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A Communication Network Optimization Algorithm
Based on Game Coordination Strategy

CHEN Ruixia' ,HAI Jie' ,PANG Xuemin' , WU Qing’ e’
(1. School of Telecommunications and Intelligent Manufacturing, Zhengzhou Sias University , Zhengzhou 451150, China;
2. School of Computer and Information Engineering, Shanghai Polytechnic University , Shanghai 201209, China)

Abstract; For the issues of information flow congestion and communication congestion in communication
system,a communication network optimization model system based on game coordination strategy algorithm
is proposed. A new algorithm of game coordination strategy is developed ,with calculation model of request
event and response total length designed, thereby constructing a new communication signal regional
coordination model. A redundant information filtering method is proposed for redundant request events and
responses. The multi-channel communication signals in a given area are coordinated and optimized , and the
simulation calculation is completed to compare the communication effect under different coordination
probabilities. From experimental comparison results, the average communication accuracy and
communication speed of the proposed algorithm have been improved by 19.03% and 1. 37 ms respectively
compared with the commonly used Pursuit-evasion game algorithm, and it has stronger anti-interference
ability. This research can provide fundamental methods and data support for emergency treatment, fire
alarm , encrypted transmission , military communication , intensive resource optimization scheduling and other
fields.
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Specific Emitter Identification Based on Metric Learning
and Subdomain Adaptation

ZHOU Feng"? DU Yihang®,ZHAO Yun',QIAO Xiaogiang” ,ZHANG Tao’

(1. School of Electronic and Information Engineering, Nanjing University of Information Science and Technology,

Nanjing 210044 , China;2. The 63rd Research Institute,National University of Defense Technology, Nanjing 210007, China)

Abstract; In order to solve the problem of inconsistent data distribution caused by changes in the
transmission environment in specific emitter identification, which leads to serious degradation in
identification accuracy of network models trained only with a single distribution data set, a method for
specific emitter identification that combines metric learning and subdomain adaptation is proposed. This
method draws on the idea of subdomain adaptation in domain adaptation, applies local maximum mean
difference loss to reduce the differences between the same emitter identification categories under different
distributions , and the metric learning loss based on Euclidean distance and cosine similarity is added to
stabilize the migration effect. Experiments show that after using both the metric learning loss and the
subdomain adaptation method, the target domain recognition accuracy is improved by about 38. 7%
compared with that of the non-transfer method ,and the model has good generalization ability.

Key words : specific emitter identification ; metric learning ; subdomain adaptation ; cosine similarity
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An Intelligent Detection Method of Long-wave Signal
Based on Distributed Small Front Arrays

CHEN Huai'* ,HU Yunpeng',SHEN Zhixiang' , LI Rui’

(1. Institute of Information Systems Engineering, Information Engineering University,

Zhengzhou 450001, China;2. Unit 72221 of PLA, Jinan 250000, China)

Abstract; In consideration of the complex noise characteristics of long-wave, an intelligent joint detection
method for wideband multi-signal is proposed for the scenario in which a distributed miniaturized magnetic
sensing front array is used to receive long-wave signals. The method leverages pre-trained neural networks
using known reference signal samples to learn the potential correlation laws of the distributed received
sample vectors in each dimension during the pre-training phase. After deployment,the network can output
confidence metrics based on the joint probability of input sample vectors, enabling the determination of
whether the current sample contains a target signal and thus yielding detection results. The algorithm can
directly process wideband data and effectively perform spectrum sensing. It achieves near-theoretical
processing gain in detection performance under low signal-to-noise ratio (SNR) and correlated noise
conditions, with a detection rate exceeding 80% . Furthermore,the method is validated using actual long-
wave signal data collected by the ultra-short baseline electromagnetic detection array ( Mini-array by
Chinese Academy of Sciences, CASMA ) ,which is deployed in Inner Mongolia Autonomous Region by the
Institute of Space Information Innovation, Chinese Academy of Sciences. The performance test results
further confirm the effectiveness of the proposed method. This method is not only applicable to long-wave
signals, but also to other signal blind detections with reference signal, for achieving better detection
performance under such blind environmental conditions as channel parameter unknown or weak signals.

Key words: distributed miniaturized front arrays ;long-wave signal detection ;correlated noise ;neural network
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A Design Method of Anti-sorting Chaotic Modulation PRI
Based on Arnold Mapping

LIU Guangxia',LI Qi',HAN Zhuangzhi’, WEI Yingzhen' , YANG Yanduan'
(1. School of Electronic and Information Engineering, Hebei University of Technology, Tianjin 300401, China;
2. Department of Electronic and Optical Engineering, Army Engineering University Shijiazhuang Campus,
Shijiazhuang 050003, China)

Abstract; From the point of view of active anti-reconnaissance, in order to improve the anti-sorting
performance of radar signal in the face of electronic warfare reconnaissance,a method of adding jamming
pulses before signal pulse sequence is proposed in the form of pulse repetition interval (PRI). The signal
pulse sequence adopts the form of group uneven PRI, and the splicing jamming pulse is an improved two-
dimensional chaotic binarization sequence based on Arnold mapping. The chaotic sequence has good
security and randomness, improves the difficulty of sorting, and destroys the statistical property of sorting
algorithm to radar signal PRI. Through the simulation experiment of CDIF,SDIF and PRI transformation
algorithms ,and the comparison without adding splicing jamming pulse, the proposed method makes the
separation of the three scenes fail ,and the set PRI value can not be separated , and the anti-separation effect
can be achieved.

Key words: radar signal anti-sorting; PRI design; splicing jamming pulse; chaotic modulation;
Arnold mapping
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JETF UNet 85K K BLBE MIMO £ 4% CSI R Bk
x| KL, E XN, E OB FTHRE' F OE' AR E P

(1. BN B A BR T2 m) e ke ), S BETY5 5517002, T BRIRHE K2 85 515 B TR0 F K 400065)

H#  E.RJA P an KRBT 4745 38 4k A543 8 ( Channel State Information, CSI) 52 4 4~ 3 L ( Frequency
Division Duplex, FDD) £ X, T i 13 & 413 8 3 204 0 K 4k ) AR do JL RS T 44 R R R HLAL 84 35 m
38K, 46 KB S iy N % i & (Multiple-Input Multiple-Output, MIMO) % %57 5k 7 & K Pe¥k,, 4HaF
SeE A R T — AR TE G A RFEE A 4G CSI RAT M % 25 #) U-shaped Transformer Neural
Network (UTNet) , & s&, % A 5 An iR AL 35 5 3 RIS B 5 R %5 B) F | fg #l fe & 32 ) 3 09 35 4 KA 45
M, RIAF AR I A R 45 . HOR 7 95 75 35 09 K 5% An B 55 69 FF 3% 4 %) 45 N Transformer B2 3z | $2 30
FEMLE Z A 69 £ BRAZ 8, 5, @it CSI R M A A SIS R R HIE R EIESR, §EF
I CSIA55 kg aefo 20 BA, EHBEREN, EREEY FE T UTNet 89 )2 — 4L ¥ 7 3% 2
(Normalized Mean Square Error, NMSE )& T -27.45 dB, 484 TILA A TR E 5 3 897 %, UTNet 5t
FEPRFr T3 b B0 ) B RS T4 00
KEEIF . K AAE MIMO ; CSI B4k iR E 52 3T ; Transformer A3

i e G
FrHRle (RIRARS ) #RIRAD (0SID) ; Snls T 2E02

o SEEELTR
& ZATERRS

FE 225 TN929. 5 XHEARERD A XEHS.1001-893X(2025)03-0371-07
Design of UNet-based CSI Feedback in Massive MIMO System

LIU Qing',LI Yi,LI Lin, WANG Youjun, LI Kang,XIONG Linlin, WANG Ping’

(1. Bijie Power Supply Bureau, Guizhou Power Grid Corporation, Bijie 551700, China;
(2. School of Communication and Information Engineering, Chongqing University of Posts and
Telecommunications , Chongqing 400065 , China)

Abstract: The downlink channel state information ( CSI) obtained from users is the key to efficient
transmission of communication system information under frequency division duplex( FDD) mode. However,
the feedback overhead increases with the antenna scale, which poses significant challenges to massive
multiple-input multiple-output ( MIMO ) systems. To address this issue, a U-shaped Transformer neural
network ( UTNet) structure based on continuous convolution and attention mechanism is proposed for CSI
feedback. First, the encoder and decoder adopt a continuous sampling structure of encoding and
compression synchronization, decoding and reconstruction synchronization,to achieve feature extraction and
compression. Second , Transformer modules are inserted at the end of the encoder and the beginning of the
decoder to extract correlation information between different positions. Finally, the CSI feedback network
parameters are adjusted to achieve control of the length of the transmitted data, aiming to achieve more
intelligent and efficient feedback of CSI signals. The experimental results show that under different
compression ratios, the normalized mean square error (NMSE ) of UTNet is lower than —27. 45 dB,
indicating that UTNet can maintain higher accuracy while having a smaller feedback overhead compared
with existing deep learning-based methods.

Key words : massive MIMO ; CSI feedback ;deep learning ; Transformer module
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0 35l

Ry I A SR B EIK X A B I R R R 1A A
AR AR AT B4 1 T S SRS sl i (5 4
AU IS, B SCRRIE W 24 A 25 i (Multiple-
Input Multiple-Output , MIMO ) 2 Gt 38 1:f 75 2 3l ( Base
Station , BS ) ¥ S B K MU R Lk [ 51 1 $jeA B 22 ) K
2 19 P PBE RS g B PRH i DT R A5 Wb 35 i T 03
TGRS AR O T RSB
Sl AR BOR AT R, KA MIMO 28 58 1 M RE L H
AT R BER L BRI BT T RE T T 2 R
SERIEE 2 B T3 5t DR 0 B R R B 1Y T AT
{51 IR {5 & ( Channel State Information, CSI)
FABFE A Y],

TEA 43 BT ( Frequency Division Duplex, FDD)
BN, FATHERS Y CSI 5 2 P i i R 477
WA IBCRE S 5, (HL R 2 MR A8 15 in 2 5 2 ST A2
e PERNE B R AR TEE T CSI LS
PRPARIGRIE | A 3 7 941 ] 5 D RE R, CST R 5T 4 2%
SRR, PRI, Anfer e AR CST R A5t T 65 1Y ] i
TREFE R CSIES5 MERRME, © o T AR
BFSE M . E R, 76 FDD B3R Y CSI R BT
SR IR TR AR BETT ) R 457 B 0 8 ik
o SR B TR A B CSI st I R it 2 2
JEE S 5t it DR R 0 D g e 3 I, T R 4
TR B A5 7 SEATAEAR T8 1Y T A% i 1 28 7 X LA AR I
T A AR 37 5 i s

WA B TR EE 2 ) MG T 8 C IR S A
A St R CSLE M RE S iR AR T 2 B T
Ko SCHR[8THR Y T 2 T IR EE 7 ) 1 CST K46 /2
15t 48 25 CsiNet, 38 3k 7 &2 206 R4 WA i 4 7 G fi
CIEE I il == WO Wiy X S [ R v D WS S E v |
CST S5 i A2 Mg AR e, nl A 38 48 i CST B At 1Y
FHKSRE , fECIERNE 1, SCHR[9- 11 3@ 2% 2 (51l
A B A DR 5 | A B A R A — D4R T T
ZEVERE (BB SZ Z BEA m , SCIBR[ 12 ] A SRR 13 ]
Bifi J& $2 H 1Y JCNet 2544 1 BesiNet 45 F4) BRAR T AR 71
AR (BAFEPERE AR AY ) R, SRR 14 ] 2 i1
() CRNet Z544 18 38 75 0 22 73 B R S BB e L K A
PO £ )11 5 (7 FH TR B 4% 5% 5 ) 38 B e, TE AR
FHEFPERE 0 [R) I AR R B b AR 1 B 5 e i
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RAATEIZ AL RE T 55 Y Bl S, s PR 24 8, it
S, HAh r R ARSI AP sk B AU R4 T
FgUO A SR 3 NS AR A B AR S T RS
JERBRAE S RGN 45 RO 2408 . BF %t ik
AL, SCk [ 17 -20 ] 22307 G | fff B 25 P B e
J7, SCHR[ 21 ] 38 3 W8I0 52 A5 408 3R B A AR A8 ) 4% 114
PERE , (R A7 ek B B 25 4 25 A 344 155 1 U o4 1K
1) [

g ol U BUA 5 1 B IR ) & 2 i AR
48 e B RS R A | B4 LAY A G R eliz
PR A AR BEARARE R 1) S 24 3 i, AR SRR
—FHE T UNet 25441 Transformer 5122 it % 25 35:
FHCST I 45t M 2% 25 44 UTNet ( U-shaped Transformer
Neural Network) , DAf#IRASIHN ST 4 B SR6 1 12 fb vk
FIF I )R, 2R S SR T S F .

1) REAE B ORI ) 2 G A 285 6, B — ol )
ARG, AR Tl iE 2 N R CSI AR
S B AR IR R 45 [ i R T, T 4% G A5 0 v e A
P48 75 73 FH AT o

2) fii ] Transformer BEHAE A ) 1 4 i 2%, A0
B DLASERY b B At 1 2 TR Ak v AN HE WO A T A
TERE G RZE T, 3 B B i | 23k 1 8 SR
R ML, B2 THAE R (0 45 1 2% A R 7, S B
CSI 155 T BeFl = S5 AL 3L

3) GRS, LS BRI A0y e i
B 8B ) P R DR AR B g ARG B U R X CST A
SR B A R RS R

1 X #H# MIMO-OFDM Z %48 F0 CSI
RIREEM
FF 3R B K LA MIMO-OFDM & 48 S 80X E N
BS ¥ N (>>1) MK R, P (User, UE) YA
N, =1 RBWRL N, AT, 7E5 0 DTH
PeAb Y ZAEFEAF S N
y,=h,vx,+z, (1)
Ry, b, eC e wv,eC e x,eC i z, €
C N SRR S S o0 TR T AT
CSI [t | 004 Ath 1] st % i 50 015 T8 0 e v 2o 1
M s (- )" FORICHIEE BAR IR, TR TR CSI



5 65 &

XIBR, 28 X, 2658, %5 . 55T UNet 254010 KHLIE MIMO R4 CSI R BT

55 3 3

LRI H= [k, by by, by 1" 207, 3
HFER/N T N XN, AL, 8RB MIMO R 45
PERBFE RS H R 7™ A R A8 (R T
T BR IR B SR CSIARRE H #EAT s
Ai IRt Zs BS, RAG R AS M an & 1 Frs . AT
A IR B A 8 R TR, S R O AR
( Discrete Fourier Transform , DFT) | -5 18 %0 1 R 4
H=F_HF" (2)
R F e €N R E, e N S B A R A
IR DFT AR, X T A 2R s 3 4 R H e
C N BRET N, AT R BARKIE SN, AR AT
PR AT AR, PR ] BN B B A 0 R
HILPFARELAGE, ARG, H RN, 47 86
H, 3R iR 2 R4 H Y,

FEIRHR,
!
IEOE
Rx
g AaEH WA | R
3‘5@% H a 2xN., X ]\[}1
A
Ei&iﬁT CSHEE R
Tx
OTCRIEA
P ﬁiil}l‘ o R AR
N 2xXN XN,
HB
AE

B 1 KM MIMO R CSI RIELEH

2 UTNet &4

KELE MIMO RGEH N, K/l BRI
5 RGRTHRIMERREIR I E , 2RV N B EN
Wi N, AR EK , TESEBR RS, N, [EFTREM
JLTBEJLEARS, Bk, B8 H, L HZ/ME 2 A
N, XN, B R/MIBERIE— AR KRR, A T4 &l
kR TR — A TR AE CSL Y H,
2.1 CSI Ri&igit

UTNet ¥ Transformer #H I UNet 54 % 22 T

RFELE G FE M2 A R R ORI e 4 2P Bkl 5
B R PR BE MO B 22 [ £ G 4 ) P4 o2 2 B0 Ak
A E  BAARLHINE 2 Fos,

[

X
(5,2,32,32)

Encoder

——
I:Ij (5,256,1,1)
Transfomer L4
[

Transfomer |«

?P_l (6,256,1,1)
Decoder
hd
(5,2,32,32)

2 UTNet &43

CSI S Bt AN T - 56 7% 21 ffy Sk ) S 3B 46 1S H,
LR 2 B 7R 19 UTNet 1) 2 B4 25 F 45 5 19 40 5
), FEAE I — A RRAE ) ik v R4S BS. v =mx

(UX(N;.X“V.“) )x1

(N,XN,x2) N—4 & Bl v eC . BS

SR v S i UTNet 25 K v 0 0 2546 T g
NH,, FF, @it E SR DFT ¥ H, K N
H, L, 24~ RS 48 iR n] R
v=E(6, ,H,) (3)
H =D(6,,v) (4)
AL EC )R, AR R B N SR 5 25 (1
D - )6, 43 BRI AR A R A A AR R 2
B, MR R B e MEE IR 22, IR
HIH—4E$2 77 1% 2% ( Normalized Mean Square Error,
NMSE ) /& Ry i 2Pl P 45
2.2 YRELESTNRADESMILEH
CsiNet Fl CRNet 54415 C RS2 w] LU 200+ 46 F0
FOAL CST B, e 0 45 25 44 A0 45 I T4 BURF A 15 B
HG B HRT T R AR 1 B9 40 R Y A 0 4 )R
(Full Connection,FC) , 186 X 25 25 44 1 5 5 2 7E
FFAE U B BUH A  HFAE IR LR A
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12x32x32 sz32x32
Conv_Block Conv_Block
2x32x32 ‘2x32x32
FCE FCE
I2048><77 Iz 048x7
| v | o

3 CsiNet #1 CRNet £5#4

SR, FC JESHCRE B TR — )2 B 2T
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5, — 7 T 5 3% 2 4 B AR IBURRAE , 5 — T
I LN R AR 5 AT He 4 A B, LAk e 4>
HERED MRS, 5 CRNet 25 4541 14, UTNet (¥
SER A O B TR S S RRAE, DAL R
R i,

UTNet 1 UE 3 (9 i it & F1 BS i 9 fige i 2% 20
B, A3 I T 84T CSI AR 54 AR %S R R
BEBLEL Down Block Al I RAEEREH Up Block, &5 44 1
Kl 4 Fim, E 4(a) iR, gaitas Rk 5 AT R
R, e 1 A P 0 A [R] Bsf 720 A D/ N BRI PR
g IARAERE 2x32x32 (2 048 ) /NI HRFAIE P i £
B 256x1x 1 K/NRRIBF R T CSI 15 5 B i 1 4%
M5 B b6 5B B A Transformer FEH F— 2 45
MBS L [R] B F A T 4 R T
Gy, HA Transformer fii H 1 BRAE 7] £ v A4
XoF AN [R5 T A i R 7 HE AT 40 T, X 46 SR 4 i L m
(v=256 iKf n=18) X T n=v/(N,xN,x2) #i7E,
RIS 2R 25 F AN 4 (b) Fras, B 552Kk A Transformer
BEH XIS 1 RRAE 1) i AT ROH O RN i 4% | 9%
SRR TRAE 18] B A IR
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______ .
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Transformer e s
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Decoder
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@:1282.2) Up_Block 1 [ BN |
S
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3.1 HREMSHIRE

ACHE 5.3 GHz B ZE NI 5 A 300 MHz 1Y
HHNGEPIRE.  TAE T A, SR CsiNet T
IR RSB E . BS Wil & N, =32 5L
(Uniform Line Array, ULA) , UE ¥iiX & 1 MK
Z(N.=1), X}F FDD &%, Wi N, =1 024,
BN, =32, BAEEEIE COST2100% il BRIN
BAR, 15 7 AL CST I it 504 9 43 U 4
SRR RS 4R 3 B 10 5 A 3 JTN R 2
TAMEEHER

A FELAIIEF PyTorch 284311, YNl Zkid FE Al
I Adam AL A% , 7 > FRBLE N 0. 005, 2831 2k
200 4~ epochs, Sk H L, Loss 134 J5 % 2% ( Mean
Square Error, MSE ) i & 2% Y45 2% , A XA0F

M
L= v 1=l§41

v; (5)

12 P
MSE= 3 | H A, |} (6)
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SUNH A,
3.2 [HEEETAL

3.2.1 NMSE f1E&ESH

UTNet 5 CsiNet, CsiNet+., CRNet ( cosine ) 5% i
A R 453 2 PRESCRI N 5 0 B, DA B8 4 L 3545 I 245 11
FERAEE . EN B, AR BRI X L2 SR an 3k 1
Jiis. MNFR 1 ATAEL FEMIRE U207 2T, UTNet BR
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P H1-27.37 dB 4 5 E -14. 14 dB, CRNet 15 2%
M-26.9 dB 4= Z ~11. 35 dB, M}, UTNet 15 fE
F§-27.45 dB IR MR 25 . iXAEW] T Transformer
TEALERI 3 CSI AR 5 B BA 35 A bt ) B
FHT UTNet £ RRASAR L7 HXT CST 15 5 #E4 7 H#AE
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1 AEEBIE NMSE g 2 E L&

PSS, EIE R UTNet {5 4R R AR B Pk RE ,
NMSE f #4150 -24. 94 dB, it /N T HiA % Ho AR
UTNet 76 25 UM B3R LR I, A8 AL ELG AR %
Mz ALRE ST, RIS e s in) iz .

TR B A ( Floating Point Operations, FLOPs )
FH R A 5 5 0 A2 4% B sl AR o 2 o 48 D 5 A5 78
B R R AR E . S 45 T E NI ER
i85 CSI RURZSHAEAN [ 46 2% T NMSE 1 FLOPs
Z a5 Z . MR 5(a) Fl(b) AJ AT, UTNet 764 R &
AR N IR ARRHRIR I R 2E , H R A4S S &
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A1, CRNet 7E n=1/4 REORFFEAR A H AR 2 | M E
FEAR R B HAR 22 S5 W N2 CsiNet B, 215
F UTNet, RBE— B EEIRE

-8t
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n P — — =y 3 =X 6
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1
— CORNet 5099 -12.71 2103  5.12
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1
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UTNet (ours) 0.99 0.95

CsiNet

1/8
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1/16
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UTNet (ours) 0.98 0.94
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An Artificial Intelligence-generated Text
Recognition and Detection Method
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(1. College of Information Science and Engineering, Hohai University , Changzhou 213200, China;
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3. College of Electronic Engineering, National University of Defense Technology, Hefei 230031, China)

Abstract; To address such issues as academic dishonesty, copyright infringement stemming, privacy
protection and public opinion monitoring from the misuse of artificial intelligence ( AT) -generated texts, an
recognition and detection algorithm based on natural language processing( NLP ) is proposed. This algorithm
initially converts words into vectors using the continuous bag-of-words (CBOW ) model within Word2vec,
and accumulates them into text vectors. It then applies softmax to address their probability distribution,
analyze the fundamental patterns of Al-generated texts with statistical visualization ,and determin the type of
text by using cosine similarity. Next,a support vector machine recursive feature elimination( SVM-RFE) is
used to determine whether the text is generated by Al. For Al-generated texts, the K-nearest neighbor
(KNN) algorithm estimates the extent of Al involvement, further refining the granularity of text detection.
Finally ,simulation experiments show the algorithm’s effectiveness with recognition accuracy of 80% or
above.

Key words : Al-generated text detection; text vector; cosine similarity ; support vector machine (SVM) ; K-
nearest neighbor( KNN) algorithm
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A Model-based Complex Spacecraft Electronic Payloads
System Engineering Technology Method

ZHAO Xiaohu,SUN Jie, WU Huilun, CHAI Lin

(Southwest China Institute of Electronic Technology ,Chengdu 610036, China)

Abstract ; According to the characteristics of new complex aerospace electronic payloads, such as diverse
requirements , multiple functions, new technology applications, and continuous evolution in orbit, a set of
digital system engineering methods is proposed. Through digital requirement decomposition and
management , digital system design, digital collaborative design,and the integration of digital and physical
verification in space and on the ground,this approach covers the entire life cycle of system requirements
analysis, design and development, in — orbit operation, and evolution and upgrade, achieving digital
empowerment throughout the process and effectively enhancing the efficiency and quality of system research
and development. By applying this method in actual engineering projects, the system architecture design
verification time is reduced from the expected three years to several months,the failure rate is lowered by
20% ,and the maintenance time is shorten by 74%.

Key words: spacecraft electronic payloads;complex system;system engineering ; digital collaborative design
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A Mobile Deployment Method for Rocket Launch TT&C
Stations Based on Random Walk in Finite Direction

DONG Hao

(Southwest China Institute of Electronic Technology ,Chengdu 610036, China)

Abstract ; Since it is difficult to quantitatively evaluate the mobile telemetry, tracking and command
(TT&C ) capability of space emergency launch under extreme confrontation conditions, a mobile
deployment method for rocket launch TT&C stations based on random walk in finite direction is proposed.
With the maximum coverage rate of TT&C and the minimum overlap rate between stations as optimal goals,
the random walk direction of a station is limited according to the overlap between multiple mobile stations.
The final deployment scheme of mobile stations is iteratively optimized. Simulation results show that the
proposed method can effectively determine the positions of any number of mobile stations with a given
rocket trajectory, and performs better than the comparison method in terms of coverage rate of TT&C,
overlap rate between stations, acceptance rate of station,etc. When the number of mobile stations is greater
than 5, the coverage rate of TT&C for typical rocket trajectory can reach more than 98% , which can
effectively support space emergency launch compared with the full-section TT&C requirements under
normal launch conditions.

Key words : emergency launch ; TT&C ; mobile deployment ;random walk
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H E.ARGEARZALT, BIHA P REAT A -NRALEEGRM, BAA K ELRT A
AN AR T — R RS FERGBRR, FRER SR T HXERA, A, A 56 NR(New
Radio) #% 30 | P 42 th — A 37 69 ik BAE i+ 7 ik, TVASLIRILA 7 ik 698 b 0 ARG A A @E A P
B RFRFEASFHRE, RmEFAHRZRET AP TS AE, ATREZDA PG
HEAALEAE T PR — A SR B AR TR 00 A5 A AR R A — A et e i s AE O ok
15 AR AR B8R AR R R AR IR T ,90% 69 ik EAE THA M A TR 20 T 2% Eakﬁ%
BRIEET ,90% 6 ik A A E iR 20T 7% . 5IA 7 AR T4t ik ARt 7 ik afok &
BEihM FHEESRFRLA,

KGR .56, SHA S Hrd (MIMO) ;i B AF 3t 5 4% A 4E 3t

g {5 1 4
S R iE R
£ SiEREL ST
R =TT RS
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FRFE ( RIEMRS) #R1283 ( 0SID)

A Novel Speed Estimation Scheme for Mobile
Users in 5G NR Networks

ZHOU Baolong' ,LU Ben', YANG Hongsheng' ,TANG Liang”

(1. Shanghai Jushri Technology Inc. ,Shanghai 201803, China;
2. Shanghai Institute of Microsystem And Information Technology , Chinese Academic of Sciences,Shanghai 200050, China )

Abstract ; Mobile user speed estimation is a challenging issue for cellular communication systems. There are
plenty of literatures addressed on this problem. However, most of existing methods are not applicable due to
some assumptions such as Jakes model etc. In this paper,a novel speed estimation scheme is proposed for
mobile users in 5G new radio systems,which can successfully conquer the defects of the existing solutions.
The proposed scheme basically differentiates user position to obtain mobile speed. However , user positioning
is quite difficult in non-line of sight (NLOS) channels. In order to obtain precise position estimation of a
mobile user,a robust self-synchronous azimuth of departure (RSSAOD) estimation algorithm and a min-max
time advanced(TA) estimation algorithm are proposed. Extensive simulations verify that with the proposed
scheme ,90% of the speed estimations have above 98% correciness in the line of sight( LOS) channel and
93% correctness in the NLOS channel, respectively. Compared with existing methods, the proposed speed
estimation scheme is more robust with respect to noise tolerance and is more suitable for practical systems.

Key words : 5G ; multiple-input multiple-output( MIMO)) ;speed estimation; AOD estimation
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TE 5G NR W45 S S0 - AR 650 24 ] 72
TGHCE AR R R T G R R O AR
T R G2 B A AR 3R H % (Block Error Rate,
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MR B3 50T A TR L BE AAS Bl B AR 4
o PRI, 70 6 il sy £ T F P A% 2 3R 8 A R
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A KA SCERAI S s B A T vk . MR Y
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HL V- 505 AR VA TP 7 28 125 S A7 R B e O
HATRGWIRE T P e AT R B I 7E =
Yt s FAR G RSO RAE2S (] Rl 388 R A
B Jakes #BL X BRI T BTN,

93— E R AR 2 45 18 R BE R R
FhTT RS ShEURE Sk 7 ) AR 52 e v i A2
FEMHERAG T AL S B2, SCHR [ 8 1 X% I 7 kA 1 4k,
SRS R BRIk R . S — IR
SRR OCEE B D Bl 154 B 358 A 300 Y A2 A T A2
1, Wiy D R ekl it 253845 . R D R IER, F
SR ] JAURE R R 2 R — — WS 2 X oy
SFHONIER BB EEAHE, 2B AR R P
T 5 AR 0 B0 R T B B AR A W
FIEA M Z M E I, a0 SR R A
PR, Bt PERRASER R B SR, T 2R AL 5
o3 PR A TR ZE R AR

ARIH 5G NR W25 8% 3l 1T 4 H— g iy
RBEANTTIT % RS 3l P A [ ) 220 B 25 18] o2
EORAGT AL SR R AR SEALURE Y fR7 RN B0,

T

RUE e 5 T AT IRWAE S A5 31 0 P 59 O 62 f
( Azimuth angle of Departure, AOD ) FI fff {7 ff
(Elevation angle of Departure, EOD) }& FH F* 533k 2
[ FE S 1,88 )5 55T AOD (EOD FIFE B [ 715 7
TEARRIBT 2 S IR 2 d, )5 B sh R B8 d R DAXT
LRI ] 22 Ac 452 R Re gl B2 . SR, TP 25 1]
B E AT — PRSP AT 55 R R R
SHEERREIT, S 7 A5 HER 0 00 B A8 S0k
T MR B A E P RE 05 A A
(Robust Self-synchronous AOD algorithm, RSSAOD )
SRR I — Tl 1) I A T3

AICFEC-) ()" ) ()T - o
RN Lokt & 5% EF Frobenius YUK,

1 RGgiEsR

FiE— 2R AZEN - IEZH S EH
( Multiple-Input Multiple-Output Orthogonal Frequency
Division Multiplexing, MIMO-OFDM ) A5 s e 1l v
B M=MM, IRRKL(M, AT RLEE,M, &
ELHRLED) , B P oinAT N RRZ, Ak —k
P BGE N 55T 1, JEub A P 2 8] A To 2 (R 18 2
IS BV ARIE , R A h=[h hy,- k],
St b, IRMA CACO, 1) 0, I 5 2% S IR 4
S UBATES kAT EREBUE SRR T .
ylk]=hlk]s[k]+n[k] (1)
X n[ k] EMEA s[RI EL [s[R] [P]=1,
7E 5G NR R4G¢, ¥ 3 P A e & S 15
B NIRRT y [ ] B S FW s [h] 1%
2 (2) BEATHLHUARRE , SRS 18R, [ k] 4 U A5 5
b [n] AZEN R, [ 0] 50— BB, W2 6
DU AR RS20, B, BN JS iRy [ n ] BE
BSAS S R k], SR RIS 5, AR
SRS( Sounding Reference Signal ) flii1{51H .
b (k] =y[ k] (sLK])” (2)

2 EEMITTRET

JET R[ k] ASCHS 2.1 1 2.2 /N4 S S
AOD(H ¢ &/R) \EOD(FH 6 £/R) MEBIHHPYE
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AR P SR 4, E 1 FTR
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d=+/(Ax)>+(Ay)*+(Az)’ (3)
Ax=1,sin ,cos ¢,=[ sin 0, cos @,
Ay=1,sin 0,sin ¢,~/,sin 6 sin @, (4)
Az=1,cos 6,-l,cos 6,
L. (@,,0,,0) Fl(e,,0,,0,) s HlEBhH P %
AR Z) 25 B E 8% B TP B AR
A ARH
d
Y
K A 2 PSR d 205 ]
MBS AT AT v B @ 0 F L 2R
E . TEMEERM G RG T, B8l P 3 Bk 2 ]
AUFEEY 1 AT LU G R A A R 8 TR 21, X
MMERE W IEAE 3GPP H KA time advanced (TA)
PRI, B sh U o IS THEERCT @ .0 F TA AT
BETORE/ NI TR AN 1T o .0 F1 TA RYTE
2.1 EBRUMEFERSEANANBEITERE
(RSSAOD)
F T AT RLSR A [ B 553 0k A AOD A
EOD, Jy T féifk, AR SCLL AOD Al sk did 51k
2230 AOD Al THFLIE, Jn MUSIC BEyk 2R
ESPRIT 5535 G Z XSS y (k] 19 MxM
e 7 22RO IE R B A0, SR, 7E 5G NR &
Gerh M AER K HL I 64 128, PRI FERFE % & 43
IR T, LU TR 2B RGP AR MESE I,
ML, R 1 3RARE 5 RS RS S TR, T 2
AU Z HMUF S HEA X EOR A Y AOD 7E1F
T WL ] A AR 3 AN S (H 2 25 P A% 3 s L
BRI XA EORARMENG /2 o SCHR[ 16 ] 52 A 22K
LA B 2k 25 I 3 I A T i, SCHRL 17 ] i
LXK LN 111 F27 471 A 165 508 £ B2 A 1R B2, R T e
RGRLIEHN 5 TR IE R FE AR LA X 51,
WX PR 7 5 12 T TE M 38 R 8, RIS R
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g, YA B AOD A8 (R 8 present
AOD algorithm'"*") FIH AOD TRk Ak i1 AOD, Ji
BRUNE .
@™ =argmax p(¢) (6)
Kb EREIE /NI ¢ e (-60°,60°) ;
p(@) & AOD ZA4E
p(¢)=(a(e)) Ra(p) (7)

. . M, -1)a 2
Krfia(p)=[1,e, &M T Ea=7ﬂdhsin ®;
" " IR
AR WK d, %*ﬁ%ﬂi%lﬂf‘rﬁ;R=N*k§1hh(k) .

(R, (k)" SV I7 2256 by = [y by oo
AKFTARTHETE N, 2 T2

IRV LB R R EREE (FTRR LOS 17
)N MR R A, RN, AE R BT AR B BE (R AR
NLOS f5iH) T, Y24 v 5 i KIWEXT B 9 AOD A~
—ER I E S AOD, 4K Z BB T 7 7E
BRI AOD it 2% | i 25 T 3O TE B A 3 B Al 1
{Ho A 728 AOD FIEE FE AL THRG B AR SCH2 H — il
GREMEA AR FEL AR T AOD A 1H 53k (A
PXK RSSAOD fii15545) . RSSAOD fhi 155 42 45
PRy . — R Be/N 3 AOD fliit583: (i FR LsAOD
it AL ) |, B 3 T 5/ — 7€ (Least square ) #fE | >k
it s P AOD; 53 4b—1~ & AOD [RIAP R, B
i LsAOD it 5E e 2RI IR A

LsAOD Al i+ 55 3k iy 6 A JELARUR: . R A — A4
AOD i HH @, KEHiY AOD #i 1 A, 7£ AOD 3
gt 2 s I P B 6 A B AOD Al 4
K (8) Pim
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K i BRI e, B —MMEE/ NS, it
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$B/2 115 AOD B &,
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FER3 R,
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J
s. t.
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K AAoD B HHr AOD # i e, J2— TR/
AL
HB4 Kl I AOD fliiHE
AoD, :AODM«»m (11)
£ AOD Ty gk IR A1 P 52 AOD A U4 11
Rt AR/, BT R R EIE M 4 IR
1 ANTF LB D BOLA B K, Hein, 78 CDL ( Cluster
Delay Line) fFiH J il # W 5, 340, 76 NLOS {718
H, AOD )3 A8 A3 [l L 80K, AR A (8) iy
P e, NESBE , Ak, 11 AOD J&— At
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F1AOD,
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JH AoD, Fll AAoD,, K7, 7 FIHI 24 Hi AOD i3 1%
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AAoD, Xt LsAOD B LA T PEREMR B2, W4 AoD,
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$B2 5 AOD B,
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diff3=| AAoD,—AAoD, |

FE|3  HETFHIRE AAoD, , DR INTE .
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elseif diff2<e;,then AAoD,=(AAoD,+AAoD,)/2
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end

A3, e JB— N HB/ANE, R diffl
diff2 F1 diff3 KT e, , UEEH P A F BB i sl ok
HORAS K HE SR BT iR 1 i AAoD, . BLHET, AOD
T REATT W 0 B T B R AR A PP LR 3 =, b
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AT AAoD, J& 4 FORHES AoD,, ELW L5
S~ AOD i REAS AoDg BEFHAE AoD,, SR T AoD,
K H 24HT AOD A5, nTREIEAG , LT REAS IE A
R T T AoD, BONG B, A SCHE Y initial AOD B3k
(B 3) SRS AoDy o

initial AOD B3 f# FH AT S-1 MEA AoD (s=1,
2,---,8—1) At it AoDg IF i) AOD 3R 3% 5 $2 Tt
AoD, BITERATE, T AOD TR i 40 5 e i I L
52 AOD I ISR AAoD, Fil S—1 PMREA P AT B —
ANBEA R IEH 1, A8 24— 5 BEHE S IE B 19 AoD, .
HARALBRIE WA 3,

initial delaAOD 55.9%: Fll initial AOD %58 1k H
HHEF AAoD, Fll AoD,, GiFRN AOD A2, FEAEL
S MK, R IER VI IR AAoD, A AoD, FiIAEE 5
o AR R B S, fE CDL fRIE H, S
B4, TEEME, BATE AOD [R5 A fie )k 3

LsAOD flid+5%
HB1 {E AOD Ty g R J A ok e
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pR2 IR AoDg
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g5 T LR EE 60 km/h R A0 B, X T AL B
BT B H, A5 BRI R FZE e



565 & S e, AR it 455G NR P26 b — Bl BTt i #% s g A T ik 553

x1 HESH ACF method B3R TCLR[i5 18 LRI Jakes FTL 8K
SR i} fifE M CDL-C {5 i AR i f 3% 4 4 4, S8 ACF method
15 FL %L 1x10° A~ SNR 817 AYICLR %L o B R H A
{5/ dB 30,5 ARG S SNR
FHRUBEME/ KT, 30 AR T2 ] o .
5 ! | + — ACF method
PRB K/)h 12 31 PRB( /E\”%”?ﬁ%) _ | | e
A 12 4Tk 3150»—”*"5 ——————— i o 5 e
PRB £ 273 ARG I 273 1~ PRB 5 i 3 i i
SRS PRB %% 256 EATRIAE 5 b A 58 i R I s e e
SRS 55 1 BT BRI 5155 Ll i WWW A
— 2 FRE A IR :
/(%) (=60,60)  Jrfirfs AOD fti L : WM% s
6/(°) (=15,15)  {i§ffA EOD Hufiiis ¢ ,!g?gw&;g a0 — s
(EER L CDL-C/D 5G NR fFitfim
u 6 B E 3 30 dB BRHIEE AT
N 1 AP REH 10 — ‘ ‘
v/ (km/h) 60 MM B8 09 f; 7777777777
I A A S B
FHEPEAS M 0 3 BE Al T H iR 22 LT 0.6} | ,,i:“; 77777 3 ,,,,, :L”,,J: ,,,,,,,,,,
error= \v—v.em z» (21) égj R
S0, SR FUSE o R AT, AOD £ o | 1
S I TA f 2 R A O )
3.1 CDL-C(EEESERE) THHEER ol L Al
H 0.0 0.5 1.0 15 2.0 2:5 3.0
B3~ 6 4% 5 45t T 4% 1k 18 5 1 R I AR
(30 dB) HL CDL-C {55t FHEFEH AOD fi A1 TA B4 30 b RERRITRAIZE COF B
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A Hybrid Tensor Channel Estimation Algorithm for
Double-RIS Assisted MIMO Systems

LI Shuangzhi, XING Yibo, LEI Haojie

(School of Electrical and Information Engineering, Zhengzhou University ,Zhengzhou 450001 , China)

Abstract: To solve the challenge of obtaining high-dimensional channel state information ( CSI) in
reconfigurable intelligent surface ( RIS) systems, a multi-link joint channel estimation algorithm based on
hybrid tensor decomposition is proposed. Firstly by designing a pilot transmission mechanism, the received
signals of single reflection links and double reflection links are respectively modeled as parallel factor
models and parallel factor and Tucker models,thereby transforming the channel estimation problem into a
fitting problem of hybrid tensor factor matrices. Subsequently, considering the shared CSI among multiple
links , an alternating least squares iterative algorithm is employed to decompose the hybrid tensor, effectively
estimating the factor matrices. Finally, through a uniqueness analysis of the hybrid tensor, compared with
the traditional Khatri-Rao decomposition method, this method possesses more flexible parameter design
characteristics. Simulation results demonstrate that this method can effectively estimate the reflection link
CSI when the number of training blocks is less than the number of RIS units.

Key words : multi-user MIMO ; channel estimation ; double-RIS ;hybrid tensor decomposition
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CYUE Y, e ™ LUK Yy e CMR 3 FORTE] 5K
AR MR 3 AR SR I U AR R
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6 (IK®H2)W2 F
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FIFRABORY , T35 G, .
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A Dual-antenna De-duplication and Montage Method for
Solving Satellite Reception Occlusion on Mobile Platforms

WANG Yingjie,ZENG Fuhua, WANG Junhui, CHEN Wenyuan
(Southwest China Institute of Electronic Technology ,Chengdu 610036, China)

Abstract ; The scenario of satellite reception on mobile platforms such as ships, cars, ete. is greatly different
from that of fixed position platforms. It is necessary to consider that the space resources of the mobile
platform are tight, and the signal reception effect may be blocked with the movement of the platform. To
solve these problems,a dual-antenna receiving method for satellite communication is proposed. In order to
solve the redundant problem of dual-antenna data receiving repeatedly, a data de-duplication algorithm
based on key-value pair structure is designed. According to the characteristics of satellite data frames,
specific data fields are used as keys to process the input dual-channel data,realizing data de-duplication
and efficient splicing output, and also considering the real-time and reliability of the data. The method
provides a new idea for satellite to receive data continuously in mobile platform,and has been applied in
engineering with good effect. In the experimental situation of blocking 1/3 of the antenna, the data reception
rate using the de-duplication and montage method has improved by 15. 69% compared with that of the
traditional single antenna.

Key words: satellite communication ; mobile platform; reception obstruction ; dual-antenna de-duplication

and montage
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Design and Implementation of a Dual-frequency High
Redundancy Train Doppler Speed Measurement Radar

PENG Zezhou' ,GAO Hongmin®, LI Bo’

(1. Postgraduate Department,China Academy of Railway Sciences, Beijing 100081, China;
2. Signal and Communication Research Institute ,China Academy of Railway Sciences Corporation Limited,Beijing 100081 ,China)

Abstract ; In order to meet the high accuracy,wide speed area and high reliability train speed measurement
requirements of rail transit and solve the problem of speed abrupt change of speed measurement radar,a 24
GHz+77 GHz dual-frequency highly redundant train Doppler speed measurement radar scheme is proposed
and implemented. This radar has the technical advantages of high redundancy,high disturbance immunity,
wide speed measurement range, and being applicable to a wide range of rail transit systems. The
redundancy design of the dual-frequency speed measurement subsystem of the speed measurement radar is
completed , the digital signal processing of Doppler signal is carried out by dual-series digital signal
processor( DSP) , and the embedded micro-electro-mechanical system ( MEMS) accelerometer is used to
realize the function of auxiliary stopping judgment and speed correction through acceleration, and the
software design of dual-series logic redundancy function is realized. Through indoor radar target simulator
and field test, it is proved that the speed measurement radar can accurately identify the train speed in 0~
650 km/h, and the speed measurement radar has strong anti-interference ability under the low-speed
operation of the train,which can effectively solve the problem of sudden change in the speed of the current
low-speed state of the train. Compared with that of other methods, the measurement error of the proposed
method is reduced by 57. 14% at low speed. When the train speed is higher than 50 km/h, the
measurement error of this method is reduced by 30% .

Key words: train speed measurement; Doppler radar; dual-frequency radar; architecture design; micro-
electro-mechanical system( MEMS)
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i E .83 B4 — R4 (Integrated Sensing and Communication , ISAC) & %t 7T VA 38 13 B 4 2 567 AL
BRA VISR B35 0 SR 2 R Ao A A A B A Gt KA P X R & %9 T @k ik T Ak
PR B NG H RS RIS Xt A B IR R A5 R LA BRI R, A R T —
Fr AT F M) 6 RA R RIRG X 5 £, BRI B I 2 E TRSY ERmE RBEEREIES
Ue3gd DB BRI ER Y R LA EMAG IR TR ICEZRE, AARBT ML TS
KX Fo mARAC T AL T R 09 S0k A5 3E D ARAL 19 B 4540 4 3L 9] 225 AKX R AT 3] — AN B AU RR,
H4EME  dt it — AP A TR A T k0 ik | SRR AE ¥ 2 o B A 30T/ BP0 R,
WM, AL REN AT FHINGEE R TEPRXSEINRBRAESHIER L LKA
W E BRI IT 40% , LR B ARAL G A TR R IRTY 77 5 AR 45 AR AT M 18 1T B AR AL 69 B0 0k R K,
i X oL
K 1813 Bedm —RAL (ISAC) ; KA R & A R IR ; 9 AKX R ARAL

R SRR 4
hEREEEX
5 EETR
el AT EERS

&4 &S TN929. 5 XEkFRAERD: A X EHS:1001-893X(2025)03-0429-08

FHR (B EIRS ) ARiRA (0SID) ; Bb

Hybrid Beamforming Design for Subarray-based
Integrated Sensing and Communication Systems

GUO Hongru',GUO Yinghong' ,GU Yixiao®, XIA Bin'

(1. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University , Shanghai 200240, China;
2. School of Communication and Information Engineering, Shanghai University , Shanghai 200444, China)

Abstract ; Integrated sensing and communication ( ISAC) systems aim to organically merge communication
and sensing functionalities to achieve higher spectral efficiency and hardware utilization. However,
traditional large-scale centralized antenna arrays, under the assumption of planar waves, cannot provide
range-dimensional gain,and their hybrid beamforming design presents a non-convex optimization problem,
which remains a challenging issue. To address this, a hybrid beamforming design scheme based on sub-
arrays is proposed. It offers range-dimensional gain by extending the spherical wave region with lower
hardware complexity. The objective is to maximize communication rates under the constraints of sensing
performance and transmission power budget. Initially, an algorithm based on fractional programming and
optimization minimization methods is introduced , which transforms the non-convex optimization problem into
a convex one and iteratively solves to obtain a joint beamforming matrix. Subsequently, a manifold
optimization and least squares-based algorithm is proposed, which iteratively solves and decomposes the
solution into digital/analog beamforming matrices. Simulation results indicate that the sub-array-based
algorithm , compared with centralized arrays, can obtain more range-dimensional information and sensing
degrees of freedom ,improving communication performance by 40% . Moreover, after manifold optimization
the hybrid beamforming scheme closely approximates the performance of the jointly optimized digital
beamforming scheme.

Key words : Integrated sensing and communication( ISAC) ;massive MIMO ; hybrid beamforming ; fractional
programming ; manifold optimization
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A Low Sampling Rate Timing Recovery Algorithm for
Low Resolution Millimeter Wave Communication Systems

LI Shibao' ,ZHAO Chengsuo', LI Zuozhi’
(1. College of Oceanography and Space Informatics, China University of Petroleum( East China) , Qingdao 266580, China;
2. Qingdao Port Emergency Rescue Co. ,Ltd. ,Qingdao 266001 , China)

Abstract ; For the problem that the low resolution millimeter wave timing recovery algorithm is unable to
obtain the timing error estimate by cyclic correlation at low sampling rate,a low resolution and low sampling
rate timing recovery algorithm for cyclic correlation holdover is proposed, and unique pre-processing and
post-processing modules are designed to ensure the data smoothing characteristics and non-mixing required
for cyclic correlation estimators. The preprocessing module obtains the smooth baseband data with cyclic
correlation requirement by uniform phase jitter and irrational oversampling. The post-processing module
performs complex modulation and low-pass filtering on the smooth baseband data to solve the problem of
vanishing cyclic correlation aliasing at low sampling rates. The timing estimator module utilizes the cyclic
correlation property of the data, performs correlation and hysteresis correlation operations on the data,and
derives the timing error estimation result value through the phase solving method. Simulation results show
that the proposed algorithm improves the timing error estimation accuracy by 75% compared with the
existing Martin’ s algorithm, which is optimal for timing recovery.

Key words: millimeter wave communication ; timing error estimation ; cyclic correlation ; timing recovery ; low
sample rate
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B R EOT ] WLl S MIMO-OFDM
R R LRI
EAE EERKFEHE £ RN

(L 22N TR HENLSEEFE, 22 7300502, FERASE KF F B8R 5H AR, B#E 610031)

W E.ATAABESMASHBAGT AGREABELERRAL T RE XA LELEHY
Pl RETATERERIMNRELEFTE, A, ATASARNEELZ TR, ZLTH
T BAL B R KB BRAARR  FHER T B AR R ECH R R AR HOR AR AR T S
PR BB KT T A TEERAMORE LT L, KB AW T AR RS K E IR
488 ( Asymmetrically Clipped Optical Orthogonal Frequency Division Multiplexing, ACO-OFDM ) #= A
7t E X OFDM( DC-biased Optical OFDM,DCO-OFDM) & 469428 A& Az A R Mgk, £ 6 124 %)
WOUT, 345 A 30 dB i, TRAZ L XA REF FWFHEEZT ZFA 0.51 b/s/Hz F»
1.2 b/s/Hz, A &N EAKT 49 46.3% , 5 9, M FRAFREHNE 5 BB 40ed38 X R 4%uyiz
B FVE R SR B £
K T RIEIE (VLC) ; 2N S 4 (MIMO) ; K 253 45, T AR F 3, 0K 2 38 R 2

e G5 4D
18 TR EE R
i SIEEELTR

ZXHERRS

FES %S TN929. 1 XEARERD: A XEHS:1001-893X(2025)03-0445-09

FRRIE (FRRS) #RIZE (0SID)

An Antenna Selection Algorithm for Visible Light Communication
MIMO-OFDM Systems Based on Submodular Function

JIA Kejun' ,HE Yaomin',ZHANG Fangfang' ,LIN Ying' ,XUE Jianbin' ,HAO Li’

(1. School of Computer and Communication, Lanzhou University of Technology , Lanzhou 730050, China;
2. School of Information Science and Technology,Southwest Jiaotong University , Chengdu 610031, China)

Abstract:In the visible light communication multiple-input multiple-output system, an antenna selection
scheme based on submodular function is proposed to address the problems of insufficient theoretical
modeling of antenna selection and high complexity of the exhaustive algorithm. Firstly, the theoretical
optimization model of antenna selection based on submodular function is established with the objective of
maximizing the channel capacity of the downlink, and the monotonic submodularity satisfied by the
objective function is proved. Secondly, the antenna selection algorithm based on capacity maximization is also
designed based on the diminishing returns effect of the submodular function. Finally, the channel capacity
and bit error rate ( BER) performance of asymmetrically clipped optical orthogonal frequency division
multiplexing ( ACO-OFDM ) and DC-biased optical OFDM ( DCO-OFDM ) systems is analyzed through
simulation. In the case of 6-select-4, when the signal-to-noise ratio is 30 dB, the difference in channel
capacity between the proposed algorithm and the exhaustive optimal algorithm is only 0. 51 b/s/Hz and 1.2
b/s/Hz,while the complexity is reduced by about 46.3%. In addition,the BER performance of the system
gradually deteriorates with the increase of the number of selected antennas and the modulation order.

Key words: visible light communication ( VLC ) ; multiple-input multiple-output ( MIMO ) ; antenna
selection ; submodular function ; diminishing returns effect
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Bt %5 &6 %% (Light Emitting Diode , LED) £
PR K i R TCZ A\ 2K I 2RI I, LR oA ok
6G i Jay By a7 2, W UL O 3 {5 ( Visible Light
Communication, VLC ) 7 AR T 4F >k 38 15 T VA &
JU L VLC VR — Rl 0 75 B2 A 038 5 =X, ol
VISR RAL G 5195 ( Radio Frequency , RF) 38 {5 47 % %
DRI (] 1, 76 25 P PR v S s AR 2 L AR S
& JCHURERR ST R S S VLG i R ok
E NI R Sl (5 M AN e R R 2 —

HE) 208 B9k LED A I8 il 47 58 — it
/NF 10 MHz, BRIl T VLC R GeAE i BOR A4 = , 45
R R EARD . £ 5 A £ i 1 ( Multiple-Input
Multiple-Output , MIMO ) 7 AR W 0] LLAE AN B4 i 2 Se iy
FERIARAE T 2 i A5 R 2 T A A
TR E NI, il R RE T S LKL
A~ LED, XAl 2k 2 9 AT UG8 {5 MIMO & 4t ( VLC-
MIMO) fy S BRER AL T AR 25k, AH T 5B TE
HAF I, VLC-MIMO R Ge A AT LA FE 43 F] 25 1]
IR I R SR T 2 PR ROR |, i fE T iR R
LED {55 &2 Wl R4 ik i o 540, BT 1E 524
g8 2 M AR ( Orthogonal
Multiplexing , OFDM ) AJ LKf 5 o7 {7 38 4% 1k i T4~
SIS TR I R R E LA, ATITEE 4
SETt MIMO H2R . R, MIMO 5 OFDM 45 & 1Y
Al UL IE {5 MIMO-OFDM & 4t n] D)3 i =5 [a] & H
( Spatial Multiplexing, SMP ) 5 /R $2 {1t 5 /&5 i £ P 1%
el SR R % R R SR, AR S B R A 1 £
LED 5 F, W2k B A /Y LED [ i % i 22 A 5
W, 59 FHARGE MR ME & E LK, [
MIMO-OFDM 3 4t 1 45 32 %] {5 i [ T 4 ( Inter
Channel Interference, ICI) 31 K 26 [7] A Rl M 45 1]
U BRI, FER SRR AR 22

REEIEFEANE R —FMIRA AR 4% 5 1A R80T
%, 0T LIGE AR 1 9 D) B R BT SR R A 1 AR
(R LR T4 SEILARBE MIMO H5 AL [FIR fike
Z RN ARG E & E m R, 1€ RF
REGEPEHARCZ 3 T Z MBFss R ",

TEZE N VLC-MIMO F 48 1Y KLk #0058 07 i,
SCHR [ 13 ] $2 T — FpoBr 19 3% T /N B O iR 22
(Minimum Mean Square Error, MMSE) 19 %% [|] i ¢

T

Frequency Division

(Space Dimming, SD) J5 %% , 18 i 76 A [A] A DG 7K -
TIERERAE AR LED ¥4, SCBLIR DA il 19 ] i
RS R (Bit Error Ratio, BER) ERE, SCRR[ 14]
PR T — PR T R E R R B B OGO 3,
BRI ST ORI RE LED M 74, Ml T840
P R HA ALY BER HERE, (R, BiR R E
TR SR LG H AR M AT 7% A LED 28, SCHk
(IS8 T —Fhe TA R IR (E R LED 24607 %,
A% B PE PR S LED , L3R 5 /5 M 1L ( Signal-to-
Noise Ratio, SNR) ,{Ht1 Fd F PR P 8 L, X
BR[ 16 ] $2 i 1 WKIG BE B K 2k 3% 4% ( Euclidean
Distance Antenna Selection, EDAS) 5.9 | 18 i i Py i1
SRR LR ) (R R TR BE 5, B BBURH OC BE AL I R £k (L
D352 2% B A v, BRI 1 SRR B T . SCHR [ 17 A
FHIRTRIAT5 A B (0 T e PRk | BRARAT 5 48 2R 5[]
AR/, NTTTFEAIR EDAS kA2 R BE (2 To ik WA
JoT E A0 I R s, S B PR I BRI R A
RRIRTE . B2, AT RYE X VLC-MIMO R 421
RETEFETT FATAAE 2 2 BB i T Y 55 52 BN
LS HBOAN AR

ASSOR A 5 bR BRI ASE o BT i A TP SR fit
IS AOPERE K VLC-MIMO R4 F 171550 Kk
VEPE )5 A R B 45, ST 1 kT A pR A
M RLEPEIAR AL R 5 MF A R RN H
b ERH T H bR ek RO SRR ALY , {45 VLC-MIMO
RO R REEFX — A ALK A T BE
FEAl LU, I FH A bR SR WA 3k DR 1 B 15 1 1 3
ffi LED WIEHH L f)5 , 7E VLC-MIMO REE 242
BT, SR P A R B R B Rk AT T 45
FLOPHT  SGIE THAE AR 18 2 R Ik B 2 B L Sk
B35 T PR RE

1 ZRGHER

SR 5 B U8 1/ L K ( Intensity Modulation/
Direct Detection,IM/DD) )& N VLC-MIMO 4t 1)
WEGEAE 1 R, @S % NS AR R, AR AR
RIFES 0 WA FMAES, xOy -1 5 Hh i &
B WRAERTUM N, A~ LED #0718 B s
15 (B IUEE i LED 4R R & R L N, AR AR
1£% ( Photo Detector, PD) 2B 1E IR .



5 65 &

BORFAE RO R 5Kk D507 , 45 BE T A R B AT ILOG I AF MIMO-OFDM R 48 R FE 57 1%

55 3 3

Iz/m
_________ 7
"y, s
VA7 (g
7 4
[T o S 4
4 'y| 7+ 3
71 ) 1
4 \
[ 4
AN d\ g
[Reialt »
2d LA \dz
2 Ir/' v 2 \ y/m
PPN S W W - >
v %) EY y
g A N ,
A L N -
/
! PD/, //‘ 3
4 PD
x/m 3 6
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FETITFEE B E MRS, LED [A)22 & 54
[ A5 =, FF55 I W AP LA (%) 5% OFDM ( Optical
OFDM, O-OFDM ) % %t. dE * Fx B & >t OFDM
( Asymmetrically Clipped Optical OFDM, ACO-OFDM)
H1 L3 A &t OFDM ( DC-biased Optical OFDM,
DCO-OFDM) , #3725 N A] WL Y638 5 MIMO-OFDM K
REBE RS, FHNE 2 FiR

= e un®
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B2 TFIIEE MIMO-OFDM R&3IEF R4 R I8
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O, BLAER n, BRAT S A, %o e g D B A T U

ok i RAE S AT M4 T A R A
( Quadrature Amplitude Modulation, QAM ) , Xn‘ EWN
IR — AR IR AF 5 o RJR X X, JEAT U 2
1, i 55 XMH,H‘ 5 2 JE K4 ( Hermitian ) X FR
il

Xy =[0 X(0) 0 X(1) X(N/4-1)
0 X"(N/4-1) 0 X 0)]" (1)
Xy =[0 X(1) X(2) X(N/2-1)
0 X" (N/2-1) X*(2) X*(1)]"
(2)

Arba(-) TFRIEEIEE ()" RORHEEEE N
2 P B 0 AR e ( Inverse Fast Fourier
Transform , IFFT) BB, WTLLE ,ACO-OFDM %
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DCO-OFDM R4 0 FIEE N/2 AT %, H
b TP AREEE R
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6%y, (1) LT BEAE AN & 0 Fe i m 25 Bk
CP,ARJEHIAE] N APt BL it 28 4t (Fast Fourier
Transform , FFT ) K5 3¢, & s P T 8 91 F 391 3k 15 2
Y, . RN, Y, oA BT AR
JfE RS S A B Lt MIMO KR . A T I Rk
/IME LED & 34455 8] i TR AR 8 M A | 25 3
{55 LI — MU 4, R ] 138 % ( Zero Forcing,
ZF) Fl MMSE 79 Ff £ PR RGN 33 . ZF G0 Jn A5
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IAUERE , H, J2AL A . MMSE 6 0 A R B
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PR SRR — A L

2 ETTEREHREERE
2.1 VLC-MIMO £ EZ&E

HF VLC R 4t [F) i 52 8 B B Fn 3 15 2 g,
IM/DD R4 5 BB IE § 8 B bR A G 5
ANCE W R AR R T SRR T R AR R
A% SE RY S8 A5 A5 E A A 45 R AR B
T VLC, ZIEME SR M W ) 5 52 FRAF- 24 2
RABAH, AW 0<ux,y, <A, [
i, i TR oK, P8R — AR B x
[Fi] Fof i 2 249 B

E(xLED,n) :fzwaED,an(x>dx =£&pP (5)
K () Ty, PR L PRSI € AL IRE
PRI 0<ES 134, FnBEA LED MIEEDETIR,
P & LED WEECI R Wi P<A, .

SCHK[20] % VLC-MIMO R4 fFiE w7 T
O3HT, FHZF S 4R MIMO {3538 56 1 H 20 8 L
APST AT FAETE , L<min (N, ,N,) J 15 E 5 4
H Yk, ZREEIZMARZEO T, & 5 n A
FFE 0F O8R5 EDER I LR o, =EP/A,,,
Mo, =0.50,5 0 MFEENAER FRIRA

N’[

1 <AnAm2:‘ U'n )2
szmﬁ+ ot (6)
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A High-precision Doppler Frequency Offset Estimation
Method for Non-terrestrial Networks

LI Changmiao'* ,SHEN Bin'* ,HUANG Xiaoge'"

(1. School of Communications and Information Engineering, Chongging University of Posts and Telecommunications,
Chongqing 400065 , China ;2. Chongging Key Laboratory of Mobile Communications Technology , Chongqing 400065, China)

Abstract; Compared with terrestrial cellular networks, non-terrestrial network ( NTN ) communication
systems, for instance in the low Earth orbit satellite communication scenario, often have higher Doppler
frequency shifts and lower signal-to-noise ratios, which seriously affect the system performance. To improve
the synchronization performance, a frequency shift estimation method is proposed to compensate for the
Doppler frequency induced by the relative motion between the satellite and the ground. Firstly, the pre-
estimation of ephemeris shift uses the terminal position and ephemeris information for rough frequency
compensation. Then, the residual frequency shift estimation problem is equivalently transformed into the
discrete Fourier transform ( DFT) iterative interpolation-based frequency estimation problem, which is
completed by the coarse and fine estimation of the residual frequency shift, respectively. Simulation results
show that compared with traditional cross-correlation methods and other typical methods, the proposed
method has higher Doppler frequency offset estimation accuracy. When the normalized frequency offset is
4.487 and the signal-to-noise ratio is 0 dB,the root mean square error of frequency offset estimation can
reach 107”, which helps to improve the user access success rate and the communication quality.

Key words: non-terrestrial networks ; synchronization performance; Doppler frequency offset estimation;
iterative interpolation
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A Parameter Allocation and Power Control Algorithm
Based on Transmission Time for LoRa Networks

SONG Yuxin, YANG Maoheng, JIA Qiming,ZHANG Hui

(Tianjin Key Laboratory of Optoelectronic Sensor and Sensing Network Technology, School of Electronic
Information and Optical Engineering, Nankai University, Tianjing 300350, China )

Abstract : The Long Range Radio( LoRa) network has the characteristics of a large number of connections,
a long transmission distance,and low power consumption. However, the access of a large number of LoRa
terminals will cause a sharp increase in the data packet collision rate of the LoRa networks, restricting
network transmission performance. To optimize the allocation of LoRa network parameters and power control
for Class A terminal devices,a calculation formula for the LoRa network collision rate is developed. A LoRa
network parameter allocation and power control algorithm based on transmission time is proposed, which
aims to minimize network energy consumption when the average collision rate of network packet
transmission is minimized by optimizing the parameters and transmission power of the overall nodes of the
network. The simulation results show that compared with the traditional AAPA and other parameter
allocation algorithms, the LoRa network parameter allocation and power control algorithm based on
transmission time can significantly reduce the collision rate by more than 24. 8% and reduce the network
energy consumption by more than 30.7%.

Key words:Internet of Things;LoRa network ; network parameter assignment ;power control
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JET STAR-RIS RIFPAESR R AR SEM P AT NOMA Bl o EoR ™

FEE, B B TXE
(1. BN 25 {5 515 B TR B, R 400065 2. 5 il fiHo R TG R 4093805, K 400065)

@ E.7TEM%E & T (Reconfigurable Intelligent Surface , RIS) 5 ¥ 4k 3 K A8 45 &2 I 5 R % A2 8h
AW BN REBERER, AFATHEINEE BB T A TR AL TEMET A
1 ( Simultaneously Transmitting and Reflecting Reconfigurable Intelligent Surface , STAR-RIS) 5 fi# 5% 3% %
( Decode-and-Forward , DF) ¥ 4k ¥ 5] T4k &9 F 474 iE & % 4k ( Non-orthogonal Multiple Access, NOMA )
R P A%, JE Nakagami-m 13 8 B3 T, i@ it B8 A4 AL 2K 3k Fo o 4k 4L 69 NOMA 2 & 4 B2 v A
STAR-RIS 494 &0 R A4, FHRKMIZ R AT RANA P 6T RNREZ Fo, b R B R e
WHEELETHREROEST , RET —HEATHNRFTERRZAAST FHOEERA K, BL A E
BRI F B BERR TS R AMRRERMMA, FALEREN ZERAAREINREZRA
HER AW HHELT 2R TP % RE, BALHFE STAR-RIS THHKZ¥ % ™ L X ; % STAR-RIS
TTAFAED T 200 A ST 80 dB B, % & SiABik T 46 STAR-RIS 24 o TR /F 0.5~
2 b/s/Hz 89 3 GArik RIGH

K §237] : STAR-RIS; 4 EE X % bt (NOMA ) ; AL 25 v 4k ; 45 ok, A %6, 2 o

I ol

S5EEELXR

ZXRHERRS

RESZESTN29.5  XEFREM: A XEHS:1001-893X(2025) 03-0469-08

Fi R ( FIRARSS ) #RIREE (OSID) : §

Downlink NOMA Coverage Enhancement
Based on Integrated STAR-RIS and Relay

CHEN Siyu'?,SHEN Bin"?* , YUAN Wenjun'"

(1. School of Communications and Information Engineering, Chongging University of Posts and
Telecommunications , Chongqing 400065 , China;
2. Chongging Key Laboratory of Mobile Communications Technology , Chongqing 400065, China)

Abstract: The combination of reconfigurable intelligent surface ( RIS) and relaying technology is a new
enhanced wireless communication technology emerging in recent years. To achieve downlink coverage
enhancement, a dual-user system for downlink non-orthogonal multiple access ( NOMA ) based on
simultaneously transmitting and RIS(STAR-RIS) working in concert with decode-and-forward ( DF) relay is
proposed. Under the Nakagami-m channel assumption,the sum of the achievable rates of the two users in this
system is maximized by jointly optimizing the NOMA power allocation at the base station and the relay as well
as the energy splitting coefficient of STAR-RIS. Subject to satisfying the total power constraint and ideal
successive interference cancellation, a two-layer iterative algorithm based on flow balancing in two-phase
relay systems is proposed to obtain the optimal value by iterating the power allocation in the inner layer and
the energy splitting coefficient in the outer layer. The simulation results show that the coverage performance of
the integrated system is better than that of the single relay system under the same system power of 1 W and
the advantage increases with the increase of the number of STAR-RIS components; when the number of
STAR-RIS components is less than 200 or the transmission signal-to-noise ratio is less than 80 dB, the
system can also achieve sum-rate gain of 0.5~2 b/s/Hz compared with single STAR-RIS systems.

Key words: STAR-RIS; non-orthogonal multiple access ( NOMA ); DF relay; integrated system;
power allocation

* WS HEA.2023-12-26; & @ H #3:2024-07-27
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A 10 AE5EAE M 45 2 U ORE TR IS, Ak
ANTER TCLIE BB W R B 1 B O 2= W 2% 1
JRAS A RE N H £ 385 00 4 REVRIA FE A Ak TE 2k il
{5 TG ) DGR I R > BIR S e 8 R S 9 VR A AT
AR AR TCER W 28 fift DR DT R AL T

TEAR 22 5518 BT B A 2855 B oy | nl B G g
221 ( Reconfigurable Intelligent Surface, RIS) DX H: 7l
FBR A ARBERE | Al A | 5 vk S5 e s B At T
th o RIS X T AR A TCL M 2% 1) 75 55 4 o 1 28 o 4 T
ARKWE Ty, i A PEE B T R R =
A R 55 /NX i 2 TP 25 9T 52 B fig T E AL e
LI AR, B B CEIET RIS S
WAERGE, SCHR[ 4 ] i1k RIS MARE 8,
1 RIS 5 Hkufi ] A B 2 Ay B R de KA/ NX A o5

SR A G B — S 5 B T RIS 205 2
LT RIS Y [a]— M 5 &85 25K, HRE S Bl 2F 25 1]
B, E RS T RIS HE R RV, FEUCEERY I
— ol ) W) B s B A G i AT R R BE AR TH
( Simultaneously
Reconfigurable Intelligent Surface, STAR-RIS) f%)H 4
FRUR T Hoh e 22 A A T T L] i 35 5 A1 S A6 A
BHFES LT A s a5 . th T STAR-
RIS i ASHE5 4351 A W8 4, R A7 22 241k 07 52
KX 4%, LA A7 F STAR-RIS A [ 0 i P 3% 4%
(User Equipment, UE) 7] LA P g )8, 5155810 1E
2 ik #: A ( Orthogonal Multiple Access, OMA ) #H
5 A | T N Z hk A ( Non-orthogonal Multiple
Access, NOMA) FeiF 2/~ H P o 78 & S LA >k H
Z %% ( Superposition Coding, SC ) F17E $ W HL 4k
X A # 22 T I BE ( Successive Interference
Cancellation , SIC ) R FL ARG FR ) vl DL i 25
2 STAR-RIS 4 Bl [ 45 9 53315 2403 DL S fRAIE UE
2SFET [ STAR-RIS HHAE N NOMA % 4842 fit
s [A)BE AR AS 22 3% M . SCHER[ 5 1WF5E T STAR-
RIS Hff B 00U 7 38 £ ) 2% 4 35 3 1L, B X NOMA
HOMA Z3 5 B Hh 1 5B o 10 Rl de Ak I 28 - 1
P AT R

TETCEE AR 1, A PRI Ak e S A m] g AT
BB 5 7 TR #2 7 OCHE A . i dk B 5 S
b PRI 2 B 1 SR M A T LA K v S AR A
S T R EA ARRA HIGUR RIS AT AN A 1
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Transmitting  and  Reflecting

Bab 0 BUA RS R 20 RIS 5 4k RLME A 3E
GrRBEAR  (HARLA SR 22 2 W A5 JE b 4k A RIS 1]
DI ILAE LIS m R vk fe . SCER[ 11 ] 4
T MR RIS 5 fi#45%: & ( Decode-and-Forward ,
DF) rha4ktA45 & TR & A& 5 7 58, 25 3= W3 1 Fol
FORTT DATERE 5 1) % i 7 5 T A BB A, th 4k
AT LAALA RIS Bl B % 4 320 5 (R 4 SV B3 s 4 1,
AR B PR ORI LT
25 F R RIS Fil NOMA £ AR ARK: & K K T2k
AE R OGS AR, I 5 B B 4k R A
S5G AT ARFET R MER . SR, A K Z 500k
P RIS 5SHARRAG RE R BB T RH P Y5,
X2 R R, WIF AR K STAR-RIS 5+
gRI ROk, BT I R R R, A S0
STAR-RIS il DF Hi4k4E il fr—ie , -5 NOMA $AR
S A R T — AU PR G, MR
S ATE T 0T LS/ RIS FIrP 4kIR 4 P 28 115 18
AT FFAY , L a4 2 75 s rh 4k mT DL SE R
PR A TR AR, 3 S H A P Ak 3 sl A e 4 Ak 1
NOMA I3 Be L K STAR-RIS Y fig 7 %4 2 5 i
RACZ RGP I (10 v] SEBLEE R 2 i, LA 5
o RARPRT IR AR IR, S SR R B B 4k
ARG AR SR T — RO RUZ E A
Bk, BT S 05 B A5 SRR B, FE D) M STAR-
RIS Jo4c Z BRI &, Brde R 0 PR R 2L
T4l STAR-RIS &G, 750, RIGE 1T Tix4E
B B BB X T R G PERR A SE ), 25 R AL
UE T T B8 4 0 3R 40 Mk AR 1 A Rk S Mg
.

1 ZREFZER

ASCEIT IR T — g T4 B STAR-RIS #lI
DF a4k B i) T 178k A5 R a8, Wi 1 iR, 3t
v} ( Base Station, BS) ] NOMA AR AP~ H P U,
U, BRAERSS . BS RIS DL gk & T
SR I B k(e HD B F TR, %l TS
SRR IE , BS 5 WA P 2 6] B A7 7E H 6k
%, STAR-RIS B N /™ i so i 20 1, I HL & e A
(LR B 2 7E BEAR 1) {7 38 R A {5 B (Channel State
Information, CSI) 5% 4= B2 I &5 4 F AT 89, HH ™
U LTRSS, P U, AT s I, H U5
U, M BS,
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1.1 {5iEEa
R TSGR S R AL R 3 R b i N AR
T AR I A 9 a5 =2 [ F) 38 {5 5 % 45 Nakagami-m
EIKGEIE . B — I B A A BN BS FI
J1 U (i=r,t) .BS F] STAR-RIS STAR-RIS F|Jf] " U,
HRIE T BN R ARA hyy e € CV A B, € C™ I
WS —ABBR BS 2 DF H 4k LSS —ANIHBR DF
A2 U, RASIE D HRR N gy 1 gy, WA EARIE
HIREATCR b e {gun, uu, oy, s Rus.o s s | EBTT
IR h
h= Wgew (1)
Ko FoR 1 m S5 & W EEAARBFE; o F1 d 539
FEN AN TR ) B AR I FE R B LA SR B 5 60 15
DAAEL0,27) ;2 IR M Nakagami-m 437 , HAR R 235

2m" el G
fg(x)—r<m>ﬁnx (2)
KT - ) BRMEEEGO=E[ "] & FHIE,
P sk

"TE[(¢-0)7]
1.2 STAR-RIS K% DF F4k{E Sk

SCHER[12] H T STAR-RIS #Y 3 F 5z H B
B, B BE 2 73 24 (Energy Splitting, ES) | #% 2 §] #t
(Mode Switching, MS) FllHf [6] Y] ( Time Switching,
TS) , AR ES WM, BPTA RIS Jof4#Rn] LA
AT B AR S, Heh A B4 oo B R fE S
B B A 35 S RSB TR e A0 1 5 e o, BLBE T
A NxN X @, = diag (1,,1,, -, 1,) LA
O, =diag(r,,r,,--,ry) 751k STAR-RIS /35 i &
HORI T R BCERE Jorh o, = /Bl e Al r, = /B e
S35 IR STAR-RIS 55 n AN TG 1Y% S F EOR S 5
R, HERILTIRHEMICH TR Y STAR-RIS,

FHE S FE FHE 5 M RE B M T ASHE S
MIRERE, KL, T 20 2 B, +B8. = 1,6, .0, € [0,27) ,

F A RN 2 T AR W15 5 28 D S 3 1 A A
fE A R, DK E A G i A E TR B R . DF SR
REAS 1B 15 B B 7 20 W& i 31 rh 4k | rh 4k 311l
Ui BN IRST RS Tk R G TAE R i
BRORI S T 58 4% 22 1] 1) B8040 0k 312 v I 4% 1 1
e, AR — AT RER A AR, IS4 gk R Gk
T B A T HE A PR 5 B )5 A RE 4k SR
TG e A B £, T BRI T 34 P 4k RS0
g, (A5 R I 6 O R A T B % ) B I
e,
1.3 {E5EmiEs

— RGN R S A BB, A BS
KA AE S BRI A H P DL K& STAR-RIS #1 DF
YRR N AL, 5 53l 5 STAR-RIS Y [z 5 5% 1% 5
Fh Ak i fig e e it FAL E A TS P B A
BFBR T CSI PR FEA AR, B A5 5 1% i ook 72 a0 5] 2
JF7R o

IR BB

% | I
BSTX | DF x . s, | U . x,
I .—» .SIC
x,—» 5 Relafm i <Ut %
e STAR-~U, X, e
RISy . % o
: t v

2 STAR-RIS #A DF fr4k&E K R4 RIS SEHRIE

LR M, 7555 — AN B, BS &k S I giis (55
5= (/P a+/Pyx) Jorb PFL P, SR 5I0E BS 43D
LI U, R U, RSN x, IRIES U BI1F
B EM x, 17 1=1(i=r,1), ATRE U, 1 U,
H TS T BS, WM A 48 20 U, (91518 5 25
gro, KTMHAE] U, (F AT g0y, W 1 gy 172
|l gny 170 TE FATHERS NOMA v, 5 {538 1 25 11 P i
TH B MR TR S 26, 1G4 38 38 25 F i 8
B Rk B PsP, . BRI, gk AL 4
WAE S T AR A

Yr =&prS1 Ty (3)
K ng ~ CN(0, %) Feom 4k &b i Jn i &5 3 1 e
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ARREENE 5y, DU XL AT i ) O 3
BT B NGRS, LMELESS AR EREE &5 B, DF o
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MBS P AIEE, FXT «, AT S, R, F gk
fife %, F1x, ISP SINR 53501
pZIgBR|2
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Pilgg ! +o

pllgBRl2
Y= (5)
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HAERF- 7 IR Gamma 4347, Bl g, ~ Gamma (m,
/m)

[F] I, 785 — AN B A% 53 i STAR-RIS 2 5
B WAF NISE — AR U,
U, B2 5 T LLRIR

" :thr@RhBSSl+nlr (6)
Y :th[@ThBSSl+n: (7)
Xfinl ny~CN(0,0%) 53R S —ABEBR U, F1 U,
ACB IR E I MR U, R x IR, N
WS FHL Y SINR b
P, 1Y, Oyhy 1’
P, 1hY, Ohy P 407

% G, = hg Ochy |, S BT AT 175 1A
A —F LS P % K SINR , X35 STAR-RIS {5
YSAREEN 6, = £ (hys, ) » STAR-RIS i Joft
MRE MR R FE—5, B B8 =B,,8, =8,,n=1,
2, N, G, AL B #m h

G,=1hy @,y 1=

(4)

(o

Y. = (8)

Bl X hy, 1 hy 1| (9)
R TR (5 HH % G, 10507, SOk [ 14]
R T R 5 T B BLA T, Y N K

2

G, [FIFE R AN Gamma 4345, Bl G, ~ Gamma(%N,
o

s I'(m+0.5) 02 . ,
40°N), Hh, u, = W (;) , o =
Q(r(m+o.5))2
I'(m) :

R NOMA #7 A 5B 76 55 — A B U, 5 22
WV SHA x, 1 x,, SINR 4351 K

P, lhg, Oyhyl?

m

b= 10

YT B R, @y P 0" (10)
P lhy, Oph g l?

Y= (11)

ag
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2 G, = lhy Oghy 1”, FIFEHL, G, 7T UHL T £
NA
G, = hy, Ophy 1=
B. \,ﬁlllh]}sy”l lhay ol 12 (12)
55 ANBTBR DF R4k & 2% 5 5 e 1 & s
s, = (/Pyx,+/Pyx) AP Py FLP, 530
SEARXS T U, F U, B RSTIA B ORI A
ZIA B B P> P, i FEAR DF gk 5
ZANIBR U, F U, AR BERIE S T LA R R R
Yy =&y S0, (13)
Vi =gnusatn (14)
X in 0 ~CN(0,0?) 533005 AN U, U,
AR i M R A — IR, B A
BB U, RS« AR Y SINR
L Palgwgl ’
7 =P3 lgny, | *+o’
A g, = |gKU‘ |*, AT g, ~ Gamma(m ,82/m) ,
U, T BRSNS x, F1 «, , 3 ELAH R () SINR 8
E XL

(15)

" P4|g1{u‘_|2 (16)
[ PR E
. P3|gRUr|2
Y = 2 (17)
o

L gy = |gRUr|2,EI%|] g, ~Gamma(m,/m),

2 RigiEgefiL

2.1 fRALEER S

KT WA U, U, 3555 B i
TEPIA I BRI & H 3 BOF it ORI AE B x, A1,
178K A I ( Maximal Ratio Combining, MRC) ,
BENIE U U, &b SNR 203K ¢ =y +y! il
Y Evbyl o ASCH H bR S A iR PP,
Py P, B, LUK B, WA K fie KA IZ ZR 58 b WA T -
1) ZR G0 F | Bl

1
R:?lb( L+min{y® y'"} )+

1
Elb(1+min%7f‘,71°‘% ) (18)
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(19) M EIRAH X (20) K BS e KR SR
W0 (21) Ky DF rdkds K& SR AR

P, +P,+P,+P,<P, (19)
P +P,<P, (20)
P+P, <Py (21)

S} TARIE NOMA 37 52 F SIC R Ih#UAT, y*
vy oyt SR TREAREE R TR v, , B

Y. = Pl];é:az =y, (22)
7, =i>7 (23)
PG +o? o
Y= Pio_ >y, (24)
AL, LAk Tm) ] 4534 R
max R (25)

P ,Py,P5,P,.B,.B,

s.t. P,=0,j=1,2,3,4

B.+B, =1
X (19) ~(24)

T (25) Py Bhs RO AEN 1, Bk S
ORGSR E LA 2
2.2 BAMRUKEZR

EEXTORARI (25 ) , AR SCHR H — ol LA B B i
S V- I A R Y A 32 T A 30 [ A8 ( 25) 1R e AR
MRS, e RAL A 30 (18) o AR — A e/ ME AR
SR AR B T RO R A5 R, B
S AN LB R IRIR B, P, XA SO R Y
STAR-RIS 5 4k4E s B BE AL i R 58, K W
VRS —AEEMR B A I A R i 7
RO [ B 1] LS B e (4 ] SR A E
FRAR i & A, #0522, 2 B BR Y SINR AH
SRS, R AR kAR A AR R SINR A AR, 28 48 il
HIGHR, FIHR IS, 2 yi=y"ie {r,0f,
R A 5 1T LAAS 2]
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P, = P, (26)
83

(A=B) (CP+1)
T ABCP>+(A+B) CP,+C
AXHA=g,/0*;B=6/0";C=g,/0%c N\ FiRWA
K-, TR E B, TEOLT 4 DNIEER X RT L
Wi  HIEARETH A B M, AR D% 8, A
WD Z B A O R T — A2 AR

P, (27)
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HAENNEZERWERE ST HAREB. HH
B.e[0,1], MIZLFRTTFRILEN—EaE e 77 2L
125 B, , B UKAERS B, #R 2N b3 A~ [ e A, 48
JE B R A, BN, AT EAR(23) 8
SIC 293, B, WARANARESE T 0, I TR 2N B, HFH ik
o X TFWZEACERH, ESE B, WETHRE T, F5E
¥ P T NPT, Po+P,y T Py+P, o HARIIE T ATHE
% NOMA 1% SIC i PR AT, W 220 /2 P,>P,
P P>Py, A TRYGRE R P +P,=0,P, +
P,=P  WREUL, HA AR 53 e — IR X #
PR SEBHCR A DUk, MLAh B P, =P +P, P, =
P,+P, LA B—A/IME Py, T 3 D 22 i DL Wi
R (26) F(27), HaH P, 5 Py A, IE
Py, 2 Py, AT LITHE R (26) F(27) By Zh &
., 195 4 AT A8 UG JI T2 7509 2 ks DL
YR AL TR LB WAL NS B R, YR
PR R B, AN A DR E 2 0, B,
F(22) ((23) FI(24) H Y SIC ZHRAFIE T NOMA
() )Ty, PRI I i A A iy A5 380 19 Ty 2 B 4 B i 2
U QRN 2 R N E R 2

JEE T 9 BB {5 i AP R U2 A A
PARAS AN .

Input: Py, Py, Ps ,Bs Vi 0 &1 +82,85,6.,G,

Output ;optimal R™ ,8," ,P; (j=1,2,3,4)

1 Initialize 8,=8,;,R* =R, =R, =0

2 repeat

3 Initialize P, =P, =0,P,+P,=P,+P;

4 repeat

5 P,=P +P,+P;

6 P, =P,+P,~P;

7 Calculate P, ,P,,P,,P, via(26),(27)
8 if P,+P,<P, and P;+P,<P,
9 Update R, via(18)

10 if R, >R, then

11 R" =R,

12 R"=R(j=1,2,3,4) 8] =B,
13 R, =R,..

14 end if

15 end if

16 until y\'<y,, of yL <y, or ¥ <y,

17 B.=B.+Bs

18 until

Xt T iR A SUZ S AU S e Tk kR
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P 4 7R T A SCER B S AL S IR TE AR v
(AP T HERE Sy R A B, X T 1] S HCR A E
MIEHRRT LR B, /0N, T £ Y 10 4 B AR 4 1 1
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T IHRAZIRETEOLT , PN E R G 32 BRI
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An Ultra-wideband Quadrifilar Helix Borehole Radar Antenna

LI Jiaying' ,LIU Jianxia' ,ZHAO Zhenzhen' ,SHI Zhensheng” ,ZHANG Anxue’

(1. College of Electronic Information and Optical Engineering, Taiyuan University of Technology, Taiyuan 030600, China;
2. School of Information and Communications Engineering,Xi’ an jiaotong University ,Xi’ an 710049, China)

Abstract ; An ultra-wideband quadrifilar helix borehole radar antenna based on resistive load is proposed.
Developed from the dipole antenna,the antenna adopts the Wu-King resistance loading method to increase
the antenna resistance sequentially along the longitudinal direction, which reduces the end transmission
current of the antenna and effectively improves the bandwidth of the antenna. Meanwhile, the current flow
path on the antenna arm is increased by designing a helical structure at the end of the antenna arm,
resulting in the reduction of the antenna size and increase of the bandwidth. The outer diameter of the
antenna is 40 mm,and the total length is 574 mm. The voltage wave ratio( VSWR) of the antenna is less
than 2.5 in 90. 2~998 MHz,the fractional bandwidth is up to 166. 8% ,and the received pulse waveform
has very little trailing. Through the measurement of the fabricated antenna in the cave,there is a fair degree
of agreement between the measured and simulated results. The overall structure of the antenna is simple,
easy to process and weighs only 220. 5 g, making it easy to carry around for testing. Therefore ,the designed
antenna can be better applied in the borehole radar system.

Key words : borehole radar ;ulira-wideband ( UWB) antenna ;resistive load ; quadrifilar helix
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Survey of Object Detection Technology Based on
Deep Semi-supervised Learning

HE Zhijie"> , XIAO Wei',LIU Nanqing’,GAO Jiabo' ,KE Xueliang' ,QU Naizhu'
(1.PLA Army Logistics Academy, Chongging 401311, China;2. Unit 31680 of PLA , Chongzhou 611233, China;

3. School of Information Science and Technology , Southwest Jiaotong University , Chengdu 610031, China)
Abstract; The object detection technology based on deep semi-supervised learning uses a small number of
samples with labeled information and a large number of samples without labeled information for model
training, which reduces the dependence on labeled samples and improves the accuracy and efficiency. In
this paper, the theory of object detection based on deep semi-supervised learning is introduced, and the
methods are classified according to the different loss functions and pattern designs. Then ,the performance of
typical methods is compared based on MS-COCO and Pascal VOC data sets. Finally, their challenges and
development trends are analyzed in order to provide a reference for related researches.

Key words :object detection ;deep semi-supervised learning ; semi-supervised learning ; deep learning
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