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FBS - Forgotten Baby Syndrome
DAQ - Data Acquisition

Al — Analog Input

AO — Analog Output

LED - Light Emitting Diode

VCC - Voltage common collector
GND - Ground

IR — Infrared
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Abstract

The increasing use of micro-mobility vehicles, such as electric scooters and
e-bikes, introduces significant safety and control challenges. To mitigate these
risks, we developed a smart control and safety system designed to
dynamically regulate motor speed and provide active, real-time alerts to the
surrounding environment.

The system integrates a DC Servo Motor (SRV02), an optical proximity sensor
(TCRT5000), and an LED that simulates a brake light system, all interfaced
with a DAQ controller. Through continuous data processing, the system
governs the motor's speed based on the LED's illumination intensity: low
illumination drives the motor at partial capacity (e.g., 50%), whereas high
illumination commands full motor power. Furthermore, to enhance pedestrian
safety, the system utilizes the optical proximity sensor to detect individuals
approaching the vehicle. Upon detection, the LED transitions into a flashing
mode at a specific frequency to actively warn the approaching party.

The development process included hardware integration, component
calibration, system testing, and the comprehensive simulation of various
operational scenarios and control algorithms via MATLAB/Simulink interfaces.

This project presents an efficient, affordable, and accessible technological
solution to improve vehicle control and protect human life. It is designed to
serve as an active safety layer in the broader effort to prevent accidents
involving micro-mobility vehicles.



EXECUTIVE SUMMARY

1.1 Background and Rationale

In modern urban transportation environments, the rapid proliferation of electric
micro-mobility vehicles, such as e-scooters and e-bikes, has fundamentally
revolutionized personal transit. However, this shift has introduced severe
safety challenges. The physical operational environments of these vehicles
are highly complex, involving mixed-use areas with pedestrians, cyclists, and
heavy vehicles.

The safety of pedestrians and the riders themselves is directly affected by the
vehicle's acoustic signature and speed control. Operating in near-silence while
possessing high acceleration capabilities creates critical hazards, leading to a
high rate of accidents, especially involving vulnerable populations who are
unaware of the approaching vehicle until a collision is imminent.

Beyond the aspect of basic mechanical safety, there are two primary
motivations for this project:

1. Accident Prevention and Pedestrian Safety: Operating high-torque
electric motors without automated hazard mitigation leads to severe
collision risks. This issue is exacerbated by the lack of active warning
systems. By introducing an escalating proximity alert, the system
actively warns pedestrians, replacing reliance on slow human reaction
times.

2. Operational Safety Interlocks: Classic micro-mobility systems often
allow motor engagement from a static state without physical
authorization (leading to "whiskey throttle" accidents). This project
applies a modern "Safety Interlock" approach, ensuring the vehicle
cannot accelerate unintentionally, thereby drastically reducing the risk of
sudden loss of control.

1.2 Project Objectives

The main goal of this final project is to design, develop, simulate, and
implement a practical prototype of an automatic, smart, closed-loop control
system for regulating speed and proximity warnings on an electric
micro-mobility vehicle.

The system aims to replace the passive, manual control methods commonly
used today. Instead, it provides a software-and-hardware-based solution that
reacts in real time to external dynamic conditions, such as the sudden
appearance of obstacles, the distance to pedestrians, and the operational
state of the vehicle's braking system.

1.3 Operational Targets:

e Accurate Closed-Loop Control: Implementing a feedback system that
continuously measures the distance to external objects using optical
sensing, compares it to safety thresholds, and dynamically updates both
the motor speed limit and the frequency of the visual warning alerts.

e Hardware-Software Synergy: Using a professional Data Acquisition unit



e ( DAQ Q4) that is programmed and controlled directly from MATLAB &
Simulink in real time via Hardware-in-the-Loop (HIL) methodology.

e Dynamic Speed Modulation: Applying intelligent logic to restrict
maximum motor power based on brake light illumination cues (e.g.,
100% capacity for normal operation, restricted to 70% or 25% during
cautionary states) to ensure safe, natural deceleration.

1.4 System Architecture and Hardware Components
The system is based on a classic Feedback Loop structure composed of four
main stages: sensor, controller, actuator, and plant (HMI and propulsion).

1.5 Main Hardware Components

1. The Controller ( DAQ Q4): The central data acquisition and processing
bridge of the system. It was selected because of its high-resolution
Analog-to-Digital Converter (ADC) and full real-time compatibility with
Simulink, allowing precise execution of complex state-machine
algorithms.

2. Optical Proximity Sensor (TCRT5000): An infrared reflective sensor that
acts as the primary environmental eye of the system. It continuously
polls the immediate forward trajectory, converting physical distance into
a stable voltage read by the DAQ's analog channels.

3. The Actuator (SRV02 DC Servo Motor): Acts as the physical propulsion
simulator of the system. Its response characteristics provide a highly
accurate mechanical analog to the larger Brushless DC (BLDC) motors
used in actual e-scooters.

4. HMI Interface (LED Array): The visual output load of the system. Red
LEDs function as the proximity warning system (flashing at variable
frequencies), while Blue LEDs indicate the current speed restriction tier.

1.6 Engineering Methodology and Software Design

During the project, several critical design, testing, and integration stages were
performed, ensuring a safe step-by-step transition from theory to practice:
1.7 Integration and Preliminary Verification (Hardware-in-the-Loop)

Before building the complex control logic, the DAQ environment was
configured, and the I/O channels were verified. The Simulink Desktop
Real-Time package was installed, allowing direct graphical deployment.
Preliminary tests were developed to verify the generation of stable analog
outputs and the control over the visual HMI indicators.

1.8 Control Architecture Selection and Analysis

In this project, a "Sample & Hold" architecture combined with robust filtering
was selected to govern the signal processing instead of direct raw analog
passthrough. The engineering analysis justifies this choice:

e Signal Integrity and Noise Rejection: DC motors and switching power
supplies generate high-frequency electromagnetic interference (EMI).
The Sample & Hold logic, alongside physical RC low-pass filters,
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prevents this transient noise from triggering false proximity alerts or
erratic motor behavior.

e Deterministic Execution: Utilizing a fixed-step solver within Simulink
ensures that the system evaluates hazards and updates the motor
control lines at strictly defined intervals, guaranteeing a low-latency,
real-time response to sudden obstacles.

1.9 System Calibration and State Machine Development

A dedicated calibration process was performed to map the behavior of the
TCRT5000 sensor under varying distances and ambient light conditions. The
empirical results allowed us to correlate specific voltage thresholds with critical
collision distances.

Based on this calibration process, we designed and built a structured State
Machine within Simulink (using Stateflow principles). The system evaluates
the filtered sensor inputs and the mechanical brake interlock status, assigning
the vehicle to one of several predefined operating states (Idle, Drive, Proximity
Warning, Interlock Engaged). Each state outputs the exact motor power limit
and HMI flashing frequency required for that specific scenario.

1.10 Signal Flow in the Simulink Model

1. Analog Input Block: Samples the voltage from the TCRT5000 sensor
and the throttle potentiometer at a high rate.

2. Signal Filtering (Sample & Hold): Cleans the raw data to provide a
smooth, stable, and noise-free signal for the logic controller.

3. State Machine Logic (Stateflow): Receives the filtered data and the
brake interlock status, routing the system in real time to the appropriate
operational subsystem.

4. Merge & Command Block: Combines the algorithmic decisions into
single control lines for speed and alerts.

5. Analog/Digital Output Blocks: Sends the selected voltage to the SRV02
motor driver for speed control, and to the digital pins to generate the
variable-frequency square-wave for the Red LED alerts.

1.11 Key Results and Discussion
The project successfully passed all validation stages, showing an excellent
match between theoretical design requirements and practical performance:

1. Digital Proof of Concept (HIL Simulation): The Hardware-in-the-Loop
tests proved that the state machine logic is fully stable and that critical
safety architecture occurs instantly without software delays.

2. Proximity Alert Efficiency: Practical experiments showed a clear, inverse
relationship between obstacle distance and the warning flash rate. As
the distance closed, the visual alert escalated dynamically, successfully
replacing the missing acoustic warning of the electric motor.
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3. Closed-Loop Stability: When the safety interlock (simulated brake
switch) was disengaged, the system immediately overrode the throttle
input and grounded the motor, proving the mechanical authorization
concept is fault-tolerant.

4. Dynamic Speed Restriction: The system demonstrated reliable speed
modulation, cleanly dropping motor output to 70% or 25% based on the
predefined cautionary lighting states.

1.12 Future Work and Conclusion

The project successfully met all the goals defined at its beginning, creating a
solid engineering foundation for active safety systems in micro-mobility. The
final outcome presents a complete working methodology that combines
closed-loop control theory, automated hazard mitigation, and human-machine
interface design.

1.13 Proposed Future Improvements:

e Cellular Connectivity (V2X): Integrating an LTE-M or NB-loT
communication module to broadcast the vehicle's telemetry (speed,
hard braking events) to a centralized smart-city grid or surrounding
connected vehicles.

e Advanced Sensor Fusion: Upgrading the optical sensing layer with
miniature LIDAR or mmWave Radar modules to provide a
higher-resolution spatial map, allowing the system to operate effectively
in harsh weather conditions or complete darkness.
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.NADIN 'XINT

4.2
7NN [U'n D'NIn
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.N2'207 NINAI N'M'T NI¥A NAPNA D120 7V Ny nn DA, (nim
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v'Noa TPon Q4 yny 27N
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Encoder High-Pass Filter

wef?- s

$2+ 2 x zetaf_e x wef_es + wef?

Encoder High-Pass Filter

X'n NMionnn N'XIo

(G(s) = (w_cte?-s) / (s*+ 2{ few_cte - s + w_cfe?

[TIX ?*'oni Encoder-n Nt nX 72 XN :NNION N7 INIR IXNY 2T N
JINUIT NNNY jpion
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‘DIM '9T1.9
SRV02 9.1

1 PRESENTATION

1.1 Description

The Quanser SRY02 rotary servo plant, pictured in Figure 1.1, consists of a DC motor that is encased in a solid
aluminum frame and equipped with a planetary gearbox. The motor has its own internal gearbox that drives external
gears. The SRV02 is equipped with three sensors: potentiometer, encoder, and tachometer. The potentiometer and
encoder sensors measure the angular position of the load gear and the tachometer can be used to measured its

velocity.

Figure 1.1: Quanser SRV02 system

There are two SRV0Z options available: SRV02-ET and SRV(Z-ETS. The SRV02-ETS system includes a slip ring
assembly that allows the modules to be rotated the full 360 degrees.

1.2 Rotary Modules and Experiment Overview

The SRV02 rotary plant can be used stand-alone for several experiments butit also serve as a base component for
several add-on modules. Table 1.1 below lists these modules and the corresponding expenments that are supplied

with them. Thus a new plant is obtained by adding a module which presents new modeling and control challenges.
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2.1 SRVO2 Component Nomenclature

The SRV02 components listed in Table 2.1 below are labeled in figures 2.1a, 2.1b, 2.1¢, 2.1d, and 2.1e. Note
that Figure 2.1a shows the SRV02 in the low-gear configuration and Figure 2.1b is the SRV02 in the high-gear
configuration. These different gear setups will be explained laterin Section4.1.

ID Component ID Component
i

Potentiometer 13 | Tachometer
2 Bottom plate 14 | Ball-bearing block
3 Posts 15 | Motor connector
4 Muotor pinion gear: 72-teeth (low-gear) | 16 | Tachometer connector
5 | Load gear: T2-teeth (low-gear) 17 | Encoder connector
6 | Potentometer anti-backlash gear 18 | 51 & 52 connector (i.e. potentiometer)
¥ | Anti-backlash springs 19 | Motar pinion gear: 24-teeth (high-gear)
8 Load shaft (iLe. output shaft) 20 | Load gear: 120-testh (high-gear)
9 | Motor 21 | Barinertial load
10 | Gearbox 22 | Discinertial load
11 | Potentiometer 23 | Thumb screws
12 | Encoder

Table 2.1: SRV02 Components

2.2 Component Description

2.2.1 DC Motar

The SRV02 incorporates a Faulhaber Coreless DC Motor model 23385006 and is shown in Figure 2.1c with 1D #9.
This is a high efficiency, low inductance motor that can obtain a mueh faster response than a conventional de motor.
The complete specification sheet of the motor is included in [£].

B Caution: High-frequency signal applied fo & motor will eventually damage the gearbox mofor and the motor
brushes. The most likely source for high frequency noise is derivative feedback. If the derivative gain is set too high,
a noisy voltage will be fed into the motor. To protect your motor, you should always band limit your signal (especially
derivative feedback ) to a value of 50 Hz.

B Caution: Input 115V, 3 A peak, 1 Acontinuous.

B Caution: Exposed moving parts.

2.2.2 Potentiometer

All SRV02 models are equipped with a Vishay Spectrol model 132 potentiometer, shown in in Figure 2.1¢ with |abel
#11. Itis a single turn 10 k! sensor with no physical stops and has an electrical range of 352 deq. The total output
range of the sensor is L5 V over the full 352 deg range. Mote that a potentiometer provides an absolute position
measurement as opposed to a relative measurement from, for instance, an incremental encoder. See [8] for a full
listing of the potentiometer specifications.
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Figure 2.2: SRVD2 potentometer wiring

As illustrated in Figure 2.2, the potentiometer is connected to a 112 V DC power supply through two 7.15 k12 bias
resistors. Under normal operations, terminal 1 should measure -5 WV while terminal 3 should measure 5 V. The actual

position signal is available at terminal 2.

2.2.2 Tachometer

The SRV02-T and SRV02-ET models come equipped with a tachometer that is directly attached to the DC motor
and is depicted with |D #13 in Figure 2.1c. This prevents any latencies in the timing of the response and ensures
that the speed of the motor is accurately measured. Refer to [3] for the tachometer specification sheet.
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Figure 2.3: SRV02 tachometer wiring

The motor and tachometer wiring diagram is shown in Figure 2.3. The 4-pin DIN motor connector, component#19,
connects the power amplifier to the positive and negative motor leads. This is the motor input voltage signal that
drives the motor. The 8-pin mini DIN tachometer connector, component #18 shown in Figure 2.1d, is directly wired
to the positive and negative tachometer terminals. This supplies a voltage signal that is proportional to the rotational
speed. The tachometer connector is typically connected to the 53 analog input connector on the power amplifier.
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Figure 2 2: SEV0Z2 potentiometer wiring
Asg illustrated in Figure 2.2, the potentiometer iz connected to a +12 V DC power supply through two 7.15 kil bias
resistors. Under normal operations, terminal 1 should measure -5V while terminal 3 should measure 5. The actual
position signalis available at terminal 2.
2.2.3 Tachometer
The SEV02-T and SRV02-ET models come equipped with a tachometer that is directly attached to the DC motor

and is depicted with 10 #13 in Figure 2.1c. This prevents any latencies in the timing of the response and ensures
that the speed of the motoris accurately measured. Refer to [3] for the tachometer specification sheet.
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Figure 2.3: SRVI2 tachometer wiring

The motor and tachometer wiring diagram is shown in Figure 2.3. The 4-pin DIN motor connector, component 19,
connects the power amplifier to the positive and negative motor leads. This is the motor input voltage signal that
drives the motor. The B-pin mini DIN tachometer connector, component #18 shown in Figure 2_14d, is directly wired
to the positive and negative tachometer terminals. This supplies a voltage signal that is proportional to the rotational
speed. The tachometer connector is typicaly connected to the 33 analog input connector on the power amplifier.

2.2.4 Encoder

The SRVDZ2-E and SRVD2-EHR options have an oplical encoder installed that measures the angular position of the
load shafi. It is pictured in Figure 2_1c with the label #12. In the SRV02-E system, the encoder used is a US Digital
51 single-ended optical shaft encoder that offers a high resolution of 4096 counts per revolution in quadrature mode
(1024 lines per revolution). The complete spedification sheet of the 51 optical shaft encoder is given in [1].

The encoder in the SRVD2-EHR system has a resolution of 8192 counts per revolution in gquadrature mode (2042
lines per revolution). Remark that incremental encoders measure the relative angle of the shaft (as opposed to the

Q.
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potentiometer which measures the absolute angle).
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Figure 2.4: SRVI2 encoder wiring

The position signal generaled by the encoder can be directly connected to the data-acquisifion device using a
standard 5-pin DIM cable. The internal wiring of the encoder and the 5-pin DIM connector on the SRVI2, component
#17, isillustrated in Figure 2.4,

B Caution: Make sure you connect the encoder directly to your data-acquistion device and not to the power
amplifier.

2.3 SRVDO2-ETS Caomponents

The SRV02-ETS, pictured inFigure 2.5, isan SEV02-ET system with a slipring mounted onthe load gear. Thisallows
an external load attached on top of the slip ring unit to rotate 360 degrees freely without any cable entanglements.
In addition to the components listed in Table 2.1, Table 2.2 lists some components found on the SRV02-ETS unit
alone.

The components in Table 2.2 are shown and identified in Figure 2.6.

Component
24| Slipring module chassis 28 | Right connector on slip ring
25 | Slip ring 29 | Left connector on SRV02
26 | Slip ring top plate 30 | Right connector on SEVD2

27 | Left connector on slip ring

Table 2.2: Additional components on the SEV02-ETS

2.3.1 Slip Ring Description

The eight-contact slip ring channels the signals attached to the Left and Right connectors on the slip ring, ID #27
and ID #28 depicted in Figure 2.6, to the Leff and Rightf connectors on the SRV02 base. ID #27 and 1D #28 shown
in Figure 2.6. This allows the load attached to the load gear atop the slip ring, ID #8, to move freely 360 degrees
withoutanycable entangements. Thisis especially useful, forinstance, when used with the inverted rotary pendulum
experiments.
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DAQ Q4 - px1 9.2

Using the Q4 Terminal Board

Using the Q4 Terminal Board

The )4 terminal board offers a convenient and flexible system for connecting vour experi-
ments to the (4 data acquisition system. The board supports four analog outputs, four sin-
gle-ended analog inputs, four singled-ended encoder inputs, 16 digital /0 channels and 4
special purpose digital I'(y channels, providing two PWM outputs, an interrupt line, A/D
triggening, watchdog firing and counter gating. Low-pass analog filtering is also available
on the board. The (4 terminal board offers the flexibility you need!

Digital /O

The )4 data acquisition card supports 16 digital I'( channels. Each individual channel is
software programmable as an input or an output. These 16 channels are organized into two
banks of 8 channels each on the Q4 terminal board. The digital 10 connectors are shown in
light red in Figure 3 above.

Ciround 0
I 1 1
5.......-1 GND 3 DI
GND 5 D02
GND 7 DIO3
"90000000 2 || —
A A A A A A4 4 GND 9 10 DO
L L GND 11 12 DIOS
DDDDDDDD GRD 13 14 DIOG
L1l GND 15 16 o7
OO000 0000
76 5 4 3 2 10 Table 2 Digital IO Comnector Pin Asssgnment

Frgure 4 Dagnitsl 'O Connector

Figure 4 depicts a top-view of the digital 'O connector for channels 0 through 7. The even-
numbered pins are the signal pins, and the odd-numbered pins are all ground pins. The pin
assignments are enumerated in Table 2. Note that digital channels (0 and 7 are labeled on the
terminal board. The side of the connector that is all digital ground {odd-numberd pins) is la-
belled ——--DEMD---- on the terminal board. The other digital 1'0 connectors have
analogous pin assignments. Standard 16-pin nbbon cable connectors may be used to con-
nect to the digital LI'C) channels
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Installing the Q4 Driver

Fagure 3 (3 Termml Board

Installing the Q4 Driver

To install the Windows 2000 or XP driver for the Q4 card, simply insert the card into your
machine as per the instructions above, and then boot your computer. When Windows iden-
tifies the card and asks where to search for drivers, check the "Specify a location” option.
Choose the subdirectory on the floppy or CD-ROM suitable for your operating system. For
example, on the Q4 driver floppy, choose A'Win2k for Windows 2000, or A\WinXP for
Windows XP. Continue with the installation until Windows has installed the driver for the
card. The )4 card shows up in Device Manager under the new "Data Acquisition Cards"
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Encoder Inputs

Encoder Inputs

There are four single-ended encoder inputs on the ()4 terminal board. No extra circuitry is
required. Differential encoders may be connected using additonal circuitry. For example,
the US Digital E5D, H5D, 85D, E6D, H6D and S6D encoders use an industry standard
261531 line driver IC for their differential outputs. This line driver is RS-422 compatible,
so an RS-422 receiver IC may be used to convert the differential encoder signals to single-
ended encoder signals for input to the (4 terminal board. Please contact the encoder manu-
facturer for further information.

Encoder Connection

Single-ended encoders use three signals to supply a bidirectional count: an A channel, a B
channel and an I channel, or index pulse. The index pulse is not necessary for generating
encoder counts, but 15 convenient for calibration. The round DIN connectors on the terminal
board are used for the encoders. The encoder connectors are the round connectors shown in

light zreen in Figure 3 on page 10,

(L] 1 e
VT BDIR
Fi I
NI ACNT 3 A
4 5V
g B

Figgnns 3 LN Cotertor Table 3 Encoder Pin Assgnment
The pin assignments for the round DIN connector are illustrated in Figure 5 and on the ter-
minal board itself. The pins are also enumerated in Table 3. There are no complementary
signals for single-ended encoders. Note that the pin numbering of the round DIN con-
nector is not intuitive. The pins are not numbered sequentially in a clockwise direction.
The )4 card allows the encoders to be used as 24-bit digital up/down counters as well. In
this "non-quadrature” mode, the A input becomes a count input and the B input becomes a
direction input. Every nsing or falling edge of the CNT input (set in software), the 24-bit
counter will count up or down, according to the DIR input. The index input in this case be-
comes an asynchronous load signal, which may be programmed to latch the counter value
of to load the counter value from a preload register.
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TCRT5000 9.3

\___ A
VISHAY, TCRT5000, TCRT5000L
Vishay Semiconductors

Reflective Optical Sensor with Transistor Output

FEATURES
Package type: leaded
Ph-free

Detector type: phototransistor
Dimensions (L x W x H in mm): 10.2 x 5.8 x 7
Peak operating distance: 2.5 mm

RoHS

Operating range within > 20 % relative collector COMPLIANT
19156_2 current: 0.2 mmto 15 mm

Typical output current under test: Ig =1 mA

Daylight blocking filter

Emitter wavelength: 950 nm

Lead (Pb)-free soldering released

Compliant to RoHS directive 2002/95/EC and in

Top view 191561 accordance to WEEE 2002/96/EC
DESCRIPTION APPLICATIONS
The TCRT5000 and TCRT5000L are reflective sensors * Position sensor for shaft encoder
which include an infrared emitter and phototransistor in a = Detection of reflective material such as paper, IBM cards,
leaded package which blocks visible light. The package magnetic tapes etc.
mclu_des two mounting clips. TCRT5000L is the long lead « Limit switch for mechanical motions in VCR
version.
= General purpose - wherever the space is limited
PRODUCT SUMMARY
DISTANCE FOR DISTANCE RANGE FOR TYPICAL OUTPUT DAYLIGHT
PART NUMBER MAXIMUM CTRye (1 RELATIVE lowt > 20 % | CURRENT UNDER TEST (2 | BLOCKING FILTER
(mm) (mm) (mA) INTEGRATED
TCRT5000 2.5 0.21015 1 Yes
TCRT5000L 25 0.210 15 1 Yes

Notes
(1} CTR: current transfere ratio, low/lin
(@ Conditions like in table basic charactristics/sensors

ORDERING INFORMATION

ORDERING CODE PACKAGING VOLUME REMARKS

TCRT5000 Tube MOQ: 4500 pes, 50 pes/tube 3.5 mm lead length

TCRT5000L Tube MOQ: 2400 pcs, 48 pesitube 15 mm lead length
Note

1) MOQ: minimum order quantity

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER | TEST CONDITION SYMBOL VALUE UNIT

INPUT (EMITTER)

Reverse voltage Vi 5 Y

Forward current I3 60 mA

Forward surge current <10 ps lesm 3 A

Power dissipation Tamp £25°C Py 100 mw

Junction temperature T 100 °C
Document Number: 83760 For technical questions, contact: sensorstechsupport @ vishay.com www.vishay.com
Rev. 1.7, 17-Aug-09 1
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N A
VISHAY.

TCRT5000, TCRT5000L

Reflective Optical Sensor with Vishay Semiconductors

94 9226

8 Fux O Ve

Fig. 2 - Test Circuit

BASIC CHARACTERISTICS
Tamb = 25 °C, unless otherwise specified
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Fig. 4 - Forward Current vs. Forward Voltage
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Fig. 5 - Relative Current Transfer Ratio vs. Ambient Temperature

Transistor Output

Flat mirror d = working distance T

& =22.5 mm

rem. 2 D = distance

12+ 0.2 mm
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Fig. 3 - Test Circuit
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Fig. 6 - Collector Current vs. Forward Current
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Fig. 7 - Collector Emitter Saturation Voltage vs. Collector Current

Document Number: 83760 For technical questions, contact: sensorstechsupport @ vishay.com www.vishay.com

Rev. 1.7, 17-Aug-09
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R. C. Dorf, R. H. Bishop, "Modern Control Systems," 12th edition, Prentice
Hall, 2011.

MATLAB and Simulink User's Guide.
* MathWorks, Natick, Massachusetts, USA.

.NP'00'VLOY N'TOINN NOWN / (T"A71N) DDA TA NINYLA? NMIRZN NIYWAN *
DY 7RIW NIYAD'N 1IN (DY7MYN DMI9IXI 'O NIDNIYAL 0T NIIRN
JINNRN

Data Sheet and Preliminary Technical Data:
* https://www.quanser.com/products/q4
* https://www.vishay.com/docs/83760/tcrt5000.pdf
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