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All_in_One Project

Configuration Report

2. Pinout Configuration
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All_in_One Project

Configuration Report

3. Pins Configuration

Pin Number

LQFP100

Pin Name

(function after

reset)

Pin Type Alternate

Function(s)

Label

1 PE2  * I/O GPIO_Output U4A_IN1

2 PE3  * I/O GPIO_Output U4A_EN

3 PE4  * I/O GPIO_Output U4B_EN

4 PE5  * I/O GPIO_Output U4A_IN2

5 PE6  * I/O GPIO_Output U4B_IN1

6 VBAT Power

7 PC13-ANTI_TAMP  * I/O GPIO_Output U4B_IN2

10 VSS Power

11 VDD Power

12 PH0-OSC_IN I/O RCC_OSC_IN

13 PH1-OSC_OUT I/O RCC_OSC_OUT

14 NRST Reset

15 PC0 I/O ADC1_IN10 FT_SG1

16 PC1 I/O ADC1_IN11 FT_SG2

17 PC2 I/O ADC1_IN12 FT_SG3

18 PC3 I/O ADC1_IN13 FT_SG4

19 VDD Power

20 VSSA Power

21 VREF+ Power

22 VDDA Power

24 PA1  * I/O GPIO_Output ENC_CS_U4B

25 PA2 I/O TIM2_CH3 U4B_PWM_T2C3

26 PA3 I/O TIM9_CH2 U4A_PWM_T9C2

27 VSS Power

28 VDD Power

29 PA4  * I/O GPIO_Output BLE_CS

30 PA5 I/O SPI1_SCK BLE_CLK

31 PA6 I/O SPI1_MISO BLE_MISO

32 PA7 I/O SPI1_MOSI BLE_MOSI

33 PC4 I/O ADC1_IN14 FT_SG5

34 PC5 I/O ADC1_IN15 FT_SG6

35 PB0  * I/O GPIO_Output LED_Yellow

36 PB1  * I/O GPIO_Output LED_RED

39 PE8 I/O GPIO_EXTI8 PEDAL_IRQ

41 PE10  * I/O GPIO_Output BLE_RESET

42 PE11  * I/O GPIO_Output ENC_CS_U4A
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Pin Number

LQFP100

Pin Name

(function after

reset)

Pin Type Alternate

Function(s)

Label

44 PE13  * I/O GPIO_Output LED_GREEN

45 PE14  * I/O GPIO_Output U2B_EN

46 PE15 I/O GPIO_EXTI15 BLE_IRQ

49 VCAP_1 Power

50 VDD Power

52 PB13 I/O SPI2_SCK ENC_CLK

53 PB14 I/O SPI2_MISO ENC_MISO

54 PB15 I/O SPI2_MOSI ENC_MOSI

55 PD8  * I/O GPIO_Output U2B_IN2

59 PD12  * I/O GPIO_Output ENC_CS_U2B

62 PD15  * I/O GPIO_Output U2B_IN1

63 PC6 I/O TIM8_CH1 CEK_T8CH1

66 PC9 I/O TIM3_CH4 U2B_PWM_T3C4

73 VCAP_2 Power

74 VSS Power

75 VDD Power

78 PC10  * I/O GPIO_Output BRAKE_ACTIVE

79 PC11  * I/O GPIO_Output BRAKE_PASSIVE1

80 PC12  * I/O GPIO_Output BRAKE_PASSIVE2

81 PD0 I/O GPIO_EXTI0 MKB_IRQ

82 PD1 I/O GPIO_EXTI1 ASB_IRQ

83 PD2  * I/O GPIO_Output LASER_OUT

84 PD3  * I/O GPIO_Output ENC_CS_PAS1

85 PD4  * I/O GPIO_Output ENC_CS_PAS2

86 PD5  * I/O GPIO_Output ENC_CS_PAS3

87 PD6  * I/O GPIO_Output ENC_CS_PAS4

88 PD7  * I/O GPIO_Output ENC_CS_PAS5

92 PB6 I/O USART1_TX

94 BOOT0 Boot

99 VSS Power

100 VDD Power

 

 * The pin is affected with an I/O function
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4. Clock Tree Configuration
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All_in_One Project

Configuration Report

5. IPs and Middleware Configuration

5.1. ADC1
mode: IN10

mode: IN11

mode: IN12

mode: IN13

mode: IN14

mode: IN15

5.1.1. Parameter Settings:

ADCs_Common_Settings:

Mode Independent mode

ADC_Settings:

Clock Prescaler PCLK2 divided by 4 *

Resolution 8 bits (11 ADC Clock cycles) *

Data Alignment Right alignment

Scan Conversion Mode Enabled *

Continuous Conversion Mode Enabled *

Discontinuous Conversion Mode Disabled

DMA Continuous Requests Enabled *

End Of Conversion Selection EOC flag at the end of single channel conversion

ADC_Regular_ConversionMode:

Number Of Conversion 6 *

External Trigger Conversion Source Regular Conversion launched by software

External Trigger Conversion Edge None

Rank 1

Channel Channel 10

Sampling Time 3 Cycles

Rank 2 *

Channel Channel 11 *

Sampling Time 3 Cycles

Rank 3 *

Channel Channel 12 *

Sampling Time 3 Cycles

Rank
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4 *

Channel Channel 13 *

Sampling Time 3 Cycles

Rank 5 *

Channel Channel 14 *

Sampling Time 3 Cycles

Rank 6 *

Channel Channel 15 *

Sampling Time 3 Cycles

ADC_Injected_ConversionMode:

Number Of Conversions 0

WatchDog:

Enable Analog WatchDog Mode false

 

 

5.2. RCC
High Speed Clock (HSE): Crystal/Ceramic Resonator

5.2.1. Parameter Settings:

System Parameters:

VDD voltage (V) 3.3

Instruction Cache Enabled

Prefetch Buffer Enabled

Data Cache Enabled

Flash Latency(WS) 2 WS (3 CPU cycle)

RCC Parameters:

HSI Calibration Value 16

HSE Startup Timout Value (ms) 100

LSE Startup Timout Value (ms) 5000

Power Parameters:

Power Regulatror Voltage Scale Power Regulator Voltage Scale 1

 

 

5.3. SPI1
Mode: Full-Duplex Master
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5.3.1. Parameter Settings:

Basic Parameters:

Frame Format Motorola

Data Size 8 Bits

First Bit MSB First

Clock Parameters:

Prescaler (for Baud Rate) 4 *

Baud Rate 10.5 MBits/s *

Clock Polarity (CPOL) Low

Clock Phase (CPHA) 1 Edge

Advanced Parameters:

CRC Calculation Disabled

NSS Signal Type Software

 

 

5.4. SPI2
Mode: Full-Duplex Master

5.4.1. Parameter Settings:

Basic Parameters:

Frame Format Motorola

Data Size 16 Bits *

First Bit MSB First

Clock Parameters:

Prescaler (for Baud Rate) 4 *

Baud Rate 10.5 MBits/s *

Clock Polarity (CPOL) High *

Clock Phase (CPHA) 2 Edge *

Advanced Parameters:

CRC Calculation Disabled

NSS Signal Type Software

 

 

5.5. SYS
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Timebase Source: SysTick

 

5.6. TIM2
Channel3: PWM Generation CH3

5.6.1. Parameter Settings:

Counter Settings:

Prescaler (PSC - 16 bits value) 41 *

Counter Mode Up

Counter Period (AutoReload Register - 32 bits value ) 99 *

Internal Clock Division (CKD) No Division

Trigger Output (TRGO) Parameters:

Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)

PWM Generation Channel 3:

Mode PWM mode 1

Pulse (32 bits value) 50 *

Fast Mode Disable

CH Polarity High

 

 

5.7. TIM3
Channel4: PWM Generation CH4

5.7.1. Parameter Settings:

Counter Settings:

Prescaler (PSC - 16 bits value) 41 *

Counter Mode Up

Counter Period (AutoReload Register - 16 bits value ) 99 *

Internal Clock Division (CKD) No Division

Trigger Output (TRGO) Parameters:

Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)

PWM Generation Channel 4:

Mode PWM mode 1

Pulse (16 bits value)
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50 *

Fast Mode Disable

CH Polarity High

 

 

5.8. TIM4
Channel2: Output Compare No Output

5.8.1. Parameter Settings:

Counter Settings:

Prescaler (PSC - 16 bits value) 83 *

Counter Mode Up

Counter Period (AutoReload Register - 16 bits value ) 1999 *

Internal Clock Division (CKD) No Division

Trigger Output (TRGO) Parameters:

Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)

Output Compare No Output Channel 2:

Mode Frozen (used for Timing base)

Pulse (16 bits value) 0

CH Polarity High

 

 

5.9. TIM5
Channel1: Output Compare No Output

5.9.1. Parameter Settings:

Counter Settings:

Prescaler (PSC - 16 bits value) 83 *

Counter Mode Up

Counter Period (AutoReload Register - 32 bits value ) 249999 *

Internal Clock Division (CKD) No Division

Trigger Output (TRGO) Parameters:

Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)

Output Compare No Output Channel 1:
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Mode Frozen (used for Timing base)

Pulse (32 bits value) 0

CH Polarity High

 

 

5.10. TIM8
Combined Channels: PWM Input on CH1

5.10.1. Parameter Settings:

Counter Settings:

Prescaler (PSC - 16 bits value) 20 *

Counter Mode Up

Counter Period (AutoReload Register - 16 bits value ) 65535 *

Internal Clock Division (CKD) No Division

Repetition Counter (RCR - 8 bits value) 0

Trigger Output (TRGO) Parameters:

Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)

PWM Input CH1 :

Input Trigger  TI1FP1

Slave Mode Controller Reset Mode

          ____ Parameters for Channel 1 ____

Polarity Selection Rising Edge

IC Selection Direct

Prescaler Division Ratio No division

Input Filter (4 bits value) 0

          ____ Parameters for Channel 2 ____

Polarity Selection (opposite CH1) Falling Edge

IC Selection Indirect

Prescaler Division Ratio No division

Input Filter (4 bits value) 0

 

 

5.11. TIM9
Channel2: PWM Generation CH2

5.11.1. Parameter Settings:
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Counter Settings:

Prescaler (PSC - 16 bits value) 41 *

Counter Mode Up

Counter Period (AutoReload Register - 16 bits value ) 99 *

Internal Clock Division (CKD) No Division

PWM Generation Channel 2:

Mode PWM mode 1

Pulse (16 bits value) 50 *

Fast Mode Disable

CH Polarity High

 

 

5.12. USART1
Mode: Single Wire (Half-Duplex)

5.12.1. Parameter Settings:

Basic Parameters:

Baud Rate 57600 *

Word Length 8 Bits (including Parity)

Parity None

Stop Bits 1

Advanced Parameters:

Data Direction Receive and Transmit

Over Sampling 16 Samples

 

 
 

* User modified value

Gizem
Typewriter
105



Page 13

All_in_One Project

Configuration Report

6. System Configuration

6.1. GPIO configuration

IP Pin Signal GPIO mode GPIO pull/up pull

down

Max

Speed

User Label

ADC1 PC0 ADC1_IN10 Analog mode No pull-up and no pull-down n/a FT_SG1

PC1 ADC1_IN11 Analog mode No pull-up and no pull-down n/a FT_SG2

PC2 ADC1_IN12 Analog mode No pull-up and no pull-down n/a FT_SG3

PC3 ADC1_IN13 Analog mode No pull-up and no pull-down n/a FT_SG4

PC4 ADC1_IN14 Analog mode No pull-up and no pull-down n/a FT_SG5

PC5 ADC1_IN15 Analog mode No pull-up and no pull-down n/a FT_SG6

RCC PH0-

OSC_IN

RCC_OSC_IN n/a n/a n/a

PH1-

OSC_OUT

RCC_OSC_OUT n/a n/a n/a

SPI1 PA5 SPI1_SCK Alternate Function Push Pull No pull-up and no pull-down Very High

*

BLE_CLK

PA6 SPI1_MISO Alternate Function Push Pull No pull-up and no pull-down Very High

*

BLE_MISO

PA7 SPI1_MOSI Alternate Function Push Pull No pull-up and no pull-down Very High

*

BLE_MOSI

SPI2 PB13 SPI2_SCK Alternate Function Push Pull No pull-up and no pull-down Very High

*

ENC_CLK

PB14 SPI2_MISO Alternate Function Push Pull No pull-up and no pull-down Very High

*

ENC_MISO

PB15 SPI2_MOSI Alternate Function Push Pull No pull-up and no pull-down Very High

*

ENC_MOSI

TIM2 PA2 TIM2_CH3 Alternate Function Push Pull No pull-up and no pull-down Low U4B_PWM_T2C3

TIM3 PC9 TIM3_CH4 Alternate Function Push Pull No pull-up and no pull-down Low U2B_PWM_T3C4

TIM8 PC6 TIM8_CH1 Alternate Function Push Pull No pull-up and no pull-down Low CEK_T8CH1

TIM9 PA3 TIM9_CH2 Alternate Function Push Pull No pull-up and no pull-down Low U4A_PWM_T9C2

USART1 PB6 USART1_TX Alternate Function Open

Drain

Pull-up Very High

*

GPIO PE2 GPIO_Output Output Push Pull No pull-up and no pull-down Low U4A_IN1

PE3 GPIO_Output Output Push Pull No pull-up and no pull-down Low U4A_EN

PE4 GPIO_Output Output Push Pull No pull-up and no pull-down Low U4B_EN

PE5 GPIO_Output Output Push Pull No pull-up and no pull-down Low U4A_IN2

PE6 GPIO_Output Output Push Pull No pull-up and no pull-down Low U4B_IN1
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IP Pin Signal GPIO mode GPIO pull/up pull

down

Max

Speed

User Label

PC13-

ANTI_TAMP

GPIO_Output Output Push Pull No pull-up and no pull-down Low U4B_IN2

PA1 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_U4B

PA4 GPIO_Output Output Push Pull No pull-up and no pull-down Very High

*

BLE_CS

PB0 GPIO_Output Output Push Pull No pull-up and no pull-down Low LED_Yellow

PB1 GPIO_Output Output Push Pull No pull-up and no pull-down Low LED_RED

PE8 GPIO_EXTI8 External Interrupt

Mode with

Rising/Falling edge

No pull-up and no pull-down n/a PEDAL_IRQ

PE10 GPIO_Output Output Push Pull No pull-up and no pull-down Low BLE_RESET

PE11 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_U4A

PE13 GPIO_Output Output Push Pull No pull-up and no pull-down Low LED_GREEN

PE14 GPIO_Output Output Push Pull No pull-up and no pull-down Low U2B_EN

PE15 GPIO_EXTI15 External Interrupt Mode with

Rising edge trigger detection
Pull-down * n/a BLE_IRQ

PD8 GPIO_Output Output Push Pull No pull-up and no pull-down Low U2B_IN2

PD12 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_U2B

PD15 GPIO_Output Output Push Pull No pull-up and no pull-down Low U2B_IN1

PC10 GPIO_Output Output Push Pull No pull-up and no pull-down Very High

*

BRAKE_ACTIVE

PC11 GPIO_Output Output Push Pull No pull-up and no pull-down Very High

*

BRAKE_PASSIVE1

PC12 GPIO_Output Output Push Pull No pull-up and no pull-down Very High

*

BRAKE_PASSIVE2

PD0 GPIO_EXTI0 External Interrupt

Mode with

Rising/Falling edge

No pull-up and no pull-down n/a MKB_IRQ

PD1 GPIO_EXTI1 External Interrupt Mode with

Rising edge trigger detection

No pull-up and no pull-down n/a ASB_IRQ

PD2 GPIO_Output Output Push Pull No pull-up and no pull-down Low LASER_OUT

PD3 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_PAS1

PD4 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_PAS2

PD5 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_PAS3

PD6 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_PAS4

PD7 GPIO_Output Output Push Pull No pull-up and no pull-down High * ENC_CS_PAS5
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6.2. DMA configuration

DMA request Stream Direction Priority
ADC1 DMA2_Stream0 Peripheral To Memory Low

SPI2_RX DMA1_Stream3 Peripheral To Memory Low

SPI2_TX DMA1_Stream4 Memory To Peripheral Low

 

ADC1: DMA2_Stream0 DMA request Settings: 

Mode: Circular *

Use fifo: Disable

Peripheral Increment: Disable

Memory Increment: Enable *

Peripheral Data Width: Byte *

Memory Data Width: Byte *

 

SPI2_RX: DMA1_Stream3 DMA request Settings: 

Mode: Normal

Use fifo: Disable

Peripheral Increment: Disable

Memory Increment: Enable *

Peripheral Data Width: Half Word

Memory Data Width: Half Word

 

SPI2_TX: DMA1_Stream4 DMA request Settings: 

Mode: Normal

Use fifo: Disable

Peripheral Increment: Disable

Memory Increment: Enable *

Peripheral Data Width: Half Word

Memory Data Width: Half Word
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6.3. NVIC configuration

Interrupt Table Enable Preenmption Priority SubPriority
Non maskable interrupt true 0 0

Hard fault interrupt true 0 0

Memory management fault true 0 0

Pre-fetch fault, memory access fault true 0 0

Undefined instruction or illegal state true 0 0

System service call via SWI instruction true 0 0

Debug monitor true 0 0

Pendable request for system service true 0 0

System tick timer true 0 0

EXTI line0 interrupt true 2 0

EXTI line1 interrupt true 1 1

DMA1 stream3 global interrupt true 0 0

DMA1 stream4 global interrupt true 0 0

EXTI line[9:5] interrupts true 5 0

TIM4 global interrupt true 5 0

SPI2 global interrupt true 4 0

EXTI line[15:10] interrupts true 1 0

TIM5 global interrupt true 0 0

DMA2 stream0 global interrupt true 0 0

PVD interrupt through EXTI line 16 unused

Flash global interrupt unused

RCC global interrupt unused

ADC1, ADC2 and ADC3 global interrupts unused

TIM1 break interrupt and TIM9 global interrupt unused

TIM2 global interrupt unused

TIM3 global interrupt unused

SPI1 global interrupt unused

USART1 global interrupt unused

TIM8 break interrupt and TIM12 global interrupt unused

TIM8 update interrupt and TIM13 global

interrupt

unused

TIM8 trigger and commutation interrupts and

TIM14 global interrupt

unused

TIM8 capture compare interrupt unused

FPU global interrupt unused

 
 

* User modified value
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Start System starts by activating AGA and ADD buttons.

Initialize 
HAL_Libraries

SystemClock 
Configuration

Initialize 
GPIO,DMA,ADC,SPIs,Timers

and USART 

Initialize 
Sensors, Motor drivers and

Bluetooth Module 

Empty the HCI queue 
(BLE notification queue) 

Initalize HCI 
(Preparing BLE Module for

connection) 

Enable MKB and ASB
interrupts

Connect to the ring

Get the necessary handles

Enable the accelerometer and
gyroscope notifications

Check the system state:

All brakes are locked, 
All LEDs are OFF.

All motors' speed are set zero,
All encoder chip selects are high,
Bluetooth module is ready to
connection.

The primary service handle, 
Gyroscope Report handle, 
 Configuration Report handle. 

case: MANUAL MODE case: OPERATION MODE

Disable pedal interrupt

Stop pedal's double click
timer

Release passive arm
brakes

Lock passive wrist brakes

Stop all the motors

Lock active brakes

Green LED
OFF

Enable the laser pointer and
vibration element on CEK

Set operation flag = 0

Disable sending notification of
the ring

the timer which is being
used to detect double

click

Lock passive arm brakes

Lock passive wrist brakes

Lock active wrist brakes

Disable the laser pointer and
vibration element on CEK

Set operation flag = 1

Start ASB check:

Has the ASB button ever pressed?

Does AKS need centering?

Is the system in ASB? OR 
CEK State == RELEASED 

Start red LED
blinking

NO

Check CEK state: Set CEK state:
ENDOSCOPE FLOATING

Set CEK state:
ENDOSCOPE DETACHED Disable pedal interrupt Stop pedal's double click

timer

BREAK

FULL PRESSED

HALF PRESSED

RELEASED

Red LED  
ON 

NO

Check MKB state:

Set system state: MANUAL Enable manual mode

BREAK

HIGH

LOW

Disable manual modeEnable manual mode

Enable operation mode

YES

YES

YES

NO Start green LED
blinking Wait 1 second Do centering

Error handler jump

Green LED
OFF Lock passive wrist brakes  Lock active brakes  Disable all motors Enable the laser pointer and

vibration element on CEK
Disable sending notification

of the ring Is CEK state == FULL PRESSED 

START MAIN LOOP:

Red LED  
OFF 

Disable the laser pointer and
vibration element on CEK

YES

NO

Enable sending notification
of the ringEnable pedal interruptStart pedal's double click

timer

Disable MKB interrupt Disable pedal interrupt Stop pedal's double click
timer

Green LED
OFF

Green LED
OFF

Release passive arm
brakes 

Release passive wrist
brakes  Lock active brakes Disable all motors Enable laser pointer and

vibration element on CEK
Disable sending notification

of the ring Is CEK state == HALF PRESSED 

YES

lock passive arm brakes

lock passive wrist brakes

Disable the laser pointer and
vibration element on CEK

Is the system in operation state?
YES

NO

Enable MKB interrupt

Is the CEK state RELEASED?
NO

YES

Start HCI Process

Is the operation flag == 1
NO

YES

Start operation mode

Disable MKB interrupt

Lock passive arm brakes 

Lock passive wrist brakes 

Start HCI Process 

Start operation mode

Is the teleoperation state == OFF Green LED
ON Disable all motors Lock active brakes

Enable MKB interrupt

YES

NO

Pedal Interrupt (rising/falling edges)

MKB interrupt 
(rising/falling edges)

ASB interrupt (falling edge)

Get SPI readings of
encoders

Set ASB workspace

END

If any disconnection occurs  
while the system operates

Is the Pedal pin == HIGH

NO

teleoperation state = OFF
YES

Is double click counter < treshold

teleoperation state = ANGLE

reset double click counter

reset angle accumulator

NO

teleoperation state =
DOLLY

YES

Is coupled mode enabled?

Is the teleoperation state == ANGLE

Align gyroscope data
to the earth frame

YES
Is coupled mode in 3D?

Update angle accumulator such that: 

angle->x += gyroscope_value->x;
angle->y += gyroscope_value->y;
angle->z += 0.0;

Update angle accumulator such that: 

angle->x += gyroscope_value->x;
angle->y += gyroscope_value->y;
angle->z += 0.0;

Is the teleoperation state == ANGLE

YES

YES

Update angle accumulator such that: 

angle->x += 0.0;
angle->y += 0.0;
angle->z += gyroscope_value->z;

NO

NO

Is the teleoperation state == ANGLE

YES

Update angle accumulator such that:

angle->x += 0.0;
angle->y += 0.0;
angle->z += gyroscope_value->x;

NOUpdate angle accumulator such that: 

angle->x += gyroscope_value->x;
angle->y += 0.0;
angle->z += gyroscope_value->z;

YES

Update angle accumulator such that: 

angle->x += 0.0;
angle->y += gyroscope_value->x;
angle->z += 0.0;

NO

COUPLED 3D

COUPLED 2D

UNCOUPLED 2D

Apply control algorithms: 

Read FT sensor values by ADC
Read encoder values by SPI
Kinematic calculations
Generate motor velocity demand

Is the force limit exceeded? Yellow LED
ON

YES 

Disable active brakes

Enable motors with the speed

calculated by control algorithms

Return

Yellow LED
OFF

NO
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BRAKE_P1

BRAKE_P2

BRAKE_P3

MOTOR_1

MOTOR_2

MOTOR_3

BRAKE_P4

BRAKE_P5

Magnetic Interaction

Magnetic Interaction

Magnetic Interaction

Magnetic Interaction

Magnetic Interaction

Magnetic Interaction

Magnetic Interaction

Robotic Arm

Active Arm

Passive Arm

Magnetic Interaction

Doctor's Ring

DA14583 
Microcontroller 

BOSCH
BMI160 IMU

SPI

Antenna

User Interface

LOG FILE

System Manager

Teleoperation Scheme

Control
Algorithm

Communication Handling

DRIVERS

GPIO

La
se

r 
Po

in
te

r 

Vi
br

at
io

n 
El

em
en

t 

GPIO
U

ARTMKB 

G
PI

O

ASB 
Button G

PI
O

Bluetooth
Module 

SP
I

G
PI

O

Br
ak

es
 

(in
 P

EK
) 

GPIO

Amplifier
Circuit

AD
C

D
M
A

Encoders 

SPI
G

PIO

G
PI

O

IRQ

R
es
et

C
S

C
S

D
M
A

F/T Sensor 

Bias Reference
Voltage Circuit 

Br
ak

es
  

(in
 K

EY
) 

GPIO M
O
SFET

C
ircuit

BRAKE_A1

BRAKE_A2

BRAKE_A3

x6

M
ot

or
 D

riv
er

 

PWM GPIO

M
ot
or
 

D
riv

er

x9

MASTER SYSTEM SLAVE SYSTEM

C
EK

 
Sw

itc
h 

PWM

KBE (Foot Pedal) 

G
PI

O

IRQ

B
luetooth 4.1

Low
 Energy
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SHUT DOWN
The health team has not started to set up the system yet, or the

operation has been completed and the system is shut down. 
All brakes are locked, all subsystems are closed.

AGA OFF
ADD x
MKB x
CEK x
KBE x

States Scenarios Buttons Lights

All the lights are off.

If the surgeon wishes to use the system as a passive endoscope
holder, the system switches to this mode.

The surgeon should press the ASB button for 1 time at the
beginning of the operation.

MANUAL

Mechanical Systems

AGA ON
ADD Released
CEK Released
MKB Pressed
KBE x

All the lights are off.

KEY : locked

PEK : locked

KEY : locked

PEK : arm released
wrist locked

PASSIVE: 
ENDOSCOPE IS HOLD 

The surgeon can clean the endoscope without removing it. ALSO,
PEK can be driven manually.

Homing may be required afterwards. 

AGA ON
ADD Released
CEK Half
MKB x
KBE x

CEK vibrator is active

KEY : locked

PEK : all released

PASSIVE: 
ENDOSCOPE IS

DETACHED 
The surgeon can remove the endoscope.

Homing is performed if necessary.

AGA ON
ADD Released
CEK Pressed
MKB Released
KBE x

CEK vibrator is active

KEY : locked

PEK : all locked

CEK half pressed CEK fully pressed 
M

KB O
N

 & C
EK

pressed

Cerrah endoskobu istediği pozisyona sabitlemiştir. 
Sistem Aktif Mod'a geçmek için beklemektedir. 

Sistemin en çok bulunacağı moddur. 
WAIT

AGA ON
ADD Released
MKB Released
CEK Released
KBE Released

Green LED is on

KEY : locked

PEK : locked

The surgeon controls the system via ring.
The system allows only pitch and yaw motions.

Control algorithms run in this state.
ACTIVE: 

ROTATION 

AGA ON
ADD Released
MKB Released
CEK Released
KBE Single Pressed

Green LED is
blinking

KEY : released

PEK : locked

CEK half pressed 

Is homming
required?

Is the system is in
surgery zone?

Yes

Homming of KEY starts, 
Green LED is blinking 

wait ~1sec

Homming required.
System should be

manually moved outside
of the surgery zone 

Yes

Red LED is on

Surgery Zone Check (ASB Check)

C
EK released &

M
KB O

N
 

No

No

CEK fully pressed

MKB pressed

MKB ON & CEK
released

MKB OFF & CEK
released

EM
ER

G
EN

C
Y

The pow
er of the m

icrocontroller is cut. 
System

 is still back drivable by the relay system
 connected the

brakes on the arm
 structure of PEK. 

AG
A

O
N

AD
D

Pressed
M

KB
x

C
EK 

x
KBE

x

All the lights are off

KEY : locked

PEK : arm
 released,

w
rist locked

AGA Pressed &
ADD Pressed

AGA Pressed &
ADD Released

ADD Pressed

ADD Released

Has ASB set before?

Yes

NoASB button should be
pressed

Red LED is
blinking

At this time, the system can be moved out of the surgery zone by
either interrupting the MKB or holding down the CEK key. The

system changes the mode according to the input. 

KBE single pressed

C
EK half pressed 

M
KB Pressed 

C
EK fully pressed

Red LED is off

The surgeon controls the system via ring.
The system allows only dolly motions.

Control algorithms run in this state.
ACTIVE: 
DOLLY 

AGA ON
ADD Released
MKB Released
CEK Released
KBE Double Pressed

Green LED is
blinking

KEY : released

PEK : locked

KBE released
KBE double pressed

KBE released

MKB pressed 

CEK fully pressed 

CEK half pressed 

HARDWARE STATES
SO

FT
W

AR
E 

ST
AT

ES

CEK

MKB
PASSIVE: 

ENDOSCOPE IS HOLD

Half pressed

Fu
ll 

pr
es

se
d

PASSIVE: 
ENDOSCOPE IS

DETACHED

O
FF

ON

MANUAL

OFF

MKB

ASB Check starts

O
FF

MANUAL

ON

ASB Check starts C
EK released &

M
KB O

FF 

C
EK

 re
le

as
ed

 &
M

KB
 O

N
 

CEK released &
MKB OFF 

Gizem
Typewriter
120

Gizem
Typewriter
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