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Study of High-precision Pulsed Laser Range
Finding Techniques

CHEN Yi, GUO Ying, YANG Jun, HUANG Geng-hua, SHU Rong
(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: The error sources of pulsed laser range finders are analyzed and the factors which have
influences on the random error of a pulsed laser range finder are primarily considered. It is found that
improving the time resolution of a TDC, using a high speed threshold discriminator chip and reducing
the rising edge of a pulsed signal are the effective methods for improving ranging precision. Among them,
the reduction of a pulsed signal can be realized by using a narrow-pulse laser and a receiving circuit with
a properly designed bandwidth. Simulation shows that the minimum bandwidth required to keep a 5ns
rising edge from extending is 90MHz. Then, a high-precision laser range finder is designed and tested.
The test result shows that the system has a single-shot precision (30) from 0.077m to 0.117m for the
targets at different distances within 500m and has a precision better than 0.1 %0 D+0.05m (D stands
for the distance) for the targets at different distances from 500m to 3km. Compared with the formerly
designed systems using different lasers and different bandwidths, this system has obviously improved its

single-shot precision.

Key words: laser range finding; single-shot precision; error

18> e, oo 2k O Y B ELA 45 T . TR R
AVE. MR, I B R A A, XAl AR
SHESEWEOEME Wt AME) M R FEHEETISEESRE T Z0N A, BN
Wt HEA: 2010-01-15
HEWHB: B R o3 it% 3 H (2009CB724004) ¥ By
e BRE (1986-), F, BEFHA, BIEHELE, TEAERAL I BRFALALNZ AL, Email

Chenyi.gabriel@gmail.com

http://journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VoL.31, No.6, JuN 2010



2 AN

Ap 2010 4 6 A

F— B Bk XBOCI AT LA 60 424A 1]
LA, kb BB R A R RRE, JFE2
AREW BB, KRB S NRZ 2
WOEMEEL, DA AR BB 5T . A
SCH Fe oA 1T Ik b =X T B A 3R 22 R TR A 5
Ma 53R, PR B B A S —
B B S EAT T TR, RJE AT R
A O; B4R 1 SR T —A ko BT
ARG, X 3km PR AR BE RS 2EAT T .

2 Jox o SR U BE O Ay 25 AR

LSUEN oI F ST BURIE o1l iSUI RS
T IE] (TOF) Sl it F 15 4R 2 161y BE o £
FLHDE, B RSOCTIRE (1 B AR 28— Ak
w2 BRI IS H O B A TR B O
Belie, IR Bk o B\ S5t 3 9B (ST 42
PR IE] T . 4%, VUG (X 4R 2 18] 69 BE #§ D
AT DA R (1) R A

cT
D= (1)

X, e FICTEN B 4 Y 7 L
3 ok X O BE LBV IR E AT
3.1 RGRE

fik o BT B A R IREFBEHRE T
W] St OB P 5 22 A1 BE AT AR DR 22 . ] S SE IR 22
Mk i 5 5 7E 2R 48 T (1 1% 7 SE IS T 36 AR T B
ESLRERENRWE, ©—-RSHERIE. B
BAT B R 2 Tt vl T 5 b 1 W JE AR A 5
(. B PR AERE B A SR AR L i A AR £ 1 U
0 [T 357 A REREAS AL, AT 5 3081 35 £ 5 Y R B2
Ak, TR B — = RO, XAMRE A&
51 3B [T 905 A 5 ae o B L H) I 200 A A A, AT 5
SO BEAE Y i A 30 R AT A 2 SR AE B
{5 BRI % 07 2R BE BT B i 1Y

F G 1R 22 1 /N W E Ao 3 TR 1 7 2OR
SCEL.
3.2 fEHLIRE

Bl BIL % 22 R 2 e A 0 BE (S R 8 4 AE Y G
B, TUWE I RGEH B EERE (30) , W

INFRARED (MONTHLY)/VoOL.31, N0.6, Jun 2010

T TR 2 T 43 BT I B LAY B AL R 22
3.2.1 & 8] 18] g A & i £

B T e ' 0 B S e % ek [ o A
BE )RR R, BT ESTIA— MR ZE.
BB K b BT A & A AE DA B B 1 22 [
AL AeE FLBE AR S, H DU AT 45 dy I 1] 1] B 51
AW TR RN P .

SWT .

A, cJEEE, f NIHEEARRO SR, NI,
T IS AR B IS 1] 18] i 4 00 420 B R A IR Y AL
wE o, WHHWT:

A 5 R A g I TR AR BT S TN Y R

%=
Oy(sTarT)y — mAt (3)
[ 355 ke & 5 | A ) 45 Lk st 1] Ak BIF 5 N B 4

%=

C
Oysrop) — 4\/§At (4)

2R SR A I R) ] B A = RS 7 TDC-
GP1, HTE s> #EA A 250ps , LA (3) Ak
(4) 7] 15 Oy sror) = Ovsrany = 0-0108m , By FF
RIS Rk = AR R 2

0, = \Jo X sranr) + Tsrop = 0:0152m  (5)

322 MEX RS H s Hahix £

kO S5 2k oK, 7525 i B {E %)
i T AR B H S, DA & HsF TR T ) . —
iy TTL A8 %585 i i s B 3 # 7E ons ~
10ns FHELR, F=A MM EARHEIRZE o, = 0.75m,
X2 EE R R G AR B B R T b
¥, kA LVECL = B E 4500 Fr, i 45
B2 ECL/LVTTL s Fr # 4k 4 LVTTL (55,
A BB w2220 R 50ps ,  HE GRS A Y I R
REMFHERE R o, = 0.0075m , F & F| F [ ¥
BWAEE, BEERS RN R R E
H

o, = 20? = 0.0106m (6)

3.2.3 B %) K A 330k £

http://journal.sitp.ac.cn/hw



H31 %, HO6H AN

Ap 3

7 A ik 22 4 0 3 Bl 0% 22 1 i IR TE T B R
ko 5 LB 1R AL 4 ROE T B OUR A
BT T 2 ) 77 AT Ik 200 S i, ke B _E T B
7 O MR P 2 {ofF HL 2 B B B IS ML ) W T e A AR
e, HEP AR R B, AR R,
ZV 5 PR 2 0] LA Frif iy < =MAk” >
FoR Bl

g, =" (7)
E’U(t) |t=tp

X, o, () FWRFE A, o(t) it 20 550 %
NPk BT AR, ¢ AR
X T R OGP, BT HY S BB iR =
{1 b HE At 2 T R R Ay 1)
t c
%‘7¢Q§NRﬁi
X (8) KRB, LIhmlEERA, fFMevss, Wit
ZVERRFEBN, SHIFFBEVLRZA L, %)
50 B Bl 1R 22 S EEWOE 8 1) 5 B AE S BT
I TE] A SE AR . R ARIE SEBL R 8 AR, RlCE
T BN Z R G DG
[\ 15 5 i L TH sk [E] & 58 A2 i 1 H S0t
Jhk ity B BE, DR R 1 S B R B A YOG B
WK FH 28 ik v e 2% . AW Ik v b T e [a]
EMAEOT, A T RFREXA BT E], BB
L 1) 7 5 249 Oy )

(8)

3.5 4.4
Bm/:;_”.?_ (9)

2L 3 ik v 1 L TRt TR Ry S B, BRI 1 04
P& WA T0MHz ~ 90MHz , FA1XF B FH0F[E 5 5ns
(1 e W Bk vh AT TR B, IEEE T AR
PR B FE X TR s, B BR T
25 S TR HE 5 1) 2 A F B 0B D Mok v i T 1 T
WhEl. ATRAE H, 44758 < 50MHz i, $6Hk
) A e, b TR SR
90MHz J5, bFFuFEFEARNA, 9% ons, X5
FRW I BT 4t SR ASKI A, [R] 0o Bl 5 7 5 (4 3 K
MR A R, DRI X AN O B4 SR M Y E Y iR
R T BR: 43 EKT 90MHz I, T B X B

e >

http://journal.sitp.ac.cn/hw

A BE 25 Al WA (1 3 KT BRI, T /N T X AME I
N 5K B AT RE & DX Ry b T s 1] ) A8 K T R AR
BRI A 3 B S 5 A0 LTI R 30 8ns, £
WEEEX O 50, s (8) MTRASEH EFKAESHY
I ENRELH 0, =0, =0.017Tm ,
_ABTGI LT Jy5ns

5

it P B ) _EFH A (ns)

v

1}

i 1 i I L i I i i
0 002 0D4 006 008 01 012 014 046 018 02

WG I R (GHz)
B 1 b 7 B ] I 42 WA 5 Y 22 A P

il LB IR 2, 15500 B BERS

30 = 3\/0% + 03 + 03, + 02, =0.0911m

4 BB R R AR

LA LR AT, ORI BE & 4 B AE
I 2 . I O R A BB S
B EICIK 5 5, I T A L5 5,
32 1] 6] 0 A 52 o 10

(10)

Az

Fol o{ BB [y

ESe et

MEFEEZ |

EW%&ﬁﬁ:%wuﬁj

B 2 WO EE LAY ZE A 4

VEUBE (SR F A B 58, BB ko it
Himd, TAERK A 106anm , Biofiy 558
FE2 9 0ns , TR eh 5O B o gL T T 2
J sms . B2 R SR A A HEIE S (10640m)
AT LA B 5 5 S WA ] BRI 5 R

INFRARED (MONTHLY)/VoOL.31, N0.6, Jun 2010



4 AN

Ap 2010 4 6 A

Perkin Elmer 23 5] 1) C30659 25 Af ' B — AR & i1 45
J B BEL AT Ck R A5 5 TR A 5 O L B 1
TR G R F AT AL 58 45 R A% AD8S330, Hootr 98
K 150MHz , T F N 1500V /us , B 45 3N 4530
FE[ & 0dB ~ 50dB , H F 14 &5 % il B e 5 1 45 %
dB e R, WILCRABRA R HIES AN &
TR %% A3k — > Bl 0 B Bsf ) 52 48 5 b T AG B 5
i B R, "] RARME B T B ARBE B AR T 5 [ 1Y
[ BB B AR Ak, DT> TRT 382 04 (A X R e . R
FI RC 11§ I8 X 28 ¢ 38 38 17 98 B 1] & 90MHz , i
20 46 53] v Bt R R ATV 2800 O =X, IR A LVPECL
F, S~ 3 [ S 310 0 . I T ] o 0 e A e R
FH bt [8] 8] ) 4% A 8 7 TDC-GP1

5 BN IE R F AR IR

PV BE R G [F] — B AR ESE AT T 2K
MEE. BEPLIBE R 21 Rk mX (1) FrR P, 7
HEEFPIE,  ,,, FIEE, N AR

T 523 s S AR, A 2 gexfE DA JLE]
JUE 23 BL0 43 A s #EAT Fr 8000 BE 52 30, X
TR 3 A — A

BRI T (4 430 BT, B ML BB R 2 Y SR TR
= A s (] V) B AR 2, BRE X B A 1Y B
HELEhiREMEZ SR B R E. ARG, /T
PiFRENLIR 2 5 B AR ARk B, B bR
BB T, REMMESEFEZES
(5 BE AR ARSI, IR, T e DA SRR AR A E

AT 0 6 I BERS BE S, W] AR B I, BP
TE ] 7 BE 2 mLBCE AR R A, AR O o i
Hh I\ ' 2 R IO R AR DA ] B B L A £ 5
BEARA, DNTATARAT X 1 B B9 i 0 BERE 2B B .
A BB RSO IR N =100 3K, AR E AL
WG, ARG IZEE R L AR LY. 09 BE AL I BE 3R 2%
R X RN TT 615 B A 45 R an 1Al 3 BrR.

—— BRI R —— 0. 01%+0. 5m

R (30) /m
o

SRS (m)
Bl 3 B B Y 0 4 R

N 3 R LLEF], 7E 3m ~ 500m 75 B Y,
JLAS B ARAL (Y B I AR BE (30) 43 7E 0.077m
~0.115m , 7E 500m ~ 3km 78 B &, WAET 0.1 %o
D+0.05m (D MHEE) ,

2 1 HFEEEFEM (HARA 40m) TR A E
WOtAR A TR NS R, ATUE Y, 52
HIA — BB H AR B, EEMR AR T, X
FH A [6] 1 3800 5 AR [m] 8 22 WA b, 3 47 9 Bt % i
PENS R SCAAR KA e, (R, 48wl i
A 0 I BEORG BE Y A B AUR.

A1 ARER T4 R g R

BOGRK W 9 B (ns) L B 7 98 (MHz) Bl P55 EFE (ns) W ¥ERG BE (30)/m
%t 1 30 35 18 0.279
it 2 10 35 14 0.244
w3 10 90 8 0.102

6 % it

A2 3CHE BT T R ko X8O T BE A Rl

INFRARED (MONTHLY)/VoOL.31, N0.6, Jun 2010

PLURZ LR R, @l AES], e
('] 1) o 0 e B ) 0 R, R T R 0
(THZ39 W)

http://journal.sitp.ac.cn/hw



