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Radio Signal Processing Lab

= Research interests
= Radio channel sounding/modeling
= Millimeter-wave
= MIMO, Array signal processing, direction finding
= Radio sensing/localization/imaging
= Context classification by machine learning
= Body area network, vital signal detection
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Visit to http://radio.eng.niigata-u.ac.jp

<((<l>))> Radio Signal Processing Laboratory

l HOME MEMBERS RESEARCH PUBLICATION LECTURES LINKS

Welcome to Kim Laboratory
£ TR

The radio signal processing laboratory of Niigata University has been launched in Apr. 2014. The research

area covers various topics of radio signal processing including radio propagation channel measurement
and modelling, direction-of-armival finding, SDR/CR technology and ICT for medical healthcare.
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Oct. 2016 Nov. 12, 2016 Posted by mskim
Jul. 2016

Mm-wave Outdoor Measurement Camapign on Wall Scattering (Nov. 2016).
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11 GHz MIMOF¥RILY U5 (ETXK)

_ _ 2010~2012
= Transmitter with 24 antennas composed of 3 sub-systems

f "3

FPGA/DAC Board jll CPU Board
oG NN

‘ ' =
TX sub-system

5\ ,-‘ 5 . 'ﬁ_ i} = _ _' .
Clou];c/):;;ggtr < F Boar Jise w‘ :

Yohei Konishi, Minseok Kim, Yuyuan Chang, Jun-ichi Takada, “Versatile Radio Channel
Sounder for Double Directional and Multi-link MIMO Channel Measurements at 11 RX Su b'SyStem
GHz,” IEICE Trans. Electron.Vol.E97-C, No.10, pp. 994-1004, Oct. 2014
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= Full polarimetric double-directional measurement

Carrier frequency | 58.5 GHz
Signal bandwidth | 400 MHz
Sampling rates (fs) | 800 MHz (Rov=2)
Sounding signal | Unmodulated multitone
(No. tones (V) = 256)
FFT length (Ny) | 512
Cyclic prefix (Ncp) | 512
Total length (Ngym) | 1,024
Tone spacing (Ar) | 1.563 MHz
Delay resolution | 2.5 ns
Maximum delay | 640 ns
Multiplexing scheme | Time Division Multiplexing (TDM)

= Schematic diagram

1
LOMH | Synthesizer: 5663 GHz (0.5 GHzstep) : [ Synthesizer: 56~63 GHz (0.5 GHzstep) | 10MHz
(Roubi dium) : | : 1 {Rubidium)
|
6——f s [ PLL ~ *3 | ! x3 PLL ' SG
Ref | : Rel:
285,714 MHz ! | 285.714 Mz
i I ' +2 | ! | R I I
| 1
1 ! ! .
| Wavelorm ! : J’K M Wavelorm :
: Memory : Tx 1 : BB 1 : Memaory |
I I ’ : BE ATT ! I RO0 PLL I :
| ! PLL i : 03648 | | MHz !
! 1 -
| FPGA PA ! IR R g FPGA |
N ! | "6 0 : UL
| _Triggerforsyme ' | . ! | Var. LPF ! | Trigger forsyne |

Baseband Processor (DACs) RF Module (Transmitter) RF Module (Receiver) Baseband Processor (ADCs)
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= Directional antenna scanning

Elevation,é

= Antennas
Standard Gain Horn Standard Gain Horn Lens
15 dBi Gain, 24 dBi Galin, 34 dBi Galin,

30 deg. HPBW 12 deg. HPBW 3 deg. HPBW
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Results

= Measured

84 F AW
[—':’< 96— — =90
9 108 Measured
— B ~ B =100
R L APS@Tx i

-110
90 78 66 54 42 30 18 6 -6 -18-30-42 -54 -66 -T8 -90

Az @ Tx
AoA

-&50

=90

=100

El @ Rx

-110
IROI6R 156144 13212010896 84 72 60 48 36 24 12 0 -12-24 -36 -48 -60 -T2 -84 -96-108 120132144156 168180

= Reconstructed by MPC

, =50
84 F ]
Y
= 96 1 1-90
5 108 |- 1T
1201 iy T
90 78 66 54 42 30 18 6 -6 -18 -30 -42 -54 -66 -78 -90
Az @ Tx
AoA
=80
T2
. T2
lawl R4 =490
I Reconstructed
= 96 -100
108
=110

IROT6K156144132120108 96 84 72 60 48 36 24 12 0 =12 -24-36 =48 -60 -72 -84 -96-108120 132144156 168180
Az @ Rx
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90 78 66 54 42 30 18 6 -6 -18 -30 -42 -54 -66 -78 -90
Az @ Tx [deg.]
=

: L3 (

180 168 156 144 132 120 108 96 84 72 60 48 36 24 12 0 -12 -24 -36 -48 -60 -72 -84 96 -108-120-132-144-156-168-180
Az @ Rx [deg.]

Item | Value
No. extracted paths (L) | 50

Fine search resolution (angle) | 0.1 deg

Fine search resolution (delay) | 0.1 ns

Clustering Method | KpowerMean




Scattering Process  (ra:Los)

TxXEl TxAz RxEl RxAz #HXEE PG

# [deg] [deq] [deg] [deg] Ins] [dB] Process Scatterer
1 104.4 -31.4 745 131.0 0.0 -86.3 EIERK

2 975 61.1 81.8 99.7 13.7 -98.4 1[ER& B

3 126.0 -30.5 114.0 126.0 3.6 -102.2 1[E K& 73

4 111.8 61.2 1140 100.8  16.1 -103.1 2@ &5t #, K
5 946 -35 829 174 275-107.4 &L M
6 937 -42 848 -143 112.6 -107.8 1[EIR&f BAEE
7 955 416 809 842  17.0-108.0 #El B JLEE
8 94.0 -64.3 68.7 120.6 0.5 -110.9

9 100.4 -96.0 81.4 166.8 125 -111.4 1[4t HIR

10 94.0 914 849 1291  40.0 -112.4 3ERE H3X, &EH, &ER
11 91.1 443 695 1284 0.2 -113.4
12 943 -418 846 -658 407 -113.6 #E. Mz
13 969 256 80.1 67.7 20.0 -114.2
14 107.3 -28.7 66.0 1140 2.2 -1152
15 99.9 -450 766 84.6 0.2 -116.4
16 102.0 -29.9 78.0 -152.7 0.3 -1165
17 104.4 -41.8 1140 -65.8  41.8 -116.7
18 107.1 -31.7 73.6 1733 0.2 -117.2
: 19 102.0 -31.2 67.0 720 0.0 -117.2
. Direct , 20 953 -20.9 79.3 -265  27.5-117.4 k& M4
o —_— Rt;ﬂcctlpn 21 90.0 -19.3 73.0 1122 0.7 -118.1
--== Diffraction 22 126.0 -78.1 66.0 124.4 0.2 -119.1
23 1089 26.1 1140 66.5 22.5 -119.2 #h#El, K& BT, K
. 0 24 126.0 -11.1 66.0 -58  35.0 -121.4 2[EI&45 IR, BAT
LoS: 87% 25 108.1 -23.6 1140 -29.8  27.5-125.0
26 108.1 -5.7 1105 -12.0 115.0 -126.4

s 1-orderrefl.: 7% 27 78.0 -65.8 66.0 -125.8  32.5 -127.5

28 96.9 -78.2 96.9 -89.7 65.0 -136.6
s Other: 6%

#2, #6

Side wall
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[2] Jaime Lien, Nicholas Gillian, M. Emre Karagozler, Patrick Amihood, Carsten Schwesig, Erik Olson, Hakim Raja, Ivan Poupyrev, “Soli:
Ubiquitous Gesure Sensing with Millimeter Wave Radar” Google ATAP, ACM Trans. Graph., VoI35, No.4, Article 142, Publication Date: July 2016
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SYRFeRILGOUS

Carrier frequency | 58.5 GHz
Signal bandwidth | 400 MHz
Sampling rates (fs) | 800 MHz (Royv=2)
Sounding signal | Unmodulated multitone
(No. tones (N) = 256)
FFT length (Ny) | 512
Cyclic prefix (Nop) | 512
Total length (Nsym) | 1,024
Tone spacing (Ar) | 1.563 MHz
Delay resolution | 2.5 ns
Maximum delay | 640 ns
Multiplexing scheme | Time Division Multiplexing (TDM)

Antennas | 24 dBi Pyramidal Horn
12 deg. HPBW
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0 0 0 0 0 0 0 11 | (a) M 95.7 %
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[1] SBH 2z 5“Wireless Heart-beat Sensing Technology using Millimeter-wave Radar” Panasonic Technical Journal Vol No.1 May 2017
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= Corrupted by body movement, phase noise, and

thermal noise
x(t) = aA - exp(jAy cos 2mfit) - exp(jA, cos 2nfi.t)

-exp (2 y(®) - exp(jon(0)) + 2(0)

Body movement Phase noise Thermal noise
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Cancellation Using Radar Doppler System” arXiv:1310.2293v1[physics.med-ph] 8 Oct 2013



BT R AE
» BCEEARE AR TR ZED
7—) TR R
Re(t,7) = Elx(t +7) x* (t —7)| = B RE(x) 27
[E1 28 B 2 #H B8 RY %k (Cyclic Autocorrelation Function; CAF)
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Carrier Frequency Dependency

= Carrier frequency determines modulation index,

2T 2T
Ay = TVah’ A = Tyar

fr = 0.16 Hz
fn=134Hz

Heartbeat rates
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Mm-wave Channel Sounder

Carrier frequency | 58.5 GHz
Signal bandwidth | 400 MHz
Sampling rates (fs) | 800 MHz (Royv=2)
Sounding signal | Unmodulated multitone
(No. tones (N) = 256)
FFT length (Ny) | 512
Cyclic prefix (Nop) | 512
Total length (Nsym) | 1,024
Tone spacing (Ar) | 1.563 MHz
Delay resolution | 2.5 ns
Maximum delay | 640 ns
Multiplexing scheme | Time Division Multiplexing (TDM)

Antennas | 24 dBi Pyramidal Horn
12 deg. HPBW

Trigger for sync

1Mz | Synthesizer: 56~63 GHz (0.5 GHaz step) | ! Synthesizer: 56~63 GHz (0.5 GHz step) | 1OMH:
(Rubidium) : : : | : (Rubidium)
6&— sc ——] PLL ~ *3 | ! x3 Lo SG
e | el |
285,714 MHz J ! | 285.714 MHz

————————————— - ] T | I I
! ! : _ ! 1 |

I ! ! ;
: Waveform : : —I@— J/_{l M \:-:Tu-'t-ﬁn-rn :
. | BB I emary |
: Memory : Tx RBx | - BE ATT : 1 400 t |
| - ‘7? ] | 1
\ 1 i ! 5o [* 0-3648 | L MHz PLL !

I N | 3
V| Fraa PA ILNA AT Var BPF é A S g roa
L | | ’ K pmg o JLL ||

| I

I |

L _Triggerforsyne ____________ I S 1

Baseband Processor (DACs) RF Module (Transmitter) RF Module (Receiver) Baseband Processor (ADCs)
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2alb—i3ay RER
ok R L IR 3K 60 GHz 58.5 GHz
A E BT #9970
YT REEE #9170 Hz
YT ILE 11,900 11,915
FFT bin bandwidth £90.014 Hz
smoothing point 500 point
IR D B, 1.4 Hz 0.85~1.0 Hz
IEOR D B IR 34 £ 0.25 Hz 0.25~0.3 Hz
A D HRIE 0.25 mm -
FE 0% D HR & 25 mm -
SNR 20 dB #920dB
MM E — 7 -
EZETUTT - E—LIE:12/E
F14%:24 dBi
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Measurement
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RSS: Received Signal Strength
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= Body Area Network (BAN)
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N7 @ @ vmst
@ ~—2x=n
® =zt

izt @ ® meit

s AMAENMECIKREE) DRIEIZEYEEL
s NILRTTEZZ)TDEEL
YINEYT—3ay, &K 82 Hl1E (biofeedback), BIEEN#

. BIRRIFTI—IDBEL
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FORT—ODHEBE - F—ERST1v IR E DFI

H B8 - http://pr.fujitsu.com/jp/news/2013/04/12-1.html
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[11$JIIARE, "BEEFIZE TS0 FIREBOEHRIEM," EFHEEMICT2016-52, pp. 23-28, 2016 F11 A.
[2]HIIMBEIEA, "BAN A THX RN 7 BED O DEHRBFEEZRAV - AKRBEDREE
EDO—RE, " EFHERMICT2016-74, pp. 53-56, 2017 &1 A.

[i]© Murata Manufacturing Co., Ltd. All Rights Reserved.
[ii]© 2001 - 2017 Digi International K.K. All rights
reserved.
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