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Design of Hyperspectral Image Processing System Based on DSP & FPGA

ZHANG Ye, SHAO Tao, YAN Meng

(Institute of Image and Information Technology , Harbin Institute of Technology , Harbin 150001, China )

Abstract: In view of the characteristics of hyperspectral image processing system such as high data through-
put, high processing speed and large memory capacity, an embedded hyperspectral image processing system
based on DSP&FPGA was designed, which adopted USB interface as transmission, and selected TI’ s
TMS320C6000 DSP and Altera’s Cyclone II series FPGA. Firstly, the general block diagram of hardware im-
plementation is given; secondly the chips used are introduced, the circuit connecting of FPGA and the working
principles of system are described in detail. Finally the system is verified by taking advantage of hyperspectral
image target recognition algorithm.
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USB#: 0 B A & s 25, BVAE B A S0 A,
EEZE B E SR RS232 . EPP B LD . %
Witk A USB#AEN RGH 1/0. USB #H A A
Ye A EZ— USB FX2 &%) CY7C68013.

Cypress Semiconductor /A 7 # EZ — USB FX2
(CY7C68013) & tH A F 55 — 3L M USB2.0 il Ay
Tkl P28 S A 12 B SR LT USBR2. 0 Yt & %8 \SIE
(RATH: D5 %) S8R AY 8051 MIEHI2E 8.5 KB K
RAM.4 KB # FIFO 774 #% LA X 7] 4w #2719 41 i 2 1
FEMT 12C #EHl 4%, 217 & E Al ik 400 kHz;
4 KBAJ FIFO R[5 ASIC il DSP % Jo 4% 3% ;% 1]
#) FIFO # GPIF H 3 & & * Wr; 7 A T DSL
Modems ATA # H AL WLAN,MP3 #% i #5 . ¥
2% S FX2 33X g B 1 45 A T (5 2504 A% i R ik
#| 56 MB/s, Bl USB2.0 SR iF W& K7 5. 78 FX2
H L8 8 SIE W] DARE {440 B4 22 USB1.1 1 USB2.0
PR, T U8 2> T FF & B (] AR A AR T USB [ 3%
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FPGA % F Altera /A 8] ) Cyclone 11 R3]t A
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i | FLage | Cvelone T DB ARDY
pad FPGA
68013 L SLRD |EP2C35F484c§ RAMIO[150],
’ RAM_A[200]
o RAMLCE | 6o
SLOE
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(1) FPGA 5 FX2 s h#0

USB its A (CY7C68013) 5 FPGA #f % # : USB
O H ) 48 MHz B 80 %y CLKOUT fE A FPGA i
B RS, FIFOD[15:0] % USB i H FIFO %t
PELR ,FIFOADR [1:0]3%# FPGA %42 E i & , 4
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(2) FPGA 5 SRAM #:M

SRAM X Fi Cypress 24 & £ CY7C1069AV33,
HARN 2 M X8 bits. T 5 6% B R 545 5 E 2
16 bits, HL R G R 2 i SRAM, LT MY &,
PR 2 MX 16 bits. RAM _10[15:0]24 16 bit &
FERHE SR, RAM _ A[20:0] F bbb £R, R EH 2 M,
FPGA#i i {55 RAM _CE.RAM _ OE #l RAM _
WE 435125 SRAM its i 3% B4 it ERE Fn i 5
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{ Setup=2 ;  Strobe=3  NotReady Hold=2 |
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CE2 | | L /S
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ED[31:0]—§< Write Data
AVE | | A

(b) DSPi#iid EMIF 5 SRAM
B3 &3 EMIF 5 SRAM R F B
INT4 Zfih & DSP s i EMIF B F i f5 5, 4
5B B S A SRAM 585 ,FPGA [ DSP &k %
Wrf55 , BIE INT4 {55 A%, DSP ma B 5 W7 3 3 A
R AL 3T 72, SO IR IR R N R OIS R B AR IR
k=27 300
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4 DSP X A TI 24 7 TMS320C6211. M
1982 4EFEM X5/ 7 (TT) #E R B 5 — 3Kl 2h
KT DSP KLk ,DSP E & &R T JLR. TI A #
HIE S R DSP A C20z.C5x.C54xx \Co2xx %5
VS AV DSP A C3z.Chx.Co6Txx,Codx 213
TMS320C6000 &3 BB FF 543 a, 2EEH TI
AT TF 1997 FHE N R RIIBFE S LHER
(DSP) . ;1 FiZ & 3 i DSP 1 5 Y 755 35 4k P 4 Rk F0
HEIIMEORE T, HILRE A HFERGLHEY
BT

(1) DSP i F fa 4

TMS320C6211 J& FE M RF , FER R LR
LITERATHRFE SO R4 5 S T 4
e 2% 500 R 8 AN ST ) T B SR T A5 R B R LA 9
T 8 4 32 bit 154, CPU £ 4% 150 MHz, & K
& 3 BF 1] 35 900 MFLOPS (Million floating-point
operations per second) ; & % F M5 3 45 #4410 B 15 1 4K
B S5, B 2 [ R bk 2 B 4 B, B R TR Sk B
TR N TR A 5 Rl B SR K KA, B AR R Y
Bz HEEES.

C6211 HYFFA #5% B0HE 58 BE A 32 bit, s i N #R &R
BT 64 KB §) F _EEME#%. TMS32006211 P4 #B 49 g
& DMA Wb 3 4% , 7T F T 84E DMA &% A 2
A McBSP( 38 18 28 w3 1) , B A AT 58 AR HE & 1
W T84T, AT LAME @ 10 A, X R ZF
WAE PR B B 38 0. TMS32006211 & B A 4 &6
gy B O EMIF(External Memory Interface) , 8
4 A FEY B 23 8] CE0~ CE3, & 23 [|] iy & K ¥
JRZS B2 256 MB, [Fl Bt X F¢ 5 5 4 M R /TR
¥ RAM. LA AN R AL B A S 080 .
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CE0 % [d] & /i DSP 4t — 4 4k B 7% % =5 A
0280000000 — 0 8fffffff, 53 BL 45 SDRAM, ffFH 2 f
MT48LCAMI6A2TG ith i, B — F #9 F7 4t =5 18] K/
4 MX16 bits, RFAMY R, T BRI 4 MX32
bits. SDRAM F F 77 Ak 38 1 72 o 14 i B 11 45 5 4
Hils B A5 & . CE1 25 [/] &5 F DSP % — 4 hik 9 724 =5
[ 0290000000 — 0x9FFFFFFF, 43 Bt 4 FLASH, i
F1 H AT29LVO10A, 725 B K /MR 128 K X 8
bits, Fl T HE B 7 MW B4, Re S K L aa,
DSP B3\ CE1 ERIERFME BHESFARFA
RAM, I FF N 0 itk 2172 5, X B2 DSP &4t
B B shin# . CE2 25 8] 5 A DSP 4t — 4w bt i) 7766 =
[ 0220000000 — Oxafffffff, 43 Wit 45 SRAM. & %
SRAM #%4% 2 H CY7C1069AV33, 4 F i) 7E4i% 25 [A]
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ER B LA S e 4 i R ) 45 R B & . CE3 = [|] 5 H
DSP 45— 4 hit B9 774523 18] 0260000000 — 0z bEEEFEES,
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BB BANRETIERBEWE 4 iR,

(W ENRG EH, 78R FX2 & A B 4.
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(2)PC L i i B USB M FF 14 16 FPGA 5%
H 6% E 5 (HST) ¥ #E . FPGA & 4L 3 BUR IR H B A
fefEds . oA USB s i TAEZE M X, FPGA R
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G IO 7 o A & B R AR L

(3) % B 615 B 158 4% i 58 B, T T Bk BAT
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(6) BMg iz H B RUE , 45 R YRS EMIF 5
AFERERE XTI 25 B N, M IR 45 R BB B A5
J& ,FPGA R V¥ £ USB 0 T/ERZE.

(7)PC HLiE T USB H#:4t USB 1% [1] #9151 45
R 2, B RE TIERE.

B 5B ZRAGATR LI SR Sch
B G AR 28 18] K /N 100 X 100, & 126 AN 3%
B, Sa s 2 R IE ES R 58 26 B, B 5b 2
RGE RGBSR REERIRIET 34K
BLEFR, GBI G05 E 45 R AR, 7T, REX
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proc MOM _ before _motion | | ;proc rotate ¢ {c pos _in
pos _out] ;proc rotate _b {b pos _in pos _out}.
Wit 3 NFRIFABITR B C ek AERNITE &
o 728 45 R AR T S g TR BT AL B AR P B AR AR T

FHEF proc MOM _ before motion { |, Tcl i&
= BRI RE (FR4)

(1) EXERZER

global mom _ tool _ axis B OIEES &
global mom _ pos B NEFHLRE AR R T BB 3h 4
FRE

global mom _ prev _pos & X B — 23 BRI ALIRR

global mom _motion _ event & X X4 HTiz 3 F IR,

(2) FHENMKITEGREL B.C R MAE

if {$tmpz=1} | PREMARBEEETIESR;

set ud _pos(b) 0.0 BHIEHEAE N O;

rotate_c¢ $ud _pos(c) mom _pos ud _pos

rotate _ ¢ $ud _pos(c) mom pos arc center ud _cpos

FRBEF B AT proc MOM _ before  motion
TR R P BRG], B TRIEXRANFRI G . @
it Tcl & 5 #47T — ROV E Y B 58 FIB B R,
WA B C WeH M B A TH 8 L A bn 28 4 56 6 A0
TIL R TERT AR 5 P B AR AR T

2.2 BEREREFSE UG/CAM R&GHIER

W 5 SCIF B 55 AL B ST A0 8 RE SCSC A

MM EELEBFFRMOBRERT, W: (E: \
Program Files \ UGS\ NX 3.0 \ MACH \ resource \ postpro-
cessor) . FFTEZMR B F H K B template  post. dat 3C

4, 3T FF % SO 3 5 S 347 IR 8 2. DMUSOV

Ja BALFEAS $ {UGII_CAM _POST _DIR}DMUS0V. tcl,
$ {UGII _CAM _POST _DIR}DMUS50V. def.

M PRGBS T EELEBEFS UG/
CAM RGMER, F i UG/CAM R4 H X
DMUS0V MUK J& B AL B 34T I8 A .

3 45 R OB

DL b3 45 A 3R IE 32 R OB 3 B0 Pl R
(DMUSOV) W G5 e m , B T R BB B, I
KiZEERI AR T iBEEHEF, LT EE
22 K Bh $ i HLR B AL R T g 1 3 E BT B
AT ITELERS. 5 ELHEEN CAD/CAM R4 H
BRI, E T CAD/CAM B4 B Ry i 3% 58 #n
BEAFEMM TR E RS SCP R B LR EZ 3)
2 Bk Y 5 oF () S 7R 5 2% R A v T B h B AL
KRHEELHBERFFLER —ENSEMAE.
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