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ABSTRACT

Mobile ad hoc networks (MANETS) are self-organized dynamic networks populated by mobile nodes. This paper
presents the improved cross-layer approach to complement the recent works for video transmission services on
MANET. We use a statistical design of experiment and analysis in order to investigate interactions between major
factors of each layer effectively with minimizing ns-3 simulation run time. The proposed cross-layer approach
considers MANET protocol layers (i.e., physical, network and transmission layers) and an application layer (i.e., a
video encoder) as factors simultaneously. In addition, the approach defines an objective video quality metric as a
response variable. The result of this paper can be applicable as a preliminary research to design an optimized video
transmission application which has ability to adjust controllable factors to dynamic uncontrollable factors.
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Table 1. Simulation environmental parameters

MANETOIA H|C|R

Parameters Description and value

Warm-up 30 sec.,

Simulation time . .
video transmission 10 sec.

Network region | Rectangle area of 700 m X700 m

Node mobility model| RandomWalk2dMobilityModel

Sender and receiver
nodes position

sender (50, 50),
receiver (650, 650)

WiFi standard IEEE 802.11b

Mac protocol OLSR
Transmission
protocol and UDP, 1KB
packet size
77777777777777777 Objective A
quality metric
Original Distorted
video.yuv video.yuv

Encoding
Process

Decoding
Process

A4
Encoded Transmitted
video.mp4 video.mp4
A
o NS-3
Simulation

A

Experimental
design

Fig. 1. Simulation procedure of video transmission in
MANET
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Fig. 2. First frame of each raw video (a) Akiyo.yuv and

(b) Hall.yuv
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Fig. 3. First frame of each tested video (a) Akiyo.yuv and
(b) Hall.yuv
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Table 2. Factors of MANET simulation Table 3. VIF Metric of MANET simulation
Factors Levels Controllable protocol Run Score Run Score Run Score
0 1 layer 1 0.2106 23 0.3440 45 0.1360
ﬂNibI};mee; of | & | 70 o physical 2 | 04455 | 24 | 03858 | 46 | 03459
mobrle nodes 3 0.3535 25 | 0.1316 | 47 0.4262
sn: average
. . 4 0.1889 26 | 03966 | 48 0.5330
speed of mobile | 4 m/s | 8 m/s no physical
nodes 5 0.2216 27 | 0.1281 49 0.1317
tp: transmission | ||| 6 0.4881 28 | 01794 | 50 0.4416
power of mobile di3 di3 yes physical 7 0.3858 29 0.2514 51 0.4717
nodes 8 0.2859 30 | 03772 | 52 0.3792
hi: hello message . 9 0.3456 31 0.2311 53 0.2246
. 1 sec. |5 sec. yes routing
interval 10 | 0.5357 32 | 02934 | 54 0.5007
t“tt‘ipf)li’gy | | 100% | 300% | nested in hi | routing 11 | 03528 | 33 | 03970 | 55 | 0.4609
cbf"f"t n fﬂfi 12 | 03540 | 34 | 03771 | 36 0.2979
ps:farget BT q | 96 o 13 | 00517 | 35 | 03747 | 57 | 02213
rate of video Kbos | kbps yes application
encoding p p 14 | 04564 36 | 03503 | 58 0.4128
. 15 | 0.4620 37 | 04859 | 59 0.3007
gop: group of Lo
pictures 151 30 yes |application 16 | 03556 | 38 | 03724 | 60 | 02023
video: 17 | 02424 39 | 02848 | 6l 0.2072
. modera —
complexity of | low te no application 18 0.2815 40 0.4590 62 0.5646
video encoding 19 | 02893 41 04352 | 63 0.3229
20 | 0.5484 42 | 03981 64 0.2418
AlEdlold Igo A= nNe} sn, tp, hi, ti QRS =5 21 0.3912 43 | 0399
22 | 02829 44 | 05527
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Table 4. Results of analysis of variance

Factor | Df S;;n Mse:n F value| Pr(>F) g(l)ie
nN 1 | 0.107 | 0.107 | 39.831|2.67E-07| ***
sp 1 | 0.003 | 0.003 1.101| 0.301
tp 1 | 0.001 | 0.001 0.517| 0.477
hi 1 | 0.009 | 0.009 | 3.296| 0.078 .
bps 1 | 0.033 | 0.033 | 12.479| 0.001 **
gop 1 | 0.011 | 0.011 4.044| 0.052 .

video 1 | 0.191 | 0.191 | 71.471|4.51E-10| ***

nN:sp 1 | 0.103 | 0.103 | 38.652|3.57E-07| ***

nN:hi 1 | 0.015|0.015| 5.612| 0.0233 *

nN:gop 1 | 0.030 | 0.030 | 11.029| 0.002 *x

nN:video| 1 | 0.004 | 0.004 1.588] 0.216

sp:hi 1 | 0.001 | 0.001 0.515| 0.478

sp:gop 1 | 0.006 | 0.006 | 2.324| 0.136
tp:hi 1 | 0.004 | 0.004 1.337| 0.255

tp:gop | 1 | 0.007 [ 0.007 | 2.579] 0.117

tp:video | 1 | 0.005 | 0.005 1.790| 0.189
hi:ti 2 | 0.088 | 0.044 | 16.449|8.43E-06| ***

hi:gop 1 | 0.002 | 0.002 | 0.909| 0.347

hi:video | 1 | 0.016 | 0.016 | 6.107| 0.018 *

bps:gop | 1 | 0.005 | 0.005 | 1.843| 0.183

sp:hizti | 2 | 0.092 | 0.046 | 17.145|5.88E-06| ***

tp:hi:ti 2 | 0.041 | 0.020 | 7.574| 0.002 *x

gop:hicti | 2 | 0.018 | 0.009 | 3.309| 0.048 *

Residuals| 36 | 0.096 | 0.003

Sig. codes: 0 “**** (0.001 “*** 0.01 “** 0.05 <> 0.1 “ 1
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Table 5. Estimation for model coefficients

MANETO|M HIC|R ®& &

Factor Estimate ESrt rdo'r t value| Pr(>[t)) (?clfie
(Intercept) | 0.3431 | 0.0065 | 53.058] < 2e-16 | ***
nN1 0.0408 | 0.0065 | 6.311|2.67E-07| ***
spl 0.0068 | 0.0065 | 1.049| 0.3011
tpl 0.0046 | 0.0065 | 0.719| 0.4768
hil -0.0117 | 0.0065 | -1.815| 0.0778 .
bps1 0.0228 |0.0065 | 3.533| 0.0011 *x
gopl -0.0130 | 0.0065 | -2.011| 0.0519

videol -0.0547 | 0.0065 | -8.454|4.51E-10| ***

nN1:spl -0.0402 | 0.0065 | -6.217|3.57E-07 | ***

nN1:hil 0.0153 | 0.0065 | 2.369| 0.0233 *

nNIl:gopl | 0.0215 | 0.0065 | 3.321| 0.0021 ok

nNI1:videol |-0.0081 | 0.0065 | -1.26| 0.2158

spl:hil -0.0046 | 0.0065 | -0.717| 0.4778

spl:gopl | 0.0099 |0.0065| 1.525] 0.1361

tpl:hil -0.0075 | 0.0065 | -1.156| 0.2552

tpl:gopl -0.0104 | 0.0065 | -1.606| 0.1170

tpl:videol | -0.0087 | 0.0065 | -1.338| 0.1893

hi0:til -0.0002 | 0.0091 | -0.026| 0.9798

hil:til -0.0525 | 0.0091 | -5.736|1.57E-06| ***

hil:gopl -0.0062 | 0.0065 | -0.954| 0.3466

hil:videol | 0.0160 | 0.0065 | 2.471| 0.0183 *

bpsl:gopl | -0.0088 | 0.0065 | -1.357| 0.1831

spl:hiO:til | 0.0311 | 0.0091 | 3.404| 0.0016 ok

spl:hil:til | -0.0436 | 0.0091 | -4.765| 0.0000 | ***

tpl:hiO:til | -0.0057 | 0.0091 | -0.629| 0.5336

tpl:hil:til | 0.0351 | 0.0091 | 3.841| 0.0005 ok

hi0:gopl:til | 0.0135 | 0.0091 | 1.476| 0.1486

hil:gopl:til | 0.0193 | 0.0091 | 2.107| 0.0422 *

Sig. codes: 0 “***’ (.001 “*** 0.01 “** 0.05 > 0.1 <’ 1
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