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Fig. 1
(a) The scatter chart separating coastal dune sand from beach sand

rocks from beach rocks

Scatter charts plotted by pairs of grain size parameters for sediment pattern recognition

(b) The scatter chart separating coastal dune

(¢) The scatter chart plotted by overlaying chart (a) with chart (b). Sample points of

different sediment patterns are mix ed together in the chart and no clear -defined boundaries are found between them
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Fig. 2 Different partitioning in bivariate input domains by single layer and multidayer netw orks
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Tab. 1 Grain size parameters of coastal dune sand and beach sand on South China coast
M. (D) 7 (D Sk kg M. (D) 7 (D Sk ky
1 1.950 0.297 0.303 1.430 16* 2.716 0. 547 - 0.245 0.984
2 3.033 0.234 - 0.056 1.093 17 2. 546 0.315 - 0.267 1.928
3" 2.483 0.919 - 0.645 1.016 18 1.613 0.967 0.291 0.930
4 1. 867 0. 658 0. 100 1.202 19* 1.333 1. 506 - 0.379 1. 129
5* 1.710 1.073 - 0.344 1.470 20 1.357 0. 662 - 0.092 1.010
6 1.910 0. 560 0. 265 1. 130 21" 1.737 0.796 - 0.120 1.028
7 1.883 0.904 0. 029 0.902 22 2.255 0.558 0.018 2.742
8 1.337 0. 890 0.077 1.233 23" 1. 195 1. 120 - 0.571 2.317
9 2.190 0. 560 0. 342 1.388 24 2.315 0.542 - 0.158 3.193
10" 1.316 1.173 - 0.451 0.948 25 2.078 0. 624 0. 066 3.209
11 1.767 1.193 0.312 0. 887 26" 2.091 0.623 - 0.457 2.836
12 2.277 0.692 0. 201 1. 009 27 1. 697 0.632 0.414 3.365
13 2.553 0.591 - 0.243 0. 699 28 3.029 0.294 0.125 7.016
14 2.900 0.224 0. 159 1. 844 29* 2. 149 1.032 - 0.896 2.922
15 2.783 0. 164 0.350 3.074 30 0. 865 0.692 0.357 3.011
*
4.2 B-P
B-P ,
, ( B-P ( 3
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Tab. 2 Grain size parameters of coastal dune rocks and beach rocks on South China coast
M. (D) (D Sk kg M; (D) (D Sk ke
1 0.733 1 1.0318 1.2123 4.7911 16 2.5264 0.518 3 0.3993 2.2989
2 0.9358 0.8278 0.769 8 4.284 1 17* 1.3920 1.706 1 - 0.0370 1.8965
3 0.987 8 0.9104 0.5611 3.0731 18 1.904 9 0.643 3 0.3953 4.336 6
4 0.8533 0.978 6 2.206 1 7.346 1 19 1.3954 0.522 9 0.3973 3.9177
5 0.6703 0.7133 2.3259 10.060 6 20 1.6380 0.741 1 0.2023 2.7115
6 1.083 6 1.090 3 1.674 5 5.001 7 21 1.944 6 0.7933 -0.2021 2.6518
7 1.5616 0.7352 0.078 5 3.267 4 22* 2.8508 0.516 0 - 1.3779 11.026 0
8 1. 808 0 0.444 6 0.691 8 5.002 8 23 1.973 6 0.696 1 0.8917 3.5729
9 1.062 8 0.7907 1.253 1 4.656 4 24 1.7673 0.512 8 0.556 6 3.586 4
10 2.190 8 0.5308 0.7850 3.412 8 25 0.9510 0.615 5 1.558 4 6.500 8
11 2.6768 0.5918 0.011 0 2.764 2 26 1.4326 0.604 0 0.724 5 5.2013
12 1. 860 0 0.5834 0.140 1 4.207 1 27 1. 069 2 0.505 8 102 129 6.264 6
13 0.7927 0.7512 0.6340 3.849 4 28" 1.4259 1.0875 -0.1875 2.3023
14 1.0795 0.7311 0.4852 3.6189 29 2.0882 0.508 9 0.3033 5.8265
15 0.678 6 0.6917 1.004 7 5.1245
*
N
(
= m_n, m= , n=
),
s (a) (b ()
[2]
30 3 B-P
[2], Fig.3 Structure of B-P networks with two,
( three and four inputs
= ( + 1) x )
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Tab. 3 The results of identification of coastal dune rocks and beach rocks on
South China coasts with artificial neural networks
[41 (23 (2]
1 0% (11,17,22,28) 68% (1,2,6,8,9,13,14,19) 58. 6%
2 75% (22) 64% (7, 12,8, 12, 14, 16, 19,20,21)  65.5%
3 75% (22) 72% (3,7, 12,14, 16,20, 21) 72%
4 25% (11, 22,28) 100% 89. 7%
5 25% (11,22,28) 100% 89. 7%
6 50% (11,22) 100% 93%
7 25% (11,17,28) 92% (1, 6) 82. 8%
8 100% 88% (17,8, 10) 89. 7%
9 75% (11) 92% (20.21) 89. 7%
10 100% 96% (21) 96. 6%
11 100% 96% (21) 96. 6%

(



388

[161)

[13 15]



4 : 389

1] , . [M]. : , 1996.

] . [J]. , 1991, 13(2): 221 229.
11]  Scoffin T P, Stoddart T P. Beachrock and intertidal cements[ A]. Goudie A S, Pye K eds. In: Chemical

[

[2] Masters T- Practical Neural Network Recipes in C** [M]. New York: Academic Press, 1993.

[3] . [M]. : , 1992.

[4] Lippmann R P. Anintroductionto computing with neural nets[ J|. IEEE ASSP MAG., 1989, 4(2): 4 22.
[5] , . [n. , 1990(4): 334 343.

[6] . [Jl. (B ), 1987(4): 429 440,
[7] . [J1. , 1984, 29(19): 1193 1196.
[8] -1 [JI. (B ), 1988(11): 1196 1205.
[9] - 1I. [1]. (B ), 1989(10): 1103 1109.

[

[

sediments and geom or phology[ C]- London, Academic Press, 1983. 369 400.
[ 12] Gardner R. Aeolianite[A]. Goudie A S, Pye K eds. In: Chemical sediments and geomorphology[ C]. London,
Academic Press, 1983. 256 300.

[13] . [M]. : , 1995. 57 68.

[ 14] , . [1. , 1993, 28(1): 52 59.
[15] . [J]. , 1997(4): 365 375.

[16] Hails R J, Barry S T, Lynne C. An appraisal of the significance of sieve intervals in grain size analysis for

environment interpretation|J]. Jour. Sedimentary Petrology, 1973, 43(3): 889 893.

Identification of Holocene coastal dune rocks
and beach rocks on South China coasts
with artificial neural networks

WANG Wei, WU Zheng
(Department of Geography, South China Normal University, Guangzhou 510631, China)

Abstract:  Artificial neural networks ( ANN) are a recently developed information
processing technique, which is most likely to be superior to other methods in processing
data of nonlinearity and ill- definition and corrupted by significant noise. ANN is wildly
and successfully applied in the fields of biology, electronics, computer science,
mathematics and physics. Nevertheless, few examples of application of ANN in geo-—
science are found. Holocene beach rocks and coastal dune rocks distributing on Chinese
tropical and subtropical coasts are rocks being cemented by calcium carbonate and have
similar sedimentary structure and texture so that it is very difficult to distinguish them
from each other. However, beach rocks are the cemented beach sand in the inter— tidal
zone of beaches, while coastal dune rocks originate from coastal dunes cemented by
calcium carbonate. The beach rocks and the beach sand have the same dynamical agent
deferring from that of the coastal dunes and the dune rocks. This fact makes it possible to

identify the dun rocks from the beach rocks according to the difference of the grain size
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parameters between the coastal dune sand and the beach sand. Unfortunately, scatter
charts, which are quite commonly used for sediment pattern recognition in sedimentology,
fail to do it due to the ill- defined boundaries between these sediments. Back propagation
(BP) network, which is one of the most powerful ANN models applied in pattern
recognition, provides an excellent solution to this problem. Several BP networks with
two, three and four inputs were constructed, and each has one intermediary layer and one
output. The inputs of the networks were the grain size parameters of the sediments, such
as the mean, the sorting, the skewness and the kurtosis. The grain size parameters of
modern coastal dune sand and beach sand collected from South China coasts were used to
train the BP networks which were sequentially tested by those of the beach rocks and
coastal dune rocks also taken from South China coasts. The fully trained BP networks
could recognized most of the coastal dune rocks and beach rocks. The result of the
identification of the beach rocks and the coastal dune rocks with ANN indicated the real
existence of the difference of grain size characteristics between the beach rocks and the
coastal dune rocks. All the so called “high level beach rocks” were classified into the
category of coastal dune sand, denoting that the “high level beach rocks” are coastal dune
rocks located at high level. ANN was proven in this paper to be a powerful data processing

method in sediment discrimination.

Key words: artificial neural networks; back propagation network; sediment

discrimination; grain size parameters



