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THE CHALLENGE

The robot will enter the Colorado Robot Chal-
lenge, a contest held annually in Great Sand
Dunes National Park. Robots are required to
chase a beacon signal across a series of obsta-
cles without human assistance in a simulated
Mars enviornment.

The goal of this project is to augment an ex-
isting chassis (Figure 1) with a stereo vision
sensor and software. Using GPU technology,
it will be capable of real-time obstacle recogni-
tion. Identified obstacles will serve as an input
to the existing route-planning software. Figure 1: Last year’s chassis

THE IMPLEMENTATION

The semi-global matching (SGM) algorithm
is memory intensive. Path smoothness data
must be kept for each pixel at each possi-
ble disparity. For 8-bit, monochrome, VGA-
resolution images, with a modest maximum
disparity value of 32 pixels, this memory re-
quirement can theoretically be under 100MB.
However, with additional GPU memory ac-
cess optimizations, the memory requirement
can easily be a few hundred MB. On the Jet-
son TK1, which shares 2GB of memory be-
tween CPU and GPU processes, including

usual Ubuntu processes, a few hundred MB
may not be available. Larger maximum dis-
parities are necessary for identifying obstacles
near to the stereo sensor, but are prohibitively
memory intensive on this platform.

Also, shared memory is used extensively to
minimize accesses to global memory. How-
ever, a typical thread block uses close to the
full allotment of shared memory on a single
CUDA core. This presents additional limita-
tions to the maximum disparity that can be cal-
culated with the current implementation.
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FUTURE RESEARCH

The current research focus is to add a proof-
of-concept object recognition application to
the robot chassis in time for the competition
(April) using existing CPU implementations
for semi-global matching (SGM) (Figure 4).

After competition, additional research will
seek to complete a functional CUDA version

of the SGM algorithm. Additional perfor-
mace optimizations will be necessary. Ex-
pected speed improvements have not yet been
observed, and memory constraints will need
to be readdressed to improve versatility.

When ready, this will be the first open-source
GPU implementation of the SGM algorithm.
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THE STRATEGEY
Using the existing chassis and route planning
software as a starting point, this project will
combine the following elements:

• Stereo camera sensor
• Jetson TK1 embedded GPU to provide

necessary computational power
• OpenCV library for basic image opera-

tions and stereo calibration
• Semi-global matching (SGM) algorithm

to calculate stereo correspondence

Previous GPU implementations of SGM have
not been open-source. This project aims to
contribute a CUDA implementation of the
SGM algorithm to the OpenCV library.

Figure 2: Stereo camera sensor

THE ALGORITHM

Stereo matching algorithms determine the dis-
parity, or pixel shift, between corresponding
features of stereo images. H. Hirschmuller’s
semi-global matching (SGM) algorithm [1] re-
duces noise in disparity images by maximiz-
ing smoothness along every path (left, right,
and diagonal) through every pixel.

Figures 4 and 5 compare the output of the
OpenCV CPU-implemented SGM to a stan-
dard block-matching technique.

Figure 3: Sample stereo image (left image shown)

Figure 4: SGM yields smooth disparity images

Figure 5: Standard block-matching technique

RESULTS
Currently, the CUDA implementation of the
semi-global matching (SGM) is limited to path
smoothing only in the horizontal directions,
and smoothing parameters are not yet tuned.

Initial output from the algorithm (Figure 6)
demonstrates early solutions to memory con-
straints and basic parallelizing schemes for
the algorithm.

Figure 6: Current output of CUDA SGM, after hor-
izontal path smoothing only. Smoothing in addi-
tional directions will reduce horizontal artifacts.
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