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Abstract A high-precision time-of-flight interval measurement technology based-on multi-point average principle method
average method to eliminate time cumulative error caused by nonlinear sine curves. The high-precision pulsed laser ranging

for pulsed laser range finder has been presented. This method refers sine signals as the measurement benchmark, on the

basis of pulse counting method, the sine signal time has been high-precision subdivided with the principle of multi-point

5l

single distance measurement accuracy obtained by experiments is stable within =3 mm.
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system has been built, pseudorandom sampling for the reference sine signals in a cycle by using linear frequency modulation
technique to achieve high-precision time interval measurement. The structure of ranging system is simple and low cost. The
frequency modulation technique; time subdivision

measurement; pseudorandom sampling; time interval measurement; multi-point average method; linear
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Fig. 1 Schematic diagram of time-of-flight

internal measurement
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Fig. 3 Time division to sinusoidal voltage quantization
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Fig. 5 Diagram of fine interval measurement principle for a high precision pulse laser ranging

i (5 D S 9 ik b 2 St st %0 2, R (5]
W ik ohik 20 ¢, 75 B2 0 BOR IR B L B R e
% A O HL CAPD) I 0K FL 3% L Hsf 220 S0 J31) f i
SEITT WK O E B e ad BN PR R 7 A A B R
S B} [0 7F SR i 0, XM S T o, B Z0E o 5 20 1)
i i) ] o 7E SRR 2, R R BRI R AR 3 1) A/D e
Poth Bk BE & 1 2, A 2, H T Koo £ S0 1 H 2
I ) 42 R s i) 32 30 A R 2R R L E G R SR
BT — MG B 5 4 B DAY BR H T H B A
Rt e S K ) R T 11

I FH 5 B B 2058 i % A /D X 2 2% i b E 3% (S
ST RFE.A/D REER Z s ER PE R A/D
F 1) SR AP R 4 B B ) 43 M 3 — S e
U T 3 5 SR AN 45 8 E5F I 18] 23 B /N T 1 ps 19
AR BRRE L A/D R AE IR 7 AR I R 25 6 I B
R BE B R AR /DN
3.2 fHBEMLRHE

T 43 AT SR PR B AL R A i S B v R T A Gy
I ] i) o S0 1 DL

W VCXO i AR [ (O BERF ] ¢ (1945 4k 52
iy A B A R TR A L T R R

Froo (D) = froo(0) +a 14 (10

A fro (0028 VCXO B WU T HEW R a h 14
BER, B VCXO FE5 @ SR FE 2109 45 5%
S oo GO DS & A5 55 0 — 1 822 18] A SR A IF [ ] o
K/ f oo (D) s AIZ IS BRI BR X AR %Ry £ = 1/ T 11
SH LGS AT RAE AR BIFESE S 5H i — 1%
S 0E % A5 5 0 B AR A . i T 40 1R) a) B R A
ZE0t, —t, BE/NT T T o PR B3k 5 5 =22 (8] 9 A o7
ZE0 LSRR — A/ N TSR Ty e fe] 22, #1024 F
S SYH R A B i) ) B, B

mfo —INT[ﬂ}},

A =T 7@ Fuusa )

1D

Xp fo=1/T, SFIEZES AR INTL « 14
IR R, th (1D AT AW R AL SR © 500 S5 85
Z\h

() =tG— 1D +Ac(D) — T, -

INT[T(i — 1)T;|— Az (@) }

R AR SRR BN 2 () BB AE[0. T, JIX
) s 3 5 22 s AE — U I B Ao AR v A SR A R R T LR
SR TE R — AN Ty P9 RAEAS 2 Y 1E 5% W A .
T AR 2R RE B [ TR B Az () Bt /N T 52 B SR R i
] )RS 22/ f oo () 335 UK 25 1T DA SR FH A1 SR
R[S 4 28 008 ol S B v A SRR R L R
FH I A 5k J B B8 T AR D AR

A2 XA LI W (O EAEL0. T, JIX 8] Y
WESAS 43 A, B ik 2 8L £, = 14. 98 MHz,
Freexo (0)=15.13 MHz,a=285. 7 Hz/ms,m=1770,
B —AS e B T, ] 4 i 200 45 £y, SR A
20000 g He cGOAEAE [0, T JIX 8] 5% 55 4y 1 #E R 7
MAE 6 i, MIE ] DUE H R4 R A R A
SR A5 T B 5 2 2 3 kS 1 o (EL R SR AR I 0 R T
[0, Ty TR ] PN 45 55 47 A BE 25 2 3 (L33 50 1 o it 2
iﬁ%%ﬁE#Mﬁﬁﬁm%&,ﬁiﬁ@%%ﬁﬁéﬁﬁiﬁﬁ&

~.

12

180+

bWy M\“\r-v’\krw'*ﬂ“'”’W i

20 40 60 80 100 120 140 160 180 200
Simpling time point
B 6 SRAEET 2 5595 42 [0, T J DX [H] P9 45 55 0 B R 2R 43 A
Fig. 6 Probability distribution of each equal part for

sampling time point falls in the interval [0, T, ]

0808002-4



R WA

He T TE 52 h £ A o o 2 Sk et i ' 0 B A ) ] o 0 £ R

A PR AL R A J7 1 3 2 S P b 2 B F B S8 T
DA — Uil BF 5o A% v S5 BOCRFE B 20 8« () Y5
SIARAEL0L Ty JDCTE]) S AT A b 3A 22 1 24k 0
Jir 30 Ok S B K JRE ) ) 4 4

4 SLEgE R
W5 3 T O B BL R A 19 22 55 1 2 40 ik () U R 5
I T TR BE O ik b i BE A . 22 A IE 5E 4

F IR R E B R AN SRR 5 A TCXO = A, Hog
FOH fo=14. 98 MHz, 45 4k VCXO B4 4 45 %
Fro (0)=15.130MHz, A/ D4y #1247 , K FE R
4.6220

E 46210t

8 i

§46200-

E I

o0

£ 4.6190

=]

7 I

< 46180}

AT ————6 6 10 12 14 16 18 20

Measuring times

74,620 m bR I A
Fig. 7 Measurement results of 4. 620 m target

16.339

16.337
16.335¢

16.333

Measuring distance /m

16.331¢

0 2 4 6 8 10 1z 14 16 18 20
Measuring times

{8 16.335 m H b B g Il & 25
Fig. 8 Measurement results of 16. 335 m target

121.924}
121.922}
121.920f

121.918}

Measuring distance /m

121.916}

0O 2 4 6 8 10 12 14 16 18 20
Measuring times

B9 121,920 m F b i0 B &t 45 2R

Fig. 9 Measurement results of 121. 920 m target

g 5X10° s 1 SR AE 20000 g SR OT- 85 S5 TG S 4 )
V) 150 R &% Ji AR 4 ST 0 45 7y AREL B [ ) ol (L ' o 55
SR 3O Wk A E B B AR 2 (R] Y B
B DR A R EE SO0 Ik b I BE A2 T w A RN 3
BRI S L AR B LR R AT R B, B’ 7~ 9
Ay RN 4. 620.16. 335,121, 920 m H 47 HE B 4l
et 2 L G R A R A I e R G\ A B Dy B S )
fE. Wk 45 R R W, BB I R 22N T
3 mm, [F BT O B AL R A B o5 A 2 B [ (1]
W R AT

5 4 e
SR A SO SE L AT AR Y LT 4

D HFIE Eﬁﬁ%ﬁ%*ﬁ@%ﬁﬁl%ﬂiﬂd,
54855 10 2R B2 AE A 4t o B ] 3000 £ 5K o 1) 77 9 4
Fb SR P 33 D 95 AT A K K ] 1 R I8 485 4

2) Rk b B0k L 2 s B 8 L O Bl AL
SRR AR G5 A (0 S T 1) o 0 A T 9 i L T B L 8
MK 5

3) RN SEBR H AR 0 45 R 0] LAE R
A SCHR H A IS ] 18] g DU S i AT LA AR A R R 0 R
Z2/NF 3 mm, F I Z IR AT, R
A/DSy 3R SR A BB Bl — 2 Ak VEXO Fi
TCXO SR SHL FE W B0 E W T, P3R5 58 257 1 ik
AN A B — RS AR S E 1 mm LAY,

& & X #

1 Jozef Kalisz. Review of methods for time intevral measurements
with picosecond resolution[ J]. Metrologia, 2004, 41(1); 17—
32.

2 Chen Ruiqgiang, Jiang Yuesong. Time interval measurement
method of pulse laser ranging[ J]. Acta Optica Sinica, 2013, 33
(2): 0212004.

RS R . VLA AL, K b OG0 BE Y e I [ R A vk L)L O
22482013, 33(2): 0212004,

3 Yang fang, Zhang Xing, He Yan, e al.. Laser ranging system
based on the pseudo random code modulation and photon counting
laser ranging technique[J]. Chinese ] Lasers, 2013, 40(2):
0208001.
ooJ5, ik & B A, L R Ol BE ALY R AL I
BOBOLIEE SR T]. B IE#0E. 2013, 40(2) . 0208001,

4 E Raiisanen-Ruotsalainen, T Rahkonen, J Kostamovaara. An
integrated time-to-digital converter with 30-ps single-shot
precision[ J]. IEEE J Solid-State Circuits, 2000, 35(10); 1507 —
1510.

5 K Maiatta, J Kostamovaara. A high-precision time-to-digital
converter for pulsed time-of-flight laser radar applications[ J].
IEEE Trans Instrum Meas, 1998, 47(2). 521 —536.

6 J Kostamovaara, R Myllyld. Time-to-digital converter with an
analog interpolation circuit[]J]. Rev Sci Instrum, 1986, 57(11):
2880—2885.

7 J Kalisz, R Pelka, A Poniecki. Precision time counter for laser

0808002-5



H |

# ot

ranging to satellites[J]. Rev Sci Instrum, 1994, 65(3): 736 —
741.

8 B K Swann, B J Blalock, L. G Clonts, et al.. A 100-ps time-
resolution CMOS time-to-digital converter for positron emission
tomography imaging applications[ J]. IEEE J Solid-State Circuits.,
2004, 39(11): 1839—1852.

9 A Mintyniemi, T Rahkonen, J Kostamovaara. A CMOS time to-
digital converter (TDC) based on a cyclic time domain successive
approximation interpolation method [ J]. IEEE ] Solid-State
Circuits, 2009, 44(11): 3067—3078.

10 J P Jansson, A Mantyniemi, J Kostamovaara. A CMOS time-to
digital converter with better than 10 ps single-shot precision[ ] ].
IEEE ] Solid-State Circuits, 2006, 41(6): 1286 —1296.

11 P Dudek, S Szczepanski, ] V Hatfield. A high-resolution CMOS
time-to-digital converter utilizing a vernier delay line[ J]. IEEE ]
Solid-State Circuits, 2000, 35(2): 240—247.

12 T Rahkonen, ] Kostamovaara. Pulsewidth measurements using
an integrated pulse shrinking delay line[J]. Proc IEEE Int Symp
Circuits Syst, 1990, 1. 578—581.

13 S Tisa, A Lotito, A Giudice, e al.. Monolithic time-to digital
converter with 20 ps resolution[ C]. Proc ESSCIRC, 2003. 465—
468.

14 J Kalisz. Review of methods for time interval measurements with
picosecond resolution[ J]. Metrologia, 2004, 41(1); 17—32.

EEHRE ATLE

0808002-6



