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Design and Implementation of Hardware Communication Circuit
in Infrared Thermal Imaging System

YANG Jin-bao, YANG Hua, ZHANG Ting, LUO Yuan—hong, ZHU Min, LIU Huan

(Beijing Institute of Environment Feature, Beijing 100854, China)

Abstract: Hardware communication circuits based on field—programmable gate array (FPGA) module on im-
age processing boards of infrared thermal imaging systems are designed and implemented. Serial communication
and first—in—first—out (FIFO) reading and writing modes are used in the circuits. On one hand, control data from PC
are received and replied in real time by communication circuits. On the other hand, control information interchange
is performed through FIFO and data signal processor (DSP) module on image processing boards to form bidirection-
al communication links among modules. Special serial communication chips such as TL16CP754 used on tradition-
al image processing boards are not adopted in the design. Functions of the chips are realized by FPGA, so the de-
sign area and cost are saved. Integration and stability of the system is improved. It is easy to be a miniature and low
cost system. Simulation and experiment results show that the design is correct and the system works stably.

Key words: hardware communication; infrared thermal imaging system; serial; first—in—first—out (FIFO)

CLAMMBAC TAE B I , R BUFAIRL . AU8GER 3, il TR i 2 2ORHE EAIHLS 20 R

755 S5 I RE , HR HRsh g my T AR Jr =X, Bk ik
o, R E R AU 2] T Tz RN LA,
BEE T 3K, LN AMBAAE 22 B W 2 55 I
FHUAT S T P & P R IR I F £ Sk ]
PEALSE LR 2 AR AS (LD AN

AL B I BT R LM B R e Y B B

¥ #s B HA:2013-02-01
EE&TH iR A E0IH4 (K30101995142)

PG A P H, (86 R 9 25080 28 AT 55, A 1 800) 1A
B, AN FR B LT FPGA +DSP R 4844, FPGA
SRR R i S RS A BEAE DI RE , DSP
PEAT MR BOAZ O B AR PR A% S0 B4 B 4308 TH R 3
T HASIC i A, W TL16C754 45 (B 53 Firise i+
AT RGN, B IRAS , FAR T R Gk e
PERIAT SR o SCHRAEAL GERE 3 TR R 353 Y S Al

EE BT : e (1987-), 5, ZBei PN AL B TR0, HFFE 5 1) LD AN AR AR,



524

W 525 LA MR ACRE i TR B B0 T 52 B 63

b B K LTSNS B LR AT R A
DSP B 5 2 e D REAE LT FPGA %31 1341
ANAAGAS PG AL PR A A 4308 TR R 8%

1 R R T BRI R i

T 3 TR JE 2 AR PR 4y, — 2 5 B L
B R ) R A 7 3 TR 180T, —J2& FPGA 5 EUR AL AR
(1) DSP 5% 5 (14 504k 28 e BT, I rp S0 28 4 oo 3
T FIFO X e G, Bl A an il 1 R .

SCHP I I (L)
FIFO JU
psp |« X5, gﬁﬁﬁ%ﬁ SR Akl
e :
| LTAMAR AL R AL FRAR i
b TLI6CTS4 |4----+

B EEAEESERER
1.1 EFFPGAWI_ L THIMEITER

A AT TR A R B M A 8], i Bl 15 5
2l R PR S, Fi 8 A 5 RSO 1 i A — e TR
Jrae R EIRIT = 9 2s 4 A, £t B 2
AR U 25 TRSAS , B e AR E <%
DA, PR AE 2T A P ABASCSS T A ] 4538 P A5 )
A T R AT R A G A e O 5
WEAE R AT IR, 75 i BRSO 27 A7 A FUR IR 7
LA o HER AR, B8l — L —fL N FALAL
HEALLANPAGACER AT 3 A RS (o A A, 2 4
W RS A A7 A MOE — AT IR (— R 8 bitfif)
AT R WORS 57 5 A7 B B AR, T
TNAT AR FIRO . FRNCRE N A7 A7 #e PRS0 T JEE
AN R i . FERCHR A i, AR AR AL, R

SR A

SCHTET I T R AL B S A 3
TR %, R S T3 A9 RS232 $ A aE IR B s i
(o LEANMBACER AT 1 5 E bl =R S 54
HEHE O3 B R RS S TXD , M5 5 2k RxD 1A
b2k GND. 3 3 RxD 2R #2105 F A7 AL A5 8
AL TxD &k 25 FAHLHSE R B 78 i[5 8
IASH. AR ER A TAE I RE 4R 9 600 bps, 2. AT DIAR
Pt B O A R R AT E TR R ]
27N

——> | BlRah || A
RxD I—l ﬁﬁ%%

WAk
(FIFO)

!

DSP

e

e

F

Rl
S bm

1

DL ey || BE TR [ ] skt

AR (FIFO)
B2 HBITEIEBEREE

PN ek WX S AP B AT TR T B A% O B
JGo VARZMCHR ST 1], $ i K sl bl — o —
(VT A RIRINSE SR EYSVERR LR 4 €11 AL 3L & 21
AT o BE A AR i (FIFO) o $2009K )
PR S S I 3 A B TR SR TT o I A
FATORE T LML RG-S R 0 AR
5 BB R A R E S, th T AR # A T
A B as Oy — AR 007, 8 N EHE L, 1M 1k
BLo ARSI L B IE B, e RS 2, SCrp T
BB Tl TREE T 8 A DR R I, 3 — A AL
L A4 WS/ o 3 8 A I e T A T o L EL AR
B HMU SR A 8 I BRI A e Js — A I )
N ¥ A SR AN OE A7 A o Bs RN s
MO LR b B0 — 5 — 7 A AR MRS 7 2 A7
for > EORAE SR A XS] T, 38 1 B8ORS A
7 , Bl By AR WOR 07, 1 2 i

LT T N Y s Y e Y e e O N e Y o B I

[} ] [} [} [}
| [} [} [} ) 1 | 1
1 ! ! 1
smrcastens KK 2 K3 X e X5 K e K 7 KW T X
] [}
A o
RxD
| fe ——
PR IE S S 1A bitfir v ,
VR 3% RxDITXD A B

el KRR R AL A AR

X%u&u&%ﬁﬁ%ﬁ%&@@%@

E3 BITEWRFREE



64 b ol R N N

B 5288

FoL AT e S B IR R AL, 3 843 A R
IR A AR i e o, AT S8 B — U B
HCH I, THIR T — OB RRE R . Rk IR
SRR IR BB IS, 2 H K Sl LA A
Sk R AE M IE o BB AT I TR P B R A 3
JIs e

1.2 DSP5FPGAKIFIFOEE

FIFO j2—FSEik e th B 748 . & 58817
fifh 2 AR DX 2 A MRS k2R S e fif PR AR
HOTE B A B, U sz 5 , FIFO —
P FH A ) B At 2 ] B B A S f A 1010,

FPGA 38 i< 53 4738 TR 0 430 2 1 2 ML iy 32 ol
5 BJG A ERPE hlE B AL 5 2 DSP, UME A TA
KEMGE AR, ST R I DSP 5 FPGA B FIFO
F TR 7 =X, FIFO 3 TR A ok A e (] S5 25 B dis
XA RIS . T T FIFO 38 iR 3E T FPGA £}
He, 5 DSP i % 2 53 51 DSP 25 {75 55 26 Re I
We, DSP | BE#E il £k Ce, DL Kz X Ja] B A 2% data[7

i%tl&c FIFO AJ DB B 71 5 TR 16, ﬁiqﬁz

A HRFN T FRAG ) DSP & 2% k{5 5L, DSP J5 3
EDMA 25 FIFO H i ; &% FIFO TE1F & 26 B
RIEGEZ I , 1) DSP & 2% HKi{5 B, DSP 1] FIFO &
EHTHEAE . FIFO 325 @R AN &l 4 Fos

Ce
4@%&%&%&%@% FPGA

v

DSp data[7:0]
M»:gz;zﬂwﬁl
BUAR(EY 50

B4 FIFOIESEIREZERE

A

»
»

Pps  80.0ms  160.0ns  2400ns  3200ns 4000 =ns

DSP 76355 B i, Re F1 We B AR HL O, 1M P
Ik s H S, BRI TR FPGA 1 FIFO 325 & i, /] LA
3 o 0 v ARk Al ST SRR ) O S B L AT
G T AL g R RSO U S 8O0 B S A
B . il FPGA F 3 U fih & A6 FI B AR
T AT DSP W5 {55 AT R AHAR 3, DT
FE I fil 2 BRI AT DAk AR e M R v T
fl &, TR SRS RS e M, RS iy R EE AN

K5 i
DSPi(Re) F L
DSPE(WC)_U |
B 5 A [ ! —
| |
Eﬁ%rm_'l_l ; 1y
I | |
R 22 N/ o5
DSP DSP 5 DSP 13
Djﬁ? ik X Bl >.< otk

&5 Dsp'_ﬁ FPGA 1511*5 B

2 FESHTEXE
21 FEHSH

FERRITFIBATHT, TS i B AT B, i B4y
HPER S, — 8B 2 R A Tl AT B, O3 — 8B4 2 FIFO
WIS H, £ E LR iR 5, g
TULES BB I 6 B, TP FE R IR 2R 3 AL
PEET, FPGA [n] A HL A L H B 55 1 A5 . 42
AL 1 RO AR YR Oy - 2 ) % 183, 159,239, 247, 143,
255, W A3 3 B s by 1k 183, 38 5 Quartus 11 %K
& i EWME 6 Urn . Hi disl,dis2,dis3,dis4,
dis5,dis6 43 51 s 2B 6 4 | txd_buf SR &
PR . L 6 AT IR Y, (7 FLIE AR, 35 2 B Y
Eaan=lios

4800 ns  S60.0ns 6400 ns 7200 ns  800.0ms  880.0ns 9600 ns

Name 0 s
0 clkbaudsx

1 4 1 L] L LT 1Y

D2 | @ rxdbuf 2000000000000 1 HATI DXp000)aCA0AT OF [ AT 1Xp000)aCAnCH O 1Y HETATE000X0XA0ACK 0 1 HADAC000}0A0AN G 1 D DAT000,00A0OACH T 1 1Y 1)oo00]

a

1]

)Y A V6 GG FEON A VS Fid GO ON A VS O DERINN 36 VS O OGN A6 NG ik IOV NG G OID]

P P {81 1 T o o B T o i b i i o e o

183

] X

158

0

X 239

1]

) 4 247

1] 255

Wowowowmowom
|n‘U’U|AwNHI&r.0I
o
g

- wonon
- - - - RN
o
g
S

8
HFEEEEEEE®E

0]

X 11831

S

6 BITEMNGEE



524

W 525 LA MR ACRE i TR B B0 T 52 B 65

FIFO X ] 352 5 040 £ B[R FE 5L T Quartus 11 4K
-5, BT DSP B 55 A IR H A %, BP0
FCRCAH, TR IE I HE . FRIF e RAE R S
HIEE T , JGisE FPGA N3 6 %, 43 31 A+ 1t
20,21,22,23,24,25,8% )5 DSP [1] FPGA B A 6 1~k

il%040,41,42,43,44,45, (F HLE LK 7 R H
H display 1 ~display6 73 3] {75 DSP 5 A FPGA Y 6 1>
i, 7E data[7:013 ] S 26 | AT LLUF i DSP A FPGA
T R U ik 20,21, 22,23,24,25, AT
BE TR T E P

wo | ax [ A A A A A AT A A A A AR AT AT
1 1

2 | v [T LT LT LT LT LT J

o3 we LJ LJ LT LT LT LJ

D4 @ data Z Y 4D | X a1 | Y (42 | X "45 | X a4 Z
D13 displayl 0 X 40

D22 display2 0 b 4 a1

D31 displayd 0 )4 [

D displayd 0 X 43

4 displays [ b4 a1

58 display® 3 4 s

ol data(0)"; [ [T o[ o[

D6 data[2]" fremmmm ] oy ey

68 data[1]" ey | iy | el ] g g P P P 0P [T DL bl pe—

o 70 data[3]") frm—
Lo data[4]"s frmm— g

i data(S]" e | o | e PP T
e data[STy ey

AL A e B B B B B B |

7 FIFOFERE

2.2 SZIGIGNIF

AT UE LT AN AR AGE TR B T e A
TR Ny a1 1 s 71 7 el A 5
R A7 TR 2 36 36 IE F1 DSP 5 FPGA [i] FIFO %5 1
E, FLAE {7 & 2L ARG A G A 3R, 4n - SC v
B i, A3 T FPGA+DSP B - 284y , & 8 Fir /s o
H:Hr DSP 2l TIN5 (1) TMS320C6415, FPGA 4y Altera
N EEP2C35F 241, R8P4 50 MHz,

E8 ERAERE

R AALE AT IE RSB A HLXT FPGA &
—FRGNVE R, R R L, B E N 61, FPGA
Wz B RO , JEm )RR S EAL BN, LIS
VR IRE A IE R o B AL AR A 7 TR A 3 A
3R B F——Comtool2.0, Hi & e R 45 th B e i
16 415020, 21,22,23,24,257, HsoRs o v iz
Bl W 2R TR 2RI, SR R R e
HEER K 9a irn . SLH R, BT IR 1T

1B, TAERAE
FPGA Y DSP [8] ) FIFO 1525 52 56 3o ik [R]#F 5 T
EIR AL BEAR . FPGA f74iff 2% B0 46 £ 4l by 1 2k il
“20,21,22,23,24,25", DSP 1 4¢i i FPGA FOHI 1A
4 ConTools (9]=13]

BASH

o
BIE [Por tB]

20 21 22 23 24 25 20 21 22 23 24 25

Bt (£

CONL 9600,,8,1 | [Porth Received: 12 Bytes]

(a) Comtool2.0 AT YRR Bh T S ifi

9600,1,8,1

(b)FIFO {55 45 % (DSP 2R 7 s /N4 )
B9 EiflEEERER



66 2 5 7 NI A < | $28%
B, K5 ] FPGA 5 A+ ki %230,31,32,33,34,  SE3THk

35, JEim S AR5 . FPGA7E DSP {55 1Y
RS (B RARTS 5 1 B THI ) S B FIFO f7fifide
A B | 1% A% A 2 R i 1 SRS #E DSP S {5
S BRI (BRI SRS 5 1 B T )R A/ 3 42
Uity 1 B 5 A FIFO fEfifiai b o B $idi &
AR, AT L S DSP % B B F A7 g FE A, niA
9b Jif 7 . ReceData & DSP $£ 15t FPGA %) U K ¥ 4 27
17-#% , ReceDataNew A 0132 DSP 5 A FPGA (4 ) 27
Fi4% , TestData B /R 2 DSP 5 A FPGA FO%H , 1
HEH1430,31,32,33,34,357, MK Ob AT LA Hi, DSP
5 FPGA M FIFO 5 IR , KW FIFO 325 &1 1E i

3 &

BT IS T 20 ARG ASCRE 438 TR H B8, e 3
¥ FPGA 5 B4 AL #4738 T . FPGA 5 DSP (1) X[
FIFO KL 4 ¥ 46 i T FPGA vh , AT b B0 T A5 48 %
LT & F AT TR0 B W1 TL16CP754 258 (U1
KGIEE T ARG SR RENE, 05 B SLIRKUE
TR IE R RE NS RORS R b 5 N R S 11 38 TR
DR IR &, BRUE AT, AT Iz N T
A ARAS LM RGBT

(1]

2]

(3]

[10]

[11]

S S ey R QTN - & A FAR N S 8= 33 <y
WAL 5 RIS, JEr e AR N F,2008,23(4):78-80.
2RI, T H e S L LT NG AR AR 25 4 R G g
FAWFFE[I). 209N 5306 T A2, 2008,37(4):588-590.
FOBEL A T B, A AN RIR T S E SR B R
W A SRS, 2012,31(7):80-83.
A B £ AR IR R S B R ). e S,
2002,9(2):9-13.
XM BRAE AR AT B, 25 £ /NG TeA5U RS 45 A
SRV U A I B B B R DU (], O A 2 i, 2010, 30 (2):
456-460.
GARER FIUERR , o 55, 25, —Fh FHZT AN A0 5 A
F2 B IR B 3 7 k(0] REER 2R 2F 4, 2011, 44 (2)
148-153.
T SC, A TRL R ST, 25, K P20 SR A TC A5G 1) 4
FEASHMATLHERT]. FB TR K224, 2005,34(3):320-323.
BPAL, S 20, FETF VO++ L AMAPL 4738 IREK R %
FTHIL At EEHLE A, 2007, 23(2):289-290.
TR E. AEHIA LM AR RS [D]. 7 5% 3T
K2£,2005:63-68.
ARIENE , 255, XIMERE. AEHIA LM S A R 58
RS FSE]. £045,2009,30(10):18-22.
B M, R L2 S R MCT1024 £TANAGA B RIFRIL)].
UL FE 24, 2005, 26(8 ) : 708-709.

(4255 26 51)
4 & it

BT R Ty FEHNS R T O e, e B IR TR
MO A AR R R TR PR Y
CW TN/ shia Q e otamm A TR . iy
PRI AL G T e > 5 I8 T & P iAE 5 5oty
ML AT B AR AR IO KRIE MR
Wi o S5 AT R 2200 BB HE S Y T OCEFBOE A TR
BRI IR R E TR T AR R R,
i35 SCHR P SE R 25 SR AT L IR T AR
LB

S0k

[1] Kelson I, Hardy A A. Strongly pumped fiber lasers|J]. IEEE
J Quantum Electron, 1998, 34(9): 1570-1577.

2]

3]

[4]

[5]

6]

(7]

K Ueda, A Liu. Future of high—power fiber lasers|]]. Laser
Physics, 1998, 8 (3): 774-781.

J Limpert, F Roser, T Schreiber, et al. High—power ultrafast
fiber laser systems|J]. IEEE Journal of selected topics in
Quantum Electronics, 2006, 12(2): 233-244.

E Snitzer, H Po, I Hakimi, et al. Double clad, offset core Nd
fiber laser[C]. Optical Fiber Sensors, New Orleans, LA, Janu-
ary 27, 1988 Postdeadline Papers.

Y Jeong, ] K Sahu, D N Payne, et al. Ytterbium-doped
large—core fiber laser with 1.36 kW continuous—wave out-
put power[J]. Optics Express, 2004, 12(25): 6088-6092.

M Laroche, H Gilles, S Girard, et al. Nanosecond pulse gen-
eration in a passively ()—switched Yb—doped fiber laser by
Cr4+:YAG saturable absorber|J]. Photonics Technology Let-
ters, IEEE, 2006, 18(6): 764-766.

J A Alvarez Chavez, H L Offerhaus, J Nilsson, et al.
High—energy, high—power ytterbium-doped (Q-switched fi-

(FEEEE 79 TT)



