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ABSTRACT

ABSTRACT

Raman spectroscopy has been widely used in many domain (biology,
pharmaceutics, chemicals,etc) with its characteristics of high sensitivity, rapid and
nondestructive sample detection. In recent years, laser technology and Raman
enhancement technology has been greatly developed. Chemometric analysis
technology method has got great development at the same time. With all these
changes, Raman spectrometers of various types have made great progress and are
moving towards miniaturization and integration.

So, it is very meaningful to develop a set of portable Raman spectrometer by
combining Raman detection technology with embedded technology. By analyzing the
composition of spectrometer, this paper has made a plan for data acquisition and
processing of embedded system based on the present research status of portable
Raman spectrometer domestic and overseas.

The hardware part of the paper is made up of ARM and FPGA module, and its
peripheral circuits. And STM32F407IGT6 (Without specification, other parts of the
paper called STM32 for short) which is the Cortex-M4 core of STMicroelectronics is
the main MCU as ARM chip. FPGA as a co-processor for data acquisition and
decoding equipment of FSMC class.LCD touch screen module is the input and output
device of the whole system.USB interface can be connected to a USB drive storing
data or a PC exchanging data.

The software part of the paper is made up of real time operation system
uC/OS-I11, graphics library emWin, file system FatFs and various types of equipment
components.All the device drivers arebased on the STM32 library functions.The
emWin and FatFs is very simple to use just by wrapping different corresponding
driver.All above these software parts is managed by various types of user applications
which is the subset ofpC/OS-III.In addition, this paper proposes a new baseline
correction algorithm using non-uniform B-spline.

Finally, the system's main function modules are tested. And another two
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ABSTRACT

baseline correction algorithmsare used to compare with this paper’s algorithm by
testing and analyzing the experimental results of colza oiland parathion-methyl.
Therefore,non-uniform B-spline proves to be an effective baseline correction

algorithm of Raman spectroscopy.

Keywords:Portable; Raman spectroscopy; Data acquisition and processing;

Embedded

I



H %

B3&x

B e, I
ABSTRACT ...t I
B SR et v
Table of CONENtS ................cooooiieeeeeeeeeeeeeee e VII
B B Il e 1
1.1 SREERASTAI R BIFIEE N oo 1
1.2 EER RS I AT STIRAR oo, 3
1.3 RIS IEERRTATINR oo, 5
R v o2 o OSSOSO 6
B R B I T e 7
2 R B R T e, 7
2.2 BB RIEET oo 8
2.3 EBRIARIBIR ..o 9

2.3.1 ARMAFPGA BUAZLIZE oo 9

2.3.2 USB 2 T EFE AR oo 11

2.3.3 RTOS HIZEFE oo 11
2.4 AREEINGE oo, 13
== R g 14
B3 BB RBEGEMT oo 14
3.2 WUABFBBEERIR ..o 15

32,1 EFERE A STMB2FA07 oo, 15

322 RIGHIFRSTEMETEBIRR oo, 16

323 BRGEENLVBETE oo, 18
33 BIBREIRIR oo 19
34 ABHLBEERRER ...ooooooeeeeeeeee e 21

341 LCD FEITHLEE oo 21

v



3.4.2 RA8STS FEHIHLES (..o 22
343 EIRPEIIIRBN coovoieivieeee e 23
3.4.4 MEIEBEIIIRB ooovoieoeeeeeeeeeeeeeee e, 26
3.5 TRBERIBISAEIR oo, 28
3.5 1 USB $ BT oo, 28
3.5.2 Micro SD RHE BT wooveieeeeeeeeeeeeeee e, 30
3.6 ZREEINGE oo 31
g = R g L O 32
41 BRI e, 32
411 TR RIREE LT oo, 32
4.1.2 BRBHIFEFEBETE oo 34
4.1.3 ARZ BRI FIBETE oo 35
4.2 PC/OS-TIT BIIESB BETR oo 37
821 BRGEHIIEN oo 37
4.2.2 AL AT EE Z3HT oo 40
423 AESSTAITEIIE oo e 42
4.3 emWin FEIETE oo 44
4.4 FatFs S TR e 49
B.4.1 FERE FAIFS oooiioeeeeeeeeeeeeeeeeeeeeeeee e 49
442 STHFEETH oo 49
4.5 ETIEHE BHEFPMERRERE . 50
4.5.1 AFEI ST B BEZEI A oo 50
4.5.2 TR HIENIEIUTTIE oo 51
4.53 AEIL] B BESAFE AR IEAITEI oo, 53
4.6 ZREEINGE ..o 54
= TR R ST ES M 55
5.0 BREGETNEEMIR ... 55
5.1.1 SRAM BEE MR ..o 55
502 SCEAFAEIIR oo, 57
5.1.3 FEUEBHE KA oo, 58



5.2 BB IE BRI oo 59

B3 AR EE /N oo 62
B Nl R B oo 63
BB T N IR oot 64
BB 3T et 68
B T e 69
A BB B BRI B BB oo, 70

VI



Table of Contents

Table of Contents

ABSTRACT In CRINESE..........oooooiiiiiiiieee e I
ABSTRACT ..o II
CONTENTS In CRiINESe ...........oooiiiiiieecee e I\
CONTENTS ..o VVII
Chapter] Introduction ... 1
1.1 Purpose and Significance of the Paper ........................ 1
1.2 Present Development Status of Portable Raman Spectrometer .................... 3
1.3 Present Research Status of Baseline correction ..., 5
1.4 Major Contents of the paper .............c.cooiiiiiniiiiiceecceee e 6
Chapter2 Overall Design ofthe System .................cccoooviiinniiene, 7
2.1Requirements Analysis of the System..................ocoiiiii 7
2.2 Scheme Design of the System.............cccccoooiiiiiiiiniiiiiee e 8
2.3 TheSolution of Key Technology ...........ccocooiiiiiiiiiiicecece 9
2.3.1 Dual-processor ATChIteCtUIE .........ovuieruiieiierie ettt ettt eve e 9
2.3.2 USB Interface Communication Technology .........cc.ccccevvenieninicnicncnnennen. 11
2.3.3 The Selection 0f RTOS ..ot 11

2.4 Chapter SUMMIALY ........oooiiiiiiiiiieeieeeceeee ettt eneesaneeneens 13
Chapter3 Hardware Design of the System....................cocoooooviiiiiinnnnn. 14
3.1 Architecture of the Hardware System................c.ccceeviiiiniiiiniieiniie e, 14
3.2 Dual-processor Module ...............coooiiiiiiiiiiiiiiiecee e 15
3.2.1 MaASEEL CRIP..ciciiiiiieiiecie ettt ebe e e b enes 15
3.2.2 Flexible Static Memory Controller ...........cccoeeeviriiiniineniiinienenicneeneeens 16
3.2.3 Design of System ReESEt .......c.ceeviiieiiiieiiieciiecieeeteeee e 18

3.3 Data Collecting Module ..............c.coooiiiiiiiiiiiieeee e 19
3.4 Human—Computer Interaction Module ...................cccooeviiiiiiiiiiniiiee e, 21
3.4.1 LCD Interface CirCUit ........cocoueeiiieiiieiiieiie ettt 21
3.4.2 Control Cirtuit of RABSTS ..c..oiiiiiiieeeeeee e 22
3.4.3 The Drive of LCD SCIEeM ......covuiiiiiiiieiieeiieee et 23
3.4.4 The Drive of ToucCh SCIeen ........ccccevieriiiiiiiiiriiiieceseee e 26
3.5The Memory and Communication Module....................c..ccocoiniiininninnnnnn.. 28
3.5.1 The Design of the USB Interface Circuit...........ccceevuverveevrienneeiiienieereeneen. 28

VII



Table of Contents

3.5.2 The Design of the SD Card Interface Circuit..........ccceevveerieeiieniienieennennne. 30

3.6 Chapter SUIMMALY ..........coooiiiiiiiiiiiiee et e erree e e et eeeesateeessnsaeeeeenneeens 31
Chapter4Software Design of the System .................c.cocooooiiiiiiiiinnn. 32
4.1 Multiple-Layer Design of the Software System ................cc.ccoccinininnnnne. 32
4.1.1 System LayerArchitecture Programming ...........cccceeevveeevvieencieeencveeesveeeenen. 32
4.1.2 Application layer Architecture Programming ..........c.ccceceevevieneenieneeneenens 34
4.1.3 Application layer Architecture Programming...........c.cceeeveeeevieenveeenrecennnnn. 35

4.2 Task Management of the pC/OS-IIL.............cocooiiiiiiiiiii i 37
4.2.1 System INitialiZation ...........ccocuieeiiieeiiie e e e 37
4.2.2 Analysis of Task Schedule ..........cccooouieiiieniiiiiiee e 40
4.2.3 Synchronization ANALYSIS......c.ueeeuiieriieeiiieeiiieeiee e esiaie s iaeeesiaeeeseveeeneneens 42
4.3Graphic User Interface DeSign..............cccoeoiiiiiiiiiiiiiiiniiiie e 44
4.4 Usage Of FAtFS..........oooooiiiiiii e e 49
4.4.1 System INitialiZation .........c.cooieeiiieriieiiiiiieiie ettt 49
4.4.2 Analysis of Task Schedule ...........cccoooiiiiiiiiiniiie e, 49

4.5 Baseline correction algorithm base on Non-uniform B-spline ..................... 50
4.5.1 Non-uniform B-spline.......c.ccccciiriiiiiiiiiiiieeiie et 50
4.5.2 Selection of SPlINe NOAE ....ccceeviiiiieiiecieeieee e 51
4.5.3 Implementation of the Algorithm...........ccoeviiiiiiiiieiieee e 53

4.6 Chapter SUIMMATY .......c.cciiiiiiiiiiiieieeeeeee ettt e s e e sbeessaaeesaeees 54
Chapter5 Testing and Analysis of Experimental results...................... 55
5.1 System FunctionTesting ............ccccooviiiiiiiiiiiiii e 55
S.TT SRAM TESE. ittt st 55
S5.1.2F11@ StOTa@E TEST...ueeieiiieeiiieeiie ettt ettt et e e ste e e sre e e aeeesaeeenseeenaee s 57
5.1.2Raman Data Collectin@Test .........ccceeriieriieriieiieeie e 58

5.2 Effectiveness of the Baseline Correction Algorithm...........................ccccee. 59
5.3 Chapter SUIMMATY ..........cooiiiiiiiiiieiie ettt eeteesbeeesbeeesaeessabeesnaseeens 62
SUMMATTZATION ..ot 63
ReEEIreNCeS ............cooeeeieiee e 64
APPECIAIX ...ttt 68
ACKNOWIEAZEMENLS ... 69
Paper Published and Honour Received ..., 70

VIII



A 485 2Ch 2 OB SR N U4 R G

L1 IREMRRBMENX

#%%%<mmm&mm@>W%waﬂ%%CVRmm71%&$ﬁ
N IRV 2 iy S DN Dt % N 12 el o R /) TR A &)
HTFHNH T IR N EE, XANZEENPLZAE . D201 E
NREAERR, B2 HUR 5 VR AL RS B 2 11 BIRR R 20638, 2ot ae
4RI 531 4 70 P 7 ) B AR AL

— AR N by, ChOEMITE &, vo MBI IIAIR) HG IR BRI &
T, BT B SFISORE 5y, AR KA BN HUR et B K1) 43
AR AR 5N EARAAE [F] B BR A A (Rayleigh Scattering) A5 A5
BN R ) RL 2 UM o 80N 2 FHNS ' 5 HES 401 1) 40— B FL 1 = A
HAERF AR B 1-1 Ay S A e L 3 A RICH 10 5 22

E\thvg K E\+hv, X
E,thvy & v E,+hv, &
\ hvo H(vy-Av) H(vy+Av)
hVo
]’lVO hVo ]’lVo ¢
E, v E, v
E v E v AE?h AV

Stokes | ‘ | anti-Stokes

.
0 Vo-av Yo vy+av

(a) (b)

(a) FRAIELS (b) 72 HUs
B 1-1 H7 2 HU R

WE -1 P, E NIRSIBORES D, E, NS MTmARUY, b
SPGT IR S NSO, BRI AR AR R, AT RIRAE

1



BB

BAE, i BL o TR G TR BRI R E, + by B E, + hv, FES G, 25k
R [l JFARRAS, PR BEE N by BT XS TRLZ2EUN, £ T 5 AG
TRARAE SRR SRR R E A, R ARG T REE S RIS
TH—NaE=hov WREEZ, Hi, BEPETRER BRSOV
W2k (Stokes Scattering), K ZMIFRZ J R FE w14k (Anti-Stokes Scattering),
NS SHURDG TR ZRRh 208, XAZEELEER, RIEAREAS
JEIIARER AR AT R AL

BEREME A I hr 2 B dls,  SCRERS R AE BRI Hr 8 Bds #EAT — R 71 A HAN 7317 1
IR FR Syt SOGIEAL . ARG SRR I ZS AN 406 RG22 5%, —n] LK
SIEREACY N E AR A REEL kR B e AR 2 AR A
AP LB IRE RIS 2 R 2B b 8 R BT 7 AR Tz
P 8IS SCRRAB I BRI 1), TR, BEEEOLEAR MBS, &
Py 2 SRR AR (1 R IRl e 2 Pk 2 i e D A iR I e, B
FHLZ B BARANE Ak il J5 28 DL KAk 20 82 D5 AR o i 2 iR 1A
ENLH T A, g O T 2 A

2R CIE SRR ERAF HIBR B, S 2 0G I ACRBEE AW, BEAD ],
45 s S OGS ACAS [F] T 9250 % R TRREIE A, Siege % F R A =0 X
AR, #AERIE . Mg B Bt, Joikik BIHL 2 Bl Dz SE i Ml i) 25K . il
DA 1] B 2GR R 2T N AL R RRAL, T SEINRL 2 AR R II(E
AT A R 15 2Uhr 2 O A B AR 55 . Sz TR 8 e SUA T D e 72
PEIIPR G, A iE i R RGBT SLHUE L, B2 L R 23
XA R A B S A AT AL B R SR . IR AN SUBOR B sl R, %R
P 86 e R AL R AL FE ) B8 (B G R T AT RE . ARMUS LS o2t N 24
BORAT IS By M@ 88 (Microcontroller Unit, MCU), ARM it
A S AL 2 R VO, EEE AN, FE T, MR AU ARM
BRI R EIE R 200 FIE RS, AMCEARBUIN . 337 SE e IR0 Ak 35 2
PREEAL AL BEFRIE T IRA X & TR G RIRA LER.



A 485 g Z OB BN SN2 R G

1.2 R S BB RIR

WO L E AL M AZ T 1958 SR FHEOEHIES, #
DLEVA=D X CSE I IN YA oI 1]k 2aa 81K 5% NS S ER= S al B o NPt w8
WOt HL B i SRR R ) T R BRI ALR R .

Har Ak, (8400 8 e 08 & DL ESME R 5 45 2 Wi e, = P e
ACTE AV REBURAEFE b, #85 E AN AR BEREE . iy b {4
A BOEEA) FAA: £E B&W Tek A 3£ SciAps A H]. £ B ILA
(Ocean Optics )2\ 7« H Z< HORIBA Jobin Yvon A ] . fi % Avantes 2 ] 22021
-1 50 T EANYS) R A A RE AR AR .

R 1-1 (85 F B AU AR fh R RE S A L

= i-Raman ReporteR Pinpointer Inspector
A B&W Tek SciAps Ocean Optics SciAps
AHEE (em™) 45 10 12 8
BBk (amd| 785 785 785 785
WHGEE (em™) 175-3200 300-2000 200-3000 200-2000

Inspector R41/& DeltaNu #f H T 1A Bk K@% 2o, ZAFF
2013 4% SciAps W5 , 3X— R 517 it ) Dy e 501568 - 7] PABC A NuscopeTM
e WA = AR 8 & £ 1 A B SHI A EE, FATL EE ARM Cortex A5
A5 R P B PR RO S5 AT i B SRS L, X RAER AR I TR, U
EUET, M SREE S Tk R RS RYIR . B SciAps
Inspector st 7t b K] F A & F R BRI RSt 00T A BT BH
4% X Inspector 54118 I 8 kTG FH (AR i AN 50208 sk S ) — AN BE 2 REAR I
ALY/

SciAps BB ) ReporteR YA AT LAFE-20°C 21| 40°C (IR B T 1R TAE,
A T AR 2 L AL PRI, I BE 8K B SR IR I B A7 4% B SD
b, SR, MHEENAE 0.5Kg, J&HAIt AR LR RS



BB

HiEA . B 1-2 735108 SciAps 2 F] 1] ReporteR Al Inspector YRGS o

ScirAps

/‘\ Inspector300
A\

& 1-2ReporteR Al Inspector Y iEA 524 K

B&W Tek [ i-Raman & &4 T 5250 % H (0 #0243, MR T He M
a7 i, A A W E G A2 5% . Ocean Optics A BR 72 HE(H
WA 2, FEANHLEAFRM OBM i %, #RIELHR K. CCD
TR S hy 2 RGEHE = 5, FIA 77 i USB4000. QE65 Pro 5. K
1-3 2y i-Raman F1 QE65 Pro Y1k AR [ s I .

& 1-3i-Raman 1 QE65 Pro SZ4 K

IR T E AN E b 2 Oe e s, BNl T A ERM, FoR EIRE
A= IR — e R . WTE R BB 2 2R RT1003, %= T 2014
FOLEE RN E R RSN, B4R -l i g 2814



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



