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SUMMARY

Application of plantation forest structure and growth modeling is developed by using Microsoft Visual C#
professional in 2016, the overall objective is to automatic build the forest structural model in form of graphic
as well as the growth model in form of mathematical equation from growth data of plantation forest. This
application have some main functions: (1) Read and identify variables as input fields; (2) Build forest strucrural
model as a 3- dimension model changes over time; (3) Draw vertical and horizontal profiles of forest; (4) Draw
a graph that reflects the relationship between growth indicators and time; (5) Calculate the coverage, Canopy
closure over time; (6) Develop the regression equation for the platation forest growth; (7) Export the output
results to Microsoft Excel and Microsoft Word. After initial running, this application showed the results with
high level of confidence, fast processing rate, great processing capacity. This application is installed and run
independently on the personal computer. Hopefully, this apilication will contribute to support for research as

well as forestry production.
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I. INTRODUCTION

In the research and practice of forestry
production, the structure and growth modeling
of plantation forest over time is always
considered as a key task of forestry sector
because forest growth change continuously
over time. To illustrate the structure model of
plantation forest visually and vividly as well as
the dynamic growth of forest over time in form
of 3-dimension, vertical and horizontal profiles
of forest are always necessary for silviculture
practice.

However, the traditional method as drawing
directly on paper is wasted time, effort and
money. Therefore, this

subject is rarely

implemented 1in research and practical
production. On the other hand, the growth
indicators always have close relationship with
structural characteristics of forest stands and
other environment factors under predetermined
silvicultural rules. Hence, the growth model of
plantation forest by using the mathematical
equations is constructed by the experience
foresters with specialized statistical software.

In  practice, the constructions of

mathematical equations have not been widely
applied. The application of structure and
growth modeling of plantation forest 1is
developed with the hope of contributing to
overcome the limitation above and it has some
specific objectives: (1) Read and identify
variables as inputs fields; (2) Build forest
strucrural model as a 3- dimension model
fluctuates over time; (3) Draw a vertical and
horizontal area of forest; (4) Draw a graph that
reflects the relationship between growth
indicators and time; (5) Calculate the coverage,
Canopy closure over time; (6) Develop the
regression equations for the platation forest
growth; (7) Export the output results into
Microsoft Excel and Microsoft Word.
II. METHODOLOGY
2.1. Study Approach

Forest growth is wvariable process. To
manage forest effectively, foresters have to
model status and development of forest growth
to propose technical treatments. Therefore, if
this process is illustrated by image of a
visually, vividly, timely and obviously way, it
is very useful and convenient for foresters. To
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archive this requirement, structure and growth
data of forest stands at present time as well as
over time should be modeling into image by
using graphic algorithms in computer. Forest
structural factors and growth conditions are
impact on the growth of plantation forest.
These impacts are the relationship between
growth of plantation forest and structural
factors and environmental conditions in
growing area. Hence, when modeling the
relationship between growth of plantation
forest and these factors, it needs to be
modeling into 2 aspects — direct relationship
and aggregate relationship by using a

univariate and  multivariate = regression

equations. In the reality, the growth of
plantation forest is affected by all internal and
external factors. The relationship between the
plantation forest growth and all these factors is
illustrated by a growth function. However,
building this function is very difficult because
it is too complicated. So people usually
illustrate the growth of plantation forest with
some factors that have huge impacts on
plantation forest growth only by using
mathematical equation, therefore, these
equations are considered as the plantation
forest growth model. The construction of these
equation will satisfy the requirement of science
research as well as practical production by
programing method using regression equation
in computer.

For modeling forest structure into image
and building mathematical equation of
plantation forest growth will be used widely,
then these computer programs should be
designed visual, easy to wuse, advanced
automation features. These program will be
packaged to an application software and then
to install directly on personal computer.

2.2. Methods
- Building estimation database: based on the

analysis of growth data of typical forest

plantation in Binh Phuoc, established
estimation datatbase for growth of a forest plot
over time. This database includes some

features such as tree age, trunk diameter,
canopy diameter, tree height, canopy height,
canopy cover, vegetation cover, vegetation
density, length and width of sample plot,
coordinate of sample plot, biomass, volume
and so on.

- Building application development process:
the appilation is developed in form of spiral
sequence, includes some contents:

(1) Develop the idea: automatic graphic
forest strucrure at the present time and the
changes over time. Read and recognize
variables automatically are the input fields.
Change variables flexible by logarithmic and
exponential functions by freely select
coeficient and exponential factors. Building
the regression equation from variables, that
were read by the application, using the method
of flexible

independent variables in regression equation.

selection of dependent and

Output image of forest structure is the matrix

of equations, regression equations and
correlation coeficient.

(2) Discuss with forestry experts about the
ideas of application, complete concept and
make an outline as functional diagram.

(3) Design the functional modules: the
modules are designed to be simple, easy to use.
Data processing programmer in the module
must be highly automated as simple form. In
the programming, graphic must be build under
overall link, when a element change, the
overall graphic changes as well. Programming
regression function based on initial algorithms,
matrix changing and solving the system of
equations to find the coefficients of the
regression equation.

(4) Connect the

functional modules were connected together in

functional modules:

the overall scheme to make the application.
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(5) Run tests, evaluate, package, install: (1)
run the test, detect and adjust the application
until satisfy the objectives; (2) creat an excel
file and install software independently on other
personal computer.

ITII. RESULTS AND DISCUSSION
3.1. Ideas
diagram of application

The idea to develop the modeling structure

construction and functional

and growth application is illutrated in figure 1,
plantation forest growth data is shown in form
of Excel or Access format which is widely
used. Microsoft Visual C# (C#) is easily read
variables (data field names) of this kind of data

for extracting and using. C# has abundant
graphic functions for drawing stucture and
growth diagram of plantation forest by age as
well as two and three dimension. Having
abundant of mathematical function system and
programming structure, C# can change the
variants, set the system of equations, matrices
and build the regression equation favorably.
Thus, this idea and algrorithms for developing
software is derived from practical research and
forestry production. Using the C# language to
transform this idea into a computer program is
absolutely capable.

Read and recognize variables from growth database of plantation forest

A4

'

|

1. Automatic modeling

2. Modeling forest growth by the regression equation, in which:

forest structure from
graphical format to:

- Overall structure of
forest in 3-D format.

- Chart shows the
relationship  between
the growth indicators
by age.

- Horizontal profile by
age.

- Vertical profile by
age.

- Flexible select the dependent and independent variables for
regression equations.

- Flexible change the variables of equation by logarithmic and
exponential functions through sefl-select the value of radix and
exponent.

- Establish matrix of the equations.

Qxix; Qxix2...Qx1X, by Qx1y
Qxox1 Qx0X2...Qx2Xn by = Qxoy
Qxpx; QXpXs...QXpXy by Qxny

- Built the regression equation for forest growth.

v

v

3. Output:

- Image of overall structure of forest stand in 3-D format.

- Horizontal and vertical profiles by age, coverage by age.

- Matrix of the equations.

- Regression equation of forest growth.

- Determine the correlation coefficient and determination coefficient of equation

Figure 1. Idea construction diagram of the development plantation forest structure

and growth model

overall function

From ideas analyzing,
diagram of modeling structure and growth of

platation forest application were built and
illustrated in figure 2. This application have 8
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function modules which are arranged into 3  format and 1 modules is in regression equation

groups. In which, 3 modules is in graphic  format.

Table 2. The function diagram of modeling structure and growth
of plantation forest appilation

Introduction and objectives Plantation forest modeling Guidance
Introduction Three - dimension structure Install
Objectives Vertical structure Using

Horizontal structural
Regression equation

3.2. Database and functional of application
a) Database: The estimation database of
growth in a sample plot represents for forest
stand by age as illustrated in figure 2
including: (1) the basic parameters such as

width and length of sample plot, rows and

Tuoi ~| Hvn - |Hdc | Dk = |Dt - | Ht - |Dtt -|Tche - | Thi - |

1 25 2.0 4.0 0.5 0.5/ 0.000
2 3.5 3.0 5.0 0.4 0.0 0.004
3 35 3.0 6.0 2.5 2.5 0.012

column distance (meter); (2) some parameters
of platation forest growth such as tree height,
DBH, canopy height, canopy diameter (meter),
diameter (centimeter), canopy (1/10); coverage
of vegetation (%).

F ~ [ v ] ”Hang - -“Cay vms\lgang '."DCIC

0.05 55 0.5 0.0000 6 6 40
0.15 50 0.5 0.0001 6 B a0
0.25 45 0.5 0.0004 B B 40

Figure 2. Plantation forest growth database

b) Function: The basic functions of the
appilation include:

- Build 3D model of platation forest
structure: from the parameters of size and
coordinates of samples plot, row and column

distance, canopy diameter, DBH, tree height,
canopy height by age in plantation forest
growth database, program will automatically
build 3D model of the forest structure changes
with age, it is illustrated in figure 3.

= = = =

Bang thai md hinh

M hinh rimg trang & tugi: 4 0

| OK 25

Khodng cach hang
6

Khoang cach cdy
§
Tudi

4
2

Figure 3. 3 dimension model of platation forest structure by age

- Draw horizontal profile of forest by age:
from the parameters of size of sample plot,
rows and column distance, canopy diameter by

age, program will draw a horizontal profile,
and also calculate coverage, cown-time and
crow-rate as illustrated in figure 4.
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Béng thai mé hinh

M& hinh rimg tréng & tudi: 7

(W

- £§ tan che ndm thi: 7la: 76 %

- B3 khép tan : 13.75 % vao ndm thd: 9

-B§tanche namthd: 4la: 41 %
- B4 tan che ndm thd: 513: 62 % I3
- £/6 tan che ndm thd: & la: 65 %

m

- B3 khép tan : 5 % vao ndm thd: 8

1|

Figure 4. Horizontal profile of plantation forest by age

- Draw vertical profile of forest by age:
Also from the parameters of growth, structure
of forest by age as described in above, the

program will draw a vertical profile and the
graph of growth indicators over time (figure 5).

Quan hé& Hvn vai tudi

—

Bdng thai mé hinh

Mé hinh rimg tréng & tudi: 9

T T2 T3 TL TS TS i Ta T TIJ&

Figure 5. vertical profile and growth graph of plantation forest by age
- Establish univariate regression equation with y in form of y = a+bx:

Quan hé Hun vai tudi

Phudng tinh dang y=ax+b Phudng trinh dang bl+b1x1+b2x2+.. +brom
[y=artuci +b | [y=beblxle.+brumn | [ChonY | Hun
Dang bign tudi Cac bign - @ Bign 34
M - s

v - Tuoi

Loa X

Cay
58 mii 05 - Mgang | i

Doc E |

Thi LS

o pT— b

T1 T2 T3 T TS T8 Er Ta T3 Tud
M3 hinh khéng gian | | £ thi quan hé y vdi tudi
| Tdcdénding ||  Xéaméhnh |

Bign y 1a: Hwn; T8ng Hvn = 74; Hun trung binh =8.22; QHvn = 111.56
Bi&n x I3: Tuoi; Téng Tuei = 19.3060005260357; Tuoi trung binh =2.15; QTuoi = 3.59
5

GTusiHvn: 9] !
GIAI THICH PHUGNG TRINH

Phudng trinh
Hwvn =-3.68+5.55*"0.5Tuoi

Hé =8 tudng quan

Figure 6. Establish univariate regression equation of forest growth

Databased of platation forest by age is
entered, program will automatically read,
recognize and export the name list of fields.
The name of fields is variable to build

regression equation. From the list of variables,

choose the dependent wvariable (y) and
independent variable (x). To choose the
equation reflects better the relationship
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between components (variables), conducting

(x)

format

into
logarithmic with
optional radix and exponent. The result of

transform  dependent variable

or exponential

establishment univariate regression equation:

Bi&n y la: Hvn; Téng Hvn = 74; Hvn trung binh =8.22; GHwvn = 111.56
bign thd Téng: trung binh: Goxa
1. Tuai 45 B &0
2.0k 23 522, 105.56
3.0t M2 38 3578
B.Ht 415 457, 82.39
4.Thi 305 33.89; 1388.29
Loy
Gy TuoiHvn 81
G2y DkHwn 108.06
Gy DtHwn 66.25
GxBy:  HitHwn 95.03
(hedy:  ThiHwn -390.28
Ma trdn don i |-
0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
Rt ggn cit mat Ma trdn ddn it Ma trdn A,
Ma tran C1 o6 dang
0.02 0 0 0 0
032 1 0 0 0
08 0 1 0 0
467 0 0 1 0
-1.16 0 0 0 1

~===Nhan ma trdn C5 vdi ma trdn |A4:14] d& dudc ma tranlA5:15]
Ma trdn AB—————Ma trdn 15 (Ma trdn dédo——)

1 0 0 0—0.014 0.001 0 0 0.001
0 1 0 0 0— 0.007 0.002 0 0 -0.001
0 0 1 0 0—00000100

0 0 0 1 0—00000

0 1] 1] 0

1— 00010001000

y = a + bx is illustrated in figure 6.

Establish  multivariate regression
equation with y in form of y = bytbix;+

byxo+...+tbx,:

—eeeeeeeee—Biaing tinh [Cog] = [bl— = —[Cay]—
&0 1511 475 -280 69.5 b1 g1
1511 &8N 3755 806056 B5Y.T b2 108.06
475 3755 120942 67225 GBEVE b3 66.25
-280 206056 67225 94413.89 165477 b4 -390.28
695 85772 6876 1654773180464 b5 55.03
Ma trén dao cia ma trén [Ghog]
can tinh ma trdn dao:
&0 15.11 475 -280 65.5
15.11 g7 3755 806056 B5Y.T
475 3755 120942 67225 GBEVE
-280 806056 67225 94413.85 165477
69.5 85772 6876 1654773180464
Mhén ma trén C1 vadi ma trdn &1 98 dudc ma tr8nld1:1
Ma trén A1——NMa trdn 11
1 0.32 0.2 467 1.16 020000
] 86451 36424 314574 B3b58 0321000
] 36424 117118 654603 63212 DE0100
0 814974 694603 5310722 1687211 4670010
0 83558 63212 1687211172414 1160001
Ma trén C2
1 00004 0 1] 0
] p.o0i2 0 1] 0
] 04211 1 1] 0
0 54226 0 1 0
Ma trén B 13
1.399
0.179
0.01

0
-0.084
Phuigng trinh o6 dang:

Hvn=-0.002-0.0021.395 Tuoi. 179 Dk-0.01*Dt0 The-0.084*Ht

Figure 7. Establish multivariate regression equation of forest growth

Same as regression variable equation y = a
+  bx, optional
dependent variable (y), optional and transform

program allows choose
independent variables (xi). After choosing,
program will build regression equation in form
of y = botbix;+ byxot...+byx,.. The results is
described in figure 7, it is clearly inform which
is dependen or independent variables, basic
satatistic parameters, matrices, the process of
transform matrix, coefficient value of equation
and multivariate regression equation.

IV. CONCLUSION
- Application has modeled the plantation
forest structure over time in the form of three-

36

dimensional, horizontal profile and wvertical
profile.

flexible 1identified
variables (field name), transform variables as

- Application has

logarithm and exponential functions.

- Application has flexible chosen dependent
and independent variables and built univariable
and multivariable regression equations of
plantation forest.
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NGHIEN CUU PHAT TRIEN PHAN MEM MO HINH HOA CAU TRUC
VA SINH TRUONG RUNG TRONG

Trin Qudc Hoan', Tran Quang Bao®
'Ouy Bdo vé va Phdt trién rirg Binh Phuéc
*Truong Pai hoc Lam nghiép
TOM TAT
Ung dung mo hinh héa ciu tric va sinh truong ring trong dugc phat trién bang Microsoft Visual C#
professional vao ndm 2016 v&i muc tiéu tong quat 1a tir s6 liéu sinh trudng ring tréng s& tw dong hoa xay dung
dugc cac mo hinh ciu tric rimg & dang d6 hoa ciing nhu cic md hinh sinh truong dang phuong trinh toan hoc.
Ung dung co nhitng chirc ning co ban: (1) Poc va nhan biét cac bién sb 1a cac trudng dit liéu ddu vao. (2) Xay
dyng m6 hinh ciu triic rimg ¢ dang khong gian 3 chiéu bién dong thoi gian theo. (3) V& tric dién dimg, tric
dién ngang cua rung. (4) V& db thi phan anh mdi quan hé gilra cac chi tiéu sinh trudng véi thoi gian. (5) Tinh
d6 che phu, ty 18 khép tan theo thoi gian sinh truéng. (6) Xay dung cic phuong trinh hdi quy vé sinh truong
cla ring trong. (6) Xuit két qua diu ra & dang Excel, Word. Bu6c diu chay thuc nghiém, kiém tra cho thiy
phin mém cho két qua chinh xac, toc do xir Iy nhanh, dung lugng xur 1y 16n. Pay 1a tmg dung dwoc cai dat va
chay doc 1ap trén cac may tinh c4 nhan. Hy vong, tmg dung s& gop phan hd tro cho cong tac nghién ciru cling
nhu trong san xuat 1am nghiép.
Tir khéa: Céu triic rirng, mé hinh héa, rirng trong, sinh trwéng.
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