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Optimal Allocation Heuristic Method of Military Engineering
Equipments during Artillery Position Construction Operation

Se Hwan Park - Moon Gul LeeT

Department of Operation Research, Korea National Defence University(KNDU)

Atrtillery fire power due to effectiveness which is hard to predict well-planned and surprising attack can give a fear and shock
to the personnel and is a very core weapon system and takes a critical role in wartime. Therefore in order to maximize operational
effectiveness, Army required protecting artillery and takes a quick attack action through rapid construction of artillery’s positions.
The artillery use artillery’s position to prevent exposure by moving to other position frequently. They have to move and construct
at new artillery’s positions quickly against exposing existed place by foe’s recognition. These positions should be built by not
manpower but engineering construction equipment. Because artillery positions have to protect human and artillery equipment
well and build quickly.

Military engineering battalion have lots of construction equipment which include excavator, loader, dozer, combat multi-purposed
excavator, armored combat earthmover dump truck and so on. So they have to decide to optimal number of Team combining
these equipments and determine construction sequence of artillery’s position in operational plan. In this research, we propose
to decide number of Team efficiently and allocate required construction’s positions for each Team under constraints of limited
equipments and time. To do so, we develop efficient heuristic method which can give near optimal solution and be applied
to various situation including commander’s intention, artillery position’s priority or grouping etc. This heuristic can support quick
and flexible construction plan of artillery positions not only for using various composition’s equipment to organize Teams but

also for changing quantity of positions.

Keywords : Heuristic method, Integer Linear Programming, Optimal Allocation, Artillery Position
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loader CMPE

<Figure 1> Example of Construction Equipments

T TEYE A 7hs A <Table
I+ 2 A9 wMe SAAR G DEZ(Cut)
P8R sk BARS Afobuld, A A2k (Load)
Zrobdl EARS &HHEFS](Convey) W] H=
Edel ARt HEEZe] BEALE A 75dF
7HA] ol e A7 @l A B7] 9l A=A (Build) &
Hlgo] ZHAA 5 Ade Feddet ol kS
gdoslE gz EHLS g 93 EAlgo] 229 urtr] =
ARG 28AA F5EEE FE:

<Table 1> Possible Works of Equipments

<Table 2> Ability of Equipments(m'/hr)

Cut Load Convey Build

Excavator 65 65 x 65
Loader 202 202 x 202
Dozer 270 X X 270
CMPE 132 132 x 132
ACE 230 x x 230

5 ton dump X x 60 X

15 ton dump X X 153 X

<Table 3> Calculation Formula of Equip’s Ability

Excavator, CMPE

Dozer, Loader, ACE

_3600X gX kX fXE
@= C

Q : amount of work per hour
(m'/hr)

Q:

: amount of work per hour

60X gX fXE
G,

m

(m'/hr)

g=q"xe

Cut Load Convey Build
Excavator O O X O
Loader ) @) X o)
Dozer (@] X X 0]
CMPE O O X O
ACE O X X 0
5 ton dump X X ¢) X
15 ton dump X X 0 X
3.2 2¥3t
WA, B9 9l duld Seel diw A8 14
2 Agsa, & BAe AHaE B2 @ 5 e A
13 A ] (Integer linear programming : ©]3} “ILP”) &3
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) , g : bucket volume(m’)
g : bucket volumg(m) qo : (not considered distance)
k : bucket coefficient bucket volume(m')(m)
f : soil volume conversion £+ soil volume conversion
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E Work efficiency e : convey distance coefficient
Cn: time of cycle(sec) Cy : time of cycle(sec)
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<Table 4> Soil Volume Conversion Factor

- abiity,,, A 515 (mh)

Cut Load Build

excavator 65 65 65
loader 202 202 202

dozer 270 0 270

CMPE 132 132 132

ACE 230 0 230

- coefficient, : AU EFFA S

Cut Load Build

cotf\(f)tialrs?(:)riur;&c:tor 110 L15 1.00

State Natural | Scattered | Tramped

Soil volume conversion factor 1.10 1.15 1.00

Method of tramp Gravity - Machine

Work Cut Load/Convey Build

- Q& X (Indices) St F Z(Set)

T = AR eT
W Age A wew
1 7R AR ier

* lexea X]:}Z;;ﬂ]‘ 19/] 6}%§§_L$MC1

- ¥ o] o] El (Parameter)
* possible,, ; : AU A Ths R 7hs 1, E7Fs 0
Cut Load Build
Excavator 1 1 1
Loader 1 1 1
Dozer 1 0 1
CMPE 1 1 1
ACE 1 0 1

- A W3 (Decision Variables)
{1, if §¢7F 2 Gwell ]S w1
0, otherwise

Thow,i—
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- TEEY
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tETwE W
E Ty i = 1 VieT (3)
=
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<5 't A FF Y, AT (m'/hr)
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8 7} FEAA poll FAEHSAS w9
22 @ N ZH(hr)+ o] 5 A ZHhr)

time, , = amountp/St +1

* time, ,

- A ¥ (Decision Variables)
{Lif‘%tﬂ 21} ol 212 p7H i
' yf,p:

S S
0, otherwise VIEL pEP

- sum-time, : B t&] A FF Al ZHhr)

R
min  sum —time, (7)
s.t. Ztimetypx Yy, = sum-time,  VtET (8)
pEP
Yy,=1 VpEP 9)
ter
2 (N 2 de A 52t 5 AUARES #4380

=
ILP 233} T3 neres Edi2 A% fFel=
go] dubdQl HA= <Figure 2>9F 2t}

o= )

input amount of equipment,
position and Team,

.
cut/load/build equipment
allocation : allocate 1 to the

1st ability of equipment least ability Team
step allocation work group v
(cut, load, build) - - No
7 residual quantity =0
allocation 1 excavator to Yes
Team

each build work group

A

print out each Team ability
Team ability =
min(cut, load, build

Allocation l
cut/build equipment
allocation: allocate 1 to the
least ability Team
v

residual quantity =0
Yes

No

! P —
array Team’s work ability improvement 1. moving
descending order when position moving
l make shortening time
2nd array position No
descending order Yos e
step s
improvement 2. swap when
1:1 or 2:2 position exchange
A make shortening time
L. allocate the largest position
Position to the shortest work time No
. be improved?
Allocation and the largest ability Team .
print out each Team’s
No construction time

residual position =0

Yes end

<Figure 2> Heuristic Algorithm Procedure
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124 : g9
step 1) Ao, AR, & 5 A4/9E
step 2) ©H A 1w FHEZHHT 19)
step 3) 24 © AEIZF 227 1 wiA
Equipment |excavator|loader |dozer |CMPE|ACE (?]?'/Igg)
cut(1.1) 0
Te:m load(1.15) 0
build(1.0) 1 65
cut(1.1)
Te];m Joad(1.15)
build(1.0) 1 65
step 4) 7t § HE, AEOF F AhTY aFd =4
S EF A AR 10y e (sl 2 A
- AEREH )
% 7hs Aol Algke] 9, Adsdol &
AIFE wig - =2 — ACE &
Equipment |excavator|loader | dozer |CMPE|ACE 8}?'}%
cut(1.1) 1 24545
Te:m load(1.15) 0
build(1.0) 1 65
cut(1.1) 1 24545
Tegm Joad(1.15) 0
build(1.0) 1 65
step 5) 7 © HE AEIF T HAALTY 1F° ACE
& 25 g AZEA 1 e
step 6) 2 © AE, AAl AEIF F HATH 150
29HE 27 A & w7k 1o e
Aol 2 guEY Ay 29T —
CMPE — =24}7] &
step 7) ZF € AE, A AEIRF T HaTE 159
CMPEE X7 w4 & wj7b+] 1% wijA
step 8) 7t ®© AE, AA, AEIw T HATYH 1wl
22718 2w AZEA] 1A el
194 AR WA
step 1) 8 25d, AAGFE @A o4
step 2) Ea ol 2 AAFYH 5 gEAgte] HA4
o]a Fg&o] £ Hof ujA
step 3) moving(F-HAF &L

AoIAE o547 Wy

step 4) swap(f+ A daE]E EAWo] ArkAl SE(9))
swap> 75 SEAIZ] HUQl Ho XAE ¢
2 8o A9 111 EE 222 ndgs u g
=2 T35 gEAzte] golAd wdtsh= W

step 5) ZF ©HHH TEARE T MY =2 5 SEAES
HZFAQ A FEAINeRE FY

Case 1) &7E HolH AEA &84 AF
Case II) 3 72 Fv] A EA Z&A AF
Case ) 3G 75 A HLA 384 HF
Case IV) A HAA 884 AF

Case oM<= Fe|ag darels 544 L7ti vl
HE A83t9s o 49 ArE Frodlof st 7
A refghA] gelgtty 297] 9fs 27" Ve ® A
2 gl etlE A8sl R, IR FEE A4
2700l A 2070744 ggal A H A o] AdE Zold 4 9l
<A gl

Case HolAM= e 1o B Au=z ¥
2] 2004 5T o ILP uiv] Felxayg dauglEe
s gelgttt oju A stgk 2071 EHERIA
ETHS 59 JI2EAE o]&ato] S st

Case MM+ AT FR] B Fu= 23
A 2042 F53 ) ILp iR Felay dugse]

Adde S

Case IVollX= Wi e Au2 29314 F
= 20709} 3070, 4070 = 57 Ao FEl2dY LaglEo
N5 WE olRE seld

A% MIEE Ty <Table 5>¢F 23 o] 2fFoR
ILPS} )28 =] ths) 212} 908149 AF S 5
gt

{Table 5> Comparative Table of Experiment
Case 1| Case II | Case I Case IV
amount of Team 2 2~10

organization of 6 engineering |engineering engineering

equipment battalion | brigade battalion

. amount | 2~20 20 20 | 30 | 40
position

instance lea Sea lea lea | lea | lea
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<Table 6> Available of Equipment

Excavator | Loader |Dozer | CMPE | ACE | Total

A ek ol&

AA] =

o 19, =& 1], CMPE IEH ACE 1UhE
o Felxyg due 5y A8 FeRde %
8L o} <Table 8> %E}.

Nr

(Table 8> Case I. Team's Ability of 1st Step(m'/hr)

Case TolAd= 4 ) "HE Ve er A
£ gelgth ojw | 74 Al HA] 2 edl(=
271 2o, 299 19, A 1, CMPE 1t], ACE 1th)
£ A&ste ' 1A 5 58S vuskanh =gk 1
A G5 AIREE 270 A A 207 HA A A L5t
H] 3} T}

Case I1¢} Case MOlA F-53te=t] o] &3 WA=
t}-e <Table 7>3} 7it}.

o
N
X AN
o

<Table 7> Soil Volume for Each Position

engineering 20 6 6 0 6 46 Team A Team B Total
battalion(ea) HR(Heuristic) 65 65 130
engineering 30 3 1 3 6 54 ILP 65 65 130
brigade(ca) efficiency(%) - . 100
efficiency(%) = %X 100

AR W) 23
QoA Fe 27 Elo] A &= =EHL 7
A& 270 %04 2072714 WA s Ad= o

9>3} 2t

<Table 9> Case I. Construction Time of 2nd Step(hr)

Position 2134|567 |8]9/]10]11

HR 44.1162.0 | 69.7 | 87.6 [110.7/119.9|140.4{151.2|168.1|188.1

ILP 44.1162.0 | 69.7 | 87.6 [110.7/119.9|140.4{151.2|168.1{188.1

efficiency(%) | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Position | 12 | 13 | 14| 15| 16|17 |18 | 19| 20

HR 212.2|219.91231.6{250.1|275.7|289.5]302.9{330.0{350.0

Position 1 2 3 4 5
earth-volume(m’) 2,800 | 1,100 | 3,200 | 1,600 | 2,200
Position 6 7 8 9 10
earth-volume(m’) 2,900 | 1,200 | 2,700 | 1,300 | 2,200
Position 11 12 13 14 15
earth-volume(m’) 2,500 | 3,000 | 1,000 | 1,500 | 2,300
Position 16 17 18 19 20
earth-volume(m’) 3,200 | 1,800 | 1,600 | 3,500 | 2,500
Case VOl = 919k 22 2W1IA 9] A5 307, 40
Nz gste] 2833
g Sl 107) go® 8 o wE g 5

)
A 5 AIZES vlalste] HMdo] | £5 s
23] 3172 Intel(R) Cor(TM) i5-3470(3.20GHz, 4.00GB
RAM)ell A ?6436}0“%
FH e dug 5L R-studio = AFgkS Ak
AR AGR(LP)S GAMS T2 R éﬂrukg ;
Z3sto] Hlasksl

A
1

N

2 41 3

Hr

42.1 Case 1 23}

124" #3) 24
Folxl gt 27 Hell Fnl 6Ti(=At] 2, 2

ILP 211.6|219.9]231.6{250.1|275.2|289.5]302.3|329.5|349.5

efficiency(%) | 99.8 | 100 | 100 | 100 | 99.8 | 100 | 99.8 | 99.9 | 99.8

ILP
efficiency(%) = WX 100

29 B A 2 Fe
g 49 100%2 &
w3k v wA FRIF 12704, 167024, 18704, 197)
2078 A9 3k
AZHS Zrohl =

422 Casell A=}

124" #3) 24
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