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Abstract

Tile: RESEARCH ON KEY TECHNIQUES OF THE HIGH SPEED
EMBEDDED DATA ACQUISITION SYSTEM FOR LIDAR

Major: Technology & Instrumentation of Testing and Measuring

Name : Qing YAN Signature:_ ) e

Supervisor: Prof.Dengxin HUA Signaturew

Abstract

Because of high spatial and temporal resolution and measurement accuracy, lidar, as a new
detection technology, is widely applied in the atmospheric parameters detéction, pollutant and
dust storms monitoring and so on. Since lidar echo signals carry a great deal of information, it
has important function and significance for promoting the performance of system to develop
data acquisition systems for lidar echo signals with high speed and high accuracy.

Relying on lidar remote sensing Research Center test platform of Xi’an University of
Technology, based on completely analysing the dectetion principle of lidar and the
characteristic of echo signals, a dual-channel high-speed data acquisition system for lidar
simulation detection is designed based on embedded technology with the sample rate of 20
MSPS and design resolution of 14 bit. According to the feature of echo signals, the on—board
RAM for data transmission and collection are adopted, which sets the cache device on circuit
board. Also, data collection of the system should be triggered by external signals, and when the
data storage process starts, the necessary digital signal should be processed simultaneously.

In this thesis, the design principle, hardware structure, and software process of the system
are mainly discussed. With AT91SAM9260 processor of Atmel Company as the data processing
device, CPLD chips EPM7032AE of the Altera company as a sequential logic device,
dual-channel ADC device AD9248 of AD company as data collection device, and FIFO chip
IDT72V233 of IDT company as data caching device, the hardware structures of this system are
built. The detailed design ideas, problems encountered and solutions are discussed in different
modules. Based on the Quartus II platform, combining Verilog language, the generated
sequential logic programs of the system are designed and timing simulation is processed. By
utilizing the raw data of Mie scattering lidar experiment, analyzing the method of improving the
signal-to-ratio of echo signals, the arithmetic average measurement is selected as data

preprocessing method for the system. Also, a modified program by replacing FPGA with CPLD

I
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and FIFO devices is provided.
This design provides a new idea for development of lidar data acquisition technique and it

is also applicable for other different types of lidar system.

Keyword : Lidar; Data Acquisition; ARM; CPLD

This work was supported by National Basic Research Program (973 Program,
No.2009CB426302), National Science Foundation (N0.40675015). ‘
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thisk—L 7 {#, (B CPU ANREXT FIFO WIBMIFF 4217 34k, XA RAM i TERER
hkek, (FEEMFE: FIFO B¢, {EAVF CPU Vi RN #fFfEH7C, Kt CPU ZE[ATLLE 2%
RCEHE R DL R BIE BT, AR B R E

F 2-3 FIFO 5505 O RAM LA
Tab. 2-3 Comparison between FIFO and dual-part RAM

- AT
o wE W R m

” SEm
=

-5 X =% Ri& AT Lk
RAM

FIFO (Gl %N Tajep BRE A

MR 2-3 WA, ARBRAMNERI AR AT, WO RAM #AEF 7 {E, L@ Fhk
FIFEMEIE . ERFEAFMAEMXCHEO RAM Lt FIFO ZHEHNELR, IR K R &
TR, BAEIORE, SRERGRMT R, 55 ERSERRILMNZE X,
i EL i B R R P> B 1, T LA HE B R R MG PCB AR MR I Tk
. BTAA TG FIFO {F A MR RER A EF AT,

(3) BBAbHAITIEE

ZRAR R G0 S0 A0 HL R T I 2 AR AR BOL B AR B 22 A B SE AT B4
AEE, BT EG OB AR E K, SMREE BEHA R A . R L
RO ERERAF RIS EEAG B HL, DSP LUK ARM. 3R 2-4 TR =F0H Pl AL 3 3844 1)
PEREELE . ’

F 2-4 WHAEDGA LR

Tab. 2-4 Comparison of common processing chip

PR AR . HAR%H

R M B 5 ¥ IRAED 5
BRHL B 18 5 —f 55
DSP wE e R —f& 5
ARM & & i R b

MR 2-4 AT RGEF LT X =F0S 7 & LIS T SR 8. R RIS A, BR



BHREIXFREFEBL

EHEFEBE, FEFESEATEEENEWAKESNHETAR; DSP BHEKX
MR BRI MEE R, B B PR T B IhRER1E, DSP AT LAREF ¥
ARXEESR, BREILIMNEY R URBARERSE RS, MEF ZKIFR; ARM
KR A ER S BORB AT E B LR, BARTEXWANFH AR £ DSP, (HEHASMEY
R E, oS EAF %, FF AR AT LU SE BRAE R, KBUGE 158 B B0 Ab 2
BRI HALHEZPRMERERET, REEMOCELIREMENL. 485U
EIUVAME R, ARTHER ARM fEABCDAE BB TT, 13 ARM B/p RS, RIBHERY
RSN AR %, BB LY RERER B TE.

R 25 WABEREIERERERBTR

Tab. 2-5 Specific program of lidar data collection system

EERR £ FH 880
I 42 1 CPLD
BESXRE AD
B GAF FIFO
B a2 ARM

GLEATR, REBBRITRAESRME 2-5 Fn. ERITBRALEE AD EARGSF
F B ITCREREFILEBAE S CPLD AR FEHI 8T, BbiR 5 SHRNF AD Ml
FIFO R4 HIE S LUR I PB4 ; FIFO NEIBRSEAF T, /0 AD M ARM Z [lfHO,
{56 75 o A S SR AR 0 40 I TR R TR B A R A 20 e R A A0S ARM PR B AL 2
T, FEREEERITALE. A, EESDRE.

23 KRG

AEBESSBOLERANTERE, BOtB AN ARRRAEEHWURBOLEERIRGES
RIEE R, R TEOCEREEEREREN R RE, R TBOtHEREIERER AR
BRI BAE K, it TiEM CPLD R RGN FPiZH, AD /R4 5 RERM, FIFO
YEABREREAF R, ARM MEAEELLE . FENR OSSR TR REL
VTR, AXBE=FMBNE, 755 NG AR BTN 7 T R % R ZE
H. '
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R IR R BB T 5 AT EA MO TS BIRRE RSNy
B SIRSMLIBAR, AR T # MRS RS, WEMA T S
ity e ot B RIAE B B 500 B By 220,
3.1 MERAREAGEARITDIARE

RYE QA BE AR, MR T ZREMTEMLBER ., ZREFE /S KEREE, H
BEESAE R A 3-1 fiR: BIEERUEERR . ORI, R RHIER. BuES
B, BABEER Y R BFEER. Rt P EERBINCRETE: 2 FERERKS
ADS8138 R4t AD Z4HIAES; 1 H Altera /A7 CPLD i i EPM7032AE 1EX i FiT 4
PR 1 7 AD AR I SUHEEBEUE Ha4 AD9248 1E A S RESRM: 2 F IDT A
"] A7/ FIFO i/ IDT72V233 {EABIRZ F4514: | iy Atmel A ] AT91SAM9260 405
BN BOE B TR L 2R .

MRS
I ______________________________
1
MRES | n
b CPLD—EPM7032AE R — \
| !
N — ! : |
CLK CLK | :
EgEEr = T S S i atstael |
mig—! ISignal] Dats Dau{ N |
———p» ADSI38 [T T | TPIPIRVAB T T ARM ! Data
i Lo Lo Eo L
R ||| ADozs || | | 1 |AT9ISAMO260! |
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)

B 3-1 BOtHEREIERERRE MR

Fig. 3-1 Hardware block diagram of lidar data acquisition system
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(2) BFRAEHE: 14 47 20MSPS & Kk

(3) fFoaETiGe: d-Fy

(4) MEHREEE: 2000mV/2"=2000mV/16384~0.1mV

AELE 0 RN AEEAERE I EE . Bevh B wovh b 7 B R e 3 DA K AR
7-)%@@9‘]77—72‘3“4’ 15, 22-28]0

32 BAEANIERERZE SRR ENEALH

3.2.1 HBELUEERRET

H T HOGE E IS SR Pl 5, Bk s sOE B R P E TR,
i H. AD9248 Ho#f T Mt si i 2 2 i AN B T4 3 B R SEA5 5 (R0RS BE R AERA B2 o ik
EI RS G IR S S A EMME S, A AD9248 AL N  IXFEA] AR S E 5 g
75 DA S FL R AR T4, R SR 2 43 S N 2 AT LUK BT KR UGl TE e IS MR
SHEA AR o AR T RIEE E RS S R RN, BRI SRR S
o NI R N _E AT B RO 2S A K RF 25 JEa%, 5 i (5 5 A Z 005 S A S| AD B i
H

HF XA G SRR EA 0-20MHz, T RN SOM, 1BJ8CH %N %
76 100MHz Zifq, A TAREZ A 100M A GF ks, i B B vk 5 D AR 28 A]
Be/N, ] AD AT AD8138 1 338 H UK A8 18K 2% B8 3 ARl 95 (320MHz,
3dB, G=1, Rp=499Q), HFHRSMIHIXRWE 3-2 Fin. MAGESHEL 100M 2
P LT TR, BT CARIGE AT LR R RSt 25K,

30

] VS = x5V
I CFzOpF
G =10, Rp = 4.99k02| | Your.dm =02V p-p
20 — Rg = 49912 ]
G =5, Rp=2.49k02 [\
o
o ""‘\N
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0
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1 10 100 1000
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B 3-2 B SRR
Fig. 3-2 Relation between Frequency and Gain
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#* 3-1 AD8138 T TAFI
Tab. 3-1 Main feature of AD8138

PERE izl
G 320MHz (-3dB)
LN KT 6MQ
THERE -40°C~85C
Th#E 90mW@5sV
YR AL v Y 3V~5V

® 3-1 iy AD8138 EZ k. )7 RMA XFCB MUK TE, &5 AERRmEIZD
R ESHIFEY, FIZEME SROCREE) . TARBEHEET, WEBCEAERASMH. &
A TR R, SMIRIREENEE, BRI ADC ItEAE EARERESR, ATItR
B T{RAUM DC {5 R SRR AZEROE B IA MBS RER LV, BRIK T 8ol
NIBTLT AD H34 Ri —WiEB, 328 T RENFERE (SNR). S WAMRE
6MQ, TLNEL A SARETIA MR B MRS, KA T rB & ™

Cla1
T
= 10uF
GND 63V
C142
1l
1
0.IuF -
R146
49 l
Rl47 VIN+ A
< T
= l Ria3 8 | | Apsiss
GND 4% 2 =Ll=Ci4s
Signall i . ;,’_,f:‘v 1 20pF
R142 %
499 R148 VIN- A
0
— RI45
GND 499
43
I1.
11
= 0.1uF
GND
Cl44
e JAvDD
10uF
63V

B 3-3 AD8138 3
Fig. 3-3 Schematic diagram of AD8138
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HEB I KEALFEBL

AD9248 {Bi8 A MR BRI A, BIEEm RS E 3-3 KL

1 EHERIEAMARBEELEAERES, 8 BMEARRRANRENESS. 2
EHEE—A 1 RATR, EFRIPEE. 3 ERENREEREAR 33V, 6 BH
fEh s R SuR ., 4 ERIEAGS ZAMEMER, S ERENEMESRHGTE.
BRI B T SCBUBRRIC AR R4, H BRI/ RS R I LA, 2
EERFIERAER, SR, MIER, ERES, NP, AERGE.

3.2.2 BERAESRET

SRR RS BB, ARIB R R RF AD9248, %5 H & ADI AR
S 14 RIXUGEE B A B A, 5 R 3.3V 4t B 20MSPS . 40MSPS LUK 65SMSPS
SROSRAETERE, HASSHME 3-4 s, BRAEN NN SHA Rl ADC, —/MERIE
AEPSERE, S MEEHE—FETRALEN ADC, XFHKLE MK N
BH—AFNE 1 % 2 ZEEHMR. SHOEHERFRD, A8 — M RERFRE
(S/H). — A THEBEREE (ADC) FM— N REEEHEHSE (MDAC) Bl &k
T % 9t i AR R T B AR R 2 K & 45 M, T AT AR BERIREE 14 Az BefbAiTit
ks A O S T XUEE AD9248 T LASR it 55 S AD # B8 FIFF Bl TERE, ER— X
HAE T 2 AN BT AD 5 B S MBUR IR AL . O DU R WO B X 25 BRI KR
FZK.

AVDD  AGND

OTR_A
D13_ATO DO_A
QEB_A

MUX_SELECT
CLK_A
CLK B

ncs

" CLOCK
DUTY CYCLE
STABILIZER

SHARED_REF
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L | OTR_B
14| outpur |14
r.,c_ MUXF D13 BT0D0_B
BUFFERS OFEB B
~ g
\/ \./ 1
DRVDD DRGND -1

B 3-4 AD9248 LM
Fig. 3-4 Internal structure chart of AD9248
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TEAB TR AD9248-20 1 A Hikit Huaeth. EHI WA 3-5 fim CREEHE
ERIHL ). AD9248 19 2. 3. 14, 15 EH X EBRKEMMANESFS, KESH
ADS8138 $24it, 18,63 & B Ja Bai B Hf RE R G R Z K 1 20M FH 4155, i CPLD
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/DER CPLD B—AMZHiR 0. B4 —LLThfs S MR B 1l CPLD 2%f EPM7032AE #
ft: BFE 22, 59 IR E L ERE; 21, 60 BB I EAE: 20 BB H B
EHEAT s 61 HE B ARG AL F AR A R A A # ot A R A R B 5 SR 3-2.

F 3-2 AD9248 EH TR RACE T
-Tab. 3-2 Main pin function and collocation of AD9248

3IMRIEE i AR
VR
VIN+, VIN- B ZME SRR - ¥ AD8138
REFT. REFB AR B VR A\ S E23:
D0~DI13 b €L Th VA B FIFO M3
B/BEANGHO
OEA. OEB 0 AT REEUR B 4 %0
b &7 TR AN R W E T
PDWNA. PDWNB A 0 B{E AEIEIE ; %0
TEIE K A E RE AL A1 BRI E .
DFS h O B H0HE i Ak XA A — ikl
o s B ek SR R AL Ay 1 AR A% O TR A .
OTR_A. OTR_B . N ERERR
S i HH Bt H e e o

A 1 BRZ BB IE SR 2 AR BB E R
A0 B A SEIEEENEE B i, BIEE
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P R NIEIE A i 1
R R, POEE SRS S R
i O, A R R R P
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B GERR AL A1 H, RSMRSERE

< 3-2 RERE 7 A X XURIE F I RER & B AR, R TEOEE L LK
REEFEALP—NEE, 5N EERFEBEANG T HR/E ARM 43 BTN ERIZE
& FIFO % s B v,
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AR PENEFEESERENIRE, AD248 N —MEERKBK 0.5V 2%
HE . 5% AD9248 (15 % R T AR SHMALE. ARTFSELENRETE
Wk 6. 7. 10, 11 B4 50 3#iE REFT. REFB & ; 62 & SHARED_REF; 9 &
f# SENSE LA K 8 & VREF. % HIEHNHSEMINFSHEPM, EEREK3 SENSE
SRR, TR TR LR AT RE A By AT E R, R EsEER R Sl #
FAE MR,

(a) G W24 #:J5, SENSE HI¥EF VREF ¥, BMIAES A 1Vpp.

(b) MHEfF W25 8585, SENSE 5 AVDD 88, BTN EEES%E, ARHESS
TR, WAERERAAZ.

(¢) H:HE{F W26 8238 )5, SENSE & i1, VREF &N 1V, IAESEEA 2Vp-p.
(d) M4 W27 8585, SENSE 5 VREF SA ik B 12580 5 BEIA s P EEE
HeEad AR 3.1) aLiBE,

10K

VREF= 05x(1+—) ~0.5x(1+ =1V G.1)

FHA AD9248 M ENEIERME TS EEE, KERFEEME 3-5 FiR, BARERZE
MRS, W CRAZEFIFHEZEXBESE T, fEEEEEH W28 1 W29,
Wi/ @ i REFT 1 REFB 4+ I4H3%, A% E0% SHARED_REF EME AT, Sl
i W23, MBERMEAERSEHEN R, SHARED REF & il ¥ ##P%,

3.2.3 KIPREBISURET

AR E BB AN TR —RBBUMNEMRE S —RABIERERSAR AD M
FIFO R4 FEHNBHES . ARITEH Altera A7 A=K — ACHDLH
EPM7032AE, HAMLEHIMAE 3-6 Frm. ©EH U T LA KSR

(1) PASE AR B3 I 4 ZEAl ) = P B8 CMOS EPROM 234, ‘&F 600 A7)

FHEITTHLER o
- (2) BRI R EER A Sns, 1338 TEHIR A 178.6MHz.

(3) BURBHEFEER, FENMERTHEEREE 50%BEK.

(4) AREMY BFBTMAE, AFRSANEETREEEIE 32 M.

(5) 3.3V 4t

(6) AR RENAL, SEMRYFEFRIT,

(7) W@ BATEIFAT T 448 Byte-Blaster F# #4130 {4%] CPLD, M sEBLIL
GIE 78

(8) B4 NMERBAN, ENTHAERARASIENBANERTMY O S
. ERNEHES: SERE. BRIR .
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Fig. 3-6 Block diagram of MAX7000
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Fig. 3-7 Schematic diagram of receiving triggered signal
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XA FIFO, FrUABiE SR NI —FE, BIERRE—THE. KKEH>5EE AD
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Fig. 3-8 Schematic diagram of clock signal producing and control signal producing
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Fig. 3-9 Schematic diagram of program download of CPLD
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Tab. 3-3 Definition of 10 pins

CY 84 Hik
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Fig. 3-10 Schematic diagram of fixed clock signal producing
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" Fig. 3-11 Block diagram for internal structure of IDT72V233

(1) sHE/ BEOFMGETREN DL EERE, WTEEARKRA / G HEL s
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(3) HBAERT4PATIA166MHz.
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Fig. 3-12 Schematic diagram of FIFO
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Tab. 3-4 Main pin function and collocation of FIFO

511 hee kAT Wb PECEE
D0~D17 HAEmA % AD9248
Q0~Q17 A&/ TR B ARM

oF J 0 BRHEREEIE B ARM $EHlE

A1 R E B
K HSFET IDT 45

FWFT / SI AR : EO
2 HSF FWFT

PRS 2115 =X DA F1

EM KPR PRIE %1
B RS BRAE

A £ X FIFOSSF IR E, FEMAFLLT DAANJ7 18 :

(1) XFIFO: A KRt B TR AT FZAR EAL I e R vi e, R RE
%, S EAEHCPLDE].

(2) HTADI24814bit, FrLAIA / St 47 S ¥ A 18x18. ‘BIHIAFRE S (] AT
DL E H1024x18, H6SEM (IW) FM735EH (OW) BRHEPRIEFHA / FinH
R R18x18. IWRIOWHIAH & H &3-S,

R 3-5 BOmREE I
Tab. 3-5 Definition mode of data bit

W oW  WARE MR
L L 18 18
L H 18 9
L 9 18
H H 9 9

(3) WIT65SEM (PFM) WER S . Bb#E. FbMER, 4 WEN=08, WCLK
B F+ S B SR B DO~Dn Y 045 B AFIFOH ; R #/ER, WCLK/WRH _EFHE 3R &
DO~DnffI%3E S AFIFOF . {53, REN=0f, RCLKH L8R RN .
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3.2.6 BRE#REH

ARG EIEEEMRE SV, 33V LLKE 1.8V, USB IR&FE 5V B LftdL; AD8138.
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A EIR I EE L AE R BN AR ARG BRI R 3-6 Fim A AS1117M3-3.3
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Tab. 3-6 Main feature of AS1117M

E3:4 fakx
R 1%
TAEREE -65°C~150"C
ESD #iE {5 >2kV
BABOKHRR 20V

T RGN SV BIEZI MIC2915BU 7 3K%8 ARM TR Ik 1.8V. MIC29152BU
SR ERAEA. BRE. MEERER. B, SRR IEE 1.5A, i BEEREEE
T1%LAP, i AT 800mA. H & IR IR 3-7 i, AR RABBENT
REAR FRYR R GCHBI AN 5 W

# 3-7 MIC29152BU B IE X
Tab. 3-7 the definition of pins of MIC29152BU

EHS Thie
1 B3
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3 7351
4 ot Py S

5 PR
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void main()
{
int i=0, j=0;
float readdata=0;
float finaldata[geshu+1]={0};
[k XF¥8 € A BB AT A 2R */
While (1)
{
for (i=1;i<=zushu;i++)

{

for (j=1; j<=geshu; j++)
{
readdata=ram read (i*geshu+tj) ;
suanshuping jun (readdata, finaldata, sumofdata, i, j) ;

}

st
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R ZFR: AD-FIFO $2$Iigse .

BLRTNEE: #3H] AD RHE, RIEHIRFEEEEA FIFO,

WIANGO: SCLK-- BifREF4FIA. (20MD
RSET-- HREMES, FMEFEFMLRE, LAWTHRITE, SF%.
EN - ffifefs 5, EFHEIFARIE, a5,
END -- REELERES, EFEFFHTIE EER.

#ithswO:. AD_OE—AD9248 il {fifkf5 S, {HALH KB FH .
AD_CLK_EN—AD9248 BH#pf#RE(5 5, {8 feH R B FA 2
FIFO_CLK_EN-- FIFO B8 {fRef5 5, ask R rE%.

***********************************#************************************#*******/

module AD_FIFO(SCLK,RES,EN,END,OTR,BEFF,AD_OE,REN,AD_CLK_EN.,FIFO_CLK_EN);
parameter [1:0] state_ START=2'b00,state. WAITING=2'b01,state_ COUNTING=2'b10,state. END=2'b11;

input RES;

input SCLK;

input EN;

input END;

input OTR;

output BEFF;

output AD_OE;

output REN;

output AD CLK_EN;
output FIFO_CLK_EN;

reg BEFF;

reg AD_OE;

reg REN;

reg AD CLK _EN;
reg FIFO_CLK_EN;

reg star_flag;
reg otr_flag;

reg [3:0] counter;

reg [1:0] STATE;

always@(posedge SCLK)
begin
if(RES == 1'bl) &AL, FiEwEES
begin
STATE <= state_ START; IPRASHLARIEERAS

59



HREIXFAEFERT

60

star_flag <= 1'b0;
end
else if(EN == 1'b1) IESALRE
begin
star_flag <= 1'bl; IIFEEREE 1V
end
iflOTR == 1'b0)
begin
BEFF <= 1'b0;
if(otr_flag = 1'bl)
begin
otr_flag <= 1'b0;
star flag <=1'bl1;
~end
end
if(star_flag==1'b1) IIERFF U TAE
begin
if(OTR = 1'bl)
begin ‘
otr_flag <=1'bl;
BEFF <= 1'bl;
AD_OE <= 1'b0; /IAD9248 Hi i B Gk
REN <= 1'b0;
AD_CLK_EN <= 1'b0; /IAD9248 It Eh4EEE
FIFO_CLK_EN <= 1'b0; JFTFO R4h2ERe
STATE <= state_START; IPREHLUAPIERTS
star_flag <= 1'b0; GRS ES
end
else
begin
case(STATE)
state_START: /'state_START'RZ, HIEAWE46 0
begin
counter <= 4'h0; I ERES
AD_OE <= 1'b0; //AD9248 it 2k RE
REN <= 1'b0;
AD_CLK_EN <= 1'b0; /IAD9248 B EPEERE
FIFO_CLK_EN <= 1'b0; /IFIFO 42k RE

STATE <= state WAITING;

end
state WAITING:

begin

II'state_ WAITING"RZ, 254§ AD9248 ¥ALERS



RS

if(counter == 4'h6)
begin
counter <= 4'h0;
AD_OE <= 1'bl;
REN <= 1'bl;
AD CLK_EN <=1'bl;
FIFO_CLK_EN <= 1'bl;
STATE <= state COUNTING;
end
else
begin
counter <= counter+4'h1;
STATE <= state WAITING;
end
end _
state COUNTING:

begin
if(END == 1'b1)
begin
AD_OE <= 1'b0;
REN <= 1'b0;
AD CLK_EN <= 1'b0;
FIFO_CLK_EN <= 1'b0;
STATE<=state_ END;
end
else
begin
STATE<=state COUNTING;
end
end
state END:
begin
STATE <= state START;
star_flag <= 1'00;
end
endcase
end
end
end

endmodule

I1FERT 45 3R

I ERER
//AD9248 % i F e

//AD9248 I 5 RE

/IFTFO st /i g

IBERT RGR, SRERFERT

/I'state_ COUNTING"R#, ¥

/IRFEEE
//AD9248 Hi i ZE R

//AD9248 B eIk
/IFIFO IHhEEsE

IRFERGEH, BERFEGR

IRRERER, FRFSES

IPREHLAPIGARAS

TR ERSR
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