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Age of Information in a Cellular Internet of UAVs:
Sensing and Communication Trade-Off Design

Shuhang Zhang™', Graduate Student Member, IEEE, Hongliang Zhang™', Member, IEEE.

Zhu Han", Fellow, IEEE. H. Vincent Poor™, Life Fellow, IEEE.
and Lingyang Song™, Fellow, IEEE

We assume that it takes the UAV t; time slots to sense the
data of a task for once. When the UAV perform video based
data sensing such as precision agriculture [4], the successful
sensing probability satisfies the model introduced in [23]
and [24]. When the UAV performs data sensing for task n’s
i-th update for one time, the successful sensing probability is

ph(t) = e~¢%n (), (2)

where £ is a parameter evaluating the sensing performance.
Note that an unsuccessful data sensing severely delays the
data update at the BS.* Therefore, the UAV may repeatedly
sense the data of a task for multiple times to achieve a higher
successful sensing probability. Let w! be the number of data
sensing for task n’s i-th update, and the successful sensing
probability of this update can be shown as

1




I s A E]

Ip =

B EREAE

. Agentic Al%

—koD In(p)

/B

EB — TTBf]?é

9|9A0 91epdn aup

 sensing
F 3
Ty || Semantic Compression
*
Tyg Transmission
Y
F 3
Tg Semantic Recovery
x
Ty
Control Command
or =
Generation
Tgs
‘r ........................................................
“Command Transmission:
t A J

SEIRITXANIENEERE: BuhiEXIRERE

UAV Operation

Mobile BS Operation

Server Operation

Omission of Time and Energy



B Agentic ABBENTANUEBERS: EHISSErINE

B Case 1: H#shFEui4AER ( =21)

B, T sensng ]
Ty || Semantic Compression
tiz D I I r3 i O
TI — p— = = 3
S fe By =1T5/5 Tus Transmission @ Mobile BS Operation
¥ 2s
Tg Semantic Recovery %
— Ho S
B (Case 2: EIE] Kﬁﬁﬁﬂ&%%ﬁ?%}& C =0) I ¥ %) Server Operation
Tg o)
Control Command
o HEWFREHKERER LALRREES o Generation — _
Tgs | Omission of Time and Energy
Toe = D = - [[Command Transmission | +
peG Bs = PB1BS
Bg log (1+ 53552 ) NI
AT R R R

> RS ARSI TR RERE Rl 2, RUONARSS et S aE Aok, HA HIREA
> PR WAL R R RTHERE AT 2, DR Dy Hl & AR BRIy



) Agentic ABEIITANBNEERS: HEEE

® HfiEE FEoi=FEu+ Eup+ Ep+aFp + (1 —a)FEgs

o AL

min
a.Ly.p.pu.pB

s.1.

Eitot (17)
Ty 4 T+ T +alls + —a)Tay < Ty,
(17a)
q Z qth, (17b)
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Theorem 1 The optimal height is always the minimum allow-
able height:
HI*} = Hmin' (19)

The optimal horizontal coordinates (x7;., y{;) are determined
by the following two cases:
. 2 )2 2 2 T
1) Case 1 (x7 + yr < Dj . — HZi): In this case,
the optimal location is directly above the mobile BS at the

minimum height, which is
U — (0 0 Hnun) (20)
2) Case 2 (1 + UT > D2 — H2. ): In this case, the

max min
optimal locanon is on the horizontal boundary of the service

area, in the direction of the target, which is

D2 —— H?
I{f — (1 _ \/ max Illlll) -, (21)

Vi +yt

D2 ~— H2.
y{_ = yr 1 — \/ max min ’ (22)
\/ I T 1 yT

H{,’ = Hmin- (23)
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Bp log (1 + 1?;{?:)

(26b)
(26¢)

HA p* (pu,ps) = min {max {po, ptn, pa’}, 1, o6}
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0,
1,

if Vo < V7,

otherwise.

ISYENE RERYIW

Algorithm 1 Solving Problem (17) with Optimal Solution

1:
2

B o

Obtain the optimal UAV location L{; using Theorem 1.
Obtain the optimal semantic compression ratio p* (py, pp)
using Theorem 2.
for a € {0,1} do

Solve problem (26) via two-dimensional search.

Store the minimum total energy as V,,.
end for
Compare V|, and V; to determine a* and the corresponding
optimal variables.
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* L. Sun, Z. Zhang, et al, “Agentic AI-RAN Empowering Synergetic Sensing, Communication, Computing, and Control,” submitted.
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