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Abstract: Light screen target is an instrument that can measure the flight speed of projectiles. It is necessary for the verification
and calibration of light screen target to ensure the accuracy and reliability of test data. In response to the problems of complicated op-
eration, high cost, weak specificity, and low measurement efficiency in current calibration and testing equipment for light screen tar-
gets, this paper designed a portable light screen target calibration instrument based on FPGA and STM32, proposed an overall scheme
for light screen target calibration instrument, analyzed and designed the synchronous and asynchronous calibration signals, introduced
the principle of direct digital synthesizer (DDS) technology. designed the FPGA, STM32, DA module hardware circuits, optoelec-
tronic fixtures, serial touch screen and battery module, and completed the selection of corresponding chips and devices; The FPGA
was developed on the LabVIEW platform, The DDS technology was used to generate the trigger signals through the DA module. The
data processing and transmission were implemented through the STM32, and the serial touch screen was used to achieve the human-
machine interaction. Finally, the signal was output by the photoelectric fixture; The experimental results show that the synchroniza-
tion time consistency error of the output signal on the light screen target calibrator is between 330 ns and 370 ns, and the asyn-
chronous delay accuracy is within 0. 1 ps. It has the characteristics of small error, high accuracy, portability and lightweight, meet-
ing the application requirements of fast calibration on light screen targets, it provides a technical guarantee for improving the installa-

tion and adjustment accuracy of light screen targets.
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i Sk Yy fig i AR 1 B 2 i 3 i 4 it 2
0X1C Cmd[7:0] Data[ 7:0] Data[15:8] Data[ 23:16]] Data[ 31:24] 0XEF

2 R S RERS ACFR AN [ () O R B, HAR s SCn g 3
PR o

3 TIReiD xR R

I hE AR S R
0X01 [ 25 i L
0X02 S
0X03 [Fi] 25 43 2%
0X04 [Fi] 25 i i
0X05 525 HLF
0X06 SR
0X07 SR A
0X08 SRR ) — 2
0X09 WIE 2 55 R ]
0X10 HiE 3 55 R ]
0X11 TIE 4 50 HEIR B[]

3.2 FPGA EFi%it
FPGA BIFATIAT . 1EFE ¥ IS 3l Jn 4 4> 4k B R 7E [] i
AT, LabVIEW J&—Fh K AL 25 R 18 75 - SR A9 2 500
B, Pl LabVIEW J5°F 5 1 & FPGA, AUTETF K AERE 5
TFR AW B AL 58 FPGA JF S 6 5080 ) 5 5 ol i HL
LabVIEW %545 () BT AR DI RE . W] 52 BUXT FPGA 15 1)
ST 5 R . LabVIEW o i) B ¥ HE 18] 23 5% 4
VHDL 0. K5 164 ISE Zi 645 2517 4 1% . R Jm A2 bit
X EE FPGA B Bty B EMELEEEA
S MA TG BN TP

FPGA TARLARE I 11 frox. EZAH 6 MR, FP-
GA Iy D IP Bl 2k B STM32 ZOR 9 04T 5 8 £ Kt
(U8 I, J i Hs 1 e e £ 72 0 i 48 7 i 6 77 18 FIFO _
UART #, FIFO (First In First Out) J&—fpe ik S ay 8k
WageAras, nTLASCBL FPGA P ¥udle iy 5 kAR L . 7E A 11
Bln g A 2 g b, FIFO _ UART % U8 B %4 AR s Lab-
VIEW Hp L A5 ek BORE 16 i) Bt 70 iR A2 15 S iR 5
R B A [ i 8 G R S BOE S 8E S, B A7 AE
% B AR FIFO o 32T R A E 5 BB B
FIFO R 5 76 5 17 80 PR LR o BF L FPGA REBIIY
SEREAE WOV AGT BB . 8 2 R AR AL BT W] AP A E ik KA

SRBEE R KK & 55 R P A BT B AE S
¥ . f#f71E FIFO _ CH1, FIFO _ CH2 , FIFO _ CH3,
FIFO _ CH4 WANEES, MEWEE B (E SIS0, EfF
TEVIAS AR FIFO (55 807 B 8dls . Rk ZE M4~ DA
Mzt A S . AL S R .
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EL e
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& H$ H 2 »
o A u] B L5 G
7 # # He & 5
il Ei4 Ei] ik il |
R % 4 B B "
& % %% 23
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B 11 LabVIEW for FPGA T/E& &
3.2.1 HORERLR

1€ ISE i i Verilog 4 5 & 0 I EACHS, A AW
ISim {5 ELas AT I B A B, X 8 1T hRE Y Verilog fR G TE 1,
MRS, R Z G % 8 TR R R 26 MR B . 25 Rk oh 43
W3 52 8 H— S0 R . B A O B IE T EAf . Spar-
tan6 R HY FPGA its B 1E ISE FF Z S EE oAl LUK Verilog 1B F
A B NGC W 3R 30, SR )5 48 LabVIEW Hrffi F TP 48 i,
U AR BN NGC W2 S0 AR i TP A% X R W] LU i 58
PR RS AT 4 3 TAE, JFic A LabVIEW 24 T g X} IP
A% Hh 1 A R 1 S RIS B S B AR T RE . AR Rk R
FEEYS FPGA #1478 O HIEEAE . WE RN 9 600,
fifi 1l LabVIEW i YR I s 858 st TP M wi a1k, SR )5
e RXD 5|, fe i 4 #8818 FIFO,
3.2.2 ORI AR AT SRR

ER B i AT e AR A AT R B R DRI R FIFO iy
B, STMS32 [5] FPGA EARE A & 525 847 3 05 il % i
B, B SRR A EE R I TSk 0X1C, SRS AR 9 ) RE AT
AN R K 50 43 A7 AR R R W5 5 % 15 B 38U FIFO
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M . % BT FPGA 5 STM32 Mt R - 331 -

Hr, e Ja FUBIWUR OXEF FR — WIEUR fF 4 oc e, JFEH
I 8] 5] DT Sk ) S PR AE PP SR R T — B
3.2.3 R OBIEPHELRE

B2l STM32 [0] FPGA &4 fiff FIEUHE 2 &3 97 43 J5 1
TA55 8 (s RIBE (US), T FPGA B kb B A B kA
ToA55 16 s BB (U16), XA TL/MS 32 {5 B 5
(U32), HITEHAW: FIFO wHTRAFER, ARG X
ELOr 3, BRSSO ARS8 FIFO w5l F & 4 3F
FFAR 43 2 B 4 AR BRONEICHE =i (o7 2050308 0% A7 1) U 33 1o %%
B — A T B A . SR T R AR o B L 0 4
R MEFES LR,
3.2.4 FES5HFHHEETLR

LabVIEW H ) 1E 5% F1 4% 7% bR B0 BB AH 24 + & 5DDS Ji
FE b ROM %, RIERX (6) AR 5HMEEH 72
MAFE S R, ] LabVIEW @Bt ek, ma
B P SRR RO S ERE AR S DO R RN E LS BU)
Yo AR BT DL LabVIEW Hp i 8 5 1 363 5 1 7 ik 32 0im ok
S IEIRERS S L FP% . FIH LabVIEW $f 07 %7 77
a5 BndE R 5 R 58 s DDS A 8 ROM Hb ik i
ifig. ASCFIH LabVIEW & 46 T DDS = 4 5 5 i i 72,
g R EREFE TR, WE. B TESHURL
5 DA i BT RAH R LR R R

AR EMEFESEBSFEREMERFS LB L
PR, REESREET AR, XHEUF
ERUEMERF SRS T U, FLRHEMEF SRR
B 12 s, EBEH 4% 125 MHz, DL 3.3 V 3
WS R UERE S i, AR STM32 fff %% 5 FPGA {fi
BARE BT R, B REREMEN 3.3 V., XNk
BHTSHCN 5 406, RG-S WA 20 kHz, XN #E R
PR SRR 2 500, @ F RS AL o HUILE
Je F A MR R 5 R R A ST A — b, 1B 4
RH0.5~1, FRENSEIRREGIHIEELT N 1~2, #T
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RN A XEHR n~2n B2EA I E 5 08, i
Fh 0~—1~0, #AJ5 H Ak 3R 55 & nk Rk & % 45
ADIT67 5 i BB JE B R #E B 13 597~8 191~13 597,
T 14 i ADI767 8 i I EIR A FPGA & % 1Y & A B E
il 0~16 383 5 ADI767 ith by (1 52 b iy i v IRl — 5 V~
5 VMG R, L DA BEHRE G2 Gt — > 572 J 1) e
WEE N 3.3 VIS DB Uk b R A5 5. 6 5 1 il 58 o % & A
PRI i A FS . TR T AR T ECE B 3 B ok DL s/
A EAAE 8 ns 55 T 15 B A9 A8 3R B (A6 B i A7 A 55 28 I
fill B AG S I E A3, ATSE B R P AR HEE S ik

T A RS A S RS M AE S . A SR FPGA
AT R ECA TSR, AT AE LabVIEW Hij i Az T 52 BL7E 2k 4
W, RYERTmE AR R A, &l DA B A BB AL T
RS ATBEES 2 8, SEB FPGA B )7 SEif I 2. KK
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%32 %

i s : [ EGHORREN

&It 0

X cHa sEizntia ¢+, ORI

[, manz: -
T

B 13 5B o i 4 5 T B LI
B DY AN i 3 B 42 75 TEK — DPO4054 B8 5 5% I 28 55 A
WA b, XA E il (R B R B A M ik R S AT AR
IR . SERAEAR AR B S i 14 s .

P14 Sl A 3 A 1 B 37 ]

41 ETREMRESIRESN

S E 7] 205 5 itk K5 5 B0 R 8] — Bor . X OB AL
ASChiy HH 300 Y T 20 A E ik AR S 22 IR IE . AE S 0 AR
TER R YA SR A A A . B R R I R
10 kHz, WRAE 3 V. o DU fi il 3 2 2R i de b R
PAS AR R T RE I 2 fih £ 5 18] 9 R 22 6 8], DLSd Gl 1 O 2
MEMIBEEGE 2, 3. 4 MO Tl aE 1 f R 22wk E ., LK 5
W AR il AR FIRZER MK 4 PR,

F4 MERTMEFTRER ns
— _ 5@@11%%2[%@&%5#@\
Wi 2 WiE 3 JHIE 4
1 335 343 356
2 347 372 341
3 361 357 341
4 359 349 367
5 353 344 362

FAGNHT 5 WIMARZE R . R Bl vl 15 4% T E AR
XF T IE 1 22 (8] 04 i R 25 I E] S A AE 330~ 370 ns Z[A].
VEITIZ A A i £ 0 [ 25 4G € fioh % A 5 B A B 10 ] 25
bR 22 I (] AH X B3 E .

4.2 BRIREMERESRESNW

S0 0E S5 20 AV fith A2 15 5 ) JE ISR EE R OL AR RE A B0 A Y
VU B R A b SRR IR 10 kHz, #
B3 VL IR 1 V. R AR R RE I il % 15 5 1]
FRSE I B2, BEIRCLE [R] — SE I I ] RSO0 T S E 155
22T PR X S N s ), R R S A AN [ ) E IR I ] K8
S A R filh 2 15 5 A VTR IR N3 5 BT

5 SBROMEML S T A X E R s
A _ HimiE 1 %%‘Zl‘ﬂﬂ’ﬁﬁﬁﬁéﬂ“

i 2 i 3 I 4
10 ps 10.1 10.0 10.0
100 ps 99.9 100.0 100.0
1 ms 1 000.0 1 000. 0 1 000.0
10 ms 10 000. 1 10 000. 0 10 000. 1
100 ms 100 000. 0 100 000. 0 99 999. 9

e 5 A 5 B[R] B SRR DU R 2 R, AR P B
AT A5 A AH [R) 11 4 B B ) T 55 45 ik & IsF ()RS 5 3% 25/ F 0. 1
pss HA BRI ER R .
4.3 DIFHLE MK

MWAE W = A 5, B XGK-2002 % 330 mm X
330 mmYGHERE . LB YR AN B I B AL RS I R 5. Xk
TR BN IEAT SE B MR, A I R R L T K
A S BRI . Bl I 15 B .

K15 Bl Al

o I R S LR Ol e 0 190 016 vl B A B Ol e SRR B
A, RO 45 FE R 56 A A i T8 O — 4L 23 ) X O 4
R ASC A DU A A5 5 i 1 38 T8 22 S 0 15 5 il R S . X TR
0 R ASCSE 7 Y I ) 45 58 L 0 SR O R K S BT IR Y B R
FSF [6] -5 00 65 4SC ST 8 7 9 OF R0 (L, LS L R s S g
G RN 6 R .

# 6 SCEIAE R R ps

HUURE R/ & A 5 T 3 T 15 A R R [ T s S S 7 45

1 10 ps 10.0

2 100 ps 100. 0

3 1 ms 1 000.0

4 10 ms 10 000. 1

5 50 ms 50 000.0

6 100 ms 100 000.0
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B . Z. HET FPGA 5 STM32 # 63 R K Y .« 333 .

gEO A1, 4.2, 4.3 YIS S
HeHF AL A RE S BN -

D e mE. 4,

2) FRFEFMHE: 1~20 kHz;

3 FEfFESHmHREZE. <500 ns;

O FHEFEERHBEE: —5~+5V;

5 RAFETIKIERKE: 10 ps~1 ms;

6) S AF S LRI EIEIFG: 0 ps~100 ms;

D BREEESHARE: 2~5V;

8 FHEFETMERE: <10.1 ps,
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B S R UE
5 HWRiE

2 3C N H X G SR 5 o AR R AR AR R AT,
H T —FET FPGA 5 STM32 MOGHEMER AL, ZIX 2% H
AR ERAE R E . 454G STM32 W LR AL PERE 77, 4
ftf LabVIEW [EJE 1k 4 2 1) {1 #5 %F FPGA #E47JF %, FIH
BB ARG AR E S DA B A E 5 5 R 5
Sk . Sfs N TR Oy SRS 5 IR b A 56 AR
AL AT DA o W SO A A S OB R B AR
A R, RS X o A S B A R A
TR 2B E MR S EmEER S ME. LR RE
. 2 SR T A O et S R 30 AL T i L 1 [R) 25 ik R A5 5
) — St b, R AR L (F S R R . R
FaE R 22U A/ Ry o HE T J A 30 I 3k £ 43 1 Bl T
MAL e, R AE. t—5, #@dBusE
STM32 )% 5§ LabVIEW {55 #H 6 1H58 S8, i DA
RRERIE Tl iy 5 G S R, RTSE B AE S B A
B R GE R OGFR AR AL Y I 5
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