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Company Profile

Jeff Priest (CEQ)
e Software
* |mage processing,

Roy Choi (COO)
* [ntegration |
* Motor control development, software testing

Bill Xu (CTO)
 Optics System
e Sensor research and testing, system integratio

Vincent Chen (CPO)
e Mechanical Design
 Enclosure and testing, system integration 2
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Background and Motivation

Image Sensor Sk

The ISSS is to perform auto fa

shift the position of the image sensor in order to hav
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Background and Motivation

Differences be
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The current focusing system [1] The image sensor shifting system



Background and Motivation

Why the ISS

e The ISSS is able to adag
e The ISSS is able to make manual use the auto

* Macro mode can be achieved by using the ISSS



Background and Motivation

The ISSS ca
The ISSS provides various

Mounting Type Flange Focal Distance
Sony E Mount 18.00mm

Micro Four Third System 19.25mm
Canon EF Mount 44.00mm
M42 Mount 46.45mm
Pentax K Mount 45.46mm
/
® Pentax K mount lens on Pentax K mount camera ® Pentax K mount lens using a'éapter on rﬁW
thirds mount camera
Lens mount Sensor Lens mount Sensor

2] o

Pentax to Flange
m4/3 adapter distance

~««— 4546 mm——>» - 26.21 mm > 19.25 mm >




Background and Motivation

Why is the ISSS bette

Different lenses require differe

Most adapters DO NOT have mechanical or electronic
between the lens and the camera. No auto focusing feat

Some adapters DO have an electronic connection between
the camera, however, they are very expensive. For examp /(P
Metabones Canon-EF-Lens-to-Sony-NEX Smart Adapter is $399 3




Background and Motivation

How does the |

Since the ISSS does not need to sh
instead shift the position of the image sensor. \
modifications to the lens, and it does not need to move. The

able to move onto the image plane within the depth of focus.:



Background and Motivation

The ISSS is able to cc
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Background and Motivation

Who will bu

Photographers who own ¢
use all of their lenses on one ca

Photographers who have old manual focus lenses and w
auto focusing.

Photographers who want to do macro photography but are
pay over $1000 on a macro lens. ;
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Background and Motivation

Quotes from an article fro

“Sony will launch an extraordinary ne
tech: It has a sort of Contax AX system...

CONTAX AX.mps L

12



Background and Motivation

legacy lens. 4. AF for modern bt
T&S lens. 6. AF for telescope.”

“This is very exciting, I’'m very interested to see how this will t
potential with this, Macro, MF->AF, lens flexibility.”

closer! | will pay for this!”

“This should work for ALL manual lenses... That is far more interesting!” /

13



Project Management

Projec

I’ Joct 2013 INov 20 [Dec 2013
Name Deration — u_Tis Tz Ro B3 Re Ro lm_Eq Toz_Tio : 25 e o o+ To
1 | KeepngEngineeringJournal 60 days? 9/12/138:00 AM EEmmemeee e e e e e s e e
2 Electronic copy of Meeting M 60 days? 9/12/13 8:00 AM Roy Choi
3 [EProject Item Discussion 10 days? 9/2/13 8:00 AM
4 Camera Auto-Focus 8 days? 9/3/13 8:00 AM
S Automatic Payment Systen 8 days? 9/4/13 8:00 AM
6 Traffic Light Timer 9 days? 9/2/13 8:00 AM
7 Auto-Leveling Wheelchair 7 days? 9/4/13 8:00 AM
8 Project Proposal 6 days? 9/16/13 8:00 AM
9 Project Scheduling 2days? 9/16/13 8:00 AM
10 Reseach [Camera] 19 days? 9/13/13 8:00 AM Jeff Priest ;Roy Choi[50%];Vincent Chen;Bill Xu
11 | Project Fund [ESSEF] 2.5 days? 9/16/13 8:00 AM ht Chen[10%];Bill Xu[10%]
12 Company Logo 0.25 days? 9/18/13 1:00 PM | Roy Chdi[10%];Jeff Priest [10%];Vincept Chen[10%];Bill Xu[10%]
13 EDesign Cocument Prep 30 days? 9/24/13 8:00 AM & ]
14 Functional Spec Prep 12 days? 9/24/13 8:00 AM I | Roy Choi[50%];Jeff Priest [25%];Vincent Chen[10%];Bill Xu[15%]
15 Design Spec Prep 30 days? 9/24/13 8:00 AM Roy Choi[25%];Vincent Chen[25%];Bill Xu[25%]Jeff Priest [25%)]
16 [EProgree Report 12 days? 10/10/13 8:00 AM
17 Oral Presentation 3 days? 10/10/13 8:00 AM Jeff Priest [25%]);Roy Choi[25%);Vincent Chen[25%];Bill Xu[25%]
18 Written Progress report 9 days? 10/15/13 8:00 AM Jeff Priest [25%);Roy Choi[25%];Vincent Chen[25%;Bill Xu[25%)]
19 EPrototype Prep 50 days? 9/23/13 8:00 AM R v
20 Shipping hardware 10 days? 9/23/13 8:00 AM [  Roy Chdi[25%];Vincent Chen[25%];Bill Xu[25%];Jeff Priest [25%)
21 Hardware implementation = 18.125 days? 10/10/13 8:00 AM Roy Choi[10%];Vincent Chen[40%];Jeff Priest [10%];Bill Xu[40%]
2 Software Implementation 18.5 days? 10/10/13 8:00 AM Jeff Priest [40%];Roy Choi[40%];Vincent Chen[10%];Bill Xu[10%]
23 Integrating HW and SW 13 days? 11/5/13 1:00 PM Jeff Priest [26%];Roy Choi[25%];Vincent Chen[25%];Bill Xu[25%)]
24 Testing fully implemented ¢ 5.5 days? 11/22/13 1:00 PM
25 Prep for presentation 3days? 12/2/13 8:00 AM
% 7days? 12/5/13 8:00 AM

/

Schedule created at the beginning of the semester

14



Project Management

® o Duration Start : : e 10 Nov 1 17 Hov kL 1 Dec n
19 8 ElPrototype Prep 15 days? 9/23/13 8:00 AM
0 T & Eshipping hardware 15 days? 9/23/13 8:00 AM
21 B Motor System 10 days? 9/25/13 8:00 AM
2 Image Sensor Componen 8.5 days? 9/23/138:00 AM
23 @ Microcontroller 3 days? 10/4/138:00 AM
2 &/ Lens S days? 10/7/13 8:00 AM
5 B Boptic 19 days? 10/1/13 8:00 AM
% F) Image Sensing component 4days? 10/1/138:00 AM
7 @ Research on Lens we are t 5 days? 10/1/138:00 AM
28 Order Lens to use 9 days? 10/8/13 8:00 AM
b Verification of the Lens 5 days? 10/21/13 8:00 AM
0 5 Experiments #1 9 days? 10/8/138:00 AM
31 T &Y SImage Processing 26.75 days? 10/1/13 10:00 AM
32 Selection on Image procest  6.75 days? 10/1/13 10:00 AM
3 5 BExperiment #3 15 days? 10/10/13 8:00 AM
34 Retrieve contrast informé 15 days? 10/10/13 8:00 AM
35 Blntegration 13 days? 10/21/13 8:00 AM
k] With Image Processing cc 8 days? 10/21/13 8:00 AM
37 With Mcrocontroller 8 days? 10/28/13 8:00 AM

]

33 @ ElImage Sensing Compone 22 days? 10/1/13 8:00 AM

Selection on Image Sensing 4days? 10/1/138:00 AM
40 Order of the component 8 days? 10/7/138:00 AM 10/1¢
41 Verification of the order 2days? 10/17/13 8:00 AM 10/1f

42 [BIntegration 8 days? 10/21/13 8:00 AM 10/.
s F) With Lens 8 days? 10/21/13 8:00 AM 10/3(
“ With Computer 3days? 10/21/13 8:00 AM 1072
45 B ElMotor System 33 days? 10/4/13 8:00 AM 11/

4% B Research 4 days? 10/4/13 8:00 AM 10/! L

47 Motor 4days? 10/4/138:00 AM 10/3;

43 Rail 4days? 10/4/138:00 AM 109, =
9 Order Motor System 10 days? 10/10/138:00 AM 10/2.

50 Verification of the System 2days? 10/24/138:00 AM 10/2!

51 | Experiments £2 5 days? 11/13/138:00 AM 11/1 | _

52 Blntegration 12 days? 10/28/13 8:00 AM 11/ v
53 With Image Sensing Com 8 days? 10/28/13 8:00 AM 11/ |
54 With Microcontroller 12 days? 10/28/138:00 AM 141 *
55 B &1 B Control Board 28.75 days? 10/1/13 10:00 AM 11/ -
s6 @7 Microcontroller Researchal 2,75 days? 10/1/13 10:00 AM 10/3, [ -
‘ m » <« m »

Schedule created in mid-October (Part 1)

15



Project Management

save Mfsaveas

o O o =
- fiehe ‘

File Project |
® Name Duration Start Sep 13 129 Sep 13 l6Oct 13 J130ct 13 |22 De

45 B B Motor System 33 days? 10/4/13 8:00 AM 11/1 v . -
4% ElResearch 4 days? 10/4/13 8:00 AM 10/¢
47 Motor 4 days? 10/4/13 8:00 AM 10/9)
48 Rai 4days? 10/4/13 8:00 AM 10/9,
8 Order Motor System 10 days? 10/10/13 8:00 AM 10/2
50 Verification of the System 2days? 10/24/13 8:00 AM 10/24
51 |5 Experiments £2 5 days? 11/13/13 8:00 AM 11/1¢
52 EIntegration 12 days? 10/28/13 8:00 AM 11/1 v
53 With Image Sensing Com 8 days? 10/28/13 8:00 AM 11/6)
54 With Microcontroller 12 days? 10/28/13 8:00 AM 11
55 T &1 Bcontrol Board 28.75 days? 10/1/13 10:00 AM 11/¢ v
6 T Microcontroller Research ai 2,75 days?|10/1/13 10:00 AM 10/3)
s7 B Controller Software Tools & 7 days? 10/4/13 8:00 AM 10/14 _—
5 B Controller Verification and 9 days?|10/15/13 8:00 AM 10/2¢ ——
59 ElController Integration 10 days? 10/28/13 8:00 AM 11/¢ P ——
60 with Motor System 10 days? 10/28/13 8:00 AM 11/8) s
61 with Computer 3 days?|10/28/13 8:00 AM 10/3( EEE
62 [BTesting Integration 11 days? 11/20/13 8:00 AM 12/4
63 Microcontroller & Motor Sys 6 days?|11/20/13 8:00 AM 112
64 Motor System & Image Ser 6 days?|11/20/13 8:00 AM 11/2]
65 Image Sensing Coomponer 6 days?|11/20/13 8:00 AM 11/2]
66 Communication between M 6 days? 11/20/13 8:00 AM 112} s
67 Testing of whole system 5 days? 11/28/13 8:00 AM 12/4/ b

Schedule created in mid-October (Part 2)

16



Project Management

Project budget est

$50.00
$100.00
$50.00
$50.00
$50.00
$20.00

$320.00
$350.00
$500.00

17



Project Management

Project budget

$500.00

$157.94
$23.99
$33.00
$45.00
$15.00
$110.00
$45.00
$1.50

§537.67

$0.00

$88.98
$0.00
$3.96
$5.40
$1.80
$0.00
$5.40

S0.70

18



Designh — System Overview

19



Designh — System Overview

The system ¢
sections:

* Optics
* Image Sensor
e Shifting System

e Motor Control

* Image Processing

20



Designh — System Overview

Sample o

instax




Designh — System Overview

Sample outpt




Design — Optics

Helios 58m

* Prime Lens
e F2to F16 aperture values
* Flange focal distance: 45.46mm

* Produce 36mm x 24mm image

6] 2



Design — Optics

scene that appear acceptz

Depth of Focus: the range of the tolera
plane in relation to the lens

Depth of field Depth of focus

f

Far point Near point

| __¥ Permissible
--+ circle _
of confusion A%

o d1 [ d2 T
I 15 - Front depth |Rear depth
Rear Front depth
depth | of field of focus  |of focus
of field |g ule » 4
Sub ject distance : Image distance
Image plane

[7] 2%



Design — Optics

Object Distance vs. Depth of Field
SDDD T T 1 1 1

2500

-
o
o
o
T
1

1500

Depth of Field [mm]
3
(]

500

0 500 1000 1500 2000 2500 3000
Object Distance [mm] 4 -

2.2
DOF ~ 2Ncf<s

f4 — N2p242
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Design — Optics

Aperture F Number Depth of Focus
0.928mm

F8.0 0.464mm
F5.6 0.325mm
F4.0 0.232mm
F2.8 0.162mm
F2.0 0.116mm

"t ~ 2Nc =

26



Design — Optics




Design — Image sensor

Ya Ir-lch C

e 1.3 Megapixel still i
e Dimensional size: 3.6 x

28



Design — Image sensor

% Inch CMOS

[9]

29



Design — Image sensor

Y Inch CMOS
% Inch CMOS Image Sens

1/4" CMOS
Image Sensor




Design — Shifting System

Small perturbatio

e The motor requires a large
order to give the image pro
sharpness values

09}

07

06}

0s

04

Normalized Focus Measure

03

02

0

12 13 14 15 16 17 18 19 2 21 22
Object Distance (m) 31



Design — Shifting System

* Components: steppe
screw and nut, image se

e Aluminum material for all blocks

32



Design — Shifting System

Stepper Mc

* Model: 57BYGH56-40
e Stepangle: 1.8 Degree
e Rated current: 2.8A

e Lead wire: 4

* Speed: rotation 360 degree every 0.2 second while step ©

33



Design — Shifting System

3 Connector
e Max Voltage: 6 volt
* Max Current: 5 amp _
* Normally Open or Normally Closed Mode
* Normally Closed Mode is selected in ISSS

34



Design — Shifting System

Screw pitch (lead):
« Screw diameter: 16mm
e Length: 200 mm

* Each step of motor rotate, the image sens

e Can shift image sensor carriage with speed up to 25m
step delay -

35



Design — Shifting System

Image sensor

e Two 10mm x 10mm fos
* sheet metal bracket
e Ushape aluminum bracket

 Bellow
 The sensor should be aligned at the center of lens

36



Design — Camera Bellow

Camera Bellov

* Provides light proof
* Constructed by poster paper and

e Compressed to 4cm thin; expanded to 15cm thick
= = =,

37



Design — Shifting System

Lens mounted out
e All mechanical moving part are se

e Material of enclosure is foam board

38



Design — Shifting System

Alternative

* Use gear train insteac

 Use DC motor with rotary encode

39



Design — Shifting System

Gear Train

* Two sets of gear syste
e Setl:wormand worm ger
e Set 2: pinion and rack
e Two supporting wheel
* Image sensor carriage will be secured to rack gear

40




Design — Shifting System

DC motor w

¢ A photo sensor will b

e  Minimum detecting step size is 18 u

41



Design — Image Processing (early attempts)

MATLAB 3

.
B/ EdgeDetection
File Edit View Simulation Format Tools Help
D& $BR | = 4|2 !}0.1 INormaI l]]@@]ﬁﬂﬁ@
—P{image 9%
Video Viewsr
Rp
Dukjpg G i MF;“:' > Mmme“ > Sobel Edge|—»|  Erode »|image \‘,f"’”
Bp
Image From Fis Medisn Fiter Median Fitert Edge Detsction Erosion r——
P Video
w|Image \ewer
Video Viewerl
Ready 1100% ' ' loded5 7

42



Design — Image Processing (early attempts)

MATLAB anc

43



Design — Image Processing (early attempts)

MATLAB a

File Tools View Playback Help

B O |RR M| 0% %
D B

1:427x640 T=0.100
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Design — Image Processing (early attempts)

MATLAB anc

File Tools View Playback Help
B O & QL [ 00%
D | @S

Ready 1:427x640 T=0.100

45



Design — Image Processing (early attempts)

MATLAB and Simuli

k]

File Tools View Playback Help
B O ®RAQAM D 00%
Erp B>

Ready 1:427x640 T=0.100

46



Design — Image Processing (early attempts)

Problems w

. Lack of control over

e Speed / Optimization

. Less familiar with MATLAB than with C++

47



Designh — Image Processing

Another Op

e Highly controllable
«  Optimized for real-time video proc
e Very well documented

e  Widely used in both academia and industry

48



Design — Image Processing Algorithm

The Genera

The image sensor se
the real-time video data.

The algorithm decides how much to move the
direction based on the current image focus.

49



Design — Image Processing Algorithm

The general ide

The process is started \

The key-press event is reglstered by the ima
a “START” command is sent to the mlcrocontroller via
communication

The microcontroller receives the “START” command and sets'the
appropriate control parameters for the motor driver

The motor travels the length of the rail, before hitting the saféty switch, at
which point it reverses direction and returns to the initial position. /

Throughout this process, the image processing algorithm is analyzing the

video feed in real-time and computing a sharpness value for each frame
50



Design — Image Processing Algorithm

The image proc

Two common methods:

1. Frequency analysis
— Accurate
— Sensitive to scene changes

2. Sharpness / Edge detection
— Accurate '
analysis

— Sensitive to scene changes, but less so than with frequen

51



Design — Image Processing Algorithm

The image processir

Laplace Kernel

The next (and final) step is to search the resulting image for the/highest value,
and take that to be a representation of the overall sharpness for the image./

Works in practice!

52



Design — Image Processing Algorithm

The output of the Laplace Filter for the previously shown example
(Aperture = 5, levels adjusted)




Design — Motor Control

To rotate the stepper motor, multiple pulses (based on the step number)
must be provided to the motor, and the Arduino is used to pass pulses. .,



Design — Motor Control

V3 SV ViIN
— reser Arduino oo —
—] reser2 Uno RUD1
— aner (Rev3) o2 f—
—] e P 03 e
04 p—
AD PAVM D5 e
. C B 0
a PAVM D6 f—
—] # o7 p— i o EasyDriver ouna =
— a 08 STEP oune
— A4/SDA PAVM DS I w— SLEEP ounze v Yoavenso
—] AssscL SS/PVIM D10 _—L____ RESET o T e Nor
MOSUPWIM D11 e ENABLE W
MISOID12 e — MST
SCK/D13 e — M52
w— PFD
1CSP2 MISO —
GND
1CSP2 SCK s
1CSP MOS] o za
GND
s il
wee
wee
-
1600 sawag

Schematics for motor control system
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Design — Motor Control

Advantages of

* Open-source software

* Widely used; lots of support and doc

* Provides constant analog output voltage: 3.3 and 5V

e Re-programmable chip

56



Design — Motor Control

Arduino
With the bi-directio
established, our projec

Is this the first
execution?

Move the rail 50
micro-steps
forward
v = pr- : :
Disable the motor Move the rail 25
and initiate Image |« micro-steps
Processing backward  J
Retum the
previously stored
picture 10
customer
57




Design — Motor Control

Arduino ca

O

Receive signal
from computer

What's the Input?

C
A
Move the rail with Move the rail with Move the rail with
fastest speed medium speed slowest speed

Move the rail from one end to the other end.
Then, move the rail back to original position

58



Reliability

The ISSS has been run

Each test was set up to capture

Speed Setting Number of sharp images captured Time taken per run

Fast 6 ~ 21 seconds

Medium 7 ~ 41 seconds

Slow 8 ~ 61 seconds ’

-

59



Looking Ahead (Performance)

Problem:

Reason 1: .

While the image sensc
previous frame and misses

How to fix:

Reason 2

How to fix:
Use the image sensor with auto ISO control feature.
Reason 3
Improper alignment.

How to fix: , -/

Use proper alignment tools to align the lens and the image sensor in propér
positions.

60



Looking Ahead (System Size)

Problem:

Reason 1: . :
Rails are too long; mot
How to fix:

Replace with shorter rails and less pov
shorten the nearest focus distance.

Reason 2
Camera bellow exists.
How to fix:

Remove the bellow. However, the ISSS’s enclosure cannot currently
a completely darkened environment. /

Reason 3
The ISSS requires a local workstation to run the image processing algorithm.
How to fix: s

Load the OpenCV libraries on an embedded device that has a processor
powerful enough to run the image processing algorithm at a reasonable rate

(approximately 20 frames analyzed per second).
61



Looking Ahead (Focusing Speed)

Problem:

Reason 1: ‘
Contrast detection 2

How to fix: ‘
Replace with the on-chip phase dete

62



Looking Ahead (Portability)

Problem:

Reason 2 ‘
Images have to be s

How to fix:
Attach a LCD display.

63



Looking Ahead (Power Source)

Problem:

Reason: ‘
Motor requires fo
How to fix: ‘
Replace with a smaller motor.

64



Looking Ahead (Usability)

Problem:

Reason:

In the current prototype
non-experienced user to fo
in C++ to make adjustments to

How to fix:

Invest more time developing a robust user interface that g
the algorithm’s parameters and image output.

65



Looking Ahead (Lenses Adaptability)

Problem: Tt

Reason :

While the ISSS provides vz
shape of the mounting mecha
attached.

How to fix:

Hybrid mounting ring [12]

66



Looking Ahead (Focus Points)

Problem: On

Reason :
The image processing algor
When the object is not perpendicula
image may be out of focus.
How to fix:

Set up multiple focus points/zones on the image. The imag
only calculate sharpness values within those points/zones,

An image showing several points that create a focus region [13] 67
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