Ad-hoc network and Flow control

I DAP INSTITUTE OF DEFENSE JA M S
v ACQUISITION PROGRAM JOURNAL OF ADVANCES

IN MILITARY STUDIES

2025, Vol. 8, No. 2, 83-100. hitps://doi.org/10.37944/jams.v8i2.281

Advanced flow control techniques using buffer-based routing
and traffic filtering in tactical ad-hoc networks

Lim, Donghyun* - Oh, Kyosang** - Shin, Seunghoon*** « Kim, Jeonghun**** - Kim, Deukhwa*****

ABSTRACT

Ad hoc networks are increasingly used in military communications, unmanned systems, and
autonomous driving, where maintaining stable data delivery without centralized control is a major
challenge. Our study proposes an integrated flow—control mechanism that manages traffic based
on the available capacities of transmit and receive buffers. On the transmitter side, a priority-based
packet filter dynamically drops low-priority traffic under congestion while maintaining mission—
critical flows. On the receiver side, an enhanced routing protocol, OLSRb (OLSR-buffer-aware),
embeds receive-buffer availability in TC(Topology Control) messages to avoid congested nodes
during route selection. The proposed architecture and operational procedures are evaluated through
two validation stages: (1) transmitter-side testing under variable buffer thresholds and (2)
receiver-side comparison between OLSRb and standard OLSR. Results show that OLSRb reduces
packet loss by about 17% on average, confirming improved transmission stability and adaptability.
The mechanism effectively enhances reliability and resource efficiency in dynamic tactical and
autonomous ad hoc network environments.
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VANET(Vehicular Ad-hoc Network), MANET(Mobile Ad-hoc Network), FANET(Flying Ad-Hoc

Networks), A& AlA YEL T 5o i3t A-7idto] Y= Ith(Cho & Ryou, 2024; Lim et al.,
2025).
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2020).
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o mgd Euleh B4 Lo BES WA Hsdtel A WEQDLS PgHR BT 7
(end-to-end) §419) B4 % 5 k. olo] £ ATE F4 Adhoc YEHA 7% A A 4
43 S AL 4 e B 7HEA it EEA 0] /W E A o] 7|HE e
SA41 Hsoh 441 W o] 78S ANZOR SHFHL, o]F IR $4l - $4 BEA OIS 5
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t}. 0]9} ZEA]o] £412 OLSR @98 T2 EZ2 3F3t OLSRH(OLSR-buffer-aware )2 E Q1510 &7
5 g, T A1 slste] o) ARE TC HAAE B 0 o] skl
2 MAo] uradsto g2 T4 T2 Ao 3|mat 2 9tk o] 241 7|k 524
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AA, QoS 7]5te] 2 SFEA] SHOIA Badis & Al(2005) AF-ollA AAIRE QOLSR-
(QoS-OLSR):= 7| OLSR &+%-8 T2 EZ0f QoS(Quality of Serv1ce) A LE A5 jx A9l 7Y
ojtt. o] 7IHE A, HYE 59 QoS ARG 2He-® A4l wtgsto] EdY {3 wt
5ot AEE Attt o] 7I¥2Z QoS #FHeHoldhs v “1171‘45—9 &9 EFY #H= 2
Aol A AQtet= # 7FEF 71k S04l B SEAI 71 FH WAoA Aoz e
EA4), 33 =4 74t A= A8l =Hoj|A De Couto et al.(2003)9] ¢-= ETX(Expected Transmission
Countygh= F2 F4 7|5F HEEE ARISH3I o™, o]i= OLSR-ETX®} -2 2 EFof| A-8Eq]

2) & A= OLSR-buffer-aware®] S| MEA ARIsh= 2h¢-d 7199 B o= AA9h 7] OLSR2 T3]
THE AS & 4, & A 422 HolHE ASsh OLSRbe o710l ¥y 7183 JHEE 2ed 24
F7te 283k
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¢ EF 97 G AS Az st
(Table 1) Summary of previous studies on flow control techniques in ad-hoc networks
Study (Year) Purpose Key techniques Key metrics Control scope
Badis & Al . QoS requirements Routing
(2005) QoS Assurance | QoS Routing (Delay, Bandwidth, etc.) | (Path Selection)

De Couto et al. | Reliability ETX (Expected Transmission | Routing

(2003) (Link Quality) Link quality-based routing Count / Packet Loss Rate) |(Path Selection)
Ahn et al. . .. |Traffic type-based rate | Traffic class »

(2002) Qof Differentiation control (Real-time/Best-effort) Sender-side / Node
Lee, Cho & .
Campbell |Load Balancing |Queue-based routing Queue length Routing '

(2003) (absolute value) (Path Selection)

Throughput, MAC overhead, | Routing

Kumar et al. | Congestion . . .
8 Multi-metric based routing

(2014) Awareness delay (multiple) (Path Selection)
Li & Cuthbert Multipath + DiffServ . . Sender + Receiver
(2005) Integrated QoS + Traffic Control Traffic Class (DiffServ) (Integrated)
Lee & Kim i (m, k-firm based L Node
(2025) Real-time QoS packet scheduling Traffic priority, delay urgency (Queting/Schecdling
Kumar & Hu|QoS Cross-layer  routing | Stability, congestion, mobility, | Routing
(2024) (UAV Environment) | (MAC/N W) etc. (multiple) (Path Selection)
ot 712 Q7L B 5840l /1We) 480t 54 A% 2 BYo] 2L B2 o,
YR AFoA tF TEA0] 7MY S-S Alkstleh 1=y T 7HEEF 7]Rke] il EF 7]
W TR Ad B vadsle] $44 SEAIZ FAlo] sk B 71We] Bt A7
nag Agoltt

2 =2oA AQket 85 Ao Bde FAl o 42 S EA0] WAUES A-E5te] MAC

T FolA £ Aol UE EFY Aojt A=

Al 742 Buffer Monitor7} AAJ7FO R =41 HH 9] 71E5FS &4otal, dld JEE Flooding
%3]] Routing Processor(OLSRb)0]| AEslo] 4l STHEE 2k

th. o]E B9 & k9] FEE T & Q= g

Policy Controller7} Buffer Monitor2 88 AGwh2 A1 W1 Afejof ozt Z

Packet Filter7} A9 AlSoA AEd #ZlE& A4y 7|Hte g "E o}

Routing Processorg AA %4 HHZE XS HT)
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Controller=
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7+ 715 REL Buffer MonitorE 4102 AA4%H, Wy Ad - g /A" A8 24 —
Ed ™ Ao]& o]ojR & FEZE 7FAt) o|u], Buffer Monitor= W1 AFRES =4 - Addl= I
oo Z734€ Hy }\]"Q'%L— Bl A Fztol whet i PR dASIote] A REo] Gt
ok ol& &l Al B9 7HAQl W ARG BIStE RINIRE A2 WAooy $41 DHOA Tk
SHA| HHEstol MA R BE A4S WARH. ol=et 7IH2 AlAF9 QH Ay A 289 A&
o .
o

NS QY 420 UPES DY a2H S2A|0]7} sHsE.

_4

Packet destined to
""""""""""""" this node

Incoming packet from

U Upper Layer
Routing Processor
T Allowed packet
Trigger
Route Request
Packet Filter
NW Layer
Received Flooding Controller Filtering policy Forward to
Packet Tx Buffer
A
Filtering Policy
Controller
Rx buffer level
Tx buffer level
............... :"j Buffer Monitor ¢:
MAG Layer Rx buffer Tx buffer
capacity capacity
| |
Rx Ring Buffer Tx Ring Buffer
i

PHY Layer LI > : Data plane

Receiver Transceiver
——> : Control plane

(Figure 1) Cross-layer flow and buffer control architecture
for tactical ad-hoc networks
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AA LE(Flooding Source Node)2}t s FE7F g TC WA A S $=A15F QA1 LIE(Receiving
Node) 7+9] 299 Ao AR w3S SA4 02 FLAHY. Flooding Source Node-J Buffer Monitor=

A HE O] 7HES F71A o' 2451, o] & 7INe R dA) WY FHiE Afetd dEE ALt
gtk ol FE2 Aol Ao A F3tol whet dASe, ' WA 9] HEdt g EE 4o}
stal g8 PAE A & AEE AA S g4oltt AAbE HE ¥ Flooding Controllero]]
A==, Flooding Controller+= Routing Processoro]| Z&slo] 228 HARE AT o g AR
£ A T 5 ATk Routing Processori= HAIA] B Al & =E0] 4l M HEIE 7 HE
of x3otste] HE /ARSI 2ty HAAE $AISE QY kB HjAlS AR & &A1Y

Routing Processor2 AgotH, mjzlo] LgH FH4 LL=0] =4 ¥y JHE §giodoto] 2teg A=
= = F X o

£ AR o] Eo T A e REe AEOA I, AFoR 4l ofFo &

= 0 =] =] PN 5 2F 51 o =

£ $Asto Adsts 41 2 3 7t 29y 24| Ths OHXJEP-

Flooding Sowrce Node T i RecetvingNoce i

Flood Rout : Rout

| aurerioricr | | fomtto | | Reire | o |

AN ool |

E Rx Ring Buffer Rx buffer level Tri : ] : : ‘Routerequestpacket Routing decision :

Route Reauest pesed on eloneor

Tr it Route H
Roquest Packe ~ :

vl % i Rx Ring Buffer
N ]

Tx Ring Buffer

Transceiver » :

(Figure 2) Flow control mechanism for packet reception in tactical ad-hoc networks

3.1.1 ¥5 74k OLSR E*HOLSRb)

E HJ319] OLSRb(OLSR-buffer-aware)x= 7] OLSR Z 2 E-Z9] Topology Control(TC) WA Z] -
28 sl 54 W3 18 ARE 2o Aol W 5 UES A el A4 e
gl T8 EZo|t}. OLSRb: 7]& OLSRT} 5Y3t Hello WA A %9} MPR A&} &112]&S AFRS
, TC HA[A]o] ¥ JHE ZFsto] Ao 40w 2heg 7|HF 54l SEA 015 AAT.

1) TC HIAX| X 23
712 OLSRQ] TC HA|A]&= MPR =7} 7|8 02 A5, 24413 A A% MPR Selector 3t
T}, OLSRb= F712 $41 ==9] 441 W3 718K (buffer availability) BEE Edolo] QI =&
ol Y ARE TMOR TH AR NS ST 5 ArHTable 2), Y EL HolE )

ok
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HeY wE Yo AR T4E 5 900, B AP vE 18T 2% BHIR U 2
e AREITH0~25% ¢ 1, 26~50% : 2, 51~75% : 3, 76~100% : 4).

(Table 2) OLSRb Topology control (TC) message structure

0 1 2 3
01234567890123456789012345678901
Packet Length Packet Sequence Number
Message Type Vtime Message Size

Originator Address

Hop
Count

ANSN Reserved
Advertised Neighbor Main Address
Node Buffer Level
Advertised Neighbor Main Address
Node Buffer Level

Time To Live Message Sequence Number

2) TC HAIX| &4 ¢712|5

OLSRbOJA] TC HAIA] &4l dig]E&2 Figure 31} At 7|2F0g 7]&9 TC AF F7]

(TC_INTERVAL)ol| e} TC HAIAE F718 0= AEstH, tha Zi F s 5 ﬂfﬂ TC
HAIA S AB/dste] MEgt

e TC_INTERVALo] A3t HL

* Advertised Neighbor Seto] H3}7} @At 49

o A B A WEE Q5] Buffer Levelo] ¥HAE AL
o TH golEo| W3t HAgS HS

r°|'

i
ox
i}

27

3) 25% T FES W AHE @Hoz BERel] gt
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START

3

Y

Has
TC_INTERVAL
passed? Yes

Y

Has the
advertised neighbor
set changed due to

Yes
buffer level

No

Y

Has the
advertised neighbor
set changed due to
MPR change?

\ 4

Generate and send
TC message

Has routing table changed?

| N —

A 4
0

Reset
TC_INTERVAL

| N —

(Figure 3) Flowchart of OLSRb topology control
message transmission algorithm

3) TC MAIX|] =41 LE|F

OLSRbOJIA TC HA| RS == 0

ro ¥y 7188 Ag AA Ao Hhdsle] Ty =T Z Ao|A Y2 3} AT
TC HAA] 441 B} ofafel 7},

SR B Figwe 49] B3] ujet 299 Hlo 22 A oY)
A
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Receive
TC message

Is the sequence number
a duplicate?

Drop message

o L AEAHE FE HAR ofn| AFH TC |
AR ]

* 2. Topology HX 7§41 TC WA|A]Y] o]%
B feonlin

* 3. AR WG AL 4 92 EE W TR
< IEsto] F& vlg9 ﬂ.m

* 4 AR A4 A4t Az HEZ 7IHe R 2
o8 Azo] 47

o 5. %eH HPolE BAl 7|E BERG F1 &
oA ek Ar7t 24T A, 2ed H

v olE& YguolE
oy
Calculate routing

costs with buffer level

Update topaology
information.

-
v
o

Calculate route

I
v

Update routing table
Y

END

L]

{Figure 4) Flowchart of OLSRb topology control message reception algorithm

3.2 54 #H SEA

Figure 5= &40 7|9 SEA 0] 7]50] Z-5ote AA dajoltt. od 552 49 AlS o2 EE
A= Edgo] tis] $4 W9 &5 FHE 7102 Hy AAE J&ote S FHL
& €k 7 A= o2 Zo] 3 E Tk $41 S Buffer Monitors 41 M3 9] 7HES 7]
Hog ZA4stH, o] ghZ 7o R FAl &4 AHE wadtth ol $Al ¥ o] JHEgE 4l
ol SEA 0l HEIAZ HE 7|vke] AFqtske B, e st
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Buffer Monitor Filtering Packet Filter Routing
Policy Controller Processor
alt /
[ Apply Filtering Rule ]
‘ Tx buffer capacity
V4>
D alt / Tx buffer level = Normal [~ i [Tx buffer capacity <ithresholdynorl
Tx Ring Buffer Set filtering policy: H
None M
Filtering policy info
T buffer level = Minor | [threshold,\,kq-or > Txfbuffer capacity
g Set filtering policy: >thresholdyno]
HTTP Traffic :
Filtering policy info H
Tx buffer level = Major | Set filtering policy: [thresholdcyitical > Txibuffer capacity
7] HTTP, FTP, >ithresholdp.:
. Video call Traffic : Wajor]
Filtering policy info N E
Tx buffer level = Critical Set filtering policy: [T buffer capacity < thresholdc;iticall
> only Voice, IM, |
-+ Control
Filtering policy info
I lj— d

Change
filtering policy

____________________________________________________________________________________________________________________________________________

[ Filtering Packet ] H
Incoming packet from Upper Layer

Apply filtering policy E
to Incoming Packet E

Forward Allowed

Packet to Tx Buffer Forward Allowed

Packet to Tx Buffer

“

Tx Ring Buffer

{Figure 5) Sequence diagram of transmission flow control procedure

£A A 9] sEA o= Y| 7§9] DA (Normal, Minor, Major, Critical)2 -E-E TH(Table 3). ZF &
Al Aol elE AAgk(Thresholdysiner, Thresholdyijor, Thresholdcriea)s 71522 =T, o=
MO (gt AghE WAk 41 Alo]9] dWdS FAISH ] Sl Fxoltt. W o] 25
tH, Filtering Policy Controllerol|4] sfig #@o] St= HEjg HIS AHstHA dct. 9§ E°f, Minor
ZHllA HTTP EHEE A 0= A|3kstal, Major AHjol|A FTP ¥ /453t EfT = HE Y
=, Critical 8= 24, Alof #IAIA], HAA Egnts 58610 YA 25 ApeE o
Zy AAZES Thresholdyiine = 60%, Thresholdyior = 75%, Thresholdcriiea = 90%Z A SIS T A AIE:
I EY gHg AHL2 A Y S5A01Y W gy} nRvA R 7] o)t o] % 4
AZoZRE A2 1zlo] ML= H, Packet Filter= &7 -8 29l W o] we} o 1
79| 51§ o RE Wity BEYS St 5-8F 72 Routing Processors: AA 54 HEE
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AgEo), o) % YEYL Yz ASEC od YA $A A2 TYE Aol Aol A
AL HE £ B L4 AP Qos FA7H 15l

(Table 3) Buffer capacity-level based normalization and buffer-state driven traffic filtering

Range Level Filtering Traffic
Tx buffer capacity < . .
ThresholdCritical = 90% ThresholdCritical Critical Only Voice, IM, Control
ThresholdCritical ) Tx
buffer capacity ) Major HTTP, FTP, Video call
ThresholdMajor = 75% ThresholdMajor
ThresholdMajor ) Tx
buffer capacity ) Minor HTTP
ThresholdMinor = 60% ThresholdMinor
Tx buffer capacity <
ThresholdMinor Normal None

V. AlEFold 44 9 73

AQket 58A0] 719 T8 7FsA3 AaAE BAs] I, DD BN B Bk Al
92 Yo R EeY £20 AL APUT T UBL UA) Aol TFo| Y= 44T
oI B2 F5AE BB, 37 BeY 2 OLSRb 9y ZRES /159 UaNS 3%

w7l WEjE A (Figure 6} (a) C6490 EVKITI} (b) USB NIC 7]¥F D2D 2¥l 2] A, (c) A|
geolg pcr 7Asle] S4o= dATTh ABdolE pck SIP BT AL 9T Jami
Softphone, HTTP, FTP E2%) 442 93] cURLS AMERIT & - 54 B49] 5EA 0] E22 &
Q15}7] 98l AlEd|o]El PCEAE| C6490 EVKIT 0 & HTTP - FTP - SIPS 743 A8 Edfy
3| Hots FAF o= Flsto] ¥ AREE Foli, izl e AsE ]Ittt of

EdYE AR S0 Hy JFeE W31, TEI| dAES SAd

ol tfo
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(Figure 6) Simulation settings
Note. (a) C6490 EVKIT, (b) NIC for Device-to-Device (D2D) modem emulation, (¢) Simulation PC

OLSRb 298 ZZEZ AYL ns-3 YEYI AEFCIHZ S5t 500x500m GGl 150
7H =5 SARH 10m 7HA 02 HjA|stal, o] & FARIE ATt 207 =7} 3Mbpsol| Al A2
0Z1tt} 0.5Mbps® F7HAIAH X[ 18Mbps7HA] 128KB Z7]9] HjZl& AFotes A4t Hh‘i
£ 9ol 5Lt F7ol4 ¥t OLSRIF OLSRbE A-§-5t0] 7t 2034 AES P19 om, A
d B QHERE QIS EF HH =5 574 - ¥l OLSRONA 298 A= A4l Zﬂ%
74E2 gar2]E(shortest path algorithm)S AFEIHF T A0 9loH, £ A& H]& AL, &
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4) Optimized Link State Routing Protocol (OLSR), RFC 3626. https://www.rfc-editor.org/rfc/rfc3626.html
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transmission in flow control simulation
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(Figure 8) Reception flow control performance in simulation
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