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Abstract: In order to solve the phase demodulation problem caused by cyclic jump, an automatic phase unwrapping
algorithm based on field-programmable gate array (FPGA) was proposed. Using the data pipeline structure, the number of jump
cycles was automatically found by the state machine, and the automatic phase compensation was realized by the number of jump
cycles. The proposed algorithm was theoretically analyzed and verified by experiments. The results show that when the width of
the counting bit of the jump cycle number is 8 bits, the FPGA can be applicable to the situation of less than 256 jumps. When
the digital width of the jump cycle number increases, more jumps are applicable. The automatic phase unwrapping algorithm
almost does not occupy storage resources, and can solve the arctangent phase jump problem caused by the increase of the
vibration modulation range. The phase demodulation error is within 1%o, which meets the real-time requirements of high-precision
vibration detection. The automatic phase unwrapping algorithm provides a more concise solution to the problem of cyclic jump in
the calculation results of arctangent phase in laser Doppler vibration measurement.
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Table 2 Demodulation phase and its error (N,<10)

phase unwinding true value of

the measured

absolute error of phase

relative error of

¢ algorithm phase amplitude/ ( °) value ¢, (1)/(°) measurement/ () phase measurement
this algorithm 207. 029 4.267x107° 2.061x1077
1 207.029
traditional algorithm 206. 943 -0. 086 4.135%x107*
this algorithm 598. 342 0.259 4.326x107*
2 598. 083
traditional algorithm 598.356 0.273 4.564x107*
this algorithm 1058. 146 -0.001 -8.710x1077
3 1058. 147
traditional algorithm 1058. 098 -0.049 -4.622x107°
this algorithm 1379. 834 -0.358 -2.591x107*
4 1380. 192
traditional algorithm 1379. 722 -0.469 —~3.404x107*
this algorithm 1794. 249 -4.477x107* -2.495x107
5 1794.249
traditional algorithm 1794. 152 -0.097 -5.415%107°
this algorithm 2116. 127 -0. 167 -7.898x107°
6 2116.294
traditional algorithm 2116.231 -0.063 -2.966x107°
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Table 3 Amplitude and frequency of target vibration (N,>10)

maximum Vibre.ltion vibration amplitude

N, detectable amplitude frequency . o
amplitude/nm A,/nm f,/Hz 2u(/(%)

10 8216. 250 8000 500 3680. 511
20 16041. 250 15800 500 7269.010
30 23866. 250 23500 500 10811. 502
60 47341. 250 47000 200 21623. 003
90 70816. 250 70500 100 32434. 505
120 94291. 250 94000 100 43246. 006
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Table 4 Demodulation phase and its error (N,>10)

N true value of the measured value absolute error of phase relative error of
¢ phase amplitude/(°) e (i)/(°) measurement/ ( °) phase measurement
10 3680.511 3680. 436 0.075 2.038x107°
20 7269.010 7268. 945 0. 065 8.942x107°
30 10811. 502 10811.267 0.235 2.174x107°
60 21623. 003 21623.061 -0. 058 -2.174x107°
90 32434. 505 32434.295 0.210 6.475%107°
120 43246. 006 43245.753 0.253 5.850%x107°

# 5 MIRLARES LR L

Table 5 Comparison of phase unwinding algorithms

traditional phase unwinding algorithm automatic phase unwinding algorithm
phase unwinding accuracy within 1%o within 1%o
number of phase jump cycles need to be known no need to know, automatic acquisition
degree of design complexity complicated structure simple structure
solve the number of jump cycles fewer jumps more jumps ( determined by bit width of jumps count)
jump 6 times RAM RAMB16BWERSs resource occupancy 62% 31%
the number of jump cycles increases when the value is greater than 100%,
the usage of RAM RAMB16BWERs resources unwinding cannot be achieved keep 31% unchanged
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