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Dear Customers,

We thank you for the purchase of our sensors. We strive to provide you with quality services.

Please help us to give you a remarkable users’ experience with our sensor technology by spending

some time to read, understand and follow the instructions on the proper use of the sensors you have

purchased.

Our Assurance Commitment:

We are committed to develop and manufacture all sensors with great care and good technical

practices. We assure that all sensors we deliver are properly tested to meet the specifications we

published in this User Guide.

As our assurance commitment,

1. we give our warranty with a free replacement or repair service for failures of your sensor due to

defects caused by our manufacturing processes. We offer this warranty for a period within one (1)

year from the delivery date of the sensor (except as otherwise provided in an agreed contract).

2. during the warranty period, if the failures or damages are due to improper handling, installation,

use or poor maintenance of the sensor, we will, with a replacement or repair fee, to replace or

repair the sensor.

3. on the expiry of the warranty period, we continue to provide you with our after-sales service

supports that you can procure to ensure the sensors are working well for your applications.

Our Service Supports:

1. Do contact us to request for technical information and documentation related to the sensors you

purchased and any technical support services you may need.

2. Our contact details:

Address: 2nd Floor, No. 26 Building, Lianchuang Science Park, Bulan Road, Longgang Dist.,

Shenzhen China.

E-mail: info@thetainst.com

Tel: +86-137 6047 0943

mailto:info@thetainst.com
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Configuration Checklist

MPS-100
MPR-100

MPR-101

AR200

AR200-FD
AR300 MP Series WS Series AQS AWS Page No.

Parameters

WS/WD/T/H/P 1

CO/SO2/O3/NO2

Solar

Precipitation

Compass

PM2.5/PM10

PM2.5/PM10

T/H/P

CO2

TVOC

HCHO

Noise

Digital Output (RS485/RS422/RS232)

Theta-ASCII

Weather Sensor

Modbus-RTU

Weather Sensor

NMEA

Weather Sensor

Theta-ASCII

Air Quality Sensor

Modbus-RTU

Air Quality Sensor

Customized

Analog Output (Weather Sensors ONLY)

4 - 20mA

1 - 5V

Pulse

(WS/WD)

Customized

Heating Function

Sensor Heating

Overall Heating
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Manufacturer
Name: Shenzhen Theta Instruments Co., Ltd.

Address: The 2nd floor 26 Building, Lianchuang Science Park, Bulan Rd Longgang Dist Shenzhen China.

Email: info@thetainst.com

Tel: +86-755-8323 2645

Fax: +86-755-8316 5369

Version Information
The version number of this manual may from time to time be upgraded without prior notice with

changes of software or technical specification. The version information of this manual is as follows:

 Version No.: V 2.31

 Release Date: Mar 2023

© 2023 Shenzhen Theta Instruments Co., Ltd. all rights reserved.

Copyright Statement
The manufacturer reserves the copyright of the manual not openly published, as well as the right to

treat it as confidential information. The manual serves only as a reference for operation, maintenance

and repair of products, whereas none others shall be authorized to distribute the manual to any third

party.

The manual contains proprietary information protected by copyright law. All rights reserved. Photocopy,

duplicate copy or translation into other languages of any part of the manual without prior written

consent of the manufacturer are prohibited.

Any content contained in the manual may be subject to change without prior notice.

mailto:info@thetainst.com
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About the Manual
This manual gives detailed purpose, function and operation method of the product. Before using the

product, please carefully read and understand the contents of this manual to ensure correct use of the

product, and to ensure the safety of operator.

The manual introduces the product in the most complete configuration and therefore, part of the

contents may be not applicable to the product you purchase. If you have any concerns, please contact

the company.

Please keep this manual placed near the product, so as to facilitate timely access.

The manual is to be used and read by professionally trained staff and the user who have expertise

and related experience to use the product.

All illustrations provided in the manual are for reference purpose only, as the setting or data in the

illustration may not be entirely consistent with the actual setting display you see in the product you

have purchased.

Symbols in the Manual:

Caution Warns you of a potential hazard. If you not read and follow instructions

carefully at this point, the product could be damaged or important data

could be lost.

Warning Indicates a danger; prompting potentially dangerous or unsafe operation.

Failure to comply with the requirements of this manual may result in death or

serious personal injury and property damage.

Note Prompting potentially dangerous or unsafe operation. Failure to comply with

the requirements of this manual may result in minor personal injury and

property damage. Suggesting important information about the operation and

use.

Responsibilities of Manufacturer
The manufacturer is responsible for the safety, reliability and performance of the product if the:

 installation, repair or upgrading are carried out by personnel authorized or approved by the

manufacturer;

 storage and operating environment, electrical environment of product complys with product

specifications.
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1 Introduction

1.1 General

This manual covers both Theta weather sensors and air quality sensors. The sensors provide

reliable data for weather and air quality inspection. Main applications are listed as below:

 Wind power

 Power security monitoring

 Meteorological monitoring

 Bridge tunnel

 Navigation

 Airport

 Environmental monitoring

1.2 Product Overview
1.2.1 AR Series Anemometers

Model Wind Speed Wind Direction Remark

AR300 √ √ 3 Axes

AR200 √ √ 2 Axes

AR200-FD √ √ 2 Axes

AR300 AR200 AR200-FD
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1.2.2 MP Series, MPS-100, MPR-100/101

Model WS WD T H P Rain Solar COMPASS Remark

MP500 √ √ √ √ √ √

MP600 √ √ √ √ √ √ √ Piezo rain

MP601 √ √ √ √ √ √ √ Optical
rain

MP650/MP651 √ √ √ √ √ √ √

MP700 √ √ √ √ √ √ √ √ Optical
rain

MPR-100 √ Piezo rain

MPR-101 √ Optical
rain

MPS-100 √

1.2.3 WS Series

Model WS WD T H P Rain Solar COMPASS Remark

WS200 √ √
WS500 √ √ √ √ √ √

WS600 √ √ √ √ √ √ √ Piezo rain

WS601 √ √ √ √ √ √ √ Optical rain

WS650 √ √ √ √ √ √ √

MP500 MP600 MP650/MP651 MPR-100 MPS-100

WS200 WS500 WS600 WS650
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Legends.

WS: Wind Speed; WD: Wind Direction;

T: Ambient temperature; H: Relative Humidity; P: Barometric Pressure

1.2.4 AQS, AWS

Model
4

Gases
PM2.5/
PM10

Noise VOC Rain Solar
5 Meteorology
parameters

AQS100 √ √ √

AQS200 √

AQS-PRO √ √ √ √

AWS100 √ √ √ √ √

AWS200 √ √ √

AWS-PRO √ √ √ √ √ √

Legends:

4 Gases: CO, NO2, SO2, O3;

5 Meteorology parameters: WS, WD, T, H, P;

Other measurement parameters can be included and customized for user requirements.

AWS AQS
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2 Installation

2.1 Before Installation

Warning:

The installation of the product should be carried out by technical personnel appointed by
the company or relevant person who has received technical training by the company,
with guidance provided to the operation and maintenance person. People not having
been trained by the company are not allowed to install the product. After installation, the
product shall be checked for compliance with the requirements according to
pre-operative test program.

Caution:

When handling weather sensors, do not rotate, pull, strike, bend, scrape or touch the
transducers with sharp objects. Any impact on the wind sensor array may damage the
device.

Prior to installation of the products, the sensors and its accessories shall be checked for damages

during transportation. If any damages, notify in writing the transporter for compensation claims.

Keep the original shipping cartons and containers for future use.

2.2 Select the Location

Warning:

To protect the people and the products, a lightning rod should be installed with the tip at
least one meter above the sensor. The rod must be properly grounded, compliant with all
applicable local safety regulations.
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Finding a right place to install the sensors is important for getting representative ambient

measurements. The environmental conditions of the chosen location may influence measurement

results. The WMO Guide to Meteorological Instruments and Methods of Observation (WMO No. 8)

provides good reference to exposure rules for places where the sensors are installed.

It is important to take into account the geography and surrounding area to achieve optimum

performance. Trees, buildings, or other objects situated in the vicinity of weather sensors disturb free

air flow and thus affect the accuracy of the measurement results.

If Sensors with COMPASS,Installation height at least 2m above the ground.Free field around the

sensor,Buildings, bridges, embankments and trees may corrupt the wind measurement. Equally,

passing traffic may cause gusts which may influence the wind measurement.For accurate compass

readings, an aluminium mast is recommended.

2.3 Mounting Kit
Depending on the different installation location, a variety of mounting options are available. Users can

select the appropriate mounting kit according to the location requirements. Mounting of sensor must

be placed vertically and fixed firmly.

Mounting Kit Checklist

Mounting method Applicable models

Tube1, Ø50 mm MPS-100, MPR-100/101, AR200/200-FD, AR300, WS series

Tube2, Ø50-60 mm MP series, AQS, AWS

Note:

Installations on top of high buildings or masts and in sites on opening grounds are
vulnerable to lightning strikes. A nearby lightning strike may induce a high-voltage
surge not tolerable by the internal surge suppressors of the instrument.
Additional protection is needed in regions with frequent, severe thunderstorms,
especially when long line cables (> 30m) are used.
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2.4 Tube1 Dimensions

2.4.1 AR300

2.4.2 AR200-FD
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2.4.3 MPS-100, MPR-100/101, AR200, WS series

2.5 Tube2 Dimensions
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2.6 Mounting method

2.6.1 Tube1

1 Sensor

2 M6 screw and spring

3 Cable and plug

4 Fixing rod (OD50mm)

2.6.2 Tube2

1 Sensor

2 Bracket

3 Screws

4 Nuts

5 Cable and plug

6 Fixing rod (min OD50mm)
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2.7 Alignment

Alignment method changes depending on different models.

Model Alignment

AR200, AR200-FD,

MP series, WS series, AWS
Method I

AR300 Method II

MPS-100, MPR100, MPR101, AQS No need, vertical installation is good

Compass for aligning the sensor to the North.

2.7.1 Alignment Method I
The measurement of wind direction is closely related to the

mounting position of the weather sensor. During mounting,

align the indicator arrow "N" at the top of the sensor with

0° phase.

Before fixing the instrument, the sensor should be aligned

in such a way that the indicator arrow “N” points to the

North - South direction of the earth’s geographic meridians.

The North can be referred either to true north, which uses the earth’s

geographic meridians, or to the magnetic north, which is read

with a magnetic compass. The magnetic declination is the difference in degrees between the true

north and magnetic north. When aligning to the magnetic North, the declination (variation) must be

taken into account.

As the magnetic North Pole indicated by the compass differs from the Geographic North Pole, account

must be taken of the declination (variation) at the location when aligning the sensor.

Procedure:

1、If the sensor is already installed, loosen both nuts evenly until you can turn the sensor easily;

2、Using the compass, identify the North and fix a point of reference on the horizon;

3、Position the sensor in such a way that the South and North sensors are in alignment with the fixed

point of reference in the North.
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Alignment Method II

The top of the anemometer is marked with a ‘0’ indicator

(shown at right) replaces the arrow ‘N’. The fixing of the

sensor follows the steps described for Alignment Method I.

2.8 Plug, cable and D/A module
In this manual, the 2 types of connectors used are described. Other customized connectors are not

included in the manual.

The D/A module will be needed for all models except AR200-FD if analogue outputs are required.

2.8.1 4-pin aerospace connector & cable
For all models except AR300 and AR200-FD

Definition

No grounding is needed for shielding

layer of cable

For SDI-12,Cable definition as follows:Red→12VDC,Black→GND,Brown→N/A,Blue→SDI-12

Line,Grey→N/A.

No. Color Definition Remark

1 Brown RS485A / RS232 TXD Digital output, to DCS,

D/A or other terminal2 Blue RS485B / RS232 RXD

3 Red PWR +
12 - 30V DC

4 Black PWR GND

5 Grey RS-232 GND RS-232 Ground
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2.8.2 8-pin aerospace connector & cable
For AR300, AR200-FD

Definition

No. Color Definition Remark

PWR

7 Red (Heating) PWR + 12 - 30V DC. Voltage should be 24VDC with

heating, current 5 - 10A8 Black (Heating) PWR GND

Analog Output (Only for AR200-FD. AR300 needs extra D/A module)

1 Yellow Wind Speed + Choose/select

output voltage, current and pluse3 Green Wind Speed -

4 Grey Wind Direction + Choose/select

output voltage, current and pluse6 White Wind Direction -

Digital Output

5 Brown RS485＋
To DCS, D/A or other terminal

2 Blue RS485-

No grounding is needed for shielding layer of cable
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2.8.3 D/A Module
D/A module converts digital signal into analog signal (voltage or current). It uses 2-wire digital 485

input, up to 6 analog signals output at the same time.

D/A Module is suitable for AR300, MP series, WS series, MPS-100 and MPR100/101.

Input Definition

Pin Function Remark

PWR

VCC PWR + 12 - 24VDC
DGND PWR GND

Communication

DA+ RS485+ To sensor RS485
(Brown & blue)DA- RS485-

Output Definition

Pin MP, WS, MPS-100, MPR100/101 AR300
Parameter Range Parameter Range

IO1
Speed 0~75 m/s

Horizontal
speed

0~75m/s
GND

IO2
Direction 0~360⁰ Direction 0~360⁰

GND

IO3
Temperature -50 ~ +80℃ Not used Not used

GND

IO4
Humidity 0 ~ 100% RH Not used Not used

GND
IO5

Pressure 0 ~ 1200 hPa Not used Not used
GND
IO6

Radiation/
Precipitation

0 ~ 2000W/㎡
0 ~ 200 mm/h or
0 ~ 400 mm/h

Vertical speed 0~75 m/sGND
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2.9 Heating Function
To prevent instrument from freezing,and to avoid consequential error measurements,We provide

heating function for customers to choose.

The heating function is divided into two types: housing heating and sensor heating. For metal housing,

two heating functions can be selected at the same time, and for plastic housing, only support housing

heating function.

Heating function is divided into two modes, one is automatic mode, the device automatically controls

the heating function ON/OFF, and the other is manual mode, the user can turn on and off the heater

through commands. By default the heating is set in automatic mode and full capacity. This is the

recommended heating mode of the sensor.

At the same time, the initial temperature of the heater can be set, and the factory default setting is

5 ℃.
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3 Communication Protocol

Weather sensors supports the following communication protocols:

- THETA - ASCII

- MODBUS - RTU

- NMEA Extended (version 0183)

- SDI-12 (version 1.3)

The protocol will be preconfigured at the factory according to the requirements specified when

ordering the sensors.

3.1 THETA - ASCII
Text-based communication with devices is possible using ASCII protocol.

ASCII protocol is network-compatible and serves exclusively for online data requests. The device will

not respond to incomprehensible ASCII commands.

3.1.1 Factory Settings
The default values for weather sensors are:

- Interface: RS485

- Bits per second: 9600

- Data bits: 8

- Parity: None

- Stop bits: 1

- Flow control: None

- Device address: 0x01

3.1.2 Command Details
Command Description Response Example

%AANN<CR><LF> Change the
device address
AA = the old
address.
NN = the new
address.
Default
Address：0x01.

!NN<CR><LF> Send：
%0109<CR><LF>
Response：
! 09<CR><LF>
01:Old address
09:New address

$AAM<CR><LF> Device ID
reading

!ID<CR><LF> Send：
%01M<CR><LF>
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AA = the device
address.

Response：
! AR200<CR><LF>
Device ID:AR200

$AAZBR<CR><LF> Baud rate
setting
AA = the device
address.
Default baud
rate = 9600.

! <CR><LF> Send：
$01Z19200<CR><LF>
Response：
! <CR><LF>
Baud rate:19200

$AAZ<CR><LF> Baud rate
reading
AA = the device
address.

! BR<CR><LF> Send：
%01Z<CR><LF>
Response：
! 19200<CR><LF>
Baud rate:19200

#AA0<CR><LF> Wind speed
value reading
AA = the device
address.

>Value<CR><LF> Send：
#010<CR><LF>
Response：
>0.1<CR><LF>
Unit：m/s

#AA1<CR><LF> Wind direction
value reading
AA = the device
address.

>Value<CR><LF> Send：
#011<CR><LF>
Response：
>20.3<CR><LF>
Unit：degrees

#AA2<CR><LF> Relative
Humidity value
reading
AA = the device
address.

>Value <CR><LF> Send：
#012<CR><LF>
Response：
>61.2 <CR><LF>
Unit：%

#AA3<CR><LF> Air Temperature
value reading
AA = the device
address.

>Value<CR><LF> Send：
#013<CR><LF>
Response：
>27.6<CR><LF>
Unit：°C

#AA4<CR><LF> Barometric
Pressure value
reading
AA = the device
address.

>Value<CR><LF> Send：
#014<CR><LF>
Response：
>997.2<CR><LF>
Unit：hPa

#AA<CR><LF> Five parameters
reading
AA = the device
address.

>Value1, Value2,
Value3, Value4,
Value5,<CR><LF>
Value1:wind speed
Value2:wind direction

Send：
#01<CR><LF>
Response：
>0.1,20.3,60.5,27.6,997.2<CR
><LF>
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Value3: air humidity
Value4: air temperature
Value5: barometric
pressure

Unit：
m/s, degree,%,℃, hPa

#AAAC<CR><LF> Seven
parameters
reading
AA = the device
address.

>Value1, Value2,
Value3, Value4,
Value5,Value6,Value7,V
alue8,Value9,Value10<C
R><LF>
Value1:wind speed
Value2:wind direction
Value3: air humidity
Value4: air temperature
Value5: barometric
pressure
Value6:Minute rainfall
Value7:Hour rainfall
Value8:Day rainfall
Value9:Total rainfall
Value10:Solar radiation

Send：
#01AC<CR><LF>
Response：
>4.1,97.0，
78.5,29.4,994.3,0,0,0,
0,99<CR><LF>
Unit：
m/s, degree, %,℃, hPa, mm,
mm, mm, mm, W/m2

3.2 MODBUS-RTU Protocol

3.2.1 Factory Settings
The default values for sensors are:

- Interface: RS485

- Bits per second: 9600

- Data bits: 8

- Parity: None

- Stop bits: 1

- Flow control: None

-Check Mode：CRC-16

3.2.2 Transmission Format
-Read Data Message

Address: 0x01，Function Code: 0x03。
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Request Format：

Address Function

Code

Register Start

Address

Register Numbers CRC-16

1byte 1byte 2bytes 2bytes 2bytes

Return Format：

Address Function

Code

Length of Data Data CRC-16

1byte 1byte 1byte Numbers of Data 2bytes

-Write Data Message

Address: 0x01，Function Code: 0x06。

Request Format：

Address Function Code Register Start

Address

Register Numbers CRC-16

1byte 1byte 2bytes 2bytes 2bytes

Return Format：

Address Function Code Register Address Data CRC-16

1byte 1byte 2bytes 2bytes 2bytes

3.1.1 Register Definition

Register Address Detail Format Unit

40001-40002 Wind Speed Value 32Bit Floating Value m/s

40003-40004 Wind Angle Value 32Bit Floating Value Degree

40005-40006 Temperature 32Bit Floating Value ℃

40007-40008 Relative Humidity 32Bit Floating Value %

40009-40010 Pressure 32Bit Floating Value hPa

40011-40012 Minute Precipitation 32Bit Floating Value mm

40013-40014 Hour Precipitation 32Bit Floating Value mm

40015-40016 Day Precipitation 32Bit Floating Value mm

40017-40018 Total Precipitation 32Bit Floating Value mm

40019-40020 radiation intensity 32Bit Floating Value W/m2
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40061-40062 Heating Mode 16Bit Integer Value
0：Auto

1：Mannual

40063-40064 Heating Status 16Bit Integer Value
0：OFF

1：ON

40065-40066 Heating Temperature 16Bit Integer Value 0-45℃

When using a Modbus function code 3, 6, or 16, an address base of 40001 is assumed. The Register

Address field is an offset from this base.

Examples:

If an address of 40001 needs to be accessed, then a Register Address of 0 is used (40001 - 40001

base = offset address of 0).

NOTE: Registers are read Most-Significant Byte (MSB) first. 32 bit floating point values are encoded

per IEEE Standard 754. For floating point format variables, each data point appears twice because

two 16-bit addresses are required to hold a 32-bit float value. The 16 bit Most Significant Word (MSW)

is in the lower address of the register pair, while the least Significant Word (LSW) is in the upper

address.

3.3 NMEA-0183 Protocol
The default values for weather sensors are:

- Interface: RS485

- Bits per second: 9600

- Data bits: 8

- Parity: None

- Stop bits: 1

- Flow control: None

3.3.1 $WIMWD
Summary
NMEA 0183 standard Wind Direction and Speed, with respect to north.
Syntax
$WIMWD,<1>,<2>,<3>,<4>,<5>,<6>,<7>,<8>*hh<CR><LF>
Fields
<1> Wind direction, 0.0 to 359.9 degrees True, to the nearest 0.1 degree
<2> T = True
<3> Wind direction, 0.0 to 359.9 degrees Magnetic, to the nearest 0.1 degree
<4> M = Magnetic
<5> Wind speed, knots, to the nearest 0.1 knot.
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<6> N = Knots
<7> Wind speed, meters/second, to the nearest 0.1 m/s.
<8> M = Meters/second
Default State
Enabled. Transmitted once per second.

3.3.2 $WIMWV
Summary
NMEA 0183 standard Wind Speed and Angle, in relation to the vessel’s bow/center line.
Syntax
$WIMWV,<1>,<2>,<3>,<4>,<5>*hh<CR><LF>
Fields
<1> Wind angle, 0.0 to 359.9 degrees, in relation to the vessel’s
bow/center line, to the nearest 0.1 degree. If the data for this field is not
valid, the field will be blank.
<2> Reference:
R = Relative (apparent wind, as felt when standing on the
moving ship)
T = Theoretical (calculated actual wind, as though the vessel
were stationary)
<3> Wind speed, to the nearest tenth of a unit. If the data for this field is
not valid, the field will be blank.
<4> Wind speed units:
K = km/hr
M = m/s
N = knots
S = statute miles/hr
In the PB200 Weather Station, this field always contains "N" (knots).
<5> Status:
A = data valid; V = data invalid
Default State
MWV: Enabled. Transmitted once per second.

3.3.3 SDI-12 protocol
The default SDI-12 values for weather sensors are:

- Interface: SDI-12

- Bits per second: 1200

- Data bits: 7

- Parity: EVEN

- Stop bits: 1

- Flow control: None

- Device address: 0

SDI-12 communication is based on V1.3.
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4 Communication Protocol of AQS/AWS

4.1 Introduction

This chapter presents 2 types of standard protocols of air quality station, customized protocols are not

included.
1. THETA - ASCII

2. MODBUS - RTU

The protocol will be preconfigured at the factory according to the requirements specified when

ordering the sensors.

4.2 THETA – ASCII

4.2.1 Factory Setting

- Interface: RS485

- Bits per second: 9600

- Data bits: 8

- Parity: None

- Stop bits: 1

- Flow control: None

- Device address: 01

4.2.2 Command Details

Command Description Response Unit

%AANN<CR><LF> Change the device address

AA = the old address.

NN = the new address.

Default: 0x01.

!NN<CR><LF>

$AAZBR<CR><LF> Baud rate setting

AA = the device address

BR = target baud rate

Z: baud rate command character

! <CR><LF>
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Default baud rate = 9600.

$AAZ<CR><LF> Baud rate reading

Z: baud rate command character

AA = the device address

! BR<CR><LF>

BR: device baud rate

$AAMNUM<CR><LF> Device ID setting

AA = the device address

M: ID command character

NUM: device ID

! <CR><LF>

$AAM<CR><LF> Device ID reading

AA = the device address

M: ID command character

!NUM<CR><LF>

NUM: device ID.

？<CR><LF> Device address reading !NN<CR><LF>

NN: device address.

#AA00<CR><LF> Wind speed value reading

AA = the device address.
>Value<CR><LF> m/s

#AA01<CR><LF> Wind direction value reading

AA = the device address.
>Value<CR><LF> Degree

#AA02<CR><LF> Air Temperature value reading

AA = the device address.
>Value<CR><LF> ℃

#AA03<CR><LF> Relative Humidity value reading

AA = the device address.
>Value <CR><LF> %RH

#AA04<CR><LF> Barometric Pressure value
reading

AA = the device address.

>Value<CR><LF> hPa

#AA05<CR><LF> Minute precipitation reading

AA = the device address.

>Value<CR><LF> mm

#AA06<CR><LF> Hour precipitation reading

AA = the device address.

>Value<CR><LF> mm

#AA07<CR><LF> Day precipitation reading

AA = the device address.

>Value<CR><LF> mm
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#AA08<CR><LF> Total precipitation reading

AA = the device address.

>Value<CR><LF>
mm

#AA09<CR><LF> Solar radiation reading

AA = the device address.

>Value<CR><LF>
W/m2

#AA10<CR><LF> PM2.5 reading

AA = the device address.

>Value<CR><LF>
ug/m³

#AA11<CR><LF> PM10 reading

AA = the device address.

>Value<CR><LF>
ug/m³

#AA12<CR><LF> CH2O reading

AA = the device address.

>Value<CR><LF>
PPB

#AA13<CR><LF> TVOC reading

AA = the device address.

>Value<CR><LF>
PPB

#AA14<CR><LF> CO2 reading

AA = the device address.

>Value<CR><LF>
PPM

#AA15<CR><LF> Noise reading

AA = the device address.

>Value<CR><LF>
DB

#AA16<CR><LF> CO reading

AA = the device address.

>Value<CR><LF>
PPB

#AA17<CR><LF> SO2 reading

AA = the device address.

>Value<CR><LF>
PPB

#AA18<CR><LF> NO2 reading

AA = the device address.

>Value<CR><LF>
PPB

#AA19<CR><LF> O3 reading

AA = the device address.

>Value<CR><LF>
PPB

#AA20<CR><LF> NO reading

AA = the device address.

>Value<CR><LF>
PPB

#AA21<CR><LF> H2S reading

AA = the device address.

>Value<CR><LF>
PPB

#AA22<CR><LF> H2 reading >Value<CR><LF> PPB
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AA = the device address.

#AA23<CR><LF> NH3 reading

AA = the device address.

>Value<CR><LF>
PPB

#AA<CR><LF> All parameters reading

AA = the device address.

* Time interval ≥ 1s is suggested

as much data returning

>value0,…,Value23<C

R><LF>

* Values return per

order in the table

Units

same

as

above

4.3 MODBUS – RTU

4.3.1 Factory Setting

- Bits per second: 9600

- Start bits: 1

- Data bits: 8

- Parity: None

- Stop bits: 1

- Default address: 0x01

- Check Mode：CRC-16

4.3.2 Transmission Format
- Read Data Message

Request Format：

Address Function

Code

Register Start

Address

Register Numbers CRC-16

1byte 1byte 2bytes 2bytes 2bytes

Return Format：

Address Function

Code

Length of Data Data CRC-16

1byte 1byte 1byte Numbers of Data 2bytes
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- Write Data Format

Request Format：

Address Function Code Register Start

Address

Register Numbers CRC-16

1byte 1byte 2bytes 2bytes 2bytes

Return Format：

Address Function Code Register Address Data CRC-16

1byte 1byte 2bytes 2bytes 2bytes

4.3.3 Address and Function Code

Address Function Code Description

0x01 0x03 Read register

0x01 0x06 Write register

4.3.4 Register Definition

Register Address Detail Format Unit

40001 Wind Speed Value 32Bit Floating Value m/s

40003 Wind Angle Value 32Bit Floating Value Degree

40005 Temperature 32Bit Floating Value ℃

40007 Relative Humidity 32Bit Floating Value %

40009 Pressure 32Bit Floating Value hPa

40011 Minute Precipitation 32Bit Floating Value mm

40013 Hour Precipitation 32Bit Floating Value mm

40015 Day Precipitation 32Bit Floating Value mm

40017 Total Precipitation 32Bit Floating Value mm

40019 radiation intensity 32Bit Floating Value W/m2

40021 PM2.5 32Bit Floating Value ug/m³

40023 PM10 32Bit Floating Value ug/m³

40025 CH2O 32Bit Floating Value PPB
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40027 TVOC 32Bit Floating Value PPB

40029 CO2 32Bit Floating Value PPM

40031 Noise 32Bit Floating Value DB

40033 CO 32Bit Floating Value PPB

40035 SO2 32Bit Floating Value PPB

40037 NO2 32Bit Floating Value PPB

40039 O3 32Bit Floating Value PPB

40041 NO 32Bit Floating Value PPB

40043 H2S 32Bit Floating Value PPB

40045 H2 32Bit Floating Value PPB

40047 NH3 32Bit Floating Value PPB

When using a Modbus function code 3, 6, or 16, an address base of 40001 is assumed.

The Register Address field is an offset from this base.

* Example

If an address of 40001 needs to be accessed, then a Register Address of 0 is used (40001 - 40001

base = offset address of 0).

NOTE: Registers are read Most-Significant Byte (MSB) first. 32-bit floating point values are encoded

per IEEE Standard 754. For floating point format variables, each data point appears twice because

two 16-bit addresses are required to hold a 32-bit float value. The 16-bit Most Significant Word (MSW)

is in the lower address of the register pair, while the least Significant Word (LSW) is in the upper

address. Device Address：0x01，Read Register Command：0x03
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5 Analog Output

5.1 Currency/Voltage Output
All weather sensors support analog current or voltage analog signal output. Analog current signal

default output is 4-20 mA, the analog voltage signal default output is 1-5 V .

All weather sensors monitoring parameters are as follows:

Parameters Range Current Signal Voltage Signal

Wind Speed 0~75 m/s 4-20mA 1-5V

Wind Direction 0~360 Degrees 4-20mA 1-5V

Air Temperature -50~+80℃ 4-20mA 1-5V

Relative Humidity 0~100% RH 4-20mA 1-5V

Air Pressure 0~1200 hPa 4-20mA 1-5V

Solar Radiation 0~2000 W/m2 4-20mA 1-5V

Precipitation
0~200 mm/h
0~400 mm/h

4-20mA 1-5V

The relationship between the real value and the output current (or voltage) is as follows:

Analog current output:

)/()()( MINMAXMINMAXMINOUTout IIPPIIP 

Where:

outP :Real monitoring value;

OUTI :Current output value;

MINI : 4mA;

MAXI :20mA;

MAXP :Upper limit of the parameters monitoring range;

MINP :Lower limit of the parameters monitoring range.

Example: the current of wind speed is 12mA, then the corresponding wind speed real value is
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smPout /30)420/()060()412( 

Analog voltage output:

)/()()( MINMAXMINMAXMINOUTout VVPPVVP 

Where:

outP :Real monitoring value;

OUTV :Voltage output value;

MINV :1V;

MAXV :5V ;

MAXP :Upper limit of the parameters monitoring range;

MINP :Lower limit of the parameters monitoring range.

Example: the wind speed output voltage is 3V, then the corresponding wind speed real value is

smPout /30)15/()060()13( 

5.2 Wind Speed Pulse Output
Wind speed can be selected to output with pulse signal. Equation of wind speed detected value and

pulse frequency is

1)572.0(  fV

Where:

V wind speed detected value, sm /

f frequency of pulse output, Hz

5.3 Wind Direction Duty Cycle Output
Wind direction (WD) can be selected to output with pulse signal. Equation of wind direction detected

value and duty cycle is

WD 0°, cable + end sends 50% duty signal，- end sends up level signal;

WD 90°, cable + end sends up level signal, - end sends 50% duty signal;

WD 180°, cable + end sends 50% duty signal, - end sends low level signal;

WD 270°; cable + end sends low level signal, - end sends 50% duty signal;

Other angels should be calculated according to different signals from +/- ends.
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6 Specifications – Weather Stations

6.1 Basic Information

6.1.1 Anemometers
Parameters AR200 AR200-FD AR300

IP Class IP66 IP66 IP66

Dimensions
Height 195 mm
Diameter 160 mm

Height 185 mm
Diameter 160 mm

Height 720 mm
Diameter 240 mm

Weight 1.1kg 1.2kg 3.2kg

Analog Signal None
4 … 20mA, 1 … 5V, pulse,

duty cycle
4 … 20mA, 1 … 5V

(Optional)

Digital Signal RS-485,9600,8,N,1 RS-485,9600,8,N,1 RS-485,9600,8,N,1

Supply Voltage 12 … 30V DC 12 … 30V DC 12 … 30V DC

Power
Consumption

11mA @12V DC 12mA @12V DC 18mA @12V DC

Overall Heating None 10A @ 24VDC None

Operating
temperature

-40 … ＋70℃ -40 … ＋70℃ -40 … ＋70℃

Operating
humidity

5% … 100%RH 5% … 100%RH 5% … 100%RH

Connector 4-pin aerospace plug 8-pin aerospace plug 8-pin aerospace plug

Connection
cable

(standard)
5m 5m 5m

6.1.2 MP series
Parameters MP500 MP600/601 MP650/MP651 MP700

IP Class IP65 IP65 IP65 IP65

Dimensions
Height 308 mm
Width 160 mm

Height 318/350 mm
Width 160 mm

Height 333 mm
Width 160 mm

Height 360 mm
Width 160 mm

Weight 1.4kg 1.4/1.5kg 1.4kg 1.6kg

Analog Signal
(optional)

4 … 20mA
or 1 … 5V

4 … 20mA
or 1 … 5V

4 … 20mA
or 1 … 5V

4 … 20mA
or 1 … 5V

Digital Signal RS-485,9600,8,N,1 RS-485,9600,8,N,1
RS-485,9600,8,N,1

SDI-12
RS-485,9600,8,N,1

Supply Voltage 12 … 30V DC 12 … 30V DC 12 … 30V DC 12 … 30V DC

Power 13mA@12V DC 16/55mA@12V DC 18mA@12V DC 70mA@12V DC
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Consumption

Sensor Heating None None 5A@12VDC None

Operating
temperature

-40 … ＋70℃ -40 … ＋70℃ -40 … ＋70℃ -40 … ＋70℃

Operating
humidity

0 … 100%RH 0 … 100%RH 0 … 100%RH 0 … 100%RH

Connector 4-pin aerospace plug 4-pin aerospace plug 4-pin aerospace plug 4-pin aerospace plug

Connection
cable

(standard)
8m 8m 8m 8m

6.1.3 WS series
Parameters WS500 WS600/601 WS650 WS200

IP Class IP65 IP65 IP65 IP66

Dimensions
Height 208 mm
Width 126 mm

Height 218/266 mm
Width 126 mm

Height 233 mm
Width 126 mm

Height 152 mm
Width 126 mm

Weight 0.6kg 0.7/0.8kg 0.7kg 0.5kg

Analog Signal
(Optional)

4 … 20mA
or 1 … 5V

4 … 20mA
or 1 … 5V

4 … 20mA
or 1 … 5V

4 … 20mA
or 1 … 5V

Digital Signal RS-485,9600,8,N,1 RS-485,9600,8,N,1 RS-485,9600,8,N,1 RS-485,9600,8,N,1

Supply Voltage 12 … 30V DC 12 … 30V DC 12 … 30V DC 12 … 30V DC

Power
Consumption

13mA @12V DC 16/55mA @12V DC 18mA @12V DC 11mA@12V DC

Operating
temperature

-40 … ＋70℃ -40 … ＋70℃ -40 … ＋70℃ -40 … ＋70℃

Operating
humidity

5% … 100%RH 5% … 100%RH 5% … 100%RH 5% … 100%RH

Connector 4-pin aerospace plug 4-pin aerospace plug 4-pin aerospace plug 4-pin aerospace plug

Connection
cable

(standard)
5m 5m 5m 5m

6.1.4 Others
Parameters MPR-100 MPR101 MPS-100

IP Class IP65 IP65 IP65

Dimensions
Height 120 mm
Width 160 mm

Height 160 mm
Width 160 mm

Height 140 mm
Width 160 mm

Weight 1.2kg 1.3kg 1.0kg

Analog Signal 4 … 20mA 4 … 20mA 4 … 20mA
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(Optional) or 1 … 5V or 1 … 5V or 1 … 5V

Digital Signal RS-485,9600,8,N,1 RS-485,9600,8,N,1 RS-485,9600,8,N,1

Supply Voltage 12 … 30V DC 12 … 30V DC 12 … 30V DC

Power
Consumption

5mA@12V DC 45mA@12V DC 8mA@12V DC

Operating
temperature

-40 … ＋70℃ -40 … ＋70℃ -40 … ＋70℃

Operating humidity 5% … 100%RH 5% … 100%RH 5% … 100%RH

Connector 4-pin aerospace plug 4-pin aerospace plug 4-pin aerospace plug

Connection cable
(standard)

5m 5m 5m

6.2 Specifications

6.2.1 Anemometers
Parameters AR200 AR200-FD AR300

Wind
Speed

Theory Ultrasonic Ultrasonic Ultrasonic

Range 0 … 60 m/s 0 … 60 m/s 0 … 60 m/s

Accuracy
±0.3 m/s or 3% of

reading, whichever is
greater

±0.3 m/s or 3% of
reading, whichever is

greater

±0.3 m/s or 3% of
reading, whichever

is greater

Resolution 0.1 m/s 0.1 m/s 0.1 m/s

Wind
Direction

Theory Ultrasonic Ultrasonic Ultrasonic

Range 0 … 359.9° 0 … 359.9° 0 … 359.9°

Accuracy ±3° ±3° ±2°

Resolution 0.1° 0.1° 0.1°

6.2.2 MP series
Parameters MP500 MP600/601 MP650/MP651 MP700

Wind
Speed

Theory Ultrasonic Ultrasonic Ultrasonic Ultrasonic

Range 0 … 60m/s 0 … 60m/s 0 … 75m/s 0 … 60m/s

Accuracy

±0.3 m/s or 3% of
reading,

whichever is
greater

±0.3 m/s or 3% of
reading,

whichever is
greater

±0.3 m/s or 3% of
reading,

whichever is
greater

±0.3 m/s or 3% of
reading,

whichever is
greater

Resolution 0.1m/s 0.1m/s 0.1m/s 0.1m/s

Wind
Direction

Theory Ultrasonic Ultrasonic Ultrasonic Ultrasonic

Range 0 … 359.9° 0 … 359.9° 0 … 359.9° 0 … 359.9°

Accuracy ±3° ±3° ±3° ±3°

Resolution 0.1° 0.1° 0.1° 0.1°
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Temp.

Theory Diode Voltage Diode Voltage Diode Voltage Diode Voltage

Range -40 … ＋80℃ -40 … ＋80℃ -40 … ＋80℃ -40 … ＋80℃

Accuracy ≤±0.5℃ ≤±0.5℃ ≤±0.5℃ ≤±0.5℃

Resolution 0.1℃ 0.1℃ 0.1℃ 0.1℃

Humidity

Theory Capacitive Capacitive Capacitive Capacitive

Range 0 … 100% RH 0 … 100% RH 0 … 100% RH 0 … 100% RH

Accuracy ≤±2% RH ≤±2% RH ≤±2% RH ≤±2% RH

Resolution 0.1% RH 0.1% RH 0.1% RH 0.1% RH

Pressure

Theory Piezoresistor Piezoresistor Piezoresistor Piezoresistor

Range 10 … 1200hPa 10 … 1200hPa 10 … 1200hPa 10 … 1200hPa

Accuracy ≤±0.5hPa ≤±0.5hPa ≤±0.5hPa ≤±0.5hPa

Resolution 0.1hPa 0.1hPa 0.1hPa 0.1hPa

Precipitation

Theory
Piezoelectrical/
Photoelectrical

Piezoelectrical/
Photoelectrical

Range
0 … 200/400

mm/h
0 … 200/400

mm/h

Accuracy  0.1mm/h  0.1mm/h

Resolution ±5% ±5%

Solar
Radiation

Theory Photoelectric Photoelectric

Spectrum Range 300 … 2800nm 300 … 2800nm

Range 0 … 2000W/㎡ 0 … 2000W/㎡

Non-linear Tor. <2％ <2％

Resolution 1W/㎡ 1W/㎡

Accuracy ±5% ±5%

6.2.3 WS series
Parameter WS500 WS600/601 WS650 WS200

Wind
Speed

Theory Ultrasonic Ultrasonic Ultrasonic Ultrasonic

Range 0 … 45m/s 0 … 45m/s 0 … 45m/s 0 … 45m/s

Accuracy

±0.3 m/s or 3% of
reading,

whichever is
greater

±0.3 m/s or 3% of
reading,

whichever is
greater

±0.3 m/s or 3% of
reading,

whichever is
greater

±0.3 m/s or 3% of
reading,

whichever is
greater

Resolution 0.1m/s 0.1m/s 0.1m/s 0.1m/s

Wind
Direction

Theory Ultrasonic Ultrasonic Ultrasonic Ultrasonic

Range 0 … 359.9° 0 … 359.9° 0 … 359.9° 0 … 359.9°

Accuracy ±3° ±3° ±3° ±3°

Resolution 0.1° 0.1° 0.1° 0.1°

Temp. Theory Diode Voltage Diode Voltage Diode Voltage
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Range -40 … ＋80℃ -40 … ＋80℃ -40 … ＋80℃

Accuracy ±0.5℃ ±0.5℃ ±0.5℃

Resolution 0.1℃ 0.1℃ 0.1℃

Humidity

Theory Capacitive Capacitive Capacitive

Range 0 … 100% RH 0 … 100% RH 0 … 100% RH

Accuracy ±3% RH ±3% RH ±3% RH

Resolution 0.1% RH 0.1% RH 0.1% RH

Pressure

Theory Piezoresistor Piezoresistor Piezoresistor

Range 10 … 1100hPa 10 … 1100hPa 10 … 1100hPa

Accuracy ±0.5hPa ±0.5hPa ±0.5hPa

Resolution 0.1hPa 0.1hPa 0.1hPa

Precipitation

Theory
Piezoelectrical/
Photoelectrical

Range
0 … 200/400

mm/h

Accuracy  0.1mm/h

Resolution ±5%

Solar
Radiation

Theory Photoelectric

Spectrum Range 300 … 2100nm

Range 0 … 2000W/㎡

Non-linear Tor. ≤3％

Resolution 1W/㎡

Accuracy ±5%

6.2.4 COMPASS
The integrated electronic compass can be used to check the north – south adjustment of the sensor

housing for wind direction measurement.It is also used to calculate the compass corrected wind

direction.

COMPASS

Range 0 … 360°

Resolution 1.0°

Accuracy ±8°

Sampling Interval 1Minute
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6.2.5 Others
Parameter MPR-100/101 MPS-100

Precipitation

Theory
Piezoelectrical/
Photoelectrical

Range 0 … 200/400 mm/h

Accuracy  0.1mm/h

Resolution ±5%

Solar
Radiation

Theory Photoelectric

Spectrum Range 300 … 2800nm

Range 0 … 2000W/㎡

Non-linear Tor. <2％

Resolution 1W/㎡

Accuracy ±5%
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7 Specifications - AQS/AWS

7.1 Basic Information
Parameters AQS AWS

IP Class IP65 IP65

Dimensions
Height 250 mm

Diameter 160 mm
Height 375 mm

Diameter 160 mm

Weight 1.4kg 2.3kg

Digital Signal Baud Rate 9600 Default Baud Rate 9600 Default

Supply Voltage 12 … 30V DC 12 … 30V DC

Power Consumption 145mA @12V DC 160mA @12V DC

Operating
temperature

-40 … ＋70℃ -40 … ＋70℃

Operating humidity 5% … 100%RH 5% … 100%RH

Connector 4-pin aerospace plug 4-pin aerospace plug

Connection cable
(Standard)

5m 5m

7.2 Specifications
Parameter AQS AWS

Wind
Speed

Theory Ultrasonic

Range 0 … 60m/s

Accuracy
±0.3 m/s or 3% of

reading, whichever is
greater

Resolution 0.1m/s

Wind
Direction

Theory Ultrasonic

Range 0 … 359.9°

Accuracy ±3°

Resolution 0.1°

Temp.

Theory Diode Voltage

Range -40 … ＋80℃

Accuracy ±0.5℃

Resolution 0.1℃

Humidity

Theory Capacitive

Range 0 … 100% RH

Accuracy ±3% RH
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Resolution 0.1% RH

Pressure

Theory Piezoresistor

Range 10 … 1100hPa

Accuracy ±0.5hPa

Resolution 0.1hPa

Precipitation

Theory
Piezoelectrical/
Photoelectrical

Range 0 … 200/400 mm/h

Accuracy  0.1mm/h

Resolution ±5%

Solar
Radiation

Theory Photoelectric

Spectrum Range 300 … 2100nm

Range 0 … 2000W/㎡

Non-linear Tor. ≤3％

Resolution 1W/㎡

Accuracy ±5%

CO

Theory Electrochemistry Electrochemistry

Range 0 … 1000ppm 0 … 1000ppm

Accuracy ±0.02ppm ±0.02ppm

Resolution 0.01ppm 0.01ppm

NO2

Theory Electrochemistry Electrochemistry

Range 0 … 20ppm 0 … 20ppm

Accuracy ±0.001ppm ±0.001ppm

Resolution 0.001ppm 0.001ppm

SO2

Theory Electrochemistry Electrochemistry

Range 0 … 100ppm 0 … 100ppm

Accuracy ±0.002ppm ±0.002ppm

Resolution 0.001ppm 0.001ppm

O3

Theory Electrochemistry Electrochemistry

Range 0 … 20ppm 0 … 20ppm

Accuracy ±0.01ppm ±0.01ppm

Resolution 0.005ppm 0.005ppm

CO2

Theory Electrochemistry Electrochemistry

Range 0 … 5000ppm 0 … 5000ppm

Accuracy ±75 ppm ±75 ppm

Resolution 1ppm 1ppm

PM2.5

Theory Laser Scattering Laser Scattering

Range 0 … 1000 ug/m³ 0 … 1000 ug/m³

Accuracy ±10% ±10%
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Resolution 0.3 ug/m³ 0.3 ug/m³

PM10

Theory Laser Scattering Laser Scattering

Range 0 … 1000 ug/m³ 0 … 1000 ug/m³

Accuracy ±10% ±10%

Resolution 0.3 ug/m³ 0.3 ug/m³

TVOC

Theory Electrochemistry Electrochemistry

Range 0 … 1000ppb 0 … 1000ppb

Accuracy ±25ppb ±25ppb

Resolution 1ppb 1ppb

CH2O
(Optional)

Theory Electrochemistry Electrochemistry

Range 0 … 400ppb 0 … 400ppb

Accuracy ±10ppb ±10ppb

Resolution 1ppb 1ppb

Noise

Theory Piezoelectrical Piezoelectrical

Range 30 … 130db 30 … 130db

Accuracy ±3% ±3%

Resolution 0.1db 0.1db
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8 Troubleshooting

This chapter describes common problems, their probable causes and remedies, and provides contact
information for technical support.

Problem Situations

Problem Probable Cause Remedy
Installation of weather sensor is
not possible.

You do not have the correct
mounting kit for installation

Contact theta technical support.

No output Incorrect cables were used
in the installation.

Check DC power, cable and
connections.
Check that in-line communication
devices are wired correctly.

Corrupted output Incorrect setting Check communications settings,
including correct Com port.
Check cable lengths and type of
cable.
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Manufactured by Shenzhen Theta Instruments Co., Ltd.

Address:

The 2nd floor 26 Building, Lianchuang Science Park, Bulan Rd Longgang Dist Shenzhen China.

Email: info@thetainst.com

Tel: +86-755-8323 2645

Fax: +86-755-8316 5369

mailto:info@thetainst.com
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