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Abstract This paper introduces the detection principle of wavelength modulation spectroscopy, and analyzes the
advantages and disadvantages of the traditional field programmable gate array (FPGA)-based wavelength modulation
and demodulation algorithm. Then this paper proposes a FPGA wavelength modulation and demodulation algorithm
based on coordinated rotation digital computer (CORDIC) principle. The principle of the proposed algorithm and the
implementation process based on FPGA are introduced. Its advantages relative to the traditional algorithm in
precision, resource occupancy, time consumption and other aspects are summed up. Finally, synthesis and
simulation results of the proposed algorithm are given. The computational accuracy of the algorithm is verified by
comparing the simulation result and the theoretical result. The accuracy and synthesized resource occupancy of the
two algorithms are also compared.
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Fig. 1 Algorithm block diagram of traditional double phase lock-in amplifier
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Fig. 2 Algorithm block diagram of dual phase lock-in amplifier based on CORDIC
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Fig. 3 Coordinate schematic diagram of CORDIC algorithm
RV A6 1) 12t 285k 0 YROBEHE 2 05 45 307 1) it L HLBROKBERE A ¢ WO IE DDA #RIE 2 DA 580, SR @ IR e

fABEN ¢, =arctan 27, Bl cos ¢, =+/1/ (1 +2 ) D BB ME ¢ ~ D d.p. d, =+ 1 FRIEH
B AR, IRAS i +1 WA Rm N .

20 =K, (2 —vid, 27

yvio =K. (y, Fxd, 27
Ko K, BRI T, 24 e 5% 8 — s kgt 7 — s, [/ vi+27) ~ 0.6073, 1A R,
}E{{(l/ T2 ) =1, R ER K, @) 20k JUA s AR (748 4E . TR 80T UTE & 4800 HAb 7 7
FE Rz Bk i — 2B e

(2

073002-3



54, 073002(2017) BHSNBEIZHE www.opticsjournal.net

Ty =x; —yiod; « 2"
{ 1 Y (3)

Yirn =y, —x;od; 27 )
LA O TR S A ¢, U BERE R B s vk fx MRS AL AR R AT AR AR . SIS 2 RO
YT Je FEAE 1 2 A )

21 ==2; —d,; » arctan(277), 4
ZERGZRIEHEZIE . 200 > ¢ (oayo) oy EaL ML
Xupl =1 =Ty * COS P — Yo * sin ¢
Vot =Y1 =230 * €08 ¢ + 2, -singSD )
K (D3 (O IEATY BT LU CORDIC 53215 0l 28 5 L Hak AR A =0k .
iy =x; —yiod; « 2"
Vi =y —x;od; 27 , (6)

i =2; —d; * arctan(27")
TEEORXPUR v, <0 W d, =1, B d, =—1., &iF n KERZG A
X 1 :kn M vfg +yé

Va1 =0
) (7

Yo
2, =%, 1+ arctan —
X o

ko= J1+27
JEEP XosYo IE%],UZA{E k., LE%U\?&E’JL’F‘]T_I“%:F?}%JE /I\XHEfE %B/ TU%U?H(?)T#% XosYo E](qujf%ﬂ
(RS- J7 AR B AR TE 200 yo » S0t RBERENG -+ 1 UGEAC A BT R 18 n=16.k, = 1164471

4 }T CORDIC Rz 5583k 5

& 5 & CORDIC B3k 45 40 78 i

s
2 Tdn 1Y, Tdn
>1 >1
+ i
xn—ﬂii yn—l Td
>N >N
S
fa f,
xn ‘ yl

¥ 4 CORDIC # % FPGA SEHLAE &
Fig. 4 FPGA implementation block diagram of CORDIC algorithm
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Fig. 5 Simulation waveform of second-harmonics. (a) Spectral absorption signal simulated by Matlab;
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(d) second-harmonics signal of improved FPGA algorithm simulated by Modelsim
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Top-level entity name
Family
Device
Timing models
Total logic elements
Total combinational functions

Dedicated logic registers

traditional_algorithm
Cyclone III
EP3C80F484C8

Final

23, 140/ 81, 264 (28%)
20, 078 / 81, 264 (25%)
14, 333 /81, 264 (18%)

Total registers 14333

Total pins 98 /296 (33%)

Total virtual pins 0

Total memory bits 3, 554/ 2, 810, 880 (<1%)
Embedded multiplier 9-bit elements 84/488 (17%)

Total PLLs 0/4 (0%)

[ 6 550 5 1k i 0 BT IR
Fig. 6 Required resource of traditional algorithm
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Timing models Final
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3,190/ 81, 264 (4%)
1,921/ 81, 264 (2%)
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Total pins 98 /296 (33%)
Total virtual pins 0

Total memory bits 0/2, 810, 880 (0%)
Embedded multiplier 9-bit elements 07488 (0%)
Total PLLs 0/4 (0%)
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Fig. 7 Required resource of improved algorithm
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