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A time-to-digital converter used in photon-counting LIDAR
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Abstract; Timing system was used to measure the time-of-flight(TOF) of laser pulse in light detection and ranging (LIDAR).
Performance of a LIDAR system is directly influenced by the properties of the timing system. A time-to-digital converter
(TDC) based on FPGA was designed for photon-counting LIDAR. By integrating the delay line interpolation into
FPGA , the designed TDC could measure the TOF with fine accuracy and resolution. The performance of the TDC and its
application in photon-counting LIDAR were analyzed and studied experimentally. Event-timing of 9 channels was imple-
mented with this TDC, with a resolution of 29 ps and a timing-accuracy of 37 ps. Using a LIDAR system equipped with
the TDC, three-dimensional imaging can be realized with time accuracy of 421 ps and 6.3 cm resolution in space.
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Fig.8 Structure of the photon-counting LIDAR system

FEMEESE R, HASHER 290 40 m, & 145
RPN 9 Bz, B 9 (a) R BT B 8] 20 A i1 =
B, AT LA BI1E 267. 381 ns A0 H — KB B A HL,
2 b RGER B AR AL 9 B SCEE RS 40. 10715 m.
9 (b) J2& I T e H SR B AL 9 R A [, 2
i AR HEZE N 0. 421 ns, Xof i 1 BEES T B RS N 6.3
em. O K R G R A B v 22308 K T[] 0 B AR
Gt , Rz EEORIE T WO H Bk 58 AR A% K ik 18] 73
PR, SCER A HIBOLEIKITEN 0.6 ns, BR LM 18] A

500

450 -
400 f+ ‘
3sof T
s00 - T

Time/ns

250 F - '- * -
2000

150 £2

100 Lz - A T L T
0 0.4 0.8 1.2 1.6 2.0
Echo photon events *x10°

@

1600

1200

800

Counts

400

266 267 268 269 270
Time/ns

®)

K9 EFESETFRIES: (a) R E, (b) Bl RR5
g

Fig.9 Time distribution of echo photons (a) distribution of
point cloud, ( b) distribution of histogram



38 BRSSO B R - P R AR S 247

HER— L AR AT fE Sl 2 BRI &%, BEAT, SE g
FIZI ) SPCM 7 SR T AR B it ] 7 HE R 204 0. 3
ns , 3K P I DR 22 AR R T I6f (8] 0B 2R 48 37 ps O30 Fp
w22, AL ROt S AR AR R R PEREE
AIRKBIFRTH 28], B SCBUBE RS 5 ) =4 AR

B 10 2T IHBBOL B R XT 40 m SMEIERY)
FHE =4 B R, AR BERA R R . 5 e
A FHESR I BEES 2070 11 em  ARHE = 4 &I 50T LA
B S A 0 B L i B R S, DR b T A D LB
BEOPHRRENAE 11 em DUF, BERSSC I H A5 1 5 70 B
KA.

5 %
SCHERHH I TDC R 56, 230 T 548 0 S o

(b

B 10 STt BBOtER D HRLE : (a) AR, (b)
Hfr =4 A oA

Fig. 10 Resolution of the photon-counting LIDAR ; (a) Tar-
get board, ( b) Three-dimensional point cloud image of the
target

s )00 B, REAB X TDC-GPX 45 i s (1] [6] P
B, BRI B TOEF oL &, i 2 ¥
B =4ERR TR,

KIEEREW, TDC A 5 Ft Tt BBt SR &k
AR HMERER AR AR HIER T 25 8], & TDC A =
ZH EZEHNRE FPCA NI $hEL AR, 725
SEf AR 5 E B T 5T IR BE A FPGA NERE 4K
XA BE B , SR P AR E 26 J7 ¥k 32 TDC
RGENERE; R, B FHEH— LY & TDC REEH AT
00368 SE K, R FH S A ok BE B B2 RO O 5 B
R HOL T AR BT TR =B RO &

Biff RATEMFERARAAFERETFELRE X
W HZFAER XX T 5T o g fx
.

REFERENCES

[1]John J Degnan. Design and performance of a 3-D imaging,
photon-counting,, microlaser altimeter operating from aircraft
cruise altitudes under day or night conditions[ C]. Proceed-
ings of SPIE, Vol. 4546,2002:1 —10.

[2]ZHU Lei, HUANG Geng-Hua, OUYANG Jun-Hua, et al.
Study on time interval measurement system in photon count-
ing imaging LIDAR[J]. J. Infrared Millim. Waves( 5R7% , &
Bt BRPRARAE 45 6T THBURAG O R 2 i 8] 8] F 3
BAGHR. A5 ZRIEFR),2008,27(6) :461 -
464.

[3]Jozef Kalisz. Review of methods for time interval measure-
ments with picoseconds resolution [ J]. Metrologia,2004 ,
41.17 -32.

[4]Ryszard Szplet, Jozef Kalisz. Interpolating time counter with
100 ps resolution on a single FPGA device [ J]. IEEE
Transactions on Instrumentation and Measurement ,2000,49
(4) :879 —883.

[5]Kalisz J, Pawlowski M, Pelka R. Error analysis and design
of the Nutt time-interval digitiser with picosecond resolution
[J]. J. Phys. E: Sci. Instrum,20,1987:1330 — 1341.

[6]Jinhong Wang, Shubin Liu, Qi Shen, et al. A fully fledged
TDC Implemented in Field-Programmable-Gate-Arrays[ C].
16th IEEE-NPSS Real Time Conference,2009 ;290 —294.



