H11E B 1 SEAE (7 5 2 Vol. 11 No. 1
2024 4 1 H Navigation Positioning and Timing January 2024

doi:10. 19306/j. enki. 2095-8110. 2024. 01. 002

1§ié)lklb\1l=lu_» g&@%ﬂ Q?ngﬂiﬁfhﬁﬁ—m

O OBLERSF,HRERL.I A,
REFH,EZA VHERE, & B

(1. EPEIHMUC%%F‘EW%%&%,?éf“}l‘l,?Iﬁf\ 221116
2. L ZR A R 2 I 22 b (5 B 2E e L BF R 2501015
3. FEBFRHEEAAFRFELTUHTEN, DESNHASK SE/SEABRRE S SLRE ., AFKE 050081)

i ZHFRATRERSFEECSDY AR R B RET N ZALEFHIRRN AL EENF T &
HAXRERERFAREA, R Lﬁﬁf%?f:ﬁi CSI % £ 2R AT RE, % CSI FR % EEF
HERERE/TEOARARTBEN., BAERTATARBRAWIFDCSI #9 L& BRItk R,
FMABT IO CSIHBEREERSG/ T L BMET CSIHERAFTABEFRIK,FILETIHES F6
CSI FRHELE . H5MTIA CSI L& BRI R B FREL @6 ey Bk, &6 &% 4 L5t CSI &

nn\

LB R R R ERATRE,
KB LEARE;FERAGE; LAR 0 B ERIGHEE 51
hES%ES . TP391 XEkRERD A iaiﬁ?:209578110(2024)0170010720

A survey on data acquisition and application of channel
state information wireless sensing

WANG Teng', BI Jingxue**, CHEN Guoliang' , SUN Meng' ,
ZHAO Meiqi*, CAO Jingchun', YU Baoguo®’, HUANG Lu’

(1. School of Environment and Spatial Informatics, China University of Mining and Technology s Xuzhou, Jiangsu 221116, China;
2. School of Surveying and Geo-Informatics., Shandong Jianzhu University, Jinan 250101, China;
3. State Key Laboratory of Satellite Navigation System and Equipment Technology, The 54th Research

Institute of China Electronics Technology Group Corporation, Shijiazhuang 050081, China)

Abstract: In recent years, wireless sensing technology based on channel state information (CSI)
has been extensively and exploratorily studied and applied in several directions, such as indoor po-
sitioning, activity recognition, and health monitoring. However, the current research primarily
relies on the independent collection of CSI data, and presenting a lack of clarity towards the re-
search status of CSI open-source dataset and data acquisition devices/tools. Firstly, the wireless
sensing technology based on wireless fidelity (WiFi) CSI is described. Secondly, 9 types of CSI da-
ta acquisition devices/tools are introduced in detail and the application directions and research

status of CSI are generalized. Thirdly, the CSI open-source datasets of the past five years are ag-
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gregated and the limitations and challenges of current research on CSI wireless sensing research are

analyzed. Finally, the content of the full text is summarized and the future trend of CSI wireless

sensing is prospected.

Key words: Wireless fidelity; Channel state information; Wireless sensing; Data acquisition; Data-
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Tab. 1 Comparison of certain features among different WiFi standards
R TEEE #rif &AW [E] /4 o RIS A% i ABt/GHz K556/ MHz 1 % i B R MIMO 3 #f
CCK
WiFil 802.11b 1999 11 Mbps 2.4 20 AN
DSSS
64QAM
WiFi2 802. 11a 1999 54 Mbps 5 20 Q A
OFDM
CCK/64QAM
WiFi3 802. 11 2003 54 Mbps 2.4 20 AR
o # P OFDM L
. _ 64QAM
WiFi4 802. 11n 2008 600 Mbps 2.4.5 40 4
OFDM
o 256QAM
WiFi5 802. 1lac 2012 6.9 Gbps 5 160 8
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. 2.4.5, 1024QAM
WiFi6 802. 11ax 2019 9.6 Gbps . 160 8
6 (WiFi6E) OFDMA
- 4096QAM
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Fig. 1 CSI data format
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Fig. 3 Different wireless signal sensing working principle
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S RLAE S 7 RAES Rk T X . o,
FMCW 8735 TAEM BN & o 2 K P B (4n24 GHe,
77 GHz ). RFID ‘¥ H /T F 45 B A Ik 3t Cn
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BB A5 T G I B O | 28 o Mo HL BRI BB ) 0
At A B A 1 A8 DR & B AR = i 4 L iE

T3 N A RS BE O RFID T RS B (5 5
e RN 7L b =S (ER & oIk PN Gt N (1
i T R B G 4R B BLE L CSI W {5 5 1% #& 1R
BLEBME ARSI A EHTE
PR B T R B 2R B . [Rl B, BLE 5 CSI Jo 2k
TN {5 5 & S5 4% 3 HL 4% B — Ak, A ik
JTFHAL 3 M E S
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Tab. 2 Different wireless signal characteristics

{525 AR B eI /m  FEN R R S VL IR SR 2 55 % 5tk 5 ik
FMCW %3k P> STz 200 Ll [ [ JEE K G R
UWB ik 3.1~10.6 GHz 80 Cid B " JeE K 2 R
RFID ST TN = §1) 5 % {8 1% k2 &
BLE 2.4 GHz 10 2 B BAR K g — A
CSI 2.4,5.6 GHz 30 B I (18 K RS ERN
1.3.3 N i AL 5 1) 1T S L OF DM Hp 7 7 49 2 RR 441 5 1] Bl £

FMCW ik, UWB & ik B 5 15 5 14 1 HE &
E | ZE S ) HLB BE T 5 R L BTz T
= NN S RS L o FMCW s £ 2
FAEWE Y Tk Ak, UWB Fik E2H
TEHNENM PR ECHES 5. BT RFID {5 51%
T HE B3 1 A D RE S R AR IR R 2 T
VoGBS I B LR B . BLE,
CSI {5 S AL HEHE B L9 B 1k O 4 DR s b FLAR 5
K £ A R — (R AL RRE . BLE 228 H T4 Ak
FIEEM . ENEMFGF.CSI FLEMTENE
A7 T B PR 5 ) SN 5

2 CSIfExR&ELEE/ITH

H Halperin F BAWF % £ F 75 Wik W2k 4
CSIHE M Linux 802. 11n CSI Tool DL, BHBF A 5t
MG T R SE i & th Z g RE T R R 3 5126 T
HATFFER 9 F CSI #dl R & &/ LR, H il T
Wi-ESP CSI Tool 5 ESP32 CSI Toolkit fit) 2 51k g
1 BEAH AL AX-CSI fK #E Nexmon CSI Extractor 1) FF
RAV MR, B AE J5 SCh IF A Wi-ESP CSI
Tool 1 AX-CSI B Ji& JF 4 & , 1M /2 & Jf 2] ESP32
CSI Toolkit #1 Nexmon CSI Extractor 7, Hig %
LY CST 2 J32 8 I 1 53 10 48 15 8k 22, X6F 7 7 Jek
HIRE J7 B 5k, fH A R X6 TG 26 1 38 A9 5 1k B A IE 4K

P, S B AT S0 T S B R 5 21 1 B K AT CST 4
JEEUNF RS B, R PO A BRI ST TAR 2 4
TETC 7 # A5 25 FE 45 W /SDR 3% & 1Y 1% i T
Al [ R CSIHEUE.

3 sln CSI U R &/ TR = /D
HA7 AP, Monitor W Fp R 4812, 7T & (U — 5 %
A48 E W R % % ) WIFL 59 & S 4 (il 2 .
BRE T L) Kk 48 2 A A B AT R M CST s, 5
HAE 2 AL B E R AR 5 k% o 5 1 o
KRN . Monitor B AH L T AP 5  2 1 #
R, ATARYE oK A £ E S

WFIE N AR AR 3 R4 /MR L CST K
P 2 FE 7 B8 4B DA K BE A ik ST AR S A R PRk
7 IF 5% i 5 19 CST A9 R w4/ T B, fildn,
AHAE R T B AN A 1 0T Al 7 SR B T DL
& Nexmon CSI Extractor.ESP32 CSI Toolkit, Wi-
ESP CSI Tool,OpenWiFi T E ; #48 {ifi Fi & 68 T #l
WEATWF 5T, 7T LA % & Nexmon CSI Toolkit, ESP32
CSI Toolkit & Wi-ESP CSI Tool T. £,

2.1 SDRiZ&

SDR & — b F 4 {24 FRE 2 B3 5] T4 f J0 2 1
(EEY S BUIE  F bk E R R IS LIE s 3 N 2 73 L
BRI & 3% A5 5 if AT B g ROG M T i
PERIIE B PE . SDRIE 2 FP AR £, (0 AT [F] i) i 2
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Tab.3 CSI data acquisition device/tool

) ErE 2R A
X A it . N AR SRR SRR AR . \
RGEAH /4 B LR &/ MR SESI0NINNG AT CSLAEE 95/MHs B /GHr HEE % gy FEERE AR
°SI 2 i, z B z =4 "
- T AL OMEE
SDR 4 WARP,USRP % 802. 11a/g/ L a5 1 992 20/40/ 2. 4/5/6 - # #
$ 154 — P . < . pca T T T
(L USRP X310 H ) n/ac/ax 80/160 ’ beap "
Linux 802. 11n ) . .
2011 Intel 5300 802. 11n 3X3X30 20/40  2.4/5  .dat = 7 7
CSI Tool
Atheros G515 AR9580 % 802. 11 3X3X114  20/40  2.4/5  .d % i 7w
. n 4 . . dat o o o
Tool 7 #B4r Atheros P !
Nexmon CSI BCM4339 43584
2018 802. 11a/g/n/ac 4X4X242  20/40/80 2.4/5 . pca = & w5
Extractor BCM43 &3 M £ peap
ESP32 CSI
) 2020 A ESP32 %% 802.11b/g/n 1X1X52 20/40 2.4 . csv JE P =
Toolkit
Wi-ESP CSI
Tool 2020 A ESP32 % % 802.11b/g/n 1X1X52 20/40 2.4 . csv b3 = =
00
¥4y FPGA & # +
OpenWiFi 2020 i 802. 11a/g/n 1X2X56 20/40  2.4/5 . pca B 7 7
P ad9361 HHIFMR 4 & ¢ e
AX200,AX210,
PicoScenes AX211.QCA9300, 802.11a/g/ 20/40/ ) X X R
2021 o 4X4X1 992 2.4/5/6 . csi o s s
FE Intel 5300, Ff n/ac/ax 80/160
USRP.HackRF One
20/40/
AX-CSI 2022 Broadcom43684 802. 1lax 4X4X2 048 80/160 2.4/5/6 . pcap w w w

HA MIMO 32Rf  CSI R FI CSI 55 4b PRI
IR £ A R SR A CST &R 191 4, 38 FH /7 T 2k A b
1% Cuniversal software radio peripheral, USRP) , JGZk T
T 58 S 6 (wireless open-access research platform,
WARP),

JL4E SDR 15 7% BE % 42 SR A 3% S LA 5, (H )2
XTI L5 5 b B Q0 R e A % CST #E AT i
T4, %5 % GNU Radio, MATLAB Simulink % %
FHBEY A oK 58 1, X SE B PFRE 2R S 1 1 1 2 T E
SCHR T EL R B g i A A AR A T SR TR
NG GERE TR ERE L ORI

R WiFi MR 2 H 0952 @ Sl 5, )
IR A 23 A% A U PR TR CST I B 23 717 o 28
WA R AR % (carrier frequency offset, CFO) 3 1 51
& CSTAHALBEAL A AL | [a] i A 424 W 75 0, 25 52 i) 3] i
BRI, SDR B #% 76 B8 4 J5T & | S 450 7 o P 2
B AL w2 1R ER A SRR O T B A T A
WiFi PR #E17 CSI R AR 1Y 345 A B0 iy e 75 A
TELFRME MR L, PR AR B T & BT & 915 5 . {H SDR

W& AR I & T 1 ] WiFL R, 6] i 4 ) 38 8 il
AR R AR TR =AY,
2.2 Linux 802. 11n CSI Tool

3 [F 42 %5 K %% Daniel Halperin B BA T 2011
FEHERE B RN RE CSI AL Linux
802. 11n CSI Tool"' ,iZ & 45 7l LA M 802. 11n Fx #i
Y Intel 5300 KRR B4 5 30 4> F 20 1 n
% dat SCfF . R BE Y MATLAB, Python # 4 Ab
FHARHS AT A o 4 B0 RSSTL CSIL B 18] 8 45 45 B Kok
BEAR T CSTBFSE R T I .

Linux 802. 11n CSI Tool X 0] %7 % ¥ 3 A Intel
5300 MK . Linux RGN EMA N 3.2~4.2 Z[E Y
AL L, Linux 802. 11n CSI Tool % % Al K4 3%
3X 30 4B AT ] CSI &l + iz 30 A #0353
i F 40 MHz 7 9% B9 114 4> F 2k 3 f .20 MHz 5
40 MHz 7 56 T 0+ 8 9 %5 3% 4 iR, Linux
802. 11n CSI Tool L& I K I (A BRVE AR TEAN .
TG R 22 S 3, T & AR A5 02 CSI T 2k A
o R H R T A,
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% 4 Linux 802. 11n CSI Tool ERRHE THFHES G
Tab. 4 Subcarrier distribution of Linux 802. 11n
CSI Tool under different bandwidths

M 58/ MHz TRM IS
—28,—26,—24,—22,—20,—18,—16, — 14,
20 —12,—10,—8,—6,—4,—2,—1,1,3,5,7,9,11,

13,15,17,19,21,23,25,27,28

—58,—54,—50,—46,—42,—38, —34,—30,
40 —26,—22,—18,—14,—10,—6,—2,2,6,10,14,
18,22,26,30,34,38,42,46,50,54,58

2.3 Atheros CSI Tool

BTN R A B TR A Y R A BT 2015 48
T Atheros MR FH & Atheros CSI Tool™", %
V-6 58 AR HAE 528, M A IR IR Linux A% 5K
A ath9k Z . 5 Linux 802. 11n CSI Tool A
[ # /& . Atheros CSI Toolfix £ % 53 X 3 4~ MIMO
REHE AHZ T HBEBBRET HF N TREMHE
B, 7 20 MHz 1 40 MHz 47 58 F 7 43 91 5% 4k 349
56 A1 114 A A] T B R Bl

Atheros CSI Tool it ] LI %2 2EH AR-
9580, AR9590, AR9344, QCA9558 % fir i # 5 1Y
Atheros 802. 11n WiFi M+~ By 3+ 5 #HL L, & H T
Ubuntu, OpenWrt A ) Linino 8¢ Linux X 1T &R 5t .
Zou ZP R YE Atheros CSI Tool M5 F WiFi % i #%
TR T 3T OpenWrt (1 [ {4, ff 2% th 45 H AT H R
£ CSIRE S 5 T T H XA K.

2.4 Nexmon CSI Extractor

T8 ] 3K 1 it 35 4 Tl K %% 19 Matthias Schulz
FIBNT 2018 4FH & H Nexus 5 & g FHLH R &£
CSI %4 i Nexmon CSI Extractor "%, Jf- 1 5 22 5
W 2 S HE 22 AR R T 0L L AR DR R B R AR
Xhrai A CSI AR AR S & B FHL AL, X R
Gid Z W 1k 80 MHz 4l 58 T REAEF] 4 X4 X242 4E &
AT CST %8s

Nexmon CSI Extractor A] 2 3 7E 254 BCM4339,
BCM4358 454843 B4 5 & il BCM43 2 51 9 - 11 % i
Bz I, i Nexus 5/6p. W & Ik 3B+, &4 RT-
AC86U 45, 7E4 % Nexmon CSI Extractor B, 75 i
PRI A HEA Root IR H &R G HE LR AL T-45 & WA , fif
JH Ubuntu & %t (% 1+ 5 AL A Nexmon [# 4 & 24
Broadcom MK Ji5 , B AJ {ff i 2 o ok 48 CST #idls .
AN B 1Y J2 » Nexmon 8 B[ 14 5 A7 450 I8 66 14 119
U .

Gringoli 2K ¥ Nexmon 7F 802. 11ac #r#fE Broad-
com4365 W b5, F 2022 4EHF & H T AX-CSI
RAE T HS % T H AT #E 2547 Broadcom43684 M = Y
HEM RT-AX86U [ pH #i L R4 802. 11ax #rifi . 160 MHz
HEGE LA B 4 X 42 048 4 Ay AT B CST %4
2.5 ESP32 CSI Toolkit

Hernandez BB\ F 2020 44K 35 2k #8 ESP32 JF &
W %& i ESP32 CSI Toolkit ™, ESP32 H. A5 A i 57
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Fig. 4 Application directions of CSI wireless sensing
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Fig. 5 CSI indoor positioning working principle
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Fig. 6 Human respiration monitoring based on Fresnel zone model
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