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Abstract 
 

A prototype web enabled distributed instrumentation system is being proposed in the 
Department of Electronics Science, Gauhati University, Assam, India. The distributed instrumentation 
system contains sensors, legacy hardware, TCP/IP protocol converter, TCP/IP network Ethernet, 
Database Server, Web/Application Server and Client PCs. As part of the proposed work, Tiny Internet 
Interface (TINI, TBM390: Dallas Semiconductor) has been deployed as TCP/IP stack, and java 
programming language as software tools. A feature supported by Java, that is particularly relevant to 
the distributed system is its applet. An applet is a java class that can be downloaded from the web 
server and can be run in a context application such as web browser or an applet viewer. TINI has been  
installed as TCP/IP stack, as it is the best suited embedded system with java programming language 
[1] and it has been uniquely designed for communicating over One Wire Devices (OWD) over 
network. Here we will discuss the hardware and software aspects of TINI with OWD for the present 
system.  
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1. INTRODUCTION  
 

There are threefold predictions for this decade: (i) The demand for embedded software will 

grow significantly (ii) java will be the language of choice for writing much of these new software (iii) 

engines like TINI will host much of these java codes. The java programming language has gained 

substantial popularity in the past few years. Java’s networking features, along with the growing 

number of web browsers that execute java applets, facilitate internet programming [2, 3, 4]. The ever-

broadening reach of the internet is going to motivate much of the increasing demand for embedded 

systems. Existing devices that have up till now been driven by isolated controllers will become part of 

the network. New devices and new applications will exploit the opportunities of omnipresent 

communications. These new (or newly connected) systems will appear in factories, offices, and in 

homes [5]. In view of the above, a prototype distributed instrumentation system has been proposed in 

the Department of Electronics Science, Gauhati University, India. We have tested TINI for the present 

distributed system as TCP/IP stack. TINI is a platform with simple, flexible, and cost-effective means 

to design a wide variety of hardware devices that can connect directly to corporate and home 

networks. The platform is a combination of a small but powerful chip-set and a java programmable 

runtime environment. The chipset provides processing, control, device-level communication and 

networking capabilities. The features of the underlying hardware are exposed to the software 

developer through a set of java Application Programming Interfaces (API) [6, 7, 8]. The primary goal 

of the platform is to provide a voice on the network to everything from small sensors and actuators to 

factory automation equipment and legacy hardware. The combination of broad-based Input/Output 

(I/O) capability, a TCP/IP network protocol stack, and a java programming environment empowers 

programmers to quickly create applications that provide not only local control but also global access 

to TINI-based devices. TINI’s networking capability extends the connectivity of any attached device 

by allowing interaction with remote systems and users through standard network applications such as 

web browsers.  Here some aspects of TINI and software based on java, tested for OWD for the 

present system, will be discussed. 

 
2. THE PRESENT DISTRIBUTED SYSTEM 
 

The block diagram of the system is shown in fig.1. The system contains sensors, legacy 

hardware, the TINI, TCP/IP network Ethernet, database server, web server/application server and 

Client PCs. The sensors are OWD (DS18B20 Digital Thermometer). The TINI is deployed for 

interfacing the sensors to the network. We are using 10Base-T/100Base-Tx D-Link Ethernet and 

Intel(R) PRO/100VE network interfacing Cards (NIC) for the present distributed system. For the 

implementation of the work we have installed HP Net Server E800 (dual RISC processors) based on 

windows 2000 server software. The client PCs are Pentium IV processors (HP VECTRA, speed: 

1.56GHz) whose operating systems are Windows XP Home Edition. We are using the java Net Beans 
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for the TINI hardware. The Enterprise JavaBeans (EJB) specifications produced by Sun Micro system 

is intended to facilitate the development of transactional enterprise applications, through java 

component re-use [9, 10]. 

 

       
 Fig.1: Block Diagram of the Distributed System. 

             
3. TINI HARDWARE 
 
  At the very minimum TINI hardware consists of the following LSI chips (i) Microcontroller 

(ii) Flash ROM and (iii) Static RAM [11]. The block diagram of TINI hardware implementation is 

shown in Fig.2. The microcontroller is the heart of TINI hardware design and directly executes the 

native code portion of runtime environment. The microcontroller has built-in support for several 

distinct forms of I/O, including serial communication and Controller Area Network (CAN). The static 

RAM contains the system data area as well as the garbage collected heap from which all java objects 

are allocated. Peripheral devices, other than memory, can also be interfaced directly to the 

microcontroller’s address and data buses. Two such peripherals that are commonly used in TINI-

based systems are an Ethernet controller and a real-time clock.  

 

3.1. The Memory Map 
 

The memory map used by TINI consists of the following three distinct segments:   

(i) Code (ii) data and (iii) peripheral 

The segment sizes are all multiples of 1 megabyte. The minimum memory requirement for the 

code and data segments is 512 kilobytes each. The code and data segments are occupied by memory 
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chips, and the peripheral segment is occupied by other types of hardware components such as the 

Ethernet controller and real-time clock. There is also a separate 4-megabyte peripheral area, known as 

Peripheral Chip Enable (PCE) space that can be used to interface large (up to four 1-megabyte) 

external memory chips or other hardware devices directly to the microcontroller’s address and data 

busses. The system designer is free to use the peripheral area either for interfacing hardware directly 

to the controller’s address and data busses or general purpose TTL I/O, but not both busses. Support 

for the following low-level serial communication protocols has been integrated onto the 

microcontroller:  

(i) Serial communication (ii) CAN (iii) 1-Wire net (iv) TTL I/O.  

 

 

            
 

Fig.2: The TINI Block Diagram. 
 

 
3.2. Hardware Design 
 

The Microcontroller TBM390 is a fully specified design with compact (31.8 mm,  102.9 mm) 

72-pin SIMM board. It is an Ethernet-ready hardware implementation and includes the following 

important features:  

(i) 512 kilobytes of flash memory for critical system code (ii) 512 kilobytes nonvolatile 

SRAM, expandable to 1megabyte (iii)  10Base-T Ethernet controller (iv)  Real-time clock (v) Dual 1-

Wire net interface (vi)  Dual CAN controllers (vi)  Dual serial port (one RS-232 level and one +5V 

level) (vii) 2-wire synchronous serial port (viii) Exposes the microcontroller’s address and data busses 

for parallel I/O expansion (ix) Requires only a single +5V power supply. 
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4. TOOLS AND UTILITY SOFTWARE 
 
4.1. TINI Runtime Environment 
 

TINI runtime environment is an integral part of the platform. Application code is written in 

java and utilizes the API to exploit the capabilities of the native runtime and underlying hardware 

resources. On TINI there is usually no system administrator to perform configuration and 

maintenance. The application is responsible for configuring as well as controlling the entire system.  

The API portion of the runtime environment combines classes from several packages defined 

in Sun’s Java Developer’s Kit (JDK) version 1.1.8 with TINI specific classes that expose system 

capabilities that have no analog on other larger java platforms. The TINI-specific classes are all 

defined as sub-packages underneath the root package com.dalsemi. The classes that are included in 

the runtime environment are known as the built-in portion of the API. The API includes 

implementations for most of the classes in the following core java packages: 

 

(i) java.lang (ii) java.io (iii)  java.net (iv)  java.util 
 
 
 
4.2. The Java Virtual Machine 
 

The memory footprint of TINI’s Java Virtual Machine (JVM) is 40 KB. Despite its small size, 

it supports much of the functionality provided by full JVM implementations, including (i) Full support 

for threads (ii) Support for all primitive types and (iii) Strings  

The fact that JVM doesn’t support the dynamic loading of class files may leave the 

impression of methods Class.forName and Class.newInstance are not supported. In fact, both are 

implemented along with several other methods defined in class Class. Many of the classes in the API 

rely on this capability for several tasks, including creating character-to-byte converters and loading 1-

Wire chip containers. However, if a thread of execution invokes for Name and passes it a String 

specifying a class that does not exist in either the built-in API or the currently executing application, 

will throw  rather than loading the specified class into the current application’s binary image. The 

output of this conversion process is a binary image that can be directly executed by TINI’s JVM. Any 

un-resolvable constant pool entry results in the converter aborting before generating an executable 

image. 

 

4.3. TINI Operating System 
TINI’s Operating System (OS) is the lowest layer of the runtime environment. It is 

responsible for managing all system resources including access to memory, scheduling multiple 

processes and threads of execution, and interacting with both internal and external hardware 

components. The OS is well represented as being the sum of the following three major components: 
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(i) Process and thread schedulers (ii) Memory management subsystem and (iii) I/O 

management subsystem 

The schedulers are launched by one of the microcontroller’s timers that generates a high-

priority interrupt every millisecond. The timer’s Interrupt Service Routine (ISR) performs the 

following tasks:  

(i) Update a millisecond system uptime count (ii) Launch the thread schedulers every 2 

milliseconds (iii) Run device driver modules every 4 milliseconds and (iv) Launch the process 

scheduler every 8 milliseconds. 

Processes are scheduled in a simple round-robin fashion. Each process is given an 8-ms time 

slice. After the time slice expires, the process is sent to the end of an active process queue to await its 

turn for another time slice. From a java application’s perspective, however, threads appear to be 

preemptive because the JVM ensures that each thread relinquishes the CPU after its 2-ms time slice 

has expired. Threads are also scheduled in a round robin fashion. The memory management system 

performs the following three tasks: (i) Allocates memory from the heap for both java and system 

processes; (ii) Automatically collects garbage generated by java processes; (iii) Manages the file 

system. 

The portion of memory from the system area to the end of the data segment is called the heap. 

The heap represents the bulk of data memory available to the system. Memory blocks are seldom 

freed explicitly. This is true for most of the memory consumed by system tasks and all of the memory 

consumed by the JVM on behalf of a java application. 

 
 
5. THE TINI AND OWD 
 

1-Wire-Dalsemi/Maxim produced a range of chips for various purposes such as temperature 

measurement, A/D conversion and switching, that can communicate with TINI over a 1-wire network. 

Each device on the network being identified using a unique 64-bit address. These little chips can be 

used to really bring TINI to life interacting with the outside world, switching devices and monitoring 

conditions. They also manufacture a range of devices called ibuttons which are 1-wire enabled 

devices enclosed in durable metal cans about the size of a few stacked coins. There are devices for a 

variety of applications such as electronic tagging, temperature monitoring and cryptographic 

applications.  

Java 1-Wire API has provided a set of device containers that exposes the functionality of each 

of the OWD families. The TINI have been tested with OWD (DS2890 1-Wire linear taper digitally 

controlled potentiometer with 256 wiper potions, DS2406 of 1-Wire Dual Addressable Switch, 

DS18B20 digital thermometer and DS2450 1-Wire Quad A/D Converter) for the present distributed 

system. The programs for communicating the devices over the network have been written by using 

java NetBeans IDE. 
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5.1. Program block  
 
5.1.1. The adapters 
 
 1-Wire adapter refers to 1-Wire master and it performs translation between the host port and 

the 1-Wire network which it controls. Each network has one master and the function of the master is: 

(a) to initiate network communication (b) to deliver power and programming pulses required by 

certain device families. There are two types of adapters: (i) internal adapter are physically attached to 

TINI microcontroller’s port pin and is used by the operating system. It can only control very small 

networks of OWD. (ii) External adapter uses serial to 1-Wire converter that is attached to serial port 1. 

It can control 1-Wire networks covering large area and can supply power required by many 1-Wire 

chips like ADC, thermometer etc. This is the default adapter. The com.dalsemi.OneWirepackage is 

the root of the 1-Wire API hierarchy. It contains 2 classes: (a) OneWireAccessProvider and (b) 

OneWireException. Adapters are represented by the abstract class DSPortAdapter defined in 

com.dalsemi.onewire.adapter. It provides 2 methods for exclusive access to the adapter: 

 

             public abstract boolean beginExclusive (boolean block) throw OneWireException 

             public abstract void endExclusive() 

 
5.1.2. The containers 
 
 The container provides high-level access to the services offered by specific family of devices. 

The class OneWireContainer (OWC) is defined in the com.dalsemi.onewire.container package. All 1-

Wire device families are represented by a subclass of OWC in the package. 

 
5.1.3. The classes 
 
 The classes required are: 
        
            DSPortAdapter-1 wire prot adapter 
            OneWireContainer 12-Switch 
            OneWireContainer2C-Potentiometer 
            OneWireContainer28-Thermometer 
 
5.1.4. The essential package to import 
 The essential packages to import are: 
 
 import java.io.*; 
            import java.util.*; 
            import com.dalsemi.OneWireAccessProvider; 
            import com.dalsemi.onewire.OneWireException; 
            import com.dalsemi.onewire.container.*; 
            import com.dalsemi.onewire.adapter.DSPortAdapter. 
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5.2. The program for OWD 
 
 The programs for communicating the devices over the network have been written by using 

java NetBean IDE. The flow diagram of the program for OWD is given below: 

 
 

  
Flow diagram of the program for One Wire Device 

 
 

 The java codes for communicating the OWD over the network are as given below: 
import java.io.*; 

            import java.util.*; 

            import com.dalsemi.OneWireAccessProvider; 

            import com.dalsemi.onewire.OneWireException; 

            import com.dalsemi.onewire.container.*;//OneWireContainer; 

            import com.dalsemi.onewire.adapter.DSPortAdapter. 

  
   public class OneWireDevices { 

                     DSPortAdapter: 

          

                    OneWireDevices (){ 

                         long ID=0, sw2=0; 

                         adapter = null; 

 

                         try { 

                               adapter=OneWireAccessProvider.getDefaultAdapter(); 

                               adapter.beginExclusive(true); 
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                               adapter.setSpeed(adapter.SPEED_REGULAR); 

                               OneWireContainer owc=null; 

                               If ((owc=adapter.getFirstDeviceContainer()==null){ 

                                    throw new OneWireException(“No one wire device found”); 

                               } 

                

                              while(owc ! =null){ 

                                      system.out.println(“found device type names 

                        “+owc.getName()+”of”+owc.getDescription());   

                                       system.out.println(“found device type other names   

                         “+owc.getAlternateNames()); 

                                       system.out.println(“string address 

                         “+owc.getAddressAsString()); 

                                       system.out.println(“long address 

                        “+owc.getAddressLong()); 

                                        system.out.println(“ “); 

                                        /** 

                                         * find the next device on the network/bus 

                                        /* 

                                       owc=adapter.getNextDeviceContainer(); 

                                     } 

                                 }catch (OneWireException owe){ 

                                       system.out.println(“owe.getMessage()); 

                                 }finally { 

                                     Adapter.endExclusive(); 

                                 } 

                             } 

                                 public static viod main(String[]args){ 

                                    OneWireDevices server=new OneWireDevices(); 

                                 } 

                            } 

 The build file is generated by using XML which is similar to make file or batch file. The 

build file (build.xml) can be compiled with the command ant (e.g. #ant filename). It is possible to 

automate the download procedure by using a shell script for the FTP transfer and make ant to call 

after the building process is completed. For this, a shell script called deploy.sh has been written to 

transfer the file OneWireDevices.tini to the TINI board. 
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5.3. Execution of the program 
 
 In order to execute an application developed in java on TINI, we follow a four-step process: 

(1) the application has been compiled on the target system by using standard java compiler, (2) it is 

then converted to the special format required by TINI, (3) downloaded to the board and (4) executed 

there. These steps are discussed below for creating OneWireDevices application developed for the 

present test: 

 
Step 1: Compiling the source code: 
 
           The source code is compiled by using java compiler. The command is: 
    
           # javac OneWireDevice.java 
 
Step 2: Converting the .class file: 
 
           The .class file generated in the previous step is converted to the .tini format required by the 

TINI board by executing the program TINIConvertor: 

  
          # java-classpath/tini/bin/tini.jar TINIConvertor 

          -f OneWireDevices.class 

          -d /tini/bin/tini.db-o OneWireDevices.tini 

 
 The program TINI Converter is a java application included in the file tini.jar, this is why the 

program is executed by calling the java interpreter specifying the jar file as the class path. The flag –f 

is used to specify the .class file name and the flag –o to specify the .tini file name. The file tini.db is 

the TINI API database. The TINI development system is located in the directory/tini. 

  

Step 3:  Downloading the .tini file 

 The .tine file is downloaded to TINI by using ftp 

 

           #ftp tini 

          Connected to tini 

          220 Welcomes to slush. (Version 1.11) Ready for user login 

          User (tini(none)): root 

          331 root login allowed. Password required. 

          Password: 

          230 User root logged in. 

          ftp>bin 

          200 Types set to Binary 

          ftp>put OneWireDevices.tini 
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          200 PORT Command successful 

          150 BINARY connection open, putting Hello World.tini 

          226 Closing data connection 

          ftp: 183 bytes sent in 0.00 Seconds 

        ftp>bye 

 
Step 4: Executing on TINI board: 
 
 The program is executed by calling the java interpreter on TINI in a telnet session 

 
        # telnet tini 

        Connected to tini. 

        Escape character is ‘^]’. 

        Welcome to slush. (Version 1.11) 

        Tini00a93c login: root 

        Tini00a93c password:  

        TINI/>java OneWireDevices.tini 

 
 
 
6. DISCUSSION AND CONCLUSION 
 
 The execution of the program OneWireDevices.tini gives the information of the respective 

communicating OWD. The devices can now be accessed by any client over the network though use of 

telnet. This is a very preliminary experiment for communicating OWD over network using TINI as a 

TCP/IP protocol stack. The TINI is a complete java based platform and the evaluation kit for it is 

relatively cheap. Java is an excellent choice of programming language. It is highly portable between 

platforms, has excellent development environments, allows code classes to be reused and protects the 

programmer from making many common errors. It is therefore an ideal platform for the development 

of networked, localized, intelligent systems for process control which communicate with each other 

over the Ethernet using TCP/IP. Both the hardware (chip-set) and software (runtime environment) 

components of the platform will continue to evolve over time among the small and large research 

group as well as in all types of industrial applications. 
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