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Abstract
(BC)

Across the country, many homeowners have pets, specifically dogs, that need to

be taken care of and let outside on an hourly basis. However, with the busy everyday events of
life, it can be difficult to adequately take care of your pets so they can relieve themselves. The
goal of this project is to create a wireless, optionally automated but safe system to allow your pet
dog in and out of the house. This will create a secure form of allowing the dog to go out with
being able to monitor their activity remotely. The design is like the average dog door and would
be installed in the same location. The difference is the Smart Doggy Door detailed consists of an
automated door that uses RFID chips located on the respective collars to allow control of the
door. The owner will have the capability through a website to receive notifications of events.
The automated doggy door also adds an additional level of security by locking the door when not
in use. The Smart Doggy Door requires little maintenance but assists in the everyday care of
your pets.
•

Securely locked door using Hall Effect sensor

•

Automated door opening triggered by the RFID chip being in range of the RFID reader

•

Notifications of pet’s activity sent to the owner through connection to website.

•

The Smart Doggy Door is wall powered requiring no replacement of batteries

Problem Statement
1.1 Need
(BC, JH)

According to the National Insurance Institute, in a national survey in

America, 64.3 million people own a dog (“Facts Statistics”). As known by dog owners and
confirmed by Dr. Kristy Conn, dogs need to be let out three to five times a day (“How Often”).
7

With many of these situations falling during times when the owner is not at home, there needs to
be a way to let a dog outside remotely. While this can be done currently with a dog door, this
can leave the house vulnerable to unwanted entries. As a result of these circumstances a more
secure and connected way to let a dog outside is needed.

1.2 Objective
( BC, JH)

The objective of this product is to create a device that allows a dog to

enter and exit the home without the owner needing to be home. The device prevents the dog
door from opening unless the user's dog is wanting to be let out. Information on the activities of
the dog will be sent to the owner so that they can track the dog’s activities.

1.3 Background
(BC)

The idea of a more automated smart pet or doggy door has been researched and

patents for those specific designs exist. A patent that follows a similar concept to ours is the
Automatic Pet Door Controlled by Smartphone invented by Richard Brown. In their design, they
have multiple programming operating modes that control the ways a pet can use the door to go
outside. The design also includes different features such as whistles and signal lights. Operating
modes are controlled by the user using an associated app. An operating mode that is similar to
the idea being implemented is where a device connected to the pet, most likely a collar, will
enable the door to be open and closed according to where the dog is. For the design, it is not
necessary to create an app since it won’t be implementing as many operating modes; however,
logging into a web server can allow for adjusting settings or for doing setup operations.

8

(JM)

The theory behind the smart pet or doggy door is that it is a door mounted to a

regular door, of course modified for a hole that a pet can travel through and can sense a pet with
an active RFID chip/circuit attached to its collar. Upon the pet being within range of the pet
door, a signal will be picked up by the door, also referred to as the base station, from the active
tag. After validation of the signal—acquisition of signal—the door will open and close
automatically or send a notification via web server to the owner to inform them the door has
opened or closed. A valid signal acquisition will be decided in a two-step process. First, the
signal emitted from the pet collar needs to be picked up and then the second step exists to avoid
false positives. To verify that the pet should be let out, the pet will need to stay within range of
the system for a certain amount of time; this avoids changing the door state or sending a
notification if the pet gets too close for a small amount of time when wondering, concluding the
second step. An additional feature is data collection of the pet’s activities, such as the number of
times going through the door or amount of time spent outside. Communication between the base
station to collar and the owner will be across two mediums or techniques, RFID and WiFi.
(JM)

Wireless communication or verification between the collar and base station will

be through Radio Frequency Identification—RFID—technology. The goal in using RFID is for
proximity detection where the pet’s tagged collar will be sensed. RFID systems consist of
devices called tags, readers, and hosts (Bolic, Rostamian, & Djuric 2014). For the smart doggy
door, a tag will only communicate with a reader device in an active, high-power mode. Bolic,
Rostamian, and Djuric’s paper mentions that tags could communicate in a low-power mode with
other surrounding tags, but this product—Smart Doggy Door—does not need this interaction.
Obviously, any wireless communication, as discussed, will be through electromagnetic signals

9

and therefore radio transponders on both the tag and reader devices are needed for transmitting
and receiving the signals.
(JM)

Patents pertaining to the use of wireless communication to identify devices to

each other exist, but this is the function of the mentioned RFID system. In fact, the previously
mentioned Bolic, Rostamian, and Djuric paper briefly discusses a patent. In the patent, the
devices with radio transponders are mobile ones like phones but the purpose is to track
interactions, meaning cases where two devices are close to each other. The two devices will
identify each other and track information about the identity of the device and the location (Liao).
In the case of the Smart Doggy Door, the tag and reader are akin to the two devices in the patent;
however, only the reader will identify the tag and its ID, the tag will not identify the reader.
RFID technology is implemented using radio transponders emitted and receiving
electromagnetics signals, however the signal processing will take place on a microprocessor on
the tag reading portion of the doggy door/base station.
(JH)

According to Floerkemeier and Sarma a RFID reader will be composed of a radio

module, a general-purpose computing module, a network interface, and general input/output
pins. It is also mentioned that this computing module can be an embedded microprocessor with
significant power which will be needed to control other aspects of the doggy dog. This reader
will be classified as a DPSS reader as described by Floerkemeier and Sarma as it will need to be
able to eliminate redundant reads so that the door is not opened multiple times for a single event
(Floerkemeier and Sarma). Once the RFID tag has been detected the microprocessor will first
confirm that the detected RFID tag is one that the door can open for. The next step is that it will
upload information saying that an event has taken place to a web server where notifications can
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be sent out to the owner or data on the dog can be processed. Lastly, the second step will be to
send information out to tell the door to open.
(JH)

Once the microprocessor has received the RFID signal and processed it to

determine that the dog in front of the sensor is one that should be let in it
will send a signal out that will control the speed of a motor. An example of a motor that can be
controlled in this way is a stepper motor. A stepper motor’s speed as well as its direction can be
accomplished with a single microprocessor. By sending pulse sequences based on what the
motor should do. With control commands that will be issued based on if the dog is present the
signal will be sent to the motor the motors will run and a timer will start and the motors will run
for a certain time before a stop command is issued to the motors (Kang & Qu). With an
implementation as described above the commands will also be able to tell the motors which
speed to run at, but not for how long at the same time so timing of motor runs will be done on the
microprocessor during this time it will stop looking for the presence of an RFID tag and start a
timer to control how long motors will run for. A similar operation can be done to control other
types of motors, such as a servo, in a similar way. Which type of motor to use in this application
is also a concern as different types of motor have different strengths and drawbacks. In fact, to
implement a locking mechanism, a mechanical mechanism will have to be actuated in some way
but that can be done via a small servo or perhaps using a pneumatic component.
(NPH)

For opening and closing the door, a motor will be activated by the microprocessor

when the pet approaches the door. To provide security for the door, the motor must be able to
resist entry. There are many different types of motors that can be used for this project, based on
the desired specifications and design for the door. The two motors that are good candidates for
the doggy door are the servo motor and the stepper motor. A servo motor is a motor that allows
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for precise rotation or position, and the motor also has a feedback loop to adjust the output.
According to “Mode-free adaptive control method application for Auto-Door servo system”,
there are tradeoffs between the AC and DC versions of the servo motor. The AC version of the
motor is a good system for converting the rotational torque to linear movement, the AC motor
can be used as a brake unit when there is no input (securing the safety of the doggy door). The
article goes on to mention that the DC motor is a simpler machine and has faster response but is
more prone to error. Servo motors implement gear boxes into the system which can make the
system more mechanical.
(NPH)

A stepping motor is another option for operating the doggy door. Stepping motors

are good for positional movement application, such as moving the door to the open position and
holding it there. The article “Instantaneous torque analysis of hybrid stepping motor” mentions
that the stepping motor designs are more difficult to design and are usually used for low-speed
applications, the stepping motor also has a higher efficiency and high torque. Stepper motors do
not have a feedback loop and are good at generating and holding torque. The goal for the motor
design is to be able to implement a design that is functionable, can secure the door, and is a
practical. The two types of motors both have trade-offs and provide different areas of quality. As
the motor operates the door opens or closes depending on what the microprocessor tells the
motor to do.
(BC)

During the process of the doggy door opening and closing, the owner of the

doggy door will get a notification saying the former or the latter. The process by which this is
done is that the device that opens the door needs to be able to connect to the internet whether that
be hardwired or a wireless transceiver. According to Cuno Pfister’s book, there are many ways to
connect to the internet and have the microcontroller send data to a destination. Once the data is

12

sent it can be controlled by a web server which will then determine what notifications to send.
Also stated in Getting Started with the Internet of Things, the author talks about using the
ASP.net framework to set up the web server to receive and send out commands. This is the
common way of setting up a web server that can interact with other inputs and devices.

1.4 Marketing Requirements/ Top 5 User Needs
1. Ability to let dog/pet in or out when user is away from home
2. Door securely locked when dog not outside
3. User receives notification when dog wants outside
4. Safe and convenient for the owner and dog
5. Little training required to acclimate dog to the door

13

2. Engineering Analysis
2.1 Circuits

(JM)

RFID is used to uniquely identify pets within range of the Smart Doggy Door.

When a pet is within 1-ft of the door, the door starts the opening procedure. Although this
manufacturer’s hardware was not used, Microchip mentions that for a rectangular reader antenna
with dimensions 20 x 55-in, and 2 x 3.5-in tag, the max read range can be up to 40-in (“Antenna
Circuit Design for RFID Applications” 26). Texas Instruments mentions that a general rule of
thumb can be used to approximate the read distance of an RFID reader: the max read distance of
a RFID device is close to twice that of the diagonal of the rectangular antenna (“Antenna
Matching for the TRF7960 RFID Reader” 2-3). The construction of the Smart Doggy Door has
an opening the pet travels through of 11.5 x 17-in but considering wall thicknesses of 0.25-in, the
dimensions of the reader antenna are set to 12 x 17.5-in. Using Pythagoreans’ Theorem:
𝑀𝐴𝑋 𝑅𝐸𝐴𝐷 𝐷𝐼𝑆𝑇𝐴𝑁𝐶𝐸 = 2 × 𝐴𝑁𝑇𝐸𝑁𝑁𝐴 𝐿𝑂𝑂𝑃 𝐷𝐼𝐴𝐺𝑂𝑁𝐴𝐿 = 2 × √122 + 17.52 = 42"
From the above, the potential max read distance of the RFID is 42-in, exceeding the 1-ft or 12-in
required read distance from the RFID system.
(JM)

To achieve the rule-of-thumb read distance estimations, the Texas Instruments

13.56-MHz NFC RFID reader TRF7962ARHBT was planned to be used; however, after further
research of the RFID 13.56-MHz TRF7962ARHBT being used, the 200-mW max output power
of the chip would make it very difficult to reach a 1-ft range−at least without an external power
amplifier (PA) and then an adjustment to the receive path from the antenna (in the
TRF7962ARHBT datasheet, it is mentioned that external power amplifier support is not
provided from TI). Also, according to some online help forum posts from the Texas instruments
14

website, the antenna would have to be large for the given default output power (TRF7962A
antenna size). In any case, please see Appendix 12.2 for more information about for the TI RFID
chip antenna was designed−even if the design was not ultimately utilized.
(JM)

Before discussion analysis for the final design of the RFID system, the

STMicroelectronics ST25R3911B RFID integrated circuit was planned to be utilized on a
custom PCB which would then connect to the external STM32 MCU dev board. Ultimately, in
this project, the ST25R3911B was soldered onto two breakout boards and two custom PCB
boards but the IC would never respond to SPI commands to read the IC’s registers, even in the
most basic setup. In the end, the project utilized the ST25R3911B-DISCO board. First, however,
is further discussion about what led the project to use the ST25R3911B as an alternative to the
TRF7962A RFID chip, then the basic setup/connections to use the ST25R3911B, SPI issues and
tests, antenna matching and design, and finally (in the hardware design section of this report) a
discussion of the final hardware used.
(JM)

The ST25R3911B RFID chip chosen was over the previous TRF7962A IC for a

major reason, output power. The TRF7962A has a max of 200-mW (TRF7962A Fully
Integrated, 1) and the ST25R3911B outputs at a max of 1.4-W when the antenna is in the
differential configuration (Datasheet - ST25R3911B, 1). Because of the ambiguity in read range
possible, user experience from online was compared for each chip. Referring to the previous
discussion on the TI chip, it was mentioned that for a 3-ft range the antenna would have to be
very large and the output power still might not be enough and certain distances between the min
and max read range may not get a response from the RFID tags (TRF7962A antenna size). On
the other hand, plenty of examples exist of ST25R3911B IC reaching read ranges of 1-ft or more
using custom antennas and the ISO15693 RFID communication protocol (protocol discussed
15

more later). For example, one application of the IC was able to reach 11-in (Design questions
around ST25R3911B) and another for over 12-in (How to use ST25R3911B for). To potentially
save time and to ensure a better read range, the TRF7962A was switched out for the
ST25R3911B to achieve the passive RFID system requirements.
(JM)

Next, the basic circuit setup of the RFID ST25R3911B was implemented on

breakout boards and custom PCBs and the designs used for reference are from the ST25R3911B
datasheet and the ST25R3911B-DISCO user manual as those are examples of working systems
using the IC. More discussion on the custom PCB is later in the hardware design of this report,
but analysis of the IC is discussed here. First, the ST25R3911B was soldered to a breakout board
and then attached to a solder board using the below schematic as a reference. Decoupling
capacitors seen below were of values 0.1uF and 10uF as recommended in the datasheet and is
typical.

Figure 1: ST25R3911B RFID Schematic Reference (Datasheet - ST25R3911B).
However, upon sending the 0x7F read IC identity register byte to the ST25R3911B IC through
SPI (shown as waveforms) there was no response on the MISO line.
16

Figure 2: RFID SPI Trying to Read Register 0x3F of the ST25R3911B through SPI (Datasheet ST25R3911B).
At this point it was discovered that pin 33 of the IC may need to be connected to ground (the
previous assumption was that pin 33 or the pad under the IC was just for heat dissipation and not
exactly important for analysis of the IC). In any case, another IC was soldered onto a breakout
board with the ground pad exposed, there was no change in the response on the MISO line.
Which makes sense since pin 21 is VSS and was connected to ground at both points. Next,
assuming that the solder board connections were bad somehow or that this was the ideal setup,
more ICs were ordered and solder to custom PCBs. PCB design and recommendations for the
future can be found in the hardware design portion of this report, in any case SPI still did not
work and ultimately the ST25R3911B-DISCO board was utilized. However, analysis and design
is still not fully covered yet.
(JM)

Although the antenna was not utilized in the final design of the full product, that

analysis is done here. First, it is important to note that the mechanical dimensions of the door
influenced the size of the antenna. As discussed earlier, the opening and wall thickness of the
design mean the antenna can, at a minimum, be 12-in x 17.5-in, with any number of turns
needed. The size and turn count were set to the minimum of 12-in x 17.5-in at one turn. That is
17

the basis of the antenna design, next some theoretical analysis was done, and measurements were
taken that were then used with software provided by STMicroelectronics to create a matching
network to allow the RFID antenna to resonant at the carrier frequency of 13.56-MHz. The
antenna needs to efficiently couple with RFID tags through a magnetic field, to do this a
matching network is designed according to the properties of the antenna (influenced by its
geometry). The table below lists the properties needed from the antenna for building the
matching network.
Table 1: Antenna Properties Needed for Matching Network Design.
Antenna Parameters
Inductance [H]
Series and parallel resistance [Ω]
Self-resonance frequency [Hz]
Quality Factor Q
(JM)

Before obtaining the above properties, the antenna design needs to meet

requirements for the RFID ISO15693 protocol, this is influenced by the Q factor. The number of
loops, gap between loops, and loop track width influence all parameters and the Q factor, the Q
factor is where design of the antenna starts. Again, the minimum loop dimensions are 12-in x
17.5-in. First, the Q factor is a measure of the ‘sharpness’ or ‘selectivity’ of the resonance of a
circuit. For a loop antenna, a parallel resonant circuit models the passive parameters well
(“Antenna Circuit Design for RFID”, 22):
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Figure 3: Parallel RLC Circuit Model of Magnetic Loop Antenna
(JM)

The Q factor is a function of the operating frequency f0 and the data rate or

bandwidth B of the antenna. Due to the technology used, the operating or resonant frequency of
the antenna is to be tuned to,
f0 = 13.56-MHz

(1)

And,
𝑄=

𝑓0
𝐵

1

= 2𝜋𝐵√𝐿𝐶

(2)

Therefore, the target Q factor can be maximized by minimizing the needed bandwidth. The
bandwidth depends on either the standard being used (ISO14443A or ISO15693) or the air
interface (EMVCo or VHBR), which ever requires the least amount of bandwidth will constrain
the max Q factor. The utilized RFID ST25R3911B chip’s datasheet mentions that the
ISO14443A transmit and receive bit rates are 106-kb/s but does not mention ISO15693 (“High
performance HF reader”, 42). In another STMicroelectronics document, the minimum data rate
needed is 1.65-kb/s (“ISO 15693 standard compliant”, 15). For EMVCo, the minimum bitrate is
106-kb/s also (“EMV Contactless Specifications”, 77). For VHBR, the ST25R3911B mentions
that a 27.12-MHz crystal is mandatory for operation, but this is not the target since VHBR is
Very High Baud Rate which is not needed (“High performance HF reader”, 3). In any case, the
minimum bit rate of VHBR is fc/8 or 1695-kb/s which is still a luxury not required for this
product (“High performance HF reader”, 31). Bitrate does not need to be high since only up to
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three tags should be present at any time; therefore, a single byte (providing 256 unique values)
covers this requirement.

(JM)

To calculate the Q factor, the minimum bit rate of 1.65-kb/s is used to calculate

the bandwidth. The modulation technique used is pulse position modulation (PPM) as in the
referenced document (“ISO 15693 standard compliant”, 15). Each PPM symbol is 1 value
representing 8-bits within 4.833-ms split into 256 positions spaced 18.88-us apart resulting in a
1.65-kb/s data rate (a 1 out of 256 data coding). Therefore, there are M = 256 = 2k unique
symbols where each symbol is made up of k = 8 = log2(M) bits represented by one pause
position in 256. Using this information, the symbol rate is Rs = 1/0.004833 = 207-sym/s = double
sided BW or 207-Hz. Using this information, the Q factor is basically limitless since Q = 13.56MHz/207-Hz = 65507. Obviously, if the bandwidth were higher this would not be the case.
However, the Q factor dictates the rise and fall time and the ISO standard limits the fall time. In
any case, the Q factor is chosen at the upper limit of 40 according to a document by Microchip
(“Antenna Circuit Design”, 22). STMicroelectronics provides a useful graph for determining the
max Q allowed to still be able to communicate on the ISO standard in the antenna matching
document (“Antenna matching for ST25R3911B”, 19).
𝑄=
(JM)

𝑓0
𝐵

1

= 2𝜋𝐵√𝐿𝐶 = 40

(3)

The below table summarizes what has been determined so far to characterize the

equivalent antenna RLC network shown in Figure 3.
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Table 2: Parallel RLC Equivalent Design Parameters.
Antenna Parameters
f0 = 13.56-MHz
B = 207-Hz
Q = 40
Not shown in the above Q factor equation is the relation to the resistance R in the RLC network.
From the Microchip RFID document, the equation for bandwidth B depends on R and this can be
substituted into the Q equation (“Antenna Circuit Design”, 22-23). However, these other
parameters are very difficult to estimate and so will be measured using a Vector Network
Analyzer.

1

𝐵 = 2𝜋𝑅𝐶
𝑄=
(JM)

1
2𝜋

1
√𝐿𝐶
2𝜋𝑅𝐶

=

(4)
1
√𝐿𝐶
𝑅𝐶

=

𝑅𝐶
√𝐿𝐶

(5)

As discussed above, the parallel resistance of the antenna needs to be measured,

as well as the antenna inductance (from a parallel perspective), the DC resistance of the antenna
conductor, and the self-resonance frequency of the antenna due to its shape and geometry (12-in
x 17.5-in) also need to be found. These values, as well as filter parameters, target matching
impedance, and the target Q factor will be input into antenna matching software provided by
STMicroelectronics (Antenna Matching Tool for ST25R). To obtain the antenna parameters, the
VNA tool ‘NanoVNA-H’ was used. To prepare the VNA, OPEN, SHORT, and LOAD
connectors were made using SMA female to male adapters. OPEN is an easy VNA termination
technique where no connection between signal and GND is made. SHORT termination is done
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by shorting the middle signal prong of the SMA adapter to the outside casing GND. LOAD
termination is done like SHORT but two 100-ohm resistors were placed between the signal and
GND to make a 50-ohm load. The below picture shows the VNA tool (in its uncalibrated state)
and each homemade termination adapter used to calibrate the tool before measurement.

Figure 4: VNA and End Termination Calibration Parts.
After going through the calibration sequence for OPEN, SHORT, and LOAD the NanoVNA-H
shows green dot at the top and displays 0-ohms measured. The 12-in x 17.5-in antenna is then
connected to the female header OPEN terminals to begin measuring the antenna parameters.
(JM)

With the VNA calibrated and the antenna loop connected, the sequence in sec. 4.2

of the antenna matching document is followed step-by-step (Antenna Matching Tool for ST25R).
To take the measurements in sec. 4.2, the software NanoVNASaver was used since the VNA by
itself only can save 50 sample points, whereas the saver software is only limited by what your
computer can store. Therefore, the complete connection setup is as follows: NanoVNA-H
connected to computer through Micro-USB and the antenna connected to the VNA. In
NanoVNASaver the frequency range is set to 1-MHz to 300-MHz and a S11 Smith chart is
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displayed as explained in the matching document (Antenna Matching Tool for ST25R, 16).
Following the document to step three, the antenna inductance and series DC resistance was
measured to be 1557-nH and 180-mohm. As is shown in figure 7 of the document, a marker was
set at the x-crossing on the Smith Chart. The below figure shows an example of where the 1MHz (green) and crossing marker (red) are located on the Smith chart.

Figure 5: NanoVNASaver S11 Smith Chart Capture for Antenna Matching.
From the red marker, the antenna resonant frequency was measured to be 62.426-MHz and the
parallel resistance at the resonant frequency was measured to be 7457-Ohm, therefore
completing step four of the matching procedure. Next, according to the matching network
document from ST the parallel resistance needs to be correct for the target 13.56-MHz carrier as
𝐾 = √62.426 𝑀𝐻𝑧/13.56 𝑀𝐻𝑧 = 2.146 (Antenna Matching Tool for ST25R, 17). This means
the parallel resistance used in the matching network software is now 𝑅𝑝 = 2.146 ∗ 7457 =
16000 𝑜ℎ𝑚. Next, some filtering parameters were set to the defaults as that is what is used ST
RFID development boards (Antenna Matching Tool for ST25R, 11). The target impedance was
set low to 10-ohms to increase power output and the Q factor was set higher since proceeding
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simulation showed that the Q-factor did not reach the max of 40. The below capture shows the
ST25R Antenna Matching Tool with the above measured antenna parameters.

Figure 6: ST25R Antenna Matching Tool with Measured Values.
In the above screenshot, the matching network components were automatically calculated by the
software for the provided measured values. The below screenshot shows the QUCs simulation of
the circuit. As seen in the above image, the ST25R matching software provides buttons on the
bottom right to automatically setup the below simulation.
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Figure 7: QUCs Simulation of Matching Network.
In the bottom panel of the above screenshot, it shows that the matching network in Figure 6
achieves the target matching impedance and Q-factor, thus concluding the RFID analysis.
(JM)

To track pet direction of travel through the Smart Doggy Door, two pairs of IR

emitters and receivers are mounted in the opening of the door the pet travels through. From prior
experience, LEDs typically use around 10mA to 20mA+ during operation. However, if a typical
TV remote can transmit across the room on two AA cells, it is not difficult to transmit light over
IR 1-ft. In fact, from initial tests, it was found that communication over 17.5-in was easy to
implement with 5-V and providing a IR LED with around 90-mA.
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(NPH)

The power module is responsible for supplying power to the various components.

The components that need to receive power are the embedded processor, Wi-Fi chip, Hall-Effect
Sensor, RFID Reader chip, Motor Driver, Motor, and Solenoid. To determine the power supply
that is needed for the system the highest voltage required for a component is found, the solenoid
and the motor have the highest voltage rating which is maxed at 12V. The next thing to be
considered is the amount of current each component draws and calculate the total power for each
device and then sum up the total power.
The currents and their equivalent voltages are shown in the table below, along with the
calculation and summation of the total power required.
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Table 3: Components Currents and Voltages Power Calculation Table.
Component

Current

Voltage

Power

Embedded Processor

0.012 A

5V

0.06 W

0.215 A

3.3 V

0.7095 W

4 μA

3.3 V

0.000000132 W

0.075 A

5V

0.2475 W

ST25R3911B-DISCO

0.28 A

5V

1.4 W

(2)IR LED’s

0.1666 A

5V

0.833 W

Motor Driver (L)

0.6 A

5V

3W

0.6 A

5V

3W

0.2 A

6V

1.2 W

0.43 A

12 V

5.16 W

(STM32L552xx)
Wi-Fi Chip
(ESP8266)
Hall-Effect Sensor
(DRV5033)
RFID Tag
Reader Chip
(TRF7962A)

(L293D)
Motor Driver (R)
(L293D)
Motor
(JGY-370)
Solenoid
(PaiToolmixhome__12062)

Totals

15.61 W
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(NPH)

The amount of current required for the embedded processor is calculated by

taking the required frequency (106 MHz) and multiplying it times the amount of current that is
needed for each MHz (106 μA), this gives the total current required for the embedded processor
to be 0.06 A. The motor driver has two sides that are separated (or isolated), therefore to power
must be accounted for both sides of the motor driver. The currents recorded in the table are the
values of the highest to the higher current that can be drawn to ensure that there is no shortage of
power delivered to the components. From the table above the calculated power is 15.61 W. Upon
adding a 50% safety factor to the calculation, the new power rating is 23.415 W. Therefore, the
power that is required to run all the supporting components must be at least 23.415 W.

The

power is to be supplied through an AC DC power supply adapter, and then distributed to each of
the components through voltage regulators. The voltage from the power supply adapter should
be 12 volts and the regulated down to each of the individual components. Therefore, for standard
AC DC power supply adapter, the power supply is a 12 volt and 30-watts.
(NPH)

From the inputted power, it is distributed to each of the components. Voltage

regulators are used to supply the correct voltage to each of the components, voltage regulators
keep a steady input voltage at the level that the voltage that the regulator is rated for. The
components that require the same voltage are connected to the same output from a voltage
regulator. The first voltage regulator rating needed is 3.3 volts, this is connected to; the
embedded processor, the hall-effect sensor, and the Wi-Fi chip. The LM1117T-3.3/NOPB
voltage regulator is chosen because it rated output voltage is 3.3 volts and its current output is
0.6 A, this voltage regulator is chosen due to it being in the ECE stock. Two of the LM1117T3.3/NOPB are used to ensure that the total current can be distributed without pushing the limit on
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the current for one of the voltage regulators. The voltage regulator requires 1μF at the input and
10μF at the output for stabilizing the output of the regulator.
The next voltage regulator needed is 5 volts for the L293D motor driver, the voltage
regulator chosen for connecting to the motor driver is a dc-to-dc regulator called the TSR 12465. The 5 volts is also needed for the RFID tag reader, as well as the IR LED’s. The current
the 5-volt regulator can output is 2 A, which is greater than the summation of the two rail
currents of the motor driver (the summation of the two is 1.2A) and the IR LED’s and RFID tag
reader plus the embedded processor (the embedded processor can either be on the 3.3V or 5V).
This voltage regulator is chosen due to its high current output, which is needed as many of the
components run at the 5-volt mark. The voltage regulator requires 10μF at the input and 100μF
at the output, this is used for stabilizing the transient response at the output of the voltage
regulator getting a more consistent DC value.
(NPH)

The last voltage regulator that is needed is a voltage regulator of at least 6 volts,

to get the desired speed of response of the motor. The voltage regulator chosen is the V78052000, which is a 6.5-volt dc to dc voltage regulator. This higher voltage can be adjusted as
needed by using voltage reduction to slow down the motor. The voltage regulators max output
current is nearly double that of what the motors load current is. The voltage regulator requires
10μF at the input and 100μF at the output, this is used for stabilizing the transient response at the
output of the voltage regulator getting a more consistent DC value.
2.2 Electronics

(NPH)

A motor driver is used for the controlling the components the motor and the

solenoid. The motor driver that is used is a H-bridge, the H-bridge is used because of the layout
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of the H-bridge as it allows for control through multiple switches. The H-bridge needs to have at
least three outputs, so that the motor and the solenoid can be controlled. The motor driver must
also be able to supply the current, that each of the outputs that are connected, needs to run
properly. The H-bridge chosen is the L293D, because the current of the motor driver’s
maximum current that the motor driver can supply the current needed for the components that
are connected to. The L293D also has 4 outputs so it has enough to output to the solenoid and to
the motor. Therefore, the H-bridge can run the components that are connected. The H-bridge
also contains 18 pins on it, containing; 4 outputs, 4 inputs, enable pins, and voltage input pins.
The datasheet (https://www.ti.com/lit/ds/symlink/l293.pdf) for the L293x shows the logic and
pin connections for the motor driver. The pinout from the data sheet is shown below in Figure 9.

Figure 9: L293D Pinout and Pin Function Table
Figure 9 shows the functions of the pins on the motor driver. The enable pins (pins 1 and
9) are connected to 5 volts to activate the proper functionality of the motor driver, and to
activate the enable pins. The pins 2 and 7 are to be connected to the embedded processor to
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control the activation of the pins. The input pins (2 and 7) activate the output pins 3 and 6. The
output pins are connected to the motor. The wiring of the motor is discussed in the
Electromechanics section of the report. On the other side of the motor driver the input pin 15 is
connected to the embedded processor, and outputs to the output pin 14. The solenoid is
connected to the output pin 14 and the other connection to the solenoid is to the ground pin
(either pin 12 or pin 13). Pins 1 through 8 are dedicated to the motor and Pins 9 through 18 are
dedicated to the solenoid, this makes it so that the voltage supplied to the rails (VCC) is the
voltage needed for the components connected.
(JM)

A Hall effect sensor is used to detect if the rotating door on the Smart Doggy

Door is in the closed position. A permanent magnet mounted in the rotating door provides the
magnetic field density that the Hall effect sensor picks up. For analysis, it is assumed that the
sensor and magnet are not mounted further than about 1-in apart, although this may change in
the future. From initial datasheet browsing of permeant magnets, cylinder magnets with a
diameter of 0.25-in (fits in the door thickness of 0.5-in) can produce 5500-G or 0.55-T at the
magnet pole faces. The Hall effect sensor should be able to output a digital high or low voltage
once a magnetic field density threshold is passed; an analog output is not needed since the
components are mounted at fixed distances. An omni-polar sensor activates for either south or
north pole polarity magnetic fields and is preferable to reduce mistakes during assembly. After
browsing cheap sensors, digital switch Hall effect sensors that are omni-polar, and consume low
amounts of power, typically output a digital low upon passing a magnetic field density of
𝐵𝑇ℎ𝑒𝑟𝑠ℎ𝑜𝑙𝑑 = 0.005𝑇 and so this value is used for analysis. For a round magnet, the magnetic
field density is a function of the density at the pole surfaces, magnet diameter, and distance:
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𝐵𝑍 =

𝐵𝑟
𝐷+𝑧
𝑧
(
−
)
2 √𝑅 2 + (𝐷 + 𝑧)2 √𝑅 2 + 𝑧 2

The below figure is a MATLAB plot of the magnetic field density as a function of distance.

Figure 8: Magnet magnetic field density as a function of distance.
In Figure 8, at around 14.7-mm the magnetic field density is around 0.005-T. This means the
Hall effect sensor and permanent magnet should not be mounted more than 0.5-in away from
each other, unless a stronger than 0.55-T magnet is used.
2.3 Signal Processing

(JM)

Currently, the signal processing for the Wi-Fi is handled by the Smart Doggy

Door on-board Wi-Fi IC and the home-owner’s Wi-Fi router. The RFID tag and reader
communicate through ASK 100% or OOK using phase modulation (PM) in the RFID ISO 15693
standard.
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2.4 Communications

(JM)

The RFID reader and tag communicate wirelessly through modulated RF and

magnetic signals. Discussion about the how far and what communication standards are used
were discussed above in the Circuits section of this report. Design of the 13.56-MHz reader
antenna is closely related to the communication standards used. The tags used are passive and
credit-card sized. In any case, per Texas Instruments documents, a quick summary of the RFID
read distance is estimated by multiplying the diagonal of the RFID antenna by 2x. Given the
dimensions of the door (as discussed in the Circuits section of this report), the estimated read
distance of the RFID system is 33-in but the aim was to reach at least 12-in. Texas instruments
also mentions in multiple documents that an external power amplifier can be used with their
RFID chips, but in doing so, the receiver or RX path of the RFID system needs to be modified to
be more sensitive and robust.
(JM)

From previous discussion, it was shown that using the TI was not sufficient and it

was switched out for a STMicroelectronics IC. Discussion on communication, bitrate, and
protocols was discussed earlier in the circuits section of this report. Aspects of the
communication standard used for RFID heavily influenced the circuit design.
2.5 Electromechanics

(NPH)

There are a couple electromechanical systems in the project. The first

electromechanical system is the motor. The motor serves as the means of opening and closing
the door when the pet activates the door. The input to the motor is current, while the output of
the motor is torque. The design for the motor started out with decisions on what size the door
would be and what the door would be made of. The dimensions of the door are chosen along
33

with the materials that are used to represent the load that the motor turns. The dimensions of the
door are decided to have a height of 18 inches and a width of 12 inches with a door width of
0.25 inches. The materials of the door are then chosen, the material of the door is PLA plastic
𝑙𝑏

(having a density of 0.0448𝑖𝑛3 ) and the material of the hinge or rod is aluminum (having a
𝑙𝑏

density of 0.098𝑖𝑛3 ). The door can be broken up into two separate pieces, the aluminum rod and
the rectangular plastic part of the door (see the mechanical drawing for visual representation).
The weight of the rod is calculated below:
𝑊𝑟𝑜𝑑 = 𝑉𝑟𝑜𝑑 ∗ 𝜌𝑟𝑜𝑑 = 3.0788 𝑙𝑏𝑠.
𝑙𝑏

[𝑉𝑟𝑜𝑑 = 2𝜋𝑟ℎ = 54𝑖𝑛3 , 𝜌𝑟𝑜𝑑 = 0.098 𝑖𝑛3], Where r = 0.25” and h =20” (𝐿𝑟𝑜𝑑 > 𝐻𝐷𝑜𝑔 𝐷𝑜𝑜𝑟 )
The rod is the axis of rotation for the door; therefore, the rod is not in suspension and
therefore will not contribute much to the load on the motor.
The door itself extends from the axis of rotation and will need to be reflected (multiply the
force required to open the door times the distance). The calculation for the weight of the doggy
door (the part of the door that will rotate out) is calculated below:
𝑊𝐷𝑜𝑔𝑔𝑦 𝐷𝑜𝑜𝑟 = 𝑉𝐷𝑜𝑔𝑔𝑦 𝐷𝑜𝑜𝑟 ∗ 𝜌𝑃𝐿𝐴 𝑃𝑙𝑎𝑠𝑡𝑖𝑐 = 2.4192 𝑙𝑏𝑠.
𝑙𝑏

[𝑉𝑟𝑜𝑑 = 𝐻 ∗ 𝐿 ∗ 𝑊 , 𝜌𝐷𝑜𝑜𝑔𝑦 𝐷𝑜𝑜𝑟 = 0.0448 𝑖𝑛3 ] H =18” L =12” W = 0.5”
The weight of the plastic is what makes up the load on the motor that needs to be operated.
The Force required to operate this weight is calculated below (taking into account that weight of
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the door is not all suspended by the motor but is suspended by the hinge as well which is fixed
bring down the required load):

𝐹=

𝑊𝐷𝑜𝑔𝑔𝑦 𝐷𝑜𝑜𝑟
= 2.5 𝑙𝑏𝑠.
2

𝐹𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 = 𝐹 ∗ 𝑑 = 2.5 𝑓𝑡. 𝑙𝑏𝑠.
(NPH)

(distance is 12 in. = 1 ft.)

The door is designed to open to a quarter turn, or 90°. The time to open and close

the door while the motor is running is less than or equal to 5 seconds, for design and to include
another factor of safety, the door is designed to open in 3 seconds. All of these decisions and
calculations can be used to calculate the horsepower that will be needed to operate the door. The
calculation for the horsepower is shown below:

𝐻𝑃 =

2𝜋𝐹𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑑∗𝑠𝑝𝑒𝑒𝑑
33000

= 0.00238 Hp

Where 𝐹𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 is the force with the safety factor taken into consideration, d is the radius of the
door (equal to the length of the door). The speed is calculated by the following calculation:
𝑆𝑝𝑒𝑒𝑑 =

0.25 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 ∗60 𝑠𝑒𝑐
3 𝑆𝑒𝑐

= 5 𝑟𝑝𝑚. The horsepower calculation can be used to find the

required power for the system. The power is calculated below:
𝑃𝑜𝑤𝑒𝑟 = 𝐻𝑃 ∗ 746 = 1.775476 𝑊𝑎𝑡𝑡𝑠
All these values can be used to determine which motor to pick for operating the door system.
The motor is run by a motor driver, the motor driver acts as a system that helps control the
response of the motor. The motor is chosen based on the calculations of the horsepower required
for the motor and using standard voltage values to find a motor that fits the standard, the motor
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that is the simplest and fits the application the best is a dc brush motor. A safety factor is added
to the power needed to open the door; the safety factor added is 50%. The power rating with the
safety factor is 2.6 watts, therefore the motor selected must be greater than the 2.6-watt rating
for safety. The motor that is picked is a 12V 10rpm DC worm gear motor (the power rating of
the motor is 3 watts which is above the power rating with a safety factor). The calculated speed
of motor needed is calculated above and is 5 rpm. Therefore, to get the approximate speed of 5
rpm, the voltage supplied to the motor must be half that of the rated voltage. The voltage of the
motor is then calculated to be 6 volts DC, so the voltage must be greater than or equal to 6 volts.
From the data sheet for the JGY-370, the current the motor draws is 180 mA, and the stall
current is 1 A. The motor is connected to the motor driver and is controlled by the embedded
system, upon receiving an input high it will activate the motors rotation based on which pin is
activated from the motor driver. The two terminals of the DC motor are connected to separate
inputs from the motor driver, so that if one input is high it rotates clockwise and if the other pin
is activated it rotates counterclockwise. Both inputs to the motor are connected to ground,
through the motor drivers ground pins, by using capacitors. The capacitors act as protectors from
back EMF for the motor and the motor driver.
(NPH)

The input voltage level can either be inputted as a direct DC source (the 6.5 volts)

or can be controlled using pulse width modulation. There are several problems that pulse width
modulation could present in the application of the project, although pulse width modulation does
provide more variation of design for the input voltage (can be varied as to increase or decrease
the speed of the motor).
(NPH)

Using pulse width modulation in the design is not preferred for this design,

although there is more variability, it can cause potential problems with other devices that are to
36

be used in the project. The pulse width modulation introduces unknowns such as the carrier
frequencies as well dV/dt switching which could cause problems for running the motor.
Information would need to be attained about the rating of the insulation of the wiring with
respect to the dV/dt to design the pulse width modulation. Another problem that may be
introduced by using pulse width modulation is noise. Noise can affect the responses of the
components due to things such as Electromagnetic Interferences or Radio Frequency
Interferences. This could affect the signal and the solenoid (which relies on induction), also in
the project there are Hall-Effect sensors.
To keep the design simple and to limit any interference that maybe introduced into the
system, the preferred design is to use a constant DC voltage to run the devices needed. The
voltage needed for the motor is a 6-volt supply which is connected to the motor driver’s voltage
connection pin VCC.
(NPH)

Another electromechanical system implemented in the project is the sinusoidal

bolt. The sinusoidal bolt acts as the means of locking the door. A push-pull solenoid is to be
used for the locking mechanism. A pull solenoid is used because in its energized state is the
locked position, this allows for security of the doggy door even in the case of lost power. The
pull type of solenoid also is power efficient due to only needing to be energized when the door
needs to unlock. From the engineering requirement focused on securing the door in less than one
second from the door closing the closed state, from this the focus on the solenoid is on the
solenoid being able to react normally.
(NPH)

The solenoid that is chosen reportedly has an immediate response, the solenoid

requires a 12-volt supply, while having a current of 0.43 A. The solenoid works with the motor
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driver that is used because the motor driver can supply up to 600 mA which is greater than the
current that the solenoid requires. The solenoid, that is picked, has a stroke length of 5mm. The
stroke length is basically the distance that plunger moves, therefore the solenoid’s plunger
ranges from zero to 5 mm.
(NPH)

The solenoid is connected to the motor driver for control. The solenoid has a

positive and a negative terminal. For setting up the layout of the circuit to run the solenoid, the
positive terminal must be connected to one of the output terminals of the motor driver, so that
when one of the equivalent input terminal is activated, the output pin will effectively switch the
output to active allowing the voltage connected to energize the solenoid. The negative terminal
of the solenoid goes to one of the grounds on the motor driver. The solenoids required voltage is
connected to the motor driver’s pin VCC. This is the system for securing the door from unwanted
entry.

2.6 Computer Networks
(BC)

The communication form chosen to connect to the network and transmit and

receive information over is Wi-fi over Bluetooth. Bluetooth is notoriously hard to work with and
has a much lower transfer rate compared to Wi-Fi, 720kbs to 11mbps. Although Bluetooth has
the possibility of consuming less energy, the transfer speed is too low to use.
The Wi-Fi chip chosen is the ESP-8266. The chip provides the ability of communication
by UART. The commands sent from the micro controller will be in the format of AT commands.
These AT commands detail the setup of the web server as well as sends the html code that
controls what the user is seeing on the web page.
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The chip provides the ability of an operating frequency of 2.4 GHz but does not provide
the ability for an operating frequency of 5 GHz. The main incentive for 5GHz is the increased
amount of data that can be transferred over 2.4GHz. The Embedded processor will not need to be
sending large amounts of data over a long interval of time. Rather the amount of data will be
triggered by the event from the microprocessor causing the bytes of information to be sent to the
web server. The 2.4 GHz also has increased range and penetration of objects.
The Esp8266 includes IEEE 802.11 b/g/n standards. In A Comparison between IEEE
802.11a, b, g, n and ac Standards, it details the evolution and differences in IEEE 802.11
standards. According to IEEE802.11b standard provides 11Mbps transmission in the 2.4 GHz
frequency and a bandwidth of 22MHz. This uses a Direct Sequence Spread Spectrum
Modulation Technique. This is using Single Input, Single Output (SISO) technology. The main
improvement it had above the “a” standard was it allowed the wireless capabilities. It has a range
of 35m to 140m. IEEE 802.11g standard provides 54 Mbps network bandwidth that also operates
at the 2.4 GHz frequency with a bandwidth of 20MHz. It uses the same modulation technique
and as well employs the Single Input Single Output technology. The IEEE 802.11n main
difference from the other standards is it utilizes multiple wireless antennas in tandem to transmit
and receive data. The standard uses Multiple Input, Multiple output (MIMO). The standard that
best fits the needs of our system is IEEE 802.11 b. This includes bandwidth of 22MHz at
11MBps transmission which the bandwidth is higher than standard g. They both implore Single
Input Single Output which will work best with our system when connecting to the Web server.
There is no need for multiple devices connecting to the Wi-Fi Chip that IEEE 802.11n MIMO
provides.
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The Chip also provides the ability to make the device a station, an access point, or both.
If the device is set to station by the AT commands, this will allow the device to connect to an
access point. If set to an access point, this will allow IoT devices to connect to the module. It is
only necessary for the module to be set to station mode but will be set to both access point and
station mode to include the possibility of connecting to the module.
2.7 Embedded Systems
(JH)

The embedded system will tie all the aspects of the dog door together taking

inputs from other systems and making decisions on what the other systems should do based on
the information gathered. Primary function of the Smart Doggy Door is done using the
STM32L552 chip made by STMicroelectronics as it met all the requirements that were imposed
on the chip. The first requirement that the chip satisfies is that the chip is able to respond to any
input that is given quickly. This is important because we want all the responses that occur as a
result of the dog interacting with the door to happen as quickly as possible so that the dog knows
that the door will lead to outside making it easier to train the dog as well as making sure the
owner receives the information that the dog has gone out quickly. To do this the chip has a
110MHz clock that will be able to be run a that speed as power is not a large concern. The chip
also supports an NVIC that will allow for the chip to react very quickly to any input that is
deemed important via an interrupt. To take input the chip has 8 GPIO banks of 16 pins each all
pins can be used as simple input or output. However, some have special features such as specific
communication standards or a JTAG port. These features will allow the chip to react to the
inputs from devices outside the chip but some of the inputs that need to be processed are more
complex that simple GPIO so the chip a has to support a variety of communication standards.
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Another requirement of the chip is that it must be able to communicate with all the other
modules of the door so that it can utilize the function of those modules. To communicate with
the RFID reader the chip needs to be able to communicate through SPI. The STM32L552 chip is
equipped with 3 SPIs who are each capable of transmitting at a rate of 2 megabits per second
which is much faster than the system will need to communicate as the data as an RFID identifier
is only 64 bits. In addition to the RFID reader, the processor will need to communicate to the
Wi-Fi chip in order to communicate with an external server in both directions. The
microcontroller will send information on the time and duration of the dogs outside activities
using the Wi-Fi chip to a database because the chosen microcontroller does not have Wi-Fi
connectivity. The microcontroller will also receive information about the desired configuration
of the door. To communicate to the Wi-Fi chip, UART will be used, and the STM32L552 has 2
UART communication lines as well as 1 low-power UART that will be utilized for minimization
of power consumption while using the UART. In addition to this UART communication the WiFi chip a SPI line is needed to be able to configure the chip. The other components (IR LEDs,
Hall Effect Sensor, solenoid, and motor driver) will use the one of the 8 banks of GPIO whose
functions are configurable on a pin-by-pin basis to behave as needed for the individual
peripherals. The GPIO pin attached to Hall Effect sensor will be used to determine if the door is
in a position in which it can be locked as the sensor will output high when the door is ready to
be closed. The GPIO pins that are attached to the IR LEDs will be used to determine the
direction that the dog is travelling as well as checking to make sure that the dog is no longer in
the door so that the door can be closed. Finally, the GPIO pins that are attached to the motor
driver and the solenoid will be used to control the door locks as well as controlling the motors to
tell the door to open or close based on the RFID tag and IR LEDs. The table below will outline
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the communication between the Embedded system and other devices.

Figure 9: Diagram of Communication between embedded system and peripherals.
There are a variety of other features outside of these to these that can be useful for the
application that can be useful for the dog door. The first of these is the microcontroller has a
hardware floating point unit that will assist in doing floating points operations that may be
needed to assist in keeping track of the dog’s activity habits as well as how long the dog is
outside in a single trip. The chip also features 512 Kbyte flash memory that can be split into 2
banks if needed this means that it will not have an issue holding the application code. The chip
also features 256 Kbytes of SRAM that will allow the application to utilize a large stack without
worry of overflow. The STM32L552 also features up to 16 timers of various types the 3 lowpower timers will be utilized to keep track of how long the dog is present until the door opens as
well as when to close the door after the dog has left the range of the RFID reader. Finally, the
chip features a variety of debug interfaces that can be used to assist during development of the
application as well as can be used to program the chip during development, but can after these
42

interfaces can be disabled via option bytes to make sue the chip is not altered after development
has concluded. The debug utility that will be exposed in this application is a JTAG part that will
be used to program the chip.
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3. Engineering Requirements Specification
(JM)

The table below lists ten of the most important engineering requirements the

Smart Doggy Door has. Each engineering requirement is based on likely user or marketing
requirements that address what functions make the product useful.
Table 4: Engineering Requirements.
Marketing Requirements

Engineering Requirements

Justification

1, 4, 5

The door opens in ≤ 5 seconds
when the pet is in RFID range
for long enough.

System needs to be convenient
to allow the dog to realize that
the door is opening and leads to
the outside in a reasonable
amount of time.

1, 2, 4

The door closes in ≤ 5 seconds
when the pet leaves RFID range
for long enough.

The door should close fast
enough to not let in other
animals or too much outside air,
but only if the pet is a safe
distance away (> 1-ft because
of RFID).

1, 3, 4

Will communicate using Wi-Fi
to cloud server to notify user
within 30 seconds of the pet’s
entry or exit.

User wants to know where their
pet is−in near live time−when
the door performs an action.

2, 4

Wirelessly identifies specific
dogs within 1-ft.

Reduces unnecessary use and
notifications sent to the owner.

2, 4

Door locks in less than 1s when
rotating door reaches closed
position.

Seal home environment from
outside and stop unwanted
entries of other animals.

4

Door powered by external 12V
DC converted from 120V RMS.

Less maintenance required by
the owner / user; compared to a
battery bank.

4

Fits inside 11.5 x 17” hole and
does not stick out of the door
more than 2” on either side.

Product should fit inside
existing doors for easy
installation.
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4, 5

Time that pet RFID tag needs to
be in range to trigger door event
can be configured by the owner
from 1s to 10s.

Every home and environment
are different and cannot be
strictly accounted for in design.
The owner can change the
trigger time as they see fit for
their door and home. Default
time is 3s.

2, 4

Ensure no objects inside
passageway during door closing
procedure.

Medium sized dogs may still be
inside the door when it starts
closing due to the 1-ft RFID
range.

4

System can handle ≤ 3 pets.

Some pet owners have multiple
pets that use the same pet door,
and the RFID system and
software should be able to
interpret individual tags and
handle these situations.

Marketing Requirements
1. Ability to let dog/pet in or out when user is away from home
2. Door securely locked when dog is not outside
3. User receives notification when dog goes outside
4. Safe and convenient for the owner and dog
5. Little training required to acclimate dog to the door
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4. Engineering Standards Specification

(JM)

In the below table, utilities used for the Smart Doggy Door product to meet the

engineering requirements and to function are tabulated. This table provides a quick summary of
likely external and useful functions (i.e. Wi-Fi connection) but mainly information about the
internal operations are presented.
Table 5: Engineering Standards.

4.1 Safety

Standard

Use

RoHS

Product PCBs follow lead-free complacency
for user and environment safety

4.2 Communication

4.3 Data Formats

ISO 15693

RFID

802.11 g

2.4GHz Wi-Fi

Binary

Hall effect, motor control, solenoid, & infrared
LEDs/receivers

4.4 Design Methods

UART

Wi-Fi chip

SPI

RFID reader

Plotting

RFID tag power vs. reader current, Hall effect
magnet vs. distance

4.5 Programming
Languages

4.6 Connector Standards

C/ C++

Embedded processor

JavaScript

Web server

Java

Android GUI application

2.5mm power

Main power supply connection from wall

jack

power adapter to product internal components.
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5. Accepted Technical Design

5.1 Hardware Design

(JM)

The figure below shows a large and simplified overview of the entire Smart

Doggy Door system and product. This is where the initial design of the product started, and in
subsequent block diagrams was expanded.

Figure 10: Level-0 Hardware block diagram.
Table 6 below if the functional requirement table of the above level-0 block diagram. There is
only one table due to there being only one block/subsystem in the above figure. The table shows
what each input and output is and explains the function of the system above.
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Table 6: Level-0, ‘Smart Doggy Door’ FR table.
Module (JM)

Smart Doggy Door

Designer

- Brandon Caldwell, Jaret Helminski, Nathaniel Hall, & Jason Marcum

Inputs

- User/owner wireless inputs: data passed over Wi-Fi and/or cellular
networks.
- Active RFID tag signal: modulated electric field.
- DC voltage: direct-current voltage.

Outputs

- Door & pet states: data passed over Wi-Fi and/or cellular networks.

Functionality The Smart Doggy door is the physical pet door that opens, and closes,
based on if a pet has been within range for enough time, or if the owner
provides an input, wirelessly. The RFID tag signal is used by the door to
tell if the pet is close and then tracks how long it has been in range. If
the configurable in-range time is reached, then the door unlocks and
opens. DC voltage is provided by a rechargeable DC battery bank. The
output states about the door and pet tell the owner if door has opened
and if the dog was tracked going in or out of the home.
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(JM)

In the figure below, the level-0 block diagram from above was expanded to a

level-1 diagram. Multiple new blocks were added to explain and provide additional information
about various subsystems required as engineering requirements were developed. Each block is
mostly self-explanatory, but additional information is provided in Tables 7 through 12. The
tables explain each subsystem block’s inputs/outputs and general function in the overall design.

Figure 11: Level-1 Hardware block diagram.
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Table 7: Level-1, 'Android Smartphone Application' FR table.
Module (JM)

Android Smartphone Application

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- Retransmitted notifications: data passed over a Wi-Fi or cellular
connection.

Outputs

- User inputs: data passed over a Wi-Fi or cellular connection.

Functionality GUI application that allows the pet’s owner to configure the Smart Doggy
Door’s settings (i.e. pet sense range, duration of pet being in range to
trigger door activation, etc.) or to toggle the door’s lock and open/close
state. The owner will also be notified of pet door activations or if the
pet is in or outside of the house by the server by passing along direct
information from the Smart Doggy Door. Communication medium is
through the smartphone on-board wireless systems to establish a
connection to the server.
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Table 8: Level-1, 'Database and Server' FR table.
Module (JM)

Database and Server

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- User inputs: data passed over a Wi-Fi or cellular connection.
- Retransmitted notifications: data passed over a Wi-Fi or cellular
connection.

Outputs

- Retransmitted notifications: data passed over a Wi-Fi or cellular
connection.
- Retransmitted user inputs: data passed over Wi-Fi.

Functionality

Serves as the communication connection between the owner’s
smartphone and the owner’s home Wi-Fi (which the Smart Doggy Door
connects to) and stores information or settings about the door since the
door does not have on-board memory. User input is transmitted from
the owner’s phone to the server and then retransmitted to the home
modem/router/Wi-Fi. The server also receives notification data from
the Smart Doggy Door via the home’s internet connection and then
retransmits it to the owner’s phone.
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Table 9: Level-1, 'Home Wi-Fi and Router' FR table.
Module (JM)

Home Wi-Fi and Router

Designer

- None, homeowner’s hardware

Inputs

- Retransmitted user inputs: data passed over internet communication
network.
- Notifications: data passed over home Wi-Fi connection.

Outputs

- Retransmitted notifications: data passed over internet communication
network.
- Retransmitted user inputs: data passed over home Wi-Fi connection.

Functionality The homeowner’s Wi-Fi connection is used to transfer user input and door
state notifications to and from the Smart Doggy Door to the server. User
input and user set settings are finally passed to the door, after being
retransmitted multiple times. This is where notifications about the door
unlocking/locking or the pet being in or outside are transferred outside
the home to the server. User inputs come through the owner’s
connection to their ISP from the server.
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Table 10: Level-1, 'Smart Doggy Door' FR table.
Module (JM)

Smart Doggy Door

Designer

- Brandon Caldwell, Jaret Helminski, Nathaniel Hall, & Jason Marcum

Inputs

- Retransmitted user inputs: data passed over home Wi-Fi.
- Tag signal: modulated electric field signal.

Outputs

- Notifications: data passed over home Wi-Fi.
- Tag reader signal: modulated electric field signal.

Functionality The Smart Doggy door is the physical pet door that opens, and closes based
on if a pet has been within range for enough time. communication to
the door from the owner is through local Wi-Fi to the server and then
back to the Wi-Fi and to the door, notifications from the door to the
user travel the same way. The RFID tag signal is only transmitted to the
door if the output reader tag signal reaches the tag when the tag is in
range.
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Table 11: Level-1, 'Passive RFID Collar Tag' FR table.
Module (JM)

Passive RFID Collar Tag

Designer

- Jason Marcum

Inputs

- Tag reader signal: modulated electric field signal.

Outputs

- Tag signal: modulated electric field signal.

Functionality This tag is an RFID IC on a PCB mounted to the pet’s collar that the door’s
reader IC transmits modulated electric field signals to; then this tag IC
activates and sends a signal back to the door containing a unique ID
code. Both the input and output are modulated radio waves or electric
fields.

Table 12: Level-1, 'AC to DC Power Adapter’ FR table.
Module (JM)

AC to DC Power Adapter

Designer

- Nathaniel Hall

Inputs

- AC voltage: 120V RMS wall power.

Outputs

- DC voltage: 12V DC voltage.

Functionality Standard adapter/power brick that plugs into US wall outlet and provides 12V
DC through a 2.5mm power jack.
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(JM)

As the engineering requirements developed further, more blocks were needed, and

more interconnections and details were realized. The level-2 diagram below shows new
information not in the level-1, such as, a hall effect sensor to sense when the product’s door is
closed, a solenoid to lock the door, and trip sensors to track the travel direction of a pet through
the door. Tables 13 – 23 contain tabulated data about the inputs and outputs of each subsystem of
the level-2 diagram below, and about how each subsystem operates and contributes to the overall
design and function of the product.

Figure 12: Level-2 Hardware block diagram.
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Table 13: Level-2, 'Android Smartphone Application' FR table.
Module (JM)

Android Smartphone Application

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- Retransmitted door and pet states: data passed over a Wi-Fi or cellular
connection.

Outputs

- User inputs: data passed over a Wi-Fi or cellular connection.

Functionality GUI application that allows the pet’s owner to configure the Smart Doggy
Door’s settings (i.e. pet sense range, duration of pet being in range to
trigger door activation, etc.) or to toggle the door’s lock and open/close
state. The owner will also be notified of pet door activations or if the
pet is in or outside of the house by the server by passing along direct
information from the Smart Doggy Door. Communication medium is
through the smartphone on-board wireless systems to establish a
connection to the server.
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Table 14: Level-2, 'Database and Server' FR table.
Module (JM)

Database and Server

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- User inputs: data passed over a Wi-Fi or cellular connection.
- Retransmitted door & pet states: data passed over a Wi-Fi or cellular
connection.

Outputs

- Retransmitted door and pet states: data passed over a Wi-Fi or cellular
connection.
- Retransmitted user inputs: data passed over Wi-Fi.

Functionality Serves as the communication connection between the owner’s
smartphone and the owner’s home Wi-Fi (which the Smart Doggy Door
connects to), and stores information or settings about the door since the
door does not have on-board memory. User input is transmitted from
the owner’s phone to the server and then retransmitted to the home
modem/router/Wi-Fi. The server also receives notification data (if door
opened or if the pet is in our outside) from the Smart Doggy Door via
the home’s internet connection and then retransmits it to the owner’s
phone. This server is external to both the Smart Doggy door and the
home: an example is a rented Amazon Web Service (AWS) server.
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Table 15: Level-2, 'Home Wi-Fi and Router' FR table.
Module (JM)

Home Wi-Fi and Router

Designer

- None, homeowner’s hardware

Inputs

- Retransmitted user inputs: data passed over internet communication
network.
- Retransmitted door & pet states: data passed over home Wi-Fi
connection.

Outputs

- Retransmitted door & pet states: data passed over internet
communication network.
- Retransmitted user inputs: data passed over home Wi-Fi connection.

Functionality The homeowner’s Wi-Fi connection is used to transfer user input and door
state notifications to and from the Smart Doggy Door to the server. User
input and user set settings are finally passed to the door, after being
retransmitted multiple times. This is where notifications about the door
unlocking/locking or the pet being in or outside are transferred outside
the home to the server, such as a rented AWS server. User inputs come
through the owner’s connection to their ISP from the server.
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Table 16: Level-2, 'Web Server' FR table.
Module (JM)

Web Server

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- Door & pet states digital data stream: SPI/URT/I2C data stream.
- Retransmitted user inputs: data passed over Wi-Fi.

Outputs

- Retransmitted door and pet states: data passed over Wi-Fi.
- User inputs digital data stream: SPI/URT/I2C data stream.

Functionality The web server is hosted using the main embedded processor, but its
function is to provide a way to connect to the home Wi-Fi and then an
external server (AWS). Internally, the processor takes pin inputs and
allows the web server access to this pin data. Door and pet states are
binary data that the web server takes and sends to the AWS server, and
incoming user inputs are transferred to the program (maybe part of web
server program) that changes pin states on the embedded processor.
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Table 17: Level-2, 'Main Door Embedded Processor' FR table.
Module (JM)

Main Door Embedded Processor

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- User inputs digital data stream: SPI/URT/I2C data stream.
- Digital HI/LOW IR signal: binary HI/LOW voltage.
- Digital HI/LOW Hall effect signal: binary HI/LOW voltage.
- DC Voltage: 3.3V ~ 12V DC voltage.
- Tag signal: modulated electric field signal.

Outputs

- Door & pet states digital data stream: SPI/URT/I2C data stream.
- Digital HI/LOW motor on/off signal: binary HI/LOW voltage.
- Digital HI/LOW solenoid on/off signal: binary HI/LOW voltage.
- Tag reader signal: modulated electric field signal.

Functionality The embedded processor hosts the web server that is used to send data out
of the house, but also interacts and manages peripherals and sensors.
IR LEDs are used to detect if the pet goes inside or outside of the house,
and signals from the LED modules are digital HI or LOW voltages. The
Hall effect sensor detects if the door has reached the closed position since
the DC motor most likely will not report its position. Processor is powered
by the battery bank DC voltage. This processor will interreact with a RFID
reader IC that sends a modulated RF signal to the tag which then sends a
code back to the reader and processor. The lock solenoid is retracted when
the door is in the closed position, indicated by the Hall effect sensor
output.
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Table 18: Level-2, 'Infrared Trip Sensors' FR table.
Module (JM)

Infrared Trip Sensors

Designer

- Jason Marcum

Inputs

- DC voltage: 3.3V ~ 12V RMS

Outputs

- Digital HI/LOW IR signal: binary HI/LOW voltage.

Functionality On both sides of the height of the pet door opening are two sets of IR emitter
and receiver LEDs. One pair of emitter and receiver LEDs are mounted
towards the front (outside the house) and back (inside the house). These
trip sensors determine if the pet has gone in or out of the house. If the pet is
going outside, the pair inside and then the pair outside will be blocked
from each other and trip, in that order. These LEDs will only turn on when
the RFID has been in range long enough and the door opens, at that time
the LEDs are supplied voltage and upon loss of line-of-sight, between the
receiver and emitter, the processor records either a change from HI->LOW
or LOW->HI, depending on the LEDs/hardware.
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Table 19: Level-2, 'Door Motor and Motor Driver' FR table.
Module (JM)

Door Motor and Motor Driver

Designer

- Nathaniel Hall

Inputs

- DC voltage: 5-volts and 6.5-volts ~ 12V DC voltage.

Outputs

- Digital HI/LOW motor on/off signal: binary HI/LOW voltage.

Functionality Upon activation of the door opening procedure, the motor driver is supplied
with 5 volts from the 5-volt voltage regulator and motor is powered based on
a signal activating the motor driver pins, giving the supplied 6.5-volts to the
motor. When the door is closed, polarity of voltage supplied to the motor is
reversed and the door rotates in the closing direction. The door halts closing
when the Hall effect IC output changes due to a magnet mounted in the pet
door.

Table 20: Level-2, 'Hall Effect Sensor' FR table.
Module (JM)

Hall Effect Sensor

Designer

- Jason Marcum

Inputs

- DC voltage: 3.3V ~ 12V DC voltage.

Outputs

- Digital HI/LOW Hall effect signal: binary HI/LOW voltage.

Functionality Sensor used to determine if the magnet mounted in the frame of the moving
pet door (moving pet door mounted on vertical hinge) is in front of the
sensor. If the magnet is in front of the sensor, the door is in the closed
position and the motor can be turned off and the solenoid extended to
lock the door.
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Table 21: Level-2, 'Door Lock and Solenoid' FR table.
Module (JM)

Door Lock and Solenoid

Designer

- Nathaniel Hall

Inputs

- DC voltage: 12V DC voltage.

Outputs

- Digital HI/LOW solenoid on/off signal: binary HI/LOW voltage.

Functionality The solenoid’s primary function is to lock the door. By default, the solenoid is
in an extended position and locked, this reduces power consumption in the
pet door closed state. If the pet door starts the opening procedure, the
solenoid is powered and retracted until the door closes and reaches the
closed position. The solenoid will extend a shaft into an indent built into
the side of the moving pet door to stop a forced opening of the door.

Table 22: Level-2, ‘AC to DC Power Adapter’ FR table.
Module (JM)

AC to DC Power Adapter

Designer

- Nathaniel Hall

Inputs

- AC voltage: 120V RMS wall power.

Outputs

- DC voltage: 12V DC voltage.

Functionality Standard adapter/power brick that plugs into US wall outlet and provides 12V
DC through a 2.5mm power jack.
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Table 23: Level-2, 'Passive RFID Collar Tag' FR table.
Module (JM)

Passive RFID Collar Tag

Designer

- Jason Marcum

Inputs

- Tag reader signal: modulated electric field signal.

Outputs

- Tag signal: modulated electric field signal.

Functionality RFID tag IC mounted to pet’s collar that uniquely identifies the pet. If the pet
is in range of the Smart Doggy Door, a modulated electric field is picked
up by the tag from the tag reader on the door. Upon voltage being
induced on the tag’s antenna, the tag’s clock starts and transmits a
modulated electric field, containing a unique ID code, back to the tag
reader.
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(JM)

The figure below shows the final block-diagram of the Smart Doggy Door.

Compared to the level-2 diagram before it, blocks for the voltage regulators, motor/solenoid
driver IC, and separate IR emitter/receiver were added and connected to other subsystems. More
information about each subsystem and the respective connections and function are explained in
detail in Tables 24 – 42.

Figure 13: Level-3 Hardware block diagram.
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Table 24: Level-3, 'Android Smartphone Application' FR table.
Module (JM)

Android Smartphone Application

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- Retransmitted door and pet states: data passed over a Wi-Fi or cellular
connection.

Outputs

- User inputs: data passed over a Wi-Fi or cellular connection.

Functionality GUI application that allows the pet’s owner to configure the Smart Doggy
Door’s settings (i.e. pet sense range, duration of pet being in range to
trigger door activation, etc.) or to toggle the door’s lock and open/close
state. The owner will also be notified of pet door activations or if the
pet is in or outside of the house by the server by passing along direct
information from the Smart Doggy Door. Communication medium is
through the smartphone on-board wireless systems to establish a
connection to the server.
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Table 25: Level-3, 'Database and Server' FR table.
Module (JM)

Database and Server

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- User inputs: data passed over a Wi-Fi or cellular connection.
- Retransmitted door & pet states: data passed over a Wi-Fi or cellular
connection.

Outputs

- Retransmitted door and pet states: data passed over a Wi-Fi or cellular
connection.
- Retransmitted user inputs: data passed over Wi-Fi.

Functionality Serves as the communication connection between the owners’
smartphone and the owner’s home Wi-Fi (which the Smart Doggy Door
connects to), and stores information or settings about the door since the
door does not have on-board memory. User input is transmitted from
the owner’s phone to the server and then retransmitted to the home
modem/router/Wi-Fi. The server also receives notification data (if door
opened or if the pet is in our outside) from the Smart Doggy Door via
the home’s internet connection and then retransmits it to the owner’s
phone. This server is external to both the Smart Doggy door and the
home: an example is a rented Amazon Web Service (AWS) server.
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Table 26: Level-3, 'Home Wi-Fi and Router' FR table.
Module (JM)

Home Wi-Fi and Router

Designer

- None, homeowner’s hardware

Inputs

- Retransmitted user inputs: data passed over internet communication
network.
- Retransmitted door & pet states: data passed over home Wi-Fi
connection.

Outputs

- Retransmitted door & pet states: data passed over internet
communication network.
- Retransmitted user inputs: data passed over home Wi-Fi connection.

Functionality The homeowner’s Wi-Fi connection is used to transfer user input and door
state notifications to and from the Smart Doggy Door to the server. User
input and user set settings are finally passed to the door, after being
retransmitted multiple times. This is where notifications about the door
unlocking/locking or the pet being in or outside are transferred outside
the home to the server, such as a rented AWS server. User inputs come
through the owner’s connection to their ISP from the server.
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Table 27: Level-3, 'Wi-Fi Chip' FR table.
Module (JM)

Wi-Fi Chip

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

-Retransmitted user inputs: data passed over home Wi-Fi connection.
- Door & pet states digital data stream: URT data stream.
- 3.3V DC: 3.3V supply voltage.

Outputs

- Retransmitted door & pet states: data passed over internet
communication network.
- User inputs digital data stream: URT data stream.

Functionality The Wi-Fi chip/IC provides a connection to the home router which in turn
provides a connection to the cloud-based database. User inputs to the door
pass from the user’s phone > database > home internet
connection/modem/router > this Wi-Fi chip. From the processor comes
information about the door and therefore the pet. Upon receiving user
inputs, the data is passed from the Wi-Fi IC to the MCU but the MCU also
communicates with the Wi-Fi chip for configuration and data
transmission. This Wi-Fi IC and the MCU together are the web server; the
MCU runs and processes server data and the Wi-Fi IC provide the
wireless connection. Powered by the 3.3V.

69

Table 28: Level-3, 'Main Door Embedded Processor' FR table.
Module (JM)

Main Door Embedded Processor

Designer

- Brandon Caldwell & Jaret Helminski

Inputs

- User inputs digital data stream: SPI/URT/I2C data stream.
- 3.3V DC: 3.3V supply voltage.
- RFID Tag signal & wake-up: SPI data stream.
- IR receiver detection digital HI/LOW: binary HI/LOW voltage signal.
- Hall effect digital HI/LOW: binary HI/LOW voltage signal.

Outputs

- Door & pet states digital data stream: SPI/URT/I2C data stream.
- RFID Reader config data: SPI data stream.
- Digital motor control signal: binary HI/LOW voltage.
- Solenoid digital control signal: binary HI/LOW voltage signal.
- IR receiver digital HI/LOW: binary HI/LOW voltage signal.

Functionality The embedded processor hosts the web server send data out of the house, but
also interacts and manages peripherals and sensors. User input is received
from the Wi-Fi IC through a digital commination standard. This chip,
along with many others, is powered by DC voltage from regulators.
The RFID reader chip is sent configuration data through SPI. IR
LEDs, solenoid, and the motor are controlled from this module and the
peripherals communicate digital signals back.
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Table 29: Level-3, '3.3V Regulator' FR table.
Module (JM)

3.3V Regulator

Designer

- Nathaniel Hall

Inputs

- 12V DC: 12 V DC voltage

Outputs

- 3.3V DC: 3.3 V DC voltage

Functionality Regulates the voltage, to keep the voltage at a constant voltage level. For this
voltage regulator the voltage level is 3.3 volts. The voltage from the voltage
regulators are connected to the devices that need 3.3 volts.

Table 30: Level-3, '5V Regulator' FR table.
Module (JM)

5V Regulator

Designer

- Nathaniel Hall

Inputs

- 12V DC: 12 V DC voltage

Outputs

- 5V DC: 5 V DC voltage

Functionality Regulates the voltage, to keep the voltage at a constant voltage level. For this
voltage regulator the voltage level is 5 volts. The voltage from the voltage
regulators is connected to the devices that need 5 volts.
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Table 31: Level-3, '6.5V Regulator' FR table.
Module (JM)

6.5V Regulator

Designer

- Nathaniel Hall

Inputs

- 12V DC: 12 V DC voltage

Outputs

- 6.5V DC: 6.5 V DC voltage

Functionality Regulates the voltage, to keep the voltage at a constant voltage level. For this
voltage regulator the voltage level is 6.5 volts. The voltage from the voltage
regulator is connected to the motor driver for outputting to the motor.
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Table 32: Level-3, 'H-Bridge Motor Driver' FR table.
Module (JM)

H-Bridge Motor Driver

Designer

- Nathaniel Hall

Inputs

- 5V DC: 5 V DC voltage.
- Digital motor/solenoid control signals: binary HI/LOW voltage.
- 6.5V DC: 6.5 V DC voltage
- 12V DC: 12 V DC voltage

Outputs

- DC Motor supply voltage: 6.5 V
- DC Solenoid supply voltage: 12 V

Functionality Allows controlling higher voltage and higher current rated motors with lower
voltage and delicate systems. An IC is used to build this module and
allows for forward and reverse (relative to the motor) polarity voltage
output to drive the motor. The embedded processor sends a HI or LOW
signal to this IC and the IC allows the stepped-up DC supply voltage
through to the motor as either +6V or -6V; the sign of the output voltage
determines if the door opens or closes. The solenoid receives +12V when
signal is sent for to the rail of the H-bridge motor driver circuit.
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Table 33: Level-3, 'DC Motor' FR table.
Module (JM)

DC Motor

Designer

- Nathaniel Hall

Inputs

- DC Motor supply voltage: 6.5V DC

Outputs

- Torque: Some amount Newton-Meters

Functionality The DC motor provides a torque to the vertical door shaft that either opens or
closes the door panels on the Smart Doggy Door. An input of either +6.5
volts or – 6.5 volts based on the terminals of the motor. Mechanically, the
torque is transferred from a 45-degree bevel gear (on the motor shaft) to
another 45-degree bevel gear (mounted on the rotating door flap).
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Table 34: Level-3, 'RFID Tag Reader Chip' FR table.
Module (JM)

RFID Tag Reader Chip

Designer

- Jason Marcum

Inputs

- RFID Reader config data: SPI data stream.
- Modulated voltage tag code signal: received RFID tag code induced
voltage signal.
- DC Voltage: 5V supply voltage.

Outputs

- RFID Tag signal & wake-up: SPI/URT/I2C data stream or HI/LOW.
- Modulated voltage tag wake-up signal: transmitting RFID tag
signal/power.

Functionality The RFID reader chip actively sends a modulated RF signal that can be
received by RFID tags. When a tag receives a reader signal a voltage is
induced (inducing power) and wakes the tag IC up to process the reader
signal. After processing, the tag sends its own modulated signal to its
antenna that is then received by the RFID reader antenna; at this point, this
module ensures the received tag signal is valid and recognized and sends a
signal to the main embedded process to control the door and notify the
user.
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Table 35: Level-3, 'RFID Tag Reader Antenna' FR table.
Module (JM)

RFID Tag Reader Antenna

Designer

- Jason Marcum

Inputs

- Modulated voltage tag wake-up signal: transmitting RFID tag
signal/power.
- Modulated RF tag code signal: receiving modulated RF tag signal.

Outputs

- Modulated voltage tag code signal: induced voltage from the RF tag
signal.
- Modulated RF tag wake-up signal: transmitting RFID tag
signal/power.

Functionality This loop antenna is tuned to 13.56-MHz and is connected to the RFID reader
chip so that wake-up signals/power can be sent and then received by tag
antennas and ICs. This is an intermediate stage where voltage is used to
flow a current that emits a magnetic field, or to have a current induced to
flow a current and generate a voltage that the reader can interpret.
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Table 36: Level-3, 'RFID Tag Antenna' FR table.
Module (JM)

RFID Tag Antenna

Designer

- Jason Marcum

Inputs

- Modulated voltage tag code signal: transmitting RFID reader
signal/power.
- Modulated RF tag wake-up signal: receiving modulated RF reader signal.

Outputs

- Modulated voltage tag wake-up signal: induced voltage from the RF
reader signal.
- Modulated RF tag code signal: transmitting RFID reader
signal/power.

Functionality This receives the always transmitting RFID reader RF signal which, in turn,
induces a voltage here at the tag.
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Table 37: Level-3, 'RFID Tag Chip' FR table.
Module (JM)

RFID Tag Chip

Designer

- Jason Marcum

Inputs

- Modulated voltage tag wake-up signal: induced voltage from the RFID
reader RF signal.

Outputs

- Modulated voltage tag code signal: transmitting RFID reader
signal/power.

Functionality This is the main device that tells the Smart Doggy Door if a pet in range
since this IC will be mounted to the pet’s collar. Demodulation and
modulation is taken care of by this IC and how the manufacturer decided
to handle it.
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Table 38: Level-3, 'Solenoid' FR table.
Module (JM)

Solenoid

Designer

- Nathaniel Hall

Inputs

- Solenoid digital control signal: binary HI/LOW voltage signal.
-Solenoid supply voltage: 12V DC.

Outputs

- Shaft actuation: Movement of the solenoid to the locked or unlocked
position.

Functionality Locks the Smart Doggy Door when a control signal from the main embedded
processor is received. In the unlocked position, the shaft is retracted, and
the device is powered, but in the unlocked position the shaft is extended
and the device unpowered. The control signal is given when the door is
closed, and a Hall effect signal has been received at the processor, or when
the door senses RFID long enough and the door unlocks to open.
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Table 39: Level-3, 'IR Receivers' FR table.
Module (JM)

IR Receivers

Designer

- Jason Marcum

Inputs

- DC Voltage: 3.3V DC voltage.

Outputs

- IR receiver detection digital HI/LOW: binary HI/LOW voltage signal.

Functionality Pairs of IR LED emitters and receivers act as trip sensors that are used to
sense what direction the pet goes through the door. Both LED pairs are
only run when the door is opening or closing at around 5s ~ 10s at a time.
One pair is mounted inside the house in the frame and one outside the
house in the frame. Emitters are mounted in the top of the frame in the
opening where the pet travels through, and receiver LEDs are mounted in
the bottom of the frame. Upon the door opening (RFID in range), the
emitters send light to the receivers and the receivers send a HI signal to the
processor. If light is not received by a receiver, then the beam is broken,
and the pet or door is in the way (the door momentarily gets in the way
when the door opens). Door interruptions can be tracked in software and
ignored. For travel direction if the inside and then outside beams are
broken that means the pet went outside, and vice-versa for going inside.
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Table 40: Level-3, 'IR LED Emitters’ FR table.
Module (JM)

IR LED Emitters

Designer

- Jason Marcum

Inputs

- DC Voltage: 6V DC voltage.

Outputs

- IR emitter digital HI/LOW: binary HI/LOW voltage signal.

Functionality The transmit portion of IR LED break beam pair.

Table 41: Level-3, 'Magnet' FR table.
Module (JM)

Magnet

Designer

- Jason Marcum

Inputs

None

Outputs

- Magnetic field: magnetic field density.

Functionality Mounted in the frame of the rotating door in the Smart Doggy Door so that
the Hall effect sensor can sense if the rotating door is in the closed
position. Needs to be strong enough so that the magnetic field density is
strong enough across the sensor and magnet mounting distances.
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Table 42: Level-3, 'Hall Effect Sensor' FR table.
Module (JM)

Hall Effect Sensor

Designer

- Jason Marcum

Inputs

- 3.3V DC: 3.3V DC supply voltage.
- Magnetic field: Magnetic field density.

Outputs

- Hall effect digital HI/LOW: binary HI/LOW voltage signal.

Functionality Outputs a digital LOW voltage signal when a magnetic field is sensed. The
magnetic field is proved by a magnet mounted in the frame of the rotating
door. This module is powered by the battery bank at 3.6V. A minimum
magnetic field density is needed to cross the manufacturer’s set threshold
(Gauss or Tesla).

(JM)

As explained in the circuits section of this report the TRF7962A RFID IC was

switched out for the ST25R3911B IC due to power output concerns. See Appendix 12.3 for the
hardware design that was done for the TRF7962A IC before being switched out. Next, SPI
commands sent to the ST25R3911B RFID IC on breakout boards and custom PCBs never
received a response from the IC. After discussion with an ST employee via the company’s
forums, it was concluded that the ST25R3911B is very sensitive EMI issues and that the PCB,
and obviously the solder board, implementations did not do enough to mitigate the effects. In the
end the ST25R3911B-DISCO board was used to implement the RFID system.
(JM)

As a side not on SPI not working correctly, after obtaining the ST25R3911B-

DISCO and connecting the project’s external MCU to it to send the same read identity register
(byte 0x7F) to the RFID IC on it, the following waveform was obtained.
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Figure 14: SPI Working on ST25R3911B-DISCO.
The returned byte over MISO was 0x0D which is an expected byte according to the datasheet.
Again, sending the same SPI signal to any of the custom IC implementations (as in Figure 2) did
not obtain a response over MISO.
(JM)

In any case, the final RFID implementation uses the ST25R3911B-DISCO board

with it connected to a computer that directly transfers data from the DISCO board to the MCU of
the project. An image of the DISCO board is shown below:

Figure 15: ST25R3911B-DISCO (UM2042 User manual).
In the end, the DISCO’s Micro-USB was connected to a lab computer with a COM port. On the
lab computer the DISCO GUI software was started to put the device into polling mode. A Python
script watched the software for new tags. When a new tag was found by the software, it
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compared the tag’s UUID to stored tag UUIDs. If a UUID was found by the device and software
the Python script would give the main MCU a high signal through the computer’s com port
signaling the door to open. The below diagram shows this flow of information and connections.

Figure 16: RFID System Integration and Information Flow.
As for power, the Micro-USB to computer connection provides the 5-V the DISCO board needs.
To COM port connection from the computer to the MCU was a simple RX, TX, and GND
connection where only the TX line was used to send data from the lab computer and Python
script to the MCU’s RX pin.
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(JH)

Shown below is the full pinout of the STM32L552ZET6 mentioned above it will

show how the MCU will connect to the rest of the system.

Figure 17: Full MCU schematic.
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Pins B10 and D1 connect to the motor driver to give the signals that are used to control the
direction that the DC motor rotates as well as pin B11 controlling the locking and unlocking of
the solenoid that is used to lock the door. There will be a Hall Effect sensor whose output is
connected to pin B1 which is a ADC input which will be used to determine if the door is closed
the output voltage of the sensor is too low to trigger a GPIO so a ADC is used. Continuing pins
D5 and D6 are used for USART2 which will be used to communicate with the ESP8266 Wi-Fi
Chip also this chip will draw power from the 3.3 volt out pins on the development board as well
as connect to the ground of the chip. Pins A9, B7, and C7 are LEDs connected to GPIOs the
correspond to a 1 second, 3 second, and 6 second delays that indicate how long that the dog must
be in RFID range for the door to open. Moving on to GPIO pin F9 and F2 are one set of IR
receiver and transmitter that is used to tell if the dog is still in the door as well as if the dog is
entering or exiting the door there is another pair that acts in the same way connected to G1 and
F7. Pin D0 is connected to the COM port of a computer and is used to tell the MCU that a valid
dog has entered the range of the RFID reader and to begin timing for the opening of the door.
There is a push button that is connected to pin C13 which is used to allow the user to adjust the
amount of time that the dog needs to be in range of the RFID reader to trigger the door to open.
(JM)

As mentioned before, the travel direction of a pet through the Smart Doggy door

is implemented by observing two IR beams and the order in which the beams lose line-of-sight to
each other. Below is a diagram showing an example of tracking travel direction from inside the
house to outside.

Figure 18: IR break beam travel direction tracking example.
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The table below shows, in reference to the above figure, the direction of travel based on which
beam breaks first and then second.
Table 43: Travel directions when breaking IR beams.
Beam Order

Inside to Outside

Outside to Inside

1st Broken

BLUE

GREEN

2nd Broken

GREEN

BLUE

The above is more important for the software section of this report, but it does show that the
beam communicates over a distance that should be considered in case it is too far. The dimension
of the opening of the door is 13.5-in or 14-in. This subsystem was tested experimentally, and it
was found that providing 5-V at 90-mA to the TSAL6200 IR LED and then receiving the
modulated signals with the IR receiver TSSP98038 provided more than the required 12-in. The
schematic below shows the interconnections for power and GPIO to the main STM32 embedded
processor. The common NPN transistor 2N3904 was used to provide power to the IR LED since
the GPIO pins of the processor cannot provide enough current. A two 30-ohm resistors are in
series with the IR LED to limit the current to 5V/60 = 83.3-mA (the max allowed forward
current is 100-mA per the datasheet) (“High Power Infrared Emitting Diode”, 1). To limit the
current from the GPIO of the MCU, a 1-kΩ resistor was used as shown in the schematic below.
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Figure 19: Schematics for IR LEDs.
In the above schematic, two IR LEDs are shown since two break beams are required as explained
in the Circuits section of this report. GPIO pins PE11 and PE12 are used from the STM32
embedded processor. The software section of this report shows how the IR signal is modulated
and how crosstalk between beams is avoided.
(JM)

To receive the IR LED emitted signal, the TSSP98038 3-pin IR receiver was

chosen. The max supply voltage is 3.6V and the nearest voltage bus available is from the linear
3.3V regulator (“IR Receiver Module for Light Barrier Systems”, 2). The GPIO pins used as
inputs to receive these modules outputs are PE13 and PE14 of the SMT32 MCU. The schematic
below shows this configuration.
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Figure 20: Schematic for IR receivers.
The software section of this report mentions that these are designed for 38-kHz signals and so the
emitter LEDs are driven at that frequency by the MCU GPIO pins.
(JM)

The SI7201-B-20-IVR Haff effect sensor is a simple 3-pin device. This

component is omni polar which means either the South or North pole of a magnet will activate it.
Upon activation, the Hall effect sensor output pin is pulled LOW being that it is an open-drain
device. The Schematic below shows the Hall effect sensor and the GPIO connection to the
STM32 MCU. Simply put, as the MCU instructs the door motor to turn to closed position, the
output of this device is constantly monitored until it changes, at which point the motor is directed
to stop rotating and then the solenoid actuates to the locked position.
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Figure 21: Hall effect sensor schematic.

(NPH)

Figure 22: Motor driver schematic.
(NPH)

Figure 22 shows the connections of the motor driver (denoted IC1) to all the

connecting components. The motor driver (L293D) is connected to the embedded processor
through the input pin 2, 7, and 9 of the motor driver. The pins 2 and 7 are used for controlling the
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two different motor terminals. The input pins are connected to the embedded processors pins 34,
35, and 36, these inputs are what is used to activate or enable the outputs associated with the
input pins. Pins 2 and 7 of the motor driver are connected to the output pins 3 and 6, which
controls the operation of the motor. The DC motor is connected to the two output pins 3 and 6 so
that if the negative lead is activated it will rotate counterclockwise and if the positive lead is
activated it will rotate clockwise. The positive and negative leads are also connected to the
ground pins on the motor driver through capacitors (denoted C 27 and 28 with values of 47pF) to
protect from back EMF and giving a connection to ground when one of the terminals is
activated. The voltages needed for the motor and the solenoid are supplied through pins 8 and 16
respectively.
(NPH)

The solenoid (PaiToolmixhome 12062) is connected to the motor driver at pins 14

and 13, where pin 14 is for power to the solenoid and pin 13 is the ground pin. When pin 15 is
activated by the embedded processor, the output pin (pin 14) is activated giving power to the
solenoid. Pin 15 of the motor driver is connected to pin 36 on the embedded processor. The
solenoid is controlled using GPIO pins upon receiving the signal to open the door.
(NPH)

For the motor driver to operate properly, the enable pin must be active, either with

pulse width modulation or with a simple DC voltage. The design used is a simple 5-volt supply
voltage connected to both enable pins (pins 1 and 9). The VCC1 and VCC2 pins are connected to
the voltages needed to operate the connected components. The motor requires 6.5 volts to open
at the desired speed and 12 volts DC for the solenoid to activate properly. The voltages for the
motor and the solenoid are to be inputted from the power supply and then distributed to the
components using voltage regulators.
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(NPH)

The voltage regulators are to be used for regulating the voltage to each of the

components. The different voltage regulator values needed are 6.5 volts (Denoted U4), 5 volts
(Denoted VR2), and 3.3 volts (Denoted VR1 and VR4). The schematic for the voltage regulators
is shown below.

Figure 23: Power Distribution Schematic with Voltage Regulators.
(NPH)

The voltage regulator diagram shows the different voltage regulators that are

needed. The voltage inputting to all the voltage regulators this voltage is inputted from the 12volt AC to DC Adapter shown on the left of the image denoted J3. The LM1117T-3.3/NOPB is
3.3 voltage regulator. The capacitors C19 (10μF) and C21 (100 μF) for regulator VR1 and C17
and C1 are used for regulator VR4, these capacitors are used to stabilize the voltages at the input
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and the outputs of the regulators to keep the voltage from oscillating/changing. Two 3.3-volt
regulators were used due to needing more current output, this voltage regulator chosen due to
being in the ECE stock. The 3.3-volt regulator is used to outputs to Vs of the TSS98028 (IR
receiver) and another output goes to a second TSS98028, the third output is to pin VTref of the
embedded processor, and the final outputs are to the VCC of the Wi-fi chip.
(NPH)

The next voltage needed is 5V, the input comes from the same AC to DC Adapter

as the 3.3V voltage regulator. The capacitors C5 (10μF) and C9 (100 μF) are also connected at
the input and output, respectively for keeping the response at the output and input at a stable
voltage. The 5V regulator, referenced as TSR 1-2465, is connected to the motor driver. This
voltage regulator can supply up to 2 amps, which is enough to support all of the different
connections connected to the regulator. The motor driver needs 5-volts connected to the two
different rails, therefore the output of the 5-volt voltage regulator outputs to the two pins of the
motor driver in parallel. The 5-volt regulator connects to the L293D motor driver enable pins 1,
9. The 5-volt voltage from the regulator is to be used to operate the motor driver in the correct
operation mode. Another output of the 5-volt regulator is to the RFID Chip (on the Disco board),
and two other outputs to 2N93D for the IR emitters.
(NPH)

The last voltage regulator that is needed is a 6.5-volt voltage regulator, the input

comes from the same 12-volt AC to DC Adapter. The motor needs around a 6.5-volt supply to
operate at the speed needed. The motor is connected to the motor driver, and therefore the power
supply goes into the motor driver to operate the motor. The voltage regulator used is V78052000, the output of the voltage regulator goes to pin Vcc2 on the motor driver. The capacitors C5
(10μF) and C9 (100 μF) are also connected at the input and output, respectively.

93

(NPH)

The 12-volt AC to DC adapter is connected to the motor driver to control the

solenoid, which requires 12 volts to operate properly. The adapter’s voltage is connected to pin
Vcc1 of the L293D motor driver through the PCB. The adapter is connected to the CON-SOCJ2155 for connecting the power supply to the PCB to distribute power to all the sub systems.
(NPH)

A printed circuit board is designed for connecting the power from the 12-volt wall

adapter to the system and distributing it to the systems. The schematic designed to implement the
PCB is shown in figure 24. The schematic shows J3 as being the power jack adapter, the input
power then goes to the different voltage levels (VR1, VR2, VR4, U4). The 6.5-volt regulator
(U4) connects to the motor driver pin 8, the 5-volt regulator connects the on-board RFID chip,
and to the motor driver, the 5-volt pin is also connected to several Pads so that connections off
board can be made for distribution of power. The layout of the schematic is power is on the left
(input power far left then the voltage regulator circuits), then the motor driver circuit is shown
below the voltage regulators, and to the right of the voltage regulators is the RFID chip circuit
setup based on the standard setup for the specific RDIF chip, with the antenna setup as well. The
schematic also has connections to female headers, which provides evenly spaced pads and a
simple way for making connections to off PCB connections such as the motor connection.
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Figure 24: PCB Schematic Design.

(NPH)

The two 3.3-volt regulators are placed at the top right of the PCB, distributing

power to the RFID, and off board using pads. The RFID system is designed and implemented in
the middle of the board, the RFID may have needed a ground plane surrounding the chip to be
able to have clear and undistributed signal. Many of the pins for the RFID system are connected
to pads for easy access. Much of the circuitry for the RFID is setup on the PCB, although the
antenna design is missing a pair of capacitors, but the antenna is not utilized due to not being
able to get the RFID chip to respond. Places for LEDs are placed on the PCB for troubleshooting
purposes.
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(NPH)

A few other considerations for the PCB design are the widths of the wire needed

to carry the current. The width of the wire is chosen to be 0.508 mm for the power and 0.3408
for signal lines. The vias width are determined by the width of the wire used at each point so that
the size of a via is slightly larger than the widths of the wire. The printed circuit board is laid out
so that the power is along the top, then flowing into the different voltage regulators as it goes
along the top. The different voltages are distributed then below. The motor driver with the pads
for connecting the motor and solenoid are laid out in the middle left part of the board, and the
RFID system takes up the middle portion of the printed circuit board, with the antenna laid out in
the bottom right of the PCB. The 3.3-volt pins for connecting to the external components are laid
out on the mid right side of the PCB keeping the power close in that portion of the PCB. The 5volt pins for off board connection are placed at the bottom left to mid portion of the PCB for ease
of access for soldering for connecting wires. The PCB layout is in the figure shown below.

96

Figure 25: PCB Layout Design.
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(NPH)

The physical PCB with the connected components is shown in Figure 26 below.

This picture was taken before all connections were made due to the PCB being covered up with
all the connections.

Figure 26: PCB Physical Board.
(NPH)

The motor and solenoid are shown in Figure 27 below. This figure (on the left)

shows the motor mounted to the hinge of the door for rotating the door. On the right shows the
solenoid mounted and connected to the top of the door for locking.
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Figure 27: Motor and Solenoid Connected to Door System.

(NPH)

In Figure 28 below, shows the physical door system wired up and connected. On

the side of the door are rulers to give an idea of the actual size of the door. Also, in this image
can be seen the motors placement and the PCB.

Figure 28: Physical Door System with Measurments
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(NPH)

In Figure 29 below shows the IR Beams and the IR receivers mounted on the

physical door system. The IR beams are located above the door, while the receivers are located
below the frame of the door.

Figure 29: IR Beams (Above Door) and IR Receivers (Below Door)

(NPH)

In Figure 30 below, shows the Hall Effect system placed on the door. The Magnet

is placed in the rotating portion of the door, while the sensor is placed in the frame of the door.
The Hall Effect sensor is placed where the door should be in a resting position.
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Figure 30: Hall Effect Magnet and Hall Effect Sensor (Side of Door).

Figure 31: Esp-8266 Wi-fi Module Pin Layout
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(BC)

Above is the pin layout for the Esp-8266 Wi-fi Module. The power supply needed

for the Wi-fi module will need to be connected to PIN 8(VCC) and as well as PIN 4 (CH_EN)
which stands for chip enable. The 3.3 Volts needed will be provided from the 3.3 Volts register.
Connecting to the STM32L552ZET6 controller the only necessary pins to have
connected is the ESP-8266 PIN 2(Tx) and PIN 7(Rx). These two pins will control the UART
interface. The pins PD6(RX) and PD5 (TX) from STM32L552ZET6 are configured USART2
and will connect to PIN 2 and PIN 7 respectively. It is necessary to connect the TX from the
ESP-8266 to the RX of the STM32L552ZET6 and vice versa for RX from the ESP-8266.
Below shows the final implementation of the Wi-fi module connected to a shield that is
connected to the STM32 Nucleo-144 development board.

Figure 32: Wi-fi Module Implementation on Smart Doggy Door

102

5.2 Software Design

(JM)

As discussed earlier, the TRF7962A RFID IC was ultimately replaced with the

ST25R3911B-DISCO. Software design was done for the previous chip and can be seen in
Appendix 12.4. Important to observe here is Figure 16 as that shows the general connection and
integration of the RFID DISCO board and the flow of information. To summarize it again
however, the ST25R3911B-DISCO connects to a computer with a COM port, that computer has
the RFID GUI software running and a Python script monitors the software, upon the Python
script observing a matching stored RFID tag UUID a HIGH signal is sent from the COM port to
the main MCU which then triggers the door opening proceeding operations. The GUI software
falls under the name STSW-ST25R001 and can be obtained through the ST.com website after
making an account.
(JM)

The below Python script shows that an OCR software watches a particular area of

the screen. Once a character string UUID from a tag is observed by the Pythons script the Python
serial library sends the HIGH signal out to the MCU over the COM port.
from PIL import Image
import Image
import pytesseract
import pyscreenshot as ImageGrab
import time
print("*Seeing if hardcoded COM port can be opened...")
serialPort = serial.Serial(port="COM1", baudrate=9600, bytesize=8, timeout=2, stopbits=serial.STOPBITS_ONE)
print("*If you didn't see a huge error, ready for writing through COM!")
print("Starting to record now! Hit ctrl+c at any time to stop the program")
UUID1 = e0040100a5acddac
UUID2 = e0040100a5acddad
UUID3 = e0040100a5acddae
while(1):
im=ImageGrab.grab(bbox=(800,150,900,300))
image_strings = pytesseract.image_to_string(im).split("\n")
if image_strings[0] == UUID1 or image_strings[0] == UUID2 or image_strings[0] == UUID3:
serial.write(255);
serialPort.close()

Figure 33: Python Script for RFID Monitoring.
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Further integration and RFID connection is explained further during discussion about door
events and the overall program flow. However, the reason for SPI not being used directly with
the DISCO ST25R3911B IC is because the RFID RFAL library (called STSW-ST25RRFAL001)
provided by STMicroelectronics kept stopping in the main loop of the provided demo program.
In the demo program, the library was supposed to send out the correct SPI commands to get the
ST25R3911B IC to poll for RFID tags; however, it was found that it would get stuck in a logic
loop. This seemed to be a bug in the RFAL library after extensive debugging and step-by-step
observing of the program executing. Due to time constraints, the Python script had to be used to
provide a signal to the MCU. There was also an opportunity to rewrite portions of the firmware
for the MCU on directly on the DISCO board, but that had more unknowns about how it would
work and ultimately the project did not go that route. The below image shows a successful
detection of an RFID tag.

Figure 34: Detection of one RFID tag.
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(JM)

Each TSAL6200 IR LED emits an ON/OFF signal that toggles at 38-kHz and is

then picked up by a TSSP98038 IR receiver. There are two beams in proximity of each other
meaning crosstalk between beams needed to be considered. The code below shows pseudo code
that generates the 38-kHz ON/OFF signal of the IR LED. Connections to the MCU were
explained above in the hardware section.
BEAM_ON_OR_OFF = ON;

// this flag dictates what if the current beam is ON or OFF

BEAM_ONE_OR_TWO = ONE;

// this flag dictates which beam is currently active

IS_BEAM_ONE_DETECTED = true;

// variables that can be checked by main routine

IS_BEAM_TWO_DETECTED = true;

InitilizeInterrupt1TimerHZ(19000);

// init an MCU timer to update at half-sine wave of 38kHz

InitilizeInterrupt2TimerHZ(38000);

// init an MCU timer to update at 38kHz

Interrupt1 () {
If (BEAM_ON_OR_OFF == ON) {
If (BEAM_ONE_OR_TWO == ONE) {
SetGPIOPin(PE11, HIGH);
} else {
SetGPIOPin(PE12, HIGH);

// check if either beam is supposed to be ON, do it if ON
// check if current beam is ONE, do it if ONE
// set beam ONE transistor for LED HI to flow current
// current beam was not ONE
// set beam TWO transistor for LED HI to flow current

}

BEAM_ON_OR_OFF = OFF;
} else {
If (BEAM_ONE_OR_TWO == ONE) {

// ensure LED does not emit light next time
// either beam is supposed to be off actually
// check if current beam is ONE, do it if ONE

SetGPIOPin(PE11, LOW);

// set beam ONE transistor for LED LOW to stop current

BEAM_ONE_OR_TWO = TWO;

// switch beam to ONE for next time

} else {

// current beam was not ONE

SetGPIOPin(PE12, LOW);

// set beam TWO transistor for LED LOW to stop current

BEAM_ONE_OR_TWO = ONE;

// switch beam to TWO for next time

}

BEAM_ON_OR_OFF = ON;

// ensure LED emits light next time

}
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}

Interrupt2 () {
If(BEAM_ONE_OR_TWO == ONE && ReadGPIOPin(PE13) == LOW){
IS_BEAM_ONE_DETECTED = false;
}
If(BEAM_ONE_OR_TWO == TWO && ReadGPIOPin(PE14) == LOW){
IS_BEAM_TWO_DETECTED = false;
}
}

Figure 35: Pseudo code algorithm for IR beam transmission and beam switching.
The above pseudo code shows that an interrupt function is called every 1/19000Hz = 0.05ms as
handled by the timer configuration function. For half the period of the carrier frequency (38kHz) either beam is on and then off for the other half. Once the current beam turns off, the beams
switch to ensure that crosstalk does not occur. Since the period of the carrier frequency equals
1/38000Hz = 26-us, switching between the beams still leaves enough time to detect one beam
breaking and then the other. The receiver TSSP98038 devices do not store detecting of signals
for any amount of time, the output happens when an IR input is received. Two interrupt routines
need to be running asynchronously. The transmission from the LED is on half of the period of
38-kHz and off for the other half; therefore, the interrupt that checks the output of the
TSSP98038 IR receiver runs at 38-kHz as well. The above pseudo code shows the logic for the
receiving side. Use of the loss of line of sight for each beam is in the main loop where the
detection flags would be reset.
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Figure 36: Flowchart of the Embedded systems operation level 0.
(JH)

The above flowchart shows a level 0 flowchart of the of operation of the

embedded system. The system will idle in a state in which it is waiting for a RFID tag to be
withing range of the dog door. Once the system recognizes that there is a tag present the system
will verify that the tag present can exit or enter the door. If it is not valid the door will do nothing
and return to the wait state if it is valid the door will open allowing the dog in or out and then
after the door will close and return to the state in which it is waiting for an RFID tag.
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Figure 37: Flowchart of the Embedded systems operation level 1.
(JH)

The above flowchart shows a level 1 flowchart of the of operation of the

embedded system. For most of the time the chip will be in a wait state in which you can adjust
time the dog needs to be present as well as keeping the webpage that shows the information on
the dogs. When a signal is detected, a wait starts and if the tag is still there when the wait finishes
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the opening sequence starts. This signal comes from a com port connection that will
communicate to the MCU when a valid tag that is allowed to access the door is detected and
verified. The sinusoidal bolt in the door will then retract allowing the door to open once the bolt
has retracted the motor will open the door. Once the door has been opened the IR LEDs will
activate and will be used to determine the direction the dog is traveling through the door. Once
this is determined the access information obtained will be used to update the HTML table and the
Wi-Fi and accessing the sever hosted on the Wi-Fi chip will show the new entry along with all
previous ones. Once the dog has left a timer will start and if the dog does not come within RFID
range before the timer expires. Once the timer has expired, we will fire the IR LEDs again to
ensure that nothing is blocking the door from closing. Once it is ensured that there is nothing in
the door to block it from closing the door will close and the bolt will extend once the Hall Effect
sensor determines that the door has stopped moving. Once the door is locked again the embedded
chip will go to a wait state where the web page is kept alive until another RFID tag is detected.
This process will continue until the door is turned off by the user or it loses power in some
unexpected way.
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(NPH)

The activation of the motor and the solenoid is controlled by the embedded system. An

embedded system that is used for demonstrating is the PIC24FJ128GA010. For the use of the

PIC24FJ128GA010, the C code shown below can be used to represent the functions and the
implementation of the motor and the solenoid.

Figure 38: Motor and Solenoid example/demo C-code.
(NPH)

The code shown in figure 38 shows two functions. The first function is a function

that is used to delay the signal that is sent (shown in C code lines 2 through 10), the second
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function is the configuration of the buttons for the embedded system used, this function is not
necessary for the final design of the system as instead of buttons activating the operation of the
door it is the detection of the dog by the RFID tag reader. The getButton function is used to
demonstrate the signals that are to be used, the code for the getButton function is shown in lines
eleven through twenty-eight.
(NPH)

Inside the main function, the logic for the operation is setup and configured to

buttons, so that as a button is pressed this emulates the signal that is to be received. The pressing
of one of the programmed buttons outputs to one of the three programed outputs. In lines thirtyone through thirty-six, the code is shows that upon pressing switch 3 on the embedded processor,
the output pin is set to high, this pin is to be connected to the motor drivers input and when the
input is active the motor driver’s “switches” are activated and the motor is energized. Following
the same logic and reasoning of the previous lines of code, the next button is designed in the
same way but with a different input pin and different input connection on the motor driver. The
second button and output pins are set in lines thirty-seven through forty-two. The two button
logic code setups are used to show how clockwise and counterclockwise rotation are activated
and operate; both if statements contain delays to keep the motor rotating longer. The solenoid’s
code is configured in lines forty-three through forty-eight, the solenoid is configured to it’s own
button and upon activation the output is set high, making the input of the motor driver which it is
connected to set to high, activating the rail for a certain amount of time activating the solenoid.
All of the functions have logic so that if a button is not pressed than the output is low, therefore
nothing happens, this is shown in lines 36, 42, and 48 of the C code. This code needs to be
adjusted for the embedded processor that is used, and the solenoid needs more logic so that it is
configured to the presence of the dog, so it is only unlocked when the door needs to be open or is
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open. This means that instead of a button press the activation is to be connected to the signal for
the door to open.
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Figure 39: MCU boot code
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(JH)

This is the code that is run only when the dog door is getting powered on the goal

of this code is to configure the door in the way that the user defines as well as doing the
necessary initialization for the peripherals that will be in use. The first thing that is done is to
clear all the resisters in the chip to make sure there is no old or bad data in them. After that flash
is configured and initialized so the program can run out of flash. Once flash is configured the
system clock will be configured and will start running at 110MHz. Now that the major systems
of the chip are configured the peripherals that will be utilized will be configured. Figure 40
below will show a configuration for a standard GPIO output.

Figure 40: GPIO output config.
This code will configure a GPIO output as push-pull, set it to have no pull up or pull down, and
to have a low frequency output which should be sufficient for all GPIO in the application. It is
important to not although there is no alternate function configured for any of these generic output
pins. The pins for input are configured in a way shown in Figure 41 with no pull up or pull down
as well as specifying the pin as an input.

Figure 41: GPIO input config.
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One of the major uses for these GPIOs is to control the IR receivers and transmitters that are
used to determine if a dog is either in the door as well as determining if the dog is entering or
exiting the house based on what beam breaks first. For the RFID receivers to detect the emitters
the emitters must flicker at 38 kHz which must be done in software. The code below shows how
to flicker the LEDs at the required 38 kHz as well as how the direction detection works.

Figure 42:IR Operation.
The next peripheral configured is UART. It is important to note that in the configuration USART
is mentioned but due to the way it is configured it will operate in an asynchronous mode. The
UART will be configured such that it will transmit 8 bit words with one stop bit and no parity
bits. The UART can transmit at a baud rate of 115.2k which is slower than the SPIs but will still
115

be sufficient for the needs of the application. All of the configuration can be seen in Figure 43
below.

Figure 43: UART config.
The final peripherals that are configured are 2 timers TIM1 and TIM5 which in this application
are the same other than that TIM1 is a 32bit timer and TIM5 is a 16 bit time. TIM16 is a timer
that is uses to implement a 10 ns delay as the built in delay function only does divisions of
milliseconds and in certain cases we will need to delay for a shorter amount of time like when
operating IR. The other timer is uses to keep track of time and an interrupt will occur every
second to allow the device to keep time after an initial time is configured. The important parts of
configuration to note is that the timers have no prescaler and are configured to be count up
timers. The entire configuration can be seen in Figure 44 below. The operation of the interrupt
that keeps time is shown in Figure 45 the period shown in the configuration of TIM5 is the
amount of time our system needs before a second passes.

Figure 44: Timer config.
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Figure 45: Timer ISR
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Figure 46: Main loop.
Figure 46 shows the main loop for the MCU this loop will handle all of the actions that need to
be taken once the chip has gone through boot. At the beginning the logic that controls the delays
and allows the user to configure how long a valid tag needs to be present to access the door. Next
the wait sequence is shown and once every 2 seconds a command is send to the Wi-Fi chip that
keeps the webpage up on the server that is hosted on the chip. Once a valid tag is present in front
of the RFID reader GPIO D0 will go high and we will start a timer and once the timer expires if
the GPIO is still high the opening sequence will begin. Once the opening sequence is set to begin
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the sinusoidal bolt is unlocked, and the motor begins to rotate counterclockwise to open the door.
The RPM of the motor that opens the door is known so using that it is determined how long the
motor should be turned on for to open the door the required amount. Once the door has been
opened the motor stops rotating and time is given for the dog to exit through the door. Once the
time has been given the IR LEDs are turned on and the chip waits for the IR receiver to output a
‘1’ meaning that there is no longer anything in the door that would be harmed by the door
closing. Once this has occurred sometime is given to make sure that the dog is not reentering the
door right away. During this time, an allowed RFID tag is continuously scanned for and if one is
found the timer will start over. Once this timer has expired the IR LEDs stop flickering. At this
point we have the information needed about the access so we will save the name of the dog, the
direction of the access, and the time and update the table that is able to be access on the server
with information on this access. At this point the door close sequence can begin. First, we begin
continuously checking for a valid RFID tag as well as firing the IR LEDs and checking receivers
to see if there is something in the door before we close it once there is not. The GPIO for the Hall
Effect sensor is read and if the Hall Effect sensor reads ‘1’ the door is already closed, and the
door can be locked. If the door is not closed the motor will rotate clockwise until the door is
closed, indicated by the Hall Effect sensor. Once the door is closed the sinusoidal bolt will
engage and the door will be locked if the bolt was already engaged at this point the door will
remain locked.
(BC)

The below code will be ran when initializing the Wi-Fi Module ESP-8266. On the

startup of the microprocessor this will the trigger of the initiation of the Wi-fi Chip. This
function will always be running at the start of powering the Smart Doggy Door. Using Hal
UART2, AT commands are sent to the ESP-8266 and will receive “Ok” to ensure the command
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has been executed properly. There is a delay in between each command to ensure the ESP-8266
finishes the task.
The first command sent resets the ESP-8266 to default settings. The ESP-8266 is then
started and set to Station and Access Point mode (AT+CWMODE_CUR=3). A default ISP
address is set to make connection to the Web Server consistent. The Wi-fi Module then attempts
to connect to a given access point. Once connected to an access point, the commands are sent to
start up the server to allow for multiple connections.

Figure 47: Esp-8266 Initialize Function
(BC)

Below is the function that sends the HTML code to the web server to display for

the device accessing the site. The function is called by passing the char array of HTML to data.
By using the string functions, we combine the parts of the HTML together which are the initial
part of the table, the additional rows needed, and the end of the table. To be able to send the
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HTML code to the ESP-8266 to distribute, it is necessary to know the length of the data. The
initial command sent is informing the ESP-8266 that it will send to the first device that will
receive a certain number of characters “AT+CISEND=0, NumberOfCharacters”. The second
command will be the specific HTML code that is to be displayed. The third command will be
the” AT+CIPCLOSE=0” to inform the ESP-8266 that no further information is to be sent and
close the connection.

Figure 48: Optional Input Method for Wi-fi Info
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(BC)

Figure 49 details the function that updates the HTML code to display additional

information in the tables. This function is called when the dog is sensed going in or out and
passes the name of the dog, the time it activated the door, if it went in or out. The char buffer
“temp” holds the html code that will be passed to the “SendData” function. Using string
functions, the information that is passed is formatted to the HTML code and a global variable is
updated to remember the previous activity on the door.

Figure 49: Table Update Function
(BC)

Figure 50 shows the layout of the Web Page that is seen when trying to access the

site. To access the site requires typing in the IP address designated in the ESP-8266 initialize
function. When the door is activated by an RFID tag, this causes the associated dog name and
information to be displayed. Figure 51 demonstrates four instances showing the activation of the
door and how it is formatted on the web site. It takes approximately three seconds to update the
webpage due to the delay implemented in the “SendData” function.
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Figure 50 Smart Doggy Door Main Page

Figure 51: Example of Entries into the Table
(BC)

Figure 52 shows the HTML template that is passed each time to the “SendData” function.

The HTML has CSS styling that allows for the University of Akron colors to be displayed but with
opacity to ensure the text is not difficult to read. The CSS styling formats the table’s borders, colors, and
size. The additional lines of HTML code are added to line 72 and formatted by the “TableUpdate”
function.
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Figure 52 : HTML Code for Web Server

6. Mechanical Sketch
(JM)

The three sketches below show the final mechanical makeup of the product.

Labels are placed to designate key features and systems. Dimensions are shown to show that the
engineering requirement that the door fits within a 11.5-in x 17-in hole. However, during cutting
of the hole the actual hole ended up slightly larger by 0.25-in but did not hinder the installation
of the door.
130

Figure 53: Assembled Front view of Mechanical Sketch of Smart Doggy Door.
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Figure 54: Sideview of Mechanical Sketch of Smart Doggy Door.

Figure 55: Back View of Mechanical Sketch of Smart Doggy Door (dimensions in inches).
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8. Parts Lists
8.1 Parts List

(JM)

The figure below shows the complete list of parts used in this report and product.

Figure 56: Sheet #2 Parts List.
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(JM)

The below table is the bill of materials (BOM) for this product. A conversion

from KiCAD BOM to the table below as done to keep the information legible.
Table 44: BOM for all schematics in report.
Schematics
Refdes

Related Report
Fig. #

Qty

Description

Manufacturer P/N

-

24

1

PaiToolmixhome__12062

-

-

1

-

15

1

-

-

1

-

24

1

-

-

1

-

21

1

-

-

1

-

19

1

-

20

1

-

-

1

-

-

1

U4

24

1

VR2

24

1

J3

24

1

-

-

1

Mini electric bolt lock
push Pull Cylindrical
Solenoid Lock
Blank White Card,
Printable by
Zebra,Fargo,Evolis Card
Printer
DISCOVERY KIT FOR
ST25R3911B
ST25TA, ST25TV series
pval(183) Evaluation
Board
Bringsmart JGY-370 DC
Worm Gear Motor 12
Volt High Torque
WiFi Module - ESP8266
(4MB Flash)
Digital Switch Omnipolar
Switch Open Drain Hall
Effect SOT-23-3
MAGNET 0.25"DIA X
0.750"H CYL
Infrared Emitters - High
Power 940nm,T-1.75
72mW/sr,+/-17deg.
Infrared Receivers
MINICAST - 38KHZ CYLENE
STM32 NUCLEO-144
DEVELOPMENT BOA
CONN IC DIP SOCKET
16POS GOLD
DC DC CONVERTER
6.5V 3SIP
Linear Regulator
Replacement DC DC
Converter 1 Output 5V
2A 7V - 18V Input
DC Power Connectors
Power Jack/Connector
2.1mm x 5.5mm
12V 2.5A 30W AC DC
Power Supply Adapter
(Input 100-240V Output
12 Volt 2.5 Amp 30 Watt)
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ICODE2-10

ST25R3911B-DISCO
ST25-TAG-BAG-U

JGY-370

WRL-17146
SI7201-B-20-IVR

8020
TSAL6200

TSSP98038

NUCLEO-L552ZE-Q
16-3518-10
TSR 0.6-4865WI
V7805-2000

CON-SOCJ-2155

2ABL030F

L3

24

1

C27

24

1

C22 C28

24

1

-

-

1

-

-

1

-

-

1

-

-

1

-

-

1

-

-

1

-

19

2

C14 C33 C36

24

C25 C34 C35
C38
VR4, VR1
C5 C17 C19
C22 C23
IC1

Wall Wart Transformer
UL Charger
FERRITE BEAD 1
KOHM 0805 1LN
1µF ±10% 6.3V Ceramic
Capacitor X5R Radial
CAP CER 0.1UF 50V
X7R RADIAL
Blue PLA 1.75mm +/0.05; 1 kg (2.2lbs/ spool)
Gorilla 102433 XL Super
Glue Gel, 1-Pack, Clear
24PCS Sand Paper
Variety Pack Sandpaper
12 Grits Assorted
iso 15693 tag iCode SLI
13.56Mhz Key Fob
Off-White Nylon Slotted
Rounded Head Screws
M8 x 1.25 mm Thread, 16
mm Long (pack 25)
Nylon Hex Nut M8 x 1.25
mm Thread, Off-White
(pack 50)

MI0805J102R-10
FK18X5R0J105K
K104K10X7RF53L2
OVPLA175
102433
TOMPOL-1118-1915-11

ICODESLI
92942A843

93800A650

2N3904

3

General Purpose NPN
Transistor
2.2 uF Capacitor

24

4

0.01 uF Capacitor

0.01uF

24

2

LM1117

24

5

IC, REG, 3.3V, 850mA,
TO220,
10 uF Capacitor

24

1

Driver, push-pull four
channel, 0.6A per ch,
DIP-16

L293D
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2.2uF

10uF

8.2 Materials Budget List

(JM)

The image below shows cost of all the parts, and their respective quantities, used

in this product.

Figure 57: Sheet #3 Material Budget Info.
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9. Project Schedules
A. Final Design Gantt Chart
(JM)

The image below shows the semester and project Gantt chart used to keep track

of each project member’s tasks and progress.

Figure 58: Final Design Gantt.
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B. Actual Gantt Chart

Figure 59: Actual GANT Chart.
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C. Predicted Gantt Chart

Figure 60: Predicted GANTT Chart.
(JH)

The two previous pictures show the GANTT charts that was used throughout

working on the project this semester the first one is a GANTT chart that portrays the actual
workflow that was followed including any delays that we ran into throughout the process of
design. One of the major issues that was ran into was to that the RFID chip did not work on the
custom PCB so that delayed the ability to write the code to test the RFID capabilities. There was
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also a change to how software was designed, a more traditional design strategy was followed in
which constant designing, testing, and re-designing the code was used to reach a point where the
design worked as intended which was a major departure from how it was originally planned.
Another departure was that we originally planned to work a bit more separately but with
complications and other things that came up we ended up working together to get to a point
where everything worked together. Another thing that diverted from the original Gantt that was
made was that it was originally planned to work on things more separately one week at a time
but with different expertise and things finishing at different times. This made integration of all
parts together a more constant effort to integrate whatever was currently done that to integrate
once everything was done. The original table was made with the assumption that everything
would go smoothly, and no setbacks would occur which in hindsight it would have been smarter
to build in time to catch up on things that may have gone wrong. When looking at the actual
Gantt chart a lot of time was spent working on hardware that did not end up working in the end
and time could have been used in a much way if it was identified that the hardware was not
going to work in the way that was wanted it to earlier and move to an alternative option sooner
rather than struggling with one that would not work.
10. Conclusions and Recommendations
After the initial design portion of this project, the final design presented here provides a
strong basis for implementation next semester. Various subsystems were researched and tested
to achieve the engineering requirements needed for the Smart Doggy Door product. The IR LED
trip sensors were tested to the max distance needed and research into a fixed voltage supply
from the wall was done. Exact details of the RFID antenna were laid out and are documented in
this report, including software start-up and operation. The RFID subsystem was not tested
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completely but a basis for implementation exists. Motor and solenoid requirements were
researched in the initial design but are now fully documented and tested. The embedded
processor software start-up and operation has been researched and tested to work with SPI and
UART connections to peripherals, which are required for the RFID and Wi-Fi subsystems. The
Wi-Fi subsystem was also tested to the point that connection to a router was possible, but further
testing is needed to send useful information to and from the embedded processor. Overall, up to
this point, enough research and testing has occurred that a final and complete implementation
can be integrated onto a PCB next semester.
A PCB was designed and implemented for power distribution from the wall-wart to the
voltage regulators, and from the voltage regulators. The PCB connected power to the motor
driver circuit (connecting the solenoid and motor) and outputs to the various systems. The PCB
also was designed to implement the RFID system on board, but some layout recommendations
from the chip could have been detrimental to getting the RFID to work. The projects subsystems
functioned to the operation of meeting the Engineering Requirements.
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12.1 Datasheets

ASTAMW25 datasheet: http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-42618SmartConnect-ATSAMW25-MR210PB_Datasheet.pdf
JGY-370 datasheet:
https://media.digikey.com/pdf/Data%20Sheets/Seeed%20Technology/108990007_Web.pdf
L293D datasheet: https://www.ti.com/lit/ds/symlink/l293.pdf
Molex 146187-0100: https://www.mouser.com/datasheet/2/276/1/1461870100_ANTENNAS779681.pdf
SL3ICS1002/1202 datasheet: https://www.digikey.com/product-detail/en/nxp-usainc/SL3S1202FTB1-115/568-13681-2-ND/2296750
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TSR 0.6WI datasheet: https://www.tracopower.com/products/tsr0-6wi.pdf

12.2 Initial Texas instruments RFID antenna design

(JM)

Texas Instruments provides a document in helping design antennas and then

impedance matching it to a load (“Antenna Design Guide for the TRF79xxA“). From the
document, to implement the longer-range RFID standard, ISO15693, the quality factor of the
antenna should be designed for Q = 18.
(JM)

The next step is to obtain a value for the theoretical inductance of the 12 x 17.5-in

rectangular antenna. This inductance is used later in matching to a 50-Ω load so as to be able to
adjust the Q factor (“Antenna Design Guide for the TRF79xxA“). From the same TI document,
the optimal inductance of the antenna is within 1.0-uH and 1.5-uH for 13.56-MHz and the
document provides the following equation for calculating inductance of a rectangular antenna:
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The parameters of the above equation are explained in the document and in a website the
document references, this is listed below (“Inductance of Rectangular Loop”).

Figure 61: Texas Instruments reference website inductance calculator.
(JM)

Figure 60 shows a first estimate of the RFID reader antenna inductance for one turn, the

mentioned dimensions, 22 AWG radius wire (also approximated as the PCB trace width), and the relative
permeability of copper. This inductance does fall in the 1.0-uH ~ 1.5-uH range but a parallel inductor
could be added to further adjust the inductance of the antenna circuit−not needed in this case. The figure
below shows the antenna circuit and matching network.

Figure 62: RFID reader antenna and matching network circuits.
The important tuning components of the antenna in Figure 61 are C1, C2, R1, and the antenna
inductance. Next, for tuning the circuit, the impedance of the antenna is needed. The real part can
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be estimated from the resistance of the copper and the imaginary part from the inductance and
frequency−division by 0.3048 converts inches to meters.

𝑅𝐴𝑛𝑡𝑒𝑛𝑛𝑎 =

𝜌𝑙 (1.7 × 10−8 )((8.5 + 8.5 + 14 + 14)/0.3048)
=
= 0.7194 Ω
𝐴
𝜋(0.0003212/0.3048)2

𝑋𝐴𝑛𝑡𝑒𝑛𝑛𝑎 = 2𝜋𝑓𝐿 = 2𝜋(13.56 × 106 )(1.3625 × 10−6 ) = 116.08 Ω
∴ 𝑍𝐴𝑛𝑡𝑒𝑛𝑛𝑎 = 𝑅𝐴𝑛𝑡𝑒𝑛𝑛𝑎 + 𝑗𝑋𝐴𝑛𝑡𝑒𝑛𝑛𝑎 = 0.72 + 𝑗116.1 Ω
From the antenna design TI document, the parallel resistor R1 in Figure 61 can be calculated
with the below equation (“Antenna Design Guide for the TRF79xxA“). The imaginary
component of the antenna from above and the target quality factor are used below.
𝑅1 = 𝑋𝐴𝑛𝑡𝑒𝑛𝑛𝑎 × 𝑄 = 116.1 × 18 = 2089.8 ≈ 2000 Ω
Texas Instruments recommends using the Fritz Dellsperger smith-chart software to obtain rough
estimates for the antenna tuning components (“Smith-Chart Software and Related Documents”).
(JM)

The source impedance left of the antenna circuit in Figure 61 is assumed to be 50-

Ω based on recommendations from Texas Instruments (“TRF7962A Fully Integrated 13.56-MHz
RFID Reader/Writer” 59). The process of using the Smith Chart software starts with specifying
the source impedance, as shown below.

Figure 63: Ensuring 50-ohm source impedance in matching software.
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Next, Add 𝑍𝐴𝑛𝑡𝑒𝑛𝑛𝑎 = 0.72 + 𝑗116.1 Ω at 13.56-MHz to place the first datapoint (DP1) on the
Smith Chart.

Figure 64: Adding first base data point to matching software.
Add a random value parallel capacitor that will be adjusted later; therefore, adding another
datapoint that is putting the last data point on a path to matching with 50-ohms.

Figure 65: Adding random value parallel capacitor to matching software.
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Add the parallel resistor of 𝑅1 ≈ 2000 Ω calculated earlier to ensure the last data point is based
on the previous logic used for matching the antenna to 50-ohms.

Figure 66: Adding calculated R1 parallel resistor to matching software.
Add a random value series capacitor that will be adjusted next.

Figure 67: Adding random value series capacitor to matching software.
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The goal is to put the final datapoint in the center at 50-Ω. Adjust the parallel capacitor to 𝐶𝑝 =
62.3𝑝𝐹 to get it closer to the center.

Figure 68: Adjusting parallel capacitor, C2, to get final data point closer to 50-ohms match.
Adjust the series capacitor to 𝐶1 = 𝐶𝑠 = 40𝑝𝐹 to get the final datapoint in the center.

Figure 69: Adjusting series capacitor, C1, to get final data point in center at 50-ohms.
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The final matching network values for the RFID antenna of Figure 61 are tabulated in the below
table.
Table 45: Antenna matching network values.
Component

Value

Cs = C1

40pF

Cp = C2

62pF

Rp = R1

2kΩ

12.3 Initial Texas instruments RFID hardware design

Below is the pinout of the TRF7962ARHBT 13.56MHZ RFID reader.

Figure 70: Pinout of TRF7962ARHBT 13.56MHZ RFID reader IC.
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The pinout above was used to make the complete schematic that includes an antenna matching
circuit, oscillator setup, and SPI interface connections with the STM32L552ZET6 embedded
processor. A full schematic is shown below and each subsystem of it is explained in detail.

Figure 71: TRF7962ARHBT full schematic implementation.
(JM)

Below is a zoomed-in image of the antenna network for the RFID reader.

Figure 72: RFID antenna network schematic.
The matching of the antenna was explained in the analysis section of this report. Other portions
of the antenna network are explained now. To start, the middle resistor, R2, is used to isolate the
antenna matching network from the rest of the circuit. Also, when the design in on a PCB, the R2
resistor can be removed and the pads used to place a measurement device (spectrum or network
analyzers). The middle two capacitors, C3 & C4, are used to adjust the Voltage Standing Wave
Ratio to ensure the maximum amount of power is transmitted through the antenna. A SWR
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capture of can be made by placing probes at the antenna input and R2 nodes. When the SWR
capture is made, the frequency span between the 2-dB points shows the bandwidth available
when using the antenna (“Antenna Design Guide for the TRF79xxA”, 10). The frequency span
(bandwidth) between the two points is estimated by,

𝐵𝑊 =

13.56𝑀𝐻𝑧 13.56 × 106
=
= 753𝑘𝐻𝑧
𝑄
18

The adjustment of the C3 & C4 capacitors is a trial and error process to match the above
bandwidth.
(JM)

Next, referring to the same figure above that shows the antenna network, the C5

& C6 and C9 & C10 capacitors are voltage dividers for the signal received from the tag
(“TRF7962A Fully Integrated 13.56-MHz RFID”, 17). According to the datasheet, this ensures
there are no communication holes from the tag to the reader. The default values from the
datasheet are used in the design for this project. This is also part of the impedance matching
required for the transmit pin. The antenna design needed additional instructions in this report, but
the transmit impedance matching is provided in the datasheet and the default values are used; as
seen in the above antenna network (“TRF7962A Fully Integrated 13.56-MHz RFID”, 60). Again,
the antenna had different dimensions and therefore the matching had to be done for this special
case, but the transmit matching is the same in the datasheet and this case because the receiver is
matched to 50-ohms as is the transmit section.
(JM)

Next, the crystal oscillator provides the subcarrier frequency for the reader

information transmitted to the RFID tag. The crystal requires external shunt capacitors, and the
configuration is shown below.
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Figure 73: RFID crystal oscillator configuration.
The crystal is connected across pins 30 and 31 of the TRF7962A RFID reader chip. Any typical
2-pin crystal works to provide the subcarrier frequency. Crystals come with a load capacitance.
The HC-49S crystal was used and has a 20-pF load capacitance. According to the datasheet of
the TRF7962A RFID reader, C13 and C14 can be calculated as shown below (“TRF7962A Fully
Integrated 13.56-MHz RFID”, 21). The load capacitance is 𝐶𝐿𝑂𝐴𝐷 = 20𝑝𝐹 and the datasheet
mentions that stray and parasitic capacitance is estimated between 4 to 5-pF, 𝐶𝑆𝑇𝑅𝐴𝑌 = 4.5𝑝𝐹.
𝐶13 = 𝐶14 = 2(𝐶𝐿𝑂𝐴𝐷 − 𝐶𝑆𝑇𝑅𝐴𝑌 ) = 2(20 − 4.5) = 31𝑝𝐹
Placing two 31-pF shunt capacitors as shown above ensures the crystal operates as intended.
(JM)

From the full schematic of the RFID system, the bottom left is shown in the below

image.
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Figure 74: RFID reader unused power pin configurations.
According to the TRF7962A RFID reader chip datasheet, regulator pins (e.g. VDD_RF,
VDD_A, and VDD_X) need bypass capacitors for noise filtering. The values are set to attenuate
both high and low frequencies. These are sometimes referred to as decoupling capacitors as well.
The I/O_1 and I/O_2 pins are connected to VDD as indicted by the datasheet when using SPI
with SS (slave select) (“TRF7962A Fully Integrated 13.56-MHz RFID”, 23-34).
(JM)

Next, the SPI connection is connected from pins 26, 24, 23, and 21 on the

TRF7962A RFID reader to the STM32L552ZET6 embedded processor, as shown below.
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Figure 75: RFID reader SPI and GPIO connection.
Reference for this connection configuration was derived from a datasheet reference schematic
(“TRF7962A Fully Integrated 13.56-MHz RFID”, 58). Power-up initialization pins EN and EN2
on the reader chip were connected to GPIO pins provided by the embedded processor; pull-up
resistors are used since the pins are open-drain. Pins 12 – 14 are output pins that connect to
inputs in the processor. To start, the datasheet provides are table for each mode the reader chip
can be put into (“TRF7962A Fully Integrated 13.56-MHz RFID”, 15). For the mode that
transmits at the most power, EN is set HIGH and EN2 can be either HIGH or LOW, in this case,
a LOW signal is sent to EN2, although it does not matter. The reader mode is also dictated by the
CHIP STATAS CONTROL REGISTER (0x00) and REGULATOR CONTROL REGISTER (0x0B),
but the values sent over SPI to those registers are discussed in the software section of this report.
As is typical, the SPI connection is connected as is typical, the section on the STM32L552ZET6
processor provides more information. Pin 14 is the MOD pin and can be used as an input into the
reader to direct modulation transmission, but this application connects it to an input on the
processor for opportunity of reading the receiver subcarrier output (“TRF7962A Fully Integrated
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13.56-MHz RFID”, 55). Pin 13 is the IRQ pin and is an output to an input in the host MPU and
provides an interrupt request to the processor. When data is received at the reader by a RFID tag,
the IRQ status register (0x0C) is set and signals that data is ready to be read by the host MCU.
Pin 12 is the ASK/OOK pin and is bidirectional. Configuring the ASK/OOK pin as an input
allows the MCU to set the transmit modulation type to amplitude-shift keying (ASK & send
LOW) or on-off keying (OOK & send HIGH). Pin 27 is the SYS_CLK pin and is an output to
drive the main clock of the MPU but will not be used since the main embedded processor is
driven at a higher rate than the RFID reader can provide (“TRF7962A Fully Integrated 13.56MHz RFID”, 16). This concludes the hardware aspects of the RFID system.
12.4 Initial Texas instruments RFID software design

The 13.56-MHz TRF7962ARHBT RFID reader has a SPI connection to the main STM32
embedded processor and software commands are needed to configure, transmit commands, and
receive data. The flow of startup and the main routine of the RFID system is shown below; a TI
document was used as reference (“Management of the TRF7960”, 4). The modulation type is set
by register 0x09 and given that RFID ISO15693 tags usually communicate with ASK 100% or
OOK, the register is set accordingly (“TRF7962A Fully Integrated 13.56-MHz RFID”, 48). The
table below shows what each bit was set to configure the reader device’s modulation in register
0x09.
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Table 46: RFID modulation configuration 0x09 register byte.
BIT

SET BINARY VALUE

FUNCTION

B7

NONE

Unused

B6

0

Use default operation that is
defined by bits B0 and B1.

B5

0

Disable SYS_CLK output pin

B4

0

since MCU does not need it.

1

Set ASK/OOK pin as analog

B3

output to allow MCU to
monitor subcarrier signal.

B2

0

Set modulation type and

B1

0

percentage to OOK since

B0

1

percentage is 100%.
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Figure 76: TRF7962A RFID start-up and operation flow-chart.
Per Table 6-3 in the datasheet, register 0x00 should be set to ‘21’ and register 0x0B to ‘07’ to
ensure that the max power output is used (“TRF7962A Fully Integrated 13.56-MHz RFID”, 15).
In addition, the best range is achieved with ISO 15693 and can be set with register 0x01, but the
default value of that register is 0x02 which is ISO 15693 operation (“TRF7962A Fully Integrated
13.56-MHz RFID”, 45). In any case, the next two tables detail what registers 0x00 (at start-up
with RF off and max power mode) and register 0x0B are set to.
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Table 47: RFID chip status control register 0x00 start-up configuration byte (controls RF field).
BIT

SET BINARY VALUE

FUNCTION

B7

0

Active mode (entire antenna
network, TX & RX, on).

B6

0

Do no user direct mode, let
chip and SPI take care of
modulation and framing.

B5

1

Transmitter and receiver pins
active/on.

B4

0

Full output power at 200mW
at 5-V on VIN.

B3

0

Select main RX input
RX_IN1 and not aux
RX_IN2.

B2

Reserved

Reserved

B1

0

Automatic enable (B5 enables
receiver on or off)

B0

1

Use 5-V operation for full
power 200mW operation.
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Table 48: RFID regulator and I/O control 0x0B register byte.
BIT

SET BINARY VALUE

FUNCTION

B7

0

Manual configuration = set
by bits B2 and B0.

B6

0

Do not use external power
amplifier (sec. 6.11 of
datasheet)

B5

0

Do not maintain driving
capabilities of I/O pins.

B4

0

No function.

B3

0

No function.

B2

1

(Table 6.25 for manual 5-V

B1

1

as set in B7) VDD_RF = 5V,

B0

1

VDD_A = 3.5V, & VDD_X
= 3.4V.
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