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Abstract— An active handheld micromanipulator has been
developed that is capable of automated intraocular acquisition
of B-mode and C-mode optical coherence tomography scans
that are up to 4 mm wide. The manipulator is a handheld
Gough-Stewart platform actuated by ultrasonic linear motors.
The manipulator has been equipped with a Fourier-domain
common-path intraocular OCT probe that fits within a 25-
gauge needle. The paper describes the systems and techniques
involved, and presents preliminary results of B-mode and C-
mode scans.

1. INTRODUCTION

Optical coherence tomography (OCT) has become an
important tool for ophthalmology in recent years [1]. Its
importance was originally due to the confocal scanning laser
ophthalmoscope, which images the retina from outside the
eye [2], and which was later improved with adaptive optics to
correct for natural aberrations in the eye [3]. More recently,
intraocular OCT probes for surgical use have appeared [4].

B-mode and C-mode scans can be generated by tracking
the position of a probe as it moves across tissue. Such a scan
can be performed manually [5-7]. However, the accuracy and
repeatability of robotic devices provide a clear advantage for
acquisition of such scans. Furthermore, with an actuated
device, the distance of the probe from the tissue can be
automatically controlled, which is beneficial both for safety
and for image quality [8]. Spiral-scanning devices have been
developed for endoscopic use [9-11]. Helical scans have
been used for imaging luminal organs such as the esophagus
[12]. Robotic B-mode and C-mode scanning has been
demonstrated also for intraocular applications, using the
Johns Hopkins Eye Robot [7, 13].

A fully-handheld microsurgical robot, known as Micron,
has been developed [14]. It is capable of stabilizing its tool
tip by sensing hand motion and actively compensating the
erroneous component. The handheld approach sacrifices a
certain amount of steadiness or accuracy in comparison with
table-mounted robotic arms [15-17], but possesses certain
advantages in terms of ease of use and low cost. Previous
prototypes of Micron featured 3 degrees of freedom (DOF)
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and had a range of tip motion of less than 1 millimeter [14],
but a new prototype has recently been developed, with 6
DOF and a greatly increased range of motion [18], largely in
order to better perform scanning for applications such as
intraocular OCT sensing and laser photocoagulation [19].
This paper describes B-mode and C-mode OCT scanning
techniques using Micron, and presents preliminary results.

II. METHODS

A. Scanning System

The active handheld micromanipulator, Micron (Fig. 1),
incorporates a Gough-Stewart platform actuated by six
ultrasonic linear motors (SQUIGGLE® SQL-RV-1.8, New
Scale Technologies, Inc., USA) (Fig. 2). The manipulator
workspace, defined for the tip of the intraocular tool shaft, is
designed to include a cylinder 4 mm in diameter and 4 mm
high. Under closed-loop control, the system has a -3 dB
bandwidth of approximately 40 Hz. The system can
withstand a transverse load of up to 0.2 N at the point of the
sclerotomy (the entry point through the white of the eye), 20
mm from the tip of the intraocular shaft, without degradation
of performance. The maximum diameter of the instrument
is 27.5 mm, and the instrument is 130 mm long, excluding
the intraocular shaft which protrudes from the housing (Fig.
1). The instrument can be fitted with a variety of end-
effectors. To date, passive tools such as picks,
micropipettes, and optical fibers have been used, but
actuated tools such as forceps would also be possible.

Position sensing for feedback control was provided by a
custom-built microscale optical tracking system, ASAP
(Apparatus to Sense Accuracy of Position) [20]. For the
new 6DOF prototype of Micron, six infrared LEDs to be
tracked were affixed: three to the manipulator, and three to
the handle (Fig. 2). The LEDs are detected by two position-
sensitive detectors (PSDs) at a sampling rate of 1 kHz.
ASAP provides 6DOF tracking of both the manipulator and
the handle of Micron throughout a workspace of roughly 27
cm’, with less than 6 pum RMS error. During a scan, the
control system of Micron actively compensates tremor and
any other hand motion, the intention being to allow no
motion of the tip other than the specified scan.

This study used the endoscopic Fourier-domain common-
path OCT system of Liu et al. [21], which works on the
principle that interference of coherent light with itself after it
is reflected and refracted encodes, in the Fourier domain, the
distances from the reference plane to the optically opaque
layers of the imaged sample. The system is driven by an
840-nm superluminescent diode (SLED) with spectral width
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Figure 1. Micron, an active handheld micromanipulator.

Figure 2. View of Micron with the front housing removed for easier
viewing of the six LEDs (white rectangles) and the actuators.

of 50nm. Using a custom-built spectrometer, the system
features a theoretical axial resolution of 6.2 pum and a
practical imaging range of approximately 3 mm in air. The
probe consists of standard single-mode fiber, with 9-um
core, 125-pm cladding, and an outer coating 245 um in
diameter, bonded within a 25-Ga. hypodermic needle.
Including image digitization and signal processing, the
system sampling rate is approximately 4.5 kHz for single
axial images (A-scans) with minimal latency. Image
integration time is 10us. B-mode and C-mode scans were
composed of position-tracked A-mode scans using the 6DOF
pose information from the same optical tracker used for
feedback control of Micron, running at a 1 kHz update rate.

The OCT image data acquired from the probe is sent to a
visualization workstation via Ethernet. Both applications are
developed using the cisst-saw open source C++ framework
(http://www.cisst.org/cisst/saw/).

B. Testing

Two handheld tests of scanning performance were
conducted. The first test of the system was a spiral C-mode
scan of group 1, element 4, from a USAF 1951 MIL-STD-
150A resolution test chart (Fig. 3(a); group 1, element 4 is

slightly right of center). The probe tip speed along the spiral
trajectory was set at 2 mm/s. The commanded spacing
between adjacent cycles of the spiral was 50 um. The total
diameter of the scanned spiral was 1 mm. Because the OCT
system sampling rate is higher than the sampling rate of
ASAP, linear interpolation between measured poses of the
probe was used to estimate the pose corresponding to each
OCT A-mode scan or “data point.”

The second demonstration of performance was a repeated
B-mode scan. The manipulator oscillated the probe in a
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Figure 3. (a) USAF 1951 MIL-STD-150A resolution test chart. (b) Result
of spiral C-mode scan of USAF 1951 MIL-STD-150A resolution test
chart, group 1, element 4 (the fourth element below the number “I1,”
slightly right of center in (a)). The three bars from the element in the chart
(which are black in the original chart) are visible in the scan. The space
between bars, which measures 0.176 mm on the chart, is measured at
0.194 mm in the acquired scan.
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Figure 4. Result of zigzag B-mode scan of a stack of 3 layers of 3M™
Polyester Tape 8911 (each layer is 50 pm thick). B-mode scanning
was performed automatically, while movement in the perpendicular
direction to generate the zigzag was performed manually. The 3 layers
are evident near the top of the scanned volume.

triangular wave pattern at 5 Hz. The motion of the tip of the
probe was 3 mm peak-to-peak at a speed of 30 mm/s.
During execution, the tool was moved manually in the
direction perpendicular to the B-mode scan, resulting in a
zigzag scan pattern with a total of 50 scan lines. The
scanned material in this case was a stack of 3 layers of 3M™
Polyester Tape 8911. Each layer is 50 pm thick (30 um
adhesive and 20 pm backing).

III. RESULTS

The result of the spiral C-mode scan is shown in Fig. 3(b).
A false-color representation and thresholding were used to
aid visualization. The spiral contains 17862 individual A-
mode scans. This included 7917 poses measured by ASAP;
hence, the scan time was 7.9 s. The space between bars in
the scanned image was estimated using a drawing widget in
the visualization software. The space between bars, which
measures 0.176 mm on the chart, is measured at 0.194 mm
in the acquired scan.

The result of the zigzag B-mode scan is shown in Fig. 4.
The three layers of the tape can be clearly seen near the top
of the scanned volume. The total pattern contains 11272
individual A-mode scans. This included 5045 poses
measured by ASAP; the scan time was 5.0 s.

IV. DiscusSION

The data presented indicate the general feasibility of
acquiring surgically useful OCT scans in B-mode and C-
mode using the 6-DOF Micron. This new Micron prototype
possesses advantages for size and quality of OCT scans
compared to the previous 3-DOF Micron [14], since the 6-
DOF Micron has a far larger range of motion and provides
for a remote center of motion at the sclerotomy. Future

work will involve refinement of the control system for
improved scanning speed and accuracy.
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