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High precise measurement of target velocity
using laser heterodyne technology
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Abstract: A heterodyne detection experiment is established to measure the constant rotation velocity
and the variable velocity of targets,in which the diffuse reflectance target and simple harmonic motion
model are taken as research targets. For uniform rotation velocity measurement, the heterodyne meth-
od and amplitude modulation velocity measurement are conducted at the same time to measure the ro-
tation velocity of a diffusion target in two directions and 133 sets of results are obtained. Moreover, the
variable velocity is measured for a target with like-harmonic motion by the same optical system, and
the spectrum video is processed by the Matlab software to get the velocity. Tested results show that,

in the uniform rotation velocity range from 0. 05 to 16 m/s, the average relative error for positive and
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negative rotation analytical measurements are only 0. 51% and 0. 42% ,respectively. In a variable ve-
locity measurement for positive and negative rotations, the maximum speed are 0. 555 6 and —0. 659
m/s,respectively. The results indicate that the measurement has a higher accuracy and a higher Signal
to Noise Ratio(SNR) for a clear mid-frequency spectrum can be seen.

Key words: laser heterodyne detection; uniform rotation velocity measurement; variable velocity

measurement; relative error
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Fig. 3 Experimental optical system measuring variable motion
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Fig.5 Velocity measurement principle by amplitude
modulation
AR ETE

ML (6) Ca) (7)) Ca) BT L, &b 22 Ty 305 T 348 1
FHAHIEA E 2 — 8, LRI AR ARSI
I 328 9 LK Bk 0,05 m/s B 16 m/s, 1E [0 5 5)
T 5 KA R iR 22 00 2. 34 %, S B A X iR 22
0. 51 %6 5 17 [n] i 2l M 4t e K AH X iR 2220 2. 06 %%,
S-S AH XTI 22 0. 42 %0 BT X BE 1 v RS B
M, IE (6) (b)), (7) (b) a] WL, H Fp 3 #ok
T2 A X 35 22 )N

T T T T

E } 8 Eegllel{(’)]dl‘l"ﬁlcukd:lgcllllootliluhlloﬂ measurement #"‘
. g il M/

2 0 n ; " , , ,

2 20 40 60 80 100 120

Measured points
(a)

g 2% . . ‘ .

® l{‘)”rj . g | 1 i L'ijmu il . e fo s
£ T ri]
5 350l ‘ . . . ‘ .
& 27 20 40 60 80 100 120

Measured points
(b)
& 6 IF [m) %% 2 2k BE Ca) B AH X5 25 20 BT (b)
Fig. 6  Positive rotation velocity measurement (a)

and relative error (b)



2370 e ME TR 919 %
Té) 15 ;Eietetr?idy“ﬁn‘}edteecrggé:ﬂatjonmeasurement ' I I b S= N ~ 2. o

£ R T L3

>

0 20 40 60 80 100 120
Measured points

(a)

Relative error
l\l)hl— —_0
SRR

20 40 60 80 100 120
Measured points

(b)

[l 7 A1) A sl B Ca) B AH KR 22 43 BT (b))
Fig. 7

Negative rotation velocity measurement (a)
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