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Introduction

Proposed Method

• Two distributed environment setups over long distances 
• Palo Alto/US ∼ Yokohama/Japan (~ 5100 miles)
• Palo Alto/US ∼ Verona/Italy (~ 6000 miles) 

System Setup

• We presented a novel system for hand-document 
telepresence with high resolution document capture and 
hand skeleton tracking, and with two separate channels 
for transmitting these data. 

• We evaluated our system over long distances, and 
compared our system to a tele-immersive system that 
was tested over much shorter distances. 

• For future work, one direction is to evaluate our system 
on user level tasks over long distances, and to use our 
system in realistic situations with remote colleagues. 

Related Work
[1] 4K document capture: (Kim et al., DocEng’15)
[2] Deep learning based hand tracking: (Zimmermann 
et al., ICCV’17)
[3] H-Time: Haptic-enabled tele-immersive 
musculoskeletal examination: (Tian et al., ACM 
Multimedia’17)
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Standard video conferencing Our system

• Discussion over a document in a telepresence: showing the user’s hand 
position on the document

• Problem: How to capture and transmit the hand movements efficiently with 
high resolution document images 

• Too low-res to read document
• Occlusion by hand

• Hi-res document capture
• Hand skeleton: less occlusion
• Two-channel data transmission 

at different rate

Document & Hand Tracking

Normalized skeleton by 
Homography

Page boundary &
Hand skeleton detection

1.0

1.0

Stitched and 
rectified hi-res image

A sequence of high-res 
document images

Document capture

Light-weight app on a web 
browser at the remote site

Server

Hi-res document image 
(~12 MB)

Hand skeleton data 
(~2.6 kB)

4K camera

webcam

• 4K camera for hi-res 
document capture [1]

• Webcam for hand 
tracking (Deep 
Learning based hand 
pose estimation [2]) & 
Document page 
tracking

• Document page on 
tabletop

Table 1: Data transmission statistics of hand skeleton data
fromUS to Japan and to Italy. For Latency, the �rst two num-
bers are the lower and upper bound of the mean of the la-
tency. For Jitter, the �rst number is the mean of the jitter.
The numbers in parenthesis are the standard deviation.

Palo Alto-Yokohama Session 1 Session 2 Session 3
Latency 78⇠180 (111) 9⇠115 (11) 74⇠171 (82)
Jitter 79 (77) 6 (10) 78 (66)

Palo Alto-Verona Session 1 Session 2 Session 3
Latency 11⇠189 (21) 20⇠188 (31) 23⇠191 (46)
Jitter 8 (19) 9 (26) 13(41)

(msec)

Table 2: Data transmission latency of document page image
(12M) from US to Japan and to Italy.

(sec) Session 1 Session 2 Session 3
Palo Alto-Yokohama 24.44 11.71 26.53
Palo Alto-Verona 24.68 13.96 28.48

the system latency with the upper and lower bounds of the time
di�erence d respectively. The green bar represents the theoretical
network latency that matches the speed of light.

Table 1 shows the upper and lower bounds of the mean of the
system latency for all test sessions. The numbers in parenthesis are
the standard deviations of the latency. The system’s jitter in the table
is de�ned as the delay between two consecutive hand skeleton data
samples at the receiving side. While the data transmission latency
between US and Japan shows some large variations (especially for
Session1 and Session2), the latency between US to Italy shows more
stable (i.e. small standard deviations). The average of the means of
the upper bound (worst latency) across all test sessions in Table 1
is 155 msec from Palo Alto/US to Yokohama/Japan (approximately
5100 miles), and 189 msec to Verona/Italy (approximately 6000
miles). The network latency by the speed of light from Palo Alto to
Yokohama is around 27 msec, and to Verona is around 32 msec.

Table 2 shows the high-res document page image streaming
latency to the remote site. The average latency is 20.9 sec from Palo
Alto to Yokohama, and 22.4 sec from Palo Alto to Verona.

The average system latency for transmitting the hand skeleton
data and the hi-res document page data from Palo Alto to Yoko-
hama is smaller than the ones from Palo Alto to Verona, which is
consistent with the distances of two remote sites from the local site.

We compare our system with the H-TIME [9] tele-immersive
system in terms of transmission data size, distance between two
distributed sites, one-way latency, and data frequency (see Fig. 8).
Due to our small skeleton data size (⇠2.6kB, 2 orders of magnitude
smaller), we can achieve relatively low latency (⇠190 msec) over
much longer distance (⇠6000 miles, 2 orders of magnitude farther)
compared with H-time (⇠400 msec) that transmits mesh data (⇠450
kB) over much shorter distances (⇠30 miles). The frequency of data
transmission is 6 fps in our system, and 25 fps in H-TIME.

Figure 8: Comparison of our system with H-TIME [9].

5 CONCLUSION AND FUTUREWORK
We presented a novel system for hand-document telepresence with
high resolution document capture and hand skeleton tracking, and
with two separate channels for transmitting these data. We evalu-
ated our system over long distances, and compared our system to a
tele-immersive system that was tested over much shorter distances.

For future work, one direction is to evaluate our system on user
level tasks over long distances, and to use our system in realistic
situations with remote colleagues. Further enhancements to our
system include improving the transmission of the large document
image using progressive decoding, optimizing the hand and docu-
ment trackers to improve the frame rate, and supporting more than
one hand over a document from multiple sites.
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Data transmission with 
two channels
• Document page image 

(~12MB): only when 
the page has changed

• Hand skeleton 
data(~2.6kB): 5~6 fps

• Hand Skeleton Data (~ 2.6kB) Latency
• Palo Alto ∼ Yokohama: ~ 180 msec
• Palo Alto ~ Verona: ~ 191 msec

• High-res Document Data (~ 12MB) Latency
• Palo Alto ∼ Yokohama: ~ 26.53 sec
• Palo Alto ~ Verona: ~ 28.48 sec

• Our system can achieve relatively low latency over a long 
distance since we transmit the small hand skeleton data

• Comparison with H-TIME [3] system that transmits large 
mesh data over shorter distance


