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ABSTRACT 
 

This paper introduces the essential points for designing a navigating system, and describes the 
modules of a typical vehicle navigator. This paper also gives a practical navigator example. Some 
experience for design is also mentioned. 
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INTRODUCTION 
 

This project is collaborated with Banshan Instrumental Factory. GPS (Global Position System) is 
designed for American army and also applied in civil field. As one application for GPS, vehicle 
navigator is more and more popular in the life. Based on advanced embedded system and GPS 
OEM board, navigator can be designed with many features, such as navigation, information 
querying, and wireless communication. As such complicated system, many considerations should 
be concerned. For example, does the navigator run on an OS (Operation System) or just on a single 
application? How to store digital geography data and how to update when needed? Needs power 
consumption to be considered? Graphics feature is very important, and how to design a powerful 
display system? All of those points are described in details in the following paper. Also, wireless 
communication and Anti-theft feature is added to vehicle navigator. 
 
 



NAVIGATING SYSTEM CONSIDERATIONS 
 
Vehicle Navigator is a comprehensive system, including GPS/DR data receiving and processing, 
positioning, dynamic navigating and wireless communicating. Single navigating application 
without OS is not proposed, because it is not reliable and flexible. When some new features need 
to be added, single application can’t be easily satisfied request. For nowadays, many popular 
embedded OS can introduce into navigating system, such as Windows CE, palm OS and 
embedded Linux OS. Based on those OS, there are many APIs (Application Program Interfaces) 
that can be provided to users. Vehicle navigator hardware system built on popular OS is a typical 
embedded system, which provides MMU (Memory Management Unit), OS timer, input and out 
device, GPS and wireless module, for positioning and communicating use. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 System Structure 

 
Structure of vehicle navigator, which here means device framework, placement, electric 
connection with automobile and appearance, should be much considered. It determines whether it 
is a practical or successful appliance. Mostly, there are two styles of vehicle navigator, separation 
framework and combination framework. Separation framework means display panel is separated 
from mainframe. Display panel is placed on the top of front panel in the automobile, while 
mainframe is inside or on a corner of the car. Combination framework means that display panel 
and mainframe are integrated. They are inside in the front panel of automobile and display panel 
stretches out automatically when navigator is on. There are different advantages for those two 
choices. Combination framework is much harmonic with automobile and save space, but more 
work is required for reconstructing the front panel of the motor. Separation framework has more 
flexibility and can be easily designed. 
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Antenna should also be much considered. Vehicle navigator applies in the big city, which means 
there are many skyscrapers and cloverleaf junctions. Shelter effect for the antenna is very common, 
so low noise and high gain antenna is recommended. The placement of antenna is also important. 
Outside antenna would bring the best effect, but it may suffer from damage. Inside antenna is 
much safe, but shelter effect is much serious.  
 
Vehicle navigator system structure is shown as figure 1. 

 

 

DATA MANIPULATION MODULE 
 

Data manipulation module includes CPU, SDRAM and FLASH memory. This module would 
manipulate data receiving, processing, navigating route computing and display refreshing. 
Powerful computing and processing capacity is required. 
 
The Intel® StrongARM® SA-1110 Microprocessor (SA-1110) is a highly integrated 
communications micro controller that incorporates a 32-bit StrongARM® RISC processor core, 
system support logic, multiple communication channels, an LCD controller, a memory and 
PCMCIA controller, and general-purpose I/O ports. There are 16 Kbyte instruction cache, an 8 
Kbyte write-back data cache, a minicache, a write buffer, a read buffer, and a memory 
management unit (MMU) combined in a single chip. The SA-1110 is software compatible with the 
ARM V4 architecture processor family. Its clock frequency arrives up to 206MHz, which can do 
high capacity data manipulation.  

   

Figure 2 SA-1110 Features 

 



The SA-1110 can interface with ROM, synchronous mask ROM (SMROM), FLASH memory, 
SRAM, SRAM-like variable latency I/O, DRAM and synchronous DRAM (SDRAM). OS needs 
MMU and OS timer for multi-thread appliance. System and application programs would like to be 
stored in the non-volatile memory and run in fast memory. Considered that High performance is 
the first thing in navigating system, Flash memory is the better non-volatile memory choice, while 
SDRAM is the fast memory choice for navigating system.  
 
Generally, embedded Linux OS needs 4Mbyte capacities while Windows CE needs 12-14Mbyte 
capacities (These capacities would bring good system performance). Considered expansibility, 
navigating system data manipulation module consists of SA-1110, 32Mbyte Intel Flash and 
32Mbyte SDRAM (124MHz frequency). 
 
 
 
 
 
       Figure 3 Data Manipulation Module structure 

 

 

INPUT/OUTPUT MODULE 
 

Input/Output module includes 2D accelerating chip, CODEC audio chip, LCD panel, touch panel 
and remote panel. There is a built-in LCD controller inside the SA-1110. It can interface with STN 
and TFT LCD panel. There are two reasons to discard that built-in LCD controller. One is that the 
refresh speed for 640 x 480 pixel TFT LCD panel is slow, especially when many figures require to 
be redrawing, or zoom in or zoom out operation is begin. The other reason is that TV/CRT signal 
is required; because TV/CRT interfaced LCD panel is much cheaper than TFT or STN LCD panel. 
 
In order to improve 2D graph feature, Epson S1D13806 accelerating chip is selected. The 
S1D13806 is a highly integrated color LCD/CRT/TV graphics controller with embedded memory 
supports a wide range of CPUs and display devices. The S1D13806 architecture is designed to 
meet low cost, low power requirements of embedded markets, such as mobile communications, 
hand-held PCs. The S1D13806 supports the SA-1110. Vehicle navigator supports three interfaces 
(LCD/ CRT/TV) at the same time through one connector. Users can choose different cable to 
connect different display devices. 
 
Input module consists of touch panel and remote panel. In general, users use remote panel to 
operate navigator. When using query function, touch panel may be a good input device. Remote 
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panel communicated with the SA-1110 through IrDA (Infrared Data Association). As a flexible 
appliance for SA-1110 built-in IrDA interface, Complex IrDA data protocol is dismissed and 
General UART (Universal Asynchronous Receiver and Transmitter) port is preferred to. UART 
protocol and Infrared LED are used to implement wireless communications. As the result, remote 
panel consists of a MCU (51 series microprocessor) and an Infrared LED.  
 
The SA-1110 supports CODEC interface, which can be used to interface with audio and touch 
screen chip. Philips UCB1300 integrated mixed signal audio and telecom CODEC, 4-wire 
resistive touch screen interface. The UCB1300 provides touch screen and audio for vehicle 
navigator. 
 
In addition, audio is used to remind users when automobile should turn left or right or go through a 
cross of the road. 
 
 

DIGITAL GEOGRAPHICAL INFORMATION STORAGE MODULE 
 

Traditional navigator prefers to CD ROM as information storage device. The advantage for CD 
ROM is huge capacity and supported by computer. But as an automobile device, navigator should 
be little, robust and portable. CD ROM is not very well in that situation. And, additional CD ROM 
controller is needed. 
 
The SA-1110 provides PCMCIA (Personal Computer Memory Card International Association) 
interface. CF (Compact Flash) card protocol is a subset of PCMCIA. Generally, CF card is 
preferred to install on embedded system for it is thinner and less than PCMCIA card. There are 
many kind of CF card, such as memory card, Ethernet card. CF Memory card capacity arrives up 
to 256Mbyte nowadays. Digital geographical information can be stored in CF card if the 
information structure is high efficiency and not too complex. One City Road information is stored 
in one CF card (16Mbyte is enough for general use and if necessary, high capacity CF memory 
card can be chosen). When users get to another city, they can alternate different CF cards, which 
are much more portable and convenience for use. 
 
 

POSITION INFORMATION RECEIVING MODULE 
 

GPS/DR module is the position information source for vehicle navigator. Generally, GPS 
positioning error is between 5 to 20 meters when there is no SA (Selection Availability). The 
positioning precision is a little bigger than road information. It is well known that perhaps there is 



more than one road inside a 20-meter radius circle in a big city. Digital map matching arithmetic is 
preferred to in the vehicle navigator. Also, shelter effect by cloverleaf junctions and skyscrapers is 
very serious in the city. Sometimes, digital map matching arithmetic has no effect when GPS can’t 
position for a lone time. DR (Dead Reckoning) is a supplement for GPS. Gyro and speed pulse 
signal from automobile can be applied to compute current position. 
 
The SA-1110 provides 3 serial ports (UART compatible protocol). One is used for receiving 
remote panel signal through Infrared LED. Another can be used to interface with GPS/DR OEM 
module and the third is used for GSM/GPRS module.  
 
GSU-15 OEM module is made by Japan KODEN Company, which provide RS-232 interface to 
communicate with CPU. It receives GPS signal, gyro and speed pulse signals from automobile and 
outputs GPS/DR data structure through RS-232. Also, it can implement DGPS. In this design of 
navigator, a level transfer chip should be applied to complete the interface with UART and 
RS-232. 
 
 

WIRELESS COMMUNICATION MODULE 
 

Wireless communications is popular nowadays, especially in embedded system. Combined with 
automobile electric system, vehicle navigator can be implemented anti-theft feature through 
wireless communications. For example, startup signal can introduce to navigator and navigator 
would judge whether it is a legal user. If not, navigator can send message to user’s mobile phone or 
other wireless device. Of course, this feature can be implemented under the condition that 
navigating system never shut down and it just fall in sleep state. Also, wireless communications 
and wireless Internet can be provided as a supplement feature for the navigator. 
 
GSM or GPRS module can be applied. Voice feature is not a good choice for navigator, while data 
transmitting is preferred to. In this case, GPRS is better than GSM for it provides much wider 
bandwidth and always online and compatible with GSM. If there is no GPRS network, GSM is the 
only choice. 
 
As mentioned in last section, The SA-1110 provides UART port to interface with GSM or GPRS 
module. Motorola D10 GSM module or G18 GPRS module is the alternate choice. All of the data 
stream can be communicated with CPU through serial port. 
 
 

POWER SYSTEM MODULE 



 
As an automobile device, it requires low power consumption. 12Volt power source in the mobile 
should be transferred into several kind of level. In order to implement sleep state, not shut down 
for the system, Li-ion battery is introduced. 3.3Volt and 1.75Volt power satisfied with the SA-1110. 
GPS module, GSM/GPRS module and LCD panel require 5Volt power, while all of the other chips 
and peripheral devices are 3.3Volt compatible. In order to save power, every module requires 
independent power system. In this case, program can shut down unused devices. When vehicle 
navigator is in sleep state, it shuts down all of the modules except data manipulation module, 
which constructed by CPU, SDRAM and Flash memory. The SA-1110 is in sleep mode and 
SDRAM is in self-refresh states. The entire system power is less than 20mA. When necessary, 
navigator can be awaken and start up peripheral devices. 
 
The SA-1110 provides 28 general-purpose I/O ports. Every I/O can be triggered by rising or 
falling edge. Navigator can applied these I/Os to control peripheral devices. The entire power 
system module includes data manipulation module power system, display module power system, 
CF card power system, wireless communications module power system and GSM/GPRS module 
power system. CPU independently controls all of the power systems through power management 
chips. 
 
 

CONCLUSIONS 
 

Nowadays, road information is become more and more complex. As China economy increases 
rapidly, Automobiles and traveling have got into common citizen life. There are huge markets in 
China for vehicle navigator. Up to now, there is not a practical navigator in the market. Combined 
with embedded system and OS, Design for vehicle navigator becomes much easier. Practical 
vehicle navigator would appear in the near future. This project is supported by Banshan 
Instrumental Factory. 
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