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Abstract 

A mobile system to rapidly record demographic and spatial 
data of plant populations on permanent plots has been developed 
based on digital image processing equipment for personal com- 
puters. It offers considerable savings in field and data handling 
time and can record data from large plots. This system will facili- 
tate broader application of plant demographic studies to arid 
and semi-arid ecosystems. 

Restimen 

Se desarrollo un sistema mdvil y rapid0 para recabar datos 
sobre vegetation en parcelas fijas utiliindo un equip0 de proce- 
samiento digital de imagenes, para P.C. ofrece grandes ventajas 
en tiempo y costo, facilitando 10s estudios demograflcos de la 
vegetation en ecosistemas aridos y semiaridos. 
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Demographic approaches to understanding change in plant pop- 
ulations have been advocated by Austin (1981) and others. 
However, few studies of plant population dynamics in arid and 
semi-arid environments have involved large numbers of plants 
and data sets have often been inadequate (Gardiner and Norton 
1983). Logistic constraints in collecting plant demographic data 
using the more common techniques, chart mapping and the pan- 
tograph, have resulted in sampling being carried out on a limited 
number of quadrats, often 1 m* or less in size. 

Photographic techniques have been used on rangelands to 
increase the spatial scale and speed of data collection (Hacker 
1978, Owens et al. 1985). However, these require manual transfer 
of individual elements in the photographic image onto charts, and 
the computation of Cartesian coordinates if spatial data are 
required for subsequent analyses. This is time consuming and 
requires a second trip into the field to collate the basic data. Mack 
and Pyke (1979) developed a portable digitizer to plot the loca- 
tion of individual plants in the field. While this reduced sampling 
to a single operation, the apparatus is restricted to very small 
quadrat sizes. 

With the advent of powerful, portable micro computers digi- 
tized image analysis is increasingly being used for a range of 
research purposes outside the laboratory. To date most of the 
applications that have been developed are based on the discrimi- 
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nation of elements in a photographic or video image for the mea- 
surement of area or density. The same equipment also provides a 
matrix on which coordinates can be plotted and can greatly 
increase the speed and objectivity with which plant demographic 
and spatial data are collected. Thus the VIVA (Video Imaging of 
Vegetation Attributes) system was developed to collect time 
series data on individual plants and cover measurements on per- 
manent plots. 

The VIVA System 

The VIVA system uses video technology to collect data from 
live video images, photographs and other image formats. It is a 
menu-driven, PC-based program that records the position and 
attributes of individual plants on permanent plots or measures the 
cover values of elements that can be highlighted in an image. As 
data are collected they are formatted and saved to the database in 
the 1 operation, negating the need to transpose data into Cartesian 
coordinates or to return to the plot to interpret and annotate pho- 
tographs. 

The VIVA system comprises a personal computer with a hard 
disk that is capable of running Microsoft Windows 3.x, a video 
frame grabber, a video camera and lens, an RGB 
(Red/Green/Blue) monitor, and a gantry to support the video 
camera above the plot (Fig.1). The software has on-line help. A 
video frame grabber is a hardware add-on to a PC, used to cap- 
ture images from a video camera into the computer’s memory. 
The frame grabber used by the VIVA system has an image reso- 
lution of 512 x 512 pixels, or picture elements (Table 1). Data 
can be collected from photographic prints using a digitizing 
tablet, or photographic transparencies using a light box and video 
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Fig.l.Tkhudaue setoptoN.theVIVAs&vareIntbefMd(sec 
Table 1 for spedtlatioas). 

The system has 4 suhmudnes: (a) the Sample Species sobmo- 
tine enters site descriptions and qoadmt w-ordinates, locates indi- 
viduals, records individual plant attributes. displays previous 
samples on the RGB monitor and can recall individual plant 
attributes from previous samples; (b) the Bdit Species Details 
subroutine lists descriptive data aboot the species to lx measured, 
(c) the Plot Data subroutine produces charts of the location and 
diameter of individual plants for particolar species or dates, and 
(d) the Thresholding subroutine enables absolute end percentage 
cover values for individual elements in the image to be deter- 
mined for the whole image area or for the area that lies within tbe 
boundaries of the plot. Other subroutines enable data to be edited 
end sampling to be halted and resumed. All data are stored in sep- 
arate tiles in dBase IV format. 

ComputCC Toshiba T5200 
Fmegmbke PC Vision Plus, bmgkg Technolosy Inc., M-m 
Video canwaz Sony ADC-MC5 
camcn Iws: FujinonHpBB-SND4-1 1:1.4/E 
RGB monitor: Sony Trinitmr~ WM-1371QM 
Power invera PC3WS, Power Conversions RyLtd. Mctbcmnm. 

Site name, plot name end a code for do. species to be sampled 
are mte-ed’or selected from the menus. Once set op over the plot 
tu be chatted the system displays a live video image and cursor 
on the ROB monitor. Four permanent markers on the plot are 
located in the image with the cursor and algorithms calculate 
adjustments to translation. rotation end scale. Plants recorded at 
the previous sampling are then written to their correct screen co- 
ordinates with respect to the cotrent position of the markers. 

Individuals that were recorded on the previous sampling appear 
on the screen as a red sqwue. Plants that were sampled at a pnvi- 
ous sampling but not the one immediately before the cwrent stun- 
pling appear as an open red box. These will continoe to appear 
for any number of months up to 10 years depending on the time 
specified in the Edit Species Details subroutine. The ability to 
display on the screen the location of previously samplea individu- 
als for any specified time end recall their attributes is paticularly 
useful for rbizomatous species such as Asrrebla fappacea (Lindl.) 
Domin which may have no parts above the soil surface for many 
months. If a large, mature looking plant suddenly appears during 

FIga 2. The data entry - oftbe Sample Speeles sebrouthw. 
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Fig. 3. Photograph of mobile system used to map large plots in western New South Wales. 

a sampling it can be quickly ascertained whether an individual of 
the same species has occupied that location previously. This fea- 
ture negates the possibility of recording an individual plant as 
new when that individual has been recorded in a previous sam- 
pling. 

Once located with the cursor a new plant appears as a green 
square and attributes of that individual can be entered through a 
menu system. Age (seedlin~juvenile/adult), phenological stage 
(vegetative/preflowering/flowering/fmiting/post-fmitin~~), sex 
(male/female/unknown), diameter, number of reproductive units, 
and an estimate of percent utilization can be recorded (Fig. 2). If 
an attribute is not sampled or is inappropriate for that species, eg. 
sex, B “Not Sampled” option is available and the data appears in 
the data tile as “null” for text fields and “1” for numeric fields. 

If the plant has been sampled previously clicking on the r&d 
square or open red box will change the symbol to a green square 
and the previous values of the attributes being measured recalled. 
These values can then easily be edited and saved to the currat 
sampling. 

The VIVA system was used to study the population dynamics 
of 4 grasses and 3 shrubs in the chenopod shrublands of western 
New South Wales, Australia. This study required the regular sam- 
pling of 120 large (4 x 3 m) permanent quadrats and produced 
58,000 records in 2 112 years. The system requires 2 people to 
collect data from large plots, 1 in the vehicle operating the com- 
puter and the second pointing out individuals in the plot and 
determining their attributes. For mobility in the field, a gantry has 
been developed which can be mounted on the front of a vehicle 
(Fig. 3). This system can be set up for operation or dismantled for 
travel to the next site in 3 to 5 minutes. To operate in the field a 
300 watt inverter is required to power the system from batteries. 

Speed in the field depends on the density of the target species. 

108 

For most species between 150 and 200 individual plants can be 
located and their attributes recorded per hour. The number of 
records per hour increases with density as search time for the next 
individual of that species deceases. At the point where the dis- 
tance between individuals approaches the resolution of the sys- 
tem the rate of recording may decrease as greater effort is needed 
in distinguishing one individual from another. With the above 
field setup, testing of the location accuracy of the system under 
ideal conditions resulted in a plotting error that was on average 
less than 1 pixel, ie. 8 mm. Inaccuracies in the field can occur 
because of operator error, flex in the gantry, and wind buffeting. 
These occasionally magnified errors in the initial location of an 
individual to 1 112-2 cm. However, this is a rare occwrence and 
has caused few problems in the reidentification of individual 
plants. Indeed, the system is so accurate that individuals that nor- 
mally would not be recognized as extant plants can be relocated. 

If spatial data only are required ground-based or aerial photo- 
graphic images can be used to collect it. The VIVA software will 
provide coordinates for any identifiable element in the image rel- 
ative to permanent marken on the ground. The algorithms con- 
tained within the software allow correction for orientation and 
scale between subsequent images of the same plot. 

The measurement of cover values using the Thresholding sub- 
routine involves the highlighting of elements in the image and the 
measurement of those elements in relation to the total image area. 
Each image appears on the RGB monitor as a grey-scale image 
consisting of 256 grey levels between white and black. Grey lev- 
els can be highlighted above, below or between any 2 specified 
values enabling dark, light or in-between elements in the image to 
be highlighted and measured. The element highlighted may be a 
soil surface feature, total vegetation cover, or a subcomponent of 
either. A feature of the VIVA software is that the area measured 
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can be determined for the whole image area or only for that area 
which lies within the boundaries of the plot. 

Discussion 

The VIVA system has a number of data handling advantages 
over chart mapping, pantograph, and photographic techniques 
and allows a considerable increase in quadrat size over the digi- 
tizer used by Mack and Pyke (1979). The photographic technique 
of Owens et al. (1985) was also designed to collect plant demo- 
graphic data from large plots in semi-arid environments. A major 
advantage of the VIVA system has over their technique is that 
demographic data can be downloaded directly to a database upon 
returning from the field without the need for data to be transposed 
from images. In comparison to the technique of Owens et al. 
(1985), VIVA also saves equipment establishment time, 3-5 min- 
utes compared to 45 minutes, ground truthing time, and travel 
time. Sampling time will be dependent on the number of target 
species and vegetation structure. For the above-mentioned study 
this ranged between 5 and 140 minutes. Errors due to plants 
being missed during the initial sampling were slightly less than 
that of Owens et al. (1985) using their photographic technique. A 
total of 410 plants (3% of the total sample) were recorded for the 
first time at the second sampling, although they were large 
enough to have been present at the first sampling. The occurrence 
of this type of error will vary with the type of vegetation and the 
experience of the observer. Errors due to recording of artifacts do 
not occur with this system. 

The image analysis capabilities of VIVA have not been tested 
in any systematic way, however, the principles of this methodolo- 
gy are well established in the fields of medical and ecological 
research. For example, image analysis techniques have been used 
to measure tree crown defoliation (Lee et al. 1983), disease 
impact in crops (Gerten and Wiese 1987). and tree root biomass 
(Ruark and Bockheim 1988). 

Provided individual plants are identifiable on permanent plots, 
the VIVA system can be used at any spatial scale, and will facili- 
tate broader application of plant demographic studies to arid and 
semi-arid ecosystems. The VIVA software is currently being 
commercialised and enquiries should be directed to the Manager 
Technology Transfer, NSW Agriculture, LMB 21, Orange NSW 
2800, Australia. 
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