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[Tan+, 2016]: Tan, S. and Yang, J.: WiFinger: Leveraging Commodity WiFi for Fine—grained Finger Gesture Recognition, Proceedings of the 17th ACM International Symposium on Mobile AdHoc
Networking and Computing, MobiHoc * 16, New York, NY, USA, ACM, pp. 201-210 (on-line), DOI: 10.1145/2942358.2942393 (2016).
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RSSI (Received Signal Strength Indicator)
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CSI (Channel State Information)

KYEFHZFHRA NS CSI
- IEEE 802.11 OWYIBETEEZEINTLYS
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CSI (IZEFRIMDT—FE

MIMO (Multiple-Input Multiple—Output) OFDM (Orthogonal Frequency Division Multiplexing)
BHEOT7oTTTRIET S0, BIREEMAZL BFHOREREHTFTHERIET H=6H. BRBEERMNZLY
Multiple Input Multiple Output (MIMO) System AF

-

'-I-I “r‘mlH yz D ﬂﬂmﬂf
http://www.gaussianwaves.com/2014/08/characterizing—a—mimo—channel/
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[Xiao+, 2013]: Xiao, J., Wu, K., Yi, Y., Wang, L. and Ni, L. M.: Pilot: Passive Device—Free Indoor Localization
Using Channel State Information, Proceedings of the 2013 IEEE 33rd International Conference on
Distributed Computing Systems, ICDCS ’ 13, Washington, DC, USA, IEEE Computer Society,

pp. 236—245 (online), DOL: 10.1109/ICDCS.2013.49 (2013).

[Ali+, 2015]: Ali, K., Liu, A. X., Wang, W. and Shahzad, M.: Keystroke Recognition Using WiFi Signals,
Proceedings of the 21st Annual International Conference on Mobile Computing and Networking,

MobiCom " 15, New York, NY, USA, ACM, pp. 90-102 (online), DOI: 10.1145/2789168.2790109 (2015).
[Feng+, 2016]: Feng Hong, Xiang Wang, Yanni Yang, Yuan Zong, Yuliang Zhang, and Zhongwen Guo.

WFID: Passive Device—free Human Identification Using WiFi Signal. In Proceedings of the 13th International
Conference on Mobile and Ubiquitous Systems: Computing, Networking and Services ACM, New York, NY, USA,
47-56. DOI: https://doi.org/10.1145/2994374.2994377
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Wi—Fi CSI & CNN

Wi-Fi CSI (X2 RITT—3THHT=8,
AISMDAETCRTEZRESL OO HEFIEO VW ENH D

SECHICEI > THEBEDHEAENZTEZHRTHHI=H,
CNN WK EBEDUNECTHEBEZ 1S5 ERIAH TET= Wane+, 2018

0l | ||
i

Biometries Estimation Person Recogaition Sign Recognition Falling Detection

T

16
[Wang, 2018]: Wang, F., Han, J., Zhang, S., He, X. and Huang, D.: CSI-Net: Unified Human Body Characterization and Action Recognition, arXiv preprint arXiv:1810.03064 (2018).
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o BETEF % Wang+ 20181 @ CNN [XEFZRFIEEHIARZLTLNS
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25T CNN & 327t CNN MD35ELD [Tran, 2015]

[Wang+, 2018]: Wang, F., Han, J., Zhang, S., He, X. and Huang, D.: CSI-Net: Unified Human Body Characterization and Action Recognition, arXiv preprint arXiv:1810.03064 (2018).
[Tran+, 2015]: Tran, D., Bourdev, L., Fergus, R., Torresani, L. and Paluri, M.: Learning Spatiotemporal Features with 3D Convolutional Networks, Proceedings of the 2015 IEEE International Conference
on Computer Vision (ICCV), ICCV ' 15, Washington, DC, USA, IEEE Computer Society, pp. 4489-4497 (online), DOIL: 10.1109/ICCV.2015.510 (2015).
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[Wang+, 2018]: Wang, F., Han, J., Zhang, S., He, X. and Huang, D.: CSI-Net: Unified Human Body Characterization and Action Recognition, arXiv preprint arXiv:1810.03064 (2018).
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CNN &7 )L =

u - input: | (Mone, 32,3, 30, 1) ComviD input: | (Nome, 16, 30, 30, 128) Coav3D input: | (None, 4, 8, 8, 512) Bense input: | (None, 25600)
pSampling output: | (None, 32, 120, 120, 1) output: | (None, 16, 30, 30, 256) output: | (None, 4, 8, 8, 512) output: | {None, 4096)
| ‘ ]
ComvaD input: | (None, 32, 120, 120, 1) ConviD input: | (Nome, 16, 30, 30, 256) ComviD input: | (None, 4, 8 B, 512) Dropout input: | {None, 4096)
oy output: | (Mone, 32, 120, 120, 64) output: | {None, 16, 30, 30, 256 output; | (None, 4, 8, 8, 512) output: | (None, 4096)
| : | |
MaxPaoling3D input: | (None, 32, 120, 120, 64) MaxPooling3D input: | (Mone, 16, 30, 30, 256) ing3D input: | (None, 4,8, 8 512) Denas input: | (None, 4096)
axPooli output: | (Mone, 32, 60, 60, 64) output: | (Mone, 8, 15, 15, 256) output: | (None, 4, 10, 10, 512) output: | (None, 4096)
: . input: | {MNone, &, 15, 15, 256) input: | (None, 4, 10, 10, 512) | (None, 40096
Comyap [—mput: | (None, 32, 0, 60, 64) Conv3D —— MaxPooling3D f—— Dropout b { (Rone, 770)
output: | {None, 32, 60, 60, 128) output: | (None, 8, 15, 15, 512) output: (Mone, 2, 5,5, 512) output: | {None, 4096)
MaxPoolingiD input: | (None, 32, 60, 60, 128) Com3D input: | (None, &, 15, 15, 512) Flatien input: | (Mone, 2, 5, 5, 512) Denee input: | (None, 4096)
O I atput: | (None, 16, 30, 30, 128) output: | (None, &, 15, 15, 512) output: | (None, 25600) output: | (None, 8)

l ' '

input: | (Mone, 8, 15, 15, 512)
output: | (Nome. 4. 8, 8, 512)

'

BNEFRFA D STITHAZE C3D [Tran+, 2015] [T7E5LY, /NTAREERTE
K& (X Keras + Tensorflow T{To7=

[Tran+, 2015]: Tran, D., Bourdev, L., Fergus, R., Torresani, L. and Paluri, M.: Learning Spatiotemporal Features with 3D Convolutional Networks, Proceedings of the 2015 IEEE International Conference
on Computer Vision (ICCV), ICCV ' 15, Washington, DC, USA, IEEE Computer Society, pp. 4489-4497 (online), DOIL: 10.1109/ICCV.2015.510 (2015).

MaxPooling3D
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N

wIHTJ)

UpSampling3D input: (Mone, 32, 3, 30, 1) ConviD input: | (Nome, 16, 30, 30, 128) Conv3D input: lht““ﬂ 4,8 8, 511) Dense input: | {None, 25600)
output: | (None, 32, 120, 120, 1) output: | (None, 16, 30, 30, 256) output: | (None, 4, 8, 8, 512) output: | {None, 4096)
r ‘ ]
ComviD input: | (Mone, 32, 120, 120, 1) ConviD input: | (Nome, 16, 30, 30, 256) CoaviD input: | (None, 4, 8, 8, 512) Dropout input: | (None, 4096)
oy output: | (Mone, 32, 120, 120, 64) output: | (None, 16, 30, 30, 256) output; | (None, 4, 8, 8, 512) output: | (None, 4096)
| : | |
MaxPaoling3D input: | (None, 32, 120, 120, 64) MaxPooling3D input: | (Mone, 16, 30, 30, 256) ing3D input: | (None, 4,8, 8 512) Denas input: | (None, 4096)
axPooli output: | (Mone, 32, 60, 60, 64) output: | (Mone, 8, 15, 15, 256) output: | (None, 4, 10, 10, 512) output: | (None, 4096)
: . input: | {MNone, &, 15, 15, 256) input: | (None, 4, 10, 10, 512) | (None, 40096
Comyap [—mput: | (None, 32, 0, 60, 64) Conv3D —— MaxPooling3D f—— Dropout b { (Rone, 770)
output: | {None, 32, 60, 60, 128) output: | (None, 8, 15, 15, 512) output: (Mone, 2, 5,5, 512) output: | {None, 4096)
MaxPoolingiD input: | (None, 32, 60, 60, 128) Com3D input: | (None, &, 15, 15, 512) Flatien input: | (Mone, 2, 5, 5, 512) Denee input: | (None, 4096)
O I atput: | (None, 16, 30, 30, 128) output: | (None, &, 15, 15, 512) output: | (None, 25600) output: | (None, 8)

l ' '

input: | (Mone, 8, 15, 15, 512)
output: | (Nome. 4. 8, 8, 512)

'

BIAHET BI=OIZIETRTEMNDIEN =8,
Nerame X 120 X 120 [ZIEBEINTVTH LTI T%T S

MaxPooling3D
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=1AA & Pooling

U i [TPUE | (None, 32,3, 30, 1) CoavaD | 20vE_| (None, 16, 30, 30, 128) ap | Pt | (Noue, 4.8,8, 512) Denge |2V (None, 25600)
pSumpling3D |~ ut | (Nome, 32, 120, 120, 1) output: | (Nene, 16, 30, 30, 256) P [ iput | (Nowe, 4,8, 8, 512) cutput: | {None, 4096)
, _
ComviD input: | {None, 32, 120, 120, 1) ConviD input: | (Mone, 16, 30, 30, 256) ConviD input: | (Mone, 4, 8, 8, 512) Dropout input: | (None, 4096)
output: | (None, 32, 120, 120, 64} output: | (None, 16, 30, 30, 256) = lmd.l,s.sm output: | (None, 4096)
A input: | (None, 32,120, 120, 64) | |\ 0 ling3D input: | (None, 16, 30, 30, 256) ZeroPadding3D input: | (Nome, 4.8, 8, 512) Denas input: | {None, 4096)
MaxPooling3 cutpat: | (None, 32, 60, 60, 64) output: | (None, 8, 15, 15, 256) nul:pu.l (Mone, 4, 10, 10, 512) output: | (None, 4096)
e L i - . 4,10, 10,512 . | (None,
D input: | (None, 32, 60, 60, 64) ConviD input:_| (None, 8, 15, 15, 256) MaxPoolingiD Input : (None, ) Dropout input: | (None, 4096)
output: | {None, 32, 60, 60, 128) output: Iqm& 15, 15, 512) ﬂﬂpllll (Mone, 2, 5, 5, 512) output: | {None, 4096)
MaxPoolingap | "PUt:_| (None, 32, 60, 60, 128) iy Flatten | "P%_| (Nove. 2,5, 5, 512) Dense |"Put:_| (None. 4096)
ng output: | (None, 16, 30, 30, 128) output: | {(None, 8, 15, 15, 512) outpul: (None, 256040) output: (Mone, §)

! : '

: 15, 15, 512
MaxPooling3D input: | (Mone, 8, 15, 15, 512)
output: | (None. 4, 8,8, 512)

‘
SEMEEREE ReLlU, EANTAU T ZEBMILTIRRTICERAHET H(FR)
Max Pooling AZXIZ LS Pooling #1725 (Fx &)
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Dense & Dropout

U - inpur: iNone, 32,3, 30, 1) CoaviD input: | (Mone, 16, 30, 30, 128) Comv3D input: | (None, 4, 8, B, 512) input: | {None, 25600)
PSamplng3D I par | (None, 32, 120, 120, 1) output: | (None, 16, 30, 30, 256) output: | (None, 4, 8, 8, 512) ]
| l 4 |
. input: | (None, 32, 120, 120, 1) Com3D input: | {None, 16, 30, 30, 256) CoaviD input: | (None, 4, 8, B, 512) input: | (None, 40496)
Conv3D output: | (None, 32, 120, 120, 64) output: | (None, 16, 30, 30, 256) output; | (None, 4, 8, 8, 512) L output: | (None, 4096)
, : : l
NMaxPoctingaD | 2| MNone 32,120, 120,6) | | o poingspy |- (None, 16, 30, 30, 256) | | 5 croPaddingaD j—ror | (None. 4. 8,8, 512) Dense |oros: | (None, 40%)
axPooli output: | (None, 32, 60, 60, 64) output: | (Mone, 8, 15, 15, 256) output: | (None, 4, 10, 10, 512) output: | (None, 4096)
: . input: | (Mone, 8, 15, 15, 256) input: | (None, 4, 10, 10, 512) i 46|
Comyap [—mput: | (None, 32, 0, 60, 64) Conv3D —— MaxPooling3D f—— Deopout |- | (Noos, 40%6)
output: | {None, 32, 60, 60, 128) output: | (None, 8, 15, 15, 512) output: | (Mone, 2, 5, 5, 512) output: | (None, 4096)
MaxPoolingap 1P| (None. 32, 60, 60, 128) ConviD |-TPoE {None, 8, 15, 15, 512) Flatten input: | {None, 2, 5, 5, 512) input: | (None, 4096)
O I atput: | (None, 16, 30, 30, 128) output: | (None, 8, 15, 15, 512) output: | (None, 25600) Dense output: | (None, 8)

l ' '

input: | (Mone, 8, 15, 15, 512)
output: | (Nome. 4. 8, 8, 512)

'

Dense Tl&, /E41LEZ ReLU TEHEENEZIT LH(FR)
Dropout Tl&, BFEEFFLEDT=6 05 DIHERTT—2EEINILT L (FFE)

MaxPooling3D
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1) Zoom Out 2) Zoom In 3) Circle Left 4) Circle Right

S) Swipe Left 6) Swipe Right 7) Flip Up 8) Flip Down
Wi-Fi CSI [CE DV T AF ¥R D E1THIZE WiFinger [Tan+, 2016] IZ7E5 0= U1 AF v

[Tan+, 2016]: Tan, S. and Yang, J.: WiFinger: Leveraging Commodity WiFi for Fine—grained Finger Gesture Recognition, Proceedings of the 17th ACM International Symposium on Mobile AdHoc
Networking and Computing, MobiHoc * 16, New York, NY, USA, ACM, pp. 201-210 (on-line), DOI: 10.1145/2942358.2942393 (2016).
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* 1 sample MIL—LEIE Nrpgme = {16,24,32} MDIDTHREE
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EANCIN = W
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) DI N=8, AL
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. — B

[Tan+, 2016]: Tan, S. and Yang, J.: WiFinger: Leveraging Commodity WiFi for Fine—grained Finger Gesture Recognition, Proceedings of the 17th ACM International Symposium on Mobile AdHoc

),

SEWIEfREE 0.978 THHoT-
EMNMEVWEERSINE TEH, [EfEZE 0932 ThH-of=
L IE Tk [Tans 2016] [, IEA2ER 093 LI ETHY, RIIREEDEEZEH

Early Stopping | [Ef#3R | 8%

> IV (FE [ RREE)
EBRBME A 5539/627
EBBINE B 4727/555
LB INHE C 7590 /820
EERBINE D 6065 /676
EEZMNE E 4966 /551

5 epoch
7 epoch
7 epoch
6 epoch

6 epoch

Networking and Computing, MobiHoc * 16, New York, NY, USA, ACM, pp. 201-210 (on-line), DOI: 10.1145/2942358.2942393 (2016).
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FLEER2 | I ADT—EI~DEE

MADT—FTEEIET-5HE, FHIERESR 0.184 TH-oT -
« PERRIZIIBEOUND 4 BOT—RITHEEIES
Bl Z (X, EERSINHE ABCD OT—4h 5, RERSINE E DEEEHT TS

W — P | Early Stopping 1EfESR (CERERE) K R [ IEMR GEAMGERE)
BCDE — A 6 epoch 0.980 0.081 0.168

ACDE — B 8 epoch 0.964 0.077 0.174
ABDE — C 5 epoch 0.930 0.135 0.230
ABCE — D 7 epoch 0.968 0.067 0.296

ABCD — E 6 epoch 0.962 0.089 0.050
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= I:I "' T3 $ 1 OOO % 0.000 0.000 0.000 0.000 0.000 PESHEY 0.000 0.000

I:I/s |

Actual

. *@ ﬁ ﬁ-lﬁ fNEg. 'lél‘: 75 N E L - % E [ 0.000 0.000 0.000 0.000 0.000 0.000 0.000

7N
v 0 ATE 0222 0.000 0.000 0302 0.000 0.000 0.000

1 2 3 4 5 6 7 8
Predicted

BCDE—A

33



FLEER2 | I ADT—EI~DEE

A0 DT—R3FEZHIE, MADT—2EESH>TOWTHLHEEILSLY
cANDEBETILIZRLT, AANDTAT—RIFZNFBZTLNST=60,
MADT—E3%EREBIEIZLDIEEITVENEEZOND

W — P | Early Stopping | 1B (CGERER) | % CGERER)  IEMR GEAMfRE)
BCDE — A 6 epoch 0.081 0.168
ACDE — B 8 epoch 0.077 0.174
ABDE — C 5 epoch 0.135 0.230
ABCE — D 7 epoch 0.067 0.296
ABCD — E 6 epoch 0.089 0.050
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DIAFYDEMERE XV EICES>TEVELD
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T r—ia o~ iEH

268D Wi-Fi TINARZZHBNIL, IRETEHERZEIEIZENS
c BROH THATES =, RHOBTHENOTL
BE7ZM CNN [2&B CSI oo T FEEDG AL AT EE

« CSI-Net [Wang+, 2018] IZKAEANRB L ELHAEDHENIL,
BICOTRAF¥TH, A—HZEITESNEBFEY Y THAIENTES

L _— 38
[Wang+, 2018]: Wang, F., Han, J., Zhang, S., He, X. and Huang, D.: CSI-Net: Unified Human Body Characterization and Action Recognition, arXiv preprint arXiv:1810.03064 (2018).
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