o2
|4

L
T

A=
0%
&
&
x
D4
fisd
gt
oy
X

FRid A ENTERFES

PRRAP AL F L L2 Y
// ‘\
A Condltlon-Based Generatar for Real-Time

'__-

Mult1-Spec1ﬁcat10n Phaseﬁlstrlbutlon Generation

in Reconﬁgu\*@ble Inte&lgent Surfaces
/o N\

;fp Wy Pl Ap L

PEIAR -fp-1t7 & & F



TAO R U R A Sl BT 2 iR A R ST A R B Y Bl
P iR ARG 02 p At B AR PUEGER RIS L& s
Tlms M AP R - ] 43R IRGEN P g S K o R AT Y - o
g e ¥k A BRI St B AT ¢ ok o r s T B AT R T
CEANAES Y s s S

fprs LY R RE RS A gma ik ALY FaAPD

I{J’_ 6G ,:’—jqb ]E“‘—Léﬂ 'D&F;T]VF)&%‘W ) xi_; i—]-pi %E}ri\: E'JSL}-'TP‘—'E& aa’%
B s B o S R

/ i

]
L e AT ok e o

EWHEATES G~ 33 WIS R R T 2R
L .
iﬁi%%ﬁ%i’f”ﬁéérufwmﬁuoafzﬁarf%%;@a
| i
o e AB7 20 2 6G '1;\3RIS rffﬂ*rlf"f 3 5\?{; e AR Y X
g 7 }PL\/EW#@ @"i; 'gz\ 5‘_4',_1? \i\\’&r{i’ﬁ’é odﬂ j\g*}w}%}fiﬁé‘f
Lo FARRRE DA ii;{ﬁéf%; J’fsﬂ@\‘i\ﬁ ok glEs 0 4 R R FA

- Azt s R F 47 Apex F A 4 o

YR FipEsae R F CH G2 AY O AL ET HAT
FRENE LMY oL KRB 6G LY TAnEs Y o - 4o fFi
PRl ] laEhos aB RIS 377 ke L3 BB x5

SRR T B g - AsdT Apex A LA B E A DRSS (8L B 0 2

P
@
AN

hr
i)

BRMIEF 2B EBR LT AR R T F L - 4od g
AT B B BEEA - AR FF AT RSk S o B
FRME G AT ARG BARE BB ARy A0 - R D

PRTRANGAFR HF o REEHAY ABIMBERT T Bug T (5 hfles

i



EALFRHA PR P B HE FET L ﬁﬁ;ﬁ_‘\_}g]‘ﬁ o ke
B ARTE R T RBA O SRR R e Lk o

BERES HL B &7 v d 4 0% > 7 3 i g

Ao

B AS R P L e R WA FARE O 3F 5 M A 2
““i‘im; .E';;“Ef‘:\'ﬁ'\mﬁﬁ_lgﬁw s J"E'f']i?ﬁ: .

SR A R A S BT AT S

=" o - b .
. K2 e
\.I o _'/I-"'-_'_' | by . Il."f
._".. I.- i - /J.l
e
Yo e "/
.l ;’{' ) \\ |

ii



&

Ahe BT B ESTR (6G) REHT EHAEG (RIS) “Hk 42 T

+n\

Pt i SRR A AT R - RAMEENA RS F 2 RRE =R
o L5544 2 B (Condition-Based Generator) » # 3t rpF4 & L £ ® - &
BRAP2Z DB fpisF o AT U 64 B F B4 2 & 175 0l 2 B8 n%]% )
Tor ey o R R4 (FILM) - # 8 - 3@ st e - 2 &
N AR Al N S ) R s E x’ﬁ;{g LOSUPR TG E IR A B R AR E AT

RG] o APIPURARY 0 MY ML F]F AN ST i A S 1
Gumbel-Sigmoid & * #4]5 & 1T HIFE B D32 R4 > PR ET A MAE 2

AP I PLL o R D e LR ] Lbit B0 TRz 4
Gk ko ddBpd RS :/ﬂ\ﬁé‘%‘d‘:\ﬁ TR VA SRR E RS ]
R S MLATRAR A ﬁﬁ i P ”Lrﬁré’y\ ‘}Tsm(?i??;" %“fﬁ HIw o AFEY R

Eﬂ-“‘ S i .-'-

@Nﬂ+2**AmWHﬁS @wﬁiﬁﬁ*ﬂﬁ“v#ﬁﬂW%Abwmm

Jetson AGX Orin if % & & # ] g ?]_ﬁ “Fﬂé?:fi’ﬁnb cFHREEET 0 MY
Il".

R S (R I RS 5 ,ﬁu‘i\ "FQ*P BIL G2 L a4 o
{,{;f,

EY AT S s ki R T3 x«z%*“ *%*’Im ARk ke & B

A ENEP RN TERELTE I ANRES R b2 Rl

P MAET: TEATEG A AT LA RN AR RREY

TR 5T

v



Abstract

To address the requirements of real-time, dynamic, and multi-specification phase
generation imposed by reconfigurable intelligent surfaces (RIS) in sixth-generation (6G)
communication environments, this thesis proposes a deep learning framework based on
a conditional generation approach, termed the Condition-Based Generator, for the real-
time generation of binarized phase distributions across diverse customized angular
specifications. The proposed method takes the combination of incident and reflection
angles as the dynamic input to the model, and incorporates a Feature-wise Linear
Modulation (FiLM) mechanism into the network architecture, enabling a single model
to encode the phase-mapping relationships of a large number of angular specifications

4
within one set of weights, thereby O\J/ﬁne’(f)r)l_lﬂg\the limitation of existing methods that

must be retrained for each 1ndW1dual spec1f1cat10n During training, an array-factor

E"'-. s - .--'_,.-'-

formulation is employed to éonstruct a phym? gu1ded efoss function, and a Gumbel-

r

/
Sigmoid quantization mechams}ﬁ 1s 1ntegrated 1nto a s1ngle -stage end-to-end training

pipeline. Inspired by the pre- codlﬁhgféfon(\:egt at the@@‘giware level, a fixed random mask
N
is superimposed prior to quantlzaﬁon to suppress\?che mirror beam induced by 1-bit
quantization. For high-degree-of-freedom multi-beam scenarios, a heuristic-neural
hybrid training mechanism is further proposed to break through the convergence
bottleneck encountered in the late training stage caused by the vast discrete
specification space. For validation, the generation quality is evaluated using both the
array-factor formulation and Ansys HFSS electromagnetic simulation, and the model is
deployed on an NVIDIA Jetson AGX Orin edge computing device to measure its real-
time inference capability. Experimental results show that the proposed model covers a

wide range of single-beam and multi-beam specifications within a single model and

exhibits strong generalization, sustains millisecond-level inference speed on the edge



device, and yields electromagnetic simulation results that closely match the theoretical
formulation, validating the effectiveness of the proposed method in terms of design

flexibility, real-time capability, and hardware-faithful verification.

Keywords: reconfigurable intelligent surface, real-time phase distribution generation,

condition-based generator, deep learning, real-time inference, edge computing
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Algorithm 3-1: Heuristic-Neural Hybrid Training
Input: angle condition voct01 c of batch size B;

target reflection angles {6‘! 47 } g
conditional generator Gg;
physics layer Physics(+) defined in Eq. (2);
mask-based loss Liotal(+, -) returning batch scalar loss Lphys and per-sample losses £;
current training epoch e and switching threshold FEg;
mutation search steps T'; flip sizes fearly, flate:
guidance loss weight \,; learning rate 7;
RIS array side length N, where ® € {0, 7}V*V.
Output: updated generator parameters 6.
> Stage 1: Model Prediction
1 "I’pred «— GQ(C)
2 Pyreq ¢ Physics(®pred)
Lphys~ epred — LtotaI(Ppredw Ox'ef)
> Stage 2: Greedy Mutation Search (executed without gradient tracking)
(I’best o Qpre(l; zbest o epred
[+ fearly if e < Egy, else flage
fort=1to T do
Qmut = Flip((bbesh f)
Rnut %= PhySiCS(Qmut)
- emut — Ltotal(Rnutw gl'cf)
10 for each sample b with £y, [b] < £Lpest[b] do
i Pest [b} A Qmut[b]
12 ebest[b] = emut[b]

w

© e N e ;s

> Stage 3: Guidance Loss and Weight Update

1 2
13 Lguide S m ”q’pred I q’best”Q
14 Lhybrid &~ Lphys + )\g g Lguide
15 6 < 0 — 1 VgLpybria
16 return 0
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