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= MOLANILEEL
Bellman@?ﬂﬂ’]“‘fu/fa)ﬁfﬁ

TEMEERER G DA VKIS & 0 EFUTSEBR 72 BhR G %
(& 2 RIS w3 2 MRt DR

BARARL—30 X -1)H—FF &5 (Arimizu 1958)
Arimizu T. Regulation of the cut by dynamic programming. J Oper Res Soc
Jpn. 1958;1(4):175-82.

Table 1. Change in Optimization Approach over Years+

Years - DP NLP -~ Heuristic - Growth-Model - Distance Type » Stand Type -
I_ 1950s + Arimizu (1958) - E s Whole s lndegendem s Even-aged s l
1960s . Amidon & ‘Akin (1968) - s y Whole - Independent - Even-aged -
Kilkki & Viisidnen (1969) - s s Whole - Independent - Even-aged -
1970s . Schrcudcr(l97l) ’ s Whole - Independent -  Even-aged -
Adams & Ek (1974) - s Age/stage structured- models - Independent - Uneven-aged
Brodic-ct-al.(1978) - s s Whole - Independent - Even-aged -
Brodic & Kao(1979) - s s Whole - Independent - Even-aged -
Kao & Brodie (1979) - g g Whole - Independent - Even-aged -
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Curr Forestry Rep (2016) 2:163-176 @mm
DOI 10.1007/540725-016-0041-0

INTEGRATING FORESTRY IN LAND USE PLANNING (P BETTINGER, SECTION EDITOR)

Stand-Level Forest Management Planning Approaches

Atsushi Yoshimoto! + Patrick Asante? « Masashi Konoshima®
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t .
/maXJ: CI(x(¢

 BEWIER)

{u(t)} ! (t),u(t))dt b IKRE (MR DR EE
subject to //
oy

x(t) = flx
\ x(t,)=x, Y

I(x(t),u(t)):an instant performance index (NPV) from the current

T S (R R

state of forest stand over the small interval of time
f() : continuously differentiable function of (x(¢),u(t))

to describe a dynamic change of the state x(t)
x(t):a vector of time-varying state variables

describing the state of a forest stand
u(t) : a vector of control variables of thinning

affecting the growth of a forest stand at time ¢
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T
-1

t'+1
max | = " I§x(t), u(t))dt
(u(e) =0 "

n

__ U, ) [x(),u)) - T(x(t) | x(¢), ult))}

i

n_

max ] = {I(x(t,,)|x(),u)- 1(x(t) | (), u(t,)}

{u(t,).v ute, )} i=
n_

= UK, ) IxE)aE)) + I{aE))- 1) [x(E )l ))}

i=

subject to
X(ti+ 1) = g(x(t,)’ u(t,))
T(x(&) | x(6),u(t)) = 1(x(t) [x(¢.,),uE.,))- 1(u))
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1(x(®),

max |
{u(ty),” ,u(t, )}

u(t))

Graphlcal Expressmn

i=

{1 (x(¢, ) X&), u(t))- T(x() | x(¢), u(t))}

{1 (x(¢, ) [x(€), ut)) + I(ult))- T(x()]|x(E_) )}

f(x(¢),ulf))

Iix(t)|x(t_ )it _))
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Hx(¢ )| x(E )it )
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One-State andOne StageDP Network
il 1E1 350 2R 0D &4

PATH MSPATH
u (t ),
oG & po o =
wit,) S - —
One-Stage Look-Ahead Multi-Stage Look-Ahead
TMSPATH

Two-directional Multi-Stage Look-Ahead
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Response Surface I(x(t, ) | x(t,),u(t,)) + I(u(t))

—

.

hinning Control

I(u(t,))
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Performance Index

| Contribution froxn Residual Stand
| I
1.;

ut) W) W) u’t)  u(t) u’(t)

Intensity of Thinning Control
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THEAM y=
’ 0.068509N - H- 75 4 2658.2- 5
BABRE 11 y
—=—4

BHRAKN, N N, 347089x10°N, "

ha % 1= 1) # V=vN

watRE HF =0.791213+0244012H N /100 +0353895H
b % 7 ) BB G

HF

M@k E R Dg =200J/G /(z* N)

THR B R DBH = -0048940 - 0.034814H'N /100+098937Dg

REYEEICBITA Y1) R

N _ 105.3083 H—1.4672
R~

RYBRICBY 5 S

Ny

V &=
¥ 0068509 NRf I npsg 0 s
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ICIassification of forest models (Kurth,
7 1994): -

Empirical correlation models, PréE&ss hechanism) models, Visual (structural)
models Empirical models

functional-
structural

models

structural process
models models
morphology physiology

Statistical (correlation) models: predicted variable is modelled on predicting plant variable
(height on diameter, diameter on age)

Process models: predicted variable is modelled as result of processes: photosynthesis,
light interception (upscale to higher level), respiration etc.

Structural models: predicted variable is the structure and visual look
(behind the structure there is a growth algorithm)

Research Organization of Information and Systems S350
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Linking of botanical structures and functions (e.g., light interception, water
flow) in a coherent, single model

* processes linked to morphological objects
History :
» Dynamical description of structures

* Algorithmization of plant growth

L-systems (Lindenmayer systems):

* rule systems for the replacement of character strings

* in each derivation step parallel replacement of all
characters for which there is one applicable rule

* by A. Lindenmayer (botanist) introduced in 1968 to model
growth of filamentous algae Aristid Lindenmayer (1925-1989)

The idea is that the plant is the result of sequence of stages
if we interfere in one the rest is going to be influenced

Research Organization of Information and Systems S50
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Example:
Variables: A, B
Start : A

Set of rules:

A—B
B —AB

Time interval (1 day/ 1 year)

derivation chain for algae:

A— B — AB — BAB — ABBAB — BABABBAB — ABBABBABABBAB
— BABABBABABBABBABABBAB — ...

Research Organization of Information and Systems Z5§
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Inputs are 3D measure data:

i
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Magnetic motion tracker + cheap (relatively)
+ offers directly relative coordinates

+ magnetic field passes “through” material

- no metalic object
- weather
- small amount of works (communication+math)

Research Organization of Information and Systems
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- Digitalization - relatively easy

- Problems to overcome:

1 Heat problem

2 Rain problem

3 Size problem

People are
giving up ...

Research Organization of Information and Systems
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Heat p?c;blem

Project planning...
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1 0 0
R,(9) = |0 cosf —sinf

0 sinf cos#f

[ cosf 0 sinf
Ry(0) = 0 1 0

—sinf 0 cosﬁ_

[cosf —sinf 0] "' -~ +
i R.(0) = |sinf cosf O0].
'i i 0 0 1_ a b
sy
12.55 1246 3.37 —-7.89 -—-100.25 —49.17
3.91 0.55 0.55 —9.04 —86.37 —-54.68
77 X= 11.19 —-21.35 -—-16.26 y = —-12.67 —62.5 —38.9
—844 —-1571 -—-1742 —22.61 —62.61 —56.9
—-23.65 =7.13 3.36 —-12.7 —73.57 -=79.53
0.3099  —0.2497 0.9252 35,5535
k= —0.3812 -—-0.9158 -0.1001 —87.3493
0.8505 —0.3040 -—-0.4007 —40.0436
0 0 0 1
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Mehirugi
total length 12.71004
total volume 250.1523

s
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: Ohirugi
Lor total length 36.94371
total volume 6419.577

Length and volume estimated from mensuration in m2 aRgl GSte o Statistical Mathematics Lol




Animation of how the above ground structure is being r’qﬁ?nm%m%gmmmw
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Fixation in terrain allows the mensuration per partes,
e.g. individual branches and roots can be removed after they are digitized but the system can be
visualize together




Data are modelled using growth models of functional structural models and growth

algorithms. Here example of obstacle detection in growth directory (no flower)

“( [] jedit- GloballySensitive.xi | ] Atribute Editor |
File Edit Search Markers Folding View Utilities Macros Plugins Help

OBdE & 9¢ XH0 B@ CBEE |

B |0 GloballySensitive xl (project/GloballySensitive[3)/)
import de.grogra.rgg.*;

[

amera Fit Render View

-

2|import de.grogra.imp3d.objects.*;
3|import static de.grogra.imp3d.shading.RGBAShader.*;
g|import de.grogra.turtle.*;
s|import static de.grogra.xl.util.Operators.*;
¢|import static de.grogra.rgg.Library.*;
7
g|medule m(int x) extends Spheres(3)
v sf{
10 {setShader (GREEN);}
v}
12
13|medule s;

module i;
module bud extends i;

[T
o

17|public class GloballySensitive extends RGG
vas|{
13 protected void init()

Y20 [

21 Axiom ==>> ~ [m(l0)] Translate(30,0,0) [m(l0)] Translate(30,0,0) [m(l0)]:
L 22 1

24 public veoid run()
Y25 [
2¢] m(x) ==> F(l2, 2f, 15) if(x > 0) (RH(1E0) [s] m(x-1)):

28 s ==> RU(irandom(50,70)) F(irandom(l5, 18), 2£, 15) bud;

20 bibud ==> i
21 if (forall(distance(b, (* x:i, (b !'= x) *)) > 13))

4

1] Mar 2, 2024 4:51:14 PM GloballySensitive Information: Compilation of pfs:GloballySensitive.xl was success

far 2, 2024 4:51:14 PM GloballySensitive

o Information

Compilation of pfs:GloballySensitive xI was successful!

illySensitive




w iI¥ 31/t
= alThis exexple is a translation of the exaxple “"tree-shedding
g ajof the L-Studio software, see http://www.algorithmicbo 3
§ B B
@
@ 3
E elmodule A(int dir, int del, float vig) extends NUR3SSurface (SWEE
v sl
] {setShader (barkMat):}
- 8|}
10
ai|module Q(float a, float d, float f) extends Vertex(0.05):
13|module Leaf(int age):
13|module Del(int count):
14
asjconst int DEL = 16;
a¢jconst float ROAngle = -20;
a7jconst float RiIAngle = 32;
18jconst float VDECR = 0.5;
1
aojprotected void init ()
waull
23 n=1;
v23 {
24 Axiom =a> Mark Circle(l) A(:,0,2):
« 28| )
~ael}
27
g0jfloat n = 1;
2%
aojconst Shader leafMat = shader(“Leaf®™);
a1jconst Shader barkMat = shader("Bark®™);
EH
3|public void derive ()
wasl
29 float p= (2*n ¢ 1) / (n * n):
vae {
27, A(dir,del,vig) ==>
Meta Objects | (& File Explorer | Shaders a0 if (del > 0) (
- ' ‘ -l Atddr.del-1 wia
' Leal 1,1(0M629)
asxy © Messages | L Console |
' Msacu [1) Mar 2, 2024 45012 PM Pipe Information: Compilation of pfs Pipe rgg was successful!
' Sark Mar 2, 2024 4:50:12 PM Pipe

Code for surfaces and textures

Research Organization of Information and Systems 2
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Simulation of plantation forest. Right bottom outputs about biomass, carbon uptake

etc.

O Main.xl (project/FSPM[4))

24 * based on the path tracer that is alsoc used to calculate the images. This
= 25 * makes it simple to construct a valid scene for the radiation model, just
§ 36 * create one that renders correctly. Application of the radiation model to the
= a7 * current scene works by calling the compute() method. Then the amount of light]
% 28 * recepted by any (visible) object can be queried via the method
L 2g * getRAbsorbedPower (Node).

a0

41 * @author Reinhard Hemmerling
42 * @author Ole Kniemeyer

Loz M/
44
45
g¢ import java.util.Arraylist;
47
3 ' 3 48 import de.grogra.graph.impl.?*;
621857 856211860 3 - 0T 85621870 a5 import de.grogra.turtle.*;
0.07407637 2 591061826963 ' 2.0308233506 2 Q8648 377 22378151 so import de.grogra.rgg.LightModel;
85521833 847 -, a5¢ | 51 import de.grogra.rgg.RGG;
1107 1.4070B535808 3.0 %0 é?dd:ss'1.8901ﬁb&347155 sz import de.grogra.rgg.Instance;
c 3 52 import de.grogra.imp3d.objects.Parallelogram;
| 0.7340793 ? 19 , 3 . 54 import de.grogra.ray.physics.Spectrum3d;
0.63%22?3 788 : B ; & : 55 J:.mport de.grogra.imp3d.shading.*;
37078225 0.8740258 \ 8 s¢ import de.grogra.pf.data.*;
e : 2.393015 s7 import de.grogra.math.TMatrixdd;
s8
.02 w357 3( 0.8921098 I se import javax.vecmath.Point3f;
i731 ‘ i
g . 621738 x v €1 import static de.grogra.rgg.Library.*;
0.027443606  0.7868831359014  0.9728881 358028203 {12858 €2 import static de.grogra.xl.util.Operators.*;
€2

€4 import de.grogra.imp3d.*;

€s import de.grogra.imp3d.ray2.Raytracer;
€€ import de.grogra.imp.IMP;

€7 import java.io.File;

€8
€9
70 public class Main extends RGG
v 71 {
72 // the light model ist to calculate how much light

<]
1,1(0/9717)

T@ Images | Shaders | Cameras | Objects @ Messages | nces Attribute Editor @XLConsole | Leaf Area

& Preferel
i

Distributed .9953212
Above ground mass : 0.0544741¢
Root mass : 0.011560904
Beech 85621809
Produced : 0.7340793
Directly allocated: 0.51572216
Distributed : 0.21835713
Above ground mass : 0.02011783€
Root mass : 0.0039175325
step 4 done after 2795 ms
memory 516591




Toward 3D Application

Ashi Yoshimoto & Peter Surovy
Institute of Statistical Mathematics, Tokyo
JAPAN
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Point field data has to be analyzed and meta processed
Interpolation is one possibility though

Interpolation creates information which is not measured
And eliminates information which is present

There exist 3 groups for MESH reconstruction from point field

» Sculpting-based approaches
Boissonnat J-D. Geometric structures of three-dimensional shape reconstruction. ACM Trans.

Graphics 1984,3(4):266—-86.

« Contour-tracing approaches
Hoppe H, DeRose T, Duchamp T, McDonald J, Stuelzle W. Surface reconstruction from
unorganized points. Comput Graphics (Proc SIGGRAPH’92) 1992;71-8.

* Region-growing approaches
Huang J, Menq CH. Combinatorial manifold mesh reconstruction and optimization from
unorganized points with arbitrary topology. Comput-Aided Des 2002;(34):149—65

these are basically understood as optimization problems

Research Organization of Information and Systems S350
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Minimum distance

Horizontal distance
Pln=min(||Pdn—1u, Pinb||,||Pén—1,b,Pin,
3D distance

Pln=min(||Pdn—1,u, Pinb||,||Pén—1,b,Pin,

Application of region growth method

z
G
X

+ works well for horizontally aligned circles
+ Easiest to apply

- Fails to work on unexpected non horizontal points

Research Organization of Information and Systems 555
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Minimum angle

Minimum angle of
Pln=mintan(r,u ) tan(g,v))

Where:
r is a plane given by equation :

(xy,2)=(xd0 +Audl + puvdl ,yd0 +Aud2 + puvd2 , 200 +Aud3 + puvi3)
Where
Pin—1,u = (xJ0,y40,2)0)
wll =(Pin—1,u,Pinu)
il =(Pdn—1u,Pin—1,0)
u=Pn—1,u,Pinb)

Second angle is defined respectively
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Minimum angle

- {71

Okl s -3 =

{"also known as gift wrapping algorithm

Application of surrace matcning me 0d

+ solves problems of unequally horizontal points
+ still relatively easy and computationally not demanding

- Fails to work on bended trees and extreme unexpected vertical elevations.
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Minimum- angle
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Minimum polarangle

Minimum angle of
Pln=mintan(r,u ) tan(g,v))

Where:
r is a plane given by equation :

(xy,2)=(xd0 +Audl + puvdl ,yd0 +Aud2 + puvd2 , 200 +Aud3 + puvi3)
Where
Clu = (40,140 ,240) //centroid of the upper point set
wll =(Clu ,Pin—1,u)
il =(Clu,Clb)
u=_Clu,Pinb)

Second angle is defined respectively
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Minimum polarangle
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Problems
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IntegerProgrammmgFormulatlon
for Surface Reconstruction

Assume that there are m points in the k-th layer and n points in the (k+1)-st
layer of the measured tree (x=12...x ) where Kis the number of layers for

one tree measured.

] J+1

if the 7-th point of the k-th layer is connected
to j-th arc of the (k41)st layer to form a triangle

otherwise

if the ¢-th arc of the k-th layer is connected
to j-th point of the (k+1)st layer to form a triangle

otherwise

Research Organization of Information and Systems S50
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Concentrated triangle peaks

Il = '

Spread triangle peaks
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Multiple Objective:

1. To maximize the number of points selected to form triangle peaks
« This is to spread triangle peaks as much as possible

2. To minimize the total area of the surface constructed by triangles.

i=1 j=1

Z = %a},}k({p(z; Zki + Z;’wk]) - ZZ(Ckw .ka + dkj,i yk”)}
1= j=

where

p : weight for the total number big enough as to the area
1 if the i-th point of the k-th layer is connected
z" = to j-th arc of the (k+1)st layer to form a triangle

0 otherwise

er

if the i-th arc of the k-th layer is connected
Yy = to j-th point of the (k+1)st layer to form a triangle

otherwise
if the i-th point of the k-th layer is selected to form a triangle
otherwise

if the j-th point of the (k+1)st layer is selected to form a triangle

o = O = O

otherwise

Research Organization of Information and Systems S5
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Constramts

Arc continuity constraints for x and y
each arc in the layer has to be exactly selected once.

m

Yool =1 j=12..n Zlyf,izl, i=12,..,m
J:

1=

Linkage constrains between (z,w) to (X,y)

S 1 if the ¢-th point of the k-th layer is selected
' 0 otherwise
1 o = 1 if the j-th point of the (k+1)st layer is selected
7 0 otherwise
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i-1

Connectivity constraints
among triangles sharing the same boarder line

i+1

j+2

k
0J

Ty

k
j+1,i—1

k
i,j+1

k
Jj+1i

i-1 i i+1
j+1
k k ok k
zz',j—l + yj,z'—l o :z:l.,j + yj,z'
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i-1

Overlap constraints to
avoid local overlapped selection of triangles

i+1

i+1

j+2

i-1

j+1

rF +yt <1

]
k
ij—1

Jst

—I—yk <1

Ja—1 —

Research Organization of Information and Systems S5
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Z r)r(laYX{p(Z + Z wkj) - ZZ(CkZ, xkl, + dk],l yk],z)}
k" k =1 j=1 =1 j=1
st
1 foj:l, ji=12..n, nyz—l, i=12..m
1=1 j=
2 2 <Zx 1=12,...m, w <Zy =1,2,...,n
V..
3 +yj+1zl_ lj+1+y]+1l’ i,j— 1+y]zl_ —|_ij’ b J
k k V. o
4. xi,j + yj—i—l,z' 1 xz j+1 + yj+1,i — 1’ xi,j + yj,i — 1’ xi,j—l + yj,z’—l < 1’ b J
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Problems AN -

O== l S

Complicated
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Optimal Solution

O==2 a1 S

facel
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Possible usage and accuracy in individual species

mmm Bended sug

A o/A
I 0 A 0 X X
i 0 A 0 0 X
Optimal 0 0 0 0 0
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Other 3D measurements: Photogrametory

Research Organization of Information and Systems S50
The Institute of Statistical Mathematics 5




o>

point 2

carch Organization of Information and Systems
e Institute of Statistical Mathematics







Ine INSTITUTE OT dtatistical Viathemartics el




Measurements can be done with high precision and conVini€Rithanization of information and systems a0
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Flying the multicopter (top)

Ground field true data measurement
(left)

o
[
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Point field reconstruction from individual photos: 1 =
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EZEFTESFICHITH5HOBEETIL

HREYZT1#] ;& Linear Programming (LP)
e TimberRAM (Navon 1971)

e MUSYC (Johnson and Jones 1979)
* FORPLAN (Johnson et al. 1986)

BB B EtE EMixed Integer Programming
(MIP)

* |IRPM (Kirby et al. 1980)
Harvest, Road Network, Transportation

« i35 5 SEENE S5— Rc?earch Ofganinﬁor.l of.lnfofmtion and Syst.ems SR
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%&I;E,f (LP MIP &IP) 0)*!] =1

EINDREILE

OR AEBIZKDVIL/N—DEFE CPLEX, GUROBI, SCIPZE

=

& ¥ ‘E ,E =4 — Research Organization of Information and Systems
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+ [Bl%8

maximizez = ¢, X, + ¢, X, +***+¢ X,

subject to
a,x ta,x,+-+a x < b,

.. <
a, x +a,,x,+-+a, x < b2

a x.+a x.+-+a x <b
m,l” "1 m,2" "2 m,n n m

x, z0,x,=0,,x =0,
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Techniques for Prescribing O ptlmal
Timber Harvest and Investment
Under Different Objectives—

Discussion and Synthesis

BY
K. NORMAN JOHNSON
H. LYNN SCHEURMAN

Forest Science Monograph 18
1977
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e Johnson and Scheurman (1977) For.Sci.

» RERETEIDE L FEM— X

T § A §1 T 1 $

e Modell & Modelll ®DBIF:FORPLAN
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CIJZ. | X - - ;
1st 2nd 3rd 4th 5th
Period
2024/03/07 ROIS-#i 2kt EEE A3 — Research Organization of Information and Systems Z5@

The Institute of Statistical Mathematics )
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GMEEETIL
Model 1

RFRIZx 9 SRR i 3= Static Treatment
1% B N\

fig @ R | é% .
\_ K Y
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Treatment [Decision|
Coefficient| 1 2 3 4 6 7 8 9 10
No. |Variable
1 Xi1 || Cia @ 0 0 0 0 0 0 0 0 0
2 X2 Ciz @ <+ o o 0 i =® 0 0 0
3 X3 Ci3 @ <90 0 o o 0 0 @ 0 0
4 X4 Cia @ <+ 0 0 0 0 0 o @ 0
5 Xis || Cis @ “<—p 0 0 o o o 0 a— @
6 Xie || Cis 0 (:) 0 0 0 0 0 0 0 0
7 Xi7z || Ci7 0 C) 0 0 0 0 0 X 0 0
8 | Xig || Cis 0 @ 0 0 0 0 0 0 X 0 .o —
< Xio | Cio 0 @ 0 0 0 0 0 0 0 X X 1&**%7."?—
{MK 10 Xi10 Ci10 0 0 @ 0 0 0 0 0 0 0
#HIK 11 Xin Cin 0 0 @ 0 0 0 0 0 X 0
E 12 Xi12 Cirz 0 0 @ 0 0 0 0 0 0 X
13 Xi13 Ci3 0 0 0 @ 0 0 0 0 0 0
14 Xi14 Cia 0 0 0 @ 0 0 0 0 0 X
15 Xi15 Cits 0 0 0 0 @ 0 0 0 0 0
16 Xi16 Cite 0 0 0 0 0 @ 0 0 0 0
17 Xi17 Ci7 0 0 0 0 0 0 @ 0 0 0
18 Xi18 Cis 0 0 0 0 0 0 0 @ 0 0
19 Xi19 Ci19 0 0 0 0 0 0 0 0 @ 0
20 Xi20 Ci20 0 0 0 0 0 0 0 0 0 @

2024/03/07

Note: X denotes harvesting while Omwﬁﬁﬁﬂﬁjﬁrﬁ A
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300

Jltﬂﬁw(m3/ha)

100 —

0 |
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A ER S

I L
1 2 3 4 5 6 7 8 9 10
1|V, 0 0 0 0 0 0 0 0 0
2|V, 0 0 0 0 0 \% 0 0 0
31V, 0 0 0 0 0 0 V, 0 0
4|V, 0 0 0 0 0 0 0 V; 0
5|V, 0 0 0 0 0 0 0 0 V4
6| 0 V, 0 0 0 0 0 0 0 0
71 0 V, 0 0 0 0 0 Vi 0 0
81 0 V, 0 0 0 0 0 0 V, 0
" 91 0 V, 0 0 0 0 0 0 0 V;
< E;i\é 10| O 0 V; 0 0 0 0 0 0 0
) 111 0 0 V3 0 0 0 0 0 V, 0
12| O 0 V3 0 0 0 0 0 0 V,
13] O 0 0 V4 0 0 0 0 0 0
14 0O 0 0 V4 0 0 0 0 0 6
15| 0 0 0 0 Vs 0 0 0 0 0
16| 0 0 0 0 0 Ve 0 0 0 0
17| O 0 0 0 0 0 V5 0 0 0
18 O 0 0 0 0 0 0 Vi 0 0
19| O 0 0 0 0 0 0 0 Vo 0
200 0O 0 0 0 0 0 0 0 0 Vio
vk | ovPx 1 vOx | vk | v viOx o vOx | vBx | VO | viOx
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AR EModel IIZKHKERETE

&Y Iz 7 EH

m H
7 — m)?‘XZZCm .z, ‘ Cplex, Gurobi, Scip

(Academic Free)

St.
r,+z,+ -tz < 1, Vi iiﬂ*ljﬁﬁ?ﬁl}fﬁ’]

m H
SN WP n =w p=1,--T HEEHIH

=1 h= A= ==
o FHRERE—%
{2,120
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RTEZEEL: m forest units
1 if j-th treatment is implemented at i-th unit

X
U 0 otherwise

X, no harvest activity

cl.j : coefficient of X,

(£

: volume flow from X, at period p

Model T: Temporal Module
foaxz= " e, I

by} i=1 h=1
st.
H
h=0
m H
p 5 —
1- a)v, | vP o, | 1+a, p=1L,T
i=1 h=1
@} = (01 /
2024/03/07 ROIS-#i 2kt EEE A3 — Research Organization of Information and Systems S350
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SMEEETIL
Model 11
/ﬁ‘cﬁél :*?Jj%%@]ﬁf] fifiZ2Dynamic Treatment

ENENDEER
il%
A

ﬁ o R
E :
\_# % x
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T;E.H HiE kﬁﬂ ODB—IMjZEH

max(0.s—k) 741

r = E z, Vis=1,..T
TS st
7=0 t=min(s+k,T+1)

r+1

Z _ .
g z, =1, )
t=1
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BERISH TOREZH0-1

RTEZEE: m forest units
i 1 if i-th unit is harvested at period t after plantaion at period s
X =
st 0 otherwise

c : coefficient of x
X v : volume flow from X!

Model II: Temproral Module
/axZ = %ﬁlmxmt )C;: X' \

i=1 t=1 s=0
st.
max(0,s- k) T+1
= . _ i maeoL
% th_ Xst’ LS = ]’K’T
t=0 t=min(s+ kT + 1)
T+1
i _ n o
Xoe = ], I
t=1
m max(0,t- k)
= i DI = -
1- a)w, ] & vi x| 1+ a)v, t=1K,T
i=1 s=0
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1] 2] Growth Prediction
\ \ \ \
v, Vg Y
5
300 — —
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15 20 25 30

Height (m)

° data of 30 trees

24.95(1 _ e—0.064-Age)1.97
(fitted growth curve,
which will be used as a prior)

- -
-
-

0 10 20 30
Age (year)
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ETOT—EMNETERE

Height (m)

10

5

0

15 20 25 30

- - - - prior

-
- -
-
- -
-

nearly true

10 20 30
Age (year)

40 50
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ERIEHRD 7 v T T—rZ&BRecursive Approach
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Wildlife Management
Animal Corridor
Landscape Management
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Green-belt Constraints
Coral-belt?

Y

vl

NN

s

—_— . B —

. Green-up Constraints
T Coral-up ?
1
Grid Segmentation
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hin-Distance Adjacency

9 x 9 grid map
Within Distance of 1.5 grid size

566 | 5 |447|412| 4 |412|447| 5 |566 wos | s | aar | ame | 6 | ae | ser | 5 | seo
5 |424|361|316| 3 [3.16|361[424| 5 s | oazs | sor | s | 5 | s | ser | aza | s
4.47 | 361 (283|224 | 2 |224 283361447 wir | sot | 2es | szs | 2 | sos | 2es | 561 | asr
412316 | 224 [ 141 | 1 | 141|224 |3.16 | 4.12 aiz | 316 | 22 oot | 316 | are
4 3 2 1 @ 1 2 3 4 4 3 2 2 3 4
412316 [ 224 [ 141 | 1 |1.41|224|316 |4.12 wiz | 316 | 224 oo | s1s | a1z
447 | 3.61 | 283 | 2.24 2 224 | 283 | 3.61 | 447 447 | 361 283 | 224 2 224 | 283 3.61 4.47
5 424 | 3.61 | 3.16 3 3.16 | 3.61 | 4.24 5 5 424 361 3.16 3 3.16 3.61 424 5
5.66 5 447 | 412 4 412 | 4.47 5 5.66 566 5 447 | 412 4 412 | 447 5 5.66
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9 x 9 grid map
Within Distance of 2.5 grid size

566 | 5 |[447 (412 4 |412|447| 5 |566
5.66 5 4.47 4.12 4 412 4.47 5 5.66
5 424 | 3.61 | 3.16 3 3.16 | 3.61 | 4.24 5
5 4.24 3.61 3.16 3 3.16 3.61 4.24 5
447 | 361|283 | 224 | 2 |224|283|3.61]|4.47
4.47 3.61 3.61 4.47
412 | 3.16 | 2.24 | 1.41 1 141 | 224 | 3.16 | 4.12
412 3.16 3.16 412
4 3 2 1 @ 1 2 3 4 . s s .
412|316 [ 224 | 141 1 | 141|224 3.16 | 412 a2 | a1 ats | ara
447 | 361|283 | 224 | 2 |224|283|3.61]4.47 447 | 361 361 | 447
5 | 4241361316 | 3 |3.16 361|424 | 5 5 424 424 5
566 | 5 |447 (412 4 |412|447| 5 |566 5.66 5 5 5.66
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thin-Distance Adjacency

9 x 9 grid map
Within Distance of 3.5 grid size

566 | 5 |447 (412 | 4 | 412|447 | 5 5.66

5 |424 | 361] 3.16 3 3.16 | 3.61 | 4.24 5

447|361 |283|224| 2 224 | 2.83 | 3.61 | 4.47

412 | 316 | 224 | 1.41 1 1411224 | 316 | 412

412 [ 316 | 224 | 1.41 1 1411224 | 3.16 | 412

4471361283224 | 2 224 | 2.83 | 3.61 | 4.47

5 (424361316 | 3 |3.16 | 3.61|4.24 5

566 | 5 |447 (412 | 4 | 412|447 | 5 5.66
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in- % Dlstéhce AC Jacency
among individual grid units

Normal Adjacency Within-Distance Adjacency
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 ) 0
0 0 0 0 0 0 0 0 0 0 ) 0

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

vV = vV I n - d u -
+ m o =
a, 7X, + a, 7X, | L "j&w B, "iLt=1K,T
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Jithin-Distance Ac jacency
among individual grid units

Normal Adjacency Within-Distance Adjacency

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

v = vV I n - . pd o _
a, 7X, + a, 7X, | L "j&w B, "iLt=1K,T
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Jithin-Distance Ac jacency
among individual grid units

Normal Adjacency Within-Distance Adjacency

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

v = vV I n - . pd o _
a, 7X, + a, 7X, | L "j&w B, "iLt=1K,T
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ex100gd_0AGG_OWDAC_1P : No Harvests: 50 units ex100gd_0AGG_15WDAC_1P : No Harvests: 75 units ex100gd_0AGG_25WDAC_1P : No Harvests: 86 units

.93 95 97 99. 91 | 92 93.95 96 98 99.
81 | 82|83 (84|85 | 8 | 87 | 88 | 8 | 9 82 |8 |84 |8 |8 |8 |8 | 89| 9%

73 . 517 |77 |78 79. 7217374757 |77 |78 79| 80

61 | 62 | 63 | 64 65.67.69 70 61 62.64 65.67 68 69.
56 60

50

40

Nn

52.54 55| 56 | 57 | 58 59. 51| 52 |53 |54 55 57 | 58 | 59

51

.42 43 44.46.48 49 | 50 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49
31| 32 34 | 35| 36 | 37 | 38 40 313233 . 35| 36 38| 39
n

2| 23 24.26-28 29 | 30 21 (22|23 | 24| 25| 26 | 27 | 28 | 29
1213145161718 19. .12 131516 |17 |18]19] 2

Harvest Period Harvest Period Harvest Period
o No = 1st o No = 1st o No = Ist
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