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PGHM Vision Measurement System

Authors: Christopher Immer, John Lane, Jeff Brink, Robert Youngquist

For installation of payloads into the Orbiter cargo bay while at the pad, the payload is
delivered to the launchpad in a canister. The payload is then transferred into the payload
bay of the Shuttle Orbiter. The mechanism responsible for manipulating the payload, the
Payload Ground Handling Mechanism (PGHM), consists of a set of movable J-Hooks
that lift the payload by its trunnions. Successful, safe integration of the payload requires
careful position measurement of the J-Hooks relative to the payload trunnions and the
payload relative to the Orbiter payload bay. Due to the complex nature and high mission-
to-mission variability of the geometry involved with the flight hardware, rulers are
presently the best way to measure these relative positions; however measurement with
rulers is difficult, time-consuming, and relatively inaccurate. The PGHM Vision
Measurement System alleviates this measurement problem by using a standard
inexpensive, RS-170, monochrome camera coupled with digital image processing to
precisely measure the relative position of the payload. The image processing algorithms
are specifically designed to locate and track uniquely designed targets. The system
accurately measures the X, Y, and Z position of the payload via the vector position of the
targets. The vision measurement system is currently being integrated into the PGHM.
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Abstract

For installation of payloads into the Orbiter cargo bay while at the launch pad, the payload is
delivered to the pad in a canister. The payload is then transferred into the payload bay of the Shuttle
Orbiter. The mechanism responsible for manipulating the payload, the Payload Ground Handling
Mechanism (PGHM), consists of a set of movable J-hooks that lift the payload by its trunnions.
Successful, safe integration of the payload requires careful position measurement of the J-hooks relative
to the payload trunnions and the payload relative to the Orbiter payload bay. Due to the complex nature
and high mission-to-mission variability of the geometry involved with the flight hardware, rulers are
presently the best way to measure these relative positions; however, measurement with rulers is difficult,
time-consuming, and relatively inaccurate. The PGHM Vision Measurement System alleviates these
measurement problems by using a standard, inexpensive RS-170 monochrome camera coupled with
digital image processing to precisely measure the relative position of the payload. The image processing
algorithms are specifically designed to locate and track uniquely designed targets. The system accurately
measures the x, y, and z position of the payload via the vector position of the targets. The vision
measurement system is currently being integrated into the PGHM.

Payload Installation Procedure

Preparing a Space Shuttle for launch involves numerous steps requiring many months to
complete. The Orbiter vehicle itself is processed in the Orbiter Processing Facility (OPF). The Orbiter is
then moved to the Vehicle Assembly Building (VAB) where it is mated in a vertical position with the
External Tank and the Solid Rocket Boosters (SRBs). After vehicle assembly on the Mobile Launcher
Platform, the crawler transporter moves the entire assembly to the launch pad. There are also numerous
processing steps that take place at the launch pad.

Of course, one of the primary goals of the Space Transportation System (STS) is to ferry
payloads into low Earth orbit. In processing the Space Shuttle, one of the most important procedures is
installation of the payloads into the payload bay of the Orbiter. See Figure 1 for a picture of the Orbiter
and location of the payload bay. Payload installation typically takes place either in the OPF, where the
Orbiter is in the horizontal position, or at the launch pad, where the Orbiter is in the vertical position.

The most common installation of payloads is at the launch pad shortly before launch. For vertical
installation, the payloads are prepared at a separate facility in a payload canister. This canister serves to
protect the payload during transportation to the launch
pad. After the assembled Space Shuttle is moved to w'i:ﬂ'wu,;..ﬁ;«.amx.:fm
the launch pad, the payload canister is then transported O RRGRSRT
to the launch pad. coassaca s

At the launch pad, the Rotating Service
Structure (RSS) is retracted away from the vehicle.
The payload canister is then mated with the Payload
Changeout Room (PCR). This room is an
environmentally controlled clean-room-type enclosure.
It has a set of outer airlock doors with inflatable
environmental seals' so that the payload may be
transferred from the payload canister into the PCR el

without exposure to the external environment. After SRDERE
the payload is transferred into the PCR, the airlock
doors are closed and the empty payload canister is

removed from the RSS. The RSS is then rotated to

mate with the Orbiter payload bay. (See Figure 2 for a
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picture of a payload mid-transfer in the PCR). The Figure 1. Space Shuttle Orbiter and Payload
Orbiter payload bay doors and the PCR doors are Retention System.
1












Experimental Verification of Vision Measurement System

The first step in experimentally proving that the Vision Measurement System could be applied to
payload position measurement was to place a target on a high-accuracy x-y table. The table was
automatically positioned over the same range where measurements are necessary, and the Vision
Measurement System was coordinated to acquire data while the x-y table scanned over the region of
interest. The x-y table was used to investigate various camera-lens combinations, the accuracy of the
system, the effects of lens distortion, the interchangeability of same-model lens-camera combinations, and
many other factors. An example of the resulting data of one of the best camera-lens combinations is
shown in Figure 6. The plots shown are error plots. Each plot shows the difference between the
measurements of the Vision Measurement System and those reported from the x-y table. Areas in green
arc where the error is less than 0.025 inch.

To use the Vision Measurement System for installing payloads, there were, of course, numerous
requirements. The measurements must be accurate to 0.05 inch inx, y, and z at mating. At mating the
camera-target separation is on the order of 12 inches. Figure 6 clearly shows that the Watec 902c/Tamron
8-mm lens meets the accuracy requirement. It was also required that the field of view be approximately 3
inches at seating. The Watec/Tamron lens selection also meets the field-of-view requirement.
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Figure 6. Error plots for Watec 902¢ camera with Tamron 8-mm lens. All units are in inches. e is
the error of the Vision Measurement System in the z direction; e, is the error in the x direction. The
data are plotted relative to the optical axis of the camera. Green indicates the error is less than 0.025
inch. Other colors indicate error greater than 0.025 inch.

Another method used to verify the system performance involved applying the algorithm to a
larger-scale system. For this experiment, 1-inch targets were printed and placed in a large high bay. A
surveying crew measured the exact position of the targets. The surveying results were then compared
with the measurements taken by the Vision Measurement System. The experiment resulted in good
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