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ABSTRACT

This paper deals with the packetization interval of haptic
media in networked virtual environments. We here handle
work in which a user moves an object by manipulating a
haptic interface device. In previous studies, we packetize
haptic media on capturing them. In this paper, we pro-
pose a scheme which lengthens the packetization interval
and evaluate the efficiency of the work by experiment. Ex-
perimental results show that the packetization interval of
several milliseconds produces higher efficiency of the work.
We also examine the influences of the packetization inter-
val and network latency on the efficiency of the work in the
proposed scheme.

Categories and Subject Descriptors

H.4 Information Systems Applications]: Communica-
tions Applications; H.5.1 [Information Interfaces and
Presentation]: Multimedia Information Systems—Artifi-
ctal, augumented, and virtual realities

General Terms

Algorithms, Performance, Human Factors, Experimentation

Keywords

Networked virtual environments, Haptic media, Packetiza-
tion interval, Quality of Service (QoS)

1. INTRODUCTION

In networked virtual environments, a number of researchers
have studied the usage of haptic media as well as voice and
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video [1]. By using haptic interface devices, we can touch
objects in a 3-D virtual space. Therefore, we can largely
improve the efficiency of collaborative work such as remote
surgery simulation and design [2] and immerse ourselves in
playing networked games [3]. However, haptic media have
severer constraints on the network delay than voice and
video. For example, the maximum allowable delay is about
30 to 60 ms for haptic media [4], and that of voice and video
is around 400 ms [5]. Thus, in previous studies, we packetize
haptic media on capturing them [6], [7].

In [6] and [7], where the PHANToM [8] is used as an haptic
interface device, haptic media are input at 1 kHz [9]; a media
unit (MU), which is defined as an information unit for media
synchronization (e.g., a picture for video), is transmitted as
a packet from each client to a single server every millisecond.
However, this produces large overhead and heavy network
load.

On the other hand, as for voice, voice information is usu-
ally input at 8 kHz. The packetization interval of voice
is set to around 20 [10] to 50 ms [11]. This is because the
maximum allowable delay of voice is larger than that of hap-
tic media as described earlier; also, it is difficult to process
(e.g., transfer and synchronize) voice information at 8 kHz.
By transmitting the voice information input during the in-
terval as a packet (that is, an MU in this case), we reduce
the overhead.

To decrease the transmission rate of haptic media, in [12]
and [13], Hikichi et al. and Kanbara et al., respectively, em-
ploy a technique of dead-reckoning [14]. Dead-reckoning can
keep the output rate of haptic media at 1 kHz by prediction
and convergence. However, owing to network delay jitter
and packet loss, dead-reckoning may produce large predic-
tion errors.

This paper proposes a scheme which reduces the transmis-
sion rate of haptic media by lengthening the packetization
interval. The haptic media information generated during
the interval is transmitted as a single packet. We also re-
duce the size of the packet by information compression. The
basic idea of the proposed scheme is simple, but its effects
are not clear. We investigate the effects of the packetiza-
tion interval on the efficiency of work by experiment. In the
experiment, we further examine the influence of network la-
tency.

The rest of this paper is organized as follows. Section 2
describes a system model for haptic media, and Section 3



explains the proposed scheme. Section 4 shows the exper-
imental system, and experimental results are presented in
Section 5. Section 6 concludes the paper.

2. SYSTEM MODEL

For simplicity, we suppose that a user moves an object in
a 3-D virtual space by manipulating a haptic interface de-
vice. We employ the PHANToM DESKTOP (8] as a haptic
interface device.

As shown in Fig. 1, a client inputs/outputs an MU, which
contains the positional information of the PHANToM cursor
(i.e., the positions or contact points) or that of the object,
every millisecond by repeating the servo loop [9] at a rate
of 1 kHz. Each MU also includes its timestamp, which is
the generation time of the MU (denoted by the sequence
number of the servo loop [7]). The client transmits a packet
which includes multiple MUs to a server.

When the server receives a packet, it gets MUs out of the
packet. It calculates the reaction force against the object
and updates the position of the object for each MU. It also
sends a packet (including multiple MUs) to the client.

The client extracts MUs from a received packet as in the
server. After carrying out media synchronization control
over each MU, it updates the position of the object and cal-
culates the reaction force applied to the user. For media
synchronization, we use the virtual-time rendering (VTR)
algorithm [7]*, which dynamically changes the buffering time
of MUs according to the network delay jitter. The VTR al-
gorithm employs several media synchronization control tech-
niques such as the virtual-time contraction and expansion,
skipping, and pausing [15]. The rendering rate of the virtual
space is 30 Hz.

3. PROPOSED SCHEME

Let us denote the packetization interval by P ms (P >
0). In the proposed scheme, the client and server transmit
P MUs as a packet every P ms. It should be noted that
the proposed scheme with P = 1 ms corresponds to the
scheme handled in [7], which is referred to as the conven-
tional scheme in this paper.

The client constructs a packet by adding a header to
P MUs which have been generated during the last packe-
tization interval. The header includes the sequence number
(used as a timestamp) of the first MU in the packet?. Note
that the proposed scheme is different from a scheme which is
used for voice in the following point: A packet includes mul-
tiple MUs for haptic media, but a voice MU is transmitted
as a packet®.

We also employed the Skipping algorithm [7], which out-
puts only the latest arrived MU every millisecond (that is,
which skips obsolete MUs), instead of the VTR algorithm.
As a result of experiment, we found that the Skipping al-
gorithm is inferior to the VIR algorithm. This is because
only the last MU in each packet is output in the Skipping
algorithm; the other MUs are skipped.

®In [7], each MU contains the sequence number as well as the
positional information. Since we can calculate the sequence
number of the remaining MUs in the packet by using that
of the first MU in this paper, the MUs do not include their
sequence numbers.

3In [11], we set P = 50 ms for voice, but each packet is an
MU. Therefore, we carry out media synchronization control
over voice packets in this case.

We also reduce the size of each packet by information
compression. The positional information of the cursor or
the object in an MU has a strong correlation with that in
the next MU. By using the correlation, we can largely reduce
the size. We here adopt differential coding and quantization
for simplicity. In the differential coding, we obtain the dif-
ference in the position between an MU and the next MU in
a packet. The first MU in each packet is not coded, and its
size is 24 bytes [7]. Then, we quantize the difference by a
quantization factor Qs for the remaining MUs in the packet.
We set Qr = 277 in this paper; in a preliminary experiment,
we confirmed that the value of 277 hardly degrades the hap-
tic media output quality. Thus, we can represent every MU
except the first MU by 3 bytes, each byte of which is used to
express the position in the x-, y-, or z-axis. When we set the
header size to 20 bytes (actually, the header size is 20 bytes
in our experiment), the packet size is 20+24+3(P—1) bytes.
On the other hand, without information compression, the
packet size is 20 + 24 P.

4. EXPERIMENTAL SYSTEM

We have carried out an experiment in which a user of the
client moves a rigid cube as an object in a 3-D virtual space
(height: 120 mm, width: 160 mm, depth: 120 mm) by using
the PHANToM. As shown in Fig. 2, where a hemisphere
beneath the cube represents the cursor of the PHANToM,
the user lifts and moves the cube so that the cube contains
a target (a sphere) which revolves along a circular orbit at a
constant velocity (it takes 10 seconds to revolve once). The
mass of the cube is 0.5 kg, and the acceleration of gravity is
2.0 m/s?. Each side of the cube is 30 mm, and the radius
of the sphere is 10 mm. The sphere and orbit do not collide
with the cube or cursor.

Figure 3 shows the configuration of the experimental sys-
tem. In the figure, we connect the client (CPU: Pentium4
processor at 2.8 GHz, RAM: 512 Mbytes, OS: WindowsXP)
to the server (the same specifications as the client) through
an Ethernet hub (10BASE-T) and a network emulator (NIST
Net [16]) which is used to generate network latency. The
client is connected to the network emulator by a 100BASE-
T cable. In order to generate a traffic flow of interference, we
also connect two workstations (WS1 and WS2) to the Eth-
ernet hub. WS1 sends fixed-size data messages of 1472 bytes
each to WS2 at exponentially distributed intervals. As the
transport protocol, we use the UDP protocol in this paper.

5. EXPERIMENTAL RESULTS

We first make a performance comparison among the pro-
posed scheme, the proposed scheme without information
compression (denoted by the proposed scheme without IC in
this paper), the conventional scheme, and a scheme which
employs adaptive dead-reckoning [13] (referred to as the
dead-reckoning scheme here). The parameters and thresh-
olds of the dead-reckoning scheme are set to the same values
as those in [13]. The other schemes use the same parameter
and threshold values as those in [7]. Next, we investigate the
influences of the packetization interval and network latency
on the performance of the proposed scheme.

As performance measures, we employ the average dis-
tance between the object and the target and the average MU
rate [7]. The average distance between the object and the
target is defined as the mean distance between the center of
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Figure 2: A displayed image of the virtual space.

the object (i.e., the cube) and that of the target (i.e., the
sphere). This measure is closely related to the accuracy of
the work®. As the average distance decreases, the accuracy
of the work becomes higher. The average MU rate is the av-
erage number of MUs output in a second. This has relation
to the intra-stream synchronization quality. Larger average
MU rates mean higher quality of intra-stream synchroniza-
tion.

5.1 Performance Comparison

We show the average distances between the object and
the target and the average MU rates of the four schemes
as a function of the data load (i.e., background load) in
Figs. 4 and 5, respectively. The data load is defined as the
average number of interference data bits transmitted in a

“In (7], the authors investigate the relation between the mea-
sure and MOS. They show that the two are closely related
to each other.

second at WS1 (see Section 4). In the figures, we also display
the 95 % confidence intervals; however, when the interval is
smaller than the size of corresponding symbol representing
the experimental result, we do not show it in the figures. In
the proposed scheme and the proposed scheme without IC,
we set P = 8 ms.

In Fig. 4, we see that the proposed scheme has the smallest
average distance between the object and the target when the
data load is heavier than around 5 Mbps. In this area, the
proposed scheme without IC has the second smallest. The
difference between the proposed scheme and the proposed
scheme without IC is large at the data load of 8 Mbps. This
is the effect of the information compression.

We also observe in Fig. 4 that the conventional scheme
and the dead-reckoning scheme have the largest or the sec-
ond largest average distance for the data loads heavier than
approximately 5 Mbps. In the figure, the average distance
of the conventional scheme at the data load of 8 Mbps is
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smaller than that at the data load of 7 Mbps. The rea-
son is as follows. When the data load is 8 Mbps, we could
hardly move the object; on the other hand, we more fre-
quently dropped the object at the data load of 7 Mbps since
we could move the object barely.

In Fig. 5, we notice that as the data load increases, the
average MU rates of the four schemes become smaller. This
is because the VTR algorithm skips MUs which have arrived
largely late [7]. We also see that the proposed scheme has
the largest average MU rate in the whole range of the data
load considered in this paper. For the data loads heavier
than around 6 Mbps, the proposed scheme without IC has
the second largest. We further note that the dead-reckoning
scheme has the smallest when the data load is lighter than
about 6 Mbps. Beyond this range, the conventional scheme
has the smallest.

5.2 Influences of Packetization Interval and
Network Latency

Figure 6 plots the average distance between the object
and the target versus the additional delay for various values
of P (P =4, 8, 16, 32, and 48 ms) in the proposed scheme.
The additional delay is constant, and it is produced for each
packet transmitted from the server to the client by the net-
work emulator. We also show the average MU rate versus
the additional delay in Fig. 7. In the figures, we set the data
load to 7 Mbps.

From Fig. 6, we find that when the additional delay is
shorter than or equal to approximately 15 ms, the differ-
ences in the average distance among the values of P are not
large. When the additional delay exceeds around 15 ms, the
differences become larger. In this area, the packetization in-
terval of P = 48 ms has the largest average distance. This is
because the first several MUs in each packet are skipped by
the VTR algorithm (we can confirm this in Fig. 7), in which
we employ the maximum allowable delay (set to 45 ms [7] in
this paper); note that the VTR algorithm skips MUs which
have arrived largely late. Also, in Fig. 6, the packetization
interval of P = 4 ms has the second or third largest in the
same area, and that of P = 8 ms has the smallest. There-
fore, the packetization interval of 8 ms is the best in the

experiment.

Figure 7 reveals that the packetization interval of P =
48 ms has the smallest or the second smallest average MU
rate. Also, we see that the packetization interval of P =
4 ms has the smallest when the additional delay is 0 ms.
On the other hand, the packetization intervals of P = 8 and
16 ms produce high average MU rates when the additional
delay is smaller than or equal to around 30 ms.

6. CONCLUSIONS

This paper proposed a scheme which lengthens the packe-
tization interval and transmits the haptic media information
generated during the interval as a single packet. The pro-
posed scheme also reduces the packet size by information
compression. By experiment, we made a performance com-
parison among the proposed scheme, the proposed scheme
without information compression, the conventional scheme,
and the dead-reckoning scheme. We also investigated the
influences of the packetization interval and the network la-
tency on the performance of the proposed scheme. As a
result, we demonstrated that the proposed scheme is supe-
rior to the other schemes. When the network load is heavy,
the information compression is effective. Furthermore, the
packetization interval of 8 ms is the best in the experiment.

As the next step of our research, we will carry out the ex-
periment in various kinds of network environments. We also
need to deal with different types of work. In addition, we
plan to employ the proposed scheme in the adaptive dead-
reckoning.
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