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Abstract. Robotic surgical platforms require vision feedback systems, which often
consist of low-resolution, expensive, single-imager analog cameras. These systems
are retooled for 3D display by simply doubling the cameras and outboard control
units. Here, a fully-integrated digital stereoscopic video camera employing highdefinition sensors and a class-compliant USB video interface is presented. This
system can be used with low-cost PC hardware and consumer-level 3D displays
for tele-medical surgical applications including military medical support, disaster
relief, and space exploration.
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Introduction
A common problem surgeons face with in-vivo surgery, performed either traditionally or
robotically, is the low-quality vision associated with existing imaging systems based on
low-resolution analog imagers. In addition to being low-resolution, these systems typically use a single imager, and are incapable of providing the user with depth perception.
Recent advances in image sensors have enabled the use of high-quality digital imaging
systems for in-vivo surgical applications; meanwhile, trends in the miniaturization of
sensors have created the opportunity for the development of simulated binocular vision
which is capable of providing the surgeon with depth perception [10].
Stereoscopic video cameras aid medical professionals in many areas of treatment,
diagnosis, pre-operative planning, surgery, and surgical training and teaching [15]. Although early tests showed mixed results [2], it is now well-established that surgeons – especially those inexperienced with performing laproscopic surgery – perform better with
a stereoscopic camera system [6,1,11]. Stereoscopic vision enables better judgement of
depth, as well as better perception of surface curvature and material properties [4]. In
[12], stereoscopic vision has also been shown to improve the naturalness of images.
In this work, a stand-alone, compact stereoscopic digital camera is presented for invivo surgical robot systems. This device uses low-power high-definition (HD) CMOS
sensors, and can be integrated with a variety of consumer-class 3D displays through a
standard USB interface.

1. Background
Stereoscopic vision systems offer the surgeon realistic depth perception, and also lend
themselves to a myriad of image processing applications [13,14]. It has been demonstrated that stereoscopic vision can be used to track robotic movements with significantly
improved accuracy compared to traditional motor-based tracking [8]. Stereoscopic images paired with modern stereo matching techniques allow for full 3D reconstruction
of the operating scene [9]. Emerging applications of stereoscopic reconstruction suggest
that stereoscopic vision systems have the potential to assist and automate standard surgical procedures, thus reducing operating time and human error [3].
The adoption of a stereoscopic camera system necessitates further design considerations when compared to a monocular solution. Stereoscopic systems require a dualimager device, a frame interleaver/interlacer, and an output display capable of targeting
each eye separately. Existing imaging systems used in surgical robots have been based
on off-the-shelf standard-definition analog CCD technology that has traditionally offered
lower noise than the same generation of CMOS technology; however, CMOS has made
great strides in quality over the last two decades [17], and because CMOS camera designs
are much simpler, high-quality cameras are now available in small form factors.
In [13], Stoyanov et al. use a standard-definition analog camera for soft tissue 3D
depth recovery. Hu and Miller developed an insertable stereoscopic imaging device [7]
and built and tested their prototype [5] that used off-the-shelf CCD camera modules.
Although their insertable system is small, it relies on expensive analog CCD imagers that
offer poor resolution.

2. System Design
To improve upon existing analog camera systems used by many surgical robots, a digital low-cost CMOS-based USB high-definition stereoscopic camera is introduced. This
system was designed to increase access to high-quality digital imaging while testing and
developing software algorithms for stereoscopic reconstruction, tool tracking, and other
surgical applications requiring 3D camera systems. The design of the camera was driven
by a need[16] for researchers to have access to a high-quality, low-cost 3D video camera
that could be deployed on multiple generations of robots, as well as for researchers working on 3D reconstruction and other image processing applications to have a comfortable
development environment that can easily be replicated and used on desktop and laptop
computers without bulky external camera control and video capture hardware found in
traditional analog camera systems.
2.1. Design Overview
Figure 1 shows the proposed stereoscopic camera positioned next to a U.S. quarter. The
camera is designed to be used with insertable robots for in-vivo surgery, and measures 2.4
centimeters in length and 2.6 centimeters in width, with a baseline separation between
the image sensors of 1.5 centimeters. Given that the average distance between human
eyes is 6.0 centimeters, the separation between sensors has the effect of providing 4×
depth magnification to the user when viewing the output of the video camera.

Figure 1. High definition 720p digital CMOS dual-imager circuit board, measuring 2.4 by 2.6 cm.

The camera system was designed around two consumer-class OmniVision OV9710
1/4" 1 megapixel CMOS digital imagers that output 720p HD video at 30 frames-persecond. Each camera is interfaced to a separate USB Video Class (UVC) compliant controller, the EETI EM2780, that provides control and bulk endpoints to the USB host. The
EM2780 uses a 3.3V 0.18 micron process Intel 8051 core, resulting in low power consumption. The core is clocked at 60 MHz with a high-speed DMA buffer mated to the
CPU and USB peripheral, and can stream HD video at 30 frames per second. Ancillary
power management circuits are shared between the two imagers, which helps reduce the
overall size of the imaging board to less than one square inch.
Because the proposed camera uses a standard USB interface, it can operated from
any USB host. To view scenes in 3D, low-cost consumer-class polarization or LCD shutter monitors can easily be interfaced to the computer. Many high-end laptops feature integrated 3D-enabled displays that, when coupled with the proposed camera, enable highquality 3D imaging in a lightweight, low-cost environment, thus providing an accessible
platform for research and development of stereoscopic image processing algorithms.

(a) Analog NTSC video camera

(b) Proposed 720p HD digital video camera

Figure 2. Resolution test using the ISO 12233 resolution chart for electronic still cameras (top), and three-dimensional reconstructions of a simulated surgical environment (bottom).

3. Results
The proposed digital stereoscopic video camera was holistically compared with a
standard-definition stereoscopic analog camera. A consistent daylight-balanced florescent light source, measuring 2491 lux, was used to light the scene. Sunex DSL756 3.8mm
f/2.8 quarter-inch format lenses, which provide a wide-angle field of view of 60◦ , were
used for both the analog and the digital imagers.
The resolution of both the analog and digital cameras was tested using the ISO 12233
resolution chart. The results given in Figure 2 illustrate the improved sharpness and local
contrast achieved using the proposed camera. The magnified sections of the test images
show that the digital camera achieves approximately twice the resolving capabilities of
the analog camera.
To test the capabilities of the analog and digital cameras when used for image processing, stereo images of a simulated surgical environment were captured using both systems. After capturing the stereo images, the 3D processing algorithm given in [9] was
used to compute the textured mesh model of the simulated surgical environment. Figure
2 indicates the improved reconstruction capabilities of the digital camera when compared
to the analog camera. There is a noticeable amount of discontinuity and a lack of detail in
the model extracted from the analog stereo image pair, while the 3D reconstruction generated using images from the proposed digital camera accurately captures details in the
surface of the scene. The resulting flatness of the reconstruction from the analog stereoscopic camera is likely due to a lack of local contrast, high noise levels, and the limited
resolution of the image sensors.

4. Conclusion
A dual-imager camera was developed to address the need for a compact, low-cost, high
definition video camera system, capable of providing depth perception in surgical situations. When compared to an analog camera, significant improvements in both local
contrast and image resolving capabilities were demonstrated using the proposed camera.
Additionally, the two systems were tested for their suitability to image processing applications. Using a stereo matching algorithm as a benchmark for comparison, the existing analog system was unable to match the depth and detail of the proposed digital
system. These results indicate that the proposed system is capable of providing higherquality video for robotic surgery applications – both in terms of conveying realistic depth
perception, and allowing for the integration of advanced image processing.
Future applications for the system include installation and testing on the robotic
platform described in [16] in a real surgical environment. Additional components to be
integrated with the camera include an LED light source, a voice-coil-powered autofocus
lens assembly, and a pan-tilt mechanism. Future upgrades to the camera might include
further miniaturization, increasing image resolution and frame rate, as well as integrating
a high-speed uncompressed digital video interface.
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