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ABSTRACT 

One form of technology’s role in facilitating human work was begun with 

many restaurants that use food waiter robots to replace humans in serving food to 

customers. So that, the robot can serve well, there are many things to be 

considered in the making of this robot . One of the things that should be planned 

carefully is the balance of the food brought by the robot on the tray. Balance of 

these foods can improve the quality of care for food or drinks on a tray that is not 

mixed or spilled, so that customers are satisfied with the existing services. 

This research is intended to design a system that is able to improve the 

balance on a tray that is carried by a robot waiter at the restaurant. The system 

works based on the slope of the robot body that is detected by the tilt sensor 

module gyroscope L3G4200D and accelerometer ADXL345 that are filtered using 

a complementary filter. After that, the main controller module which using the 

Arduino Uno which has been programmed using the Arduino compiler software 

called Arduino IDE (Integrated Development Environtment) will restore the 

balance to the tray by adjusting the angle of turn two servo motors on two 

different axis which moves in the opposite direction towards the direction of 

displacement caused by the tilt angle of body tilt as the robot using fuzzy logic 

controller . 

This research success create a complementary filters system that is able to 

reduce the noise that is caused by the readings of gyroscope and accelerometer 

sensor, but the update time signal turn to 40ms. Fuzzy logic that is realized able 

to restore the position of the tray to a balanced position, however, the system 

performance is still not good because it can only be used for loads that have a 

mass of less than 200 grams and tolerance of balanced position is still quite large, 

those are 17.565
o
 and -15.5325

o
 for angle x movement and 14.613

o
 and -13.932

o
 

for angle y movement. 

     

Keywords : Waiter Robot, Complementary filter, Fuzzy logic, Gyroscope, 

Accelerometer, Arduino, Servo motor. 

  


	Table 1. Device summary
	1 Block diagram and pin description
	Figure 1. Block diagram
	1.1 Pin description
	Figure 2. Pin connection
	Table 2. Pin description
	Figure 3. L3G4200D external low-pass filter values
	Table 3. Filter values


	2 Mechanical and electrical characteristics
	2.1 Mechanical characteristics
	Table 4. Mechanical characteristics @ Vdd = 3.0 V, T = 25 ˚C, unless otherwise noted

	2.2 Electrical characteristics
	Table 5. Electrical characteristics @ Vdd =3.0 V, T=25 ˚C, unless otherwise noted

	2.3 Temperature sensor characteristics
	Table 6. Temp. sensor characteristics @ Vdd =3.0 V, T=25 ˚C, unless otherwise noted

	2.4 Communication interface characteristics
	2.4.1 SPI - serial peripheral interface
	Table 7. SPI slave timing values
	Figure 4. SPI slave timing diagram

	2.4.2 I2C - inter IC control interface
	Table 8. I2C slave timing values
	Figure 5. I2C slave timing diagram


	2.5 Absolute maximum ratings
	Table 9. Absolute maximum ratings

	2.6 Terminology
	2.6.1 Sensitivity
	2.6.2 Zero-rate level
	2.6.3 Stability over temperature and time

	2.7 Soldering information

	3 Main digital blocks
	3.1 Block diagram
	Figure 6. Block diagram

	3.2 FIFO
	3.2.1 Bypass mode
	Figure 7. Bypass mode

	3.2.2 FIFO mode
	Figure 8. FIFO mode

	3.2.3 Stream mode
	Figure 9. Stream mode

	3.2.4 Bypass-to-stream mode
	Figure 10. Bypass-to-stream mode

	3.2.5 Stream-to-FIFO mode
	Figure 11. Trigger stream mode

	3.2.6 Retrieve data from FIFO


	4 Application hints
	Figure 12. L3G4200D electrical connections and external component values
	Table 10. PLL low-pass filter component values

	5 Digital interfaces
	Table 11. Serial interface pin description
	5.1 I2C serial interface
	Table 12. I2C terminology
	5.1.1 I2C operation
	Table 13. SAD+read/write patterns
	Table 14. Transfer when master is writing one byte to slave
	Table 15. Transfer when master is writing multiple bytes to slave
	Table 16. Transfer when master is receiving (reading) one byte of data from slave
	Table 17. Transfer when master is receiving (reading) multiple bytes of data from slave


	5.2 SPI bus interface
	Figure 13. Read and write protocol
	5.2.1 SPI read
	Figure 14. SPI read protocol
	Figure 15. Multiple byte SPI read protocol (2-byte example)

	5.2.2 SPI write
	Figure 16. SPI write protocol
	Figure 17. Multiple byte SPI write protocol (2-byte example)

	5.2.3 SPI read in 3-wire mode
	Figure 18. SPI read protocol in 3-wire mode



	6 Output register mapping
	Table 18. Register address map

	7 Register description
	7.1 WHO_AM_I (0Fh)
	Table 19. WHO_AM_I register

	7.2 CTRL_REG1 (20h)
	Table 20. CTRL_REG1 register
	Table 21. CTRL_REG1 description
	Table 22. DR and BW configuration setting
	Table 23. Power mode selection configuration

	7.3 CTRL_REG2 (21h)
	Table 24. CTRL_REG2 register
	Table 25. CTRL_REG2 description
	Table 26. High pass filter mode configuration
	Table 27. High pass filter cut off frecuency configuration [Hz]

	7.4 CTRL_REG3 (22h)
	Table 28. CTRL_REG1 register
	Table 29. CTRL_REG3 description

	7.5 CTRL_REG4 (23h)
	Table 30. CTRL_REG4 register
	Table 31. CTRL_REG4 description
	Table 32. Self test mode configuration

	7.6 CTRL_REG5 (24h)
	Table 33. CTRL_REG5 register
	Table 34. CTRL_REG5 description
	Figure 19. INT1_Sel and Out_Sel configuration block diagram
	Table 35. Out_Sel configuration setting
	Table 36. INT_SEL configuration setting

	7.7 REFERENCE/DATACAPTURE (25h)
	Table 37. REFERENCE register
	Table 38. REFERENCE register description

	7.8 OUT_TEMP (26h)
	Table 39. OUT_TEMP register
	Table 40. OUT_TEMP register description

	7.9 STATUS_REG (27h)
	Table 41. STATUS_REG register
	Table 42. STATUS_REG description

	7.10 OUT_X_L (28h), OUT_X_H (29h)
	7.11 OUT_Y_L (2Ah), OUT_Y_H (2Bh)
	7.12 OUT_Z_L (2Ch), OUT_Z_H (2Dh)
	7.13 FIFO_CTRL_REG (2Eh)
	Table 43. REFERENCE register
	Table 44. REFERENCE register description
	Table 45. FIFO mode configuration

	7.14 FIFO_SRC_REG (2Fh)
	Table 46. FIFO_SRC register
	Table 47. FIFO_SRC register description

	7.15 INT1_CFG (30h)
	Table 48. INT1_CFG register
	Table 49. INT1_CFG description

	7.16 INT1_SRC (31h)
	Table 50. INT1_SRC register
	Table 51. INT1_SRC description

	7.17 INT1_THS_XH (32h)
	Table 52. INT1_THS_XH register
	Table 53. INT1_THS_XH description

	7.18 INT1_THS_XL (33h)
	Table 54. INT1_THS_XL register
	Table 55. INT1_THS_XL description

	7.19 INT1_THS_YH (34h)
	Table 56. INT1_THS_YH register
	Table 57. INT1_THS_YH description

	7.20 INT1_THS_YL (35h)
	Table 58. INT1_THS_YL register
	Table 59. INT1_THS_YL description

	7.21 INT1_THS_ZH (36h)
	Table 60. INT1_THS_ZH register
	Table 61. INT1_THS_ZH description

	7.22 INT1_THS_ZL (37h)
	Table 62. INT1_THS_ZL register
	Table 63. INT1_THS_ZL description

	7.23 INT1_DURATION (38h)
	Table 64. INT1_DURATION register
	Table 65. INT1_DURATION description
	Figure 20. Wait disabled
	Figure 21. Wait enabled


	8 Package information
	Figure 22. LGA-16: mechanical data and package dimensions

	9 Revision history
	Table 66. Document revision history

	FEATURES
	APPLICATIONS
	GENERAL DESCRIPTION
	FUNCTIONAL BLOCK DIAGRAM
	TABLE OF CONTENTS
	REVISION HISTORY
	SPECIFICATIONS
	ABSOLUTE MAXIMUM RATINGS
	THERMAL RESISTANCE
	ESD CAUTION

	PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
	THEORY OF OPERATION
	POWER SEQUENCING
	POWER SAVINGS
	Power Modes


	SERIAL COMMUNICATIONS
	SPI
	I2C
	INTERRUPTS
	DATA_READY
	SINGLE_TAP
	DOUBLE_TAP
	Activity
	Inactivity
	FREE_FALL
	Watermark
	Overrun

	FIFO
	Bypass Mode
	FIFO Mode
	Stream Mode
	Trigger Mode
	Retrieving Data from FIFO

	SELF-TEST

	REGISTER MAP
	REGISTER DEFINITIONS
	Register 0x00—DEVID (Read Only)
	Register 0x1D—THRESH_TAP (Read/Write)
	Register 0x1E, Register 0x1F, Register 0x20—OFSX, OFSY, OFSZ (Read/Write)
	Register 0x21—DUR (Read/Write)
	Register 0x22—Latent (Read/Write)
	Register 0x23—Window (Read/Write)
	Register 0x24—THRESH_ACT (Read/Write)
	Register 0x25—THRESH_INACT (Read/Write)
	Register 0x26—TIME_INACT (Read/Write)
	Register 0x27—ACT_INACT_CTL (Read/Write)
	ACT AC/DC and INACT AC/DC Bits
	ACT_x Enable Bits and INACT_x Enable Bits

	Register 0x28—THRESH_FF (Read/Write)
	Register 0x29—TIME_FF (Read/Write)
	Register 0x2A—TAP_AXES (Read/Write)
	Suppress Bit
	TAP_x Enable Bits

	Register 0x2B—ACT_TAP_STATUS (Read Only)
	ACT_x Source and TAP_x Source Bits
	Asleep Bit

	Register 0x2C—BW_RATE (Read/Write)
	LOW_POWER Bit
	Rate Bits

	Register 0x2D—POWER_CTL (Read/Write)
	Link Bit
	AUTO_SLEEP Bit
	Measure Bit
	Sleep Bit
	Wakeup Bits

	Register 0x2E—INT_ENABLE (Read/Write)
	Register 0x2F—INT_MAP (Read/Write)
	Register 0x30—INT_SOURCE (Read Only)
	Register 0x31—DATA_FORMAT (Read/Write)
	SELF_TEST Bit
	SPI Bit
	INT_INVERT Bit
	FULL_RES Bit
	Justify Bit
	Range Bits

	Register 0x32 to Register 0x37—DATAX0, DATAX1, DATAY0, DATAY1, DATAZ0, DATAZ1 (Read Only)
	Register 0x38—FIFO_CTL (Read/Write)
	FIFO_MODE Bits
	Trigger Bit
	Samples Bits

	0x39—FIFO_STATUS (Read Only)
	FIFO_TRIG Bit
	Entries Bits



	APPLICATIONS INFORMATION
	POWER SUPPLY DECOUPLING
	MECHANICAL CONSIDERATIONS FOR MOUNTING
	TAP DETECTION
	THRESHOLD
	LINK MODE
	SLEEP MODE VS. LOW POWER MODE
	USING SELF-TEST
	AXES OF ACCELERATION SENSITIVITY
	LAYOUT AND DESIGN RECOMMENDATIONS

	OUTLINE DIMENSIONS
	ORDERING GUIDE

	1-1. Overview and Characteristics of AX-12
	1-2. Main Specifications
	2-1. Mechanical Assembly
	2-2 . Connector Assembly
	Male Connector


