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Live events have traditionally been 
transmitted using satellite and 
dedicated fibre. As the number of 
events increases, production 
companies and broadcasters are 
seeking more cost-efficient ways to 
transmit their content. 

While the internet can be used to send 
video at a low cost, the global network 
does not provide any guarantees for 
specific capacity, making it risky to use 
for important events. 

Intinor develops products and 
technologies that make contribution 
over the internet easy and safe. 

“Bifrost Reliable Transport” (Bifrost) is 
our own point-to-point protocol. In 
combination with our robust and easy-
to-use hardware, it provides the best 
solution for live video over public 
internet. 

ERROR CORRECTION

Most internet connections experience 
some degree of packet loss. This is 
typically managed through the use of 
Transmission Control Protocol (TCP), 
which employs error correction through 
communication between the sender and
receiver, and retransmission of lost 

data. The TCP error correction method 
is known as Automatic Repeat Request 
(ARQ), and is particularly effective for 
applications where latency is not a 
significant concern. ARQ requires 
sufficient data buffering for multiple 
resend requests in order to ensure 
reliable transmission. 

To achieve low latency live video 
transmission, a protocol based on 
Forward Error Correction (FEC) is more 
appropriate since it adds a smaller 
amount of latency. Additionally, the 
transport protocol does not cause any 
data bursts due to packet loss. 

When using forward error correction, 
the sender calculates redundancy data 
which can be used by the receiver to 
reconstruct lost data packets. 

Bifrost uses a very efficient forward 
error correction. When adding for 
example 20% redundant data, the 
receiver can handle up to 15% packet 
loss. Increasing the amount of 
redundant data makes the transmission
even more robust.  

The Intinor Direkt series of products 
also includes ARQ, which enhances 
error correction not only for scenarios 
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with end-to-end delay of several 
seconds but also for low latency 
settings with short network round-trip 
time. 

NETWORK BONDING

Using only one internet connection is 
still a considerable risk, as the capacity 
may not be sufficient, bursts of packet 
loss may interrupt transmission, or the 
network may suddenly fail for a variety 
of reasons during live events. 

However, an Intinor Direkt link encoder 
that utilises the network bonding 
algorithms in the Bifrost protocol can 
distribute the load across multiple 
internet connections. This encoder can 
combine fixed and Wi-Fi internet 
connections with one or more cellular 
(4G/5G) wireless networks, as well as 
KA satellite internet connections, to 
achieve network bonding. 

This approach offers higher bandwidth, 
thereby increasing video quality, as well 
as robustness through redundancy. 
Furthermore, it allows the field operator 
to relax, knowing that if one network 
fails, transmission can continue on the 
remaining ones. 

Any temporary or permanent decrease 
in network capacity is quickly detected 
and compensated for, both 
automatically and efficiently by the 
encoder. It achieves this by transferring 
data to any connection with available 
unused capacity or by reducing the 
encoder bitrate. This process generally 
has no impact on the video quality on 
the receiving end. 

RECEIVER BONDING

Using network bonding on the receiving 
end can further reduce the risk of 
interruptions in a live video stream. By 
implementing two separate internet 
providers in your studio or control room,
you can effectively avoid issues caused 
by  
* Internet provider technical issues 
* Temporary high network load last mile
* Bad capacity on ISP peering points 

Using only one internet connection on 
the sender side, but two on the receiver 
side poses a lower risk of failures in 
comparison to a 1-to-1 setup. Bonding 
on both the sender and receiver sides 
results in highly robust connectivity. 
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ADAPTIVE BITRATE

For most live events, the target is high-
quality HD video in 5 to 10 megabits per
second. An Intinor encoder using Bifrost
tries to send the configured bitrate 
using network bonding over the 
available internet connections. In some 
cases, the total bitrate is still not 
enough, or it may fluctuate over time 
due to local wireless conditions or 
internet congestion. 

The sender and the receiver using 
Bifrost are constantly monitoring the 
available capacity on each available 
internet connection. With the adaptive 
bitrate, the sender can quickly respond 
to any capacity fluctuations by either 
decreasing or increasing the video 
bitrate. This results in the best possible 
video quality for any given situation. 

Adaptive bitrate eliminates the need to 
reserve capacity headroom, and the 
video can be transmitted with the 
highest possible quality and the least 
risk of interruptions. 

ADAPTIVE RESOLUTION

The target bitrate is typically 
determined by the resolution and type 
of content being transmitted. For 
instance, a bitrate of 10 megabits per 
second is suitable for a high-quality 
1080i live sports contribution. 

Intinor encoders using Bifrost adjust the
bitrate as necessary depending on 
available internet connections. When 

the bitrate is reduced, the encoder can 
also reduce the resolution. By doing 
this, the bitrate can be reduced further 
without introducing excessive visible 
artefacts such as blockiness. 

On the receiving end, the image is 
seamlessly resized to the original 
resolution to ensure that SDI output or 
re-encoded web streams are not 
impacted by the resolution 
modification. 

REDUNDANT AUDIO

In some rare instances, despite error 
correction, network bonding and 
adaptive bitrate, interruptions can occur
in the stream. For example, in cases 
where two cellular modems are equally 
balanced and utilised with 20% 
redundant error correction data, an 
unexpected network error can cause 
one of the connections to abruptly 
disconnect. With low latency settings, it 
takes a small amount of time for the 
receiver to identify this and report to the
sender to move data to the other 
connection and/or adapt the bitrate. 

Viewers may find video artefacts or 
brief pauses tolerable, but interruptions 
in audio can be considerably 
detrimental, such as when a reply from 
an interviewee is lost. To mitigate the 
impact on the audience, Bifrost can 
ensure that audio is redundantly 
transmitted through at least two 
internet connections (except when 
using a single connection is available). 
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Therefore, even in the event of an 
unforeseen network interruption, Bifrost
users will, at worst, experience visual 
abnormalities or pauses in the video, 
but the audio will remain uninterrupted. 

LEAST COST MANAGEMENT

It is common for different internet 
connections to vary in cost. For 
instance, a Wi-Fi or fixed internet 
connection provided by the event is 
typically free to use, whereas local pre-
paid SIM cards are less expensive than 
international SIM cards with roaming. 

Bifrost handles the management of 
internet connection costs in the most 
optimal way fully automatically. 

The sending device can be pre-
configured with different cost priorities 
for the various internet connections. In 
the example above, fixed internet and 
Wi-Fi will be the only connections used 
if there is enough capacity on those 
networks. 

If only one low-cost connection is 
available, redundant audio will be sent 
over cellular connections until an error 
is detected and the data is transferred 
to the modem. 

If an unknown amount of data remains 
on one SIM card, the capacity will shift 
over to a more expensive SIM card on 
the modem when the low-cost data is 
finished and so on. 

Therefore, Bifrost always transmits the 
event in the most cost-efficient manner, 

enabling the field operator to focus on 
other tasks. . 

DIFFERENT USE CASES

There are many ways to configure a 
complex system based on Bifrost. For 
example: 

1) Low latency for news reporting 
with optimised redundancy. 
Sub-500-ms SDI to SDI

2) High quality and high redundancy 
with 5-10 seconds latency

3) Balanced latency/redundancy
1-2 seconds

4) Low cost – best effort
5) Full redundancy at a higher cost

For example 5), this means that at least 
one internet connection can suddenly 
drop on a low-latency transmission 
without any interruption. However, if the 
encoder sends 10mbps over two LTE 
modems, double data volume will be 
used. 

These settings can easily be pre-
configured before the event, changed by
the on-site operator or adjusted 
remotely from the MCR. 

In most cases, however, with Bifrost, 
everything occurs automatically in the 
most optimal way, without manual 
adjustments. 

The user powers up the Direkt link 
connects the video source, connects to 
Wi-Fi and fixed internet if available, and 
lets Bifrost take care of the rest. 
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Factual text: In Norse mythology, Bifrost is a 
burning rainbow bridge that reaches between 
Midgard (Earth) and Asgard, the realm of the gods 
[wikipedia].
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