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INFOCOMMUNICATIONS

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
The NTT proposes the IOWN*1 concept as the next generation of information and communications infrastructure, characterized by 
low latency (1/200), high capacity (125 times greater transmission capacity), and energy efficiency (100 times improved power 
efficiency) based on an all-photonics network (APN). Through the activities of the IOWN Global Forum (IOWN GF),*2 diverse 
companies from various industries worldwide participate in discussions regarding technologies and use cases for social 
implementation. These discussions are then presented to standardization organizations. Particularly, this enhanced low latency 
aims to facilitate previously impossible video services and contribute to advancements in data center configurations and financial 
systems. The Broad Networks (BNS) Division is actively developing foundational technologies and products for new market 
opportunities. As part of this effort, we developed an ultra-low latency media converter (LLMC) that leverages the characteristics of 
the IOWN APN. This paper reports on the design philosophy and the measured low latency performance achieved in accordance 
with the target specifications defined in the IOWN GF AI-assisted Entertainment Interactive Live Music  (ILM)*3 use case.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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1. Introduction
The Innovative Optical and Wireless Network 

(IOWN) Global Forum (GF) has the IOWN concept, which 
aims to improve existing end-to-end information and 
communications services by making the services low-la-
tency (1/200), high-capacity (125 times greater transmis-
sion capacity), and energy-efficient (100 times improved 
power efficiency), using Open All-Photonics Network 
(Open APN)*4 and data center technologies as a founda-
tion. To implement this concept, the forum works on 
studying use cases, defining and demonstrating a proof of 
concept (PoC), and disseminating information to standard-
ization organizations. As the communication networks 
improve in capacity, speed, and latency, artificial intelli-
gence (AI) technology comes into widespread use, and 
graphics processing units (GPUs) supporting AI improve in 
performance, expectations are high for innovative video 
services, such as those connecting remote locations and 
offering extended reality (XR), which links the real world 
and a virtual space on the cloud in real time. To develop 
markets for new AI-assisted video and communication 
services that leverage the low-latency, high-speed transmis-
sion of the APN, we joined the efforts made within the 
Reference Implementation Model (RIM) Task Force of the 
IOWN GF for defining motion-to-photon latency require-
ments and creating a PoC plan (PoC Reference) jointly 
with Sony Group Corporation, NTT, Inc., and other compa-
nies. As a method of realizing the plan, we worked on 
developing low-latency media converter (LLMC) tech-
nology jointly with ATEN International Co., Ltd., a 
Taiwanese  manufacturer,  which manufactures 
DisplayPort*5-compatible media converters. This is a tech-
nique of sending user control signals and high-refresh-rate 
high-definition (HD)/4K video signals in ultra-low-latency 
mode over an Internet Protocol (IP) network. We conducted 
a demonstration test in accordance with the IOWN GF’s 

PoC Reference jointly with Sony Group Corporation, 
which owns XR video rendering server and evaluation 
technologies, using the rendering server, this LLMC, and 
Sumitomo Electric Industries, Ltd.’s Open APN termina-
tion units, and we achieved the goal of 10 ms motion-to-
photon latency. This result was published as a recognized 
PoC in a PoC report in February 2025 after a review by the 
expert members of the IOWN GF.(1) This technology is 
expected to enable remote users to experience the realism 
and immersion provided by cutting-edge XR services. This 
paper outlines LLMC technology and reports on the 
measurement results obtained regarding its low-latency 
performance.

2. Target Performance and Issues Concerning 
Traditional Technology

This chapter describes target motion-to-photon latency 
performance and issues concerning traditional technology. 
The term motion-to-photon latency refers to the time 
required by the entire processing sequence—from the 
detection by a sensor of the user’s head position and eye 
motion, to the renderer node for the transmission of that 
information , the subsequent creation of a two-dimensional 
video based on three-dimensional space information, and 
projection of the video on the video panel in a head-
mounted display or XR glasses. To reduce dizziness caused 
by XR video, it is presumably necessary to limit the 
motion-to-photon latency approximately below the 10 ms 
level. Accordingly, the IOWN GF and the Third-
Generation Partnership Project (3GPP) have established a 
target value of reducing the motion-to-photon latency to 
less than 10 ms.(2),(3)

However, use of a low-latency media converter 
product currently available on the market, which results in 
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a motion-to-photon latency of more than 20 ms, cannot meet 
the requirements for the latency target. This is firstly 
because existing products are not compatible with Display 
Stream Compression (DSC)*6 that allows for low latency 
transmission, which compresses video data with low latency. 
As a result, additional in-device video compression other 
than DSC is required, becoming a factor that introduces 
latency. Secondly, the low speed of the network interface, at 
10 Gbps or less, means it is difficult to efficiently transmit 
high-refresh-rate video signals that are effective in reducing 
latency. To overcome the issue of latency, it was considered 
necessary to meet the following challenges: to make the 
media converter low-latency, to make the interface speed 
faster by leveraging APN’s low-latency, high-capacity, and 
high-speed transmission, and to use DSC’s transparent 
transmission.

3. Equipment Configuration Study for  
Achieving Low Latency

Sumitomo Electric and ATEN International Co., Ltd. 
worked on developing ultra-low-latency media converter 
technology to solve the above-mentioned challenges. This 
technology converts DisplayPort signals used with head-
mounted displays and XR glasses to general-purpose 
Ethernet signals and carries out reverse conversion on the 
receiving end. A system architecture of this technology is 
shown in Fig. 1. This technology transmits DisplayPort 
signals transparently without altering them, posing no 
hindrance to connection with DSC-compatible devices. 
Considering network latency and other delays attributable to 
renderer nodes and display devices, we set a latency target 
value of 1 ms or less for the video transmitter and receiver.

This system uses a Universal Serial Bus (USB) inter-
face for transmitting user control signals essential for 
implementing gaze-tracking functionality. In measuring 
motion-to-photon latency, USB keyboard, mouse, and 
controller signals are sent from the receiving end to the 
transmitting end of this system. The renderer node gener-
ates video according to the user control signal and outputs 
DisplayPort signals. The input signal to the receiving end 
of this system is the DisplayPort signal. The maximum 
transmission bandwidth of DisplayPort version 1.4a for 
transmission is 32.4 Gbps composed of four 8.1 Gbps 
lanes. DisplayPort video data and other data consisting of a 

DisplayPort auxiliary (AUX) signal, hot plug signal, and 
USB human interface device (HID) data are configured as 
64-byte data, as illustrated in Fig. 2. This data is trans-
mitted at 100 Gbps as 832-byte IP packets, adding a User 
Datagram Protocol (UDP) header every 12 pieces of data. 
The Ethernet signal transmitted by this system is sent to its 
receiving end through connection with the IOWN APN via 
an Open APN termination unit.

With this technology, the main factor of latency is the 
buffer size used for IP transmission because no video 
conversion or other processes are carried out in the system. 
Use of a larger buffer will improve anti-jitter performance 
during IP transmission, although at the cost of longer 
latency. Conversely, a smaller buffer will shorten the 
latency, but at the cost of a decline in anti-jitter perfor-
mance, resulting in a tendency towards unstable video. 
Therefore, it is necessary to choose the optimal buffer size.

The buffer size is closely related to the clock recovery 
technique. In the field of broadcasting, stable audio-visual 
playback is achieved through system synchronization by 
using a 27 MHz program clock reference (PCR) between 
the transmitter and receiver.(4),(5) Similarly, this system 
needs to use clock recovery for synchronization; however, 
as illustrated in Fig. 3, its physical wiring has no clock-
only line, necessitating link training*7 to be conducted 
when connecting devices. Therefore, the system will fail 
even to start transmission unless fast and accurate clock 
recovery is provided.(6)

This system extracts 202.5 MHz clock from the 
DisplayPort input signal at the transmitting end and trans-
mits this clock information as an IP packet. In the 
employed scheme, the receiving end acquires the clock 
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information from the IP packet, and based on it, clock is 
recovered for the DisplayPort output signal.

4. Specifications for the LLMC 
Figure 4 presents an exterior view of the casing of the 

LLMC and Table 1 lists the specifications for this system. 
This system consists of an LLMC (transmit [TX]), which 
converts DisplayPort video input signals to IP packets and 
sends out them, and an LLMC (receive [RX]), which 
receives the IP packets and generates DisplayPort video 
output signals; both use identical casings and main boards. 
This system incorporates a field-programmable gate array 
(FPGA), as the main chip and has a DisplayPort input port 
(TX), an output port (RX), 100 Gbps Ethernet (SFP28 × 4), 
and a USB 2.0 interface for control with a keyboard and 
mouse.

Figure 5 presents a system configuration incorpo-
rating this system. It consists of a renderer node, LLMC 
(TX), LLMC (RX), an Open APN termination unit 
(Sumitomo Electric’s Open APN termination unit 

FTU9100*8), an APN transceiver (APN-T, which is the 
coherent optical transceiver ICE-X*9 manufactured by 
Infinera Corporation), and a high-refresh-rate monitor or 
head-mounted display equipped with a DisplayPort port.

5. Solutions to Technical Challenges
This chapter describes our solutions to technical chal-

lenges faced during this development.
5-1	 Solution for 100 G switches

The interface of this system uses 100 Gbps Ethernet. 
Since it is expected that a configuration featuring transmis-
sion through 100 G switches will serve as a connection 
path to the IOWN APN, this system is required to support 
connection to a 100 G switch. When directly connecting 
TX to RX of this system, video transmission can be 
achieved by employing the clock recovery technique using 
IP packet clock information, as described in Chapter 3. 
However, transmission through 100 G switches requires 
design adaptation. The reason for this is that direct connec-
tion between LLMC (TX) and LLMC (RX) differs from 
transmission through 100 G switches in IP packet arrival 
timing. Figures 6 and 7 show the IP packet reception timing 
of the LLMC (RX). When direct TX-RX connection is 
used, IP packets are received at the same timing intervals 
on every occasion, as shown in Fig. 6. In contrast, trans-
mission through 100 G switches results in failure to receive 
IP packets at the same timing intervals because jitter occurs 
due to internal processing latency in the 100 G switch as 
illustrated in Fig. 7. As a result, underflows or overflows of 
the first-in first-out (FIFO) buffer occur, failing to ensure 
stable video transmission. The IOWN APN has a very low 
level of jitter owing to optical signal processing.(7) 
However, jitter may occur depending on the devices 
connected to the APN, so a mechanism that absorbs jitter is 
required.

To improve the anti-jitter performance, it is necessary 
to perform such clock recovery that ensures stable opera-
tion even in an environment where jitter is present, as well 
as to provide a buffer size suitable for dealing with jitter. 
The clock recovery technique described in Chapter 3 alone 
is not sufficient for transmitting accurate clock information 
without difficulties due to the adverse effects of jitter, 
eventually resulting in a buffer failure. A valid method for 
solving this issue is to monitor the FIFO buffer position 
threshold and regulate the clock, as presented in Fig. 8, in 

Fig. 4.  Exterior view of LLMC (TX and RX use identical casings.)

Table 1.  Equipment specifications

ITEM TX RX

Device name Xilinx XCKU5P

WAN interface 100 Gbps Ethernet (SFP28 x4)
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addition to using IP packet clock information. This tech-
nique increases the clock frequency at the upper threshold 
limit and lowers it at the lower threshold limit. It is also 
used with an IP set-top box*10 developed by Sumitomo 
Electric.

Figure 9 shows changes in FIFO buffer position that 
occur in cases where the method illustrated in Fig. 8 is 
employed. The clock information of the IP packet alone is 
not sufficient for avoiding overflows because of failure of the 
FIFO read clock to follow. The modified mechanism avoids 
buffer failures by increasing the FIFO read clock frequency 
when the FIFO buffer position reaches the upper threshold 
limit and lowering it when the lower threshold limit is 
reached. This technique ensures stable clock recovery.

The latency of this system was measured after optimi-
zation of the buffer size with jitter taken into consideration. 
The measurement results will be explained later.
5-2	 Solution for high-refresh-rate 4K monitors

Next, this section explains a solution for high-refresh-
rate 4K monitors. While DisplayPort version 1.4a uses a 
maximum of four 8.1 Gbps lanes, as mentioned above, it is 
a specification that varies the speed and number of lanes 
according to the resolution and refresh rate in use. When a 
4K monitor is used and a 4K video is output at 120 Hz, 
non-compressed transmission mode requires the maximum 
band of four 8.1 Gbps lanes. However, the DisplayPort-
compatible transceiver used with the FPGA employed with 
the LLMC operates only up to two 8.1 Gbps lanes, 
suffering the issue of incapability of the transceiver to 
support high-refresh-rate 4K monitors. This is caused by 
skew resulting from buffering in the DisplayPort trans-
ceiver. The DisplayPort specification mandates that the 
skew between each lane is two symbols, as shown in  

Fig. 10. In contrast, it has been found that the LLMC (TX) 
of this system receiving DisplayPort input signals has lane-
to-lane skews of lanes 2 and 3 deviate from lane 1 by 
10–20 symbols. This is the reason that the video signals of 
lanes 2 and 3 were not handled as normal signals, resulting 
in failure to play 4K video at 120 Hz on a 4K monitor.

To circumvent this problem, a lane-to-lane skew 
correction circuit was internally added to the FPGA. The 
result was successful link training using a four 8.1 Gbps 
lane configuration, enabling the system to properly output-
ting 4K video at 120 Hz.

6. Evaluation Method and Evaluation Results
6-1	 Evaluation method

The evaluation used the motion-to-photon latency 
measurement method specified by the IOWN GF, as shown 
in Fig. 11. Using a measurement tool equipped with a photo-
diode and in response to USB keyboard input, a measure-
ment video was created with a renderer node, and the time 
required for the video to be displayed on a monitor was 
measured. The keyboard used was Razer Inc.’s BlackWidow 
V4 Pro with a polling rate of 8,000 Hz, the high-refresh-
rate monitor capable of 1,920 × 1,080, 360 Hz was 
ASUSTek Computer Inc.’s ROG Swift 360 Hz PG27AQN, 
and the 4K monitor was ASUS’s ROG Strix XG32UQ.

6-2	 Evaluation results
This section explains the results of a demonstration 
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test conducted by an IOWN GF working group. Sumitomo 
Electric, jointly with Sony Group, conducted a PoC test of 
the interactive live music (ILM) service, one of the remote 
bidirectional XR video services, to study use cases for this 
technology. Figure 12 presents the motion-to-photon 
measurement results obtained through the PoC. The results 
were 12.7 ms at full HD 120 Hz, 8.6 ms at 240 Hz, and 6.7 
ms at 360 Hz, thus proving that the IOWN LIM RIM target 
value of less than 10 ms will be achieved if a high-refresh-
rate monitor capable of 240 Hz or faster is used. When the 
rendering device (Renderer Node) is placed in an edge data 
center, the average latency of the motion-to-photon 
eye-tracking video met the target of 10 ms, even taking into 
account the round-trip transmission delay caused by the 
propagation delay of quartz-core optical fiber (0.5 ms per 
100 km) and the distance between the viewer and the center 
(100 km at a refresh rate of 240 Hz and 300 km at 360 Hz).

In this joint evaluation, the reason that the motion-to-
photon delay for 4K content at refresh rates of 240Hz and 
360Hz could not be measured was that a Display Device 
capable of playing 4K video signals at these refresh rates 
could not be procured at the time of the joint test.

6-3	 Analysis of the evaluation results
The results presented in 6-2 include the video creation 

time of the renderer node, the display delay caused by the 
display device, and the processing time required by the 
Open APN termination unit. Therefore, we measured the 
LLMC transmission latency. Fig. 13 presents the measure-
ment results. The input and output timing of each signal 
was measured with an oscilloscope.

The sum of the USB processing time of 629 μs and 
the time required for video processing and IP transmission 
of 180 μs is 809 μs, thus achieving the target value of 1 ms 
or less for latency attributable to the bidirectional (video 
and user control data) transmission in LLMC transmitter 
and receiver. LLMC transmission latency was also recon-
firmed by calculating the difference between motion-to-
photon via LLMC&APN and motion-to-photon without 
LLMC&APN. The results were 381 μs (at 120 Hz)–329 μs 

(at 360 Hz) for Full HD, and 560 μs for 4K 120 Hz. The 
gap from the 809 μs is considered to be the variation of the 
time lag of Displays. It should be noted that (1) when using 
this LLMC, the dominant factors affecting motion-to-
photon latency are the delays of the Renderer Node and the 
Display Device in Fig. 11, as shown in Fig.12, (2) the 
former is expected to be improved further with advance-
ments in GPU technology, and (3), as shown in Fig. 13, the 
transmission delay time of this LLMC does not show 
significant difference between Full HD and 4K. 

This paper mainly focused on low-latency video trans-
mission and omitted details of the USB process. However, 
if further low-latency performance is demanded in the 
future, it will be recommended to update the USB version. 

In addition, since the evaluation used an Open APN 
termination unit manufactured by Sumitomo Electric, use 
of a different device may raise the need to adjust the buffer 
size threshold and other factors according to the perfor-
mance characteristics of the device used.

7. Conclusion
An ultra-low-latency media converter was developed 

for the IOWN APN, which achieved the motion-to-photon 
latency target of 10 ms. The IOWN is expected to come into 
wide use in general households in the future. Set-top box 
type products are expected to be a device provided in 
low-latency video services for the IOWN. The current 
LLMC prototype is designed for business users with a 
limited market size, and the cost is high due to the high 
price of each component. However, for the home market in 
the future, prices are expected to fall as the market size 
expands. We will continue to develop products for home 
set-top boxes aimed at new markets and services that cannot 
be realized with the latency of current commercial products.
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• ‌�Sumitomo Electric is a sponsor member of the IOWN Global Forum, which 
promotes the “IOWN” initiative.

• ‌�IOWN is a trademark or registered trademark of NTT, Inc.
• ‌�DisplayPort is a trademark or registered trademark of the Video Electronics 

Standards Association in the United States and other countries.
• ‌�VESA is a trademark or registered trademark of the Video Electronics Stan-

dards Association.
• ‌�3GPP is a trademark or registered trademark of the European Telecommuni-

cations Standards Institute.

Technical Terms
＊1	� IOWN: An abbreviation for Innovative Optical and 

Wireless Network. IOWN is a concept for next-
generation information and communications 
foundation proposed by NTT.

＊2	� IOWN Global Forum: An industry consortium 
established by NTT, Inc., Intel Corporation, and Sony 
Group Corporation, integrating expertise from different 
sectors. Its aim is to promote a new communication 
infrastructure composed of All-Photonics Network—
including silicon photonics—edge computing, and 
wireless distributed computing, through the 
development of new technologies, frameworks, 
technical specifications, new use cases, and reference 
designs. (https://iowngf.org)

＊3	� Interactive Live Music (ILM) service: The ILM 
service is a next-generation 3D/XR service of the 
bidirectional immersion type using integrated AI 
communications proposed by the Use Case Working 
Group of the IOWN Global Forum. For the definition 
of the PoC plan (PoC Reference), visit the following 
URL.

	 https://iowngf.org/content-type/proof-of-concepts/
＊4	� Open APN: The Open APN is an all photonics 

network, which enables direct connection between 
various sites by way of optical wavelength paths. 
This network is comprised of Open APN termination 
units (APN extra-network gateways), Open APN 
transceivers (APN-Ts), Open APN gateways (APN-
Gs), Open APN interchanges (APN-Is), and other 
devices. The IOWN Global Forum is proposing Open 
APN specifications.

＊5	� DisplayPort: DisplayPort is an interface specification 
designed and established by the Video Electronics 
Standards Association (VESA) for digital display 
devices.

＊6	� DSC: An abbreviation for Display Stream 
Compression. DSC is a video signal compression 
scheme established by VESA.

＊7	� Link training: Link training refers to the initialization 
process designed to set up an optimal communication 
environment by enabling the transmitting and 
receiving ends to automatically regulate the 
communication rate and signal quality when 
establishing a DisplayPort connection.

＊8	� Open APN termination unit FTU9100: The FTU9100 
is Sumitomo Electric’s Ethernet switch equipped with 
the Open APN extra-network gateway function, 
designed to connect the Open APN and existing 
networks, and an APN-T control function.

＊9	� Coherent optical transceiver ICE-X: An optical 
transceiver developed by Infinera Corporation (now 
part of Nokia) of the United States, which enables 
point-to-multipoint communications using optical 
coherent technology.

＊10	� IP set-top box: An IP set-top box is a receiving device 
for IP television (TV) services, which deliver video 
content to a TV set via an IP broadband network.
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