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Short Description: This deliverable describes the experimental set-up being developed for the acquisition of visual and motor data during grasping actions performed by humans. The motivation for this set-up is to start experimenting with low-level algorithms based on visual and motor data that could be used to extract, code and recognize grasping actions. Visual data are acquired through two video cameras in a binocular stereo arrangement positioned so that the acquired video stream is very close to the “subjective” view of a person during manipulative actions. The motor data is acquired by means of a data glove measuring the evolution in time of the hand posture (22 sensor on palm and fingers) position and orientation of the wrist (6 more sensors). Visual and motor data are acquired synchronously and stored on disk for off-like processing.
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1. Introduction
This deliverable describes the experimental set-up for the acquisition of visuomotor grasping data. In particular what we want to record simultaneously are sequences of images and kinesthetic information during grasping actions with the purpose of starting to investigate which visuomotor low-level processing are necessary to learn how to discriminate, from visual information only, between different grasping actions. In order to do that we need to acquire information as close as possible to the real visual and proprioceptive information available to humans during the initial years of life. Considering that it is impossible to record from a human the motor command elicited by the motor areas of the brain, we decided to record something similar to the proprioceptive information namely the evolution in time of the position and orientation of the hand and fingers during a grasping action. Furthermore, visual information will be acquired by a pair of stereo cameras mounted in such a way that they give a “subjective” view of the arm-hand during motion execution.
2. The Hardware

The grasping information we need to acquire are of two different kinds: images, showing the subject’s arm reaching and catching an object, and information about the hand kinematics, describing its position during the motion as well as the fingers posture.

The main task of this setup is to acquire and store information, without doing any on-line processing. As the system does not require any special computational speed, we decided the to use a commercial PC equipped with a Pentium IV class processor at 1.7 GHz and 256 Mbytes of RAM. The machine is equipped with an Ultra-SCSI Hard disk drive, that allows to record large amount of data, such as data required by images, in a quick and efficient way. 

The image acquisition is achieved by using two Watec WAT202D digital cameras (see figure 1) with PAL standard (768x576 pixels, 25 Hz of frame rate, color) acquired by two Picolo Industrial Frame grabbers. These cameras are mounted behind the subject, up to his shoulders, one on each side to acquire images from a “subjective” point of view (see figure 2).
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	Figure 1: one of the two cameras used. The size of the camera is approximately 4x4x4cm
	Figure: subjective sample image acquired by one of the two cameras.


To obtain the hand kinematics we use two devices: a Dataglove, which reads the fingers joints angle, and a 6 degrees of freedom tracker, to determine the hand position and orientation in space. 

The Dataglove, a “CyberGlove” model produced by Immersion, consist of a glove mounting 22 sensors reading the hand joints angle and transmitting the date to the PC through a serial interface. There are three sensors for each finger to read the phalanges relative angles, four sensors for the finger abduction, two sensor to measure palm inclination and orientation, and a sensor for the palm arch (see figure 3). Data from these sensors can be acquired up to a frequency of 112 Hz. 
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	Figure 3: positioning of the 22 sensors of the data glove


The tracker is a “Flock of Bird” produced by Ascension (see figure 4), it determines the position of a sensor in space, using a magnetic field emitted by a transmitter. The sensor and the field emitter are wire-connected to a device that reads the sensor position and orientation, relative to the emitter, and send them to PC serial port. The tracker sensor is attached onto the wrist, using a specific housing slot on the CyberGlove. The glove is light weighted, also with the tracker sensor mounted on, and don’t limit in any way the hand motion and manipulation.
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	Figure 4: Flock of bird sensor (left) and its position on the dataglove.


The set-up is assembled so that the fixation point of the stereo pair will be on the target object.

3. The Software

The software that acquires and saves grasping data is written in C++ and compiled with Microsoft Visual C++, on Windows 2000 platform.

It gather information from the peripherals and write them on disk: the images are saved in Windows Bitmap format, with a size of 384x288, 24 bits per pixel of color depth, without any compression; the hand joint angles are written in a text file, using the windows Comma Separated Value standard, together with the hand position and orientation.

The program works with a frame rate of 25 Hz, this means that every 40 msec  it acquires two images from the cameras and read the serial ports to record the Dataglove and tracker sensor data; this is the maximum frame rate allowed by the PAL standard, in order to have a complete new frame available in memory.

Considering that the purpose of the set-up is to acquire quantitative behavioral data, it is critical that, once the recording has started, no frames are lost and, furthermore, the video and kinematic data are synchronized. The kind of processing we will perform, in fact, may require the computation of image velocity information as well as the possibility of performing cross-correlation between visual and motor data. Of course the most demanding requirements are relative to the video signal. For this reason video acquisition is based on the use of two buffers (besides the double buffering mechanism used by the frame-grabber board). The acquisition buffer is accessed by the frame grabber through its DMA channel and by the main acquisition thread, which, every 40 msec, transfer the image pair in to a storage buffer. The main acquisition thread, besides the actual transfer, also adds the time-stamp information required for synchronization (see below). The storage buffer is accessed by the storage thread, which saves the acquired data on a swap file on disk. This operation is performed asynchronously and because of the fast disk access allowed by the Ultra-SCSI Hard disk drive, the storage buffer never overflows. An example of a sequence of images is shown in figure 5 (the actual sequence was composed of about 50 stereo frames).
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	Figure 5: sample sequence from the right camera of a grasping action.


Another requirement is to maintain the synchrony between video and kinematics information, to determine which frame corresponds  to a particular sensors reading and vice-versa. This synchrony assures that a given image pair (right one and left one)  is grabbed in the same time interval (within the same 40 milliseconds) of the corresponding sensor data reading.  To do this the program use time stamping (see above): every image pair is “time stamped” to determine to what time interval it belongs and the same thing is done with the kinematic data. Then, once the recording has been stopped, the data are correlated using the time stamps to reconstruct the correct data flow and the bitmap images and the text file are available in the hard disk.

In the following figure 6, sample data from the wrist position sensor are shown. Similar data are acquired from the 22 angular sensors of the data glove.
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	Figure 6: Numerical (right) and plotted (left) data from the position sensor at the wrist. 


4. The protocol

Until now we have not started a the systematic acquisition of data but only few recoding trials have been made to test the performance of the apparatus. In the meantime we have defined the experimental protocol that will be used. The protocol will required the acquisition of at least 10 subjects each repeating for 10 times grasping actions toward 3 different objects in 3 different positions (left, right, in front). Each object will have a different shape so that it will elicit 3 different grasping actions. For example: a) an elongated object lying flat on the table (pencil); b) a cylinder of about 8 cm in diameter with its axis vertical (cup), c) a small sphere 1 cm in diameter (candy). The subject will be required to lay his/her hand flat on a table always in the same position and approximately in front of the subject on the midline. The elbow flexed and the fingers close to each other. An object will be placed in specified positions at a distance requiring the full extension of the arm to be performed to reach the object. In total there are nine possible conditions (3 grasps and 3 positions) to be repeated 10 times for each subject. For the pencil it is also possible to change the orientation on the plane which, initially, will be kept constant. The experimenter will initiate each trial by placing one of the objects in one position (this will initiate the start of the recording). The subject will be required to grasp the object and to bring it to the initial position of the hand with no particular instructions. Besides the visual and kinematic data, the time of contact between the hand and the object will be marked.
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Glove Data

		FrameNumber		ThumbInner		ThumbMiddle		ThumbOuter		IndexInner		IndexMiddle		IndexOuter		MiddleInner		MiddleMiddle		MiddleOuter		RingInner		RingMiddle		RingOuter		PinkyInner		PinkyMiddle		PinkyOuter		Abduction12		Abduction23		Abduction34		Abduction45		PalmArch		PalmAbduction		HandPositionX		HandPositionY		HandPositionZ		HandAzimuth		HandElevation		HandRoll

		1		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.51852		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1547		-0.46686		0.033952		-0.033398		0.033922		26.477859		12.379772		-21.0065		161.745659		23.621326		27.334819

		2		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.51852		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1547		-0.46686		0.033952		-0.033398		0.033922		26.477859		12.362194		-21.01529		161.811579		23.621326		27.378765

		3		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.51852		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1547		-0.46686		0.033952		-0.033398		0.033922		26.473464		12.370983		-21.019684		161.789605		23.665273		27.356792

		4		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.51852		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1547		-0.46686		0.033952		-0.033398		0.033922		26.469069		12.366588		-21.019684		161.745659		23.665273		27.378765

		5		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.51852		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1547		-0.46686		0.033952		-0.033398		0.033922		26.482253		12.353404		-21.01529		161.833552		23.621326		27.422712

		6		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.51852		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1547		-0.46686		0.033952		-0.033398		0.033922		26.464675		12.379772		-21.024079		161.723685		23.665273		27.356792

		7		-0.792		-0.17508		-0.11416		-0.50096		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.5364		0.25224		-0.61531		-0.0728		0.13832		-0.085278		-0.1274		-0.45682		0.033952		-0.033398		0.033922		26.469069		12.379772		-21.019684		161.767632		23.621326		27.400739

		8		-0.82368		-0.17508		-0.11416		-0.4848		-0.53983		-0.19578		-0.4485		-0.46904		0.17867		-0.45682		-0.5364		0.25224		-0.61531		-0.0728		0.13832		-0.064154		-0.091		-0.44678		0.030916		-0.036434		0.043126		26.455885		12.388562		-21.028474		161.679739		23.687246		27.444685

		9		-0.82368		-0.16049		-0.11416		-0.4848		-0.53983		-0.19578		-0.43125		-0.46904		0.17867		-0.45682		-0.5364		0.25224		-0.63194		-0.0728		0.13832		-0.040314		-0.0819		-0.43674		0.030916		-0.036434		0.043126		26.473464		12.392956		-21.002106		161.701712		23.555406		27.510605

		10		-0.85536		-0.16049		-0.09989		-0.4848		-0.53983		-0.19578		-0.43125		-0.50512		0.17867		-0.45682		-0.5364		0.25224		-0.6652		-0.1092		0.13832		-0.015456		-0.1365		-0.42168		0.034634		-0.041696		0.050104		26.464675		12.410535		-21.0065		161.745659		23.555406		27.774285

		11		-0.8712		-0.1459		-0.07135		-0.50096		-0.55442		-0.20331		-0.4485		-0.5412		0.15765		-0.47439		-0.59004		0.24173		-0.6652		-0.1638		0.12844		-0.028246		-0.1729		-0.41164		0.042904		-0.042406		0.043274		26.442701		12.454482		-21.0065		161.789605		23.51146		28.125858

		12		-0.90288		-0.13131		-0.07135		-0.50096		-0.55442		-0.20331		-0.4485		-0.57728		0.13663		-0.47439		-0.59004		0.22071		-0.6652		-0.182		0.12844		-0.028246		-0.1911		-0.4016		0.042904		-0.042406		0.043274		26.420728		12.494034		-21.0065		162.273019		23.44554		29.048738

		13		-0.91872		-0.13131		-0.05708		-0.50096		-0.56901		-0.20331		-0.46575		-0.57728		0.13663		-0.49196		-0.6258		0.22071		-0.6652		-0.2184		0.11856		-0.028246		-0.2002		-0.39156		0.042904		-0.042406		0.043274		26.324046		12.687399		-21.01529		162.558672		23.687246		30.828578

		14		-0.91872		-0.13131		-0.05708		-0.51712		-0.56901		-0.20331		-0.46575		-0.59532		0.13663		-0.50953		-0.6258		0.22071		-0.6652		-0.2184		0.11856		-0.035319		-0.2002		-0.39156		0.046281		-0.043519		0.042161		26.174627		13.047761		-20.980132		163.349712		24.060793		33.575243

		15		-0.91872		-0.11672		-0.05708		-0.51712		-0.56901		-0.20331		-0.46575		-0.64944		0.11561		-0.50953		-0.66156		0.19969		-0.6652		-0.2548		0.11856		-0.037546		-0.2184		-0.38152		0.053034		-0.045746		0.039934		25.981262		13.522385		-20.923002		163.239845		25.005646		35.684683

		16		-0.93456		-0.11672		-0.05708		-0.51712		-0.5836		-0.21084		-0.46575		-0.64944		0.1051		-0.50953		-0.67944		0.19969		-0.68183		-0.273		0.11856		-0.037546		-0.2184		-0.3765		0.053034		-0.045746		0.039934		26.003235		13.676199		-20.795557		164.052858		25.269326		37.112949

		17		-0.96624		-0.11672		-0.05708		-0.51712		-0.5836		-0.21084		-0.46575		-0.64944		0.1051		-0.50953		-0.67944		0.17867		-0.68183		-0.273		0.10868		-0.032944		-0.2184		-0.3765		0.051516		-0.047264		0.044536		25.884579		13.764092		-20.887844		164.909818		26.104312		38.409375

		18		-0.98208		-0.11672		-0.04281		-0.51712		-0.5836		-0.21084		-0.46575		-0.70356		0.08408		-0.50953		-0.75096		0.15765		-0.68183		-0.3458		0.10868		-0.034057		-0.2184		-0.36646		0.054893		-0.048377		0.043423		25.691214		14.24311		-20.799951		164.624165		25.972472		38.189642

		19		-0.98208		-0.11672		-0.04281		-0.51712		-0.5836		-0.21084		-0.46575		-0.7216		0.07357		-0.50953		-0.76884		0.14714		-0.68183		-0.4004		0.0988		-0.034057		-0.2184		-0.35642		0.054893		-0.048377		0.043423		25.590136		14.370556		-20.839503		165.810724		25.708792		39.354228

		20		-1.0296		-0.11672		-0.04281		-0.51712		-0.5836		-0.21084		-0.46575		-0.75768		0.07357		-0.50953		-0.82248		0.12612		-0.68183		-0.4732		0.07904		-0.034057		-0.2275		-0.34638		0.054893		-0.048377		0.043423		25.489059		14.498001		-20.870266		166.601764		25.137486		40.321055

		21		-1.0296		-0.11672		-0.04281		-0.51712		-0.5836		-0.21084		-0.46575		-0.77572		0.07357		-0.50953		-0.85824		0.11561		-0.68183		-0.5278		0.06916		-0.030569		-0.2275		-0.34638		0.056751		-0.051009		0.046911		25.264931		14.840785		-20.905423		167.085177		23.797113		40.365001

		22		-1.06128		-0.13131		-0.04281		-0.51712		-0.5836		-0.21084		-0.483		-0.77572		0.05255		-0.50953		-0.91188		0.08408		-0.69846		-0.637		0.05928		-0.030569		-0.2366		-0.33132		0.056751		-0.051009		0.046911		24.974883		15.315409		-20.909818		166.975311		22.742393		40.650655

		23		-1.07712		-0.16049		-0.04281		-0.53328		-0.5836		-0.21084		-0.5175		-0.84788		0.02102		-0.5271		-1.00128		0.04204		-0.73172		-0.7462		0.02964		-0.030569		-0.2366		-0.32128		0.056751		-0.051009		0.046911		24.816675		15.434065		-21.010895		168.03003		21.489914		41.595508

		24		-1.07712		-0.16049		-0.02854		-0.53328		-0.5836		-0.21084		-0.5175		-0.88396		0		-0.5271		-1.05492		0.01051		-0.73172		-0.819		0.01976		-0.024609		-0.2457		-0.31124		0.056751		-0.051009		0.046911		24.627705		15.447249		-21.226234		169.238563		20.654927		43.067721

		25		-1.12464		-0.17508		-0.02854		-0.5656		-0.59819		-0.21084		-0.5175		-0.97416		-0.04204		-0.56224		-1.12644		-0.03153		-0.76498		-0.9282		-0.00988		-0.024609		-0.2457		-0.30622		0.056751		-0.051009		0.046911		24.434339		15.675771		-21.27897		169.74395		19.424421		43.353374

		26		-1.15632		-0.17508		0		-0.58176		-0.59819		-0.21084		-0.56925		-1.02828		-0.06306		-0.57981		-1.18008		-0.06306		-0.78161		-0.9828		-0.02964		-0.030569		-0.2457		-0.29618		0.056751		-0.051009		0.046911		24.22779		15.807611		-21.419599		170.33723		18.369701		43.682974

		27		-1.17216		-0.20426		0		-0.59792		-0.59819		-0.21084		-0.56925		-1.11848		-0.11561		-0.57981		-1.2516		-0.11561		-0.78161		-1.0738		-0.0494		-0.032796		-0.2366		-0.28614		0.063504		-0.053236		0.044684		24.109134		15.829585		-21.538255		170.798669		17.380902		43.92468

		28		-1.20384		-0.20426		0.02854		-0.63024		-0.62737		-0.21084		-0.621		-1.19064		-0.14714		-0.61495		-1.30524		-0.14714		-0.81487		-1.1284		-0.07904		-0.032796		-0.2366		-0.28112		0.063504		-0.053236		0.044684		23.867428		15.935057		-21.722831		171.435896		16.018555		43.639027

		29		-1.21968		-0.20426		0.04281		-0.67872		-0.65655		-0.21837		-0.67275		-1.22672		-0.17867		-0.66766		-1.35888		-0.16816		-0.8315		-1.183		-0.0988		-0.049318		-0.2184		-0.28112		0.065022		-0.051718		0.040082		23.551012		16.115238		-21.749199		171.369976		15.073702		43.46324

		30		-1.25136		-0.20426		0.04281		-0.71104		-0.68573		-0.2259		-0.7245		-1.28084		-0.19969		-0.7028		-1.41252		-0.19969		-0.86476		-1.2376		-0.11856		-0.05392		-0.2093		-0.27108		0.06654		-0.0502		0.03548		23.331278		16.049318		-21.718436		171.721549		14.062929		43.3314

		31		-1.25136		-0.20426		0.07135		-0.75952		-0.71491		-0.24096		-0.759		-1.31692		-0.22071		-0.72037		-1.44828		-0.22071		-0.88139		-1.274		-0.13832		-0.05392		-0.1911		-0.27108		0.06654		-0.0502		0.03548		23.102756		15.921873		-21.766778		172.007202		13.469649		43.375347

		32		-1.25136		-0.23344		0.07135		-0.79184		-0.75868		-0.25602		-0.81075		-1.353		-0.24173		-0.73794		-1.50192		-0.24173		-0.89802		-1.3104		-0.15808		-0.058522		-0.182		-0.26606		0.068058		-0.048682		0.030878		22.992889		15.864742		-21.757988		172.182989		12.81045		42.979827

		33		-1.2672		-0.26262		0.07135		-0.82416		-0.80245		-0.27108		-0.84525		-1.38908		-0.25224		-0.77308		-1.53768		-0.25224		-0.93128		-1.3468		-0.17784		-0.056295		-0.1638		-0.26606		0.061305		-0.046455		0.033105		22.839076		15.803217		-21.73162		172.270882		12.21717		42.606281

		34		-1.28304		-0.27721		0.07135		-0.87264		-0.84622		-0.28614		-0.897		-1.42516		-0.27326		-0.80822		-1.57344		-0.27326		-0.96454		-1.4014		-0.20748		-0.056295		-0.1456		-0.2761		0.061305		-0.046455		0.033105		22.746788		15.737297		-21.727226		172.292856		11.865596		42.144841

		35		-1.28304		-0.30639		0.07135		-0.8888		-0.84622		-0.29367		-0.91425		-1.4432		-0.27326		-0.82579		-1.59132		-0.27326		-0.96454		-1.4014		-0.20748		-0.056295		-0.1365		-0.28112		0.061305		-0.046455		0.033105		22.632527		15.640614		-21.753594		172.380749		11.514023		41.551561

		36		-1.28304		-0.32098		0.11416		-0.8888		-0.90458		-0.30873		-0.91425		-1.4432		-0.27326		-0.82579		-1.59132		-0.27326		-0.96454		-1.4014		-0.21736		-0.060898		-0.1365		-0.29618		0.062822		-0.044938		0.028502		22.549028		15.62743		-21.74041		172.226936		11.338237		41.265908

		37		-1.28304		-0.32098		0.15697		-0.92112		-0.96294		-0.32379		-0.9315		-1.4432		-0.27326		-0.84336		-1.59132		-0.27326		-0.98117		-1.4014		-0.21736		-0.060898		-0.1183		-0.30622		0.062822		-0.044938		0.028502		22.527055		15.587878		-21.762383		172.292856		11.140477		41.002228

		38		-1.28304		-0.32098		0.19978		-0.92112		-0.97753		-0.33132		-0.966		-1.4432		-0.27326		-0.84336		-1.59132		-0.27326		-0.98117		-1.4196		-0.21736		-0.060898		-0.1183		-0.30622		0.062822		-0.044938		0.028502		22.474319		15.565905		-21.771172		172.248909		10.96469		40.804468

		39		-1.29888		-0.26262		0.25686		-0.93728		-0.97753		-0.33132		-0.966		-1.4432		-0.27326		-0.86093		-1.59132		-0.27326		-0.98117		-1.4196		-0.21736		-0.056051		-0.1183		-0.32128		0.066199		-0.046051		0.027389		22.45674		15.557115		-21.762383		172.204962		10.722983		40.474868

		40		-1.31472		-0.21885		0.31394		-0.93728		-0.97753		-0.33132		-0.966		-1.4432		-0.26275		-0.86093		-1.59132		-0.27326		-0.9978		-1.4014		-0.21736		-0.057165		-0.1092		-0.33132		0.069575		-0.047165		0.026275		22.430372		15.557115		-21.788751		172.161016		10.459304		40.057375

		41		-1.3464		-0.18967		0.34248		-0.93728		-0.97753		-0.33132		-1.0005		-1.42516		-0.26275		-0.89607		-1.59132		-0.27326		-0.9978		-1.4014		-0.21736		-0.057165		-0.1092		-0.33132		0.069575		-0.047165		0.026275		22.404004		15.56151		-21.810724		172.051149		10.23957		39.639882

		42		-1.3464		-0.17508		0.37102		-0.95344		-0.97753		-0.33132		-1.0005		-1.42516		-0.26275		-0.89607		-1.59132		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1092		-0.33132		0.069575		-0.047165		0.026275		22.395215		15.482406		-21.876644		172.139042		9.997864		39.222388

		43		-1.3464		-0.17508		0.37102		-0.95344		-0.96294		-0.33132		-1.0005		-1.42516		-0.26275		-0.89607		-1.59132		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1001		-0.33132		0.069575		-0.047165		0.026275		22.364452		15.499985		-21.894223		171.963256		9.77813		38.607135

		44		-1.3464		-0.17508		0.37102		-0.9696		-0.96294		-0.32379		-1.01775		-1.40712		-0.26275		-0.89607		-1.57344		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1001		-0.33634		0.069575		-0.047165		0.026275		22.39082		15.442854		-21.903012		172.051149		9.558397		38.365429

		45		-1.3464		-0.17508		0.38529		-0.9696		-0.96294		-0.32379		-1.01775		-1.40712		-0.26275		-0.91364		-1.57344		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1092		-0.33634		0.069575		-0.047165		0.026275		22.355663		15.434065		-21.916196		172.007202		9.536424		38.233589

		46		-1.36224		-0.17508		0.38529		-0.9696		-0.96294		-0.32379		-1.01775		-1.40712		-0.26275		-0.91364		-1.57344		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1092		-0.33634		0.069575		-0.047165		0.026275		22.355663		15.434065		-21.920591		171.985229		9.492477		38.123722

		47		-1.36224		-0.17508		0.39956		-0.9696		-0.96294		-0.32379		-1.01775		-1.40712		-0.26275		-0.91364		-1.57344		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1092		-0.34136		0.069575		-0.047165		0.026275		22.355663		15.434065		-21.924986		171.963256		9.492477		38.057802

		48		-1.36224		-0.17508		0.39956		-0.9696		-0.94835		-0.32379		-1.01775		-1.40712		-0.26275		-0.91364		-1.57344		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1092		-0.33132		0.069575		-0.047165		0.026275		22.351268		15.434065		-21.92938		171.919309		9.470504		38.013855

		49		-1.36224		-0.17508		0.38529		-0.9696		-0.94835		-0.32379		-1.035		-1.38908		-0.26275		-0.91364		-1.57344		-0.27326		-1.01443		-1.4014		-0.21736		-0.057165		-0.1092		-0.33132		0.069575		-0.047165		0.026275		22.342479		15.42967		-21.938169		171.875362		9.448531		37.947935





Hand Position

		HandPositionX		HandPositionY		HandPositionZ

		26.477859		12.379772		-21.0065

		26.477859		12.362194		-21.01529

		26.473464		12.370983		-21.019684

		26.469069		12.366588		-21.019684

		26.482253		12.353404		-21.01529

		26.464675		12.379772		-21.024079

		26.469069		12.379772		-21.019684

		26.455885		12.388562		-21.028474

		26.473464		12.392956		-21.002106

		26.464675		12.410535		-21.0065

		26.442701		12.454482		-21.0065

		26.420728		12.494034		-21.0065

		26.324046		12.687399		-21.01529

		26.174627		13.047761		-20.980132

		25.981262		13.522385		-20.923002

		26.003235		13.676199		-20.795557

		25.884579		13.764092		-20.887844

		25.691214		14.24311		-20.799951

		25.590136		14.370556		-20.839503

		25.489059		14.498001		-20.870266

		25.264931		14.840785		-20.905423

		24.974883		15.315409		-20.909818

		24.816675		15.434065		-21.010895

		24.627705		15.447249		-21.226234

		24.434339		15.675771		-21.27897

		24.22779		15.807611		-21.419599

		24.109134		15.829585		-21.538255

		23.867428		15.935057		-21.722831

		23.551012		16.115238		-21.749199

		23.331278		16.049318		-21.718436

		23.102756		15.921873		-21.766778

		22.992889		15.864742		-21.757988

		22.839076		15.803217		-21.73162

		22.746788		15.737297		-21.727226

		22.632527		15.640614		-21.753594

		22.549028		15.62743		-21.74041

		22.527055		15.587878		-21.762383

		22.474319		15.565905		-21.771172

		22.45674		15.557115		-21.762383

		22.430372		15.557115		-21.788751

		22.404004		15.56151		-21.810724

		22.395215		15.482406		-21.876644

		22.364452		15.499985		-21.894223

		22.39082		15.442854		-21.903012

		22.355663		15.434065		-21.916196

		22.355663		15.434065		-21.920591

		22.355663		15.434065		-21.924986

		22.351268		15.434065		-21.92938

		22.342479		15.42967		-21.938169
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Frame Number (frame rate is 25 Hz)

X Coord

Hand Position in Space (1 of 2)



Sheet3
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Frame Number (frame rate is 25 Hz)

Y Coord

Hand Position in Space (2 of 2)



		






