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Abstract:  Spectrum cartography based on tensor completion algorithms has been widely studied in recent years.
Most of the current tensor completion algorithms for spectrum cartography implicitly assume that the tensor is balanced. It
may not be possible to take advantage of unbalanced tensors’ low-rank nature to estimate the entire tensor information, lead-
ing to performance degradation. This paper proposes an unbalanced spectrum cartography algorithm based on overlapping
Ket augmentation (OKA) and tensor train (TT) to address the performance degradation of unbalanced tensors when apply-
ing traditional tensor completion algorithms. Firstly, OKA is used to represent the low-order high-dimensional tensor as a
high-order low-dimensional tensor, which solves the problem that the unbalanced tensor is unable to utilize its low-rank na-
ture for tensor completion without information loss. Secondly, the use of TT matricization to obtain more balanced matrices
improves the accuracy of the completion algorithm under more balanced dimensionality conditions. Finally, using the low-
rank nature of the high-order low-dimensional tensor, the tensor completion is accomplished using the parallel matrix factor-
ization or Frobenius norm based singular value decomposition free (SVDFree) algorithm. Simulation results show that for
unbalanced tensors, the proposed scheme can obtain more accurate radio maps compared to existing tensor completion algo-
rithms, while the proposed SVDFree algorithm has lower computing complexity.
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5 z:nb'i»/k\. construction and adaptation[J]. IEEE Transactions on Wire-

G o = S 5 G 32 ) P R B B AR R A 3 5 3
Bk R B, P EOK AN B RE TR B A4 IR) T, AR SC
TR H FE T OKA Flak 2 TT S0 B AL A0 ) e 3303k
TG OKA BRI B v - A5 5K 1 7R hy v B A1
YA B, T AT AT LR v AR A A ke ) ARk
PESE TR AN 4 . SR TT 4 Mk AT ARG 58 R S A 1
FERE A L Tucker FEFEALEE = T 5V MERE . O ELSCH0 50
UE T HEA R B SR FE R A B IR e 26 DR DL Rk ol
67 BE B, TT-PMF 5435 F1 SVDFree B3 Y RE I B #0411
PERE , AT 245 HORS B  RM. (B 7530 B 19 = , S8R SVD-
Free % 1% M AE 4% TT-PMF $5 1k M: BE W& by 3tb 4, {H SVD-
Free 530 AT BARAY 158 52 24 B . 7R SCHT 4 9 7 £y
sk e 4 B 1k AT A Shy B S AR o V] 1) A K e B
z—.

5% Sk

(1] BURwE, R0 M, R, 55 . R > G = (A AL
e D). HL oA, 2023, 51(6): 1430-1442.
RUAN T C, WU Q H, ZHAO S J, et al. Cognitive learn-
ing: A new paradigm for machine learning in electromag-
netic spectrum environment[J]. Acta Electronica Sinica,
2023, 51(6): 1430-1442. (in Chinese)

[2] BOCCOLINI G, HERNANDEZ-PENALOZA G, BE-
FERULL-LOZANO B. Wireless sensor network for spec-
trum cartography based on kriging interpolation[C]//2012
IEEE 23rd International Symposium on Personal, Indoor
and Mobile Radio Communications - (PIMRC). Piscat-
away: IEEE, 2012: 1565-1570.

[3] ZOU H, JIN M, JIANG H, et al. WinIPS: WiFi-based non-

intrusive indoor positioning system with online radio map

less Communications, 2017, 16(12): 8118-8130.

[4] YANG Q, HUANG Y F, YEN Y C, et al. Location based
joint spectrum sensing and radio resource allocation in cog-
nitive radio enabled LTE-U systems[J]. IEEE Transactions
on Vehicular Technology, 2020, 69(3): 2967-2979.

[5] SUAREZ RODRIGUEZ A C, HAIDER N, HE Y, et al.
Network optimization in 5G networks: A radio environ-
ment map approach[J]. IEEE Transactions on Vehicular
Technology, 2020, 69(10): 12043-12057.

[6] SATO K, INAGE K, FUJII T. Modeling the kriging-aided
spatial spectrum sharing over log-normal channels[J].
IEEE Wireless Communications Letters, 2019, 8(3):
749-752.

[7] KATAGIRI K, SATO K, INAGE K, et al. Dynamic radio
map using statistical hypothesis testing[J]. IEEE Transac-
tions on Cognitive Communications and Networking,
2021, 7(3): 752-766.

[8] SATO K, SUTO K, INAGE K, et al. Space-frequency-in-
terpolated radio map[J]. IEEE Transactions on Vehicular
Technology, 2021, 70(1): 714-725.

(9] R, FRK, BRIGE, 46 BT L&~ EH P X
I3 B 855 NI TE LR L I 25 B IR 0. T 5 15 B
1R, 2021, 43(1): 92-100.
SHEN B, WANG X, CHEN S J, et al. Machine learning
based primary user transmit mode classification for spec-
trum sensing in cellular cognitive radio network[J]. Journal
of Electronics & Information Technology, 2021, 43(1): 92-
100. (in Chinese)

[10] WANG C Y, WU Y H, ZHOU F H, et al. Accurate spec-

trum map construction using an intelligent frequency-spa-



2476 A R S 2024 4F:
tial reasoning approach[C]/IEEE Global Communica- [20] LI X, WANG X, SONG T C, et al. Robust online predic-
tions Conference. Piscataway: IEEE Press, 2022: 3460- tion of spectrum map with incomplete and corrupted ob-
3465. servations[J]. IEEE Transactions on Mobile Computing,

[11] SHRESTHA S, FU X, HONG M Y. Deep spectrum car- 2022, 21(12): 4583-4594.
tography: Completing radio map tensors using learned [21] LIU J, MUSIALSKI P, WONKA P, et al. Tensor comple-
neural models[J]. IEEE Transactions on Signal Process- tion for estimating missing values in visual data[J]. IEEE
ing, 2022, 70: 1170-1184. Transactions on Pattern Analysis and Machine Intelli-

[12] RICCARDO G, ANNA M, SALVATORE R, et al. A sur- gence, 2013, 35(1): 208-220.
vey of methods for explaining black box models[J]. ACM [22] HOANG P M, TUAN H D, SON T T, et al. Learning un-
Computing Surveys, 2018, 51(5): 1-42. balanced and sparse low-order tensors[J]. IEEE Transac-

[13] LIU D W, SACCHI M D, CHEN W C. Efficient tensor tions on Signal Processing, 2022, 70: 5624-5638.
completion methods for 5-D seismic data reconstruction:

EEE T

[14]

[15]

[17]

(18]

[19]

Low-rank tensor train and tensor ring[J]. IEEE Transac-
tions on Geoscience and Remote Sensing, 2022, 60: 1-17.
DRBH 5 A, B, J5 iRy 1, S5 TR o) B 1o 2% )k ) %5
ek 2 T ORIk ) A SR B FE (], L T4,
2022, 50(7): 1653-1663.

OUYANG Y D, XIE K, XIE G G, et al. A data recovery
algorithm for large-scale network measurements: Associa-
tion learning based tensor completion[J]. Acta Electroni-
ca Sinica, 2022, 50(7): 1653-1663. (in Chinese)

R, He8 M, & ETREZREEE N
2RSS T[] HL T30, 2024, 52(2): 500-509.
LIANG X X, XIAM M, HE Y Y, et al. Traffic flow pre-
diction based on spatio-temporal multi-head graph atten-
tion network[J]. Acta Electronica Sinica, 2024, 52(2):
500-509. (in Chinese)

AR, BH SR, SRS, 4 L B T Ik Tucker 43-fifk Y45
T 1T R B TR (0], LT S R B R AR, 2023, 45(11):
4161-4169.

CHEN Z B, HU J M, ZHANG B N, et al. Spectrum map
construction algorithm based on tensor tucker decomposi-
tion[J]. Journal of Electronics & Information Technology,
2023, 45(11): 4161-4169. (in Chinese)

ZHANG G Y, FU X, WANG J, et al. Spectrum cartogra-
phy via coupled block-term tensor decomposition[J].
IEEE Transactions on Signal Processing, 2020, 68: 3660-
3675.

CHEN X N, WANG J, PENG Q H, et al. A constrained
block-term tensor decomposition framework for spectrum
cartography[J]. IEEE Signal Processing Letters, 2022, 29:
1699-1703.

DING G R, WU F, WU Q H, et al. Robust online spec-
trum prediction with incomplete and corrupted historical
observations[J]. IEEE Transactions on Vehicular Technol-
ogy, 2017, 66(9): 8022-8036.

E O A, 19924F 1T A T R A S
i N S N S R R L SR o 7
TLAFTEE . TS 1) A I TCL HL A
I
E-mail: 1306182550@qq.com

BOSE L 19784F 1 A AR T 3N A %
SCTT . Bk E PG F R A A S AR L T AR B
PR, WA Sl . R BRSO O GR
AL [ S AR E MIMO RGE4E

E-mail: shenbin@cqupt.edu.cn

BEEAT 4, 1982 4R AR T HRT . Bl
PR AL A S R R AR B R L
Az SO . 32 BEWETE D5 1) B Bl A5 AR L X Bk
HE IR~ 4
E-mail: huangxg@cqupt.edu.cn



