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ABSTRACT KEYWORDS
Imaging system design is presented in this paper for measuring pointing Sun sensor;
error of solar tracking for along time. An industrial computer with large Imaging system;
hard disk is chosen as central processing unit instead of a digital signal Digital image.

processor for storing and processing massive image data of the sun. An
advantage of the proposed imaging system is that it stores all the sun
images grabbed. The imaging system consists of an optical head, A CCD
image sensor, SAA7111A, FPGA, EZ-USB 8051 microcontroller, an in-
dustrial computer and so on. The optical head is constructed with a pin-
hole aperture and no lensis used for simplification. Sun’s image formed
by the optical head is detected by the CCD image sensor. Analogue sig-
nals from CCD image sensor are converted in to digital ones by
SAAT7111A. SAAT7111A is configured and controlled by FPGA. Digital
image signalsare finally sent to theindustrial computer via EZ-USB 8051
microcontroller. Experiments have indicated that the proposed imaging
system is able to obtain and store massive image date of the sun.
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INTRODUCTION

Severa solutions are available now to measure
sun’s position in the sky, such as sun sensors!*®. Since
sun sensors provide pointing direction towards the
sun, sun sensors are essential componentsfor space
missions, such as satellites and spacecraftd3. Ac-
curate measurements of pointing direction towards
the sun are necessary for autonomous attitude deter-
mination in nearly all the phases of a space flight(®.
Sun sensors is aso used for solar tracking!”, desir-
ing high tracking accuracy, and it is a core compo-
nent for the solar tracking. According to detector
types located in focal plane, sun sensors could be
generally divided into two categories, digital sun

sensors and anal og sun sensorgY. Image sensorsare
employed for the focal plane detectorsfor the digi-
tal sun sensors, while the analog sun sensors don’t
use image sensorg 10,

Quantity evaluation of pointing error of solar
tracking is absolutely needed for design of solar
tracking device, such as choice of coders, selection
of transmission set, controller design and so on, no
matter the solar tracking deviceisused underground
or worksin the space. As accurate feedbacks of sun’s
position are provided by sun sensors, sun sensors
are good choices for measuring pointing errors of
solar tracking. However, sun sensors needed for
measuring pointing errors of solar tracking is quite
different from conventional sun sensors developed
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for satellites, spacecrafts or solar tracking device.

Development of sun sensor has some specific
requirementsto obtain pointing errors of solar track-
ing. Sun images should be stored as much as pos-
siblein the solar tracking. It is best to store all im-
ages obtained by the sun sensor for further investi-
gation. It isnoted that running time of the sun sensor
may be quitelong. Hence, massiveimage dataof the
sun needsto be stored in real-time. Memory size of
the sun sensor should be large enough to store the
massive sun images, probably millions. As aresult,
anindustrial computer with ahark-disk of large ca-
pacity is chosen as central processing unit instead
of aDSP (Digital Signal Processor). Thiscomputer-
based solution is proposed for storing massive im-
age data.

Imaging system design isillustrated in this pa-
per for measuring pointing error of solar tracking.
The proposed imaging system includes an optical
head, A CCD image sensor, SAA7111A, FPGA, EZ-
USB 8051 microcontroller, and so on. One feature
of the proposed imaging system is that the system
stores all the sunimages grabbed in the solar track-
ing. Overview of theimaging systemisgivenin Sec-
tion 2. Hardware design and software design of the
imaging system isdescribed respectively in Section
3 and Section 4 respectively.

OVERVIEW OF IMAGING SYSTEM

Theimaging system grabssunimagesfor thedigi-
tal sun sensor. Theimaging system includes an opti-
ca head, A CCD image sensor!”, enhanced video
input processor SAA7111A, Xilinx’s Spartan-II
FPGA XC2S200, EZ-USB microcontroller
CY 7C68013, SRAM memory and etc. Schematic of
the imaging system is shown in Figure 1. The opti-
cal head consists of afilter, a pinhole aperture and
so on. Since no lensisintroduced, no distortion ex-
istsinthe optical system. Thefilter isinfront of the
pinhole aperture and it is used for attenuating solar
irradiance. The optical head isillustrated in Figure
2.

Sun’s image produced by the optical head is de-
tected by the CCD image sensor at thefocal plane®.
Analogue signals from CCD image sensor are fur-
ther decoded by SAA7111A. And SAA7111A is
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Figure 1l : Schematic of theimaging system
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configured to the proper settings and further con-
trolled by FPGA. Digital image signals from
SAA7111A are finaly sent to the industrial com-
puter viaEZ-USB 8051 microcontroller.

HARDWARE DESIGN

Hardware block diagram of theimaging system
isshown in Figure 3.

Theenhanced video input processor SAA7111A
from Philips Semiconductorsis used to obtain digi-
tal images from CCD sensor. SAA7111A isalow-
cost and highly integrated pure 3.3V CMOScircuit
for desktop video applications. It has two-channel
analog preprocessing circuits including source se-
lection, anti-aliasing filter and ADC, a clock gen-
eration circuit, unit of automatic clamp and unit of
gain control, adigital decoder of multi-standard, a
brightness/contrast/saturation control circuit, acolor
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Figure 3: Hardwareblock diagram of theimaging system
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Figure4 : Softwareinterface
space matrix and a 27 MHz VBI-data bypass. The mentsof imageacquisition. External circuitsdesign
enhanced video input processor SAA7111AIsagood issimplified with chip SAA7111A. The multi-stan-
choice for fast and economical prototype develop- dard decoder inside SAA7111A isbased ontheprin-
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cipleof line-locked clock decoding. The decoder is
ableto changethecolor of PAL, SECAM and NTSC
signalsinto CCIR-601 compatible color component
values. Thecircuit SAA7111A is|2C-buscontrolled.
Digital video signals and control signals provided
by SAA7111A are connected respectively to FPGA,
for example, vertical reference signal VREF, hori-
zontal reference signal HREF, vertical synchroniza-
tion signal VS, odd/even field identification signal
RT S0, chip enablesignal CE, video port out signals
VPO and etc. In order to control the SRAM chips,
read/write pin, chip enable pin, data bus, address
bus of two SRAM are al connected to FPGA. As
soon as acquisition command is sent to FPGA from
the industrial computer via USB interface, FPGA
makes SAA7111A to decode analogue image sig-
nalsfrom CCD image sensor. And FPGA puts digi-
tal image signals decoded by SAA7111A into odd
field SRAM or even field SRAM due to odd/even
field identification signal RTSO.

Pins ACTION, INTERRUPT, SRAMSTATE,
ODDEN, EVENEN are connected between FPGA
and EZ-USB. ACTION pin is used to send image
acquisition command from EZ-USB to FPGA. When
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oneframeof digital imagedataisready inthe SRAM,
FPGA will set INTERRUPT pin to high to inform
EZ-USB to get current frame of digital image data.
While SRAMSTATE islow, itindicatesthat USB is
reading image data from SRAM; while
SRAMSTATE ishigh, itindicatesthat FPGA iswrit-
ing image datainto SRAM. When ODDEN ishigh,
EZ-USB isreading image datain odd field SRAM;
when EVENEN is high, EZ-USB isreading image
datainevenfield SRAM. FPGA runsasadatabuffer
among SRAM and EZ-USB.

Cypress’s EZ-USB FX2 micro-controller is used
asthe USB interface. EZ-USB FX2 isamicro-con-
troller with USB interface and it is quite cost effec-
tive. USB 2.0 transceiver, enhanced 8051
microcontroller, serial interface engine and a pro-
grammable peripheral interfaceareall integratedin
asinglechip. Datatransfer ratesof EZ-USB FX2is
able to reach 56 Mbytes per second and it is the
maximum allowable USB 2.0 bandwidth. However,
the chip still uses alow-cost 8051 microcontroller
structure. Most of the USB 1.1 and 2.0 protocols
could be handled by EZ-USB FX2 in hardware. As
a result, the embedded microcontroller provides
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Figure5: Imagesobtained by the digital sun sensor
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economical solution for specific USB application
and development timeis decreased to guarantee USB
compatibility. Fast transfer mode of EZ-USB isused
inthisimaging system design. When theimaging sys-
tem is connect to the industrial computer, device
driver of the imaging system will be automatically
loaded into EZ-USB by the windows operating sys-
tem. And then the 8051 microcontroller coreinside
EZ-USB beginsexecution frominterna RAM which
performsthe enumeration. Software development for
EZ-USB includes development of firmware, win-
dows device driver and etc.

SOFTWARE DESIGN

After SAA7111A, EZ-USB and etc are initial-
ized, imaging system grabs sun images via desktop
software for the digital sun sensor. When odd field
data and even field data of one frame image are re-
ceived respectively, the software puts these two sets
of image datatogether.

Object orientated techniques are introduced to
devel op the software by Visual C++ 6.0. Oneimage
class named as “CDib” is constructed. Operations
such assavingimagein BMPfileformat, threholding,
filtering™® and etc aredll integrated in animage class
CDib.

Images grabbed by theimaging system are saved
in BMP file format. The BMP files are named ac-
cording to their grabbing time, following the format
YYYYMMDD_HHMMSS. And “YYYY” means
year, “MM” means month, “DD” means day, “HH”
means hour, “MM” means minute, “SS” means sec-
ond.

EXPERIMENTS

SAAT111A isinitialized via 1?C pins SDA and
SCL of EZ 8051 microcontroller. SAA7111A isini-
tialized to working modes as following, one ana-
logue video signal, automatic gain control, YUV 16
bits output, PAL(50 Hz, 625 lines), default bright-
ness, default contrast and default saturation. Memory
size of the hard disk for saving imagesis 320G,

CPU of theindustrial computer isAMD Athlon
[ X2 250, 3.01GHz, memory sizeis2G And memory
size of hard disk is 500G
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The imaging system for the digital sun sensor
workswell and all theimages grabbed by the imag-
ing system are recorded successfully into the hard
disk of theindustrial computer.

Softwareinterfaceisshownin Figure 4. Images
obtained by the digital sun are presented in Figure
5. Sunimages were obtained every 10 seconds, and
it meets requirements of calculating solar tracking
accuracy for asun tracking system.

CONCLUSION

Imaging system design of adigital sun sensor is
presented in this paper. The digital sun sensor is
devel oped for obtaining pointing error of solar track-
ing. Itisrequired that all images obtained by the sun
sensor should be stored for further investigation.
These sunimages are necessary for cal culating point-
ing error of solar tracking. An industrial computer
ischosen ascentral processing unit instead of aDSP-
based solution. Sun’s images are finally recorded in
a hard disk of large capacity. Main components of
the imaging system include an optical head, A CCD
image sensor, SAA7111A, FPGA, and EZ-USB.
Design of theimaging system has been validated by
experimental results.
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