
GigabitEthernet
or The Return of Frame Grabbers

The transition from analog 

to digital camera technology 

was already forecasted long 

years ago. But only the avai-

lability of cameras based on 

affordable digital standard 

interfaces caused a percep-

tible change. USB2, Firewire 

and Gigabit-Ethernet as PC 

standard interfaces compe-

ted with different strengths 

and weaknesses and found 

their specific markets here-

by.

With the use of that kind of in-
terfaces, the frame grabber 
functionality was shifted into the 
camera and thus remains invisi-
ble as a stand alone component. 
But hereby cameras require 
drivers and API/SDK as interface 
to applications.Digital standard 
cameras developed from a for-
mer analog application focus to 
demanding applications by the 
inte-gration of faster sensors. 
Today’s cameras achieve the 
practical performance limits of 
their interfaces. Meanwhile suc-
cessive specifications for higher 
bandwidths are released for all 
interface technologies.

Growth

GigabitEthernet meets an above 
average growth in the range of 
industrial cameras now. This in-
dustrial technology is not only 
the most established one but 
also the most predictable one 

for future perspectives. Adapta-
tions to requirements in Machine 
Vision were made, but there are 
general technological barriers, 
which prevent GigabitEthernet 
from a universal usage, com-
pared to other standards like 
CameraLink. The use of dedi-
cated network interface cards 
(NIC) eases the integration in 
lots of applications, but can’t 
offer necessary or even special-
ized functionality.

Growth Barriers

GigabitEthernet uses a packet-
based transfer protocol, which is 
processed on the host CPU. Each 
transferred packet releases an 
interrupt. One packet con-sists 
of meta information and payload: 
the image data. For a better re-
lation between the static meta 
information and the payload, the 
packet size can be enhanced to 
a so called “jumbo packet size”. 

It lowers the protocol overhead 
percentage, but increases the 
latency and the probability of 
a transmission er-ror. Summa-
rizing, GigabitEthernet can be 
used as non-deterministic trans-
fer technology with known prob-
lems of low protocol efficiency, a 
probable loss of data packets, a 
significant load of the host CPU, 
latencies by driver implementa-
tion, and jitters by packet sizes.
Besides the load of the host CPU 
by the interrupt handling of the 
data transmission, the incoming 
data packets have to be rebuilt 
to an image and converted into 
a suitable image format for the 
subsequent image processing. 
In most cases, it is necessary 
to pre-process the images by 
certain image enhancements, 
sensor or shading corrections, 
and color reconstruction or color 
space conversion. Only hereaf-
ter the images can be sent to 
the according image processing 



software for a content analysis.
Problems of that kind are even 
more evident in multi camera 
systems. The computer is mainly 
involved in the administration of 
data transmission but in the pro-
cessing of transferred images. 
The CPU load for the pure image 
acquisition task can increase to 
more than 20 % in a four-cam-
era system. However, with the 
use of a specialized GigabitEth-
ernet frame grabber like the mi-
croEnable IV-GigE, the load can 
decrease again to 2–3 %. The 
frame grabber works as an inter-
connected buffer system, which 
re-builds complete images from 
data packets. The host comput-
er will process only one interrupt 
per image afterwards.

Advantage Multiplex

A further advantage is the pos-
sibility of a multiplexed image 
acquisition. GigabitEthernet al-
lows a less expensive setup of 
a distributed camera infrastruc-
ture by use of switches. Many 
applications integrate numerous 
cameras, which are infrequently 
activated at the same time. Four 
physical camera ports are avail-
able for the image acquisition. 
The frame grabber assigns data 
packets from the according cam-
eras, reconstructs the images 
and transfers them to the host 
PC. That is organized by virtual 

camera ports and DMA channels. 
In the final completion, microE-
nable IV-GigE will support up to 
eight cameras per port. Hereby 
the board will individually con-
trol up to 32 cameras. The limi-
tation of the image ac-quisition 
bandwidth will remain at more 
than 100 Mbytes/sec. per port.

GigE Grabber

The GigabitEthernet frame grab-
ber is identified in the PC system 
as an image processing com-
ponent. Hereby the hardware 
is integrated in a new system 
with minimal effort and the im-
age processing software can be 
used immediately. The system’s 
network stack is not replaced 
and thus problems with exist-
ing drivers are prevented. The 
user receives a SDK, which is 

focused on Machine Vision ex-
perts by the scope of functions. 
Moreover the SDK for Camer-
aLink and GigabitEthernet cam-
era systems is approximate. The 
programmer will continue work-
ing with the same mechanism 
and convenience. Existing appli-
cations have to be only margin-
ally adapted to the new camera 
interface. Moreover a user can 
choose between the Silicon Soft-
ware SDK and the Gen<i>Cam 
programming interface for Giga-
bitEthernet applications.

Real-time Functionality on 
Top

With microEnable IV-GigE, Sili-
con Software offers a PCIe based 
image acquisition and processing 
solution. The board is equipped 
with four GigabitEthernet cam-
era ports, 512 MBytes DDR-RAM 
on-board and two FPGAs as sys-
tem processor and vision pro-
cessor. An additional IO interface 
allows the control of cameras, 
external peripherals and gen-
eral signal sources like encoders 
and strobes. The board achieves 
a practical data transfer rate to 
the host PC of 760 Mbytes/sec 
by a quad lane PCIe interface 
(PCIe x4).The input rate per 
port is limited to 1000 GBit/sec 
or more than 100 Mbytes/sec in 
practice by the GigabitEthernet 
technology. Hereby a total input 
bandwidth of 400 Mbytes/sec. 
can be achieved. microEnable 
IV-GigE is technologically based 

With microEnable IV-
GigE, Silicon Software 
offers a PCIe based 
image acquisition and 
processing solution

Multiplexed image ac-
quisition from came-
ras with microEnable 
IV-GigE



on the microEnable IV frame 
grabber series and profits from 
the advantage of a comprehen-
sive operation system support 
for Windows and Linux as well as 
for 32bit and 64bit systems. The 
GigabitEthernet frame grabber 
is GigE-Vision and Gen<i>Cam 
compatible and thereby supports 
all compatible cameras.microE-
nable IV-GigE offers the basic 
functionality of an image acqui-
sition frame grabber and addi-
tionally special operation modes 
and processing func-tions. The 
image processing functions can 
be implemented by the graphi-
cal FPGA programming software 

VisualApplets and are processed 
on the vision processor in real-
time. The advantage to realize 
customized image pre-process-
ing on each camera, which is 
connected to the frame grabber, 
is an additional bene-fit, which 
was formerly reserved exclusive-
ly to users of vision processor 
boards for CameraLink or LVDS. 
GigabitEthernet is a modern 
technology, which requires an 
examination of its weaknesses, 
but also offers a high potential 
for new solution approaches.

microEnable IV-GigE 
is GigE-Vision and 
Gen<i>Cam compatib-
le and thereby sup-
ports all compatible 
cameras (here: Basler 
scout models)

Schema-
tic block 
diagram of 
microEnab-
le IV-GigE
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