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ABSTRACT

This report outlines the complete design of Leroy and describes the desired behaviors and actions necessary for him to complete the set objectives. These objectives include the ability to accept and manage a hand of cards to play a game of “Go Fish” with human counterparts. In order to interact, Leroy and the players must communicate using pushbuttons and LEDs. Figures detailing the construction and arrangement of these critical components are included in this report. Other key parts include the recirculation mechanism where Leroy’s cards are kept, the “fishpond” that holds the deck, and the “body” platform that encompasses all moving parts. This report also describes a model test of Leroy’s desired behaviors and functions. This test involves a real time investigation into the ability of Leroy to perform a set of critical tasks. 

EXECUTIVE SUMMARY

This project involves the design and creation of a robot, Leroy, to play a game of cards with up to four human players. In order to meet this goal, Leroy must be able to perform a number of set tasks including the dealing of cards, the manipulation and reading of his own cards, and the communication with humans. These behaviors require the use of many different sensors and actuators. For instance, to deal the cards to all of the players, Leroy must be able to turn the dealing device and the wheel that moves the cards a certain number of degrees. This is accomplished using stepper motors. Leroy must also sense when the dealing device is empty to signal the end of the game. This is achieved using a conduction completion sensor beneath the deck of cards and at the top of the device. The remaining behaviors are completed using other sensors (including CdS cells, bump switches, and infrared sensors) and servomotors.

INTRODUCTION
Leroy is a robot designed to play a conventional card game, such as “Go Fish,” with up to five players, including Leroy himself. In order to play such a game, Leroy must deal the cards to all of the players and then keep his own cards in a “stash” for later access. Leroy must keep track of his cards and interact with the other players. Leroy must also be able to put forth his own cards when necessary. All of these core behaviors are required in the game of “Go Fish.”

In order to assess the necessary actions of Leroy, the basic play of “Go Fish” must be understood. The object of the Leroy’s “Go Fish” game is to create matched pairs. The player with the most matched pairs when the deck is exhausted is the winner. If there are only two players, then each player begins with seven cards. If there are more than two players, then each player begins with five cards. The remaining cards are placed on the playing surface as the “fishpond.” All players remove all of the pairs of cards from their hands. Then play begins with the player chosen beforehand. The first player requests a card, which he has in his hand, from another player. If the other player has the requested card, then he or she must surrender it. In this case, the successful guesser chooses again from the player of his choice. The first player continues until he asks for a card from a player who does not have the requested card. The first player then draws a card from the fishpond. Now the second player, the person to the first player’s left, has a turn. Game play continues in this manner around the circle of players. If a player runs out of cards, then he or she draws five new cards from the fishpond. The game is over when the fishpond is empty and all players have run out of cards. At this point, the player with the most pairs is the winner!

In order for Leroy to be a competent “Go Fish” player, he must keep track of his own cards from the minute they are dealt. Leroy must add any new cards he receives from the deck to his original hand as well. He should also keep track of the cards in his hand so that he doesn’t need to “look” at them during every turn. For Leroy to be a challenging player, he should also keep track of any cards requested from another player, but not owned. In this way, Leroy can employ his own strategy in choosing cards from others. An advanced Leroy will have modes of playing difficulty so that the youngest children playing will not be at a disadvantage. In the event that Leroy has no clues to help him choose what card to request, he should randomly pick a card from his own hand.

For Leroy to play “Go Fish” autonomously, he must possess a number of mechanical devices as well as sensors. This paper describes the details of Leroy’s construction beginning with the integrated system used to manage Leroy’s functions and continuing on to the stable and stationary “body” platform that will move and hold Leroy’s hand of cards. The types of actuation used to interact with Leroy and allow him to manage his own cards will be described next. Then the sensors needed to aid Leroy in detecting the types and numbers of cards in his own hand will be outlined in detail, followed by the description of Leroy’s specific behaviors. All of these components will be utilized in the final test of Leroy, the “Go Fishin’ Robot”: an actual game of cards with human counterparts! 

INTEGRATED SYSTEM

Leroy employs the standard TJPRO circuitry and board to manage the motors and sensors needed to play a game of “Go Fish.” This board activates and controls nine motors to deal, draw, and produce the necessary cards. This board also receives readings from six Cadmium Sulfide sensors used to read the playing cards. Additional sensors connected to the TJPRO board include a conduction completion sensor to detect when the “fishpond” is out of cards, two more CdS cells to check for interference or the presence of cards along the conveyor system, a sequence of “bump” switch sensors to interact with human players, and an optional infrared sensor. The general path of cards is shown below in Fig. 1.
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Fig. 1. Card Movement Path

An entire schematic of Leroy is shown on the following page in Fig. 2. Each critical region is labeled and discussed in the following paragraphs.
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Fig. 2. Leroy Schematic

In the figure above, the critical regions of Leroy are labeled. The most complex of these regions is the Recirculation Mechanism.

RECIRCULATION MECHANISM

The recirculation mechanism is where Leroy stores his hand of cards. For this reason, it is also called a “stash.” This is where the cards are scanned into memory and targeted for removal, as well. This mechanism consists of conveyor belts and wheels in a vertical, three-tiered arrangement. This mechanism also has a rotating feeder device that moves when the correct card is read. This allows that card to exit the recirculation loop onto the playing surface.

PLAYING SURFACE

The playing surface just consists of a flat, table-like piece of wood that maintains an equal distance between critical parts. It can be modified into a card table for a stationary application.

DISPLAY MECHANISM

The display mechanism is not a critical component for Leroy’s functioning, but it makes the game more interactive and entertaining. This device is meant to act like a “hand.” When the correct card is deposited onto the “hand,” it covers the infrared sensor. This then triggers actuation of the servo that drives the hand forward. This simulates surrender of a card in a common card game. When the card is removed from the sensor, the “hand” resumes its original position in front of Leroy. This original position is the one shown in front of the “body” platform in Fig. 2.

BODY PLATFORM

The body platform is a black box structure that holds all of the card movement mechanics. It is completely enclosed to prevent unwanted obstructions and as a safety feature. Since most of the moving parts are located in this structure, it prevents hazards involved with moving gears and wheels. This structure has a hinged top, however, so if a jam does occur, it can easily be removed without tools or long amounts of time. This also provides access to the many conveyor belts, which move the cards, in case one should break or not function properly.

CARD CONVEYOR BELTS

The card conveyor belts are created using Lego axels and wheels. These parts are then encircled by rubber bands or loops of a fabric-like substance that provides traction. These conveyor belts move the cards from the “fishpond” to the “stash.”

FISHPOND

The “fishpond” is the dealing device for a game of “Go Fish.” In order to eliminate human related errors, this device was developed to distribute the cards according to the rules of “Go Fish.” The fishpond will be able to distribute these cards to a precise location using stepper motors, therefore minimizing the possibility of card jams. Once the cards are shuffled, they are placed into the fishpond through a hinged door. A spring-loaded lift then keeps the cards against a wheel at the top of the fishpond. This wheel turns a specified amount for each card allotted to a player. This device must also be equipped with a contact completion sensor to detect when the fishpond is empty so that play can be stopped.

INPUT BUTTONS

The input buttons provide the players of the game a means of informing Leroy of critical factors to the game. Each button corresponds to a card value, from A to K. Some of the buttons also serve as reset and play start buttons. In some instances, they also serve as “yes” or “no” indicators. When a player wants to respond to Leroy’s request, he or she presses the corresponding button.

OUTPUT LEDS

When Leroy needs to inform the player of some information, he does it through the illumination of a corresponding LED. Through the LEDs, Leroy can provide feedback relating to his functioning, his cards, or the current game status. This is Leroy’s method of requesting a card from a certain player.

This entire integrated system remains stationary, so it requires a stable platform. This platform is described in the following section.

STATIONARY PLATFORM

The platform for Leroy is made of cut five-ply balsa wood. It is custom made based on the physical and dynamic requirements of Leroy. Since this platform is designed to remain stationary, it has a flat bottom separated into two pieces. These pieces are fully detachable to aid in transport of Leroy. One part holds the “body” while the other is mainly the playing surface and the “fishpond.” This entire platform encompasses the LEDs, pushbuttons, playing surface, and “body” platform mentioned above. As shown in Fig. 2, the pushbuttons are on the opposite side from the “body” platform. This suggests a realistic card-playing atmosphere in which the players sit across a table from each other. In the future, this platform may be modified to resemble a card table while the “body” platform may be adapted to the form of an actual player. This would aid in the realism of the game. 

ACTUATION

Movement and behaviors in Leroy are controlled through the use of two different types of servomotors and two stepper motors. Both of the servomotors were obtained from www.majorhobby.com, while the stepper motors were salvaged from discarded disk drives. The different types of servos are the HS-300 and the HS-422. The HS-422 is a hackable motor. Leroy employs five HS-422 motors and two HS-300 motors. The HS-422 is capable of reaching a greater torque than the HS-300 with 43 in-lbs. Since Leroy only manipulates playing cards, torque was not a critical design factor, except in the case of the dealer mechanism.

Two stepper motors control the “fishpond” to provide control over the degrees of rotation of certain axles on this device. Since the “fishpond” needs to turn a specific number of degrees with each card dealt, an accurate measuring system was necessary for this motor. A stepper motor is also used on the wheel that distributes the cards to prevent more than one card being dealt at once. These motors require more torque than the servomotors because they must move items under pressure or significant amounts of weight. In order to meet this torque requirement, a separate battery pack is used to provide power to these two devices.

SENSORS

Four different types of sensors are applied through a complete game of “Go Fish” with Leroy. These sensors include Cadmium Sulfide (CdS) sensors, a conduction completion sensor, “bump” switches, and a special sensor created from an array of CdS cells. 

CADMIUM SULFIDE SENSORS

These sensors are used in two locations within Leroy’s conveyor system to detect if any cards become lodged or if interference arises. One of these sensors is also used to cue one of the servomotors to change directions. The locations of these sensors are shown in the diagram below by red “X”s.
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Figure 3. Leroy Schematic Showing CdS Cell Placement

CONDUCTION COMPLETION SENSOR

The conduction completion sensor is created from a conductive sheet of metal and two conductive springs. This sensor is used inside the dealer mechanism, the “fishpond,” to determine when no cards remain in the deck. When this sensor is activated, an LED will light atop the “fishpond” to indicate the game status. This sensor consists of the following simple circuitry:
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Figure 4. Conduction Completion Sensor Schematic

As is shown in the above schematic, the contact plate is connected to ground and is positioned beneath the deck of cards in the dealer. When the last card is dealt, the contact plate touches the conductive springs at the top of the device completing the circuit and lighting the LED. This will also alter the digital input from “1” to “0.” Therefore, this contact switch functions similarly to a typical “bump” switch.

BUMP SWITCHES

Bump switches are used to relay user inputs to Leroy. These switches are shown as the square, red input buttons in Figure 3. All of these switches are connected to one analog input on the TJPRO board through a sequence of resistors. These resistors modify the signal differently for each switch based on the resistors in series with that switch to yield a specific value to the analog input. Thirteen of these switches are used to represent each of the thirteen cards possible in a deck of cards. Some of the switches have multiple meanings depending on the current mode of play, or programming loop. For instance, the first switch can either represent “A” for an ace, “yes” in response to the question of whether or not a player has a certain card, or “Player 1” when the first player of the game is to be decided. Each of the switches and their meanings, depending on the play mode, are listed below:

Table 1. Bump Switch Meanings

	Switch Number
	Card Represented
	Answer Represented
	Player Number Represented

	1
	Ace
	Yes
	Player 1 (Leroy)

	2
	Two
	No
	Player 2

	3
	Three
	
	Player 3

	4
	Four
	
	Player 4

	5
	Five
	
	Player 5

	6
	Six
	
	

	7
	Seven
	
	

	8
	Eight
	
	

	9
	Nine
	
	

	10
	Ten
	
	

	11
	Jack
	
	

	12
	Queen
	
	

	13
	King
	
	


SPECIAL SENSOR – CARD READER

An array of CdS cells creates Leroy’s “eyes” to scan his hand of cards into memory. These sensors are located in the recirculation mechanism in an array similar to Fig. 5.
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Figure 5. CdS Cell Array

This array of cells allows Leroy to gather information about the card based on a sequence of markings on the card’s face. Each cell will detect whether the card has a black or a white space above it. Each marking will correspond to a different card. The sequence of markings for each card is shown on the following page in Figure 6.
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Figure 6. Patterns of Markings for Each Card

FUTURE SENSOR CONSIDERATIONS

As a future consideration, an infrared sensor may be used to detect the presence of a card on the display mechanism. In order to make Leroy more like a human player, if he has a card that was requested he will deposit it onto this mechanism. When the infrared sensor detects the presence of a card, it will actuate a servomotor, moving the display mechanism forward much like a human hand. Then if the card is removed, the display mechanism will return to its default position.  This sensor is shown as a red dot in Figures 1 and 3.

BEHAVIORS

In order to successfully play a game of “Go Fish,” Leroy must perform a set of basic behaviors. These behaviors are outlined below in the order that they might occur.

1. Initiate program.

2. Read in the number of players, including Leroy.

3. Read in the number of the starting player. (This alerts Leroy to his position in turn order.)

4. Deal out the cards beginning with the first player.

5. Accept and store Leroy’s cards.

6. Read cards into memory and note any pairs.

7. Remove pairs from playing hand.

8. As play continues, read in the values of the requested cards and record who requests them and from whom.

9. During Leroy’s turn, request a card held in memory from another player.

· If this card is given, request another card from any player.

· If this card is not given, draw a card from the fishpond.

10. If requested from, search memory for card.

· If this card is held, produce card.

· If it is not held, deal a card from the fishpond.

11. Continue play around to the left until all players and the fishpond are out of cards.

This sequence of behaviors simplifies to the following list:

· Deal cards to all players, including Leroy

· Keep track of own hand of cards

· Relinquish a card when it is requested from another player

· Request a card from another player

· Identify pairs in own hand and remove these cards

EXPERIMENT

An experiment will be conducted to determine the functioning of Leroy. The layout of this experiment is described below.


LAYOUT

In order to test the functioning of Leroy, an actual game of “Go Fish” must be played.
 This game will be played four times under the following conditions:

1. Two players, Leroy starts

2. Two players, Player 2 starts

3. Four players, Leroy starts

4. Four players, Player 3 starts

Each of these experiments will test the mechanical functioning, decision-making, and sensory capabilities of Leroy. Factors noted during experimentation include:

· Ability to deal cards correctly

· Time to accept and store cards

· Ability to initiate play

· Ability to recognize cards

· Ability to record play moves

· Ability to respond to requests

· Time to produce card

· Ability to recognize game end

RESULTS

The ability of Leroy to read cards has been tested and modified accordingly. The CdS cells sense a fine range of differences between the light and the dark spots on the cards. In Figure 7 below, card readings for a three card are shown for each of the six CdS cells.


[image: image7.wmf]CdS Cell Readings for a 3

20

40

60

80

100

120

140

160

180

200

220

0

20

40

60

80

100

120

140

160

180

200

Time Interval

Front Left Sensor

Middle Left Sensor

Back Left Sensor

Front Right Sensor

Middle Right Sensor

Back Right Sensor

Figure 7.  Sample Measurement of Card Readings
This testing led to changes in the card reader mechanism including columnation of the cells and variation in the programming values.

CONCLUSION

In conclusion, Leroy has faced and continues to face many challenges. While he is currently able to recognize cards and process them accordingly, he has some difficulty in manipulating a stack of cards all at once. This is mainly due to the small thickness of playing cards and the challenges involved in distinguishing one from another. Some concepts are being developed, however, to overcome these barriers, including the use of a fabric guard to impede movement of all of the cards at once.

Another challenge involved is the high demand for motors to manipulate the cards through the required sequences. Only five servomotors can be run directly from the pins on the TJPRO board, but seven are needed. This requires the implementation of an expansion chip, which has been difficult to attain. The stepper motors, however, are easily run from alternate pins on the TJPRO board through the use of two driver chips.

Interaction with humans presents another challenge. In order to run 13 bump switches from the TJPRO board, a complicated network of resistors is needed. While this is possible to achieve, it involves the analysis of these resistors and their values in series and parallel. As a mechanical engineer, I simply ran out of time to review this material and perform these calculations. In the near future, however, it should be completed.

The final challenge facing Leroy is the integration of all of these systems. Since he is designed to complete a wide array of tasks, each system must be in good working order to play a full game of cards. As was noted through the challenges mentioned above, some of the systems are still in the fine-tuning stages. This is not a project that cannot be completed with a little more time and dedication.

Overall, Leroy has been an exciting project with many new aspects of design considered. For a mechanical engineer, like myself, it has been a wonderful experience illustrating the connection between all of the engineering disciplines. While the challenges presented by some of these disciplines continue to plague Leroy, further education and work on the part of his designer will make him an outstanding robot. And hopefully an excellent “Go Fish” player!

DOCUMENTATION

“Go Fish” Rules:

Morehead, A. H. & Mott-Smith, G. eds. Hoyle’s Rules of Games. Signet: New 

York, New York, USA, 1983.
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PAGE  
2

_1024571542

_1038049755

_1038053288

_1038115643.xls
Chart1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33

		34		34		34		34		34		34

		35		35		35		35		35		35

		36		36		36		36		36		36

		37		37		37		37		37		37

		38		38		38		38		38		38

		39		39		39		39		39		39

		40		40		40		40		40		40

		41		41		41		41		41		41

		42		42		42		42		42		42

		43		43		43		43		43		43

		44		44		44		44		44		44

		45		45		45		45		45		45

		46		46		46		46		46		46

		47		47		47		47		47		47

		48		48		48		48		48		48

		49		49		49		49		49		49

		50		50		50		50		50		50

		51		51		51		51		51		51

		52		52		52		52		52		52

		53		53		53		53		53		53

		54		54		54		54		54		54

		55		55		55		55		55		55

		56		56		56		56		56		56

		57		57		57		57		57		57

		58		58		58		58		58		58

		59		59		59		59		59		59

		60		60		60		60		60		60

		61		61		61		61		61		61

		62		62		62		62		62		62

		63		63		63		63		63		63

		64		64		64		64		64		64

		65		65		65		65		65		65

		66		66		66		66		66		66

		67		67		67		67		67		67

		68		68		68		68		68		68

		69		69		69		69		69		69

		70		70		70		70		70		70

		71		71		71		71		71		71

		72		72		72		72		72		72

		73		73		73		73		73		73

		74		74		74		74		74		74

		75		75		75		75		75		75

		76		76		76		76		76		76

		77		77		77		77		77		77

		78		78		78		78		78		78

		79		79		79		79		79		79

		80		80		80		80		80		80

		81		81		81		81		81		81

		82		82		82		82		82		82

		83		83		83		83		83		83

		84		84		84		84		84		84

		85		85		85		85		85		85

		86		86		86		86		86		86

		87		87		87		87		87		87

		88		88		88		88		88		88

		89		89		89		89		89		89

		90		90		90		90		90		90

		91		91		91		91		91		91

		92		92		92		92		92		92

		93		93		93		93		93		93

		94		94		94		94		94		94

		95		95		95		95		95		95

		96		96		96		96		96		96

		97		97		97		97		97		97

		98		98		98		98		98		98

		99		99		99		99		99		99

		100		100		100		100		100		100

		101		101		101		101		101		101

		102		102		102		102		102		102

		103		103		103		103		103		103

		104		104		104		104		104		104

		105		105		105		105		105		105

		106		106		106		106		106		106

		107		107		107		107		107		107

		108		108		108		108		108		108

		109		109		109		109		109		109

		110		110		110		110		110		110

		111		111		111		111		111		111

		112		112		112		112		112		112

		113		113		113		113		113		113

		114		114		114		114		114		114

		115		115		115		115		115		115

		116		116		116		116		116		116

		117		117		117		117		117		117

		118		118		118		118		118		118

		119		119		119		119		119		119

		120		120		120		120		120		120

		121		121		121		121		121		121

		122		122		122		122		122		122

		123		123		123		123		123		123

		124		124		124		124		124		124

		125		125		125		125		125		125

		126		126		126		126		126		126

		127		127		127		127		127		127

		128		128		128		128		128		128

		129		129		129		129		129		129
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		150		150		150		150		150		150

		151		151		151		151		151		151

		152		152		152		152		152		152

		153		153		153		153		153		153

		154		154		154		154		154		154

		155		155		155		155		155		155

		156		156		156		156		156		156

		157		157		157		157		157		157

		158		158		158		158		158		158

		159		159		159		159		159		159

		160		160		160		160		160		160

		161		161		161		161		161		161

		162		162		162		162		162		162

		163		163		163		163		163		163

		164		164		164		164		164		164

		165		165		165		165		165		165

		166		166		166		166		166		166

		167		167		167		167		167		167

		168		168		168		168		168		168

		169		169		169		169		169		169

		170		170		170		170		170		170

		171		171		171		171		171		171

		172		172		172		172		172		172

		173		173		173		173		173		173

		174		174		174		174		174		174

		175		175		175		175		175		175

		176		176		176		176		176		176

		177		177		177		177		177		177

		178		178		178		178		178		178

		179		179		179		179		179		179

		180		180		180		180		180		180

		181		181		181		181		181		181

		182		182		182		182		182		182

		183		183		183		183		183		183

		184		184		184		184		184		184

		185		185		185		185		185		185

		186		186		186		186		186		186

		187		187		187		187		187		187

		188		188		188		188		188		188

		189		189		189		189		189		189

		190		190		190		190		190		190

		41.046728972		43.0093457944		59.2523364486		31.0654205607		82.4672897196		39.738317757
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VALUES4

		Reading		Sense 0		Sense 1		Front Left		Mid Left		Back Left		Front Right		Mid Right		Back Right		??

		2		0		6		35		37		51		25		70		34		-88

		3		0		6		35		37		52		25		70		35		-88

		4		0		6		35		37		52		25		69		34		-88

		5		0		6		34		37		51		24		68		34		-88

		6		0		6		34		36		51		24		67		33		-88

		7		0		6		34		36		50		24		67		32		-88

		8		0		6		34		36		49		24		67		32		-88

		9		0		6		33		35		49		24		67		32		-88

		10		0		6		33		35		48		24		67		32		-88

		11		0		6		33		35		48		24		67		32		-88

		12		0		6		34		36		48		25		67		32		-88

		13		0		6		34		36		49		25		68		33		-88

		14		0		6		34		36		49		25		68		33		-88

		15		0		6		34		36		49		25		69		33		-88

		16		0		6		35		36		49		25		69		33		-88

		17		0		6		35		37		50		25		70		33		-88

		18		0		6		35		37		50		25		70		33		-88

		19		0		6		35		37		50		26		70		34		-88

		20		0		6		35		37		50		26		70		34		-88

		21		0		6		35		37		50		26		71		34		-88

		22		0		6		35		37		50		26		71		34		-88

		23		0		7		35		37		50		26		71		34		-88

		24		0		7		35		37		50		26		70		34		-88

		25		0		6		35		38		53		26		71		34		-88

		26		0		6		42		46		60		27		73		35		-88

		27		0		6		38		40		54		26		71		34		-88

		28		0		6		42		43		58		26		72		35		-88

		29		0		6		48		47		61		27		72		35		-88

		30		0		6		55		50		64		26		72		34		-88

		31		0		6		47		46		64		26		70		34		-88

		32		0		6		40		40		54		25		70		34		-88

		33		0		6		36		38		52		26		72		35		-88

		34		0		6		36		38		52		27		73		35		-88

		35		0		6		36		38		53		27		74		36		-88

		36		0		6		36		38		54		27		75		36		-88

		37		0		6		38		40		56		28		78		38		-88

		38		0		6		39		40		58		30		80		40		-88

		39		0		6		40		42		61		31		84		41		-88

		40		0		6		42		45		63		33		87		43		-88

		41		0		6		43		46		65		33		89		44		-88

		42		0		6		44		47		66		34		89		44		-88

		43		0		6		44		47		67		33		89		45		-88

		44		0		6		43		47		67		33		89		45		-88

		45		0		6		42		46		66		32		88		44		-88

		46		0		6		42		46		67		32		88		44		-88

		47		0		6		43		47		67		33		89		45		-88

		48		0		6		44		47		67		34		90		45		-88

		49		0		6		44		47		68		34		91		45		-88

		50		0		6		45		48		69		35		92		47		-88

		51		0		6		44		48		68		34		91		46		-88

		52		0		6		44		48		68		34		91		46		-88

		53		0		7		44		48		68		34		91		46		-88

		54		0		7		45		48		68		34		91		46		-88

		55		0		6		45		48		68		35		92		46		-88

		56		0		6		46		49		69		36		95		47		-88

		57		0		6		46		49		68		38		97		47		-88

		58		0		6		47		50		67		39		100		47		-88

		59		0		6		46		49		67		40		99		47		-88

		60		0		7		46		49		67		39		98		46		-88

		61		0		7		45		47		65		37		94		44		-88

		62		0		6		44		46		63		37		95		44		-88

		63		0		6		43		46		63		38		95		44		-88

		64		0		6		43		45		62		39		99		44		-88

		65		0		6		44		44		63		40		102		45		-88

		66		0		6		44		46		65		42		106		46		-88

		67		0		6		45		47		66		45		112		48		-88

		68		0		6		46		48		66		48		119		53		-88

		69		0		6		47		50		65		52		124		61		-88

		70		0		6		49		51		67		56		132		70		-88

		71		0		6		52		54		75		63		141		77		-88

		72		0		6		56		58		82		71		153		87		-88

		73		0		6		62		63		89		81		163		99		-88

		74		0		6		68		69		97		93		172		107		-88

		75		0		6		82		79		108		103		180		115		-88

		76		0		7		97		93		124		113		185		121		-88

		77		0		6		107		102		135		121		189		126		-88

		78		0		6		111		106		139		124		190		127		-88

		79		0		6		114		109		142		127		190		127		-88

		80		0		7		117		114		146		134		191		127		-88

		81		0		7		115		114		146		137		192		128		-88

		82		0		6		110		109		144		135		191		127		-88

		83		0		6		110		109		147		137		193		128		-88

		84		0		7		114		113		154		143		194		130		-88

		85		0		6		116		116		158		146		196		131		-88

		86		0		6		121		120		164		154		198		133		-88

		87		0		7		126		126		168		165		200		136		-88

		88		0		6		127		127		168		169		201		137		-88

		89		0		7		126		127		167		163		199		135		-88

		90		0		6		124		125		164		155		197		132		-88

		91		0		7		126		128		166		159		198		134		-88

		92		0		7		123		124		157		151		195		131		-88

		93		0		6		109		107		141		131		190		126		-88

		94		0		6		98		96		129		123		187		123		-88

		95		0		7		95		94		126		123		187		123		-88

		96		0		6		93		91		123		119		186		121		-88

		97		0		6		95		92		124		117		185		121		-88

		98		0		6		98		96		129		120		187		123		-88

		99		0		7		99		97		131		122		188		124		-88

		100		0		6		99		96		130		119		187		123		-88

		101		0		6		83		82		112		104		179		115		-88

		102		0		7		61		63		87		71		151		78		-88

		103		0		6		47		46		61		42		96		44		-88

		104		0		6		39		41		57		30		80		38		-88

		105		0		6		38		41		57		30		80		38		-88

		106		0		6		38		41		57		29		79		38		-88

		107		0		6		38		40		57		29		79		38		-88

		108		0		6		38		40		57		29		79		38		-88

		109		0		6		38		40		57		29		79		38		-88

		110		0		6		38		41		58		29		79		38		-88

		111		0		6		38		41		59		30		79		38		-88

		112		0		6		39		41		59		33		86		39		-88

		113		0		6		39		41		59		34		90		42		-88

		114		0		7		41		42		59		37		97		44		-88

		115		0		6		42		44		60		42		105		46		-88

		116		0		6		44		46		62		46		111		48		-88

		117		0		6		45		47		62		49		116		49		-88

		118		0		6		46		48		64		51		119		52		-88

		119		0		7		48		50		63		55		130		63		-88

		120		0		6		51		53		69		63		141		72		-88

		121		0		6		54		57		75		67		149		74		-88

		122		0		6		56		59		79		70		152		77		-88

		123		0		6		56		59		81		71		155		84		-88

		124		0		6		57		60		84		73		157		89		-88

		125		0		6		59		62		87		76		160		90		-88

		126		0		6		61		64		89		77		161		90		-88

		127		0		6		62		64		90		78		162		90		-88

		128		0		6		60		63		88		76		160		89		-88

		129		0		6		59		62		85		75		159		84		-88

		130		0		6		62		64		88		77		160		84		-88

		131		0		6		65		68		94		82		167		92		-88

		132		0		6		70		72		101		91		175		103		-88

		133		0		6		75		77		109		97		179		115		-88

		134		0		6		85		87		122		101		182		122		-88

		135		0		6		96		96		138		107		187		128		-88

		136		0		6		107		106		154		111		188		130		-88

		137		0		6		114		112		165		113		188		132		-88

		138		0		7		117		115		169		115		189		133		-88

		139		0		6		118		116		171		116		190		133		-88

		140		0		7		117		115		172		117		191		133		-88

		141		0		6		121		118		179		118		191		135		-88

		142		0		7		123		121		184		119		191		135		-88

		143		0		6		125		123		189		121		192		137		-88

		144		0		6		128		126		195		123		193		138		-88

		145		0		6		129		126		195		122		193		138		-88

		146		0		6		130		128		196		123		194		138		-88

		147		0		6		132		130		200		125		194		138		-88

		148		0		6		133		132		203		127		195		138		-88

		149		0		6		136		134		209		129		197		141		-88

		150		0		7		141		138		216		131		199		144		-88

		151		0		6		143		141		219		134		200		146		-88

		152		0		6		131		129		195		126		194		137		-88

		153		0		6		91		91		131		104		183		119		-88

		154		0		6		54		57		71		58		130		56		-88

		155		0		6		45		46		64		36		88		42		-88

		156		0		6		43		46		64		32		86		42		-88

		157		0		6		43		46		63		32		86		42		-88

		158		0		7		43		46		64		32		86		42		-88

		159		0		6		43		46		65		32		87		43		-88

		160		0		6		43		47		66		33		88		44		-88

		161		0		6		43		46		65		32		87		43		-88

		162		0		6		43		46		65		33		88		43		-88

		163		0		6		42		45		64		32		87		43		-88

		164		0		6		42		45		62		32		85		42		-88

		165		0		6		42		44		61		31		83		41		-88

		166		0		6		40		42		58		29		79		39		-88

		167		0		6		40		41		57		29		78		38		-88

		168		0		6		40		42		57		28		77		37		-88

		169		0		6		41		42		57		28		77		37		-88

		170		0		6		42		43		57		28		76		37		-88

		171		0		6		44		44		58		28		75		37		-88

		172		0		6		45		45		58		27		75		36		-88

		173		0		6		46		45		59		27		75		37		-88

		174		0		7		46		46		59		27		75		37		-88

		175		0		6		46		46		59		27		75		37		-88

		176		0		6		46		46		59		27		75		37		-88

		177		0		6		46		46		58		27		75		36		-88

		178		0		6		47		46		59		27		75		36		-88

		179		0		6		51		48		60		27		74		36		-88

		180		0		6		64		58		69		30		78		37		-88

		181		0		6		67		61		70		31		79		37		-88

		182		0		6		71		63		74		35		82		38		-88

		183		0		6		77		68		75		40		87		40		-88

		184		0		6		76		68		75		40		88		40		-88

		185		0		6		72		65		73		38		86		39		-88

		186		0		6		71		63		75		37		86		39		-88

		187		0		6		70		63		76		37		86		40		-88

		188		0		6		68		63		76		38		87		40		-88

		189		0		6		66		62		79		37		87		40		-88

		190		0		7		65		62		83		37		86		40		-88

						Low Average		41.046728972		43.0093457944		59.2523364486		31.0654205607		82.4672897196		39.738317757

						High Avg		94.7323943662		94.4647887324		132.4507042254		108.323943662		177.4507042254		113.7042253521

						Difference		53.6856653942		51.455442938		73.1983677768		77.2585231012		94.9834145057		73.9659075951

						%		1.3079158008		1.1963781822		1.2353667748		2.4869620854		1.1517707788		1.8613245797

								0.5667086296		0.544705002		0.55264612		0.7132174152		0.5352664838		0.6505115124
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