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Artificial Neuro-network to Simulate Root Systemimage by Botanic

Leaf-stalkimage
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Abstract: The patterns of botanic root system exist in an obvious correlation with the organs over the
ground,such as leaves,branches,and stalks. Different species present varied features which mirror biologi-
cal habits of a species being in correlation with the pattern of its own structure. Related researches have
shown that root number,weight.and diameter offer a close relationship with the corresponding parts over
the ground,so that it is possible to simulate the root system image with the leaf-stalk image.

In accordance with the principle of phytoecology.and based on biological habits of licorice,this paper
recommended the wild licorice population structure in Chifeng region of the Inner Mongolia as a sample to
establish a model of licorice artificial neuro-network linking up the leaves and stalks to its root system by
using the technique of artificial neuro-nework integrated with image-information computer treatment.
Through learning,training.and self-adaptation with the neuor-network,the ability to recognize and simu-
late the root system of the neuro-network got to be improved successively. It could randomize a single or
multiple licorice leaf-stalk images to simulate the correspoding root system image by applying of the artifi-
cial neuro-network technique. A goal of simulating botanic root system image from vegetable leaf-stalk im-
age was achieved at long.

On-the-spot inivestigation at the wild licorice growing area in Chifeng region,Inner Mongolia,the au-
thor selected both of 4 sampling units and premesured sample spots.of which the data of thd former were
employed for the simulation and training of the neuro-network,and the latter for the assessment of distin-
guishing the artificial neuro-network and its imitation capacity. Around hundred of licorice leaf-stalk im-
ages and related data were gathered at the sample plots ,meanwhile,the bio-variables related to some envi-
ronmental parameters of ecological geography were collected too.

The chosen geographic environmental factors involved 4 categories:soil type,moisture state in grow-

ing time period,slope direction,and the elevation,after the factors to be digitized,they were inputted into
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the neuro-network model for computation. Digitized classification was grouped at 4 levels and the classified
standards were determined to depend upon the concrete state of the trial sample plots.

The leaf-stalk and root system images of licorice are the major datum-source being employed for the
artificial neuro-network model. The collection of patterns of the images were done standardizedly and for-
mulatedly as well as possible. The photo-angle ,height,and size were kept of showing no difference ,and the
color.light,and shade might be set strictlessly a little.

The simulated artifical neuro-network of licorice root system was designed to be a double-layer struc-
ture including each one of the input.hidden(mid-layer) ,and output layer. The transfer functions of the hid-
den and the output layer were the tansig and purelin type respectively. Thus.the output of data was real-
ized in varied patterns. By auto-learning on counter propagation method and conducting the network to
make a forward computation towards the sample input pattern,a comparison between the real output and
the expected output of the network was made out,then adjusted the weighted average and the threshold
value step by step until the faults got fulfilled to the requirement. To get pass of the above-mentioned un-
derstanding on the neuro-network and training well on the basis of weighted average,threshold value.,and
network structure,the simulation and prediction of a new sample can be approached successfully.

After getting the original image digitized,due to the data being very great and appearing of image
noise, it couldn’t be directly applied to learning and training for the neuro-network, for this reason,a
wavelet image processing technique was recommended for the decomposition of licorice leaf-stalk image at
2~4 levels. The concrete way of doing was to divide the correlation leaf-stalk image into 4 groups,and
each group was chosen of four typical images to represent the basical link-form types between licorice leaf-
stalk over the ground and root system under the ground to mirror the variant ecological environment and
seasonal conditions. The selected image data were colourful and typical ,the original digitized image was 288
X 352 pixels.by two levels of wavelet image decomposition,the first level image-size was 151 X 183 pixels,
and the second, 83X 99 pixels,that were satisfied to fulfill the requirements of learning and training for the
neuro-network. In the meantime.the corresponding high(H,V.D)and low (A)frequency images at each de-
composed level were obtained. Of them,the high one was used for learning and training at the stage of es-
tablishing models.and the low one for synthesizing root system image at the stage of simulation.

The network input is the digital image of licorice leaf-stalk with appendant digital information of geo-
graphic environment, while the network output is the digital image and bio-variables of licorice root sys-
tem. By learning and training with the inputted multiple correlative images of licorice root-stalk, the net-
work possessed of a higher capacity to recognize the correlative characteristics of licorice root-leaf ,in which
the remaining energy was 90% ,and the zero-number,all over 40%. The simulated images preserved most
details and principal trace features of the original images,and the basic parameter values were proximate to
the original images,so it could offer an efficient simulation and reestablishment about the morphological
features of the root system. This denotes that the set-up artificial neuro-network possesses of a superior
capacity to recognize and simulate the images.so it can be efficiently applied to the simulation study on
licorice root-stalk images.

The created artificial neuro-network model was utilized with the datum-source of licorice static im-
ages,its data are easy to be gathered,but the simulated scope is limited showever,on the basis of improving
the computing capacity of the neuro-network and enhancing the quality of hardwares,to collect datum-
cource with video-frequency would be more available to the research for the simulation of a reginal botani-
cal root system. By integrated neuro-network simulation technique with the treatment of remote-sensing
image-data to set up an artificial neuro-network system of three correlative factors:remote-sensing image-
overground stalk-leaf image-underground root system,being helpful to raise the differentiation rate and a-

bilities to identify such the underground images as vegetable root system and mineral resources,and digi-
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tized analysis capacity as well. In these fields,the artificial neuro-network would be expected to have widely
appoication perspectives.

Key words :plant roots; evaluation of biomass; image simulate; neural networks (NN)
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Fig. 2 Decomposed images of 2 level wavelet of relation between roots and leaf
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Table 1 Contrast between reconstruct image and
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origin image

s s s
22 ; s 3
Number ( %‘) %) Once Twice
. Remain Zero  decomposed decomposed °
of images energy number shreshold  shreshold s s
14 99. 96 41.16 3.5 3.5 N
2H 99. 09 49.93 3 3
3H  99.87  42.5 3.5 3.5
4t 99. 23 56. 82 3.5 2.5 4
s s
° s - - 3
( .
) , , .

[1] Zhang W H( ). Zu Y G( ). Study on the individual growth dynamic of adenophora lobophylla
Growth dynamic in one growing season . Bulletin of Botanical Research(in Chinese) ( ),1998,18(1):119~
127.

[ 2] Zhang W H( ).Zu'Y G( ). Study on the individual growth dynamic of adenophora lobophylla The
root system growth dynamic in the life span. Bulletin of Botanical Research(in Chinese) ( ),1998,18(1):
128~135.

[3] Huang J H.et al. ( ). Study on bacteria population dynamics in cultural period and fish productivity in
Tuerjishan Reservoir Acta Ecologica Sinica(in Chinese) ( ),1999,19(2):270~277.

[ 4] Zhang R H,et al. ( ). Studing of CO; flux on surface phants by remote sensing. Science in China(Series
D) (in Chinese) ( D ),2000,30(2):215~224.

[5] Jiang C X( ). Distinguishing seismic wave and disturbing wave for local earthquake by BP neural net. Seis-
mological and Geomagnetic Observation and Research(in Chinese) ( )1998,19(5):64~67.

[ 6] Piao R M,et al. ( ). Application of the Theory of Two dimensional Wavelet Transformation to Kill Noise
of the Seismic Signals. Journal of Shenyang Institute of Chemical Technology(in Chinese) ( ).
1997,11(2):148~156.

[ 7] Hong W,et al( » ). A study on the model of forest resources management based on the artificial neural net-
work . Journal of Natural Resources(in Chinese) ( ),1998,13(1):69~72.

[8] ZuY G( )sZao Z H( ),Cong P T( ). An elementary study on the distributional rule of canory
gaps of Larix gmelinii forests using wavelet analysis. Acta Ecological Sinica(in Chinese) ( )51999,19(6) :
927~931.

[9] ZuYG( ),Zao Z H( ),Cong P T( ),Fractal analysis on spatial distribution patterns of popula-

[10]
[11]

tion from Quercus liaotunggensis forest in Dangling Mountain, Bulletin of Botanical Research(in Chinese) (
),2000:20(1):112~119.

Michael E. Hasselmo. Simulating nerves and networks. Science,1999,282(5391):1055~1058.

sellers P J. et al. Modeling the exchanges of energy,water and carbon between continents and the atmosphere. Sci-

ence,1999,275(5299):502~506.



