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Abstract--- The aim of the project is to make weather 

monitoring system to measure temperature, humidity, air 

velocity and day & night stages. Our system monitors 

parameters and store them to Raspberry pi. This design is 

mainly based on Raspberry pi, RTUs and RS485. The 

RS485 is an important communication interface during 

computer and external communication devices, which is 

widely used in monitor-control system and project 

application. Since RS485 Serial Port has the advantage of 

far distance communication and anti-jamming, it is very 

popular in industry fields. RTU is Slave made of LPC2148 

board with sensors and 16x2 LCD. The value of sensors are 

not only be displayed on 16x2 LCD, but also can be sent and 

displayed to raspberry pi using RS485 interface. A 

multithreaded protocol is used for the transmission of device 

data between the Raspberry pi and the Boards. The project 

has three areas in which focus is aimed. The first area is the 

creation of a Raspberry pi program that will control devices 

throughout the RS485 network. The second aim is giving 

each RTU the ability to take input from the sensors as well 

as collect and send data from attached devices.  Lastly the 

construction of network adapters that will allow multiple 

devices to communicate with raspberry pi on one seamless 

network.  The sole purpose of this project is to make the 

RTU for weather monitoring system which can work 

effectively over long distance. 

Keywords:  Remote Terminal Unit, RS485, Raspberry Pi, 

Data Acquisition System, Sensors, Weather Monitoring, 

I. INTRODUCTION 

Sometimes our buildings are equipped with complex and 

expensive equipment which are sensitive to the external 

environment parameters. They require a relatively stable 

temperature and humidity environment. Because of the 

particularity of the buildings, it can’t be done the real-time 

spot monitoring by humans. And in the event of an 

unexpected danger, it is difficult to respond in a timely 

manner, resulting in the server, etc. is abnormal, crash, or 

even damaging the expensive server equipment which will 

lead to serious influence. Because of the high price and 

complexity of most environmental monitoring systems, a 

feasible low-cost and practical solution for the realization of 

intelligent System having Remote Terminal Unit is provided 

in this paper. On one hand, the program can achieve the 

real-time monitoring in face of room temperature, humidity 

etc. which are likely to affect the servers and other 

equipment working properly.  

The aim of the weather monitoring system is to 

measure temperature and humidity for real time. These 

parameters are natural phenomenon of weather. They have 

great impact in living-kind. Weather station records 

parameters like temperature and humidity are reported them 

to general public. History of such records sometimes 

forecast the people of impending etc.  

Generally RTU monitors the field digital and 

analog parameters and transmits data to the computer in the 

central monitoring Station. To make communications with 

different devices, Serial communication is needed. There is 

much digital equipment which is supporting serial 

communication in the industry field, mainly including 

RS232C, RS422A, and RS485 and so on. Among all the 

serial communications, RS232C and RS422A support full 

duplex communications, while RS485 supports half-duplex 

communication. Here using RS485 interface we are creating 

RTU which can measure temperature and humidity from 

atmosphere and gives output to main computer subsystem. 

In the term of communication function, the full-duplex 

communication has more advantages than half-duplex 

communication, but because of difference of the electrical 

properties, the communication distance of RS232C is only 

less than 15m, and the maximum communication of RS485 

is up to 1200m. And the RS485 serial communication has 

the advantages of anti-jamming and far communication 

distance, so it is used widely. 

II. PROJECT OVERVIEW 

The system mainly achieves the real-time monitoring in 

fields of room temperature, humidity and saves the collected 

data in the database servers. To achieve good human 

services, we design system solutions in this paper, and give 

the monitoring site according to the actual situation to 

visually monitor the current status, make the users browse 

the monitoring site through the Internet, and facilitate the 

timely monitoring of the internal environment of each room. 

RTU is capable of collecting data from temperature and 

humidity sensors and send them to the Master.  

The overall project circuit is divided into 3 main 

parts: 1) Raspberry Pi Setup: this collects the information 

from the master through serial port using RS485 converter. 

The collected data is shown on display using software.2) 

Master/ RS485 Controller: Here Master collects the data 

from RTU and sends it to a computer. 3) Slaves/RTUs: 

Slaves are microcontroller boards which gets data from 

sensors. The data is not only displayed on attached LCD but 

are sent to the master also.  

Temperature and humidity sensor module is used to 

monitor the current real-time temperature and humidity, 

convert the current physical quantities into electrical signals 

which can easily be measured, and deliver the signals to the 

monitoring surveillance mainframe for processing timely. 

 Objectives A.

 Setting up the hardware and the RS-485 bus. 

 Master is the RS485 Controller. 

 The RTUs are the LPC2148 development board 

attached with sensors.  

 The Master and RTUs communicate using serial 

interface over RS485 bus. 
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 The Master is connected with Computer by RS232 to 

RS485 Converter Circuit. 

 Master is the initiator and will dominate 

communication over the bus. 

 Slaves (RTUs) are only allowed to respond to the 

master’s requests. 

 Entire status is displayed on a Computer screen using 

Minicom software. 

 
Fig. 1:  Block Diagram 

III. COMPONENTS DETAILS 

 Remote Terminal Unit (RTU): A.

RTU is a microprocessor-controlled electronic device that 

interfaces objects in the physical world to a distributed 

control system by transmitting telemetry data to the system, 

and by using messages from the supervisory system to 

control connected objects. 

RTU monitors the field digital and analog 

parameters and transmits data to the Central Monitoring 

Station. An RTU can be interfaced with the Central Station 

with different communication media (usually serial (RS232, 

RS485, RS422) or Ethernet). 

Modern RTUs are usually capable of executing 

simple programs autonomously without involving the host 

computers to simplify deployment, and to provide 

redundancy for safety reasons. Remote terminal units 

(RTUs) collect data automatically and connect directly to 

sensors, meters, loggers or process equipment. They serve as 

slave units to supervisory controller. 

Remote terminal units are located near the 

monitored process and transfer data to the controller unit on 

command. They often include integral software, data 

logging capabilities, a real-time clock (RTC) or totalizer and 

a battery backup. Important specifications for remote 

terminal units (RTUs) include communication type, number 

of ports, and memory size. Serial devices use 

communication protocols such as RS232, RS485, and 

RS422. 

Here RTU is made of mainly 2 components: 

LPC2148 board & Sensors. 

1) LPC2148 Board 

 
Fig. 2: Block diagram of RTU 

LPC214X is an evaluation board for LPC2148 

ARM7TMDI based microcontroller. The LPC2148 

microcontroller has 512KB of internal flash and 32+8K 

RAM. Following are the salient features of the board. 

 Dimensions: 114 X 127 mm2 

 Two layer PCB (FR-4 material) 

 Power supply: DC 6.5V with power LED On-board 

linear regulators generate +3.3V/500mA and +5v/500mA 

from power supply.  

USB connector (as alternate power source). 

 
Fig. 3: Block diagram of LPC2148 

2) Connectors: 

 Extension headers for all microcontroller pins. 

 RS232 connectors (2). 

 VGA connector. 

 PS/2 connector. 

 JTAG connector. 

 SD/MMC connector. 

 USB B-type connector with Link-LED. 

 All peripheral configurable via jumpers. 

3) Other Peripherals: 

 256Kb I2C based EEPROM 

 Audio power amplifier. 

 2 line X 16 character LCD with back light control. 

 Configurable for manual and automatic program 

download (ISP) via serial port. 

8-bit controllable LEDs on SPI using 74HC595. 

 Raspberry Pi board: B.

The Raspberry Pi is a credit card-sized computer that will 

cost from as little as $25 when it goes on sale at the end of 

the month. It is a bare-bones PC to which you can connect to 

a TV, keyboard and mouse, and on which you will be able 

to surf the web, play Full-HD movies and do almost 

anything you would want to on a "normal PC". 

The Raspberry Pi is powered by a Broadcom BCM2835 

system on a chip (SoC) featuring an ARM1176JZFS CPU 

running at 700 MHz. 



Design and Implementation of Remote Terminal Unit for Monitoring Weather using Raspberry Pi and RS485 Standard Interface 

 (IJSRD/Vol. 2/Issue 03/2014/118) 

 

 All rights reserved by www.ijsrd.com 437 

 
Fig. 4: Raspberry Pi 

1) Specifications of Raspberry Pi  

The Raspberry Pi models do NOT come with an operating 

system. You must use a blank SD card (4 GB or more) and 

install your own disk image onto it using one of many tools 

available to do this from your PC, Mac or Linux box. The 

'standard' and most used distribution for Raspberry Pi is 

'Raspbian' which is based on Debian. There are also many 

other distributions, including single purpose distributions for 

making a media center with XBMC. You can also buy an 

SD card with an operating system already installed on it 

 Other Components of the Project: C.

1) Hardware components:  

 Computer (Raspberry Pi) for Monitoring and Storing 

Data 

 Slaves/LPC2148 Board attached with sensors and LCD 

 Master/ RS485 Controller Board. 

 RS232 to RS485 converter. 

 Unshielded wire pair to connect the RS-485 converters. 

2) Software components:  

 Multithreaded program which runs on the master.  

 Network server program which also runs on the master. 

 RTU program running on LPC2148. 

 Client program running on Computer (Raspberry Pi). 

 The detailed descriptions of these components are 

explained later in another chapter. 

IV. SERIAL DATA COMMUNICATION  

The fastest way of transmitting data, within a computer is 

parallel data transfer. For transferring data over long 

distances, however, parallel data transmission requires too 

many wires. Therefore, for long distance data transmission, 

data is usually converted from parallel form to serial form so 

that it can be sent on a single wire or pair of wires. Serial 

data received from a distant source is converted to parallel 

form so that it can easily be transferred on the computer 

buses. 

Three terms often encountered in literature on 

serial data systems are simplex, half duplex and full - 

duplex. A simplex data line can transmit data only in one 

direction. Data from sensors to processor and commercial 

radio stations are examples of simplex transmission. 

Half-duplex transmission means that 

communication can take place in either direction between 

two systems, but can only occur in one direction at a time. 

An example of half duplex transmission is a two-way radio 

system, where one user always listens while the other talks 

because the receiver circuitry is turned off during 

transmission. The 

 
Fig. 5: Serial Data Transmission 

Term full duplex means that each system can send 

and receive data at the same time. A normal phone 

conversation is an example of a full-duplex operation.  

Serial data can be sent synchronously or 

asynchronously. For synchronous transmission, data is sent 

in block at a constant rate. The start and end of a block are 

identified with specific bytes or bit patterns. For 

asynchronous transmission, each data character has a bit 

which identifies its start and 1 or 2 bits, which identify its 

end. Since each character is individually identified, 

characters can be sent at any time. The figure shows the bit 

format often used for transmitting asynchronous serial data.  

When no data is being sent, the signal line is in a constant 

high or marking state. The beginning of a data character is 

indicated by the line going low for 1 bit time.  

Some systems do not insert or look for a parity bit. 

After the data bits and the parity bit, the signal line is 

returned high for at least 1-bit time to identify the end of the 

character. This always-high bit is referred to as a stop bit. 

Some systems use 2 stop bits.Commonly used baud rates are 

110, 300, 1200, 2400, 4800, 9600 and 19,200 bauds. 

Once the data is converted to serial form it must in 

some way be sent from the transmitting UART to the 

receiving UART. Modems and other equipment used to send 

serial data over long distances are known as data 

communication equipment or DCE. The terminals and 

computers that are sending or receiving the serial data are 

referred to as data terminal equipment or DTE. 

 UART A.

The Universal Asynchronous Receiver Transmitter (UART) 

is usually a programmable LSI device having necessary 

hardware circuits for implementing asynchronous serial 

communication 

The receiver converts serial data bits received on 

the line into parallel bytes. The transmitter converts the 

parallel bytes into serial bits to be sent on the line. The 

frequency of the receiver clock has to match the baud rate of 

the receive data (RxD). The SIPO (Serial in Parallel Out) 

logic de-serializes the serial data bits into a parallel byte. 

The RPE (Receiver Parity Error) signal is generated by the 

parity checker if there is a wrong parity in the received 

character. In the transmitter section, the PISO (Parallel in 

Serial Out) logic converts the parallel byte into a serial bit 



Design and Implementation of Remote Terminal Unit for Monitoring Weather using Raspberry Pi and RS485 Standard Interface 

 (IJSRD/Vol. 2/Issue 03/2014/118) 

 

 All rights reserved by www.ijsrd.com 438 

stream. It also adds start bit, parity bit and stop bit to the 

data. 

 
Fig. 6: UART Block Diagram 

The frequencies of the transmit clock and the 

receive clock need not be equal. But the baud rate of the 

sending end transmitter should be equal to the baud rate of 

the receiving end receiver. If the baud rates are not equal the 

receiver section will generate an RFE (Receiver Framing 

Error) signal. When the receiver section finds an invalid 

data format it issues the RFE signal. The received data is 

said to be invalid when 

(a) The start bit is sensed but no stop bit is found after the 

data bits and the parity bit time. 

(b) The start bit is sensed but its duration is less than a baud 

period.  

V. RS485 STANDARD INTERFACE 

RS485 enables the configuration of inexpensive local 

networks and multidrug communications links. It offers data 

transmission speeds of 35 Mbit/s up to 10 m and 100 Kbit/s 

at 1200 m. Since it uses a differential balanced line over 

twisted pair (like RS-422), it can span relatively large 

distances (up to 4,000 feet (1,200 m)). A rule of thumb is 

that the speed in bit/s multiplied by the length in meters 

should not exceed 108. Thus a 50 meter cable should not 

signal faster than 2 Mbit/s.  

 
Fig. 7: RS485 block diagram 

RS485 transceiver is used for applications where many 

devices communicate with each other using RS485 physical 

layer. This IP has both transmitter and receiver parts. 

Transmitter part will convert the parallel data into serial bits 

and transmits the same. The Receiver part receives the serial 

data and converts them to parallel data. The block diagram 

and architectural block diagram of RS485 interface is shown 

in the Figures. 

 Features [2]: A.

Configuration data is used for setting parameters for IP 

which includes the following. 

 Mode of data transmission and reception namely RTU 

or ASCII. 

 Even, odd, or no-parity bit. 

 1 or 2 stop bits. 

 Different baud rates up to 4000K Baud. 

 Half duplex communication. 

RS485 adopts differential signal negative logic. 

+0.2 V - +6 V is indicated as ‘0’ and -6 V to -0.2 V is 

indicated as ‘1’. There are two-wire and four-wire 

connection modes. In CAMABIO system, two-wire is used. 

This connection is of bus topology structure, in which a 

maximum 256 nodes can be connected to the same bus. In 

most circumstances, when connecting RS485 

communication links, only a twisted pair is used to connect 

the ‘A’ and ‘B’ terminals of each interface. In theory, the 

maximum communication distance of RS485 can extend up 

to 1,200 meters. 

Logic ‘0’ and ‘1’ are indicated by the voltage 

differences between the two wires +0.2-6 V and -0.2-6 V 

respectively. The interface signal level is lower than that of 

RS-232-C, so the interface circuit chip is not easily 

damaged. Also the level is compatible with TTL level, 

which facilitates the connection with a TTL circuit. 

Maximum data transmission speed is 10 Mbps. The RS485 

interface adopts the role of balancing driver and differential 

receiver so that the common mode disturbance immunity is 

improved, i.e. it has good noise immunity. Maximum 256 

transceivers are allowed to connect to the bus. Normally 

only two wires, a shielded twisted pair (STP), are needed in 

the half duplex network formed by the RS485 interface. 

VI. RS485 PROGRAMMING  

RS-485 is a standard defining the electrical characteristics of 

drivers and receivers for use in balanced digital multipoint 

systems. This standard is widely used for communications in 

industrial automation because it can be used effectively over 

long distances and in electrically noisy environments. 

 Data Structures  A.

The Linux kernel provides the serial_rs485 structure to 

handle RS485 communications. This data structure is used 

to set and configure RS485 parameters in the platform data 

and in ioctls.The device tree can also provide RS485 boot 

time parameters (see [2] for bindings). The driver is in 

charge of filling this data structure from the values given by 

the device tree.Any driver for devices capable of working 

both as RS232 and RS485 should provide at least the 

following ioctls: 

 TIOCSRS485 (typically associated with number 

0x542F). This ioctl is used to enable/disable RS485 

mode from user-space 

 TIOCGRS485 (typically associated with number 

0x542E).  

This ioctl is used to get RS485 mode from kernel-

space (i.e., driver) to user-space. 
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In other words, the serial driver should contain a code 

similar to the next one: 

static struct uart_ops atmel_pops = {/* ... */ 

.ioctl= handle_ioctl, 

}; 

static int handle_ioctl(struct uart_port *port, 

unsigned int cmd, 

unsigned long arg) 

{ 

struct serial_rs485 rs485conf; 

Switch (cmd) { 

case TIOCSRS485: 

if (copy_from_user(&rs485conf, 

(struct serial_rs485 *) arg,sizeof(rs485conf))) 

return -EFAULT; 

/* ... */ 

break; 

case TIOCGRS485: 

if (copy_to_user((struct serial_rs485 *) arg, 

..., 

sizeof(rs485conf))) 

return -EFAULT; 

/* ... */ 

break; 

 

/* ... */ 

} 

} 

 Usage From User-Level B.

From user-level, RS485 configuration can be get/set using 

the previous ioctls. For instance, to set RS485 you can use 

the following code: 

#include <linux/serial.h> 

/* Driver-specific ioctls: */ 

#define TIOCGRS485      0x542E 

#define TIOCSRS485      0x542F 

/* Open your specific device (e.g., /dev/mydevice): */ 

int fd = open ("/dev/mydevice", O_RDWR); 

if (fd < 0) { 

/* Error handling. See errno. */ 

} 

struct serial_rs485 rs485conf; 

/* Enable RS485 mode: */ 

rs485conf.flags |= SER_RS485_ENABLED; 

/* Set logical level for RTS pin equal to 1 when sending: */ 

rs485conf.flags |= SER_RS485_RTS_ON_SEND; 

/* or, set logical level for RTS pin equal to 0 when sending: 

*/ 

rs485conf.flags &= ~(SER_RS485_RTS_ON_SEND); 

 

/* Set logical level for RTS pin equal to 1 after sending: */ 

rs485conf.flags |= SER_RS485_RTS_AFTER_SEND; 

/* or, set logical level for RTS pin equal to 0 after sending: 

*/ 

rs485conf.flags &= ~(SER_RS485_RTS_AFTER_SEND); 

/* Set rts delay before send, if needed: */ 

rs485conf.delay_rts_before_send = ...; 

/* Set rts delay after send, if needed: */ 

rs485conf.delay_rts_after_send = ...; 

/* Set this flag if you want to receive data even whilst 

sending data */ 

rs485conf.flags |= SER_RS485_RX_DURING_TX; 

if (ioctl (fd, TIOCSRS485, &rs485conf) < 0) { 

/* Error handling. See errno. */ 

} 

/* Use read() and write() syscalls here... */ 

/* Close the device when finished: */ 

if (close (fd) < 0) { 

/* Error handling. See errno. */ 

} 

The LM35 series are precision integrated-circuit 

emperature sensors, whose output voltage is linearly 

proportional to the Celsius (Centigrade) temperature. The 

output of sensor converted to digital that easy connecting 

with microcontroller.The Interfacing LM35 with LPC2148 

program is very simple and straight forward, that reading 

temperature from temperature sensor LM35 and it display 

into PC through serial port. The C programs are written in 

Keil software. Some delay is occurring when a single data is 

sent to PC. 

  

#incude <LPC214X.H> 

#include <stdio.h> 

  

#defin DONE   0x80000000 

#define START   0x01000000 

#define PRESET 0x00230600 

 void main () 

{ 

   unsigned long Val; 

 VPBDIV   =   0x02;         // pclk @ 30MHz 

 Serial_Init (); 

 PINSEL1   =   0x01 << 24; // P0.28 configure as ADC0.1 

 Welcome (); 

 AD0CR   =   PRESET | 0x02; 

 AD0CR   |=   START;       // Start Conversion NOW 

 while (1) 

 { 

 do 

 { 

 Val = AD0GDR; 

 }while ((Val & DONE) == 0); 

 Val = ((AD0GDR >> 6) & 0x3FF); 

 printf (">> Current Temperature : %4d ", Val); 

 printf ("\xF8\F \r");           

}   

} 

void Delay () 

{ 

unsigned int i,j; 

for (i=0;i<50;i++) 

for (j=0;j<500;j++); 

} 

void Welcome () 

{ 

printf ("*** Temperature Sensor Interfacing ***\n\r"); 

} 

void Serial_Init () 

{ 

PINSEL0   |= 0x00050000; // TxD1 and RxD1 @ P0.8 & 

P0.9 

U1LCR   =   0x83; 

U1DLL   =   195; 
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U1LCR   =   0x03; 

} 

VII. CONCLUSION 

The Weather monitoring system is comprehensively 

derivate according to the natural phenomenon of weather 

like temperature and humidity for day/night stage in living 

kind. Generally weather monitoring system can help the 

people involved in industry side not only this field but also 

in activity of agriculture. The day-to-day scientific 

development which enhance the comprehensive and 

consolidated commitment by means of this sophisticated 

feature of advanced field involved in activity of agriculture, 

fishing etc and also for various industries like salt industry, 

food processing, food storage, medical field etc. Weather 

monitoring system is very important to country like India 

because we passes heterogeneous geographical setup 

(mountain, desert, islands, forest) which often changes 

parameter of this land. Using such a system, say Weather 

monitoring system can make this achievement. 

By adopting the industrial-grade reliable and 

dependable RS-485 network, an intelligent environment 

monitoring system of server room is designed in this paper, 

which combines the surveillance mainframe and the various 

sensor modules reasonably. With the stable and mature 

development environment of hardware and software, a 

complete and practical monitor system will be designed. The 

monitor system has many advantages such as low cost, easy 

to install, convenient to use, swift structure, strong 

expansibility, convenient maintenance and so on. 
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