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Abstract:  The Tromsg sodium (Na) lidar is a highly stable Na resonance scattering lidar, resulting in various research
achievements in the upper atmosphere. For further improvements in the Tromsg Na lidar, there are several issues, e.g.,
absolute time synchronization, strict control in frequency switching, etc. To solve these issues, we have been working
on a self-build FPGA-based control and measurement system. As the initial development, we reproduced a basic
measurement system, which is almost identical to the commercial system used in the current Tromsg Na lidar. In this
presentation, we will introduce our FPGA-based system and the results of the performance tests. The current status of
further developments for additional functions will be also reported.

Key Words: Resonance scattering lidar, FPGA, Photon counting

1. XFC®IC

fa ALY NaFAX—1%, AHBERT - EFEMNRT - BAFIIE - EXEERFITE - T 2010 FITHFE S
M, /U =x—-+ bV (69.6°N,192°E) ICHE SN Na LIBHEL T A ¥ —THDH. KT A4 X —iF, &
FRIZLD EASVAL—YF—2 AL HERPOLBEKILI A X —THV, ALE - EHEMO AT AL
U Tk 72 M BLAN 217V, & BEIKRICE T 28 2 RIFRRRER /LT D 19,

ALY NaTA X —DL—H— i LJEKEIL 1 kHz, B1H IPP (Inter-pulse period) 1d 1 msec TH 5.
l-msec D L — ¥ — XL X 1-shot IZ%f L, bin &% 640 nsec (EHEE/Y fi#HE: 96 m), bin HIE 1500 bin & L T,
1000-shot 5L (Ke[#] 43 fifRE: 1 sec) TT — X Zil#k$ 5. Z OB, 1-sec A 0> B Ak ke 2 V3 # e 5 20 (2 [ 4 L
TWRWAIZ, 1-sec M OEAEFIADEE ICITHE TE TRV, 0%, BURO 1-sec BHE T — & O ki bE
FREEE & U TR RKERZEN l-sec ELER->TWD., /-, BE - REOBHNOAICEE L —F — DR
%, B ¥ FE T (Acousto-optics: AO) 2L > T NaD: A7 hVN®D 3 DO FEFEHIZ 1-min BICEIEZX 5.
Z OB, 1-min BOBRPEHELNBEZ DL A I T E lsec EDOXY A IV ITREML TV RWE, 8K
ZWED l-sec T — X%, UBEAROBEAEKROT — ¥ LUBRIBOEBEHOT -2 PRI s/ T —X o T
LEV, T—H@FICER T2 (1-min BIZ l-sec DF —F @ ANFET D). 20X ) iAo+
HI120E, ENENOBICKIE LT B 2GRN FTRER VAT A EME T HILERNH LN, TOLI R A
FAEHBREATWARW, 22T, A2 T, Fr s Y NaTA % —OBEETLE - S4={t%2 BT, FPGA

(Field-programmable gate array) % M7 ik 72 HI4H - FHHI > 2 7 A& BEFERIICBHE T 5.

2. FPGA il - TR R T LDERERFE



2.1 HERHBIDRTLDER

B ATAORBICHTE->T, TTER—ALERIFWUI AT LORBETRY AT LAOFH L WO BA
NHiTo 7. BZICIE, Xilinx o 7wt v ¥ (PS) & FPGA (PL) R—DIlR -7 IC F v 7 Zynq % &
# L 72 FPGA FFfliR — K PYNQ-Z2 Z#{FH L7 (Fig1 M), B LIz AT A%, =i, B, v oo
X —EH], T — X% RTE, DOBRIND. yx%A@%%l%ng_rﬁ.hv@Mi,7¢L/w
T 4T HRTHY, HEFHEMEE (Photomultiplier tube: PMT) MO N ET 4 A7 ) I 1 —H—T
TIUXNPHICER LIZERE% FPGA I ANTH. EHE0H 70 7%, fifKEE L7 2 20 100 MHz 7
0y 7 R0WDCZ &T VY —2EER LN LEENRY Y 7 HEIX 200 MHz (2785 X511 Lz
B Z—EANCE T D 1-bin @ bit #iX, PMT £ ¥ = — /LD 3L AT 55 fiRRE (~70 nsec) & 1-bin @ bin 1§
(640 nsec) &7 — X FEE £ (1000-shot Ai%) # & E LT, 15bit L A F (0-32767 counts) % fEfR L7, T —
HEREREDT v RE A L& TAHI ,mmmMﬁr2o@wvy5~Mﬂ%%D%zéﬁ7wﬂy77y
AT LEFE L. PLD PS ~DF — X ER1&|(21X DMA (Direct memory access) ZEEM L, PS PIZTERL L
727 N =7 (python) TT — 5’%T%f@“€).

Fig. 1 FPGA evaluation board with the handmade I/O interface.
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Fig. 2 Diagram of the developed measurement system on an FPGA board. The PL fabric clock is converted to two
clocks with inverted phase by MMCM (Mixed-Mode Clock Manager), and these clocks are used in the signal

detection circuit. Counter array switches between counting mode or transfer mode every second.
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Fig. 3 Example of raw photon count data of one direction (vertical) by the developed system (blue) and commercial

system (orange) at 18:00 UT on 20 Feb. 2023. Each integration time is 2 sec. The range resolution is 96 m.

3. FEHERE

frAY Na 74X —OWBRIZHIT #7272 FPGA Hlfl - v 27 L OB OB & LT, dilksE
M AF LAOHEB AT, FrAY TOEFRBRICL ST, TRVATALOREBEARITo -3, BRL
TV AT AL, BEARFHMEFDICITZDZE, FAFTI v 7 L PVICELTEHRY AT A% LA 5 MG
R EEERLE. MR LEVATARTER VAT A IO BREOMKETHLI b, 32 NYLES
NHHLEMEEZAE LTS, BER, BE TR HIFFZIREC A0 Hl#E 28N Lz 27 A0 %k
TR HE D, mm&nouﬂ’%izaﬁ@LuAyiﬁ%%%ﬁiza%%%LTmé Mz T, Filr O
RTHESINTODEE Na A X2 b 59 OfANCHT CEITHP THABNESEREE e Y27 hOE LR
5%W%vw%t~bﬁ@ﬁﬁ«@ﬁm%ﬁmb,ﬁ%%%ﬁﬁ,%Wﬁv»%%kxzwﬁ@%fébt
FPGA il « 3> AT 2 DB LED TN D,

# O

AWFFENC B9 D WF SRR EiE, AR B2 R AU E R B s F 2 (JP20HO01962, JP20K20940, JP21K 18315,
JP21HO1144, JP21HO1152, JP21H04516, JP22H01289, JP23H03532) (2 L W EfL T\ 5

ZSEXH

1) S.Nozawa, T. D. Kawahara, N. Saito, C. M. Hall, T. T. Tsuda, T. Kawabata, S. Wada, A. Brekke, T. Takahashi,

H. Fujiwara, Y. Ogawa, and R. Fujii: J. Geophys. Res. Space Physics 119 (2014) 441.

2) T.T. Tsuda, S. Nozawa, T. D. Kawahara, T. Kawabata, N. Saito, S. Wada, Y. Ogawa, S. Oyama, C. M. Hall, M.
Tsutsumi, M. K. Ejiri, S. Suzuki, T. Takahashi, and T. Nakamura: Geophys. Res. Lett. 40 (2013) 4486.

3) T. Takahashi, S. Nozawa, T. T. Tsuda, Y. Ogawa, N. Saito, T. Hidemori, T. D. Kawahara, C. Hall, H. Fujiwara,

N. Matuura, A Brekke, M. Tsutsumi, S. Wada, T. Kawabata, S. Oyama, and R. Fujii: Ann. Geophys. 33 (2015) 941.

4) T.D.Kawahara, S. Nozawa, N. Saito, T. Kawabata, T. T. Tsuda, and S. Wada: Opt. Express 25 (2017) A491.

5) Q. Gao, X. Chu, X. Xue, X. Dou, T. Chen, and J. Chen: J. Geophys. Res. Space Physics 120 (2015) 9213.

6) T.T.Tsuda, X. Chu, T. Nakamura, M. K. Ejiri, T. D. Kawahara, A. S. Yukimatu, and K. Hosokawa: Geophys. Res.
Lett. 42 (2015) 3647.



