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Chapter 1: Introduction

1.1 Functional Description

Introduction

TERN C-Eye™ controller is an innovative new solution for adeirange of vision applications: machine vision;
check ID marking; pattern recognition; industriabpess control; motion position detection; securignitoring.

The C-EyéV is the ideal board for adding low-power standelaiigital image acquisition and recording to any
embedded application.

CMOS image sensors have become widely used onoptaf like cellular phones, or PC/Web-based remote
cameras. However, these cameras generally rely cannection to other central systems for dataaggrimage
processing, or power.

The C-Eyé™M provides a true stand-alone solution: real-timages available in bitmap format allow for simpler
machine vision, low-power consumption with pre-peogmed wake-up permits long-term deployment infigiel,
and tens of thousands of images can be storeddterdransferred to a PC) with onboard removaldengactFlash
memory cards (up to 2 GB) .

The C/C++ programmabl&-Eye™ controller also allows the user application toess to any pixel of the hardware
grabbed 640x480 image. User can progranTiigeye™ to capture images, analyze any zones of intetqutels,
and make control decisions based on that imageepsaotg result in real-time.

The C-EyeV is a complete controller including a 16-bit 4MH&x86 CPU, 512KB Flash, battery backed SRAM, 1
MB image FIFO, an image sensor, two serial ports @arCompactFlash interface. The on-board imageosdras
640x480 active pixels. The image acquisition iselby hardware. After issuing a software commane,ithage
data will be captured and stored in the on-boardliMage buffer FIFO. Th€-Eye™ can capture, process and
store .BMP files in the FAT16 compatible CF carcgatte of up to 4 frames per second. The 100M B&stkernet
port has TCP/IP support.. Two RS232 serial porER@and SER1) can handle 115,200 baud with highbiéty.
SERL1 can also be hardware configured as RS485eTdrer a real time clock with Battery backup, 10BLT/O
pins and 3 16-bit timer/counters. A high speed it6hrallel data-bus expansion header supportsreadtéSB
interface for high speed data transfer to a PC.

Within 3x4 inches, th&€-Eye™ is designed to fit into an Aluminum Extrusion tosure for easy deployment and
installation. All signals on two 20x2 pin headers accessible outside of the enclosure. Optioigdl bfficient
Switching Regulator (LM2575) provides a shutdowatfiee(VOFF). It can enter A poweroff mode and ban
woken up by active-low signal from the on-board Rdr@xternal signal. The poweroff mode allows @i&ye™ to
operate in a remote location for a long period giginly battery power. Th€-Eye™ uses 8.5V to 12V DC power
supply with default linear regulator, or up to 3L with switching regulator without generating essiee heat.
The user can use W40 (40 field removable screwiteds) to access all 1/O signals.
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W40 (photo on the TOP) and W20 (photo on the left)
are field removable screw terminals. These convert
pin header signals to screw terminals.

J1 Extension

You can connect thé-Eye™to a PC’s USB port with a TERN’s CUSB interfaceé&hapter 2). An utility C-Eye
Viewer.exéfrom TERN is available to run on the PC, enabightgpeed transfer and display images ftoifaye ™to
the PC via USB port.

The CUSB is connecting to tli&Eye™ board’s expansion port (J1) via a flat cable. Thes installed with a type
“B” header under the CF, with long pins at the bwitside of the PCB. A USB A-B cable is used.

A DEBUG cable (IDE10-DB9) is installed on SERO asdconnecting to a PC RS232 port for software remot
downloading and debugging.

The 29 RS232 port (SERL1) is available and free to userldan also use the-Eye Viewer.exeutility to transfer
images from th€-Eye™to a PC via RS232 SERL1 port link.
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C-Eye m ACTF
- | FLASH
EEPROM"" |«—» | [16-Bit Timers (3) 186 512KB
100'}{: BaseT 512 bytes Ext. Interrupts (8) 16-bit CPU
Ethernet 5T - 40 MHz <:’> SRAM
Watchdog 80x86 512 KB
Timer Compatible
640 x 480 pixels -
BW or Color
CMOS image Sensor
Micro Lens - TTL /O 16-it Dat
lines Bus
CompactFlash DMA(2) _
Card Interface J2 -
-
J1
Switching SERO
regulator L ¢ IMB 1
u17 mage
VOFFA RS232 «—» HO1 Ser0 (DEBUG) Data FIFO
Drivers
VOEE Or —> H02 Sser1
\ 4 J1
RTCY8 RS485 20x2 expansion
Parallel Bus

Figure 1.1 Functional block diagram of the C-Eye™

Features:
Features:

* CMOS Image Sensor (640x480, 320x240)
* Supports grayscale, 256-color, 24-bit color

* Wide viewing angle Mic

ro Lens

* 4x3", 9-30V DC Power, Peak <1W

* x86 16-bit CPU, CF with FAT file system
* 100M BaseT Ethernet with TCP/IP

* RS232/RS485, RTC, Battery.
* Real time clock, TTL I/Os
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1.2 Physical Description

Below shows the physical description of the C-Eye™.

Step 2

J umper CompactFlas|

Interface

TTL1/O’s

...... h == ¥ - J1, 20x2 expansion bus
T b= o) == & 0l header (for USB acces:
S s . throughCUSB™

LHOFE | o - = : i Uﬁ-
Serl : gl =2 - O

DC 9-30V

Input CMOS Image Sensor Etherne

and Micro Lens
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Programming Overview

An “ACTF Boot Loader” resides in the top protectattor of the 256KW on-board flash chip (29F40Q)péwer-
on/reset, the ACTF Utility will check the STEP 2rjper (J2 pins 1+3). If the STEP 2 jumper is instlithe “jump
address” located in the on-board serial EEPROM haélread out and the CPU will jump to that addiess
immediate execution. A DEBUG kernel (already pregnpammed at the factory) can be downloaded and
programmed into the flash starting at address 0XPAWsing the ACTF Utility, the “GFA000 <enter>" monand

will set the jump address to OXFA000. The commaiitalso run the DEBUG kernel, preparing tGeEye™ for
communication with the Paradigm C/C++ IDE for dogading and debugging applications. The followiragdams
show the procedure for programming tBeEye™ Steps include preparing tii&&Eye™for debugging, debugging
the C-Eye™ standalone field test, and production.

Power-On / Reset

STEP 2
Go to application code CS:IA
_YES | CS:IP in EEPROM:

Step 2 Jumper Set ?

0x10 = CS high byte
0x11 = CS low byte
0x12 = IP high byte
0x13 = IP low byte

STEP1
ACTF Menu sent out through k /
SERO (19,200, N, 8, 1)

Figure 1.2 Flow Chart of ACTF Operation

By default, the DEBUG kernel has been loaded intche ACTF flash at the factory for your
convenience. You may proceed directly to STEP 1: bagging.

Preparation for Debugging:

This had already been done at the factory! You maproceed to STEP 1:
Debugging. This step is only required if you haveampleted STEP 3 and would like to
return to STEP 1.

e Connect the SERO to PC (COMKX) via serial debudecptovided with the EV-P/DV-P. Using the Windows
“Hyper Terminal”, create a serial link based on2D®, 8 bits, 1 stop, no parity.
e Power on WITHOUT the STEP 2 jumper installed (#s@d&3). The ACTF text MENU should be sent oy
via serial port to “Hyper Terminal”.

e Use the “D <enter>" command to initiate downlo&dlect Transfer -> Send File, and select
\tern\186\rom\re\l_debug.hex. Use the “G04000 &eritcommand to execute this script.

e Select Transfer -> Send File to select \tern\1I86\ae86\L_29F400.hex. This is the debug kernel.thise
“GFA000 <enter>" command to set jump address arde the debug kernel. The LED will blink twicedan
remain on. With the 40MHz board, use “ae86_115.hex”

e Set the STEP 2 jumper (J2 pins 1 & 3). The C-Byeow ready to communicate with the Paradigm C/C+t
IDE for debugging and application development.

—
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Step 1: Debugging:

e Launch the Paradigm C/C++ IDE. Select File -> Qp&mose the project file
c:\tern\186\samples\ceye\ceye.ide.
e Use samples within the “ceye.ide” project to ceegpplication. Download, run, and debug application

Step 2: Standalone Field Test:

e After completing STEP 1, by default, your applicatresides in the battery-backed SRAM starting at
address 0x08000 (may be 0x10000 for ceye.ide fojec

e Remove STEP 2 jumper and setup Hyper TerminaMialSERO. (Open Windows “Hyper Terminal”
program. Set for 19,200, 8 bits, 1 stop, no parity)

e At power-on, ACTF menu will be sent to Hyper Temali Use the “G08000 <enter>" or “G10000”
command to execute application. Install the STEiper. At every power-on/reset, application at&Xi0
(or0x10000) will execute.

e Complete STANDALONE FIELD TEST. If return to STHHs required, remove STEP 2 jumper and useg
the “GFA000 <enter>" command to run debug kerngdriepare to setup for communication with Paradigm
C/C++ IDE.

Step 3: Production:

The DV-P Kit is required for this step. If you do not have the DV-P Kit, visit
http://tern.com/devkit.htm for upgrade details.

e Refer to Section 3.3 of the ACTF technical manfmlnd in the \tern_docs\manuals directory. Hene wil
find details on generating an ACTF downloadable Hie&Xbased upon you application.

o Remove the STEP 2 jumper and create serial limigudyper Terminal (19,200, N, 8, 1). At power-a@¥get,
you will see the ACTF menu at Hyper Terminal. Use D <enter>" command to initiate download process
Select Transfers -> Send Text File, and seleai\t86\rom\ae86\l_29f400.hex.

e This file will erase the flash and prepare thsHlto accept ACTF downloadable application HEX fise
the “G04000 <enter>" command to run script. Flaghlve ready for application.

e Select Transfer -> Send Text File to select yoGTA downloadable application HEX file. Upon
completion, use the “G80000 <enter>" command ta@eteapplication. This command also sets the jump
address to point you application in flash. Set SPR&mper (J2 pins 1&3). At power-on/reset applmatwill
execute.

The user’s application program must reside in tRAM (starting at address of 0x08000 by default Hazme
\tern\186\config\186.cfg) for debugging in STERdside in the battery-backed SRAM for standaloekl fiesting in
STEP 2, and finally be programmed into the on-bdiagh for a complete product. For production, dker must
produce an ACTF-downloadable HEX file for the apalion based on the DV-P Kit. From the ACTF Utilibse
the command “G80000 <enter>" to point to the usapplication code in the flash. The STEP 2 jumpestm
installed for every production-version board.
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1.3Minimum Requirements for System Development
Minimum Hardware Requirements
 PC or PC-compatible computer with serial COMx pbat supports 115,200 baud
» C-Eye™controller
» Debug Serial Cable (RS232; DB9 connector for PC Q@ and IDE 5x2 connector for controller)

» Center Negative Wall Transformer

Minimum Software Requirements

 TERN EV-P installation CD-ROM and a PC running: \dtmvs 98/2000/ME/NT/XP
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Chapter 2: Installation

2.1 Software Installation

Please refer to the “software_kit.pdf” technical nmal on the TERN installation CD, under
tern_docs\manual\software_kit.pdf, for informatmminstalling software.

2.2 Hardware Installation

Overview

» Connect PC-IDE serial cable:
For debugging (STEP 1), place IDE connector on S&R0Ored
edge of cable at pin 1. This DEBUG cable is a I0IPE to
DB9 cable, made by TERN (See Appendix C).

» Connect wall transformer:
Connect 9V wall transformer to power and plug iptaver jack
using power jack adapter supplied with EV-P/DV-PR Ki

Hardware installation consists primarily of connegtthe microcontroller to your PC.

2.2.1Connecting to the PC

The following diagram (Fig 2.1) provides the looatiof the debug serial port and the power jack. ddwroller is
linked to the PC via a serial cable (DB9-IDE) whistsupplied with TERN'’s EV-P / DV-P Kits.

The controller communicates through SERO by defandttall the 5x2 IDE connector on the SERO 5x1 hpéader
(See Appendix C for connection details)MPORTANT: Note that the red side of the cable must point to pin 1 of
the SERO header. The DB9 connector should be connected to one af p@s COM Ports (COM1 or COM2).

2.2.2Powering-on the C-Eye™

By factory default setting:

1) The RED STEP2 Jumper is installed. (Defaultrsgin factory)

2) The DEBUG kernel is pre-loaded into the on-bdtash starting at address of OXFAQ0O. (Defaultisgtin
factory)

3) The EEPROM is set to jump address of OxFAOO@f4DIt setting in factory)

Connect +9-12V DC to the DC power terminal. The pfver jack adapter is center negative.
The on-board LED shouldlink twice and remain on, indicating the debug kernel is running and re&aly

communicate with Paradigm C++ TERN Edition for prergming and debugging.
(See next page for connection diagram).
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2.2.3Connecting the C-Eye™

The proper connections required to debug the b@ardugh Paradigm software).

Step 2 Jumpi ) B i iy gl A e _ ' Brnnane

N

—
:
TTYTTTTIT

To PC DB¢

9-30 Volt
Power
plug
(Center
Negative)

Figure 2.1: Debug Cable (Ser0), waer-PIug, and $t€ Jumper shown.

NOTE: Remember to watch for thelduble blink” off the LED. This indicates thBebug Kernelhas been loaded

with thejump addresspointing to it. This is mandatory to commence dimading code through the Paradigm
environment.
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2.3 Getting Started — Taking a picture

TheC-Eye™ project is in the path C:\Tern\186\Samples\CE#s¥IDE

2.3.1The C-Eye™ Viewer

A program labeledC-Eye Viewer should be included in C:\Tern\186\Samples\CEye.

5 |23 C:\Term| 1861SAMPLE S| eyer

ik il
Ay
Ik

e and Folder Tasks ﬁ,

ﬂ Fename this File
§ Move this file
} Copy Ehis File

N Publish this file tothe
Wieh

J E-mail this File
. Delete this File

I “1 1]

1 “1 1

her Places

& SAMPLES

G40Y LY rorm
R2M File
& KB

cf _copy
 File
SkKBE

Ewve WOFF
 File

I6 KB

EweiZ, cam
M File

Figure 2.2: “C-Eye Viewer” location

This program will be used to upload images ontor yR.
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2.3.2"C-Eye Viewer” with RS232

To useC-Eye Viewer through SER 1 (H02), connect a secondary cableth H

1. Make sure this new cable has the same orientasothea SER 0 (HO1) debug cable (red edge of cable
nearest to pin 1 of header).

625 021
I TRA LRRR It C o VI
oo
£

T

To PC
secondary port

To PC DB¢

Figure 2.3: Serial port 1 connected

2. Download the sample C:\Tern\186\Samples\CEye\s28220.axe.
3. Run the sample at full speed (Ctrl+F9).
4. Open theC-Eye Viewer application.

= EyeC Viewer  [= |[B)fX]
COM Port
[CoMt

Baud R ate
115200 —

Save Filename

|u::'~.tern\e. brip

[iownload

Figure 2.4: C-Eye Viewer application
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5. Select your COM port, correct BAUD rate, and inpdile name in which to save the picture.
NOTE - Make sure to highlight the selected COM port.

6. To take a picture upright, position t@eEye™ as shown in Figure 2.5.

R OTERR TEER OTEERN TeR
RN TERN TERN TERN TERN

Figure 2.5: Upright picture position

7. Point theC-Eye™ at your desired target, and preB®tvnload’ on theC-Eye Viewer.

8. You will see your picture open on your screen

i

Figure 2.6: C-Eye 320x24|mage
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2.3.3"C-Eye Viewer” with USB

To useC-Eye Viewer through the USB port on your PC, you will need @&/SB™ board by Tern.
This board (shown in Figure 2.7) will interface thdeye™ board with your PC’s USB port through the J1deza

Figure 2.7: Tern C-USB™

1. Connect theC-USB™ and theC-Eye™ as in the following figure.

Figure 2.8: C-Eye™ and C-USB™ connection by J1 header
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2. Download the sample C:\Tern\186\Samples\CEe\ow320.axe.

3. Run the sample at full speed (Ctrl+F9).

4. Open theC-Eye Viewer application.

5. Select your COM port and input a file name hicl to save the picture (BAUD rate not needed).

6. To take a picture upright, position tBeEye™ as shown in Figure 2.5.

7. Point theC-Eye™ at your desired target, and preBotvnload’ on theC-Eye Viewer.

2.3.4Tips

1. Do NOT touch the lens.

2. Be cautious when turning the lens for focus. Ateaain the point the focus lens will come loosefsn
carefully.
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Chapter 3. Hardware

3.1 Am186ES or RDC R8820

TheC-Eye™ can use two different CPUs. Both offer and supfie same on-board peripherals as well as thaen t
CPU itself. The Am186ES, from AMD, has been Endief- while the R8820, from RDC, is active and fisfull
production.

The Am186ES/R8820 is based on the industry-stand@6d architecture. The Am186ES/R8820 controllers ar
higher-performance, more integrated versions of 83€188 microprocessors. The Am186ES/R8820 has two
asynchronous serial ports, 32 PIOs, a watchdogrtiadditional interrupt pins, DMA to and from sggorts, a 16-

bit reset configuration register, and enhanced-shlpct functionality.

Clock

The system CLKOUTA signal is routed to J1 pin 4adé& 40 MHz. CLKOUTA remains active during resetabus
hold conditions. Th&C-Eye™ initial function ae_init(); disables CLKOUTA ardLKOUTB with clka_en(0); and
clkb_en(0);

You have to use clka_en(1); to enable CLKOUTA=CLK=in 4, in order to drive the CMOS image sensor.

External I nterrupts and Schmitt Trigger I nput Buffer

There are six external interrupts: INTO-INT4 and NM
/INTO, is routed to J2 pin 17. Free to use, Edgaadigh to low.
INT1 is not available.
INT2, J2 pin 19, tied to alarm output of the DS138I7C, can be shared with user application
INT3 is not available.
/INT4, used by Ethernet controllers CS8900A

NMI, tied 74HC14 inverters to /PFO of MAX691 supisr chip. (More in Section 3.7)

The C-Eye™ uses vector interrupt functions to respond teml interrupts. Refer to the AM186ER User’'s manua
for information about interrupt vectors.

Asynchronous Serial Port

The Am186ES and R8820 CPU has two asynchronous perits: SERO and SER1. They support the following

*  Full-duplex operation

»  7-bit, and 8-bit data transfers

« Odd, even, and no parity

* One or two stop bits

» Error detection

* Hardware flow control

 DMA transfers to and from serial port

e Transmit and receive interrupts

* Maximum baud rate of 1/16 of the CPU clock speed

* Independent baud rate generators
The software drivers for the Async. serial port iempent a ring-buffered DMA receiving and ring-buéfd interrupt
transmitting arrangement. See the samplesfilecho.c
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Timer Control Unit

The timer/counter unit has three 16-bit programmaiphers: Timer0, Timerl, and Timer2.

Timer0 and Timerl are connected to four externad:pi

TimerO output =P10 =J2pin13

TimerO input P11 used by EE, RTC

Timerl output P1 =J2pinl2

Timerl input =P0O =J2pin7
These two timers can be used to count or time extevents, or they can generate non-repetitiveadable-duty-
cycle waveforms.

Timer2 is not connected to any external pin. h ba used as an internal timer for real-time codingime-delay
applications. It can also prescale timer O aneétifnor be used as a DMA request source.

The maximum rate at which each timer can operal® iMHz, since each timer is serviced once eveunytfoCPU
clock cycle. Timer inputs take up to six clock legcto respond to clock or gate events. See tmplsgprograms
timer0.c andae _cnt0.c in the\ 186\ sanpl es\ ae directory.

PWM outputs

The Timer0 and Timerl outputs can also be usecbemte non-repetitive or variable-duty-cycle wawvefs. The
timer output takes up to 6 clock cycles to respanthe clock input. Thus the minimum timer outpwtle is 25 ns x
6 = 150 ns (at 40 MHz).

Each timer has a maximum count register that defthe maximum value the timer will reach. Both Tithand
Timerl have secondary maximum count registers faable duty cycle output. Using both the primanda
secondary maximum count registers lets the timerradte between two maximum values.

MAX. COUNT A

MAX. COUNT B

Power-save Mode

The C-Eye™ is an ideal core module for low power consumptapplications. The power-save mode of the
Am186ES and R8820 reduces power consumption anddmespation, thereby extending battery life irrtpble
systems. In power-save mode, operation of the QRUirgternal peripherals continues at a slower cloeguency.
When an interrupt occurs, it automatically retwngs normal operating frequency.

The DS1337 on th€-Eye™ has a VOFF signal routed to the switching regujat M2575. VOFF is controlled by
the battery-backed DS1337. The VOFF signal canrbgrammed by software to be in tri-state or to tiéve low.
The DS1337 can be programmed in interrupt modeite dhe VOFF pin at 1 second, 1 minute, or 1 hotervals.
The user can use the VOFF line to control the $éivite power supply that turns the power supply dn/ah
example program using the VOFF signal can be fonfkrn\186\samples\eyec\eye_voff.c.

PIOlines

The AmM186ES/R8820 has 32 pins as user-programméBldines. Each of these pins can be used as a user
programmable input or output signal, if the normsta@red function is not needed. A PIO line candrdigured to

3-2
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operate as an input or output with or without a kvpall-up or pull-down, or as a “normal” functionnp A pin’s
behavior, either pull-up or pull-down, is pre-detéred and shown in the table below.

After power-on/reset, PIO pins default to variowmfigurations. The initialization routine providdyy TERN
libraries reconfigures some of these pins as neéatespecific on-board usage, as well. These gonditions, as

well as the processor-internal peripheral usagégmations, are listed below in Table 3.1.

PIO | Function Power-On/Reset C-EyePin No. C-Eyelnitial
status
after ae init();
function call
PO Timerl in Input with pull-up J2 pin7 Input wiplull-up
P1 Timerl out Input with pull-down J2 pin 12 Inguith pull-up
P2 /PCS6/A2 Input with pull-up H3.3 /PCS6
P3 /PCS5/A1 Input with pull-up J2 pin 15 /PCS5
P4 DT/R Normal J2 pin 3 Input with pull-up: Step 2
P5 /IDEN/DS Normal J2 pin 11 Input with pull-up
P6 SRDY Normal J2 pin 6 Input with external pull-u
pP7 Al7 Normal N/A Al7
P8 Al18 Normal N/A A18
P9 A19 Normal N/A N/A
P10 | TimerO out Input with pull-down J2 pin 13 Inpuith pull-down
P11 | TimerOin Input with pull-up N/A N/A, EE, RTC
P12 | DRQO Input with pull-up RTC, EE, LED, WID  Output
P13 | DRQ1 Input with pull-up J2 pin 16 Input withllpup
P14 | /MCSO Input with pull-up J2 pin 4 Input withlup
P15 | /MCS1 Input with pull-up N/A N/A
P16 | /PCSO Input with pull-up J1 pin 19 /PCSO
P17 | /PCS1 Input with pull-up N/A /PCS1 for CF
P18 | /PCS2 Input with pull-up J2 pin 5, /CTS1 Inpith pull-up
P19 | /PCS3 Input with pull-up J2 pin 10, /RTS1 Inpith pull-up
P20 | RTSO Input with pull-up N/A Input with pull-up
P21 | CTSO Input with pull-up N/A Input with pull-up
P22 | TXDO Input with pull-down U10.10 Output
P23 | RXDO Input with pull-down u10.9 Input with ptdbwn
P24 | /MCS2 Input with pull-up J2 pin 14 Input withlup
P25 | /MCS3 Input with pull-up J2 pin 9 Input withlup
P26 | Uzl Input with pull-up J2 pin 8 Input with pulp*
P27 | TxD1 Input with pull-up U13.4, U10.11 TxD1
P28 | RxD1 Input with pull-up U13.1, U10.12 RxD1
P29 | S6/CLKSEL1 | Input with pull-up J2.18 Output
P30 | INT4 Input with pull-up /INT4 = U4.32 Input kitpull-up
P31 | INT2 Input with pull-up U8.7 RTC Alarm Input thipull-up

* Note: P6, P26 and P29 must NOT be forced lowrdugower-on or reset.

Table 3.1 I/O pin default configuration after power-on or reset
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The 32 PIO lines, P0O-P31, are configurable via h&ebit registers, PIOMODE and PIODIRECTION. Thetisgs
are as follows:

MODE | PIOMODE reg. | PIODIRECTION reg. | PIN FUNCTION

0 0 0 Normal operation

1 0 1 INPUT with pull-up/pull-down

2 1 0 OUTPUT

3 1 1 INPUT without pull-up/pull-down

EycC initialization on P10 pins iae_init() is listed below:

outport(0xff78,0xc7bc); /Il PDIR1TXD, RxD, PCS0, PCS1, P29& P22 Output
outport(0xff76,0x2040); /l PIOM1
outport(0xff72,0xee73); // PDIROA18, A17, PCS6, PCS5, P12 Output
outport(0xff70,0x1040); /l PIOMO

The C function in the library ae.lib can be useéhttialize P1O pins.
void pio_init(char bit, char mode);
Where bit = 0-31 and mode = 0-3, see the tableabo
Example: pio_init(12, 2); will set P12 as output
pio_init(1, 0); will set P1 as Timerl output

void pio_wr(char bit, char dat);
pio_wr(12,1); set P12 pin high, if P12 is in output mode
pio_wr(12,0); set P12 pin low, if P12 is in output mode

unsigned inpio_rd(char port);
pio_rd (0); return 16-bit status of PO-P15, if correggiag pin is in input mode,
pio_rd (1); return 16-bit status of P16-P31, if corrasgiag pin is in input mode,

Some of the 1/O lines are used by tBd=ye™ system for on-board components. You can onlytheePIO pins
available on J2 header (see figure below). Seagpended C-Eye -Man schematics for more details.

J2 vee
GND 1 ~ A2 vood
P45 o o 4 pid

[CTS1 5 ~ A6 Pe
DO 7 o & INTS
P25 o o & 10 /RTS1

PE 11 - & 12 b1

P10 13 14 D24

T2 O

o O
/INTOLT A 18 D1&
GND, 15 o Cc 20 D2

! HDEDZ0

3.2 Real-time Clock DS1337

The DS1337 serial real-time clock is a low-powearcklcalendar with two programmable time-of-day misand a
programmable square-wave output. Address and datdransferred serially via a 2-wire, bidirectiormls. The
clock/calendar provides seconds, minutes, houss, dite, month, and year information. The datdetend of the
month is automatically adjusted for months with éewhan 31 days, including corrections for leapry@&ae clock
operates in either 24-hour or 12-hour format witl/RM indicator.
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The C-Eye™ uses the same RTC as the FN controller. The Ribe accessed via software drivecd_init() and
rtcl rds(). Refer to sample code in the tern\186\samples\friérc. The DS1337 data sheet can be found on TERN
CD undertern_docs\partsdirectory and is nameds1337.pdf

It is also possible to configure the real-time &ldc raise an output line attached to an extemm@riupt, at 1/64
second, 1 second, 1 minute, or 1 hour intervalsis €an be used in a time-driven application, eM®FF signal
can be used to turn on/off the controller using $hdtching power supply, LM2575. See the sampleg@m,
\tern\186\samples\eyec \eye_voff.c.

3.3 0n-board Supervisor with Watchdog Timer

The MAX691/LTC691 (U6) is a supervisor chip. Withinstalled, theC-Eye™ has several functions: watchdog
timer, battery backup, power-on-reset delay, posugply monitoring, and power-failure warning. Thesi
significantly improve system reliability. The wattdyg timer is activated by setting a jumper on J¢hefC-Eye™ .
The watchdog timer provides a means of verifyingper software execution. In the user's applicaiosgram,
calls to the functiomitwd() (a routine that toggles the P12 = WDI pin of thaX691) should be arranged such that
the WDI pin is accessed at least once every 1.6nsksc If the J9 jumper is on and the WDI pin i$ accessed
within this time-out period, the watchdog timer Iputhe WDO pin low, which asserts /RESET. This enatic
assertion of /RESET may recover the applicatiorgfanm if something is wrong. After thé-Eye™ is reset, the
WDO remains low until a transition occurs at the Wih of the MAX691. When controllers are shippednfi the
factory the J9 jumper is off, which disables theéahdog timer.

The Am186ES/R8820 has an internal watchdog timieis iE disabled by default withe_init().
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Chapter 3: Hardware C-Eye ™

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkkkkhkkkhkkkhkkhkkkkkkkkk kkkkkkkkkkkkkkkkkkkkk
3.4 Battery Backup Protection

The backup battery protection protects data storéde SRAM and RTC. The battery-switch-over citmompares
VCC to VBAT (+3 V lithium battery positive pin), dnconnects whichever is higher to the VRAM (power f
SRAM and RTC). Thus, the SRAM and the real-timecklDS1337 are backed up. In normal use, theufithi
battery should last about 3-5 years without exteptaver being supplied. When the external poweorns the

battery-switch-over circuit will select the VCC¢onnect to the VRAM.

3.5 Power Fail Monitoring

The MAX691 and the NMI interrupt line can be usednionitor power supply. User configurable resistats
locations R6 and R7 can be used to create a vottaviger across PFI, where the source voltageeid tb +V. The
input threshold for the PFI is rated a 1.3 volfsPFI drops below this, the MAX691 supervisor vébsert /PFO,
which will drive the NMI interrupt line. The use m@rogram the NMI ISR to take critical steps befooemplete
power fail. See \tern\186\samples\ae\intx.c foridebn interrupts.

3.6 EEPROM

A serial EEPROM of 512 bytes (24C04) is installadu7. TheC-Eye™ uses the P12=SCL (serial clock) and
P11=SDA (serial data) to interface with the EEPROMe EEPROM can be used to store important data asi a
node address, calibration coefficients, and conéitjon codes. It typically has 1,000,000 erasééacicles. The
data retention is more than 40 years. EEPROM card and written by simply calling the functicees _rd() and
ee_wr().

A range of lower addresses in the EEPROM is resefwe TERN use, 0x00 — Ox1F. The addresses OxZXx1i&F
are for user application.

3.7 Compact Flash Interface

By utilizing the compact flash interface on tGeEye™ , users can easily add widely used 50-pin CompastI
standard mass data storage cards to their embegjgdidation. TERN software supports Linear Blockdfeks

mode, 16-bit FAT flash file system. Users can virétad files to/from the CompactFlash card. Usens akso

transfer files to and from a PC via a Compact Flzsld reader. (sandisk.com).

This allows the user to log huge amounts of datafexternal sources. Files can then be accessedwipact flash
reader on a PC.

The tern\186\samples\ EyeQirectory includes sample code, eyec cf.c, to shemds and writes of raw data by
sector. In additiontern\186\samples\fn\fs_cmdsl.és a simple file system demo with serial port basser
interface. Sample project and programs are availabtertern\186\samples\EyeCRefer to the eyec.ide which has
the demo built and ready for download.

3.8 Power-off Mode with VOFF signal

A Low Power versiorC-Eye™ can use the on-board Real-Time-clock DS1337 ntrobthe VOFF signal.
A sample program (c:\tern\186\samples\ eyec \eyf.cyaemonstrates using the real-time clock totamn
timed "on/off" of the controller. When OFF, thentwller consumes less than 100 uA current.

To run the sample, you will need @aEye™ with installed R15(1M ohm) installed, Real-Timé€k, Battery, and
Switching Regulator(LM2575).

Hardware Configuration
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Install R15=1M ohm on th€-Eye™ . The VOFF signal is connected to the LM2575 VQfik: The VOFF signal is
on J3 pin 1. When the VOFF signal is HIGH (2V+) ttM2575 regulators are disabled (shut down) amg Ntle
current (less than 100 uA) is consumed.

When the signal is LOW, the regulators are enablEde VOFF pin must be connected to a weak pulR(Lb) to
+12V. This means, by default, the board will bédtsdown" even with power connected to the inpotshe
regulator.

You can control power on or off via VOFF pin withetfollowing ways:

1) Mechanical jumper shorting VOFF (J3.1) to GNB.2) forces the regulator to be enabled. Thibésdefault
state for debugging.

2) Use on-board real time clock (which is powergahb-board battery).

The real-time clock's alarm (/INTA) can pull a pi®@W. The alarm here acts as a wake-up: at spedifies, the
RTC will waken your board.

See the sample program (c:\tern\186\samples\eyeakeff.c) on using the real-time clock to contrdiet
enabling/disabling of the board at specified ré@aks.

B 6o E
10 &G

G 1
i 11
Ll L L

VOFF = GND jumper J3

R15=1 M ohm RTC DS1337
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3.9CMOS Image Sensor and Micro Lens

OmniVision OV7640 CMOS image sensor is used orCiige™ . Visit www.ovt.comfor details.
A Micro Lens holder is installed covering the imagmsor. User can adjust the focus by turninghteatied lens.

The utility CEye_viewer.exe is available underez186\samples\ceye. User can run this utilityyoar Windows
based PC and grab images from @w&ye™ via RS232 serial port SER1, or via USB port witblSB interface
board.

A 1 MB image FIFO is on-board to grab and storeintege.

Walkthrough on the beginnings GfEye™ usage can be found in Section 2.3 of this manual.

3.10100 MHz BaseT Ethernet

An WizNet™ Fast Ethernet Module can be installegrmvide 100M Base-T network connectivity. This
Ethernet module has a hardware LSI TCP/IP staégkgtements TCP/IP, UDP, ICMP and ARP in
hardware, supporting internet protocol DLC and MAGas 16KB internal transmit and receiving buffer
which is mapped into host processor’s direct membg host can access the buffer via high speed DMA
transfers. The hardware Ethernet module releaseshat connectivity and protocol processing from th
host processor. It supports 4 independent stackemtions simultaneously at a 4Mbps protocol prdogss
speed. An RJ45 8-pin connector is on-board for eoting to 10/100 Base-T Ethernet network. A sofevar
library is available for Ethernet connectivity.neis used by the Ethernet device include P14 ani4/IN hese
should not be user-activated if Ethernet opticimssalled.

6860066600600, 'HIZNET
® .

d . s M
eéaeeeeeeeeeeﬂ —
EEEEEEEEEE0ER0e Immmanu1 

e il e

Figure 3.2 WizNet™ Ethernet Module
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Chapter 4. Software

Please refer to the Technical Manual on TERN’s @Beu tern_docs\manuals\software_kit.pdf for details
on debugging and programming tools.

Guidelines, awareness, and problems in an interrupdriven environment

Although the C/C++ Development Kit provides a simdbw cost solution to application engineers, some
guidelines must be followed. If they are not felled, you may experience system crashes, PC hang-ups
and other problems.

The debugging of interrupt handlers with the Renia¢bugger can be a challenge. It is possible tagleb
an interrupt handler, but there is a risk of exgrering problems. Most problems occur in multi-intet-
driven situations. Because the remote kernel runmin the controller is interrupt-driven, it demands
interrupt services from the CPU. If an applicatipmogram enables interrupt and occupies the interrup
controller for longer than the remote debugger azgept, the debugger will time-out. As a resulyryBC
may hang-up. In extreme cases, a power reset magduired to restart your PC.

For your reference, be aware that our system isteekernel interrupt-driven for debugging.

The run-time environment on TERN controllers caissisf an I/O address space and a memory address
space. 1/O address space ranges fox@000to Oxffff, or 64 KB. Memory address space ranges from
0x00000to Oxfffff in real-mode, or 1 MB. These are accessed diffgreand not all addresses can be
translated and handled correctly by hardware. af@ memory mappings are done in software to define
how translations are implemented by the hardwdreplicit accesses to I/O and memory address space
occur throughout your program from TERN librariesveell as simple memory accesses to either code or
global and stack data. You can, however, expficittcess any address in I/O or memory space, amd yo
will probably need to do so in order to access @ssor registers and on-board peripheral components
(which often reside in I/O space) or non-mapped prgm

This is done with four different sets of similanfiiions, described below.

poke/pokeb
Arguments: unsigned int segment, unsigned int offset, unsignédnsigned char data
Return value: none

These standard C functions are used to place sxbdifita at any memory space location. égment
argument is left shifted by four and added todffeet argument to indicate the 20-bit address within
memory spacepoke is used for writing 16 bits at a time, apdkeb is used for writing 8 bits.

The process of placing data into memory space ntbahshe appropriate address and data are plated
the address and data-bus, and any memory-spacengsjp place for this particular range of memoily w
be used to activate appropriate chip-select lingsthe corresponding hardware component resporfsiblg
handling this data.

o

peek/peekb
Arguments: unsigned int segment, unsigned int offset
Return value: unsigned int/unsigned char data

These functions retrieve the data for a specifadtess in memory space. Once againsdgment
address is shifted left by four bits and addedhéwmffset to find the 20-bit address. This address is then|
output over the address bus, and the hardware amnpmapped to that address should return either ap
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8-bit or 16-bit value over the data bus. If thisrao component mapped to that address, this fumetill
return random garbage values every time you tpetek into that address.

outport/outportb
Arguments: unsigned int address, unsigned int/unsigned char da
Return value: none

This function is used to place ttata into the appropriataddressin I/O space. It is used most often
when working with processor registers that are redgpto 1/0 space and must be accessed using eithq
one of these functions. This is also the functiead in most cases when dealing with user-confijure
peripheral components.

=

When dealing with processor registers, be sureédle correct function. Usaitport if you are dealing
with a 16-bit register.

inport/inportb
Arguments: unsigned int address
Return value: unsigned int/unsigned char data

This function can be used to retrieve data frompoments in 1/0 space. You will find that most heade
options added to TERN controllers are mapped i@ospace, since memory space is valuable and is
reserved for uses related to the code and datmg U® mappings, the address is output over tliress
bus, and the returned 16 or 8-bit value is thernetalue.

For a further discussion of I/O and memory mappipigsase refer to the Hardware chapter of thisrtieeh
manual.

4.1AE.LIB

ae.lib is a C library for basic operations. It umbks the following modules: AE.OBJ, SERO0.0OBJ,
SER1.0BJ, and AEEE.OBJ. You need to link to AE.LIB your applications and include the
corresponding header files in your source code.fol@wing is a list of the header files:

Include-file name | Description

AE.H PPI, timer/counter, ADC, DAC, RTC, Watchdog
SERO.H Internal serial port 0, from CPU

SER1.H Internal SER1

AEEE.H on-board EEPROM

4.2 Functions in AE.OBJ

4.2.1 Initialization

ae_init
This function should be called at the beginninggeéry program running oG-Eye™. It provides default

initialization and configuration of the various If@ns, interrupt vectors, sets up expanded DOS af@,
provides other processor-specific updates needtr dteginning of every program.

There are certain default pin modes and interrefiings you might wish to change. With that in chithe
basic effects ofe_init are described below. For details regarding regisse, you will want to refer to the
AMD Am186ES Microcontroller User's manual, on TERNCD under amd_docs.
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< Initialize the upper chip select to support thebmard flash. The CPU registers are configured
such that:

—  Address space for the Flash is from 0x80000-0x{ttifmap Memcard I/O window)
— 512K ROM Block size operation.

—  Three wait state operation (allowing it to suppgrtto 120 ns ROMs). With 70 ns ROMs, this
can actually be set to zero wait state if you regjiicreased performance (at a risk of stability
in noisy environments). For details, see the UMG@per Memory Chip Select Register)
reference in the processor User's manual.

out port (0Oxffa0, 0Ox80bf); // UMCS, 512K ROM 0x80000-Oxfffff

« Initialize LCS Lower Chip Select) for use with the SRAM. It is configured so that:
— Address space starts 0x00000, with a maximum oK5RAM.
—  Three wait state operation. Reducing this valueiggrove performance.
— Disables PSRAM, and disables need for externalread

out port (Oxffa2, Ox7fbf); // LMCS, base Mem address 0x0000

e Initialize MMCS and MPCS so thsdCS0 andPCSO0-PCS6except for PCS4) are configured so:
- MCSO0is mapped also to a 256K window at 0x80000. édusith MemCard, this

chip select line is used for the 1/O window.

-  Sets upgPCS5-6lines as chip-select lines, with three wait stgderation.

out port (Oxffa8, OxaObf); // s8, 3 wait states

out port (Oxffa6, 0x81ff); // CSOMSKH

¢ Initialize PACS so thaPCS0-PCS3are configured so that:
—  Sets upPCSO0-3lines as chip-select lines, with fifteen wait staperation.

—  The chip select lines starts at /0O address 0x0@fif,each successive chip select line
addressed 0x100 higher in I/O space.

out port (O0xffa4, 0x007f); // CSOMSKL, 512K, enable CSO for RAM

«  Configure the two PIO ports for default operatidvost pins are set up as default input, except for
P29 (used for driving the LED), pins for SERO, atiders.

out port (Oxff 78, Oxc7bc); /1 PDIRL, TxD, RxD, PCS0, PCS1, P29&P22 Qut put
out port (Oxff 76, 0x2040) ; /1 PIOWVL

out port (Oxff 72, Oxec7b); // PDI RO, A18, Al7, PCS6, PCS5, P12 Qut put
out por t (Oxff 70, 0x1000) ; /1 PIOWD

e Configure the PPI 82C55 to all inputs. You caretélsese by writing to the command register.
out port b(0x0103, 0x9a) ; /1 all pins are input, |20-23 output

out port b(0x0100, 0);

out port b(0x0101, 0);

out port b(0x0102, 0x01); /1 120 high

The chip select lines are set to 15 wait statesldigult. This makes it possible to interface waithny
slower external peripheral components. If you negiaster I/O access, you can modify this numimavrd
as needed. Some TERN components, such as theiReaClock, might fail if the wait state is decredse
too dramatically. A function is provided for tipsirpose.

void io_wait
Arguments: char wait
Return value: none.

This function sets the current wait state dependimthe argumemnait.

wait=0, wait states 0, I/O enable for 100 ns
wait=1, wait states 1, 1/ O enable for 100+25 ns
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wait=2, wait states = 2, |/O enable for 100+50 ns
wait=3, wait states = 3, |/O enable for 100+75 ns
wait=4, wait states = 5, |/O enable for 100+125 ns
wait=5, wait states = 7, I/O enable for 100+175 ns
wait=6, wait states = 9, |/O enable for 100+225 ns
wait=7, wait states = 15, |/O enable for 100+375 ns

4.2.2 External Interrupt I nitialization

Only /INTO is available on Header J2 pin 17 @Eye™ user free to use.

There are up to six external interrupt sourceshenAM186ES, consisting of five maskable interrujptsp
(INT4-INTO) and one non-maskable interruptMI ). There are also an additional eight internarintpt
sources not connected to the external pins, camgisdf three timers, two DMA channels, both
asynchronous serial ports, and Ml from the watchdog timer.

TERN provides functions to enable/disable all & fhmaskable external interrupts. The user cdrangl
of the interrupt init functions listed below forishpurpose. The first argument indicates whether t
particular interrupt should be enabled, and theorsgds a function pointer to an appropriate intptru
service routine that should be used to handlenterrupt. The TERN libraries will set up the imtest
vectors correctly for the specified external intgtrline.

At the end of interrupt handlers, the appropriateérvice bit for the IR signal currently being deed must
be cleared. This can be done using Menspecific EOl command At initialization time, interrupt
priority was placed ifrully Nestedmode. This means the current highest priorityringet will be handled
first, and a higher priority interrupt will intenoti any current interrupt handlers. So, if the ud@oses to
clear the in-service bit for the interrupt currgriteing handled, the interrupt service routine pestds to
issue the nonspecific EOl command to clear theectifnighest priority IR.

To send the nonspecific EOl command, you need ite WreEOI register word with 0x8000.
out port (0xff22, 0x8000);

Sample code is also available in teen\186\samples\aalirectory, intx.c’.

void intx_init
Arguments: unsigned char i, void interrupt far(* intx_isr) () )
Return value: none

These functions can be used to initialize any driheexternal interrupt channels (for pin locati@nd
other physical hardware details, see the Hardwaapter). The first argumentndicates whether this
particular interrupt should be enabled or disabl€He second argument is a function pointer, whith
act as the interrupt service routine. The overtwathe interrupt service routine, when executedpiout
20 ps.

By default, the interrupts are all disabled aftstialization. To disable them again, you can eggke call
but pass in 0 as the first argument.

The NMI (Non-Maskable Interrupt) is special in tlitatan not be masked (disabled). The defaultwR
return on interrupt.

voi d
voi d

void intO_init( unsigned char i, interrupt far(* intO_isr)() );
void intl_init( unsigned char i, interrupt far(* intl _isr)() );
void int2_init( unsigned char i, void interrupt far(* int2_isr)() );
void int3_init( unsigned char i, void interrupt far(* int3_isr)() );
void int4_init( unsigned char i, void interrupt far(* intd4_isr)() );
void nm _init(void interrupt far (* nm _isr)());
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4.2.3 /O Initialization

Two ports of 16 I/O pins each are available on ABE8. Hardware details regarding these PIO lines can
be found in the Hardware chapter.

Several functions are provided for access to ti@ IPles. At the beginning of any application whgoa
choose to use the PIO pins as input/output, ifigahe appropriate pins in one of the four avddabodes.
You should also confirm the PIO usage that is deedrabove withinae_init(). During initialization,
several lines are reserved for TERN usage and lyould understand that these are not available dar y
application. There are several PIO lines that aexlfor other on-board purposes. These are altiledc
in some detail in the Hardware chapter of this méd manual. For a detailed discussion towarditBe
ports, please refer to Chapter 14 of the AMD Am186&Eser’'s Manual. Also see Table 3.2 in this manual.

Please see the sample program pio.cin t er n\ 186\ sanpl es\ ae. You will also find that these
functions are used throughout TERN sample filesnast applications do find it necessary to re-qgun
the PIO lines.

The functionpio_wr andpio_rd can be quite slow when accessing the PIO pingebding on the pin
being used, it might require from 5-10 us. The imaxn efficiency you can get from the PIO pins ocifur
you instead modify the PIO registers directly vathoutport instruction Performance in this case will be
around 1-2 us to toggle any pin. Refefade_speed.cfor the fastest possible access.

The data register @xff74 for P1O port 0, an@xff7a for PIO port 1.

void pio_init
Arguments: char bit, char mode
Return value: none

bit refers to any one of the 32 PIO lines, 0-31.
moderefers to one of four modes of operation.

* 0, normal operation

e 1, input with pullup/down
e 2, output

e 3, input without pull

unsigned int pio_rd:
Arguments: char port
Return value: byte indicating P10 status

Each bit of the returned 16-bit value indicatesdtigent 1/0 value for the P1O pins in the selegted.
void pio_wr:

Arguments: char bit, char dat
Return value: none

Writes the passed in dat value (either 1/0) test#Hected PIO.

4.2.4 Timer Units

The three timers present on BeEye™ can be used for a variety of applications. titee timers run at %
of the processor clock rate, which determines thgimum resolution that can be obtained. Be awaae t
if you enter power save mode, the timers will opeet a reduced speed as well.

These timers are controlled and configured throaghode register that is specified using the softwar
interfaces.
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The timers can be used to time execution of yoer-defined code by reading the timer values befmt
after execution of any piece of code. For a sarfidedemonstrating this application, see the sanfid
timer.c in the directorytern\186\samples\ae.

Two of the timersTimerO andTimerl can be used for pulse-width modulation with aatale duty cycle.
These timers contain two max counters, where tleubis high until the counter counts reaches marto
A before switching and counting to maxcount B.

It is also possible to use the outpuflafner2 to pre-scale one of the other timers, since 1@dsiblution at
the maximum clock rate specified gives you only 280 Only by usinglimer2 can you slow this down
even further. The sample filésner02.c andtimer12.c, located irtern\186\samples\ae, demonstrate this.

void t0_init

void t1_init

Arguments: int tm, int ta, int th, void interrupt far(*t_ig)
Return values: none

Both of these timers have two maximum counters (MOUNTA/B) available. These can all be specified
usingta andtb. The argumentm is the value that you wish placed into t(heCON/T1CON mode
registers for configuring the two timers.

The interrupt service routirteisr specified here is called whenever the full cosmeached if the interrupt
bit in the TOCON/T1CON is set, with other behavior possible dependingtenvalue specified for the
control register. If the interrupt bit is not stte user can poll the status if thkC bit in the timer control
registers. Polling th®IC bit offers a way to monitor timer status withostng interrupts.

void t2_init
Arguments: int tm, int ta, void interrupt far(*t_isr)()
Return values: none.

Timer2 behaves like the other timers, except it onlydraes max counter available, and no I/O pins.
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4.2.5 Vision related functions:
void ceye_acq_img(unsigned char stat) ;
Starting hardware image acquisition. It may th@6 ms to complete 640x480x2 pixels.

During this 100 ms time, CPU can do anything,dayte_en_FIFO();

Change the "unsigned char stat" every time t steage acquisition.

The current state of the hardware imaging can leekadd with img_state();
If the return value of the img_state(); is nat #ame as the "unsigned char stat",

the one frame image acquisitiondsgomplete yet.

unsigned char img_state() ;
return the current state of the imaging hardware.

User can use this returned value to determinadffeame imaging is complete.

void ceye en_FIFO(void) ;

Enable FIFO to software access.
4.2.6 Other library functions

On-board supervisor MAX691 or LTC691

The watchdog timer offered by the MAX691 or LTC66ffers an excellent way to monitor improper
program execution. If the watchdog timé®) jumper is set, the functidmitwd() must be called every 1.6
seconds of program execution. If this is not exetbecause of a run-time error, such as an iefioitp or
stalled interrupt service routine, a hardware regiébccur.

void hitwd
Arguments: none
Return value: none

Resets the supervisor timer for another 1.6 seconds
void led

Arguments: int ledd
Return value: none

Turns the on-board LED on or off according to thé&re ofledd.

Real-Time Clock

The real-time clock can be used to keep track aff time. Backed up by a lithium-coin battery, teal
time clock can be accessed and programmed usinghteidace functions. See \tern\186\samplesfn\fnc rt
for a sample program. There is a common data sieicised to access and use both interfaces.

typedef struct{
unsi gned char secl; One second digit.
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unsi gned char secl0; Ten second digit.
unsi gned char mnl; One mnute digit.
unsi gned char m nl0; Ten minute digit.
unsi gned char hour1; One hour digit.
unsi gned char hour10; Ten hour digit.
unsi gned char dayl; One day digit.
unsi gned char dayl10; Ten day digit.
unsi gned char nonl; One nmonth digit.
unsi gned char nmonl0; Ten nonth digit.
unsi gned char yearl; One year digit.
unsi gned char year10; Ten year digit.
unsi gned char wk; Day of the week.
}TIM

int rtcl_rd
Arguments: TIM *r
Return value: int error_code

This function places the current value of the timaé clock within the argumenmtstructure. The structure
should be allocated by the user. This functioarret O on success and returns 1 in case of etrci, as
the clock failing to respond.

int rtc1_rds
Arguments: char* realTime
Return value: int error_code

This function is slightly different from the rtc_fdnction. It places the current value of the téak clock
into a character string instead of the TIM struetumaking it a more convenient function than rtc_rd

This function places the current value of the teaé clock in the char* realTime. The string hasr=nat

of “week year10 yearl month10 monthl dayl0 dayXi®bhourl min10 minl second10 secondl”. The
rtc1_rds function also places a null terminating charactehe end of the time string. It is important to
note that you must be sure to make the destinatiaracter string long enough to hold the real tioek
value plus the null character. A destination chigrastring that is too short will result in the aat
immediately following the character string in memto be overwritten, causing unknown results.

For example “3040503142500\0” represents Wedneltiay3, 2004 at 02:25.00 pm. There are only tW
positions for the year, so the user must decide thaetermine the hundreds and thousands digiteof t
year. Here we just assume “04” correlates to tlze 2604.

The length of char * realTime must be at leasthdracters, 13 plus one null terminating character.
This function returns 0 on success and returnschse of error, such as the clock failing to respbon
Void rtcl_init

Arguments: char* t

Return value: none

This function is used to initialize and set a vahte the real-time clock. The argumérghould be a null-
terminated byte array that contains the new tinteevto be used.

The byte array should correspond tevdekday, year 10, year 1, month10, month1, day10, dayl, hour10,
hour1, minutelO, minutel, second10, secondl, 0 }.
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If, for example, the time to be initialized intaetheal time clock is Friday June 6, 2003, 10:5%80 the
byte array would be initialized to: unsigned cHasat={5,0, 3,0,6,0,6, 1,0, 5, 5, 3, 0};

Delay

In many applications it becomes useful to pauserkegxecuting any further code. There are functions
provided to make this process easy. For appliegtibat require precision timing, you should uselivare
timers provided on-board for this purpose.

void delay0
Arguments: unsigned int t
Return value: none

This function is just a simple software loop. Twual time that it waits depends on processordspee
well as interrupt latency. The code is functiopadlentical to:
while(t) { t--;}

Passing in & value of 600 causes a delay of approximately 1 ms.

void delay_ms
Arguments: unsigned int
Return value: none

This function is similar to delayO, but the passedrgument is in units of milliseconds insteadoaip
iterations. Again, this function is highly depentdapon the processor speed.

unsigned int crc16
Arguments: unsigned char *wptr, unsigned int count
Return value: unsigned int value

This function returns a simple 16-bit CRC on a kaeay ofcount size pointed to byvptr. I

void ae_reset
Arguments: none
Return value: none

This function is similar to a hardware reset, aad be used if your program needs to re-start tlaedofor
any reason. Depending on the current hardwaregroation, this might either start executing coctenf
the ACTF Boot Utility or from some other address.

4.3 Functions in SER0.0OBJ

The functions described in this section are prgety in the header file ser0.h in the directory
tern\186\include.

The Am186ES provides two asynchronous serial p8E®RO and SER1
This section will discuss functions in ser0.h

4-9
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By default, SERO is used by the DEBUG kernel (aé86.hex) for application download/debugging in
STEP 1 and STEP 2. TERN interface functions magessible to use one of a number of predetermined
baud rates. These baud rates are achieved byyspg@ divisor for 1/16 of the processor frequency

The following table| Baud Rate
shows the functior|
arguments tha

express each bau

rate, to be used i

TERN functions for

SEROand SERL1.

Function Argument

1 110

2 150

3 300

4 600

5 1200

6 2400

7 4800

8 9600

9 19,200 (default)
10 38,400
11 57,600
12 115,200
13 250,000
14 500,000
15 1,250,000
16 28,800

Table 4.1 Baud rate values for serO only

After initialization by callingsO_init(), SERO is configured as a full-duplex serial pant as ready to
transmit/receive serial data at one of the spetifie baud rates.

An input buffer,ser0_in_buf (whose size is specified by the user), will autbcadly store the receiving
serial data stream into the memory by DMAO operatio terms of receiving, there is no software bead

or interrupt latency for user application prograeven at the highest baud rate. DMA transfer allows
efficient handling of incoming data. The user ohds to check the buffer status wétnhit0() and take out
the data from the buffer withetserQ(), if any. The input buffer is used as a circulagrbuffer, as shown in
Figure 4.1. However, the transmit operation isringt-driven.
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ibuf in_tail in_head ibuf+isiz

vy ¥
[ [T T]

1 |

Figure 4.1 Circular ring input buffer

The input buffer (ibuf), buffer size (isiz), andushrate (baud) are specified by the user with sff) imith a
default mode of 8-bit, 1 stop bit, no parity. Afte® _init() you can set up a new mode with different
numbers for data-bit, stop bit, or parity by ditg@tccessing the Serial Port 0 Control RegistelOGP if
necessary, as described in chapter 12 of the AnRR86&nual for asynchronous serial ports.

Due to the nature of high-speed baud rates andip@ssffects from the external environment, seinglut
data will automatically fill in the buffer circulgrwithout stopping, regardless of overwrite. léthser does
not take out the data from the ring buffer withsge®() before the ring buffer is full, new data Iwil
overwrite the old data without warning or control.hus it is important to provide a sufficientlyda buffer
if large amounts of data are transferred. For gtenif you are receiving data at 9600 baud, a 4kEer
will be able to store data for approximately foacands.

However, it is always important to take out datayetom the input buffer, before the ring buffeslls
over. You may designate a higher baud rate forstrétting data out and a slower baud rate for récgiv
data. This will give you more time to do other tysn without overrunning the input buffer. You caseu
serhitO() to check the status of the input bufied aeturn the offset of the in_head pointer from ith_tail
pointer. A return value of O indicates no datavailable in the buffer.

You can use getserO() to get the serial input dgte by byte using FIFO from the buffer. The inl tai
pointer will automatically increment after everytggr0() call. It is not necessary to suspend eatern
devices from sending in serial data with /RTS. Qallyardware reset or sO_close() can stop thisviagei
operation.

For transmission, you can use putserQ() to senéduyte, or use putsers0() to transmit a charatterg.

You can put data into the transmit ring buffer,@_buf, at any time using this method. The trahsimg

buffer address (obuf) and buffer length (osiz) @ls® specified at the time of initialization. Thartsmit
interrupt service will check the availability oftdain the transmit buffer. If there is no more d@tee head
and tail pointers are equal), it will disable thansmit interrupt. Otherwise, it will continue take out the
data from the out buffer, and transmit. After yall putser0O() and transmit functions, you are freelo

other tasks with no additional software overheadtentransmitting operation. It will automaticalend
out all the data you specify. After all data hasrbsent, it will clear the busy flag and be reaatythie next
transmission.

The sample program serl_0.c demonstrates how acptdtanslator works. It would receive an inputXiE
file from SERL1 and translate every ‘' character2o The translated HEX file is then transmittedt of
SERO. This sample program can be found in ternsb8@ples\ae.

Software Interface
Before using the serial ports, they must be initd.

There is a data structure containing importanas@ort state information that is passed as argtiteetie
TERN library interface functions. The COM struewhould normally be manipulated only by TERN
libraries. It is provided to make debugging of #®rial communication ports more practical. Siitce
allows you to monitor the current value of the bufind associated pointer values, you can watch the
transmission process.

typedef struct {
unsi gned char ready; /* TRUE when ready */
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unsi gned char baud,;
unsi gned char node;

unsi gned char ifl ag; /* interrupt status */
unsi gned char *in_buf; /* Input buffer */

int in_tail; /* Input buffer TAIL ptr */
int in_head; /* Input buffer HEAD ptr */
int in_size; /* Input buffer size */

int in_crcnt; /* I nput <CR> count */

unsi gned char in_nt; /* Input buffer FLAG */

unsi gned char in_full; /[* input buffer full */

unsi gned char *out _buf; /[* Qutput buffer */

int out_tail; /* Qutput buffer TAIL ptr */
int out_head; /* Qutput buffer HEAD ptr */
int out_size; /* Qutput buffer size */
unsi gned char out_full; /* Qutput buffer FLAG */
unsi gned char out_nt; /[* Qutput buffer MI */

unsi gned char tnso; /* transmit nmacro service operation */

unsi gned char rts;
unsi gned char dtr;
unsi gned char en485;
unsi gned char err;
unsi gned char node;
unsi gned char cr; /* scc CR register */
unsi gned char sl ave;
unsigned int in_segm
unsigned int in_offs;

i nput buffer segnent */
i nput buffer offset */
unsi gned i nt out_segm out put buffer segnment */
unsi gned int out_offs; * out put buffer offset */
unsi gned char byte _delay; /* V25 macro service byte delay */

* X F

~~

} covm

S1 init
Arguments: unsigned char b, unsigned char* ibuf, imisiz, unsigned char* obuf, int osiz, COM* ¢
Return value: none

This function initializes either SERO with the sified parametersb is the baud rate value shown in Table
4.1. Argumentsbuf andisiz specify the input-data buffer, antuf andosiz specify the location and size|
of the transmit ring buffer.

The serial ports are initialized for 8-bit, 1 staih no parity communication.

There are a couple different functions used fangmaission of data. You can place data within thigat
buffer manually, incrementing the head and taifdrupointers appropriately. If you do not call arfethe
following functions, however, the driver interrufar the appropriate serial-port will be disabledchieh
means that no values will be transmitted. Thisved| you to control when you wish the transmissibdaia
within the outbound buffer to begin. Once the linipts are enabled, it is dangerous to manipulage t
values of the outbound buffer, as well as the \&abfehe buffer pointer. The following functionseahown
as ‘putsern’, where n is the serial port in usdsBection applies only to SERO, thus ‘putser0’.

putsemn
Arguments: unsigned char outch, COM *c
Return value: int return_value

This function places one bytitch into the transmit buffer for the appropriate separt. The return value
returns one in case of success, and zero in aey o#ise.
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putsers
Arguments: char* str, COM *c
Return value: int return_value

This function places a null-terminated charactengtinto the transmit buffer. The return valueures one
in case of success, and zero in any other case.

DMA transfer automatically places incoming dataitite inbound buffeiserhitn() should be called before
trying to retrieve data.

serhitn
Arguments: COM *c
Return value: int value

This function returns 1 aslue if there is anything present in the in-bound bufée this serial port.

getsen
Arguments: COM *c
Return value: unsigned char value

This function returns the current byte frem in_buf, and increments tha_tail pointer. Once again, this
function assumes thaerhitn has been called, and that there is a charactegmrsthe buffer.

getsers
Arguments: COM c, int len, char* str
Return value: int value

This function fills the character buffstr with at mostien bytes from the input buffer. It also stops
retrieving data from the buffer if a carriage ret¢ASCII: 0x0d) is retrieved.

This function makes repeated callgtser, and will block untillen bytes are retrieved. The retwalue
indicates the number of bytes that were placedthadouffer.

Be careful when you are using this function. Téimed character string is actually a byte array
terminated by a null character. This means thaxetimight actually be multiple null charactershia byte
array, and the returnadlue is the only definite indicator of the number otdg/read. Normally, we
suggest that thgetsersandputsersfunctions only be used with ASCII character stsinidjyou are
working with byte arrays, the single-byte versiofithese functions are probably more appropriate.

Miscellaneous Serial Communication Functions

One thing to be aware of in both transmission awtiving of data through the serial port is thaRNe
drivers only use the basic serial-port communicatines for transmitting and receiving data. Haadsv
flow control in the form ofCTS (Clear-To-Send) an®TS (Ready-To-Send) is not implemented. There
are, however, functions available that allow yoeheck and set the value of these I/O pins appatgpfor
whatever form of flow control you wish to implemerBefore using these functions, you should on@érag
be aware that the peripheral pin function you aiagimight not be selected as needed. For depddlase
refer to the AM186ES User’s Manual.

char sn_cts(void)
Retrieves value oETS pin.
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void sn_rts(char b)
Sets the value ®RTS tob.

Completing Serial Communications

After completing your serial communications, yown ga-initialize the serial port with sO_init(); teset
default system resources.

sn_close
Arguments: COM *c
Return value: none

This closes down the serial port, by shutting délnenhardware as well as disabling the interrupt.

The asynchronous serial 1/0 port available on th&lB6ER processor has many other features that might
be useful for your application. If you are intdesgsin having more control, please read Chapteofitbe
manual for a detailed discussion of other feataraslable to you.

4.4 Functions in AEEE.OBJ

The 512-byte serial EEPROM4CO04) provided on-board allows easy storage of nontilelgprogram
parameters. This is usually an ideal locationté@esimportant configuration values that do notcheebe
changed often. Access to the EEPROM is quite stmwmpared to memory access on the rest of the
controller.

Part of the EEPROM is reserved for TERN use sptifi for this purpose.

Addresse€x00 to Ox1f on the EEPROM is reserved for system use, inctudomfiguration information
about the controller itself, jump address for Skeyp, and other data that is of a more permanenireat

The rest of the EEPROM memory spa@e20to 0x1ff, is available for application use.

ee_wr
Arguments: int addr, unsigned char dat
Return value: int status

This function is used to write the passedan to the specifiedddr. The return value is 0 in success.
ee rd
Arguments: int addr

Return value: int data

This function returns one byte of data from thec#fjeel address.
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Appendix A: Layout

C-Eye™ mechanical dimensions. All dimensions are in @xch
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Appendix B: Enclosure Dimensions

End Panel Dimensions: (All in inches) September 7, 2005

Extrusion Technology RS-3010-4020-TRN, cut to defigth, two machined end panels and screws,
all pieces powder coat painted, overspray allowed.

Josh Murray Program Manager

XTech

781-963-7200, x104

Email: jmurray@xtech-outside.com *Web Sitewww.xtech-outside.com
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Appendix C: Debug Cable Diagram

The SERO RS232 port is a 5x2 (sometimes 5x1) pin-header. We need to
connect only pin 1, 3, 5, 7, and 9 (outlined in yellow) of the DEBUG cable.
Make sure the pin 1 of the cable is connecting to the pin 1 of the SERO

header.
PC Receive Data. RS-232/Debug Cable Supplied by
TECI:?OI\rlmeCttS tcl)l TERN with EV-P or DV-P
b Software Kits
Floating at OV.

PC Transmit
Data.
Connectsto
/RxD.
Voltage = -10V

GND

Diagram of Debug Cable (5x2, 10-pin socket shown)
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