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ABSTRACT 
This technical note describes a program that allows any IBM compatible PC user to read data 

received by a GPS receiver, connected to the computer via a RS232 port. The receiver used for the 
work is the Acut ime 6-channel GPS smart antenna', manufactured by Trimble Navigation Limited 
(USA). 

The software is described both to facilitate the use and to highlight design features. 
The little additional hardware needed to connect a PC to the receiver is also detailed. 
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1. I N T R O D U C T I O N 

A lot of devices suitable for receiving data from satellites which constitutes the space segment of 
the GPS have been developed. One of them was procured at ING; it is the 'ACUTIME 6-channel 
GPS smart antenna', manufactured by Trimble Navigation Limited (California - USA). A work was 
done to connect this receiver to an IBM compatible PC and to gain information data available from 
GPS, such as the UTC time, position at which the receiver is placed (latitude, longitude and altitude) 
and other data about satellites positions. Updating of PC internal clock is also possible. To get these 
data a little hardware interface and a software had to be designed and manufactured. 

The hardware is needed to connect the receiver output to the PC serial port. 
The software consists of a program, written in PASCAL language, that manages the 

communication between the receiver and the computer in a way which is user-friendly; in fact a very 
little knowledge of the program is needed to be able to use it. On the other hand it is advisable that 
the user has some knowledge of the data available from GPS. 

In chapter 2 some considerations on the GPS are carried out, concerning the general structure of 
the user segment of the GPS and the most important information about the data available. 

In chapter 3 the hardware interface is described, while in chapter 4 a description of the software is 
provided. This description is at "user level", that is only information good for a correct use of the 
program is furnished. 

Those who have only the need of using the GPS receiver can just read chapters 2 and 3 in the 
moment of installation, and use chapter 4 as a "user manual" for the program. 

In the next chapter (5) there is a more detailed description of the program, useful to understand 
the design. It has been written mainly to have a record of how the program was built, in the case 
some modifications should be brought. 

In the last chapter (6) a brief indication of possible modifications that could be carried out on the 
program is presented. 

The appendix reports the program listing. 
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2. SYSTEM CONSIDERATIONS 

2.1 System set-up 

To connect a PC to the GPS receiver two devices are needed: the serial interface and the cable 
( f i g l ) . 

The receiver has a RS422 serial interface; it is compatible with the RS232 interface which is 
present on all PCs but caution must be paid to the cable length, that has to be short. The cable 
supplied together with the receiver is about 15 meters long; with this cable no problems was 
encountered in communication between the receiver and the PC, anyway it is advisable not to exceed 
2 0 - 2 5 meters of cable length. 

The cable provided with the receiver has a jack which is easy to connect to the receiver. On the 
PC side the same cable has not any termination (in its "default" configuration), so a connector was 
added. Given that most of the PCs serial ports use a 9-pins Cannon connector, this type was used on 
the PC side of the cable. 

Since the receiver needs a power supply, no standard RS232 port can be connected directly to the 
cable. In order to avoid a substitution of the standard RS232 interface, which is normally inside the 
computer, a little external circuit was introduced. It has the function of connecting the pins of a 
standard RS232 connector in the proper way to the wires that bring data to/from the receiver and to 
give it also the supply voltage. This voltage can be taken from the same computer or from an 
external source. 

In summary, the only actions to do to let the system operate the right way are: 
1- connect the end of the cable with the jack connector to the receiver; 
2- put the receiver on a support, in such a way that the axis of the cylinder be vertical (the 

receiver works well only if it is placed in an open-sky area, but, if it is not available, a trial can 
be done if only a portion of the sky is visible, in this case the performances may reduce); 

3- connect the adapter to a power supply voltage in the range +10 -H -32 volts, which can deliver 
2 watts nominal; 

4- connect the Cannon connector of the adapter to a serial RS232 interface of the PC and the 
Cannon connector of the cable to the adapter; 

5- switch on the computer and the external power supply, if present; 
6- load the program "GPSMAN.EXE" and make it run; details on using of the program are 

described in chapter 4. 
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Starting in the moment when the receiver is powered on it begins to work, independently of the 
fact it is connected or not to a computer. If "GPSMAN" is made run soon afterwards the receiver is 
powered on, may be that no data are available yet, because an amount of time is required for the 
receiver to acquire them; this time is as much short as more portion of the sky is visible and as more 
a priori information is available (e.g. a rough indication of the position). Therefore, if a fast answer is 
needed when the receiver is asked, it is better to keep the power on even in the case the program is 
not made run; obviously, the computer can be also switched off if the receiver supply comes from an 
external source. 

2.2 GPS receiver characteristics 

Shortly, what is called "GPS receiver" is an assembly enclosed in a polycarbonate housing which 
is functionally constituted by an antenna, a radio frequency receiver and a signal processor. The 
antenna is composed by two dipoles; the RF section provides the conversion from the LI input 
frequency at 1575.42 MHz to a lower band; the signal processor performs an A/D conversion and all 
the computations necessary to track the satellites of the GPS space segment and to extract 
information from the received signals. 

The receiver uses some of its channels to track up to four satellites simultaneously to compute 
position and velocity (the "solution"), and the others channels to track up to other four satellites. The 
processor selects the best four satellites for the computation of solution. 

Information available comprises the position and velocity of the support where the receiver is 
placed, in two different coordinate systems, in single or double precision; the UTC time, a one PPS 
time reference; positions of satellites (elevation and azimuth), their almanac data and the strength of 
the received signals. 

Position accuracy is specified at 25 meters, velocity accuracy at 0.02 meters/second under 
moderate dynamic condition. These values refer to optimal environmental conditions and after the 
steady state is reached. If the sky is not totally visible or when the acquisition is not completed, 
accuracy is degraded. 

Accuracy on time determination depends on the data transmission time and the processing delay 
in the PC. For maximum accuracy these parameters should be determined. Moreover, when the 
receiver is requested to send time to the PC, it responds very soon, but with a delay with respect to 
the 1PPS (fig.2). 
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In fig.2, the "delay" is due to the receiver and it is less than 5 milliseconds; the other delays have 
to be added to it. It is to be noted that the data sent on the serial line refer to the second 'N' but are 
not synchronised with the 1 PPS, so, in the data packet, it is not contained an integer number of 
seconds; that is time will be 'N' seconds + 'X' milliseconds. It is possible to set the receiver in another 
mode of operation, to make it perform a projection of the time of the next integer second; in this 
case however the data are sent with more delay than in the default mode. 

The operations that should be done to synchronise exactly the PC (or whatever device is 
connected to the GPS receiver) are: 

- estimate the total delay: 5 ms (or 10 to have a margin) + data transmission + PC processing; 
- request the time, which is sent back with a coded packet data via the serial line; 
- if the time contained in the packet is 'N' seconds + 'X' milliseconds and X is too close to 1000 

(e.g. 990), that packet should be ignored; if 1000-X is greater than the total delay, the reading of 
time can be used; 

- compute 'N+1 ' ; 
- synchronise the PC (or device) clock on the next 1PPS. 

The reason why packets too close to 1PPS should be ignored is that may be there is not enough 
time to compute the next second and to synchronise to the next 1PPS. 

The residual error, on the 1PPS is ±1 (as. The synchronisation with UTC is on the falling edge of 
the 1PPS. This accuracy is reached 2-K5 minutes after the satellites lock-on. 

For the applications at ING such a high accuracy is not needed, so the 1PPS line has not be used, 
and the updating of PC internal clock is done only by using the data contained in the packet sent on 
the serial line, without any projection to the next integer second to minimise delays. A rough 
measurement of accuracy showed that a 100 milliseconds maximum error on the time setting should 
occur (on a 25 MHz 80486 PC). 

It is possible to let the receiver operate in different ways, depending on how it is set. The main 
modes of operation are briefly described here below. 

First of all, it is possible to force the receiver to track a fixed number of satellites. If only one 
satellite is tracked no determination of position is possible, but only of time. If three satellites are 
tracked, it is possible to determine the horizontal position, without the height; with four satellites a 
complete 3-D determination of position is possible. Of course, if a less number of satellites than 
specified is tracked, the receiver signals a not good health state and the determination of position is 
not done. It is possible to set an automatic mode, in which the receiver puts itself in the higher 
number of satellites tracking mode, depending on the availability of strong signal levels and on 
satellites positions. 

Time is transmitted to the user as the number of seconds (it is a real number, with its decimal part 
being the number of milliseconds) starting at 0.00 of the last Sunday. The date is computable 
because, together with time, a number of weeks is sent to the user. This number of weeks starts at 
January 6, 1980 (week //0). At last, a further number is sent because the time of GPS differs from 
UTC and this difference (or "offset") changes with time. At present it is 9 seconds, so the UTC is 
given by: 

UTC=GPS time - offset. 
The dynamic code tells the receiver how it must calculate velocity and update results. If the 

system is mounted on a very fast vehicle (e.g. a plane) the 'air' code should be chosen. Other codes 
are 'land', 'sea' and 'static'. As the codes become more static a better locking of satellites is possible, 
but the updating of position calculation is done less often. For a seismic station installation, which 
will remain in the same place for many hours, the best choice is 'sea'. 

7 


