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A Priority-Based Bandwidth Management Method in Public Safety Networks
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ABSTRACT

After Sewol ferry disaster occurred in April 2014, Korean government began investing to deploy LTE-based public safety network until the
year of 2017. In order to reduce the operating and capital costs, resource sharing scheme among public safety network and commercial LTE
networks is considered as one of the viable approaches. This thesis proposes a method of allocating bandwidth of public safety network based
on various priorities required for disaster scenarios and stages in a resource sharing environment. In order to obtain the highest efficiency, we
formulate the bandwidth allocation problem as a Fractional Knapsack Problem. Greedy algorithm was applied to solve the problem. For
performance evaluation, we created several disaster scenarios and set suitable parameters for each scenario based on a disaster manual. The
proposed method is compared with two typical methods, which are Class-based bandwidth allocation and Uniform bandwidth allocation. The
results showed that the better performance in terms of the sum of the values and the amount of lost bytes.
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Knapsack Problems Z-&3te] tid% &9 ZAE
93t Greedy algorithme %3l A< & 2
ol W& Ay

(Table 1) Priority parameters

Parameter Description
C Class
D Distance (km)
M Activities

a, B,y Priority weights

<Table 1> $dcE B3] sl AHgstes
stetr|goltt, stetHe AH, Ad, 2eHe
Z yold o, Ce Aol AHgAe
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<Table 2>} 2t Adl vy p= SHH=E 4
g3 orthE ATh
(Table 2) Class parameters
Class C
Control center 40
Scene Commander 30
Activities Crew 20
Ordinary person 10
MO FE F=9r] #E =H1Y AdHAA
$HEY AFNA BF N8 FRES £A8

(Table 3) Active contents parameters

Activities M
Rescue and relief activities 24.843
Emergency evacuation 14.734

Financial support and

temporary faciilifir;s provided 13605
Operation of the alarm system 13413
Emergency action 13.082
Debris removal and prevention 8.075
Damage survey and situation estimate 7.430
Disaster psychology consultation 4.852

Ordinary people 0

2) Knapsack Problem S8t CHZE &t 2x| Mo
B E=EAA AlQtete WS g E g9 EA
£ Knapsack Problem®.2 * Knapsack
Probleme| & &3] 71 A7 EAga sh=d &
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(Table 4) Knapsack problem parameters

Parameter Description

Item
v Value
Weight
Capacity
Selected set

.

taikgg

Universal set

Knapsack Problem 0-1 Knapsack Problem}
Fractional Knapsack Problem®Z JEHTH 0-1
Knapsack Problem< 7}ibol| W= ojo]el & %A £
A= 7 $-o|al Fractional Knapsack Probleme %7

A
F J= 4ot 0-1 Knapsack Problem®] 74-$-
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(Fig. 1> Flowchart of Greedy algorithm
(Table b) Parameters that are defined on the

Fractional Knapsack Problem m. A -?%1
Parameter Description
Knapsack Capacity (17) BS bandwidth 1. &g &4
frem (0 User umber B =RoA ARE AYGAEATIN S
Weight (w) User traffic o) = 5 e ® wa) grwol Ao myls
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(Table 6) Traffic model parameters

Traffic type Parameter Probability Function
Reading i Poisson distribution
_de <z, A=0.15 an = 6.58sec
cading time £, 22 0 < 2, A=0.1538, Mean = 6.58
FTP Log-normal distribution
L 1 —(Inz-p)?
File size _ ex, ,0<2,0=0.35,1=10.76
z fx* (V2rox) p[ 20° ] 7 s
Mean = 200KB, Std.dev = T2.947TKB
Truncated Pareto distribution
a
Reading time fr:%v k<z<m,a=12, k=25ms
X
Max = 12.5ms, Mean = 6ms
VoD
Truncated Pareto distribution
U K
File size frz%,kg & <m,a=1.2,k=20bytes,
X
Mean = 50bytes, Max = 125bytes
VoIP 200bytes,/ sec= 10bytes,0.005sec (Constant Burst)

(Fig. 2) Experimental scenarios

<Fig. 2> oM & 22 J9AM 1522 Bd3
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(Fig. 3) Sum of the allocated user’s Value

106 PI=TSSR=EN|

157, TH22(2016H 48)



Ad $A4 @2 Ad 28 A3 Agu A
Ao &Eu &S sk ¥ Agol =2 A
Z HgES Igstel Art 7 S =
< dlEs AQJstal7] we] Aljtet= MRt
SFE AHEAHE S Valued| o] ool o 13.73%F
A2 AL & 7 vk deoE d5gd P2 A

N
O mlo

{719 LAY BAGlo) A EY LFS AFRA}
Solsl FYsl prol 2Ry W) Aokshe
HEG oF 1248670F A2 AL 2 5 QlHh

As A 29 ¥, o5 €9 ¥ B0 Valert
EEoE Aol ¥ Fue A & F A%

k)

bA AEALS} ?41%19] WS 1:31:21:1,2
:1,3:1%%738]—11] AE 3§

Ags A Ad LA
S5U&, AR ARt

Adzte] Az, A-gA)

= =g $RE A9
Z

o
_{

i
fo
~
ofy

N
2

@
)

rlr
N
%
fu
kd
ox
QL
pacd
)

%0 824563073

0 0

0822742413

Ordinary person

Control center Scene Commander Activities Crew

B Proposed method M class distinctions allocation Equality allocation

T T T
13 12 11 2l 31
Public Safety traffic : Ordinary traffic

=f=Totaltraffic =@#=Total bandwidth Ordinary traffic ~ =l=Public Safety traffic

(Fig. 4> Amount of traffic loss rate

<Fig. 4>+ 2 AgolA A AP 35&
T ATHEE £AHE ERIFS HEEE Vg
Aoltt. A WAZ #5 T Y Afdde
o] e SAAMEE A9sty dF A3,
| &A45

A

=
=
)
r

oN

oft
=
dg

4
,
re
B
ol
=2
R
e
ne
gﬂ
X

=
4
%0
ey
ul
dlo
(o
fru
X
il
o
2
o

o
o

ox X L o

4% L 82 ro rr et (m

© Quelzel 2asel &4 Agch shit
HO

lo

lE .
Hea 2o duese Edge 37

g3t Ayt ddA EsiE
A

E
o TR} dob $AEHTE B 2EUdY E
N2 s FIotA Fob FFE AHEAY] Valued] Tl
S A4S ¢ T At & A4 Aldsts Aol

(Fig. ) Experimental traffic

<Fig 5>& & A9 43 AHE Egigo
A ARES s AT A dEFoR s,
MBolth Z|A = loll e BE AMEAEY Ede
e oF 11 MB ©]1L 7|AZY] AA JYES 273l
Foltth. E AFelA A bd ARgAEC] Sl A

Quile] Edge] HY FolSt AL ¥ 4 Ak

13 12 1 21 31
Public Safetytraffic : Ondiary taffic

—=Prososed method  f=cless ditinctionsalocation Equalty alocation

(Fig. 6> Sum of the allocated user’s Value

Vol.15 No.2(2016. 4)

The Journal of The Korea Institute of Intelligent Transportation Systems 107



Mt obd SATOA MRS 183

<Fig. 6> £ AgdqA9 TddE ALAE9
Value?| golth. A kA ALgaLE0] Eojuw A
AdFH AFEAEY Valued| Fo| A HOE FU)

st S & Ao £ Ad A AgAe] H]
o] & o, B o BT A
H AHEAEY Valued ol =&
APOE A bA AMEARe} YRR H o
o] Aw 4

)
it 450 #v= e

!

EAoIE. B4 sle @
79k Aztel Aol meh
A BeATl WA & 5 dES e golAw 2

AP E Aol A4E A4S E &

zlrdS B3 AveEeE B4s, Ay
Z7A8 WEFHEA Valwedo] AY EL JMEAES
2= Agolt11]

olwj 7} HIEE HE3sl7] Wi 4 (2
£ TS 3t o, 5,9 £ 0019 HHE WA s
ARSAL F 4851709 a8 o XHOE AY
S 73 o}ﬁiﬁ}.

atB+7=1, afy>0 )

Ad 27 BAE QuelEel Adel TAsY
72 5% A3 09E A% s WA oo A o
2%, 13 99 2%

g J3sty gl dAot. age
Z olm o Ay es dukdle] 80%7F A LA
A 3te] Ag7b 0m~300melHE Aojatg %
A3 %, 93 S5 50%7F At T K93
9} Ag7F 0m~300m oW E Host Ad oA
T 2AE S Q7] Wi T2 ‘;l
%} iy, FUAR 2" 7HE

o] 5 W&e AAsHAT. Efﬂ%*

A A S

1= r“

A WA QI 77 A =i
Solof @ K@ Fx A TE BEL e UR
Afe, 84 BEoAsl edgel FPsolol ¢
% 919l b 208 BEH Valwerh HE
& AFAE HAHAT

@A 72 % A5 ok 49§

gl oe gukdle] 30%7} ZIM -1y
A A9t Ag7F 0m~300mel W 2 A o8t &

A AT, B oL 20%7F A HA AY
o] Agl7F 0m~300m oW E Aot A ¢
A AgAEL ><l9+ A G Ad oS

o A 5 gA

Ad A9 W #x 9 105 oyt ¢s9 A4
golm, AdE 59 B JgHE= dAot 1
HEZ Ay s gule 0%7F Ad HA A Y
#¢ A7t 0m~300me| W E A3t n 8 A3
o, 84 25U 10%7F A 2A A9t A
217} 0m~300m °JH & A At A AE
A& ANAEE 59 BT dFE Fdst7] gl
g5 e A% A 2 4N AArtE, el E
AA g FA, R S 2A 9 FUE A

)

108 PI=TSYR|=EN|

157, TH22(2016H 48)



H>
do
i
=
v,
ret
=
12
Il
2
i}
OII
i

Nel 39 F shiel 8% 482 Aysan
Ad B wAE 72 9 A divh gue
Aolvl, NHESY 277 AYHE A
o] QyrelEe] ey Hrk: AW dH AS
A59| EdZol FYsolok Bk, 9o 2AS W
Zahel Vauert Mg B AEAE AFHATG

<Table 6>3 2T} AA S 7M=& Tl 2449 @
Aol wet FA AEY A9 713 #eATE q
B, v& AAsA Aol e AEAEY QLS
g3 F UEE T

T M

(Table 6) Selected weight in disaster phase
and Sum of the allocated user’s

Value
Disaster phase a, B,y Value
Initial phase a= 0.02, = 0.97,v=0.01 209.78

a=0.23, 6= 0.76,y=0.01 | 153.63
a=0.23, 3= 0.76,y=0.01 | 153.63
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