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abstract:

As HTTP is now the leading data transfer protocol, access to geocoded data through a standard
browser has to be considered. The question arises to which extent GRASS is able to support Web
interface.

This kind of application relies on server—side CGI (common gateway interface) grids. Hopefully
availability of web oriented interpreters facilitates development of such applications. In our
presentation we will propose a design based on a combination of PHP, GRASS scripts and other
Linux standard tools. Should performance be a serious issue, actual processing could be deferred
into a queue and results send by mail.

On some sample GIS request, we will show, that a simple Web interface for GRASS is easy to
programme. The interest of a Java based viewer will be discussed.

1 State of the art on web mapping and objective

The dramatic changes in the medium of map distribution has heralded a new era in
cartography. While by the mid-1990’'s only few web map sites were available, today the
number of Internet map sites is probably going into the tens of thousands. Many of these
maps, such as those of meteorological domains, are continuously updated throughout the
day.

The most important reasons for the increase of map distribution through the Internet are:

1 lower costs to distribute color graphics through the web than paper print and
distribution

2. few time needed to deliver mapsin digital form on computer networks

3. interactivity with individua choice of map location and features to be included in
the map

The interactivity between user and GIS (Geo Information System), that enables not only the
online request of reatime-computed spatia information, but aso the generation of
cartographic results, is called web mapping. Roughly speaking, web mapping is in function
of (1) information and data updating, (2) security and authentication of the user, (3)
collection of user—filled forms (surveys, opinion polls etc.) and (4) access to databases.

Web mapping can be performed by three different ways:

1. Static mapping sites allow the user to access fixed map datato view or download.

2. Dynamic or interactive mapping sites allow the user to interact with a map of choice and
make decisions for the design of the static content (e.g interactive vector map demo of
Fiji Islands by Maps.com http://www.maps.com/sitetool s/hel p/vector.html, Mapblast web
site by Vicinity Corporation with a free GeoViewer for mapping world wide cities
http://www.mapblast.com/myblast/index.mb, etc.). There are many further commercial
and Free Web Map Services on the internet.

3. Dynamic animated mapping sites allow the user to view maps dynamically as the content
changes.
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Interactive mapping machines can support two different services:

1. Map generators alowing the Internet user to request a customised map to be "produced
on thefly." These sites often use a browser form for the user to request map specifications
such as location, thematic layers, and symbols. The user’s form is passed to the Web
server. A gateway at the Web server passes the request to a GIS server, which then
generates a map of a certain image format. The image is then sent back to the client for
viewing on the client’'s Web browser (i.e. GEOMAR map generator based on Generic
Mapping Tools (GMT), http://www.aquarius.geomar.de/omc/make_map.html).

2. Map browser services providing more interactive GIS services which approach the look
and basic functionality of a desktop GIS system. In addition to the request capabilities of
map generators, map browser sites often support users browsed maps (zoom in/out, pan),
dynamicaly change displayed layers, query and retrieve data and custom-label map
products (eqg. Tiger Map Server Browser of U.S. Census Bureay,
http://tiger.census.gov/cgi—bin/mapbrowse—-tbl). A few map browser sites offer simple,
additiona point, line—profile and 3D perspective queries so as more sophisticated spatial
analysis tools such as layer, attribute, animation and projection management (e.g. the
object-oriented GIS Framework, Geo Viewer by Business Doing & Argon National Lab,
for more details see: http://www.dis.anl.gov/geoviewer/main4.html).

While most application of web mapping systems are actually limited to the simple request of
selected geospatial information and data, we want to show the operability of GRASS to
exceed the so far visual functionality of GIS for producing a more or less personalized map
output.

Geoscientific interest concentrates rather on the realisation of interactive anaytical GIS
requests with online computation of GIS data map models. In this context questions arise to
the performances of GRASS for such a kind of web mapping: To which extent is GRASS
able to support Web interface or represents a suitable development tool for dynamic
geospatial online-analyses?

2 Browser scripting techniquesfor graphic GRASS Web interfacing

For many years map files still have been distributed on a compressed and converted file
format using the FTP protocol. To visualise the data with a graphical interface web browsers
incorporated the conversion and display software, either internally or with the help of
external "viewer" applications [2]. ASHTTP is now the leading data transfer protocol, access
to geocoded data through a standard browser has to be considered.

Issues for linking GRASS to Map Server CGl (Common Gateway |nterface) applications are
related to the availability of standard administration APl (Application Program Interface),
that is necessary to perform higher—level features, like text layout or graphics processing.
API is communicating between the operating system and application programs and links
directly the services (to open windows and display message boxes etc.) of the operating
system with the application programs. Common programming interface standards for
communication between the Web server and the needed GIS applications are: CGI, Java
Native Interface Programming, ISAPI (Internet Server Application Programming Interface)
and NSAPI (Netscape Server Application Programming Interface).

The programs that process user requests can be written in almost any widely used languages.
Such programs can aso be purchased from vendors to tie the Web server directly to an
existing GIS, but also still exist as Free OpenSource software, as follows in some examples:

MapServer, by DM Solutions Group (Canada), is an OpenSource development environment
for building spatialy enabled Internet applications. The software builds upon other popular
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OpenSource or Freeware systems like Shapelib, FreeType, Proj.4, libTIFF, Perl and others.
This MapServer system supports MapScript which allows popular scripting languages such
as Perl, Python, Tk/Tcl, Guile and even Java to access the MapServer C API. The MapScript
(e.g. PHP module) provides a rich environment for developing applications that integrate
disparate data Data with spatial component from any database (e.g. Oracle, Sybase,
MySQL) may be integrated and mapped together with traditional GIS data in a single map
graphics or web page (http://mapserver.gis.umn.edu/).

An existent example of GRASS implementation to a browser interface is the program of
“Arkansas Interactive Mapper project”. The developed Mapper tool consists on one hand of a
Bourne Shell script, which interacts with the GIS software GRASS. On the other hand it
consists of PERL—based GUI (Graphical User Interface) scripts, which controls the Web user
interface. Mapper crestes maps by indirectly accessing the GRASS database
(http://www.cast.uark.edu/l ocal/mapper/about_mapper.html).

There are two main concepts to be employed for adding GIS functionality to the Web:

1. Client—side strategies: Java applets

Client—side applications attempt to shift some of the work of processing requests to the
user’'s computer. Instead of forcing the server to do most of the work, some of the GIS
capabilities are downloaded to the client, or reside there, and data is processed locally. Users
perform some data manipulation and analysis locally on their own machines.

The advantages of client—side strategies are:
1. Applications take advantage of the processing power of the user’s computer, presumed
it's one of higher performance.
2. The user can be assigned greater control of the data analysis process.
3. Once the server has delivered its response, the user can work with the data without
having to send and receive messages across the Internet.
4. Application can be highly interactive

The disadvantages of client—side strategies are:

1. The response from the server may involve transferring large amounts of data as well as
applets, causing delays.

2. Large and complex datasets may be hard to process on the client if it is not very
powerful.

3. Complex GIS analytical routines may run more slowly on the client if it is not very
powerful.

4. Usars may not have the training needed to employ the data and analysis functions
properly.

5. Serious compliancy concerns with different versions of client basic software

There are two variations on the client—side strategy: either GIS capability is delivered to
client by downloading client applets on request, or GIS applets and plug—ins (accessory
programs that enhance a main application, for example gives the browser specia capabilities
or additional tools) reside on client permanently or semi—permanently.

In the first case (Fig. 1 a), once requested data and applets have been downloaded on the
client computer, the user has the freedom to work independently of the server. Thus, requests
and responses do not have to be passed back and forth across the Internet.
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Client-Side Configuration

M =L
i APPLEL

CL @ DATA @ SFRVER

1. Client sends request to server
2. Server processes request and returns information as needed
3. Data is processed by client’s computer

references: FOOTE K.E. et al. {1997)
design: Tony Kirvan 1-7-97

Figure1l a A client—side design using GIS applets.

An applet is a program interpreted by the client, executed on the side of the client browser.
Applets can be written in Java or JavaScript (both by Sun Microsystems and Netscape
Communication), so asin ActiveX (by Microsoft Corporation). The syntax of JavaScript is
similar to Java, but is not pre-compiled. Compilers for these applets run within Web
browsers and process the applets as they are needed. The source code of JavaScript is
directly integrated into the HTML page.

The second variation (Fig. 1 b) discusses the implementation of GIS functionality to Web
browsers. Moving the necessary data and applets across the Internet can be very time
consuming, particularly if the applications are used frequently. The dternatives are to
transfer GIS applets to the client computer on a permanent or semi—permanent basis, so that
they do not have to be transferred each time they are needed. Thisis realized with downloads
and instalation of "plug—ins' on the client’s browser on permanence and with build-in
browser capabilities into existing GIS software that runs on the client.

GIS with Built-in
Browser Capabilities

e
©) SERVER

1. Built-in links request data
2. Data is delivered as needed

references: FOOTE K.E. et al, {1997)
design: Tony Kirvan 1-7-97

Figure 1 b: A client—side application using the GIS system as a “browser”
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2. Server—side confiquration: Dynamic HTML

The aso called map server configuration (Fig. 2) alows the user (client browser) to submit
requests for GIS data to a Web server via Internet. The server, having access both to GIS
data and the software needed to process the data and requests, returns the computed data or a
solution to the remote client browser. This traditional—like terminal—to—mainframe model
requires little processing power of the client ("dumb" termina) and needs no specia ability
from the user, but only for submitting requests and displaying responses.

Server-Side Configuration

caGl
: 6 scmprl
CL!ENT @ @ SERVER
1. Client sends request to server

2. Server processes request and sends information to CGl script
3. Output returned to server
4. Response sent to client

5. Client’s browser displays information references: FOOTE K.E. et al. (1997)
design: Tony Kirvan 1-7-97

Figure 2 : Server—side design

The server—sided simple scripting language PHP (Professional Hypertext Preprocessor)
enables the construction of dynamic web request pages, that are directly executed by the
server. The syntax of PHP codeis similar to a mixture of C, Java and Perl and is compiled as
amodule of HTML (Hyper Text Markup Language). Web pages with the suffix .php, .php4
or phtml contain PHP code, however this code is not visible by the client browser as PHP
has been interpreted by ther server before transmission. The server only receives the page
request, executes the PHP code (most actual version is PHP4.2.1 with an improved parser)
and sends back the fina result to the browser. PHP and HTML code can be mixed together
by inserting PHP to HTML. Furthermore PHP supports a variety of relationa database
languages as mySQL, PostgreSQL, Informix, Adabas, Oracle etc. (access by means of an
ODBC-Interface).

The principle of dynamic processing by means of Dynamic HTML, here by PHP script,

functions in away of communication between client and server. The following well accorded
steps pass, when dynamic web contents are brought from a server database to the client:

Client—server communication via PHP interface



6 GRASS on the Web

1) Opening of the connection to the server

2) The web server receives the request by the client—browser

(3) PHP (CGI) startsto request the database

(4) The database executes the request

(5) Thedata aretransferred to the PHP (CGl)

(6) PHP (CGI) producesa HTML page with the content

(7) PHP(CGI) transfersthis page to the web server

8) The web server sends this pageto the client browser

9) Closing of the connection

The advantages of server—sided strategiesin general are:

1. Dynamic generation of diverse graphic formats (as PNG, GIF etc.) together with the use
of true type or typel (postscript) fonts for automatic production of navigator buttons is
supported.

2. When using high—performance server, users can access large and complex datasets, that
would be difficult to transfer across the Internet and process them locally on the client.

3. On high—performance server capacities complex GIS analytical routines can be run
quickly even by clients, who lack access to sophisticated hardware.

4. More control can be exerted over what the user is permitted to do with the data,
perhaps also insuring that the datais used correctly.

The disadvantages of server—side strategies concern:

1. Every request —no matter how small-must be returned to the server across the Internet
and processed there.

2. Performance will be affected by the network capacity and traffic on the Internet between
the server and client particularly when responses involve transferring large files.

3. Applications do not take advantage of the processing power of the user’s own "client”
computer, which is used merely to submit arequest and display the response.

The overview in follow summarizes in short the pro and contra of server—sided PHP
interface:
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advantages of PHP:

simplicity of language concept

— quick reply on highly frequented servers
portability of many operation systems

— library for the development of portable
graphical user interfaces (GUI)

access to many relational databases

disadvantages of PHP:
performance loss with interactivity of computational intensive GIS
operations scaling, zooming, layer management etc.)

Pro and contra of server—sided interfacing by PHP

Server and client processes can aso be combined in hybrid strategies that optimize
performance and meet specia user needs. These have the advantage of minimising the use of
the client processing power with simultaneous optimising server—client performance.

In general, the server—side DHTML strategy seems to be best for applications in mass with a
high number of users with little need for GIS analysis capabilities. wheress the client-side
applet strategies work well for services used by asmaller set of GIS—familiar users within an
intranet. This makes the first method for our aims most attractive.

3 Exampleof interactive PHP request with GRASS

The web mapping system to be developed has to be platform independent and run on open
TCP/IP-based networks, that is on any computer capable of connecting to the Internet (or
any TCP/IP-based network) and running a Web browser.

The technical implementation of dynamic GRASS requests presumes on one hand an user
without skills of GRASS and on the other hand an exclusive use of text—based GRASS
commands. A first design concept arranges a PHP interpreter, that triggers the grass
commands set (Fig. 3). The cartographic result appears immediately after associated web
request.

However this approach is related with the following objections:

1. A proper management of concurrent requests has to be disponible.

2. A seriousissueis computing time.
Redlistic GIS application may run too long for a web product. People don't appreciate to
wait. Furthermore some internet providers break connection, when line inactivity exceeds
a time—out with the consequence, that grass processes will be aborted cause of on line
interruption.
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sends PHF requiest form lrarifers GRASS processed data

CLIENT SERVER
with with
browser display GRASS data base

PHP
interface
script

slaris GRASS
data query

gels GRASS compuled map result produces HTML page
@ with GRASS map dala

design: 5. HESS (2002)

Fig. 3: GRASS web mapping by PHP client—server communication

The solution of these problems is redlizable by an alternative design, that envisages GIS
running in batch mode with map retrieval sent back as mail attached documents.

For this, two steps of a user request have to be realised:

1. PHP interpreter creates under a communication directory two command set files:
a) GRASS command set with a description of GIS processes as customised by user
b) UNIX command set that contains:
+ initia grass activation,
+ temporary file cleaning
«  “metasend” command

After the creation of these two command set files, the PHP interpreter closes the connection
(with amessage to the user).

2. Execution of a GRASS daemon

A daemon is a programme, running permanently in background (as Apache server) without
keyboard input or monitor output, replying to requests. It scans the communication directory
(var/logiwwwrun/”grassphp”). Each time it finds afile (.sh), it is executed and then deleted
(economisation of disk space). As the daemon doesn’t analyse file content, but only executes
it, it would be easy to enhance the application by adding more than one CGI form.

Different command set files will be stored under communication directory
(/var/logiwwwrun/grassphp) and processed in a first—in/first—out basis, whereas daesmon
execution is looking for the oldest file in the queue, executes it and after that removesiit. The
command set files are executed by Apache between the PHP script and the GRASS daemon.

Security concerns in web design:

The web client doesn’t need previous registration on the host machine. Thus, basic inter—
user protection system can’t be used, becauseit’s open to the public use. Obviousy the Web
server Apache will never run PHP script with root privileges, but as specific user named
wwwrun in sample configuration file. The solution to this problem is to give minima
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privileges to all associated daemons. Application may be protected by checking all input data
for content of correct information. A properly check of the e-mail address syntax has to be
done necessarily to avoid input of an address like fake@x.com; rm —rf / of some malicious
users. When executed by grass, processes of daemon et metasend command will be aborted,
but unfortunately not the remove command “rm”.

The selected example is a geoanalytical web request with the GRASS operator "r.sunmask”.
This module computes shadow regions at the basis of the sun position algorithm of the
National Renewable Energy Laboratory (NREL) and a given (shaded) digital elevation
model (DEM). The algorithm depends on sun zenith.

Sun position is characterised by sun elevation and sun azimuth:
sun zenith = 90° — sun elevation

sun elevation
isthe angle (0O — 90°) between the midpoint of the sun and the horizon
in dependence on geographic position, season and day time.

sun azimuth

is the angle between the geographic North and the midpoint of the sun
around a vertical circle (0° — 360°) in dependence on geographic
position, season and day time.

There are two optiona ways of using the GRASS algorithm r.sunmask:

1. Precise sun position has to be defined by means of the sun zenith and sun azimuth
angle.

2. Geographicd position (east and north center values), date and time (sun position is
computed automatically) have to be put in.

In our demonstration we're experimenting version 1 on GRASS sample data set of spearfish
region (South Dakotal USA). Our concept design has experienced the following steps and
results:

(2) First of dl, the request form was programmed by dynamic PHP code

<FORM METHOD=GET ACTION=shadow.phtm|>
Month <INPUT NAME=MONTH SIZE=2>
Day <INPUT NAME=DAY SIZE=2>
Hour <INPUT NAME=HOUR SIZE=2>
Minute <INPUT NAME=MIN SIZE=2><BR><BR>

Your E-mail address
<INPUT NAME=MAIL SIZE=30><BR><BR>
<INPUT TYPE=SUBMIT VALUE=0OK>
</FORM>

PHP request form



10 GRASS on the Web

Month D DayD Hour D MinuteD

Your E-mail address

(2) GRASS commands for “r.sunmask” application were defined and a GRASS
print script file for postscript output with “ps.map” generated.

grass5 —text ~/spearfish/PERMANENT

r.sunmask —v elev=elevation.dem output=shad_out year=2001 month=12 day=05 hour=13
minute=00 second=00 timezone=-3 east=599175 north=4921175

ps.map input=print_script output=shad_on_elev.ps

GRASS commands for cartographic analysis procedure

rast shad_on_elev
vect roads
color yellow
width 2.0
end
vect streams
color blue
width 2.0
end
scale 1:50000
numbers 1
end

GRASS script file for postscript output
(3) PHP script was programmed to process, as described hereafter:

First of al the script initiates to check al parameters inputted in the PHP browser request
form by the client.

Then PHP code creates two files under /var/logiwwwrun/grassphp/X directory, where tempo
is avaue computed from system time:

a) tempo.sh (GRASS command file) and

b) tempo.gr (UNIX command file).

The rest of the PHP script finishes with Unix commands, that are composed of four
functions:
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1. After GRASS is called and GRASS data base opened in next step, the GRASS
commands are executed together with all input parameters and tags, that are the
operations “r.sunmask” and “ps.map.

2. Removing grass command file

3. Converting generated postscript to jpeg (or any other format)

4. Mailing the result by metasend

The directory /var/log/wwwrun will be scanned by GRASS execution deamon for any .sh
file.

The output map is showing the shadows on the example relief region near the town Spearfish
in South Dakota. The following template indicates the selected input parameter and from the
GRASS modul r.sunmask computed output values.

input:
date: 2001.12.05, daynum 339, time: 13:00:00
long: —103.753822 (599175), lat: 44.437077 (4921175), timezone: —3.000000

output:

sun azimuth 141.080154,

sun angle above horz.(refraction corrected) 13.223012
Sunrise time (without refraction): 11:21

Sunset time (without refraction): 20: 10

Calculating sun position (using solpos from NREL)
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<BODY BGCOL OR=#ffffff>

<H1>Shadow map registerd</H1>

<?php

/Ichecking some parameters

/Il SMONTH is the value of the field named MONTH in the previous grid
if (BMONTH > 12) || (SMONTH < 1))

{ echo "incorrect value for month " ; exit($MONTH) ; }

if ($DAY >31) || ($DAY < 1))

{ echo "incorrect value for day " ; exit($DAY) ; }

if ($HOUR > 23) || (3HOUR < 0))

{ echo "incorrect value for hour " ; exit($HOUR) ; }

if ($MIN >59) || ($MIN < 0))

{ echo "incorrect value for minute " ; exit($MIN) ; }

/Ishould be replaced by a full E-mail address syntax check

if ((strstr($MAIL,’;") !=false) || (strstr($MAIL,' %) = false))
{ exit() ; }

[[first generate temporary file name
/lfollowing lineis a tricky way to get back time in sec and psec
list($usec,$sec) = explode(" *,microtime());
$tempo = "/var/log/wwwrun/grassphp/X" ;
$tempo .= $sec;

$tempo .= $usec ;

/lunix command file name

$tempou = $tempo.”.sh" ;

/Igrass command file name

$tempog = $tempo.".gr* ;

$fu = fopen($tempou,’ w’) ;

$fg = fopen($tempog,’ w’) ;
chmod($tempou,0755) ;

/lthen calling grass

$line = "grassb /home/grassdem/spearfish/PERMANENT <" ; (< = redirection symbol)
$line .= $tempog."\n" ; (execution of grass batch mode)

fputs($fu,$line) ; (write)

/ldescribing GIS processes

$line="\n"; fputs($fg,$ligne) ;

$line = "r.sunmask -z el ev=e€levation.dem out=shad.ras year=2001 month=" ;
$line .=$MONTH . " day=" . $DAY . " hour=" . $HOUR . " minute=" . $MIN ;
$line .=" second=00 timezone=—3 east=599175 north=4921175 \n" ;
fputs($fg,$line) ;

$line = "ps.map input=print_script output=shad.ps\n" ;

fputs($fg,$line) ;

$line="exit\n" ;

fputs($fg,$line) ;

fclose($fg) ;

/Inow finishing with unix commands

$line="rm —f ".$tempog."\n" ;

fputs($fu,$line) ;

/la tricky way to avoid gs command suspension

$line ="cat shad.ps | gs —q ~dNOPAUSE —sDEVICE=jpeg —sOutputFile=shad.jpeg —\n" ;
fputs($fu,$line) ;

$line = "metasend —b (batch mode) —F sigrid@univ—parisl.fr —e (text code) base64 —f
(image) shad.jpeg”;

$ligne .= " —m (mime type) image/jpeg —S (max size of a data packet, spliting size) 400000
—s (object title) Sunmask —D (attachment title) Processed_map -t (to) " ;

$line .= SMAIL."\n" ;

fputs($fu,$line) ;

fclose($fu) ;

echo "Map will be emailed to ".$MAIL ;

>

</BODY>
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Fig.4: GRASS web—map with shadowed areas of spearfish

4 Discussion and outlook

Our example from spearfish region of client—side concept programming is showing optimal
suitability of GRASS for Web interface support, because of the easy conversion and
operability between grass script and web based application. That means, that georeferenced
data of a GRASS data base can be easily reached by distant users.

The use of GRASS GIS for wireless Portfolio application in field work is only one of many
conceivable future options. Thus, ana ogous fold up maps won't have to be carried to terrain
anymore and field work will be supported by direct localy available access to and
connection between GPS field stand points and GRASS data basis. This performance shown
here is areal issue in despite of only having been able to generate a limited request system
cause of high computational charge. But with the computation capacities getting more and
more fast and efficient there is support for even more data and formats.

The enlargement of the developed web mapping technique is limited by the availability of
global free elevation data, as there are so far GLOBE DEM data from NOAA Nationa data
Centres, GTOPO30 data from the U.S. Geologica Survey’s EROS Data Center (EDC) or
VMAPO/DTED data from NIMA (Nationa Imagery and Mapping Agency), dl a a
horizontal resolution of ca. 1 km.

Anyway, our template application demonstrates flexibility of GRASS and PHP to develop
Web based geographic query system.
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