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[bookmark: _Toc462812547][bookmark: _Toc480876689]ABSTRACT
The aim of this project was to develop a device that allows for the sweeping of a laser to create a visible representation of shutter shock to be produced, while also producing quantitative data so that the results between the subjects could be compared. Once the device was developed, the following camera models were investigated:
· Panasonic G6
· Olympus EM1 MKII
· Nikon D5300
These cameras took images of the laser sweep; these images were then analysed within Photoshop to measure the extent of pixel perturbation. This was tested at various shutter speeds for each of the cameras and when possible, using each of the three shutter types; full mechanical, full electronic and EFCS (electronic first curtain shutter). Only the Olympus had an EFCS and the Nikon had neither type of electronic shutter so was instead it was tested at two focal lengths.
All three cameras had no shutter shock when using the electronic shutter, but all three displayed visible shock when using the mechanical shutter. The Nikon suffered it more when tested at 140mm focal length compared to 40mm. The EFCS of the Olympus performed worse than expected, performing closing to the mechanical shutter rather than the electronic.
This project could continue to develop by making more component efficient changes to the circuit design, and through continuing the testing in more depth e.g. a wider variety of camera models with various shutter types, focal lengths and lenses.
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[bookmark: _Toc462812551][bookmark: _Toc480876692]Introduction
This report will document the research and development of a circuit which is designed to test the effects of shutter shock in modern digital cameras. It will begin with researching areas such as what shutter shock is, how it is caused, how to prevent it and existing methods of testing. A circuit to test shutter shock will be designed and built. This circuit will include a laser which will be swept across a vertical surface to be captured by a camera. All stages of this process will be documented. Three cameras that are being loaned by the supervising lecturer will be tested at various shutter speeds, shutter types and focal lengths by taking images of the sweeping laser. These images will then be analysed to measure the amount of pixel perturbation, before being compared against one another. The document will then end with a conclusion formed based upon the results followed by recommendations for future work.
[bookmark: _Toc462812552][bookmark: _Toc480876693]Aim
The aim of this of this project is to investigate the effects of shutter shock on various modern camera models and develop a circuit that can potentially be used to benchmark any camera model, not just the ones available.
[bookmark: _Toc462812553][bookmark: _Toc480876694]Objectives
· Design and develop a circuit that allows the camera to produce an image that shows the extent of shutter shock
· Test the available cameras at varying shutter speeds, using varying shutter types and if possible at varying focal lengths
· Analyse the images within a piece of photo editing software such as Adobe Photoshop and measure the amount of pixel perturbation.
· Compare the results from each of the cameras



[bookmark: _Toc462812555][bookmark: _Toc480876695]Research and Review of Literature
As the resolution output of modern digital SLR cameras continues to grow, the size of the pixels continues to shrink. This constant advancement in camera technology doesn’t come without any issues. Shutter shock is one of these issues that has arisen, which is caused by the movement of the mechanical shutter when the user takes a photo. This movement sends small vibrations through the device causing degradation in the final image.
[bookmark: _Toc480876696]Shutter Types
There are three types of shutter within these cameras; mechanical, electronic first curtain shutter and fully electronic shutter.
[bookmark: _Toc480876697]Mechanical shutter
 Mechanical shutters contain small moving sets of curtains which expose the sensor to light. The first curtain starts the exposure when the user presses the shutter button; once the sensor has been exposed for the time that is determined by the shutter speed, the second curtain closes ending the exposure. To be able to perform at the faster shutter speeds, the second curtain shutter must begin ending the exposure before the first shutter has finished opening. In this use case the whole sensor won’t be exposed at the same time. The moving parts within a mechanical shutter are prone to damage and are the cause of shutter shock.
[image: shutter]
[bookmark: _Toc480876783]Figure 1 Mechanical Rolling Shutter - [1]
[bookmark: _Toc480876698]Electronic shutter
Electronic rolling shutters function similarly their mechanical counterparts. However, the speed of the shutter is much slower than a mechanical shutter, therefore images of fast moving subjects will appear skewed in the final image. This is due to the subject that is being captured will be a different location for each line of the scan. [image: https://s3.amazonaws.com/red_3/uploads/asset_image/image/5178498e26465a7fe1000623/timeline1.png]
[bookmark: _Toc480876784]Figure 2 – Electronic Rolling Shutter Scan[2]
There is another variant of Electronic shutter known as an Electronic global shutter, this functions by exposing the whole sensor at the same time thus solving the issue of images becoming skewed. However, this type of shutter is more complex and difficult to implement and is therefore only present in higher end cameras. It also has its own issues when being used to record video as it halves the potential frame rate of the sensor compared to if it was used in rolling shutter mode. [3] 
Both of these Electronic shutters would remove the issues of shutter shock because then contain no moving parts and thus are less prone to degradation over time, but as mentioned they come with their own issues.
[bookmark: _Toc480876699]Electronic First curtain shutter
The Electronic first curtain shutter features technology from both types of electronic shutter previously mentioned. As the name suggests the first curtain is electronic while the second is mechanical. This type of shutter also solves the issue of shutter shock because the second shutter has no effect on the resulting image as the exposure has already been completed. Although due to it still containing electronic parts it cannot compete with a fully mechanical shutter when capturing fast moving subjects.[4] 
[bookmark: _Toc480876700]Shutter Shock
Cameras use a shutter to expose the sensor to light for a predetermined amount of time, this time is known as the shutter speed. In the case of a mechanical and electronic rolling shutter, the shutter consists of two curtains, when a photo is taken the first curtain moves up/down exposing light to the sensor, followed by the second curtain moving up/down ending the exposure.[5]
Specifically in the case of the mechanical rolling shutter the movement of the shutter curtains causes vibrations which can result in blurring in the final image. This problem seems to be most common within the range of 1/20s to 1/200s.[6] 
It is known for certain that shutter shock exists, and that there are various shutter methods than can help or solve the problem. The issue is there is no quantitative data to compare which cameras are affected and to what extent. Many articles state its existence and show comparison images, but they lack quantitative data. One article on Discover Digital Photography also states that the longer focal lengths have a greater effect on the resulting images. However this article presents no images to even create an idea as to the effect it has. The same article also states that EFCS solves the issue, but again shows no images to enforce the claim. [5] Robert Otoole Photography also states that using EFCS solved the issues he was having and also shows images to back up his claims. 
[image: Example]
[bookmark: _Toc480876785]Figure 3 – EFCS Full Image [7]
[image: https://static1.squarespace.com/static/57d063cbff7c50fb0f359d6c/t/57d064cbe39aa43d49e13b80/1473911868388/Eagles-100-percent-crop.jpg?format=750w]
[bookmark: _Toc480876786]Figure 4 – EFCS Comparison Image [7] 
[bookmark: _Toc480876701]Testing for Shutter Shock
Shutter shock is a relatively new issue because it is related to the advancement of camera technology. Therefore, there is no standardised method of benchmarking it. Many articles have acknowledged its existence and have shown this through comparison images, however without any quantitative data there is no current method of measuring the levels of shutter shock in different models of camera.
[bookmark: _Toc480876702]Oscilloscope Method
A user from the DP Review forum used the sweeping action of an analogue oscilloscope to produce visual representations of shutter shocks effects on images. The sweep of an analogue oscilloscope is usually straight and vibrations within the camera cause the image to become skewed.
[image: http://3.static.img-dpreview.com/files/p/TS940x940~forums/53456685/3b77514664c5491c9001b0c216576205]
[bookmark: _Toc480876787]Figure 5 – Oscilloscope method results[8]
The above image proves the statement from previous article on Discover Digital Photography, stating that discussed higher focal lengths having a worse effect.
[bookmark: _Toc480876703]Accelerometer Method
Falk Lumo[9] used an accelerometer to measure the vibrations within a Pentax K7. He proved that the movement from the camera’s shutters can cause blur within the resulting image. Although this gives quantitative data on the vibrations that occur throughout the camera body from the shutter, it doesn’t give visual representation of the effect it would have on the resulting image unlike the oscilloscope method. 
[image: http://www.falklumo.com/lumolabs/articles/k7shutter/images/accel07hit.png]
[bookmark: _Toc480876788]Figure 6 – Accelerometer Method Results [9]

[bookmark: _Toc480876704]Lasers
This project will involve using a laser to recreate the sweeping motion similar to that of an analogue oscilloscope. There are various colours of lasers at different power ratings which can be produced.
Red, blue and green laser pointers are available, with red being the cheapest due to it being the most common. Laser pointer power ranges from around 1mW to 5mW and are placed into varying classes based upon their power rating. At a power of 1mW a laser pointer is considered to be safe, due to the amount of direct contact required before damage begins. With the natural aversion to bright light, no damage would occur without someone overriding their eyes natural aversion.[10], [11] 
Class 1
Class 1 is the lowest class of laser, and is equal to or below the MPE value. The power level of this class of laser will not result in eye injury and is therefore considered to be safe.
[bookmark: _Toc480876705]Class 1M
Class 1M lasers produce a wide diameter beam and only a small portion of this diameter has the ability to harm your eye. If the laser is used with magnifying instruments it will then become harmful.
[bookmark: _Toc480876706]Class 2
Lasers within class 2 have a limited power output of 1mW and the wavelength of the beam must be between 400nm-700nm (visible light). An individual receiving exposure from a Class 2 beam will be protected by their natural aversion response. Repeated exposure may not be safe.
[bookmark: _Toc480876707]Class 2M
Class 2M, similar to Class 1M lasers produce a wide diameter beam and only a small portion of the beam is harmful to the eye. This area of the beam is limited to 1mW and again like Class 1M lasers can be more harmful if viewed through magnifying optics.
[bookmark: _Toc480876708]Class 3R
Class 3R lasers have a maximum power output of 5mW. At this power level the lasers exceed the MPE for accidental viewing and has the potential to cause eye injury.
[bookmark: _Toc480876709]Class 3B
Class 3B lasers can have a power output up to 500mW which is sufficient to cause injury to an individual. The higher the power output of the laser, the higher the risk of injury. The severity of the injury as with all lasers is dependent on the power of the laser, as well as the duration of the exposure to the individual’s eye/skin.
[bookmark: _Toc480876710]Class 4
Class 4 lasers are the highest class with an output power of greater than 500mW. There is no upper restriction the output power of this class. At this power, the laser is more than capable of causing serious damage to eyes and skin and could potentially present a fire hazard.
[bookmark: _Toc480876711]Rotating the Mirror
To create the sweeping effect similar to that of the analogue oscilloscope the laser will need to be reflected through the use of mirrors. 
[bookmark: _Toc480876712]DC Motor
DC motors are likely the most common variant of motor, they can be found in various applications from cars to children’s toys. DC motors contain two permanent magnets and between the magnets is the rotor which consists of copper windings placed on an iron core.[12] When a current flows through the windings a magnetic field is created causing the motor to rotate, if the current flows in the opposite direction the motor rotates in the opposite direction. The direction of current, the magnetic field and the rotation of the motor are all 90° from each other, which can be determined using Fleming’s left hand rule.
[image: fleming’s left hand rule]
[bookmark: _Toc480876789]Figure 7 – Fleming [13] 
The speed of the motor is determined by the amount of current flowing through the windings. DC motors aren’t usually used in circumstances that require precise movements. Since this project will require the mirror to be rotated through a specific angle at varying speeds, a DC motor isn’t suitable.
[bookmark: _Toc480876713]Stepping Motor
Stepping motors use multiple copper windings to achieve more precise control over the movement of the motor. The following example will explain the movement from one winding to the next for a three-phase stepping motor.
In a three-phase stepping motor there are six coils in series pairs. When current is supplied from a DC power source to the windings, the motor rotates depending on which of the three switches are closed. In the first state (1), a current is supplied through switch 1 to phase 1. This causes a magnetic field to occur between the two windings of phase 1, thus aligning two of the four rotor teeth with the windings. When switch 2 is closed in conjunction with switch 1, a magnetic field begins to build up between the windings of phase 2 as shown in state (2). This will continue until state (3) is reached. At this point the motor has rotated through a fixed angle known as a ‘step angle’ and this value varies between stepping motors. If switch 1 is opened again the motor will complete another ‘step’ to reach stage (4). [14]
[image: ]
[bookmark: _Toc480876790]Figure 8 - Stepping Motor Diagram [14]
[bookmark: _Toc480876714]Mirror Galvanometer 
Galvanometers were originally used as current measuring devices, this was achieved by measuring the torque within a coil in a magnetic field. The coil would experience torque proportional to the current flowing through it. A modern galvanometer (galvo) system consists of 3 parts; a motor or galvanometer, mirror(s) and the driver board. [15] There is no speed control for a galvo system; they move to the requested position as fast as possible. Controlling the speed of their positioning requires the voltage signal change in small increments with delays between each change. The delays need to be large enough that the positioning occurs within the intended time, but small enough that the motion is smooth.
A member of staff lent a Cambridge Technology galvo system consisting of 6800 motor and CB6580 driver board for the project. This galvo system is powered by ±15V - ±28 and positions itself with respect to the difference in voltage received on the positive and negative signal lines. 
[image: ]
[bookmark: _Toc480876791]Figure 9 - Signal Input Circuitry of Driver Board
 
[bookmark: _Toc480876715]Outputting an Analogue Signal
Due to the galvo system positioning itself based on the signal voltage it receives, some form of digital to analogue conversion is required. 
[bookmark: _Toc480876716]Parallel Digital to Analogue Convertor 
There are two common forms of digital to analogue convertors; serial and parallel. Parallel DACS have an individual input for each bit of data transfer. There are two main types of parallel DACs; binary weighted input and R/2R.[16] Both of these types can also be used in voltage or current mode.[17] 
Binary weighted input DACs are an evolution of an inverting summer Op-amp, the difference being each of the resistors double in value as the inputs descend towards the least significant bit.
[image: https://sub.allaboutcircuits.com/images/04271.png]
[bookmark: _Toc480876792]Figure 10 - Binary Weighted Input DAC [16]
Assuming each of the inputs receive the same input voltage, then the voltage drop across each of the resistors will be proportional to the bit it represents. The resolution of the DAC can be increased by adding more inputs and continuing to double the value for each additional input.
[image: https://sub.allaboutcircuits.com/images/04273.png]
[bookmark: _Toc480876793]Figure 11 - 6 bit Binary Weighted DAC[16]
The other variant of parallel DAC is the R/2R DAC uses only 1 unique resistor value compared a unique resistor value for each additional bit. However, this method has its disadvantages due to the increase in volume of components. The conversion process functions in the same manner as the previous method.[18]
[image: https://sub.allaboutcircuits.com/images/04274.png]
[bookmark: _Toc480876794]Figure 12 - R/2R DAC [18]
A solution to this issue is to use a method that only uses two unique resistor values in the following configuration.
[image: https://sub.allaboutcircuits.com/images/04275.png]
[bookmark: _Toc480876795]Figure 13 - R/2R Ladder DAC
In this method, an additional 2 resistors are required for each additional bit, rather than a doubling of resistors per input for the standard R/2R method.
[bookmark: _Toc480876717]Serial Digital to Analogue Convertor 
Serial digital to analogue conversion uses common serial data transfer methods such as SPI and I2C.
SPI is a synchronous data method but means it uses separate lines for its data signals and clock pulse. The receiver samples the bits on the data line in accordance to the clock pulse which could be either on the rising or falling edge of the clock pulse. SPI operates on 4 pins regardless of the number of bits being transferred; clock, input, output and slave select. Since there are separate lines for input and output, chips can send and receive data simultaneously. It operates this way at all times even if one-directional transfer is being used.
[image: https://cdn.sparkfun.com/assets/f/f/e/5/8/52ddb2dbce395fae408b4568.png]
[bookmark: _Toc480876796]Figure 14 - SPI diagram [19]
Multiple slave devices can be connected to one master in one of two configurations. Independent slave configuration uses an individual slave select line for each pin. The clock, output and input lines are connected to the same pin of the master device. [image: https://upload.wikimedia.org/wikipedia/commons/thumb/f/fc/SPI_three_slaves.svg/363px-SPI_three_slaves.svg.png]
[bookmark: _Toc480876797]Figure 15 - SPI Three Slaves [20]
The daisy chain configuration connects all the slave selects to the same master device pin, but the output of slave device 1 is connected to the input of slave device 2 etc. 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/9/97/SPI_three_slaves_daisy_chained.svg/363px-SPI_three_slaves_daisy_chained.svg.png]
[bookmark: _Toc480876798]Figure 16 - SPI Three Slaves Daisy Chained[21]
[bookmark: _Toc480876718]Pulse Width Modulation
Pulse width modulation is a method to power electrical devices which can be controlled. If a device requires a lower voltage or a motor/fan is required to operate at a lower RPM, pulse width modulation can be used to achieve this. Pulsing the voltage on and off allows the output voltage to be a ratio of the duration it was on to the ratio it was off e.g. if the pulse width was 50% on 50% (50% duty cycle) off the resulting output voltage would be half of its initial value. This method allows for more efficient control of voltages compared to using resistors to lower the voltage.[22]
[image: https://cdn.sparkfun.com/assets/f/9/c/8/a/512e869bce395fbc64000002.JPG]
[bookmark: _Toc480876799]Figure 17 - Duty Cycles [23]
Based on this project PWM can be used as an analogue to digital convertor. By sending the PWM signal into an RC low pass filter the output will be a stable DC voltage which allows the galvo system to be controlled.
[bookmark: _Toc480876719]LCD
The LCD display will use either 7 or 12 pins on the PIC depending on if it is set in 4 bit mode or 8 bit mode respectively. In 8-bit mode, 8 input/output pins are used to transfer an instruction or character to the display, since it is 8-bit mode only one 8-bit transfer is required. In 4-bit mode only 4 input/output pins are used but it requires two 4 bit transfers therefore the time taken is twice as long. Since the project does not require precise timing, 4-bit mode will used so that extra input/output pins are available.
[image: 16 x 2 LCD PinOut | 16x2 Character LCD Module Pin diagram] 
· GND – Connects to 0V.
· VCC – Connects to 5V.
· VEE – Connects to a potentionmeter across 5V and 0V to allow for contrast adjustion.
· RS – Register Select connects to the PIC . The LCD switches to the command register when it recieves a low pulse and to the data register when it recieves a high pulse.
· R/W – Read/Write connects to the PIC. A low pulse to write to the register and a high pulse to read from the register.
· En – Enable, sends data to the date pins when a high to low pulse is received.
· DB0-DB7 – The data pins which connect to the PIC. Only DB4-DB7 will be used since it will be set in 4 bit mode.
· Led +/- - Connect to 5V and 0V respectively across a potentiometer to allow for backlight adjustment.[24] 

[bookmark: _Toc480876720]Triggering Camera Shutter
Each camera manufacturer uses different methods of triggering the camera shutter. Since a majority of the cameras being used as part of this project are Panasonic this is the brand this section will be focused on.
Controlling the camera shutter and auto-focus on Panasonic cameras requires two buttons and three resistors which connect to a 4-pole 2.5mm audio jack in the following configuration.
[image: Panasonic GH1 remote shutter control schematic]
[bookmark: _Toc480876800]Figure 18 - Remote Camera Shutter Circuit [25]
The focus push button would represent a half press on the cameras shutter button, the buttons can be pressed individually or simultaneously. Ideally the camera shutter will be triggered automatically from the microcontroller when the laser diode is active. There are multiple ways this could be achieved.
[bookmark: _Toc480876721]CMOS Analogue Switch
An alternative to a mechanical switch could be a CMOS analogue switch. This would allow for the switch to be controlled by a microprocessor. Analogue switches usually have multiple switches within one IC.
[image: Image result for cmos analogue switch]
[bookmark: _Toc480876801]Figure 19 - Internal Circuitry of Analogue Switch[26]
The internal structure of an analogue switch is shown in Figure 19. It consists of an n-channel MOSFET and a p-channel MOSFET connected in parallel, this allows for both pins to function as either an input or an output. The two MOSFETs are switched on and off by internal inverting and noninverting amplifiers. These amplifiers shift the voltage of the digital input signal in accordance to whether the signal is CMOS or TTL logic level and whether the analogue supply voltage is a single or dual supply.
In the use case of the project the PIC would output logic level high to enable the MOSFETS thus shorting the camera circuitry and triggering the shutter.  
[bookmark: _Toc480876722]Relay
A relay operates similarly to that of a mechanical switch, but it operates using an electrical current through a coil wrapped around an iron core. When there is a current passing through the coil the contacts are made or broken, depending on the configuration.[27]

Like mechanical switches, relays can have one or more poles and one or more throws. 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/6/67/Relay_symbols.svg/309px-Relay_symbols.svg.png]
[bookmark: _Toc480876802]Figure 20 - Pull/Throw Diagram
SPST – Single Pull Single Throw
SPDT – Single Pull Dual Throw
DPST – Dual Pull Single Throw
DPDT – Dual Pull Dual Throw
Relays can also be normally open so that when the relay is activated the contact is made or normally closed and where the contact is broken is when the relay is activated. This only applies to single throw relays as dual throw is always connected to one of the two throws.
The issue with relays is due to their mechanical nature their switching time is within milliseconds and is not a programmable fixed time.

[bookmark: _Toc480876723]Design
 The design process began with developing the circuit that would allow for the sweeping of the laser, at this stage the camera will be manually triggered. The basic functionality of this circuit would consist of a PIC microcontroller power a laser diode, with the diode directed towards the mirror of the galvo system. The PIC would also control the speed of the galvo sweep which is chosen by the user from a list of pre-set options. The options will be displayed on an LCD and allow the user to select which speed is required.
Once the basic functionality has been achieved, additional circuitry will be added to allow for the camera to be remotely triggered in sync with the laser sweep, with the intention of the sweep duration being the same length as the camera’s exposure duration.
[bookmark: _Toc480876724]Laser and Galvo System
The laser that was used as part of this project was a simple, inexpensive laser diode that was purchased from Amazon. It is a 5mW red laser diode that is being powered by 5V. This is a suitable voltage for this project because it allows the laser diode to be connected directly to the PIC microcontroller.
The beam from the laser diode will be reflected by a Cambridge Technologies 6800 motor and CB6580 driver board.
In this design, the galvo system is driven off +/- 15V instead of +/- 28VThe signal will be provided by 1 port from the PIC through an 8-bit parallel DAC. The port will cycle from 0-255 with varying delays between each incremental increase. The DAC0800 being used will then convert this port into a voltage between 0-5V.

[image: ]
[bookmark: _Toc480876803]Figure 21 - Galvo Control Code
[bookmark: _Toc480876725]LCD
The LCD that was used for this project was the Powertip PC1602-H which is a 16 x 2 LCD display with no backlight. This LCD was chosen because it was used on a previous project and was therefore familiar to the designer of the circuit.
All of the LCD’s seven connections were connected to port B of the microcontroller. Data 4-7 were connected to B 4-7 respectively, while enable read/write and register select were connected to the remaining pins on port B. VSS which was tied to ground, VDD was tied to 5V and VEE was tied to -1.5V. This was achieved by connecting an AA battery between ground and VEE, this approach was taken because of past experience with the LCD it requires a negative voltage on the VEE connection otherwise nothing is visible on the screen. A voltage inverter could also be used in this situation, but that wasn’t considered a necessity. 
The role of the LCD within this circuit is for the user to select the corresponding shutter speed to the one being used on the camera. If the incorrect shutter speed is not selected then the laser sweep may be too fast/slow for the camera shutter speed that is selected.
[image: ]
[bookmark: _Toc480876804]Figure 22 - LCD Code
The above LCD code allows for the adjustment of the shutter speed between 1/20 and 1/200. The current selected shutter speed is shown on the LCD. After further testing several mistakes were discovered in the code. 
Some of the shutter speeds that the code allowed you to select e.g. 1/180 were not shutter speeds that the cameras could execute. The second error was the speeds set within the code were 20, 40, 60 etc. instead of 1/20, 1/40 etc. As a result, the code was rewritten to use an array of fixed values rather than adjusting the value of the variable “shutterspeed”. Some further changes were made in accordance to the change in the functionality of the circuit which will be discussed in the experimentation chapter.
[image: ]
[bookmark: _Toc480876805]Figure 23 - Shutter Speeds in an Array
[bookmark: _Toc480876726]Camera Shutter
The camera shutter method that was mentioned previously in the report worked perfectly for both the Panasonic GH3 and Panasonic G6. Using two push buttons and a 36k, 3k and 2k resistor in series, the camera could trigger auto focus, auto exposure and trigger the shutter remotely. 

[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMAG0293.jpg]
[bookmark: _Toc480876806]Figure 24 - Remote Camera Shutter Circuitry

[bookmark: _Toc480876727]Testing and experimentation
This chapter will discuss the various testing and experimentation methods that were used to test the circuitry. Some areas that were investigated included various methods of triggering the camera shutter and attempting to get a visual representation of shutter shock using the laser diode and galvo.
[bookmark: _Toc480876728]Camera Shutter
After being able to trigger the camera remotely with push buttons the next stage was to have the camera be triggered by the microcontroller. These tests were all performed using the Panasonic G6 at 1/160s shutter speed.
[bookmark: _Toc480876729]CMOS Analogue Switch
The first attempt at replacing the mechanical switch was with a CMOS analogue switch. The switch used was the 4016-analogue switch, it was connected so that one of the switches would replace the autofocus button and one would replace the shutter button. Each button was controlled separately when a high voltage was applied to respective control pins.

[image: ]
[bookmark: _Toc480876807]Figure 25 - CMOS 4016 Analogue Switch [28]
[image: ]
[bookmark: _Toc480876808]Figure 26 - CMOS Switch Circuit
This configuration, however, never successfully triggered the camera shutter. The reason for this was never discovered but some suggestions were that it was interfering with what resistance the camera was expecting. This method was therefore not suitable.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMAG0294_BURST002.jpg]
[bookmark: _Toc480876809]Figure 27 - Analogue Switch Configuration
[bookmark: _Toc480876730]Relay
The next method to be tested was using a relay to replace the mechanical switch. A single pole dual throw relay was used because it was available at the university. The relay’s positive terminal was connected to 5V and the negative terminal was connected to the collector of a bipolar junction transistor. This allowed for the microcontroller to control when the relay was activated. A diode was also connected across the relay terminals to dissipate the back EMF when the field collapses. [image: ]
[bookmark: _Toc480876810]Figure 28 - Relay Full Circuit
The figure above shows the relay circuit that was designed to control the camera shutter. LED D3 was added to simulate the camera shutter. 
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMAG0301.jpg]
[bookmark: _Toc480876811]Figure 29 - Relay configuration
This method successfully triggered the camera, however due to it involving a mechanical movement, the laser sweep had already finished before the camera shutter had even triggered (laser sweeps right to left).
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130473.jpg]
[bookmark: _Toc480876812]Figure 30 - Laser Sweep Too Fast
To counteract this issue a delay of 100ms was introduced just before the shutter trigger instruction within the code. This solved the issue to an extent, however the amount of time the relay takes to trigger is not consistent.  As shown in figure 31-33.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130477.jpg]
[bookmark: _Toc480876813]Figure 31 - Laser Too Fast
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130544.jpg]
[bookmark: _Toc480876814]Figure 32 - Laser Too Slow
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130495.jpg]
[bookmark: _Toc480876815]Figure 33 - Laser Sweep
The three previous images were all taken at the same 100ms delay after the shutter was triggered, before the laser sweep started. Therefore, this will not be suitable method to use, due to its inconsistences.
[bookmark: _Toc480876731]Opto-Isolator
An adaptation of the relay method was to remove the relay and just use the transistor as a switch, however this would require having a common ground between the camera and the rest of the circuit. This is not ideal because in the event of a power fluctuation the camera may become damaged, thus the cameras circuitry must be isolated from the rest of the circuit. 
Based on that specification the decision was made to use an opto-isolator because it would allow for the camera circuitry to be separated and since the device functions using a phototransistor, it would have a fixed switching time.
[image: ]
[bookmark: _Toc480876816]Figure 34 - Circuit with optoisolater
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130547.jpg]
[bookmark: _Toc480876817]Figure 35 - Laser Sweep with Opto-Isolator
The issue that remains with this method is that there are no visible signs of shutter shock. 
[bookmark: _Toc480876732]Testing for Shutter Shock
Now that the camera shutter was successfully in sync with the laser sweep, other methods to visualise shutter shock were used. The tests began by having the laser stationary to see if there was any perturbation.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130843.jpg]
[bookmark: _Toc480876818]Figure 36 - Stationary Laser without paper
As seen in the figure above this proved to be unsuccessful, likely due to the laser dots diameter being too large. The same method was attempted again except the laser was shone through a pinhole in a sheet of paper.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1130842.jpg]
[bookmark: _Toc480876819]Figure 37 - Stationary Laser with Paper
Again, as seen in the figure above there is still no visible signs of shutter shock, so the method transitioned back to a sweeping laser. However instead of the laser sweep being synced with the camera shutter, the laser will replicate the motion of an oscilloscope sweeping back and forth. The camera will be triggered manually with a timer so the shock from the button being pressed doesn’t impact the results.[image: ]
[bookmark: _Toc480876820]Figure 38 - Code for Continuous Laser Sweep
[bookmark: _Toc462812586]After the code was implemented and working as intended, the camera being tested was changed, because the owner of the camera suggested that the Olympus EM1 may be more likely to produce the desired results. The code was also further adjusted so that the LCD display would inform the user of the speed that the Galvo would be for the corresponding shutter speed.
[image: ]
[bookmark: _Toc480876821]Figure 39 - LCD Code Showing Sweep Speed
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3290080.jpg]
[bookmark: _Toc480876822]Figure 40 - Visible Shutter Shock
The laser sweep in figure 33 shows that this method can visually represent shutter shock when using the Olympus EM1. However, the diameter of the laser was still too large so the method of using the oscilloscope was then tested.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3290058.jpg]
[bookmark: _Toc480876823]Figure 41 - Shutter shock using oscilloscope
The oscilloscope image produced a much clearer representation of the perturbations caused by shutter shock. The laser method proved to be successful but has limitations in the environment it is being tested in. Therefore, the testing at various shutter speeds will be carried out using the oscilloscope method and the methodology will be explained at the beginning of the next chapter.
[bookmark: _Toc480876733]Results
Each of the three cameras that were tested (Nikon D5300, Olympus EM1 and Panasonic G6) with a focal length of 40mm and varying ISO depending on the shutter speed. If the camera had electronic and/or electronic first curtain shutter (EFCS) that was also tested. The following shutter speeds were used 1/10s, 1/20, 1/40s, 1/60s, 1/80s, 1/100s, 1/125s, 1/160s, 1/200s, 1/250s and 1/320s. At each shutter speed and shutter type three images were taken for repeatability. However, only one image will be shown in the section of the report, some of the repeats will be shown in the appendices.
[bookmark: _Toc480876734]Olympus EM1
The Olympus EM1 is a 16MP camera and was tested with mechanical, electronic and electronic first curtain shutter at 40mm. 
[bookmark: _Toc480876735]1/10s
Tested with the oscilloscope set to 50ms/division.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3300085.jpg]
[bookmark: _Toc480876824]Figure 42 – Olympus EM1 1/10 Mechanical Shutter
Figure 35 showns that there is clear perturbations within the scan.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3300091.jpg]
[bookmark: _Toc480876825]Figure 43 - Olympus EM1 1/10 Electronic First Curtain Shutter
Surprisingly the electronic first curtain shutter doesn’t appear to lessen the effect.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3300087.jpg]
[bookmark: _Toc480876826]Figure 44 - Olympus EM1 1/10 Electronic Shutter
The electronic shutter almost removes the effects of shutter shock entirely.
[bookmark: _Toc480876736]1/20s
Tested with the oscilloscope at 20ms/division.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3300089.jpg]
[bookmark: _Toc480876827]Figure 45 - Olympus Em1 1/20 Mechanical
Shutter shock still visibly present, but a different waveform compared to 1/10s.
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[bookmark: _Toc480876828]Figure 46 - Olympus Em1 1/20 EFCS
EFCS still having no effect on the final image compared to the mechanical shutter.
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[bookmark: _Toc480876829]Figure 47 - Olympus EM1 1/20 Electronic
Electronic shutter continues to remove most, if not all the perturbations. 
[bookmark: _Toc480876737]1/40s
Tested with oscilloscope at 20ms/division.
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3300104.jpg]
[bookmark: _Toc480876830]Figure 48 - Olympus EM1 1/40 Mechanical
Mechanical shutter produces another different wave form.
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[bookmark: _Toc480876831]Figure 49 - Olympus EM1 1/40 EFCS
EFCS waveform is near identical to that of the mechanical shutter.
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[bookmark: _Toc480876832]Figure 50 - Olympus EM1 1/40 Electronic
Electronic shutter removes all shutter shock as did the previous shutter speeds.
[bookmark: _Toc480876738]1/60s
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[bookmark: _Toc480876833]Figure 51 - Olympus EM1 1/60 Mechanical Shutter
The mechanical shutter produces another different wave form, but still clearly shows the presence of shutter shock.
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[bookmark: _Toc480876834]Figure 52 - Olympus EM1 1/60 EFCS
EFCS continues to not help reduce the effects.
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[bookmark: _Toc480876835]Figure 53 - Olympus EM1 1/60 Electronic
Electronic shutter shows no sign of shutter shock.
[bookmark: _Toc480876739]1/80
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P3300124.jpg]
[bookmark: _Toc480876836]Figure 54 - Olympus EM1 1/80 Mechanical
Mechanical shutter continues to produce perturbations in the image.
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[bookmark: _Toc480876837]Figure 55 - Olympus EM1 1/80 EFCS
EFCS continues to also produce perturbations in the image.
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[bookmark: _Toc480876838]Figure 56 - Olympus EM1 1/80 Electronic
Electronic shutter continues to remove shutter shock.
[bookmark: _Toc480876740]1/100
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[bookmark: _Toc480876839]Figure 57 - Olympus EM1 1/100 Mechanical
Mechanical shutter continues to be affected by shutter shock albeit less severely.
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[bookmark: _Toc480876840]Figure 58 - Olympus EM1 1/100 EFCS
EFCS also continues to be affected again albeit less severely.
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[bookmark: _Toc480876841]Figure 59 - Olympus EM1 1/100 Electronic
[bookmark: _Toc480876741]1/125s
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[bookmark: _Toc480876842]Figure 60 - Olympus Em1 1/125 Mechanical
The shutter shock perturbations within the mechanical shutter continues to decline.
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[bookmark: _Toc480876843]Figure 61 - Olympus EM1 1/125 EFCS
The same with EFCS, the perturbations continue to reduce.
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[bookmark: _Toc480876844]Figure 62 - Olympus EM1 1/125 Electronic
[bookmark: _Toc480876742]1/160s
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[bookmark: _Toc480876845]Figure 63 - Olympus EM1 1/160 Mechanical
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[bookmark: _Toc480876846]Figure 64 - Olympus EM1 1/160 EFCS
The EFCS is shows slight improvements over the mechanical shutter but shutter shock is still visibly present.
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[bookmark: _Toc480876847]Figure 65 - Olympus EM1 1/160 Electronic
[bookmark: _Toc480876743]1/200
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[bookmark: _Toc480876848]Figure 66 - Olympus EM1 1/200 Mechanical
Shutter shock continues to get less severe when using mechanical shutter.
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[bookmark: _Toc480876849]Figure 67 - Olympus Em1 1/200 EFCS
EFCS has almost entirely removed shutter shock.
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[bookmark: _Toc480876850]Figure 68 - Olympus EM1 1/200 Electronic
[bookmark: _Toc480876744]1/250
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[bookmark: _Toc480876851]Figure 69 - Olympus Em1 1/250 Mechanical
Even at high shutter speeds shutter shock is still present when using a mechanical shutter.
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[bookmark: _Toc480876852]Figure 70 - Olympus Em1 1/250 EFCS
EFCS has entirely removed shutter shock at this shutter speed and is producing results almost identical to the electronic shutter.
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[bookmark: _Toc480876853]Figure 71 - Olympus EM1 1/250 Electronic
[bookmark: _Toc480876745]1/320
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[bookmark: _Toc480876854]Figure 72 - Olympus EM1 1/320 Mechanical
Once 1/320 was reached even the mechanical shutter had very little if any perturbation.
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[bookmark: _Toc480876855]Figure 73 - Olympus Em1 1/320 EFCS
EFCS continues to produce results similar to that of the electronic shutter.
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[bookmark: _Toc480876856]Figure 74 - Olympus EM1 1/320 Electronic
As with all the shutter speeds electronic shutter removed all traces of shutter shock.
[bookmark: _Toc480876746]Panasonic G6
The Panasonic G6 is a 16MP camera and was tested with mechanical and electronic at 40mm. 
[bookmark: _Toc480876747]1/10s
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[bookmark: _Toc480876857]Figure 75 - Panasonic G6 1/10 Mechanical
At this low of a shutter speed there appears to be little to no shutter shock present when using a mechanical shutter.
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[bookmark: _Toc480876858]Figure 76 - Panasonic G6 1/10 Electronic
The electronic shutter also has no shutter shock present.
[bookmark: _Toc480876748]1/20s
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[bookmark: _Toc480876859]Figure 77 - Panasonic G6 1/20 Mechanical
The mechanical shutter on the Panasonic G6 still shows slight shutter shock.
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[bookmark: _Toc480876860]Figure 78 - Panasonic G6 1/20 Electronic
[bookmark: _Toc480876749]1/40
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[bookmark: _Toc480876861]Figure 79 - Panasonic G6 1/40 Mechanical
Now at 1/40s shutter speed, shutter shock is beginning to have an effect.
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[bookmark: _Toc480876862]Figure 80 - Panasonic G6 1/40 Electronic
[bookmark: _Toc480876750]1/60
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[bookmark: _Toc480876863]Figure 81 - Panasonic G6 1/60 Mechanical
Shutter shocks effects continue to worsen as the shutter speed increases.
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[bookmark: _Toc480876864]Figure 82 - Panasonic G6 1/60 Electronic
[bookmark: _Toc480876751]1/80s
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[bookmark: _Toc480876865]Figure 83 - Panasonic G6 1/80 Mechanical
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[bookmark: _Toc480876866]Figure 84 - Panasonic G6 1/80 Electronic
[bookmark: _Toc480876752]1/100s
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[bookmark: _Toc480876867]Figure 85 - Panasonic G6 1/100 Mechanical
The severity of shutter shock has plateaued at around 1/100s shutter speed. 
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[bookmark: _Toc480876868]Figure 86 - Panasonic G6 1/100 Electronic
As with all the other shutter speeds, the electronic shutter successfully resolves the issue.
[bookmark: _Toc480876753]1/125s
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[bookmark: _Toc480876869]Figure 87 - Panasonic G6 1/125 Mechanical
Shutter shock remains present when using the mechanical shutter.
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[bookmark: _Toc480876870]Figure 88 - Panasonic G6 1/125 Electronic
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[bookmark: _Toc480876871]Figure 89 - Panasonic G6 1/160 Mechanical
The mechanical shutter produces a similar waveform to that of the 1/125 shutter speed. Still visibly present.
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[bookmark: _Toc480876872]Figure 90 - Panasonic G6 1/160 Electronic
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[bookmark: _Toc480876873]Figure 91 - Panasonic G6 1/200 Mechanical
As the shutter speed continues to increase, the effects of shutter shock are beginning to decline.
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[bookmark: _Toc480876874]Figure 92 - Panasonic G6 1/200 Electronic
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[bookmark: _Toc480876875]Figure 93 - Panasonic G6 1/250 Mechanical
Shutter shock effects continue to decline.
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[bookmark: _Toc480876876]Figure 94 - Panasonic G6 1/250 Electronic
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[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\P1140024.jpg]
[bookmark: _Toc480876877]Figure 95 - Panasonic G6 1/320 Mechanical
At 1/320s shutter speed the perturbations caused by shutter shock are minor.
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[bookmark: _Toc480876878]Figure 96 - Panasonic G6 1/320 Electronic
As with all the other shutter speeds, the electronic shutter shows no signs of shutter shock.
[bookmark: _Toc480876758]Nikon D5300
The Nikon D5300 is a 24MP camera and was tested with just the mechanical shutter since it does not have an electronic shutter. However, the lens was capable of much higher focal lengths, thus it was tested at 40mm and 140mm.
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[bookmark: _Toc480876879]Figure 97 - Nikon D5300 1/10 40mm
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[bookmark: _Toc480876880]Figure 98 - Nikon D5300 1/10 140mm
As shown in figure 91, at higher focal lengths the effects of shutter shock are more severe. The waveform shows the one produced at 40mm.
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[bookmark: _Toc480876881]Figure 99 - Nikon D5300 1/20 40mm
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[bookmark: _Toc480876882]Figure 100 - Nikon D5300 1/20 140mm
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[bookmark: _Toc480876883]Figure 101 - Nikon D5300 1/40 40mm
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[bookmark: _Toc480876884]Figure 102 - Nikon D5300 1/40 140mm
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[bookmark: _Toc480876885]Figure 103 - Nikon D5300 1/60 40mm
Already at 40mm shutter shock has reduced significantly in the Nikon D5300.
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[bookmark: _Toc480876886]Figure 104 - Nikon D5300 1/60 140m
The same is also true for the Nikon at 140mm.
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[bookmark: _Toc480876887]Figure 105 - Nikon D5300 1/80 40mm
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[bookmark: _Toc480876888]Figure 106 - Nikon D5300 1/80 140mm
[bookmark: _Toc480876764]1/100s
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\DSC_3461.jpg]
[bookmark: _Toc480876889]Figure 107 - Nikon D5300 1/100 40mm
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[bookmark: _Toc480876890]Figure 108 - Nikon D5300 1/100 140mm
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[bookmark: _Toc480876891]Figure 109 - Nikon D5300 1/125s 40mm
[image: C:\Users\Liam\AppData\Local\Microsoft\Windows\INetCache\Content.Word\DSC_3601.jpg]
[bookmark: _Toc480876892]Figure 110 - Nikon D5300 1/125 140mm
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[bookmark: _Toc480876893]Figure 111 - Nikon D5300 1/160 40mm
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[bookmark: _Toc480876894]Figure 112 - Nikon D5300 1/160 140mm
The effects of shutter shock are beginning to decrease in both the 40mm and 140mm.
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[bookmark: _Toc480876895]Figure 113 - Nikon D5300 1/200 40mm
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[bookmark: _Toc480876896]Figure 114 - Nikon D5300 1/200 140mm 
Shutter shock effect continues to decrease as the shutter shock increases.
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[bookmark: _Toc480876897]Figure 115 - Nikon D5300 1/250s 40mm
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[bookmark: _Toc480876898]Figure 116 - Nikon D5300 1/250s 140mm
At 1/250s the effects of shutter shock are barely visible.
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[bookmark: _Toc480876899]Figure 117- Nikon D5300 1/320 40mm
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[bookmark: _Toc480876900]Figure 118 - Nikon D5300 1/320 140mm
With a shutter speed of 1/320s at both 40mm and 140mm there is minimal if any shutter shock present.
[bookmark: _Toc480876770]Analysis of Results
This chapter will discuss the results that were produced within the previous chapter. Each image was analysed and the peak to peak of the each of the waveforms was recorded. An average of the three repeats were than calculated to form a table comparing the different shutter types of that camera.
[bookmark: _Toc480876771]Olympus EM1
[bookmark: _Toc480623692]Table 1 - Olympus EM1 Results
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Looking at the results we can clearly see the effects of shutter shock. There is a slow decline in perturbation as the shutter speed increased for both the mechanical and EFCS. Once the highest shutter speed that was tested has been reached the difference between the three shutter types are marginal. An assumption could be made that if the shutter speed was to continue to increase the difference would continue to decrease until all three shutter types are no longer affected.
The electronic shutter results are consistent at around 2-3 pixels at each shutter speed. The EFCS did not solve the issue of shutter shock but it marginally reduced its effects at all shutter speeds. EFCS began to produce results similar to that of the electronic shutter and lower shutter speeds than the mechanical shutter.
EFCS performed far worse than expected, based on the research carried out prior to the test. It was assumed that it would produce results similar to that of an electronic shutter but with less of the slow readout issues of an electronic shutter. This was not the case for the Olympus EM1. There are different implementations of EFCS and the owner of the camera stated that EFCS was added in a later firmware update for the camera. Other implementations may have produced better results. 
[bookmark: _Toc480876772]Panasonic G6
[bookmark: _Toc480623693]Table 2 - Panasonic G6 Results
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The worse cases of shutter shock for the Panasonic G6 occur between 1/40s – 1/250s compared to the Olympus EM1 which slowly declined as the shutter speed increased. This follows the research mentioned earlier that shutter shock is most prominent between 1/20s and 1/250s. However the effects of shutter shock peak at 1/160s and then starts to lessen. The assumption would be made that this decline would continue past 1/320s. The electronic shutter is consistently between 2-3 pixels wide similar to the Olympus EM1. 


[bookmark: _Toc480876773]Nikon D5300
[bookmark: _Toc480623694]Table 3 - Nikon D5300
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The Nikon D5300, compared to both the Olympus and the Panasonic suffers less from shutter shock. With a maximum perturbation of 6.67, which is more than the Panasonics 6, it was on average lower than the other two cameras at all shutter speeds, with a focal length of 40mm. Shutter shock effects have gone by 1/320s.
At 140mm the results are far worse, even when considering that the sweep would be larger without perturbations. If the assumption is made that there is little to no shutter shock at 1/320s the width of the beam is 6 pixels. Whereas at 1/10s the width of the beam is 18 pixels, which is an extra 12 pixels of perturbation. This confirms that at higher focal lengths, the effects of shutter shock are much greater.
[bookmark: _Toc462812587][bookmark: _Toc480876774]Conclusion and recommendations
In conclusion shutter shock is an issue as it was clearly present in all three of the cameras tested. There was however no specific trend that it would follow, each camera suffered the worst results at different shutter speeds. What can be confirmed is that by 1/320s the shutter shock had decreased substantially on all cameras and is assumed to only decrease further.
By testing the Nikon D5300 at two separate focal lengths it was also proved that focal length does have an effect on the severity of shutter shock. Increasing the focal length worsens the effects but unfortunately this camera didn’t have an electronic shutter, so it could be tested alongside the higher focal length.
As the Olympus EM1 was the only camera with an electronic first curtain shutter it opened up the option for that be tested too. It performed worse than expected, the expectation was for it to perform very close to, if not as well as the full electronic shutter. In reality, it performed marginally better than the mechanical shutter. However, an EFCS can have different implementations and not all implementations may perform as poorly as the one present in the Olympus EM1.
A circuit was successfully designed with the ability to sweep a laser and trigger a shutter for Panasonic cameras including various methods that could be used to trigger the camera. As no other camera models could be triggered remotely, there is the potential for this to be implemented but the standard each manufacturer uses for remotes is different.
Since shutter shock was researched, the circuit was designed and images were produced an analysed to see the effects of shutter shock. All of the objectives that were set for this project were successfully completed.
[bookmark: _Toc462812590][bookmark: _Toc480876775]Recommendations for Further Research
There are a few adaptations that could be made to the circuit design that would improve the design and make the device smaller. For example choosing a more suitable PIC microcontroller, the PIC 16F887 was used because the designer was familiar with it and knew it would be suitable for the project. However, it is a large 40 pin device and there are likely much smaller PICS available that would also be suitable. 
Expanding on the previous point, with the reduction of pins, the number of outputs may need to be reduced. The DAC0800 being used was an 8-bit parallel DAC and therefore used 8 pins on the microcontroller. By using a more sophisticated method such as a built-in DAC, serial DAC or PWM, it would reduce the number of pins required. This route would cause the program to be more complex. 
A higher quality laser with a smaller diameter beam would allow for the device to be used in more confined spaces. However there would still be an attempt to achieve the lasers width to be equal to 1 pixel.
To further enhance the research into shutter shock, more cameras need to be tested at a larger range of focal lengths, with various shutter type and varying lenses with each camera body. This would have been achieved within this project, but due to time constraints it was not possible.

[bookmark: _Toc462812591][bookmark: _Toc480876776]Reflection
I would consider this project a success, not just because all objectives were able to be completed but because of how much I learned. Before I began research on this project, I didn’t know entirely what shutter shock was. I have an interest in cameras but I was not very knowledgeable of how they worked and the issues that can be found with them. Therefore, taking on this project seemed like a perfect opportunity to improve my knowledge of an area I already had interest in.
I underestimated the difficulties of the project which may arise. Before starting I thought the circuit design was going to be straightforward and that most of my time would be spent testing a few various camera models at many different focal lengths. Instead I spent a lot more time on the research and design of the circuit, attempting to get the camera to sync with the laser sweep. I underestimated the value of timings when working with equipment such as the galvo system that can operate in fractions of a millisecond. Suddenly what was a fast shutter speed of 1/320s is incredibly slow in comparison to the speed it can reach. I spent a large amount of time testing various methods to trigger the camera’s shutter to be in sync with the laser sweep, since some components either weren’t fast enough or were not consistent with their timings. This testing also entailed more research as to how these new components functioned.
This area is something I would like to continue working in. I would like to investigate more cameras with different shutter methods and test them all at different focal lengths. In particular I’d like to test cameras that have different implementations of EFCS to compare how well they performed against each other and against the traditional mechanical shutter.
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[bookmark: _Toc480876901]Figure 119 - Olympus EM1 1/10 Mechanical Repeat 2
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[bookmark: _Toc480876902]Figure 120 - Olympus EM1 1/10 Mechanical Repeat 3
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[bookmark: _Toc480876903]Figure 121 - Olympus EM1 1/10 EFCS Repeat 2
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[bookmark: _Toc480876904]Figure 122 - Olympus EM1 1/10 EFCS Repeat 3
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[bookmark: _Toc480876905]Figure 123 - Olympus EM1 1/10 Electronic Repeat 2
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[bookmark: _Toc480876906]Figure 124 - Olympus EM1 1/10 Electronic Repeat 3
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[bookmark: _Toc480876907]Figure 125 - Olympus EM1 1/20 Mechanical Repeat 2
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[bookmark: _Toc480876908]Figure 126 - Olympus EM1 1/20 Mechanical Repeat 3
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[bookmark: _Toc480876909]Figure 127 - Olympus EM1 1/20 EFCS Repeat 2
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[bookmark: _Toc480876910]Figure 128 - Olympus EM1 1/20 EFCS Repeat 3
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[bookmark: _Toc480876911]Figure 129 - Olympus EM1 1/20 Electronic Repeat 2
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[bookmark: _Toc480876912]Figure 130 - Olympus EM1 1/20 Electronic Repeat 3
[bookmark: _Toc480876782]Code
[image: ]
[image: ]






Olympus EM1

Mechanical	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	7	5.666666666666667	6.333333333333333	5.666666666666667	5.666666666666667	5	5.333333333333333	5	4	3.6666666666666665	3	Electronic	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	3	2.6666666666666665	2.6666666666666665	2.6666666666666665	2.6666666666666665	3	2.3333333333333335	2.6666666666666665	2.3333333333333335	3	2.3333333333333335	EFCS	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	6	5.666666666666667	5.333333333333333	4.333333333333333	4.666666666666667	4	4	3.6666666666666665	3	2.3333333333333335	2.6666666666666665	Shutter Speed (s)


Perturbations (Pixels)




Panasonic G6

Mechanical	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	4	3.3333333333333335	5	4.666666666666667	5.666666666666667	5	5	6	5.666666666666667	5	4	Electronic	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	2.3333333333333335	2.3333333333333335	2.6666666666666665	2.6666666666666665	2.6666666666666665	2.6666666666666665	2.3333333333333335	2.6666666666666665	2.6666666666666665	2.3333333333333335	2.3333333333333335	Shutter Speed


Pixel Perturbation




Nikon D5300

40mm	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	5	6.666666666666667	5	4	4.666666666666667	4.666666666666667	4	3	3.6666666666666665	2.3333333333333335	2	140mm	1/10	1/20	1/40	1/60	1/80	1/100	1/125	1/160	1/200	1/250	1/320	18	17	13	12.666666666666666	10	10.333333333333334	10.333333333333334	10.666666666666666	8.6666666666666661	8.6666666666666661	6.333333333333333	Shutter Speed


Perturbation (pixels)
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image121.emf
Shutter Speed (s)Repeat 1Repeat 2Repeat 3 AverageRepeat 1Repeat 2Repeat 3AverageRepeat 1 Repeat 2Repeat 3Average

1/10 7 7 7 7.00 3 3 3 3.00 7 6 5 6.00

1/20 6 6 5 5.67 2 3 3 2.67 6 5 6 5.67

1/40 6 7 6 6.33 3 3 2 2.67 6 5 5 5.33

1/60 6 5 6 5.67 3 3 2 2.67 4 5 4 4.33

1/80 5 6 6 5.67 2 3 3 2.67 5 5 4 4.67

1/100 5 5 5 5.00 3 3 3 3.00 4 4 4 4.00

1/125 5 6 5 5.33 3 2 2 2.33 4 4 4 4.00

1/160 5 5 5 5.00 2 3 3 2.67 4 3 4 3.67

1/200 4 4 4 4.00 3 2 2 2.33 3 3 3 3.00

1/250 5 3 3 3.67 3 3 3 3.00 2 2 3 2.33

1/320 3 3 3 3.00 2 2 3 2.33 3 3 2 2.67

Mechanical Electronic Electronic First Curtain Shutter

Olympus EM1

40mm


image122.emf
Shutter Speed (s)Repeat 1 Repeat 2 Repeat 3 Average Repeat 1 Repeat 2 Repeat 3 Average

1/10 4 4 4 4.00 2 3 2 2.33

1/20 2 4 4 3.33 3 2 2 2.33

1/40 5 5 5 5.00 3 3 2 2.67

1/60 5 5 4 4.67 3 2 3 2.67

1/80 6 5 6 5.67 2 3 3 2.67

1/100 5 5 5 5.00 3 2 3 2.67

1/125 5 5 5 5.00 3 2 2 2.33

1/160 6 6 6 6.00 3 3 2 2.67

1/200 6 6 5 5.67 3 3 2 2.67

1/250 5 5 5 5.00 3 2 2 2.33

1/320 4 4 4 4.00 2 3 2 2.33

Panasonic G6

40mm

Mechanical Electronic


image123.emf
Shutter Speed (s)Repeat 1 Repeat 2 Repeat 3 Average Repeat 1 Repeat 2 Repeat 3 Average

1/10 5 5 5 5.00 16 19 19 18.00

1/20 7 6 7 6.67 19 16 16 17.00

1/40 5 5 5 5.00 12 13 14 13.00

1/60 4 4 4 4.00 13 12 13 12.67

1/80 4 5 5 4.67 10 10 10 10.00

1/100 5 5 4 4.67 10 11 10 10.33

1/125 4 4 4 4.00 10 11 10 10.33

1/160 3 3 3 3.00 11 11 10 10.67

1/200 4 4 3 3.67 8 9 9 8.67

1/250 2 3 2 2.33 9 9 8 8.67

1/320 2 2 2 2.00 6 6 7 6.33

Nikon D5300

40mm 140mm
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#include <main.h>
fdefine LCD_ENABLE_PIN PIN B3
#define LCD_RS_PIN PIN B1
#define LCD_RW_PIN PIN B2
#define LCD_DATAS PIN B4
#define LCD_DATAS PIN_BS
#define LCD_DATA6 PIN_B6
#define LCD_DATA7 PIN_B7

#include <lcd.c>
void main()

«

//Example blinking LED program
unsigned int port, imput = 0, start = 0;

unsigned int shutterspeed(11] = 10, 20, 40, 60, 80, 100, 125, 160, 200, 250, 320; //Various shutter speed settings
unsigned long int galvospeed[10] = 5000, 2000, 1000, 1000, 500, 500, 500, 200, 200, 200; // Array for galvo delyas for the galvo speed
led init():
output_d(0) ;

output_a (0) ;

while (TRUE)
€
1ca_gotexy(1,1); //Set LCD cursor to the first line of LCD
printf(lcd_putc,"S5: 1/%u o7, shutterspeed(input]); // Display the shutterspesd varible value
lcd_gotoxy(1,2); //Set LCD cursor to the second line of LCD
prince(lca_pute,"Gs: iu ns”,galvospeed[input]); // Display the galvospesd variable value
if (input(PIND7) = 1)
i
if (input<e)
i
input+t; //increase the input variable to change the displayed shutter spesd and galvo spesd
) //End if
delay ms(250)
1ca_pute ("\£7) ;
) //end if

if (input (PIN D6) == 1)




image137.png
if (input (PIN_D6) == 1)
B
if (input>0)

B
//decrease the input varisble to change the displayed shutter speed and galvo speed

input
) /end it
delay ms(250)
Led_pute (.27 ;
) //end if
i (imput (PIN_DS) == 1)
«
staze=1;

output_high (PIN_D3)
output_c (port) ;

//Bnd Wnile

while(stars == 1)

for(port = 0; port <255; porti+)
i

output_c (port) ;

delay_us (galvospeediinpu]);

if (input (PIN D4) == 1)
B
starc = 0;
output_low (PIN_D3) ;
output_c(0) ;

//T0D0: User Code
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for(port = 0; port< 255; port++) //Set port to 0 and increment until 255
i

output_c(port);  // output the value of port to port C

delay_ms (galvospeed/256); //delay for the value of galvospeed divided by 255
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while (TRUE)

€

while(stars == 0)

€

1lca_gotoxy(1,1);
1lca_puce("S
1lcd_gotoxy(1,2);
prints (led_pute, "=

)

", shutterspeed) ;

i (imput (PIN_D7) == 1)
«
if (shutcerspeed<200)
«
shutterspeed = shutterspeed +20;
y
delay ms(250)
1ca_pute ("\£7) ;
y

if (input (PIN_D6)
B

1)

if (shutterspeed>20)
B

shutterspesd = shutterspeed —20;
i
delay ms(250);
led_pute("\£7);

if (input (PIN_DS) == 1)
B
sta:

4

//Rnile the start button isn't pressed

//put cursor to 1,1
// print

// put cursor to 1,2

// print variable shutter speed

// if shutter speed is less than 200 increase by 20
//End if

// delay to prevent multiple

//clear lcd and go to 1,1

//end if

// if shutter speed is greater than 20 decrease by 20

//end if
// delay to prevent multiple
//Clear LcD and go to 1,1
//end if

// if enter is pressed start the galvo sveep
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unsigned int shutterspeed[1l] = 10, 20, 40, 60, 80, 100, 125, 160, 200, 250, 320; //Various shutter speed settings
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for(port = port; port< 255; port++) // Increment port C from 0-255
i

output_c (port) ; //output the value of variable port
delay ms(trueshutter/256);  // devide the shutter speed by 256

i

for(port = port; port > 0; port--)// Decrement port C from 0-255

i
output_c (port) ; //output the value of variable port
delay ms(trueshutter/256);  // devide the shutter speed by 256
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unsigned int port, imput = 0, start = 0;
unsigned int shutterspeed(11] = 10, 20, 40, 60, 80, 100, 125, 160, 200, 250, 320; //Various shutter speed settings
unsigned long int galvospeed[10] = 5000, 2000, 1000, 1000, 500, 500, 500, 200, 200, 200; // Array for galvo delyas for the galvo speed

led init():

output_d(0) ;
output_a (0) ;

while (TRUE)
€
1ca_gotexy(1,1); //Set LCD cursor to the first line of LCD
printf(lcd_putc,"S5: 1/%u o7, shutterspeed(input]); // Display the shutterspesd varible value
lcd_gotoxy(1,2); //Set LCD cursor to the second line of LCD
printf (lcd_putc, " =", galvospeed(input]); // Display the galvospeed varisble value
if (input(PIND7) = 1)
i
if (input<e)
i
input+t; //increase the input variable to change the displayed shutter spesd and galvo spesd
) //End if
delay ms(250)
1ca_pute ("\£7) ;
) //end if

i (imput (PIN_DE) == 1)
«

it (inpur>0)

«
//ascrease the input variable to change the displayed shutter spesd and galvo speed

input
) /end it
delay ms(250)
1ca_pute ("\£7) ;
) //end if
i (imput (PIN_DS) == 1)
«
staze=1;

output_high (PIN_D3)
output_c (port) ;
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