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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'. 
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Other settings regard the "masks" the receiver uses when it tries to track satellites. There is an 
elevation mask: only the satellites that have an elevation greater than specified are tracked, the others 
are always received, but they are not used for the computation of position. So, it may happen that, in 
consequence of a choice of the elevation mask, four or more satellites are usable, but a 3-D 
determination of position is not done. It is not advisable to choice a too low level of this mask, 
because the satellites near the horizon have their signals more corrupted by the atmosphere and this 
can lead to error in calculation of solutions. 

It is possible to set a similar mask on signal levels: only the satellites whose signal level exceed a 
threshold are used for computations. 

The last mask is on the PDOP parameter, which is related with the accuracy in the determination 
of position. In fact even though 3 or 4 satellites are needed to perform a 2-D or 3-D determination of 
position, this will be affected by different errors according to their position in the sky. If all satellites 
are closed one another the error will be greater than if they were been largely splitted. The P D O P 
parameter gives an indication of this separation; it is proportional to the volume of the pyramid 
formed by the lines running from the reciver to four satellites observed. The higher the PDOP, the 
worse the measurement. The user sets a threshold for PDOP (called the PDOP mask) that must not 
be exceeded; if that occurs, no output of position data is allowed. He can also specify a PDOP level 
(called the PDOP switch), that allows a 3-D calculation or not (3-D permitted if the actual PDOP is 
less than the switch level). Obviously this switch is possible if the receiver is in the automatic mode; 
if a manual mode was set, the receiver tries to compute position always in the same manner. 

The determination of position can be made with a single or double precision output. The system 
of coordinates may be the spherical (latitude, longitude and altitude) or cartesian (ECEF system). 
The altitude can be referenced to an Earth ellipsoid model (WGS-84) or the geoid (height above the 
mean sea level). 

Other settings are possible, such as the synchronised measurements or the differential GPS mode. 
Here only the most important of them for the applications have been described. For more details, 
refer to the receiver user manual. 
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3. HARDWARE IMPLEMENTATION 

In this chapter the hardware structure of what has been called "adapter" is described. 
The electrical scheme is shown in fig.3. 

There are to note the connections between pin 2 and 3 at the PC side with pin 2 and 4 at the 
receiver side respectively. This connection is the one that works; it is different from the one shown in 
the receiver manual, where wires Rx+ and Rx- are inverted. 

The lOkQ resistor is a pull-up for the 1PPS line, which is not used. The 3 A fuse (quick blow) is 
recommended to avoid possible damage in case of overloads. The capacitor is placed only to reduce 
supply ripple and it is not mentioned by the receiver manufacturer. Its value is not mandatory and it 
could be removed if the power quality is good enough. 

The other bonds (pins 1-4-6 and 7-8 at PC side) provide the right connections to let the computer 
RS-232 serial port operate in the right way; in fact the GPS receiver does not use handshake signals. 

A prototype of the circuit in fig.3 was assembled to test the software. If other receivers are to 
connected to other computers, reproductions of this base circuit shall be made. 
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4. SOFTWARE DESCRIPTION FOR USERS 

4.1 Interactive mode - Starting 

In this chapter it is explained how to use the software. No reference is done to the internal 
structure of the program, that is explained in the next chapter. 

The program that allows communications between a PC and the GPS receiver "Acutime" was 
called GPS MANAGER. To start running the program the user must type (don't care upper case): 

< 'GPSMAN'['.EXE'] pe > 
where pe is a number between 1 and 4, denoting the port number which the receiver is connected to. 
Note that a space must be put between the program name and the port extension. If the program is 
only to be made run, the extension ' E X E ' can be omitted. Every kind of strings can be typed after 
the name of the program, but only the first character is read by the program and if it is not equal to 
' 1 ' , '2', '3 ' or '4' an error message is output warning about the right indication; then the program ends. 

If the port extension is correct, a check on the availability of the chosen port is performed. If the 
port is not present or it does not work correctly, another error message is output and the program 
ends. 

If the port exists and can operate the program begins to work and a presentation screen is shown; 
to go on press any key. It is important to note that even though the chosen port operates correctly, 
the program can not know if something is connected or not to the port. If nothing is connected to the 
port, no error occurs, but obviously no data can be output on the screen. However, the program tries 
to ask for the "health" of the receiver and, if no answer is obtained, a warning on possible bad 
connection between the receiver and the PC is output; anyway, no error occurs, so the user has the 
possibility to check the connection and to restore it if needed. 

After a key is pressed, a standard screen appears, inside which all data are displayed. The 
structure of the screen is as follows. 

"Zone 1" is reserved to the most important received data. They are: the GPS time, corrected so 
that it is possible to read the UTC directly; the position in latitude and longitude, with the 
north/south and east/west indication, the altitude. Moreover, the time of the computer internal clock 
is shown. 

"Zone 2" monitors the status of the receiver and in general it is here that it is shown what is 
received by the PC. 

"Zone 3" is a window in which it is possible to see what options are available in every situation or 
program operation mode. 

The last "zone 4" is reserved to accept commands typed by the user. 
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When the program is made run, a set of default settings is sent to the receiver and they are shown 
in zone 2. Then the program performs periodically: 

- a check of the status of the receiver; it is shown in zone 2 as the first datum; 
- the request of GPS time; the answer is decoded and the time is shown in zone 1; 
- the request of position; the answer is decoded and the solution is shown in zone 1; 
- a check for some request by the user, expressed by means of a key pressing. 

If no answer is received about the status, the program writes a warning. Since this piece of 
information must be always available, the most likely cause of the problem is a bad connection 
between the PC and the receiver. However, something else might be happened, such as a serious 
damage of the receiver or a power supply dropping. 

Data are shown on the screen depending on the receiver status. For instance, if a 3-D position 
solution is requested and only three satellite are usable, no data are output and a warning is written in 
the status line (zone 2). 

If the receiver is switched on for the first time, a period of time is needed to get UTC and position 
data. During this period the warning "GPS time not available yet" is output in the status line. 

A set of default parameters is sent to the receiver. In detail, the auto mode of operation is set, 
together with a 'sea' dynamic code, a 10 degrees elevation mask, a signal level mask of 6 units, a 
PDOP mask and switch of 12 and 8 respectively. It is possible to modify all these parameters 
choosing the option 'change setting' (see after). Other parameters are set; they are the input/ output 
options. The receiver is allowed to reference positions to spherical coordinates and the altitudes to 
the geoid; the precision is single; the time must be sent only on request. The input/ output 
parameters, except the altitude reference, are fixed because the program can not manage data in 
different formats (e.g. double precision data). 

4.2 Interactive mode - Choosing options 

In zone 3 a list of option is written. Pressing one of the suggested keys the corresponding option 
is chosen and the content of zone 3 changes to advice the user about what is possible to do after his 
choice. It is to note that the program may respond with a delay; that is due to the fact that during the 
reception from the serial port the program does not permit interrupts. There is a system that prevents 
the program to block in this receiving status: after a fixed time without receiving anything from the 
serial port the procedure that manages the reception give the control back to the main program. The 
maximum time the user has to wait after a chosen option is executed is about 20 seconds, but usually 
it is shorter (common value is about 2-3 second). The options are described below. 

EXIT (key: '0'). Pressing this key the program execution terminates and the control returns to 
DOS. 

RESET ('!'). A warning about the consequences of the receiver reset is written in zone 3. If the 
user really wants to reset the receiver, he has to press the key y . Resetting the receiver means that 
all the data stored in it are deleted; as a consequence the process of acquisition has to start again as it 
was when the receiver was powered on. Moreover, all settings are reset and their value becomes the 
one of the receiver default, which does not coincide with the set of values used by the program to 
work. As a consequence of this, data will be no longer output in the right way. Note that the set of 
parameters that are modified by a reset operation is greater than the one that is possible to change 
using the option '2' (see after). To come back to let the program operate well, one of the follow 
actions can be done: 1) to stop the program and to run it again or 2) to send new settings to the 
receiver using the "low level mode" (see after, key '6'). This last way however is very difficult to 
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fulfil, and only who is familiar with the codes used by the "Acutime" is capable to perform it quickly. 
Therefore it is advisable not to perform a receiver reset, unless the user wants to force the receiver to 
start again its calculations without powering it off. 

CHANGE SETTINGS ('2'). This option let the user modify the most important settings of the 
receiver. They are: the tracking mode (2-D, 3-D, auto, etc.), the dynamic code (air, sea, etc.), the 
elevation, signal and PDOP masks, the PDOP switch and the altitude reference (ellipsoid or geoid). 
For more details about the meaning of these parameters, see par. 2.2. The receiver has other 
parameters that can be modified, but they have not a primary importance in the managing of the 
system; the inclusion of these parameters would have brought to useless complications. The set of 
parameters that is possible to modify allow a control on the way which the receiver uses to perform 
calculations, by means of tracking satellites. 

To change the tracking mode, the dynamic code and the altitude reference a choice among a set 
of finite values is requested by the program; for the other parameters a real value has to be entered. 

INPUT INITIAL POSITION ('3'). If the information of position at which the receiver is placed is 
known (also in the case it is known only approximately), it can be given to the receiver signal 
processor. This allows a faster calculation of the exact position. Of course, if no enough number of 
satellites is visible, the calculation is not possible and the initial position remains stored until a result 
can be computed. Position data are requested by the program in this order: first the latitude, than the 
longitude and last the altitude. The first two have to be expressed as a number of degrees. N o 
indication of minutes and seconds can be given directly; if the user wants to give them, he has to 
express them as fractions of degree. For example, 10°30' is to be entered as 10.5. However it is to 
note that these data are only the starting point for a more accurate determination, therefore it is not 
so important give extremely accurate values. 

To express a northern latitude, enter a positive value, negative for southern ones. Similarly enter a 
positive value to express an eastern longitude, negative for western. 

Altitudes have to be entered as normal real numbers (negative if under sea level!). 

SET PC INTERNAL CLOCK ('4'). Answering y to the question that appear in the zone 3 after 
choosing this option the internal clock of the computer is set with the time currently decoded by the 
receiver. If no time is available the program signals it and no update of the internal clock is 
performed. 

SHOW TRACKING STATUS CS'V If the user wants to know the situation of satellites, he can 
choose this option. The program asks for signal levels received from all satellites and then it requests 
information about those that have their signals greater than zero. For each satellite the satellite 
identifier number, signal level and position in the sky (elevation and azimuth) are shown. This 
information can be used to understand the reason of some strange behaviour exhibited by the system. 
For instance, if no data are output, the status could be requested and the user might recognise that 
this fact is due to a too low signal level mask; maybe that lowering this mask the system is able to 
work well enough, at least until the environment changes, allowing a better signal reception. Note 
that the satellite status is read only when the option is chosen, so if the user wants to see updated 
data, he has to exit from the option and to choose it again. 

LOW LEVEL COMMUNICATION C&\ This mode allows the most versatile way to 
communicate with the GPS receiver, but also the least easy to manage. In fact all communications 
take place using hexadecimal characters. Once entered in this mode a sequence of hex strings starts 
to be written in zone 2; they are the hex representation of all data sent by the receiver to the 
computer. It is a user's task to decode them and understand their meaning. Every string is written on 
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one or more lines of zone 2, starting a new line each time a new string arrives. When the last line 
available in zone 2 is used, further data are written in the first line of the zone, deleting what present 
before. 

Correspondingly, it is possible to send a hex string to the receiver; when receiving, a key pressed 
allows the control to pass to the user, who can write a hex string in zone 4. After the string is typed 
and the key 'enter' is pressed, the program deletes all non hex characters from it, writes it again and 
requests a confirmation. If the answer is 'y' the string is sent to the receiver; if another key is pressed 
a new string can be typed instead of the preceding one. Typing the string 'exit' makes the program 
come out from the low level mode and come back to the main menu. 

4.3 Automatic mode - Clock updating 

GPSMAN can be made run also in another way, adding to the port extension the update time 
extension; so the program call becomes: 

< 'GPSMAN' p e ' f > 
The letter ' t ' (lowercase!) signals to the program that it must not enter the interactive mode, but it 

shall only update the PC internal clock. When called this way, the program performs only the 
following actions. 

A check of the status of the receiver is done; than the time is requested to the receiver. If all is 
regular, that is no problem is detected and time data are available, the computer clock is updated 
directly, without any more confirmation from the user. This way of operation is suitable for an 
automatic calling of the program, e.g. from a batch procedure. 

If some problem is encountered, and of course if there is no connection or the port is wrong (like 
in the interactive mode), the program does not perform any updating of the PC clock and the 
execution ends with a message about the problem. To avoid such problems, that would bring to a not 
good execution of the calling procedure, it is advisable that the user check for the good health of the 
system by means of the interactive mode; than he should leave the system working, also without a 
running program that monitors the received data. Doing so it is very unlikely that the GPS receiver 
looses the satellites lock and is not able to give the time; anyway the program is constructed in such 
a way not to provoke fatal errors in the calling procedure; the worst thing that can happen is that the 
PC internal clock is not updated. 

IMPORTANT! The program does not perform a check on the day, although the week day is 
shown on the screen (the first three letters of Sunday, Monday, etc.). This means that the updating of 
time might bring to errors in date if this action is performed near midnight. An example will clarify 
this. Imagine that the program is called every day to set the computer internal clock. Maybe the PC 
clock is 20 seconds fast or slow with respect to UTC. 

First case: the PC clock is fast or slow, but the update is done more apart from midnight than the 
time error; for instance PC clock says 0.0 TOO" instead of 0.00' 40". No problems will occur: the 
program calling will bring the time to 0.00' 40"; note: of the same day. 

Second case: the PC clock is slow, so it says it is 23.59' 50" of Sunday, while the right time is 
0.00' 10" of Monday. The execution of the program will take the time to 0.00' 10" of Sunday! The 
time is right, but the day is not. 

Third case: the PC is still fast, but it says 0.00' 10" of Monday, instead of 23.59' 50" of Sunday. 
The updating will bring the time to 23.59' 50", but after 10 seconds the PC date passes to Tuesday 
instead of Monday. 

The simplest way to avoid this problem is to call the program at whatever hour but near midnight. 
This solution is much less expensive than a modification of the program that takes into account the 
day (although less elegant). 
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5. P R O G R A M S T R U C T U R E D E S C R I P T I O N 

5.1 General 

"GPSMANAGER" was written using PASCAL language and compiled using the Borland Turbo 
Pascal tool (ver.5.5). 

A set of external procedures was used, to manage serial communications with the RS-232 port at 
low level. They are part of 'ASYNC12 1 , a package by Rising Edge Data Services. 

The program was designed taking into account the structured programming principles, so all 
routines makes use of Pascal structured instructions without any GOTO instruction. Besides, in 
order to improve readability, a set of rules of indentation and using of lower/ upper case was 
adopted. Upper case have been used only for the keywords PROGRAM, TYPE, VAR, FUNCTION, 
PROCEDURE, BEGIN, END and for all the names of user- defined procedures and functions, 
including those ones which are in ASYNC12 (the names of "system" functions and procedures, such 
as 'read1, 'write', 'ord', 'round', etc., have been written in lower case). 

Indentation was used largely to make the different parts of the program and subprograms more 
evident and to highlight each step of instruction nesting. 

Comments were added mainly to mark specific points of the program, in order to recognize them 
rapidly, more than to explain the program performances in detail. 

Procedures and functions were used each time a particular set of instructions was recognized to 
be well identified, that is it performs a function that is capable to be called by a higher order routine, 
independently from the fact it is actually called more than once. So, the procedure 'RECEIVE' that 
reads data from the PC serial port, is called a lot of times and for this reason the instructions that 
constitute it were grouped into a procedure; on the other hand procedure 'WRITEOPTIONS' is 
called only in one point of the main program, but it was insulated as a procedure because it performs 
a set of operations that is suitable for multiple calling. This improves readability and would make 
easier to carry out modifications to the program. On the contrary, when a group of instructions has a 
very particular application, they were not gathered into a subprogram to avoid excessive 
fragmentation. 

In this chapter a description of the set of instructions that constitutes "GPSMANAGER" is 
presented. To follow in a better way the description, it is advisable to refer to the program listing 
reported in appendix. 

5.2 Main program general structure 

The main program can be divided into some parts, whose function can be summarised as follows: 
— the first extension of the program name, as called by the operating system, is read; it is processed 

and if there is something wrong the termination pf the program is prepared, setting the variable 
'progend' to true; 

~ the serial port is opened (function OPENCOM) and a check on its status is done (procedure 
COMPARAMS), 'progend' is set to true if an error occur; 

~ the first screen is presented and the second extension of the program name is read (the one that 
allows the interactive mode or only the updating of time); 

— then there is a block that performs the PC clock update; it is composed of: 
- a checking of the status of the receiver (procedure CHECKSTATUS); 
— a request of the time, by means of the procedure GETGPSTIME; 
~ the updating of the PC internal clock or not, depending on the receiver status; 

— all the rest of the program controls the interactive mode. 
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This last block, which is the largest one, after a preparation of the screen, sends to the receiver the 
default parameter setting as described in par.4.1. Then, a group of nested 'repeat .. until' (and 'while') 
follow; which accomplish the task of reading the received data in zone 1 of the screen and waiting 
for the user's choice of one of the options. To read data from the receiver, procedures 
CHECKSTATUS, GETGPSTIME and GETPOSITION are used. The user's choice is recognised by 
means of a 'case' instruction, which takes up the 70% (as number of instructions) of the main 
program. There is not much to say on this, excepting that for each case it is possible that other 'case' 
instructions are nested, because for each chosen option the user can operate other choices. 

The block that implements the option '4' ("set PC internal clock") is very similar to the block with 
the same task that is executed when the program is called only to do this. Block '6' ("low level 
communication") is composed of three parts: an initialisation block, that decides whether to go really 
in the low level mode, a reception block, which is executed automatically after a string is transmitted 
and continues to run until a key is pressed, and a transmitting block, inside which there is the check 
for the typed word 'exit' which makes control to go out of block '6' and to come back to the main 
'case' instruction. 

5.3 Main program: types and variables definitions 

In this section the utilisation of all types and variables used by the main program is described. 
Although an effort was done to avoid different variables in different subprograms to have the same 
name, maybe this happens. Anyway Pascal compilers ensure a complete separation of variables when 
the program is compiled, so there is not any risk that data stored in such variables are damaged. In 
the following description all type and variable names will be written in single quotes (e.g. 'altrea'), 
while procedures and function names will be written in capital case. 

Type definitions were introduced to allow the passing of some variables between procedures. 
Type 'codednumber' represents an array of eight characters, and the only variable of this type is 
'codnum'; it is used to store a real number, in a symbolic format; in fact the receiver represents 
numbers in single precision as a sequence of 32 bits (four bytes) some of them being the mantissa and 
the others the exponent. Each byte is converted in two hex characters and stored in 'codnum' to be 
converted in a true numeric format by a dedicated procedure. 

Type 'arrapac' is an array of 518 characters and the only variable of this type is Yecpac'; it is used 
to store a packet of data received or to be sent, that is specified to be no more than 259 bytes long 
(each byte is converted into two characters). 

Type 'trackarr' is a bidimensional array (matrix) of one byte integers (type 'byte'). The only 
variable of this type is 'trackstatus' and it is used to store all information of satellites. The matrix has 
32 rows, one for each possible satellite, and four columns: the first stores signal levels, the second 
elevations, the third azimuths and the fourth satellite number. This last column was introduced 
because the matrix, after data are received, is sorted; so, if the information of satellite number were 
carried by row number, it would be lost after sorting. Sorting is made to write on the screen only 
data of the seven satellites whose signal is stronger. 
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The only 'double' variable is 'doublenum', which is used to temporary store a number to pass to/ 
from a subprogram. 

5.4 Procedures and functions description 

In this section a brief description of the subprograms used in GPSMANAGER is presented. 

Among the routines supported by the unit ASYNC12 only a few of them are used. Function 
O P E N C O M receives three value parameters: a 'byte' that designates the port to open and two 
'words' that define the sizes of the buffers at input and output respectively. The function checks if the 
port can work and returns a 'boolean' value that is true if all is regular. Note that this function allows 
the port to be buffered, so the main program has not to worry about a loosing of some data due to 
the execution of other instructions: if some data is received, they are stored in the input buffer and 
are read when the procedure COMREADCH is executed. 

Procedure C O M P A R A M S sets the parameters that define the serial port operation. The Acutime 
receiver communicates with eight bit words, followed by an odd parity bit and a stop bit, the bit rate 
is 9600 bauds. COMPARAMS receives five values from the calling program: a 'byte' for the port to 
be set, an integer value (type 'longint') that sets the data rate in bauds, a 'byte' for the number of bits 
in each word, a 'char' that indicates the type of parity check and a 'byte' for the number of stop bits. 

Procedure C O M W R I T E C H W accepts from the calling program a 'byte', that refers to the port 
to be used, and a 'char' that is the character that will be sent outward. Functions C O M R E A D C H 
and C O M R E A D C H W are used to read a character from a port. They accept only a 'byte' value that 
indicates from which port to read; the value of the functions is a 'char' that is read from the selected 
port. Note that data are written to and read from the serial port as 'char', so if the datum to be read is 
already a character, no more conversions are needed, but if information is contained in each bit of the 
byte that represents the character, a decoding is to be made, to pass from the 'char' representation 
back to the bit content. The only difference between the two procedures is that the one whose name 
ends with ' W waits for data to be received, while the one without the ' W reads continuously and, if 
no data are sent on the line, a 'nil' character is read (ASCII code: 00). Procedure 
C L O S E A L L C O M S close all active ports, opened previously with OPENCOM. 
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A group of functions implements common operations. 
Procedure QUICKSORT accepts as a 'VAR' parameter an array of type trackarr, which is the 

array to be sorted. There are other two value parameters that specify the range of array indexes 
inside which sorting is to be performed. This procedure uses a common recursive algorithm, 
implemented by an internal procedure called SORT. 

Function IPOWKR computes the raise to power of its first parameter, type 'real', to its second 
parameter, type 'integer' (the reason of the letter T in the name of the function), the type of the 
function result is 'double'. 

Function C H A R T O H E X V A L is used to convert a 'char' into its corresponding hexadecimal 
value; the result type is 'byte'. So, for example, a '8' is converted in the number 8, while a 'B' is 
converted in the number 11, and so on. 

Function C O N V is the inverse of the preceding one; in fact it has a 'byte' number in input, and 
returns a 'char', that is the hexadecimal representation of that number. Of course, the input number 
has to be in the range 0-^15; a '?' is returned if this is not the case. The calling program must take care 
that the parameter passed to CONV be in the right range. 

Function H E X T O C H A R is similar to the previous, but it performs a more complicated task; that 
is the conversion of a 'byte' number, whatever it is in the 0-^-255 range, into a two characters 'string' 
that is the hexadecimal representation of the input number. HEXTOCHAR makes use of CONV to 
obtain a single hex digit. 

There are two procedures that permit data to be received and sent on the serial line. Procedure 
SEND receives from the calling program a 'string' value parameter and two 'byte' value, being the 
first one the total length of the string and the second the port where the string is to be sent. This 
procedure analyses the string and converts couples of hex characters in one byte datum which is sent 
on the serial line by means of COMWRITECHW. It must be remembered that the total length passed 
to the procedure is not the number of hex characters but it is the number of bytes to send, which is 
one half of the hex characters. The procedure performs also a low level control of the hex code '10', 
that is specified to be send twice if it brings information inside a packet. A data packet is constituted 
in the following way: 
— a hex char '10' to mark the start of the packet, 
-- a char that identifies the type of packet, i.e. the kind of information carried, 
-- a group of data bytes that carry information, there can be from 0 to 255 data bytes, 
— the hex characters '10' and '03', that signal the end of the packet. 

Given this packet structure, it is clear that a single '10' could be misunderstood as the end of the 
packet; this is the reason why it has to be repeated if it is one of the data bytes. 

Procedure RECEIVE performs the reception of data from the line. It returns to the calling 
program a VAR parameter of type 'arrapac', which contains the received data, and a 'byte' that is the 
packet length (again the number of bytes and not of characters); at last a 'byte' value that indicates 
the port. This procedure calls COMREADCH to verify if some datum was sent on the serial line; in 
fact this procedure does not wait for data, and when no data is sent it returns the ASCII char 'nil' or 
'00'. A simple check allows to recognise valid data: it is sufficient that the received character is '10'. If 
no data are received for a fixed amount of time (three seconds) the procedure is forced to end and to 
give back to the calling program a packet length of zero bytes. In the case the start mark '10' is 
received the procedure begins to accumulate data inside an array of characters, controlling the 
couples o f ' 10 ' data when present. Also a check on the total length of the packet is performed; in 
fact, if some errors occur and the stop marks '10' and '03' are missed, the procedure could go on 
accumulating data until an error arises due to an overflow in the array. If the end of the array is 
reached, a flag is set to true and the reception ends. Then, if no overflow occurred, the length of the 
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packet is set and each data byte is converted in two hexadecimal characters by means of the function 
HEXTOCHAR. 

The following procedures performs low level operations, needed to exchange data in the proper 
way. 

Procedure REALDECOD converts a coded number (type 'codednumber') in a 'double' precision 
real number. This is needed each time a number is received from the GPS receiver. The receiver 
sends real numbers as strings of bits that represent the mantissa and the exponent of the real number. 
The structure of the data is as follows (in order of reception): 

FIRST B Y T E 
~ a bit which is the sign of the mantissa (zero for positive), 
~ the seven MSBs of the exponent; 

SECOND BYTE 
— the exponent LSB, 
-- the seven MSBs of the mantissa; 

THIRD AND FOURTH BYTES 
— the LSBs of the mantissa. 
So, the procedure has to recognise all these data and build a number suitable to be used as a 

normal real number by the calling program. Note that the coded exponent is biased, therefore 127 
must be subtracted from what is decoded to obtain the actual exponent. 

Procedure REALCODE performs the inverse operation of REALDECOD. A 'real' number is 
input and a VAR parameter (type 'codednumber') is returned to the calling program. 

Procedure W E E K D A Y converts a number of type 'word' which is in the range O-s-6 into a three 
characters 'string' that represents the day of week. So 'SUN' corresponds to 0, 'MON' to 1 and so on. 

Procedures CHECKSTATUS, GETGPSTIME and GETPOSITION allow medium level 
operations, that are executed many times. 

C H E C K S T A T U S requests the receiver to communicate its status. It receives a 'boolean' value 
that specifies whether or not an output is to be sent to the screen; another VAR 'boolean' parameter 
returns true when a regular status of the receiver is detected. A 'byte' value indicates the port. The 
procedure recognises the message sent by the receiver and writes a message on the screen if allowed. 
If there is a bad connection, no data are received, so the procedure RECEIVE (which is called by 
CHECKSTATUS) returns a zero packet length and CHECKSTATUS can realise there is something 
that is not working well. 

G E T G P S T I M E requests the time to the receiver, decodes it and returns to the calling program 
some VAR parameters. They are: four 'word' that contain the hour, minute, second and the fraction 
of a second; a 'string' that is the day of week and a 'boolean' that signals if a bad time code was 
received (in this case data are not valid). The usual 'byte' value signals the serial port to be used. 

GETPOSITION is similar, but the datum to be passed back to the calling program is the position 
computed by the GPS receiver. This procedure exchanges many parameters with the calling 
program, almost all are 'integer' variables. There are three numbers that contain the number of 
degrees, minutes and seconds of latitude, other three for longitude, one for altitude (in meters). Then 
there are three 'boolean' that represent the north/ south latitude (true is north), the east/ west 
longitude (true is east) and a flag that is false if no correct data were received. A 'byte' number is to 
tell on what port communications have to take place. 

The last two procedures have the task to write information on the screen. WRITEOPTIONS 
writes the main menu in zone 3. WRITESETTINGS writes the settings that is possible to modify in 
zone 2. Obviously this procedure has to request the status of settings to the receiver before writing 
them on the screen. 
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6. P O S S I B L E P R O G R A M I M P R O V E M E N T S A N D R E F E R E N C E S 

Program G P S M A N A G E R does not exploit all features available from the Acutime GPS receiver. 
Present performances of the program have been established considering the applications at I N G and 
an easy-to-use software. However it would be possible to add other features to the program, for 
instance, the indication of velocity or the expression of position and velocity in a Cartesian reference 
system instead of the spherical one. 

Another improvement could be the capability to avoid errors in the date setting when time is 
updated next to midnight. 

Also the hardware could be made more powerful; in fact it could be modified so that a power 
backup be present, this would avoid that when the main power is switched-off, data are lost and a lot 
of time is lost when power is on again and a new acquisition process has to begin. 

Another task that would need hardware modifications is the exploitation of the 1PPS signal, to 
make time determination much more sharp. 

This document can not report all technical data about the Acutime receiver. For more 
information, refer to the Acutime User's manual (rev.A - July 1992), which was largely utilized for 
the design of the software. 
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APPENDIX - PROGRAM LIST 

The program list is furnished in the following pages. The version is 1.0. 
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