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Disclaimer

This document is to provide the customer with an overview of the operation of the
VS150x vision system. Valde Systems, Inc. makes no claim as to the accuracy of the
information herein, and is liable to update it at any time.

ESD

Devices within the VS150x are susceptible to damage by static discharge. Please
use proper procedures if handling the circuit board.

Life Support Applications

This product is not designed for use in life support appliances, devices, or
systems where malfunction of these products can reasonably be expected to result in
personal injury. Valde Systems customers using or selling these products for use in
such applications do so at their own risk, and agree to fully indemnify Valde Systems
for any damages resulting from such improper use or sale.

Compliance

This product has not yet completed its FCC or CE compliance testing. It
therefore is intended for use in a laboratory test environment only. It
& generates, uses, and can radiate radio frequency energy and has not been
certified for compliance with the limits of computing devices pursuant to
subpart J of part 15 of FCC rules, which are designed to provide reasonable protection
against radio frequency interference. Operation of this equipment in other
environments may cause interference with radio communications, in which case the user
at their own expense will be required to take whatever measures necessary to correct
this interference.
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1. Introduction

Thank you for purchasing a VS150x Stereo Vision Processor, We hope it exceeds your
expectations. If you need to contact Valde Systems, please refer to the contact
section for our information.

Valde Systems VS150x provides an alternative to an industrial PC, with its
associated size, power, and cost factors. Software developed for the VS150x is owned
by the developer, and free from annual renewals, licensing fees, and regression
testing when a new version is released.

Applications for the VS150x include industrial markets such as inspection and
vision guided robotics. In the security markets, uses include intelligent video
surveillance and biometric facial recognition. The low power, small size, high
performance and stereo ability also make it particularly attractive for mobile
autonomous robotics.

The basic architecture of the VS150x is also used in Valde Systems other products,
including the VS170x Stereo Smart Camera containing the processor and cameras, as well
as the VS160x PCI vision accelerator plug-in card. The commonality shared by these
products means reduced development times and learning curves if different physical
implementations are needed.

1.1. Scope

This document is the hardware manual for both the VS1501 and VS1502. When there are
differences between the two models it will be noted, and when referring to both the
VS1501 and VS1502 simultaneously, the term VS150x will be used.

This document will go into as much detail as reasonable for its purpose, but will
not explain all the functions at a detailed level. For customers who are developing
software for the VS150x, a software developers manual is available. It details the
operation of the hardware, provides low-level software drivers, application examples,
and how to build a bootable image.

This document is to be used by application developers and end users to aid in the
setup, installation, and troubleshooting of the unit. This document therefore assumes
a certain level of technical knowledge of the reader. Its intended audience is vision
engineers and installation technicians. It therefore does not go into detailed
description of operation of industry standards such as Ethernet cables or power
supplies.

2. Description

The VS150x is a stand-alone vision processor. It is designed to be a general-
purpose high performance Stereo Image Processor. The VS150x is designed to be part of
an overall vision system. Other system components typically include a power supply,
one or two IEEE-1394 compliant cameras, lighting, and other sensors or actuators.

The design of a complete vision system is outside the scope of this manual. There
are many factors to consider when determining the applicability of a vision system for
a particular application, including processor speed, image size and distance, and
lighting for example. Please contact Valde Systems to discuss your applications
requirements.

Although each application is different, typically the cameras are connected
directly to the VS150x through a standard IEEE-1394 6-Pin connector. Other devices can
be connected to the VS150x through the use of the general-purpose input/output
connectors. Detailed information regarding camera power consumption, input/output
electrical specifications, and the other connections are described in this document. A
typical system is shown in the figure below.
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Figure 1:  Typical VS150x Based Vision System

2.1. Features

TI DSP in three speeds
o 500 MHz, with 4000 MIPS of performance
0 600 MHz, with 4800 MIPS of performance
0 720 MHz, with 5760 MIPS of performance

16M bytes high speed SDRAM memory (extra 16M optional)

4M bytes nonvolatile FLASH memory (four 1MB pages)

Two independent IEEE-1394 ports (bandwidth not shared with other ports)
Less than 6.5 watts total power consumption

Wide Range 12-24V DC power

Two digital outputs and two digital inputs per IEEE-1394 port, 8 total
10/100 Ethernet port

Independent over-current protection on IEEE-1394 ports
Independent on/off control of IEEE-1394 port power

NTSC/PAL Composite video output

Small size

2.2. Physical

The VS150x is housed in an extruded aluminum enclosure. The left end panel has two
6-Pin IEEE-1394 connectors and two corresponding 9-Pin D-subminiature connectors for
external I/O. The right end panel contains the video out, RJ-45 Ethernet jack, and
power connectors. The top has windows for LED the indicators.

22.1. Size

The VS150x dimensions are shown in the figure below. These are overall dimensions
and do not represent all the details of the VS150x.
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Figure 2: Dimensions

2.2.2. Mounting

The VS150x should be mounted to a flat surface. There are no restrictions as to the
physical orientation of the VS150x. There are four slots in the mounting flanges to
allow the screws to be loosely installed first if required. When allocating space for
the VS150x, room must be provided for external cable access, including proper bend
radius. The suggested mounting requirements are shown in the figure below.
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Figure 3: Mounting Requirements

2.2.3. Environmental Conditions
The VS150x requires the following environmental conditions for proper storage and

operation.
Condition Range Comment
Operating Temperature  0°Cto 45°C (32°F to 113°F) Without forcefl convection
Operating Humidity 95%), non-condensing In Testing

Storage Temperature -307C to 80°C (-22°F to 176°F)  In Testing
Storage Humidity 95%, non-condensing In Testing
Protection TBD In Testing
Shock TBD In Testing
Vibration TBD In Testing
Table 1:  Environmental Conditions
2.2.4. Weight

The VS150x has been designed and tested to operate in its enclosure; however, in

applications where weight or space is a primary concern, it can be mounted in another
suitable enclosure. It is also possible to operate the VS150x without the LED circuit
board. Below is the weight of the VS150x parts:

Part

Weight (Ib)

Weight (g)

VS1501 Main circuit board

0,24

108.86

VS1501/VS1502 Hardware Manual




Valde Systems, Inc.

LED circuit board 0.08 36}29
Enclosure 0.70 317.51
End panels 0.08 36.29
VS1501 Total 1.10 198.95
Co-processor circuit board

VS1502 Total

Table 2:  Weight

CAUTION:
Operating the VS150x without an enclosure exposes the circuitry to damage from
Electro Static Discharge (ESD). Use care when handling the circuit board.

3. Hardware

3.1. Architecture

This section is intended to give only a brief overview of the high level
architecture of the VS150x. A block diagram is shown in the figure below.

Figure 4: Block Diagram

As can be seen from the diagram, data flows in through the two IEEE-1394 ports, and
directly into the DSP video port without tying up bandwidth on the external memory bus
EMIFA. The data output to the video encoder also uses a video port. Other data path
components include the Ethernet PHY with its own dedicated access port to the DSP.

3.1.1. Co-Processor

The VS1502 adds an FPGA in between the link layer controllers and the DSP. In the
input direction, it can be used for functions such as geometric lens distortion
correction, epipolar geometry, and disparity map generation. In the output direction,
it can be used for video overlays or compression. A block diagram is shown in the
figure below.
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Figure 5: FPGA Co-Processor

There are three DDR Il SDRAMs dedicated to the Co-Processor FPGA. They can be
assigned one to each video port, or combined for higher densities. Each memory is 32
Meg by 8 which is enough to hold over 100 frames or 640x480 monochrome images. Maximum
speed to and from the memory is 400MHz which will transfer an entire 640x480
monochrome image in approximately 768usS.

The FPGA logic is available for use by the customer. Standard Intellectual Property
(IP) cores included with the VS1502 from Valde Systems are the interface logic to
interface to the video input and output ports along with three DDR |l SDRAM
controllers. Additional IP core functions are available for purchase from Valde
Systems. The FPGA is available in different sizes and is shown in the table below:

Device LEs Internal RAM (bits) DSP Blocks 18x18 Multipliers
EP2S60 60,440 2,544,192 36 144
EP2S90 90,960 4,520,488 48 192
EP2S130 132,540 6,747,840 63 252
EP2S180 179,400 9,383,040 96 384

Table 3: FPGA Co-Processor Sizes

The size required is determined by the amount of logic resources the customers
application requires. Development of applications for the FPGA is outside the scope of
this manual, but there are software packages available that allow applications to be
developed using either a traditional HDL language such as VHDL or Verilog, or standard
C. Please contact Valde Systems for further details.

3.2. Power

Proper polarity must be observed when connecting the power supply. When running the
wires from the power supply, it is recommended that the wires be a minimum of 16AWG
and twisted together with 1 to 3 twists per inch.

CAUTION:
Do not reverse polarity to the VS150x or damage to the unit may result.
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The input voltage for the VS150x may be between 12-24 volts DC. When setting the
input voltage it is important to verify the requirements of the cameras being used.
Since the input power is passed to the cameras through a circuit breaker. Although
cameras that are compliant to the [IDC DCAM v1.30 specification should operate between
8-40 volts, some require 12 volts +/- 10%.

3.2.1. Requirements

The table below shows the estimated power requirements for a VS150x. If the |IEEE-
1394 ports will be providing power to external devices, this must also be included
when selecting the proper size power supply. This information can be found in the
manufacturer’s data sheet.

Device Power (MAX)
VS1501 <6.425 Watts
IEEE-1394 Port 1 K4 Watts
|IEEE-1394 Port 2 K4 Watts
VS1501 Total < 14.5 Watts
Co-Processor FPGA
VS1502 Total

Table 4:  Power Requirements

These power numbers are only averages, and depend upon what operations the VS1501
is performing, and the speed the DSP is running at. In addition, the numbers for the
VS1502 Co-Processor depend upon the size and percentage of the FPGA utilized. If power
consumption is of paramount concern, it should be measured using the actual code that
will be used.

If the total power required by the IEEE-1394 ports plus the VS150x exceeds the 12
watts allowed by the electronic circuit breaker, it will open the circuit to protect
the VS150x. If the cameras require more power than the four watts, they should be
powered directly by use of an available external power breakout cable.

If only one of the IEEE-1394 ports is used, the power for the unused port is not
available to the other port. For example, it is not possible to use one camera at 6
watts instead of two cameras at 3 watts, even though the total power is still below
the maximum.

3.3. LEDs

The VS150x LEDs are mounted on a separate circuit board and are both single and bi-
color. They indicate as follows:

3.3.1. Power
This is a dual-color LED used to indicate the status of the input electronic
circuit breaker. The states are:

RED- Fault, circuit breaker open. Power removed from all circuitry. Remove power and
re-apply to reset.
GRN- OK, circuit breaker closed, and current draw is below trip level.

3.3.2. Link

This is a dual-color LED used to indicate the status of the Ethernet link. It
indicates as follows:

RED- Ethernet link is not established.
GRN- Ethernet link is established.
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3.3.3.  10/100
This is a Dual-color LED used to indicate the status of the speed the Ethernet port
is operating at. It indicates as follows:

RED- Ethernet is operating at 10Mbps.
GRN- Ethernet is operating at 100Mbps.

3.3.4. Rx/Tx
This is a dual-color LED used to indicate if the Ethernet port is receiving or
transmitting. It indicates as follows:

RED- The Ethernet port is receiving data.
GRN- The Ethernet port is transmitting data.

3.3.5. P11 Power
This is a dual-color LED used to indicate the status of the power for the IEEE-1394
port 1. It indicates as follows:

RED- Fault, circuit breaker open, and power removed from the IEEE-1394 port.
GRN- OK, circuit breaker closed, and current draw is below trip level.

3.3.6. P2 Power
This is a Dual-color LED used to indicate the status of the power for the IEEE-1394
port 2. It indicates as follows:

RED- Fault, circuit breaker open, and power removed from the IEEE-1394 port.
GRN- OK, circuit breaker closed, and current draw is below trip level.

3.3.7. FPGA1-4

These are dual-color LEDs that are present on the VS1502 version only. They are
user defined by the FPGA code. They can be used to indicate status or error
conditions.

RED- User Defined.
GRN- User Defined.

3.4. Connectors

3.4.1. Right Panel

The right panel connectors are used for power, system connectivity, and video
output. They are shown in the figure below.
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Figure 6: Right Panel Connectors

3.4.2. Left Panel

The left panel connectors are used for camera connectivity, and external 10. They
are shown in the figure below.

Figure 7: Left Panel Connectors

3.5. IEEE-1394

The IEEE-1394 (a.k.a. Firewire©®) connectors are standard 6-Pin types. If the device
being connected has a 4-Pin type connector, and separate power connector, a 6-Pin to
4-Pin cable can be purchased. The pinout of this connector is shown in the table
below.

Pin Name Description
1 DC Power 112 volts out. Voltage out will track DC input
2 DC Ground System Ground
3 TPB- Twisted Pair “B” Minus
4 TPB+ Twisted Pair “B” Plus
5 TPA- Twisted Pair “A” Minus
6 TPA+ Twisted Pair “A” Plus

Table 5: |IEEE-1394 Connector Pino ut

3.6. Video Output

The VS150x is equipped with a composite video output. Through software, this output
can be configured for NTSC or PAL format with or without square pixels. The pinout of
this connector is shown in the table below.

Pin Name Description
1 Video Out Composite NTSC or PAL video signal
2 Ground $ystem Ground
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Table 6:  Video output Connector Pinout

3.7. Ethernet

The Ethernet jack on the VS150x is a standard RJ-45 type connector. The protocols
supported by the VS150x are determined by the software package. The pinout is industry
standard and is shown in the table below.

PiidddnlE

l

=

Pin Name Description

1 TX+ Transmit data plus

2 TX- Transmit data minus

3 RX+ Receive data plus

4 RSVD Reserved

5 RSVD Reserved

6 RX- Receive data minus

7 RSVD Reserved

8 RSVD Reserved

Table 7:  Ethernet Connector Pinout

3.8. GPIO

The General Purpose Inputs and Outputs (GPIO) are designed to interface directly to
a variety of devices. The input and output circuits are shown below. All inputs and
outputs have additional transient protection not shown in the figures. The GPIO
connector is a standard 9-Pin, D-subminiature female connector. The pinout is shown in
the table below.

T i
Q0000
O 0000 O
55 76
Pin Name Description

1 GPO_0+ |General purpose output O (Power)
2 GPI_0+ (General purpose input O
3 GPI_1+ (eneral purpose input 1
4 GPO_1+ |General purpose output 1 (Power)
5 N/C No Connection
6 GPO_0- (General purpose output 0
7 GPI_0- General purpose input 0 (Ground)
8 GPI_1- General purpose input 1 (Ground)
9 GPO_1- (General purpose output 1

Table 8:  1/0O Connector Pinout

3.8.1. Inputs

The inputs of the VS150x can be driven by a standard opto-coupler. The basic
structure of the inputs is shown in the figure below.

VS1501/VS1502 Hardware Manual
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+12V Port Power

10k

GPI_n+

3.3k

GPI_n-

Figure 8: General Purpose Input

When the opto-coupler is off, and the transistor is open, a voltage divider is
created, and the input to the VS150x internal circuitry is at 2.97 volts. When the
opto-coupler is on, the transistor is closed, bypassing the 3.3k
pulling the VS150x input low. A current of 1.2mA will flow through the transistor in
the opto-coupler from the VS150x protected port power supply.

3.8.2. Outputs

The outputs of the VS150x are a standard current-sinking type. The basic structure
of the outputs is shown in the figure below.

+12V Port Power

GPO_n+

GPO_n-

/
Uy
N

Figure 9:  General Purpose Output

This output can drive either an LED input for an opto-coupler or an NPN-compatible
PLC input. The port power from the VS150x does not need to be used if it is not
required. When the transistor is off, the output floats and should be pulled high with
an external resistor. When the transistor is switched on, the output pin is pulled to
ground. Any external current drawn from the VS150x must be included in the total
current draw for the port, which includes the camera.

ATTENTION:
There is no internal current limiting resistor in the VS150x. Ensure current
draw through the transistor does not exceed 100mA maximum.

VS1501/VS1502 Hardware Manual
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3.9. Power

The VS150x is shipped with a removable terminal block installed. During
installation, remove the block and attach the power supply to the terminal block using
the screw terminals. The pinout of the terminal block is shown in the table below.

Pin Name Description
1 12-24V DC  Hower for VS150x and cameras
2 Ground $ystem Ground

Table 9: DC Power Connector Pinout

4. Software

Software for the VS150x can either be purchased from Valde Systems Inc as a
complete solution for specific applications or developed by the customer as their own
custom application.

4.1. Custom

Development of custom applications for the VS150x may be accomplished in different
ways. Whichever development method is chosen, Valde Systems supports its customers and
their development efforts through technical support and application examples.

411. C/C++

Customers with the required expertise may develop their own applications directly
in a high level compiled language such as C/C++. Tools to do this are available from
third parties or through Valde Systems Inc. The VS150x comes with the low-level
drivers required to interface to the hardware devices. Customers developing their own
applications will be provided with the VS150x software manual, which details the
hardware, the development method, and directions on building an image.

One tool that can be used for this method is Code Composer Studio from Texas
Instruments. This Integrated Development Environment (IDE) software package can be
purchased through Valde Systems or directly from TI along with a hardware emulator
that is plugged into the VS150x for application development.

4.1.2. Third Party

Valde Systems also has relationships with independent software developers providing
a broad base of experience in image processing applications. For customers who wish to
contract out their application development, please contact Valde Systems to discuss
your requirements.

4.2. Application Specific

Valde Systems is developing software for the VS150x when used in specific
applications. In this case, the unit is shipped with the software pre-installed and
tested. Contact Valde Systems Inc for information regarding the capabilities and
features of these software packages.

5. Certifications

The VS150x is in the process of acquiring the following approvals:

Approval Comment
CE In Process
CUL In Process

VS1501/VS1502 Hardware Manual
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| FCC | In Process

Table 10:  Certifications

6. Disassembly

The VS150x should not normally be disassembled. However it can be in order to mount
the circuit board in another enclosure to save weight and space, or in order to gain
access to the JTAG connector for application development purposes. To disassemble the
VS150x, remove the six black self-tapping screws from the left panel end plate and
slide the circuit board out the end. This is shown in the figure below.

Figure 10: VS150x Disassembly

If desired, the left panel can also be removed from the circuit board by removing
the four jack screws from the D-sub GPIO connectors.

7. Support

We hope your experience with the VS150x is trouble free. However, if you require
technical support, you can submit a trouble ticket online at
www.valdesystems.com/support , Or via e-mail at: support@valdesystems.com

for technical support will be responded to within one business day. Valde Systems
should be contacted before any defective units are returned for repair or exchange.

Contact us at:

Valde Systems, Inc.

26 Iron Works Lane
Brookline, NH 03033
http://www.valdesystems.com
contact@valdesystems.com
(603) 465-2515
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8. Revision History

Rev Date Description of change
1.0 |4/15/05 Initial version

1.1 |4/18/05 Adged section 7. Revision History

1.2 |6/15/05 Added block diagram and disassembly instructions
1.3 |3/21/06 Adged VS1502 information

Table 11:  Revision History
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