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ABSTRACT

We discuss potential applications of a novel visual
sensing method that is particularly suitable for obstacle
detection and/or path planning. In this method, scenes are
illuminated by short laser pulses and images are captured
by a gated camera. By controlling the pulse width and the
gating time, it is possible to get images that contain only
objects within a predefined distance from the camera. The
rest of the scene remains invisible. The presented
experimental results confirm that the method can be
prospectively used to create very fast, robust and reliable
systems for vision-based navigation. Many significant
constraints of the existing algorithms are overcome.

1. INTRODUCTION

Vision is prospectively the most powerful sense of
intelligent robotics, but the real-world applications of
machine vision are often constrained by a 2D nature of
camera-captured data. One of the typical robotic tasks of
computer vision is vision-based navigation (e.g. obstacle
detection and/or recognition, finding safe passages, etc.).
In general, such tasks cannot be completed using only 2D
images. Instead, complex systems equipped with multiple
sensors and sophisticated algorithms (multi-camera
stereovision, structure from motion, vision and ranging
fusion, etc.) are developed. Systems designed according to
these principles have been presented in numerous papers
(examples of recent results can be found in [1], [2], etc.).
However, such systems have some disadvantages, e.g:
= performance may strongly depend on the content of
observed scenes as feature detection and/or matching
is a crucial part of the algorithms;
= results are often produced after computationally
complex data fusion (e.g. range-scanning data, stereo-
matching, ultrasonic sensors, etc.) so that the systems
cannot be used in high-speed applications;
= mechanical reconfiguration (e.g. a camera orientation
and/or position shift) may be needed to adopt the
system to changing conditions or requirements.
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In this paper, we discuss a novel method of visual sensing
that offers many advantages over the existing techniques.
The method is particularly suitable for obstacle detection
and/or path planning.

The basic ideas are very similar to the principles of radar
and sonar technologies that have been used for many
decades. A short laser pulse illuminates the observed
scene and, subsequently, an image is captured by a gated
camera. By controlling the pulse width and the gate
opening/closing time we are able to obtain the image that
contains only objects within a predefined distance from
the camera, i.e. only the potential obstacles or objects of
interest. The rest of the scene would remain invisible.
Although range-gating and lidar-based methods have been
intensively investigated for many years (e.g. [3], [4]) the
envisaged applications are rather different from our
method. The researchers have been primarily trying to
improve visibility in highly-scattering media (e.g. [5]).
The recent survey [6] lists other novel applications of
lidars (e.g. detection of objects hidden in grass). Our
research has also emerged from projects on short-range
visibility improvement in highly turbid waters ([7], [8]).
The paper presents the initial phase of the conducted
research. We concentrate on the experimental verification
of the expected visual quality of gated images. Although
the scale of experiments was limited (because of technical
constraints and safety considerations) the obtained results
have strongly confirmed our expectations. Obstacles can
be visually detected very straightforwardly, satisfactorily
accurately and extremely quickly. The performance
parameters (e.g. the range of obstacle detection) can be
rapidly adjusted by tuning electronic parameters of the
system. We believe that the proposed method opens new
options in the area of visually-guide navigation. The
following sections present justifications for this claim.
Section 2 overviews the basics of the method and briefly
describes the laboratory equipment. In Section 3, we present
exemplary results illustrating various aspects of the tested
method. We concentrate on shorter ranges primarily
because for these ranges the existing systems seem to be
particularly ineffective. The actual ranges are below 3m
(this is the size of our laboratory setup).
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2. IMAGING SYSTEM

Systems based on range-gated lidars are one of the
advanced methods that can be used to enhance visibility
in highly noised environments (e.g. turbid water, heavy
fog, etc.). Fig.1 shows the principle of operation for such
systems under idealized conditions.
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Fig. 1. Idealized principle of operation of range-gated lidars.

The actual performance of such devices is more complex.
As an example, Fig.2 shows the light intensity profile at
the receiver (camera) when a flat distant target is
illuminated by an approx. 10ns laser pulse.
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Fig.2. An exemplary intensity profile of the received signal for a
10ns illumination pulse.

The measurements have been done in water so that a
strong backscattering effect (the lower peak in Fig.2) is
seen. Nevertheless, it can still be concluded that if the
camera gate closes at the time corresponding to the
selected distance - e.g. at approx 20ns for the example
shown in Fig.2 - only the objects (and possibly other
visually observable phenomena) within this distance will
be seen at the image.

We conducted the experiments using a laboratory setup
shown in Fig.3.

Fig.3. General layout of the equipment.

Although the lidar system is attached to a 3.0m long water
tank (the original scope of researches was underwater
visibility enhancement) during our experiments the tank
was emptied. Thus, the open space conditions have been
approximately obtained. Because of safety reasons the
system cannot be transferred to elsewhere. The major
components of the system are:

e A Nd:YAG pulsed laser producing approx. 10ns
pulses at 10Hz or 20Hz frequency. The laser beam
diverges into a conical shape.

e An ICCD camera system with Xybion ISG-250
camera, a high-speed photo-detector and a camera
control unit. The effective minimum gating time is
20ns. The photo-detector rise-time is below 350ps.

e Meteor II card containing a Matrox frame grabber
with NTSC video output.

o Signal delay generator with 5ps resolution.

3. EXPERIMENTAL RESULTS

In the conducted experiments, we have created scenes
(both static and dynamic ones) of diversified complexity
placed at various distances from the lidar system. Because
of the tank size, the farthest objects could be 3m away
(they represent the background part of the scenes) while
the “obstacles” are either fixed at shorter distances or
moving within similar ranges. In order to monitor the
dynamic changes and to quickly get a large number of
sample images, we video-recorded the results. The
presented images are frames extracted from the digitized
video. Thus, both the quality and the resolution are
inferior to the original images captured by the system
(samples of the original quality can be found in [7] and
[8]). The dark patch in the centre of all images is a
damaged part of the CCD matrix.

The experiments are focused on the following two issues:
1. Comparison between gated and non-gated images.
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2. Obstacle detection and identification using gated
images.

3.1. Gated versus non-gated images

Examples of non-gated images (equivalent gates images
can be obtained by using a continuous illumination) and
their gated counterparts are shown in Fig.4.
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Fig. 4. Examples of non-gated (A, D, G) and the corresponding
gated images.

The scenes contain foreground objects (at ranges between
0.4m and 2.4m) but in non-gated images the automatic
extraction of those objects from the background would
not be straightforward.

The effective duration of the laser pulse is approx. 10ns,
and the effective camera gating time exceeds 20ns. Thus,
for the short-range gated images (e.g. Fig.4B) the gate
opens earlier than the laser pulse is produced. For the
image shown in Fig.4E the pulse and the gate opening are
approx. simultaneous (the timing characteristics of laser
pulses cannot be accurately measured in the available
system). Images from Figs 4C, 4F and Fig.41 have been
captured by a delayed gate opening (approx. 10ns after
the laser pulse).

Such experiments have confirmed that by changing gate
opening characteristics it is possible to capture images
that contain only those fragments of the scene that are
within the corresponding distance from the camera.

3.2. Detection and recognition of moving obstacles
From the robotic perspective, the most importance

application of gated images would be detection and/or
recognition of objects approaching the camera system (i.e.

potential obstacles). In a series of experiments, we
captured sequences of images representing such
situations. In Fig.5, an obstacle is fixed at 1.0m distance,
while another obstacle is approaching the camera. It can
be clearly seen how the moving object is gradually
becoming visible.

In the experiment shown in Fig.6, the original scene does
not contain any obstacle within the visible range.
Subsequently, a perpendicularly moving object enters the
visible area at a very short distance (approx. 0.4m). In
both experiments, the background part of the scenes was
very complex, but the visual detection of the incoming
obstacles seems straightforward.

The examples show that detection of obstacles intruding
the visible volume can be prospectively done using very
simple algorithms (e.g. image thresholding).

Fig. 5. A sequence of images for an obstacle approaching the
camera.

Fig. 6. An obstacle moving perpendicularly.
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In automatic detection, however, the problem of (usually
unavoidable) ambient light should be properly handled. In
our experiments, for example, there is a mixture of day-
and artificial light. Under such conditions, the “invisible”
parts of gated images may have the same (or even higher)
intensity than darker details of obstacles. We have found
that in case of isolated obstacles within the visible range,
the problem can be solved by double image capturing —
using high and low gain of the CCD sensor. High-gain
images are practically always saturated within the
obstacles (regardless their texture or colour). Because of
various optical effects (a combination of refraction and
backscattering on the air particles is suspected) a certain
area surrounding the obstacles is also saturated. Low-gain
images, however, contain fine details of the obstacles.
Thus, the saturated area can be used as a very fast
estimator of obstacle shapes. The same area within the
corresponding low-gain image can be used to perform the
detail analysis/recognition of the obstacles. Exemplary
results are shown in Fig.7.

y
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Fig. 7. High-gain image (A), low-gain image (B), the saturated
area of the high-gain image (C), and the low-gain image masked
by the saturated area (D).

For more complex object configurations, the method is
less reliable (i.e. it could produce an impression of a fully
blocked way, while actually passages between the
obstacles may exist) and alternative solutions have to be
proposed (to be reported in the incoming papers). It
should be emphasized, however, that the “over-saturation”
effect gradually diminishes when the observed objects
approach the camera, i.e. gated images ‘“naturally”
become more reliable when such a reliability is needed.

4. SUMMARY

The content of gated images depends on the
characteristics of an imaging system. In particular, the
visibility range may fluctuate depending on the pulse
duration stability. In our system, the duration of laser

pulses can fluctuate by approx. Ins, i.e. the actual
visibility range deviates by 15cm (in air). Moreover, the
image intensities may fluctuate due to the pulse energy
instabilities. In general, however, the visual distortion of
gated images caused by the parameter fluctuations are
within a tolerable limit.

Although the scale of experiments was limited, the results
have confirmed the advantages of gated images in vision-
based navigation. Obstacles can be detected with
satisfactory accuracy using very simple methods even at
very short distances (below 1.0m). Even though gating
time control and stability of the laser pulses are the key
issues, the method is sufficiently robust with some
fluctuations of these parameters. Moreover, image
capturing is fast enough for any imaginable applications.
However, the data capturing and transmission rates should
be increased to exploit the data-capturing speed.
Generally, gated imaging is still far from technical
maturity required in fully autonomous navigation, but
nevertheless it should be considered one of the promising
options in this research area.

In out future researches, we will focus on further
development of obstacle detection methods for diversified
types of scenes, and on theoretical models of short range
gated imaging.

5. REFERENCES

[1] Ohya, A., A. Kosaka and A. Kak, “Vision-Based Navigation
by a Mobile Robot with Obstacle Avoidance using Single
Camera Vision and Ultrasonic Sensing” IEEE Trans. on
Robotics and Automation, Vol.14(6), pp. 969-978, 1998.

[2] Elinas, P. et all, “Waiting with Jose, a Vision-based Mobile
Robot” Proc.IEEE Int. Conf. ICRA 2002, Washington D.C., pp
3698-3705, 2002.

[3] Ulich, B.L. et all, “Recent results in imaging LIDAR”, SPIE
Proceedings of Advances in Laser Remote Sensing for
Terrestrial and Oceanographic Applications, Vol. 3059, pp 95-
108, 1997.

[4] McDonald T.E. (jr) et all, “Range Gated Imaging
Experiments Using Gated Intensifiers”, SPIE Proceedings of
High Speed Imaging, Vol. 3642, pp 142-148, 1999.

[5] Kervern, G., A. Le Gall, “Imaging Through Scattering
Media: Performances and Technical Concerns of Range-gated
Equipment”, SPIE Proceedings of Lidar for Remote Sensing,
Vol. 1714, pp 81-92, 1992.

[6] Lindgren, M., “Photonics in Defence Applications —
Impressions from Aerosense 20037, 4 Swedish Collaborative
Defence Research Project, http://fotonik.pitch.se/, 2003.

[7] Tan, C.S., G.L. Seet, and A. Sluzek, “'Practical Quantitative
Assessment of Imaging System in Turbid Water Using a
Modified Fidelity Index™, Proc. SPIE's 17" Symp. AeroSense
2003, Vol. 5108 of SPIE Proc. (ed. Z.Rahman), Orlando, pp. 51-
62, 2003.

[8] Sluzek, A., P. Czapski, “Image Enhancer for an Underwater
LIDAR Imaging System”,' Proc. 3 Asian Conf. ACIAR'2003,
Bangkok, pp. 107-110, 2003.

2450



	Index
	ICIP 2004 Home Page
	Conference Info
	Welcome Message
	Techincal Program Overview
	Technical Program Committee
	EDICS Categories
	ICIP2004 Paper Submission Statistics
	ICIP2004 Paper Statistics - Final Program
	ICIP2004 Organizing Committee
	Sponsors
	Exhibition
	Venue Access
	Social Activities
	Other Information
	Call for Papers for ICIP2005

	Sessions
	Monday, 25 October, 2004
	MA-S1-Computational Radar Imaging
	MA-L1-Watermarking I
	MA-L2-Face Recognition
	MA-L3-Video Compression Standards I
	MA-L4-Biomedical Image Processing: Segmentation and Qua ...
	MA-L5-Error Resilience / Concealment I
	MA-P1-Image Segmentation: By Color, Texture, and Edge
	MA-P2-Image Filtering and Morphological Processing
	MA-P3-Image Enhancement I
	MA-P4-Video Segmentation
	MA-P5-Low-level Image Indexing and Retrieval
	MA-P6-DCT-based Video Coding
	MA-P7-Image Compression and Applications
	MA-P8-Distributed Source Coding and Others
	MP-S1-Deformable Models and Applications
	MP-S2-Media Security Issues in Streaming and Mobile App ...
	MP-L1-Face Detection, Recognition, and Classification I
	MP-L2-Video Summarization and Browsing
	MP-L3-Image Filtering and Partial Differential Equation ...
	MP-L4-Image/Video Indexing and Retrieval
	MP-L5-Watermarking II
	MP-P1-Video Compression Standards II
	MP-P2-Error Resilience/Concealment II
	MP-P3-Biometrics I
	MP-P4-Image Segmentation: By Multiple Features and Othe ...
	MP-P5-Image Enhancement II
	MP-P6-Video Object Tracking
	MP-P7-Biomedical Image Processing: Compression and Regi ...
	MP-P8-Video Coding

	Tuesday, 26 October, 2004
	TA-S1-Content-based Analysis of Multi-modal High Dimens ...
	TA-S2-Image Forensics
	TA-L1-Feature-based Image Segmentation
	TA-L2-Denoising and Deblurring
	TA-L3-Biometrics II
	TA-L4-Lossy Image Coding
	TA-L5-Wavelet Video Coding and Scalability I
	TA-P1-Stereoscopic and 3-D Processing I
	TA-P2-Face Detection, Recognition and Classification II
	TA-P3-Motion Detection and Estimation: Block Matching
	TA-P4-Feature Extraction and Analysis: Color and Textur ...
	TA-P5-Watermarking III
	TA-P6-Video Indexing, Retrieval and Editing
	TA-P7-Interpolation
	TA-P8-Geosciences and Remote Sensing and Environment
	TP-S1-What is the Latest in Networked Video?
	TP-L1-Super-resolution and Interpolation
	TP-L2-Deblocking, Restoration, and Enhancement
	TP-L3-Motion Estimation and Detection
	TP-L4-Image Segmentation
	TP-L5-Biomedical Image Processing: Compression, Registr ...
	TP-P1-Stereoscopic and 3-D Processing II
	TP-P2-Face Detection, Recognition and Classification II ...
	TP-P3-Video Streaming and Networking
	TP-P4-Shape Extraction and Analysis
	TP-P5-Watermarking IV
	TP-P6-Image/video Storage and Retrieval
	TP-P7-Wavelet Video Coding and Scalability II
	TP-P8-Image Modeling

	Wednesday, 27 October, 2004
	WA-S1-Content Understanding for Home Photograph and Vid ...
	WA-S2-Pattern Discovery in Real-world Broadcast Video
	WA-L1-Image Scanning, Display, and Printing I
	WA-L2-Image Formation I
	WA-L3-Stereoscopic and 3-D Coding &amp; Processing
	WA-L4-Image Coding I
	WA-L5-Source-Channel Coding I
	WA-P1-Motion Detection and Estimation: Optical Flow and ...
	WA-P2-Watermarking V
	WA-P3-Feature Extraction and Analysis I
	WA-P4-Image Segmentation: Level Set and Active Contour
	WA-P5-Transcoding
	WA-P6-Implementations and Systems
	WA-P7-Document Image Processing and Other Applications
	WA-P8-Biomedical Image Processing: Segmentation and Com ...
	WP-L1-Image Representation, Rendering, and Quality Asse ...
	WP-L2-Stereoscopic Image Processing and 3D Modeling
	WP-L3-Feature Extraction and Analysis II
	WP-L4-Image/Video Segmentation and Tracking
	WP-L5-Distributed Source Coding and Scalability
	WP-L6-Video Streaming
	WP-P1-Image Coding II
	WP-P2-Source-channel Coding II
	WP-P3-Stereoscopic and 3-D Coding
	WP-P4-Super-resolution and Mosaic
	WP-P5-Image Formation II
	WP-P6-Motion Detection and Estimation: Other Methods
	WP-P7-Watermarking and Cryptography
	WP-P8-Image Segmentation: Clustering and Statistical Me ...
	WP-P9-Image Scanning, Display, and Printing II

	Tutorials
	Plenary Sessions
	Special Sessions
	Table of Contents of Printed Proceedings

	Authors
	All Authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	All Papers
	Papers by Session
	Papers by Topics

	Topics
	1.1.1: Lossy coding
	1.1.2: Lossless coding
	1.1.3: Image compression standards
	1.2.1: DCT-based video coding
	1.2.2: Wavelet-based video coding
	1.2.3: Model-based video coding
	1.2.4: Scalability
	1.2.5: Transcoding
	1.2.6: Video compression standards
	1.2.7: Other
	1.3: Stereoscopic and 3-D Coding
	1.4: Distributed Source Coding
	1.5.1: Source/channel coding
	1.5.2: Networking
	1.5.3: Error resilience / concealment
	1.5.4: Video streaming
	1.5.5: Other
	2.1.1: Linear filtering
	2.1.2: Nonlinear filtering
	2.1.3: Level set and fast marching
	2.1.4: Partial differential equations
	2.1.5: Other filtering techniques
	2.2.1: Multiframe image restoration
	2.2.2: Contrast enhancement
	2.2.3: Deblocking / artifacts removal
	2.2.4: Deblurring
	2.2.5: Denoising
	2.2.6: Other restoration techniques
	2.2.7: Other enhancement techniques
	2.3.1: By edge
	2.3.2: By color
	2.3.3: By texture
	2.3.4: By multiple features
	2.3.5: By other features
	2.3.6: Active-contour / snake-based methods
	2.3.7: Clustering-based methods
	2.3.8: Model-fitting-based methods
	2.3.9: Statistical-classification-based methods
	2.3.10: Morphological-based methods
	2.3.11: Level-set-based methods
	2.3.12: Other segmentation methods
	2.4.1: Video object segmentation
	2.4.2: Temporal segmentation
	2.4.3: Video shot segmentation
	2.4.4: Tracking
	2.4.5: Other video segmentation techniques
	2.4.6: Other tracking techniques
	2.5: Morphological Processing
	2.6.1: Stereo image processing
	2.6.2: 3D modeling &amp; synthesis
	2.6.3: Other techniques
	2.7.1: Color
	2.7.2: Texture
	2.7.3: Shape
	2.7.4: Shading
	2.7.5: Other features
	2.8.1: Perceptual / human visual system
	2.8.2: Source modeling
	2.8.3: Noise modeling
	2.8.4: Other
	2.9.1: Face detection, recognition and classification
	2.9.2: Fingerprint analysis and coding
	2.9.3: Iris analysis
	2.9.4: Human activity, gait analysis, and gaze analysis
	2.9.5: Goal-oriented analysis tasks
	2.9.6: Other
	2.10.1: Interpolation
	2.10.2: Super-resolution
	2.10.3: Mosaic
	2.10.4: Registration / alignment
	2.10.5: Other techniques
	2.11.1: Block matching
	2.11.2: Optical flow
	2.11.3: Parametric model for motion estimation
	2.11.4: Change detection
	2.11.5: Camera calibration
	2.11.6: Other motion detection techniques
	2.11.7: Other motion estimation techniques
	2.12.1: Hardware and software co-design
	2.12.2: Embedded and real-time systems
	2.12.3: Paralleled and distributed systems
	2.12.4: Other system platforms
	3.1.1: Super-acoustic imaging
	3.1.2: Tomographic imaging
	3.1.3: Nuclear and x-ray imaging
	3.1.4: Magnetic resonance imaging
	3.1.5: Other
	3.2.1: Radar imaging
	3.2.5: Multispectral / hyperspectral imaging
	3.2.6: Other
	3.4: Optical Imaging
	3.5: Synthetic-Natural Hybrid Image Systems
	4.1: Scanning and Sampling
	4.2: Quantization and Halftoning
	4.3: Color Reproduction
	4.4: Image Representation and Rendering
	4.5: Display and Printing Systems
	4.6: Image Quality Assessment
	5.1: Image and Video Databases
	5.2.1: Low-level image indexing and retrieval
	5.2.2: Relevance feedback and interactive retrieval
	5.2.3: Content addressable browsing
	5.3.1: Video partition/shot detection
	5.3.2: Video features for retrieval
	5.3.3: Low-level video indexing and retrieval
	5.3.4: Semantic video retrieval
	5.3.5: Content summarization and editing
	5.4: Multimodality Image/Video Indexing and Retrieval
	5.5.1: Watermarking
	5.5.2: Cryptography
	6.1.1: Image segmentation and quantitative analysis
	6.1.2: Computer assisted screening and diagnosis
	6.1.3: Visualization
	6.1.4: Image compression
	6.1.5: Image registration and fusion
	6.2.1: Astronomy
	6.2.2: Geosciences
	6.2.3: Remote sensing
	6.2.4: Environment
	6.3: Document Image Processing and Analysis
	6.4: Other Applications

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Copyright
	Current paper
	Presentation session
	Abstract
	Authors
	Andrzej Sluzek
	Ching Seong Tan



