
 

Designing a communication system for disaster relief in the 
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By: Rasmus Liborius Bruun 

MOBILE AD-HOC NETWORK PER-
FORMANCE ASSESSMENT BASED 
ON SIMULATION WITH SCENARIO 
SPECIFIC PROPAGATION AND 
MULTI-LINK MODELLING 
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 𝑃𝐿𝑑𝑒𝑡𝑒𝑟𝑚(𝑑):

 𝑃𝐿𝑠𝑙𝑜𝑤:

 𝑃𝐿𝑓𝑎𝑠𝑡: 

𝑃𝐿

𝑃𝐿𝑑𝐵 = 𝑃𝐿𝑑𝑒𝑡𝑒𝑟𝑚,𝑑𝐵(𝑑) + 𝑃𝐿𝑠𝑙𝑜𝑤,𝑑𝐵 + 𝑃𝐿𝑓𝑎𝑠𝑡,𝑑𝐵 (1)

(1)



(1)

 

𝑃𝑡

𝑃𝑟 𝜆 𝑑

𝑃𝑟
𝑃𝑡
= 𝐷𝑡𝐷𝑟 (

𝜆

4𝜋𝑑
)
2

(2)

𝐷𝑡 𝐷𝑟

𝑃𝐿𝑑𝐵 = 10 log10 (
𝑃𝑡
𝑃𝑟
) (3)

𝑃𝐿𝑓𝑠 𝐴

ℎ𝑀𝑆 ℎ𝐵𝑆 𝐾𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛

𝑃𝐿𝑂𝑘𝑢𝑚𝑢𝑟𝑎,𝑑𝐵 = 𝑃𝐿𝑓𝑠 + 𝐴 − ℎ𝑀𝑆 − ℎ𝐵𝑆 +∑𝐾𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 (4)

𝑃𝐿 ∝ (𝑑)𝛾  ⇔ 𝑃𝐿𝑑𝐵 ∝ γ log10 𝑑 (5)

𝛾

𝜸



 

 

𝑑𝐵 𝑃𝐿𝑠𝑙𝑜𝑤,𝑑𝐵

𝜎𝑆,𝑑𝐵
2

𝑃𝐿𝑠𝑙𝑜𝑤,𝑑𝐵 ∽ 𝒩(0, 𝜎𝑆,𝑑𝐵
2 ) (6)

5 12

, 𝝈𝑺,𝒅𝑩 [𝒅𝑩]

 



𝑝𝑅𝑎𝑦𝑙𝑒𝑖𝑔ℎ(𝑥) = {

𝑥

𝜎2
𝑒𝑥𝑝 (−

𝑥2

𝜎2
)

0                        

 𝑥 ≥ 0
𝑥 < 0

 (7)

 

𝜎𝑆,𝑑𝐵 > 6𝑑𝐵

𝑃𝐿𝑑𝐵 = 𝑃𝐿𝑑𝑒𝑡𝑒𝑟𝑚,𝑑𝐵(𝑑) + 𝑃𝐿𝑓𝑎𝑑𝑖𝑛𝑔,𝑑𝐵 (8)

 



 

 

{𝑋𝑃𝐿}

𝑋𝑃𝐿(0)

𝑅(𝑘)

𝑅(𝑘) =
𝐸((𝑋(𝑡) − 𝜇)(𝑋(𝑡 + 𝑘) − 𝜇))

𝜎2
(9)

𝜇 𝜎2 {𝑋𝑃𝐿}

𝑅(𝑘) = 𝜎2𝜙|𝑘| (10)

𝜙 = 𝜀𝐷

𝑣𝑇
𝐷 (11)

𝜎2 𝜀 𝐷 𝑣

𝑇

𝜀 ≤ 1

0.5



𝑤(𝑡)

𝑦(𝑡) = 𝜙𝑦(𝑡 − 1) + 𝑤(𝑡) (12)

𝑅𝑦(𝑘) =
𝜎𝑤
2

1 − 𝜙2
𝜙|𝑘| (13)

𝜎𝑤
2 = (1 − 𝜙2)𝜎2

𝑅(𝑑𝑡 , 𝑑𝑟) = 𝑒
− 
|𝑑𝑡|+|𝑑𝑟|
𝑑𝑐𝑜𝑟𝑟

ln(2)
(14)

𝑑𝑐𝑜𝑟𝑟

20m

 

{𝑋}

{𝑌}

𝜌𝑋,𝑌 =
𝐸((𝑋 − 𝜇𝑋)(𝑌 − 𝜇𝑌))

𝜎𝑋𝜎𝑌
(15)



 

𝑠

0

𝑠





 



 

 



 

 

 

 

 

−99 𝑑𝐵𝑚

−15 𝑑𝐵𝑚

26 𝑑𝐵𝑚

2 𝑑𝐵𝑖

±2.5 𝑑𝐵



𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 [𝑚] = 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝐻𝑒𝑖𝑔ℎ𝑡[𝑓𝑙𝑜𝑜𝑟𝑠] + 5 (16)



 

 

 



𝑑𝐵𝑚

[−128; 127] −15dBm

−99dBm

 

[−15,−90]



 

 

𝛾

RSSIdBm = −10γ log10(𝑑) + c (17)

(17) 𝑑 𝑅𝑆𝑆𝐼𝑑𝐵𝑚

𝑐 1m

log10(meters)

𝛾 = 3.2 𝑐 = 0.4

𝛾 = 5.5, 𝑐 = 44.8



𝑐

26dBm

(2) 32.44dB 1m 1m

𝑐 = 26dBm− 32.44dB = −6dBm

𝜎𝐿𝑆 = 10.9dB 𝜎𝑇𝐿𝑆 = 14.2dB



 

 

1/20𝐻𝑧 

20m

40,000

𝑋 𝑌

𝑋 𝑌

𝑋 𝑌

𝜌𝑋,𝑌 =
𝑐𝑜𝑣(𝑋, 𝑌)

𝜎𝑋𝜎𝑌
=
𝐸[(𝑋 − 𝜇𝑋)(𝑌 − 𝜇𝑌)]

𝜎𝑋𝜎𝑌
(18)

𝜎 𝜇

10°



𝑟𝑚𝑠𝑝𝑜𝑙𝑦 =

0.09 𝑟𝑚𝑠𝑒𝑥𝑝 = 0.05

𝑖 𝑗

𝑟𝑖,𝑗(𝜃) = 0.595𝑒
−0.064𝜃 + 0.092 (19)



 

 

 
𝑁 𝐋

𝑙′𝑖,𝑗 = 𝑙′𝑗,𝑖 | 𝑖, 𝑗 = {0,1,… ,𝑁} (20)

𝑑𝐵 𝑖 𝑗

𝑙′𝑖,𝑖 = 0

𝑁 × 𝑁

𝒍 = [𝑙′1,1 𝑙′1,3… 𝑙′1,𝑁 𝑙′2,3 𝑙′2,4… 𝑙′2,𝑁… 𝑙′𝑁−1,𝑁]
𝑇

𝒍

𝒍

𝑙𝑒𝑛𝑔𝑡ℎ(𝒍) = ∑ 𝑖

𝑘=𝑁−1

𝑖=1

=
𝑁(𝑁 + 1)

2
(21)

(8)

𝒍 = 𝒍𝑑 + 𝒍𝑓𝑎𝑑𝑖𝑛𝑔 (22)

𝒍𝑑 (17)

𝑙𝑑,𝑖,𝑗 =−55 log10(𝑑𝑖,𝑗) + 44.8 (23)

𝑑𝑖,𝑗 𝑖 𝑗

𝒍𝑓𝑎𝑑𝑖𝑛𝑔

𝒍𝐟𝐚𝐝𝐢𝐧𝐠 ∼ 𝑁(𝟎, 𝚺)

𝐂

𝐂 = {
𝑟𝑖,𝑗(𝜃𝑖,𝑗) 𝑖𝑓 𝑖 ≠ 𝑗𝑎𝑛𝑑 𝑐𝑜𝑚𝑚𝑜𝑛𝑁𝑜𝑑𝑒(𝑖, 𝑗)

1 𝑖𝑓 𝑖 = 𝑗
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(24)



𝜃𝑖,𝑗 𝑖 𝑗 𝑐𝑜𝑚𝑚𝑜𝑛𝑁𝑜𝑑𝑒(𝑖, 𝑗)

𝑖 𝑗

𝚺 𝚺 = 𝜎2𝐂 𝜎 = 11.4dB

𝐱 = [𝑥1 𝑥2…𝑥𝑁(𝑁+1)
2

]
𝑇

∼ 𝑁(0, 𝜎2𝐈)

𝐐 = 𝑐ℎ𝑜𝑙𝑒𝑠𝑘𝑦(𝚺)

𝒍𝐟𝐚𝐝𝐢𝐧𝐠 = 𝐐𝐱 (25)

𝒍𝒇𝒂𝒅𝒊𝒏𝒈(𝑡) 𝑡

(14) 20m

𝑡 + Δ𝑡 𝜌Δ𝑡 =

𝑟(𝑑𝑡 , 𝑑𝑟) 𝑑𝑡 𝑑𝑟

𝒍𝐟𝐚𝐝𝐢𝐧𝐠(𝑡 + Δ𝑡) = 𝐐(𝑡 + Δ𝑡)𝐱(𝑡 + Δ𝑡)
⏞            
𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛

√1 − 𝜌Δ𝑡 + 𝒍𝐟𝐚𝐝𝐢𝐧𝐠(𝑡)𝜌Δ𝑡
⏞                

𝑡𝑒𝑚𝑝𝑜𝑟𝑎𝑙 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛

(26)

 

 𝑂(𝑘3)

𝑘

𝒍

𝑁

𝑂((𝑁2)3) = 𝑂(𝑁6)



 

 

 

 

(23)

 

 

(14)

 

(19)

(23)

11.4dB



 



 

1 040 97% 300m

−90dBm

~35 000

16 600

200m



F.



 



 

 

(19)

(19) 𝑟𝑖,𝑗(𝜃) = 0.595𝑒
−0.064𝜃 + 0.092

𝑟𝑖,𝑗(𝜃) = 0



 

• 

−99dBm

• 

−99dBm

432.6m

• 

𝐶𝐹𝑃 =
𝑟𝑒𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑠 𝑤𝑖𝑡ℎ 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑠
 

• 

• 

𝑛

𝑛/2

 



d d 

1m

𝑠 = 1m

d d 



 

d = 432.6m

𝜃

d = 576.8m



𝜃

d = 432.6m

 



 

v1 v2

d

d

|v3|

|v3|/|v1|



1m



 

 

10000 2000

 

0.5 0.7

50%

10%

0.06AMLL ≈ 25m

50m



20% 50%

• 

• 



 

 



253m 10m

260m 50m 300m

1m



 

113m ≈
1

4
AMLL

 

 



 

 

 

 

 

 

 

 

• 

• 



 

• 

250m 5km/h

3min

• 

• 

• 



 



 

• 

• 



 



 

 

 

 

 



 
 



 





 

 



 

 



 

 

𝑦(𝑡) = 𝜙𝑦(𝑡 − 1) + 𝑒(𝑡) 

𝑦(𝑡) = ∑𝜙𝑘𝑒(𝑡 − 𝑘)

∞

𝑘=0

𝑒(𝑡) 𝜙 ≤ 1

𝑟𝑦(𝑘) = 𝐸[𝑦(𝑡)𝑦(𝑡 + 𝑘)]

= 𝐸[𝑦(𝑡)(𝜙𝑦(𝑡 − 1 + 𝑘) + 𝑒(𝑡 + 𝑘))]

= 𝐸[𝑦(𝑡)𝜙𝑦(𝑡 − 1 + 𝑘) + 𝑦(𝑡)𝑒(𝑡 + 𝑘)]

= 𝜙𝐸[𝑦(𝑡)𝑦(𝑡 − 1 + 𝑘)] + 𝐸[𝑦(𝑡)𝑒(𝑡 + 𝑘)]

𝐸[𝑦(𝑡)𝑒(𝑡 + 𝑘)] 𝑦(𝑡) 𝑒(𝑡)

𝑒(𝑡 + 𝑘), 𝑘 ≥ 1 𝐸[𝑦(𝑡)𝑒(𝑡 + 𝑘)] = 𝐸[𝑦(𝑡)]𝐸[𝑒(𝑡 + 𝑘)] = 0

𝑟𝑦(𝑘) = 𝜙𝐸[𝑦(𝑡)𝑦(𝑡 − 1 + 𝑘)]

𝑟𝑦(𝑘) = 𝜙𝑟𝑦(𝑘 − 1)

𝑟𝑦(0) = ∑∑𝜙𝑘𝜙𝑙𝐸[𝑒(𝑡 − 𝑘)𝑒(𝑡 − 𝑙)]

∞

𝑙=0

∞

𝑘=0

𝑘 ≠ 𝑙 𝑘 = 𝑙

𝑟𝑦(0) = ∑𝜙𝑘𝜙𝑘𝐸[𝑒(𝑡 − 𝑘)𝑒(𝑡 − 𝑘)]

∞

𝑘=0

𝑟𝑦(0) = ∑𝜙2𝑘𝐸[𝑒(𝑡 − 𝑘)𝑒(𝑡 − 𝑘)]

∞

𝑘=0

𝑟𝑦(0) = ∑𝜙2𝑘𝐸[𝑒(𝑡)2] =

∞

𝑘=0

∑(𝜎𝑒
2 + 𝜇𝑒

2)𝜙2𝑘
∞

𝑘=0



𝑟𝑦(0) = 𝜎𝑒
2∑𝜙2𝑘 =

𝜎𝑒
2

1 − 𝜙2

∞

𝑘=0

∑ 𝑐𝑟𝑘∞
𝑘=0 =

𝑐

1−𝑟
|𝑟| < 1 𝑐 = 𝜎𝑒

2

𝑟 = 𝜙2 𝑘 ≥ 0  

𝑟𝑦(𝑘) = 𝜙
𝑘𝑟𝑦(0) = 𝜙

𝑘
𝜎𝑒
2

1 − 𝜙2

𝑘

𝑟𝑒(𝑘) = 𝑟𝑒(−𝑘)

𝑟𝑦(𝑘) =
𝜎𝑒
2

1 − 𝜙2
𝜙|𝑘|

 



 

 

• 

• [1,65563]

• 1624

• 

[−90,90]

• 

• 

• 

[−1,−128]



• 

 


