Color-based Face (and skin) Segmentation for Robotic Perceptual Control

Abstract

The purpose of the project is to extend the Intel CAMSHIFT face-segmentation and face-tracking algorithm on a non-stationary camera and still image. The software developed also extends the original to utilize spatial information instead of alone the hue value of human flesh and to also roughly estimate the skin pixel as well as its boundary to derive precise location coordinates of the center of mass in three-dimensions space including its orientation. The main goal of this project is to provide mobile robot the capability to locate humans in its close proximity and to possibly extract some simple instructions by analyzing motion trajectories of human flesh. For these reasons, the algorithm must be robust in its well-controlled working environment and requires minimal training for operating on a still image or low speed image sequence from non-stationary camera. The program is designed to work reliably at the range between one to two meters and should be able to segment more than one flesh area at a time unlike its original. Within its operating range, most of the flesh will be the facial area; hence, the area where the experiment is heavily conducted on. 

Previous work review

CAMSHIFT was designed to handle precise tracking of facial location on a non-moving camera at the range of less than one meter. The algorithm relies heavily on hue value of the human flesh. Human skin forms a very tight cluster in color space even when different races are considered [1]. CAMSHIFT operates on color probability image and applies a non-parametric gradient density claiming called mean shift algorithm to re-center its operating window. By windowing the image, the algorithm will track the location of the face and effectively reduce color segmentation noise by ignoring value outside its search window. Using color model greatly cut down the fault track in noisy environment since color noise has a low probability of being flesh color [2]. The result shows that the algorithm can tolerate up to 30% of Gaussian noise added within reasonable performance degradation. Thus, CAMSHIFT is able to handle noisy image without the need for extra filtering or adaptive smoothing [3].    

It is considered a very good algorithm that suits its perceptual interface purpose; it however, has serious problems when the algorithm loses track of the face, which may occur when the tracked flesh moves too fast or the camera changes it aim angle. Moreover, The algorithm relies on data obtained from sequence of motion images and initial training information to begin with, which means that it will not be able to recover from such a fault. Fast moving motion of face that can cause the CAMSHIFT to fail includes the head roll down motion where significant pixels are quickly replaced by insignificant hair pixels. CAMSHIFT reports the following features, spatial coordinate of the center of mass of the tracked face in three dimension and its orientation respects to the x-y plane. In its operating range, the algorithm is very accurate. The paper shows an almost perfect accuracy result in x and y space translation when measured against Polhemus device. It also does reasonably a good job on z-axis and t-axis rotation.

The algorithm is designed to track face within its search window. Distraction from other skin can also cause large distortion of the reported feature values or as serious as losing the track of the object if the distraction object is large and causes major drift in window location when mean shift tries to claim highly distorted probability gradient.

The CAMSHIFT can segment its tracked object when the hue information is unique enough and its pixel intensities are not too low. When the intensity of the pixel is low, it prevents a reliable reading of hue value due to its larger fluctuation range. Generally, hue may be read any value if the intensity of the image is zero. It is still, however, has to operate on sequence images, which is not suit to application this project aims for. The paper also highly recommend discarding any pixels that is too dark such that it may cause large distortion in color probability image if they are attempted to be corrected and included. The segmentation performance of the hue value as a mean to segment face greatly depends on illumination of the scene. It suggest that improving the performance of the color-based segmentation can be done by consider the hue value along with other spatial features in which this project attempts to complete.
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Needs Being Served

The need to develop a vision algorithm to segment and approximate humans facial and skin area and its boundary including some basic features about the segmented area, such as spatial coordinate, with a single captured image from a slow speed non-stationary camera in a large but experimentally well-controlled area for mobile robot application. Images can be captured from a moving camera and caused major problem for most segmentation algorithms that rely on motion and inter-frame information. Moreover, the system must tolerate to instance-based training, which would cause major downtime of the robot being trained. The algorithm developed within the project serves the purpose by extends the CAMSHIFT color probability image segmentation with additional spatial features consideration. The detail discussion of the inner working is described in the following section.

Overview of the document

The document consists of the detail explanation of the implemented algorithm, experimental description, test results on the measurement in terms of accuracy of feature values reported and on some additional color segmentation performance analysis, and the conclusion including the listing of the software code developed as part of the project. The data is tested against the original CAMSHIFT algorithm if applicable. For non-applicable comparison between the two on capabilities that does not exist in the original, large set of test data that attempts to cover as much as possible the cases are explored.

Description of the Designed Experiment

The accuracy of the x and y axis coordinates are computed via the following method and compare against the CAMSHIFT algorithm. 

· Setup a pink ball calibration mat at various distance from the camera, identify each pixel value at multiple specific locations

· Center face at each of the specific location and obtain the center of gravity reading from the software

· Plot the actual-measured values at multiple camera distance on a chart and calculate its summary statistic of errors

· Approximate the system measurement accuracy as a function of distance

The value of the z-axis is computed based on facial size expectation at distances. The system is previously trained with an expected facial size at distances. By measuring the size of the segmented facial area, it approximates the distance. The setup is similar with the above experiment with a gird measured on the floor. The system can only estimate the distance by assuming that the flesh area found is facial area. The algorithm does not have the capability to differentiate skin parts. We will test the system by centering our face at various depth, the reported segmented area is then mapped to the distance away from the camera. It will then be used against the actual distance for comparison.

Orientation measurement is conducted based on human observation of hand place on elevated platform in angles. The following is the experiment

· Setup an elevate table at various angles

· Measure the angles read by the system

· Comparing it against the actual angle

· Repeat the measurement on other location in the expected operating type of environment.

The system reports the angle based on x-y axis and not z. Measurement of orientation related to z-axis is not implemented due to expected unreliable z-axis measurement that heavily based on facial size-to-space mapping model.

Test on segmentation performance is conducted based on approximated misplace pixels count by human on various location done on different racial skin types and also the approximates dissimilarity of the segmented boundary and the actual boundary observed by human. The dissimilarity is calculated via the mean square error measurement method at sample value randomly selected from significant point. A number of measurement points is selected from place where error is significantly peak. The algorithm should be able to identify the amount of flesh area presented in the seen at its operating range. This will also be measured. Minimum distance by average in which two flesh area will be combined into a single area is also observed.

Description of the Developed Algorithm

First, the developed algorithm is extends to consider three extreme types of colors that can potentially be found in different locations on humans face, including a typical skin color found on the cheek, an unusually red spot found on nose, and extra yellow found around the neck area. The captured RGB image is converted to HSL color space image, and its hue channel is used for generating three color probability images based on the three color probability distributions sampled at the local areas. Each pdf is converted from a histogram of the trained data that is captured in the scene. 

Second, each result image is clipped to zero if the probability is less than a certain threshold. This is done to avoid bad training data set that contains a lot of insignificant pixels data. Each color probability images is then morphological transformed with a “grayscale open” operation to possibly break cluster background noise (area that is not skin) into smaller pieces before being passes to a region analysis module.

Region analysis module completes the region glowing on the each probability image and filter out region whose size is too small or its grayscale sum value within the region is not large enough. Zeroth moment of both grayscale and binary area are used for rejecting large object whose color is close to the skin but not close enough. The center of gravity of each region in each probability image is then computed. The center of gravity is then used across the three images to link three spatial regions in each image together if they are close enough measured as a proportion to its maximum ferret size. If there is a link at least from two regions located at different probability image, the algorithm will link them into a single region.

Four best-fit corner coordinates normalized to region orientation is then computed and the rectangular masking image for each combined region is produce and used for filtered out the insignificant region time with a different set of minimal size and minimal sum pixel intensities requirement. A different way to mask the linked regions together is also observed, such as minimal polyline that will result in a complete best-fit convex hull representation of the linked region. It is wished that it were implemented, however, due to the time limitation, it was not complete at the moment. Only the approximated best-fit rectangle is used to describe the link regions. It is approximated because the maximum ferret value and the ferret measured at perpendicular angle of the maximum ferret value are approximated.

The final stage is develop a demonstrate program, a simple motion analyzer, that utilizes some measured feature values reported by the algorithm. The analyzer developed observed if there are two skin areas in the sequence image and the one of the right side contracts and expands significantly. Only size (z-axis information) and x and y spatial information are used for this motion analyzer.

Result & Observation

The tracking of the X-axis and Y-axis center of mass coordinate is very accuracy. The result is comparable to those CAMSHIFT algorithm with advantage that the system find the feature values in various scene within the controlled environment. 
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As seen, 36 sample points are taken from a camera where face is centered at varouis x and y locations. The system provides accurate results at distance of one meter. The following is another set of sample points taken at different locations at distance of 1.5 meter within the environment. The system also provides accurate results. 


[image: image2.wmf]Location 2: Actual vs. Measured Reading @ 1 meter
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Sample Result Reading from Location 1:
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Orientation is however less accurate. The system still provide good result but with larger standard deviation and mean error. Orientation works reliably in various scenes. However, z-axis estimation does not yield the same result. As moving to the new scene, z-axis measurement varies considerably from the old setting. This is expected since at different scene location, different amount illumination may cause the blob size the significantly change and distort estimated distance.
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About 13 distance reading and 17 orientation readings are taken at location 1. The following is the same type of measurement but taken at location 3 where there is less illumination.
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The following is also another set of reading the location 3 which is the darkest in the room.


[image: image6.wmf]Location 3: Actual vs. Measured Reading

0

50

100

150

200

250

300

0

50

100

150

200

250

Actual (Distance in cm., angle in theta)

Measured Reading

Actual-Measure Theta

Actual-Measure Z

Perfect Measurement


Statistic summary of the z-axis measurement

	
	Location 3
	Location 2
	Location 1

	STD DEV         
	32.3092329
	34.42108016
	7.049126344

	MEAN
	4.986257524
	-27.15387682
	5.746882841


Statistic symmary of the orientation measurement

	
	Location 3
	Location 2
	Location  1

	STD DEV
	6.6719345
	3.1989
	2.79574646

	MEAN
	2.5291284
	2.82357634
	2.9411575


Segmentation performance measurement is calculated based on the following criteria

· Estimated amount of displacement pixels

· Region boundary comparison  (samples top three-four maximum error points) with mean square measurement method

This section is provided as a mean to estimate the segmentation performance. The experiment does not focus on this part since the boundary region is not the main measurement of the project. Only about 10 samples of different persons (with various racial different) taken at a scene of operation are analyzed. The samples are taken at range between 1 meters to 3 meters.
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One main conclusion we can derive is that the amount of misplace pixel as ratio to the size of the region reduces when size is large. This is obviously true because large object also indicate well segmenting performance to certain extends. The boundary measurement is however, arbitrary. This may caused by that face that only 5 sample points are taken for the comparison. A measurement program must be developed to do the task here.

Algorithm under uncontrolled environment

This section attempts to provide some measurement of how the system operates outside its controlled environment. As the result indicates, when the environment significantly changes, the systems should be re-trained. The following shows how the system operates in new scene with significant illumination changes.
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The graph above is the estimated result quality measured as percentage of able to report X-axis and Y-axis coordinates within 10% of error margin at operating point of illumination between 0-100%. The algorithm is hard coded to cut off if illumination is lower than 15%. Once, the image is brighter, reliable hue value is not obtained and causes system to mis-segmenting the skin; hence, less quality result is obtained. As shown, the quality starts seriously degrading at 60-70% illumination point.

Motion analyzer developed does not have its performance analyze since it is used solely for only demonstrating the use of the feature extractions.

The following is the example of the program under working
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The image on the left: the square box is the best fit rectangle normalized at angle.

On the right, the segmented color probability image used for the masking
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The above is the segmented image when applying the masking on the actual picture.
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With calibration map for X-Y axis accuracy check as seen the square red and blue boxes in the background 
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The above two pictures are the segmenting mask and the segmented image

Conclusion

Hue in a very important feature needs for segmenting facial and skin area. It works reasonably well when used along with other features to classify human’s flesh. It is, however, alone not enough for precise skin segmentation. The algorithm helps identifies some Moment-based features accurately since its precise boundary does not have to be determined to indicate good data. Color noise has low probability being a human flesh color is a very important property that helps the algorithm robust to image noise at a correct setting, as long as the hue is reliable read and does not swing. The performance of the algorithm is comparable to those of CAMSHIFT. Insignificant degrading in feature quality is observed due to extra capabilities added to adapt system more usable for different applications. The possible future work is to implementing Fourier descriptor or minimum polyline fitting to better approximate the boundary of the color probability image as used as a masking instead of the color probability image itself. This would solve the non-convex curves and holes problems.  
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Sheet1

		Min		-11.1879721977		-9.5357092779										-11		-10		-30.1566342974		-4.4323958464										-30		-4

		Max		37.0193208086		27.9680691924										37		28		24.7102475248		9.4242925398										25		9

		Mean		12		8														-4		2.5

		StdDev		14		10														15		3.5

		ComStd		15.7322794251		12.1340363165										15.7943194319		12.1508067742		18.1368383753		4.7744641771										18.0302452449		4.7021584531

		COmMean		14.1455312798		8.7612179862										14.25		8.8		-5.3853096799		2.9180676611										-5.3846153846		2.8823529412

				Error X		Error Y		X		Y		Measure X		Measure Y		Real Error X		Real Error Y		Error Z		Error A		Z		A		Measure Z		Measure A		Real Error Z		Real Error A

		1		-11.1879721977		22.5171761731		93		61		82		84		-11		23		7.1537543639		-2.8251502154		15		5		22.1537543639		2		7		-3

		2		-7.4300629402		12.5276345451		193		63		186		76		-7		13		19.4124751087		8.9808581065		30		10		49.4124751087		19		19		9

		3		-1.6501459331		13.8514700809		295		62		293		76		-2		14		24.7102475248		6.881552479		45		15		69.7102475248		22		25		7

		4		21.5043364766		2.7727569691		396		64		418		67		22		3		-24.9978656712		9.4242925398		60		20		35.0021343288		29		-25		9

		5		17.8240378212		20.2138982709		494		60		512		80		18		20		-14.2419306424		-4.0204058808		75		25		60.7580693576		21		-14		-4

		6		25.0186819627		-1.8747444605		590		59		615		57		25		-2		9.8543631912		-4.4323958464		90		30		99.8543631912		26		10		-4

		7		24.7396239742		18.6438629145		93		123		118		142		25		19		-30.1566342974		0.5142172618		105		35		74.8433657026		36		-30		1

		8		12.1871892166		-7.3015793078		193		125		205		118		12		-7		-17.2848590578		9.1576351521		120		40		102.7151409422		49		-17		9

		9		20.3039050308		0.1616988673		295		127		315		127		20		0		-14.1349180659		0.2688607649		135		45		120.8650819341		45		-14		0

		10		14.8017632364		23.2928013663		396		122		411		145		15		23		-26.4370491629		6.0591675035		150		50		123.5629508371		56		-26		6

		11		28.8545191591		-9.4662301907		494		126		523		117		29		-9		1.3930783065		3.0547376721		165		55		166.3930783065		58		1		3

		12		4.7269337322		11.5440548579		590		123		595		135		5		12		-13.5514761855		2.2335576234		180		60		166.4485238145		62		-14		2

		13		-4.1626474166		-9.5357092779		93		190		89		180		-4		-10		8.2717887488		7.1105445413		195		65		203.2717887488		72		8		7

		14		33.5981847151		4.6885588574		193		192		227		197		34		5				0.7900400337				70				71				1

		15		31.9734249418		-1.9321864807		295		187		327		185		32		-2				-2.8556947327				75				72				-3

		16		15.7074731198		-2.7321028085		396		185		412		182		16		-3				7.0170025554				80				87				7

		17		-7.6612088963		21.1784941818		494		194		486		215		-8		21				2.2483306807				90				92				2

		18		-4.8846219161		22.2197503824		590		189		585		211		-5		22

		19		31.6278907018		27.9680691924		93		245		125		273		32		28

		20		37.0193208086		6.4866855903		193		151		230		157		37		6

		21		-6.8601810002		17.7820478742		295		141		288		159		-7		18

		22		36.9482950864		-3.6749284414		396		239		433		235		37		-4

		23		36.9589865977		-0.728744668		494		246		531		245		37		-1

		24		11.5496861424		-6.2719811979		590		245		602		239		12		-6

		25		26.5476155361		-2.3369841722		93		298		120		296		27		-2

		26		29.1679892211		19.1671231225		193		298		222		317		29		19

		27		14.0629635288		6.8090487573		295		297		309		304		14		7

		28		20.6778920495		13.9943055857		396		293		417		307		21		14

		29		28.0049402207		2.9756815108		494		296		522		299		28		3

		30		-13.5624998718		25.2116622389		590		294		576		319		-14		25

		31		10.0615023869		6.7939083203		93		363		103		370		10		7

		32		-10.7966430657		24.5800398991		193		360		182		385		-11		25

		33		-9.8311232677		21.8242897681		295		361		285		383		-10		22

		34		8.518842193		27.8712033553		396		363		405		391		9		28

		35		36.0702189928		5.8150721891		494		365		530		371		36		6

		36		33.9882488725		6.0471881449		590		368		624		374		34		6
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Sheet1

		Min		-12.9807942839		-8.5910126451										-13		-9		-59.1007963406		-4.1060966744										-59		-4

		Max		35.9249548272		25.8909393797										36		26		71.766370883		12.7308946541										72		13

		Mean		12		8														6		4

		StdDev		14		10														-35		5

		ComStd		14.6635411394		10.7078784468										14.6686202846		10.7041556121		36.8767706943		5.0247238702										36.9365360085		5.0751702377

		COmMean		13.7443125445		7.4407656759										13.7		7.5		-3.868911223		3.5592915573										-3.8461538462		3.5882352941

				Error X		Error Y		X		Y		Measure X		Measure Y		Real Error X		Real Error Y		Error Z		Error A		Z		A		Measure Z		Measure A		Real Error Z		Real Error A

		1		35.9249548272		-2.6613830756		93		61		129		58		36		-3		-59.1007963406		3.494013118		15		5		-44.1007963406		8		-59		3

		2		22.2257573702		18.5992553572		193		63		215		82		22		19		-22.558676374		-0.0242646116		30		10		7.441323626		10		-23		0

		3		8.5696392376		2.6383177188		295		62		304		65		9		3		-34.2977835874		5.8496508512		45		15		10.7022164126		21		-34		6

		4		23.2058875102		-4.2958446572		396		64		419		60		23		-4		46.550841897		-2.2732563134		60		20		106.550841897		18		47		-2

		5		35.8815538667		14.0815129686		494		60		530		74		36		14		16.9981373339		5.6845071621		75		25		91.9981373339		31		17		6

		6		23.0041112867		19.2642330038		590		59		613		78		23		19		-22.8189125573		3.5999751695		90		30		67.1810874427		34		-23		4

		7		15.3000929294		-8.5910126451		93		123		108		114		15		-9		-25.3216358002		11.8886862767		105		35		79.6783641998		47		-25		12

		8		-8.8407671078		3.0428937358		193		125		184		128		-9		3		-30.1565410951		12.7308946541		120		40		89.8434589049		53		-30		13

		9		2.1443134555		17.7087538543		295		127		297		145		2		18		25.8869908829		-1.6805385704		135		45		160.8869908829		43		26		-2

		10		20.9765787608		25.8909393797		396		122		417		148		21		26		71.766370883		-1.6287082228		150		50		221.766370883		48		72		-2

		11		-12.9807942839		-3.6585117174		494		126		481		122		-13		-4		-0.5959698096		1.1774038007		165		55		164.4040301904		56		-1		1

		12		7.2097270745		11.2435948897		590		123		597		134		7		11		12.2734790564		3.1179859338		180		60		192.2734790564		63		12		3

		13		18.9185861988		7.6393408872		93		190		112		198		19		8		-28.9213503873		0.5836192539		195		65		166.0786496127		66		-29		1

		14		-2.0182918977		8.6103051453		193		192		191		201		-2		9				6.3334188499				70				76				6

		15		27.1688517907		17.9692797726		295		187		322		205		27		18				11.1167741708				75				86				11

		16		21.1450955056		22.4414529061		396		185		417		207		21		22				4.6438916266				80				85				5

		17		7.0412882788		8.8750165527		494		194		501		203		7		9				-4.1060966744				90				86				-4

		18		12.5491324392		2.5098370802		590		189		603		192		13		3

		19		-10.8425018606		-4.1171708881		93		245		82		241		-11		-4

		20		28.3030355077		-8.3754967509		193		151		221		143		28		-8

		21		8.4872238013		-1.2131473175		295		141		303		140		8		-1

		22		20.9164237925		-3.8562668481		396		239		417		235		21		-4

		23		-11.3783163864		18.3955863286		494		246		483		264		-11		18

		24		-3.0253881416		27.6955205678		590		245		587		273		-3		28

		25		-9.1205408989		1.6095387902		93		298		84		300		-9		2

		26		-5.0695948136		-9.1081434484		193		298		188		289		-5		-9

		27		6.1838074866		1.7585954865		295		297		301		299		6		2

		28		2.2152879947		-8.5846687803		396		293		398		284		2		-9

		29		9.8390801344		21.6452917933		494		296		504		318		10		22

		30		10.7196547572		24.0914593873		590		294		601		318		11		24

		31		-7.1423511191		0.485839019		93		363		86		363		-7		0

		32		12.6577442652		6.8491644833		193		360		206		367		13		7

		33		-14.8508092053		-5.4492785702		295		361		280		356		-15		-5

		34		18.747174801		25.3336945806		396		363		415		388		19		25

		35		29.9740945497		22.935934474		494		365		524		388		30		23

		36		-10.2405140361		-8.7970419813		590		368		580		359		-10		-9
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Sheet1

		Min		-12.4223477185		-9.2791156272										-12		-9		-35.0638084949		-3.9353886022										-35		-4

		Max		37.717258788		27.8482336771										38		28		34.7037835178		9.0806313896										35		9

		Mean		12		8														12		2.5

		StdDev		14		10														25		3.5

		ComStd		15.1051322846		10.972105678										15.1847395694		11.041071649		25.2603445335		4.647855655										25.2241235776		4.599392543

		COmMean		5.391013217		12.2529179805										5.55		12.3		2.5625568428		1.9331030006										2.6153846154		1.8235294118

				Error X		Error Y		X		Y		Measure X		Measure Y		Real Error X		Real Error Y		Error Z		Error A		Z		A		Measure Z		Measure A		Real Error Z		Real Error A

		1		-2.6463323363		18.2588633812		93		61		90		79		-3		18		30.3362199307		5.1923984381		15		5		45.3362199307		10		30		5

		2		2.6944345306		3.468564936		193		63		196		66		3		3		17.587199546		-3.614733651		30		10		47.587199546		6		18		-4

		3		-4.4898658975		21.653674126		295		62		291		84		-4		22		-20.3788215396		-3.8897417783		45		15		24.6211784604		11		-20		-4

		4		23.9362104138		17.6781740038		396		64		420		82		24		18		17.357628387		0.9397591249		60		20		77.357628387		21		17		1

		5		30.5240722675		-0.8972360645		494		60		525		59		31		-1		-13.5382629666		-3.9353886022		75		25		61.4617370334		21		-14		-4

		6		7.8628744355		-2.7590292638		590		59		598		56		8		-3		-7.4122588544		-1.387470255		90		30		82.5877411456		29		-7		-1

		7		18.875416933		3.2509968323		93		123		112		126		19		3		31.6188496417		-2.498039772		105		35		136.6188496417		33		32		-2

		8		-6.2186018874		9.3167336206		193		125		187		134		-6		9		34.7037835178		9.0806313896		120		40		154.7037835178		49		35		9

		9		-2.5083157396		26.2316508734		295		127		292		153		-3		26		-29.4006567453		2.330367942		135		45		105.5993432547		47		-29		2

		10		1.1370708676		18.6166268907		396		122		397		141		1		19		-12.5182708407		-1.2925961095		150		50		137.4817291593		49		-13		-1

		11		-8.3654051843		2.776907167		494		126		486		129		-8		3		-35.0638084949		-3.5243822669		165		55		129.9361915051		51		-35		-4

		12		-6.1217319733		25.15197169		590		123		584		148		-6		25		31.2577940424		6.4876563669		180		60		211.2577940424		66		31		6

		13		17.5839870574		17.7493867531		93		190		111		208		18		18		-11.2361566682		5.4731954757		195		65		183.7638433318		70		-11		5

		14		-10.9087814473		4.0894266146		193		192		182		196		-11		4				7.9949787102				70				78				8

		15		37.717258788		25.5760685479		295		187		333		213		38		26				5.9229136324				75				81				6

		16		10.6662948377		-9.2791156272		396		185		407		176		11		-9				7.0860939576				80				87				7

		17		-11.3041912847		9.9968689597		494		194		483		204		-11		10				2.4971084073				90				92				2

		18		23.5737024799		27.8482336771		590		189		614		217		24		28

		19		-12.4223477185		6.5190138306		93		245		81		252		-12		7

		20		-1.765484802		19.8105786625		193		151		191		171		-2		20

		21		12.7975853718		16.9776302018		295		141		308		158		13		17

		22		23.8787703672		21.8860107263		396		239		420		261		24		22

		23		10.6510164821		-7.3748945635		494		246		505		239		11		-7

		24		-12.8412544328		7.3116205566		590		245		577		252		-13		7

		25		-14.0078960748		-4.0008909673		93		298		79		294		-14		-4

		26		9.4109604617		1.5223548154		193		298		202		300		9		2

		27		-3.8175769477		16.5053790972		295		297		291		314		-4		17

		28		-15.0789106216		-9.410162792		396		293		381		284		-15		-9

		29		19.5107481113		-11.3561241937		494		296		514		285		20		-11

		30		39.7849452787		6.8922564502		590		294		630		301		40		7

		31		-11.5953005233		8.73440673		93		363		81		372		-12		9

		32		0.5638078588		15.4570418646		193		360		194		375		1		15

		33		27.2881255165		24.1280070204		295		361		322		385		27		24

		34		-7.0044946066		-1.0703631979		396		363		389		362		-7		-1

		35		10.218364164		4.9308019517		494		365		504		370		10		5

		36		25.1393353457		27.1538320065		590		368		615		395		25		27
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