface. 
 
 

Each Sensor has different calculation parameters, 
which are calibrated by the producer and fine tuned 
according to the wind conditions. Fig. 6 shows the 
sensor parameters setting. 

 
 

4. Wind Energy Assessment 
 

Before the data processing, the data package must 
be checked for effectiveness according to the valid 
tables of each parameter and whole integrity should 
reach 95 %. The data integrity calculation is given by 
equation 1. 

 
 

Fig. 6. Sensor configuration interface. 
 

 
 

int 100 %total miss invalid

total

D D D
D

N

 
  , (1) 

 

where intD is the data integrity; totalD is the total 

data returned; missD  is the missing data; invalidD  is 

the invalid data; totalN  is the total number. 

Through statistical analysis, the data returned 
integrity is 99.4 %, 7 groups data missed, 0 group 
data invalid. The invalid or missing data should be 
added by interpolation or referred to other measure 
devices. For example, the Table 2 shows that one 
group data is added by linear interpolation based on 
the context data. 
 
 

Table 2. Add the missing data. 
 

No. 
S1 

Mean
S1 

Max
S1 

Min 
S2 

Mean
S2 

Max 
S2 

Min 
D1 

Mean 
D2 

Mean
5 5.6 5.8 5.4 5.5 5.8 5.1 255° 245° 

6 6.2 7.0 5.6 5.9 6.6 5.3 257° 245° 

7 6.2 6.7 5.4 6.0 6.6 5.5 257° 246° 

8 6.4 6.9 5.4 6.2 6.9 5.5 257° 245° 

9 6.6 6.9 6.2 6.4 6.8 5.9 259° 247° 
 
 

After functional test of the prototype, it was 
installed on the top floor of a commercial center for a 
nearly two-month test. Sensors are divided into two 
groups, each includes speed, direction sensor, 
temperature sensor, humidity sensor and barometric 
sensors. Two groups of sensors are distributed in 
different locations on the top floor. Both of the 485 
and GPRS transmission are turned on to transmit data, 
the former one is responsible for real-time data, and 
the latter one for the statistical data. Fig. 7 shows the 
device installation. 

As an uncertainty energy resource, more 
statistical methods are used during the evaluation of 
wind energy.  
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Fig. 7. Equipment installation. 
 

Some of the important items such as wind speed 
frequency distribution, wind direction roses, wind 
energy density and turbulence are calculated on the 
basis of the raw parameters. Figs. 8 and 9 reflect 
wind speed distribution and the roses from the test  
[9, 10]. 

In Fig. 8, wind speed distribution agrees with 
energy distribution based on 1 m/s range, and both of 
them focus on 5 m/s to 10 m/s. The maximum wind 
speed reaches 16 m/s less than 20 m/s and, it won’t 
damage on the turbine. 

In Fig. 9, the rose is divided into 16 directions 
from 0° to 359°, every 22.5° represents a direction 
and we put 0° agree with the due North. Fig. 9 shows 
the leading wind direction is northwest and most of 
the effective speed interval distribution in this main 
direction range. 

It is not enough to understand the moment of 
wind power density, we also need the average wind 
energy density to evaluate the whole wind condition. 
When comes to the average wind energy density, 
wind speed distribution of grades and effective wind 
speed range must be considered but not the average 
speed of months or years, it is calculated as  
equation 2. 

 

 
 

Fig. 8. Wind speed and energy frequency distribution. 
 
 

 
 

Fig. 9. Wind direction rose. 
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where   is the air density, v  is wind speed in the 

effective wind speed range, ( )p v  is the ratio in the 

range. According to this formula, average wind speed 
density is 455 W/m2. 

The probability distribution, which is widely used 
to describe the long-term records of wind speeds, is 
Weibull distribution. Like Normal distribution, 
Weibull function is a unimodal function clusters, 
which is used in most areas such as fatigue damage 
prediction, equipment life prediction, and wind speed 
distribution. The probability density function of a 
Weibull distribution is given by equation 3 [11]. 
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where k is the shape parameter, c is the scalar 
parameter, and v  is the wind speed. According to the 
definition, the average wind power density, the 
average effective wind power density and effective 
hours are calculated as equations 4, 5 and 6. 
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where ( )P v  is the Weibull distribution probability, 

( )P v  is the conditional probability in effective 

speed range, 1v  and 2v  names the effective speed 

range, in China, we choose 1v =3 m/s, 2v =20 m/s. N 

is the total hours. 
The shape and scale parameter are estimated by 

sample data of wind speed, they are given as 
equations 7 and 8. 
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where, σ is the standard deviation. μ is the average 
wind speed. Γ is the gamma function. 

Based on the data returned, the Weibull 
parameters are calculated as the Table 3. 
 
 

Table 3. Parameters of Weibull. 
 

DATA
Average 

Speed 
Standard 
Deviation 

Shape 
k 

Scale 
c 

Group 1 7.6834 m/s 3.2922 2.5102 8.6588 

Group 2 7.3897 m/s 3.1089 2.5607 8.3234 

 
 

According to these parameters in the Table 3, 
Weibull distribution is determined, and its function 
formula is given by Equation 9. 
 

1.5102 2.5102
2.5102

( ) exp
8.6588 8.6588 8.6588

v v
P v

                

, 
(9) 

 
We can conclude the follow results in the Table 4. 

 
 

Table 4. Computing results. 
 

Results P’(v) 
Average 
Density 

  

Effective 
Density 

e  

Effective
Hours 

t  

Group 1 0.9319 452 W/m2 483 W/m2 1230 h 

Group 2 0.9295 397 W/m2 427 W/m2 1227 h 

 
 
When seeking the wind power density grades 

table, it turns out that this condition of wind is 
suitable for grid connected and power generation. 

Fig. 10 shows wind speed distribution and the 
probability density curve simulated by Weibull 
distribution of the first group which reflects the 
capability of the wind generation. The Weibull 
function using Weibull parameter estimated in this 
paper shown to provide more accurate prediction of 
average wind speed and average power density for 
the selected station. 

 
 

 
 

Fig. 10. Wind speed probability density curve. 
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Turbulence describes the uncertainty of wind, 
which effects a lot to the wind farm and generators. 
Some research indicates that the horizontal direction 
wind has the biggest impact on the wind turbine, so 
the horizontal direction wind standard deviation is 
used when calculated the turbulence. When calculate 
the data in 10 minutes, it is given as Equation 10. 
 

 600
2

1

1
( )

599 i
i

v v

It
v


 



, 

(10) 

 

where It is the turbulence, iv  is the sample speed in 

seconds, v  is the average speed in 10 minutes. 
Turbulence is divided into three levels: below 0.1, 0.1 
to 0.25, above 0.25, as to the wind farm construction, 
turbulence must be below 0.25 most of the time. 
When calculate the turbulence in a certain range, we 

can’t use the standard deviation divided by the 
average wind speed directly, but the standard 
deviation plus a standard deviation of the standard 
deviation, which means as Equation 11 [12]. 
 

 
1 1     , (11) 

 

So σ can cover higher proportion near 90 % of 
distribution, and name the larger one as the 
turbulence standard value. Wind speed range is 
divided in 1 m/s steps, each value represents the 
median interval speed of the range. For example, the 
5 m/s range represents 4.6 m/s to 5.5 m/s wind speed 
range, turbulence is calculated by each wind speed 
interval separately. 

Fig. 11 shows the turbulence curve of each speed 
interval, as can be seen, wind goes steadily when the 
speed increases and they are all below 0.25 among 
the effectiveness range. 

 
 

 
 

Fig. 11. Turbulence curve. 
 
 

5. Conclusions 
 

The prototype of wind parameters acquisition and 
transmission system is prepared, which includes core 
acquisition part, interface part, GPRS part, and it can 
be configured by the PC software to meet different 
needs. System software achieves acquisition process 
control, data transmission, wind vector averaging 
algorithm, data management storage, data protection, 
and the remote transmission via email attachments is 
based on SMTP protocol. During the test, the device 
operates stably and reliably. Through the analysis and 
related graphics on returned data, the conditions and 
features of wind resource are concluded preliminarily. 
The accumulation of data is great helpful for wind 
farm selection, wind power forecasting, wind 
turbines distribution. 
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