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Previous Program Points

Due to the fact that we have no one to write a review of the Previous Program, we ask
that you click on the LCCS Media link below. This link will take you to YouTube and the LCCS Media
playlist where you will be able to find videos of the past presentations.

* Click on the link to the right to see a video of Past Programs and Meetings
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LCCS Media

“Upcoming Retirement Notification”
I have been living a “doublelife”. And it’s not working out well for me. I
have been trying to live in two different operating systems. My preferred
operating system, as many of you know, is Linux. But I have also been
trying to be knowledgeable in Windows. But it’s not working out. I am not
able to become as proficient in running Linux as I want, because I am also trying to spend time
understanding what’s happening with Windows. But the new “Windows 10” is forever evolving and
with each major upgrade (1709, 1803 and the possible new 1809) things get added, removed, and
changed, and it takes time to learn all that’s happening. There’s a lot of things I want to be able to do
in Linux that I just don’t have the time to learn, because of all the questions people have about the
changes in Windows 10. I’m not happy that I don’t have all the answers to both Linux and Windows.
Therefore, it is with mixed feelings that I am announcing my “upcoming retirement” from Windows at
the end of the August. At that time I will be taking down my “shingle” and closing the “windows” in my
office. I will still be available to help you with your problems, concerns, and “how to’s” with
free software that’s crossplatform (runs on both Linux and Windows). This would include
programs like web browsers, webmail (such as Gmail, Yahoomail, and Protonmail) email clients
(such as Thunderbird), word processing (as long as it wasn’t a Windows programs),
antivirus/scanning (as long as it was a free program) and the everyday tools that you might use on
your computer. And of course anything related to Linux (you ought to give it a try, it’s FREE). So I’ll
still be around to help with just about everything, except specifically Windows products.
We have a large membership in the Licking County Computer Society/EastCentral Ohio Technology
Users Club, and there are many others that can provide the help for your Windows needs. They use
Windows as their primary operating system on a daily basis and can help you much better than
someone that only touches it once in a great while. I want to thank all those people that have been
coming to me for Windows help (I hope I have been able to help you) and I apologize for the times
that I didn’t know the answer of how to do things in Windows. But for my mental frustrations with not
being able to help as needed, I need to focus on just one operating system. You can bring your
Windows questions to either a Windows Help Desk or to the Repair Help Desk.
Submitted by John Kennedy
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Results of Editor’s Day Off, (plus extra days I’m
sure).

New porch at Editor’s home:
Maybe Rich could have finished earlier if he didn’t stop to research, edit and produce your monthly
Random Bits Newsletter? He has been your Editor for 5 years as of this issue. Why don’t you resolve
to send him a few lines telling what classes you have taken lately or what classes you plan to take
this late Summer/early Fall, or what Subjects you would like to see/hear in upcoming monthly
Programs at 123 So. Third Street. This newsletter is a valuable resource. Why not send him an email
saying, “Thanks a lot Rich!” I’m sure he would appreciate it.
Thoughts from a faithful reader, Mary Frances Rauc
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News and Events

For the latest information on Events "Click" on the link below
LCCS Google Calendar
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News and Events con't
Membership Chair
We have received about half of the expected membership renewals for the
20182019 year. There were about 80 early responses to our email
request for renewal and another 7 members paid at the annual picnic.
Soon, I will send out printed requests to approximately 90 members who
have not yet paid.
Please email me at membership@lccsohio.org if you are overdue and
haven't received "snail mail" notification. You should receive "snail
mail" by August 4th if you are overdue.
Ken Bixler
Membership Chair

2018The Annual Picnic
Fifty of us had a very good time! Since Mother Nature gave us high temperatures, we held our picnic
indoors, and enjoyed every minute of the air conditioning! Our poor grill chef (Jim Amore) slaved
away on the porch. Special thanks to you Jim for the grill transport/setup/cooking for us!
Just in case you are curious if there were any good foods you missed, I will list some items that come
to mind: First the hamburgers, hot dogs and brats set the tone for a true Summer Picnic. Some
members went together and paid for a huge box of fried chicken from a favorite local store. The
chicken actually went first. We had Taco salad, chips and dips, shrimp cocktail, Amish potato salad,
green beans casserole, corn casserole, carrot coins, scalloped corn, baked beans, broccoli tortilla
salad, macaroni salad, deviled eggs, macaroniveggie salad, Perfection salad, cranberry salad,
broccolicheese casserole, cheesepotato casserole, loaded cauliflower casserole, mixed vegetable
casserole, olives (both kinds), 5Bean Salad, Broccolirice salad, Pies (too many kinds to name),
watermelonstrawberry salad, cheesecake, brownies, Pat’s famous Chocolate Trifle, mango sauce
topped poppyseed cake, ….and much more. The “hit” of all the items might have been a huge platter
of thicksliced fresh tomatoes!! Way to go Lee!
The winners of July 15 Picnic Raffle drawing were:
1st Prize – Don Grube, laptop computer
2nd Prize – Laura Luth, external hard drive
3rd Prize  Helen Bunting, 128 GB flash drive
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News and Events con't
I want to offer special thanks to Ken and Sue Bixler, Jim and Nancy Grower,
Waneta Newland, George Rauch and Jim and Jaki Amore for their extra
time and effort putting together this event, “making it happen”, and the after
party clearing, cleanup, repacking and storage.
Some of our members were ill, so we passed around greeting cards collecting signatures/messages
to let them know we missed them.
Mary Frances Rauch, Party Chairman
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APCUG  NOOZ
My calendar must be broken as it says that next week is August. Where has
the summer gone? But I'll probably be saying "Where has the fall gone" in
just a few months. I hope your area's weather is being nice to you. There
seems to have been a lot of rain for this time of year.
Thanks to all those groups that include me in their emails. I enjoy reading
them (it takes me a while to read them, but if they are questions directly for
me  they get answered right away). Those of you that include your
newsletters, I find things to share with the full APCUG groups in the Q3. If you don't see something
about your group, it may be because I'm not receiving info about what your groups are doing.
I've used the links in the UGLS to visit some club websites and found "dead ends". Please make
sure that your web address is correct in the UGLS. Next month I'll let groups know if we have bad
links for your group. And if you find an officer in your group that's not getting me emails, we need to
double check that my mailing list is up to date (it's based on the UGLS as well). PLEASE READ ON
for information/news from APCUG that will be of interest to you and your club/group.
Also, make sure you visit the APCUG website for lots more information https://apcug2.org/ . Include
it on your website if you haven't.
Association of Personal Computer User Groups apcug2.org
APCUG is an international organization helping groups devoted to technology by facilitating
communication between member groups & industry vendors.
NOOZ is sent to your group’s officers listed in the UGLS (APCUG’s membership database). Thank
you for keeping the list uptodate. If you need a user name and password or don’t remember them,
please contact Lee Laughner, Membership Chair: llaughner (at) apcug.org.
We urge you to share this information by including it in your newsletter, posting it on your website, or
forwarding it to your members.
In this edition of NOOZ:
1. Summer August 18 VTC
2. Volunteer of the Year  2018
3. Digital Photo, Newsletter & Website Contests
4. 2018 Q3 Reports
1. August 18 VTC
SUMMER VIRTUAL TECHNOLOGY CONFERENCE
Saturday, August 18, 2018
ET 1:00 pm – 4:00 pm  CT 12 noon  3:00 pm
MT 11:00 am  2:00 pm  PT 10:00 am  1:00 pm
Register at:
https://www.eventbrite.com/e/apcugs2018summervirtualtechnologyconferencetickets
48437597157
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Presentation descriptions & bios:
https://apcug2.org/2018summervirtualtechnologyconferencevtc29
TRACK 1
1:00 ET
What's New with Chromebooks in 2018
Ron Brown, Program Chair, Silvercom Computer and Technology Club
This presentation will give a brief history of the Chrome OS and look at new Chromebook laptops,
Tablets and Chromeboxes for 2018.
2:00 PM ET
Tech Tips on APCUG’s Website
Jere Minich, LakeSumter Program Chair; APCUG Advisor, Region 5
Jere will share his sources for getting the info that is on Jere’s Tech Tips and Apple Tech Tips on
APCUG’s website.
3:00PM ET
Digital Afterlife
Phillip “Phil” Bock, President, Lake County Area Computer Enthusiasts
Interested in learning more about our digital afterlife? Phil Bock will take us through an overview and
suggest sources we can turn to for more information and assistance.

TRACK 2
1:00 PM ET
Digital Terrorism and Hate 2018
An update on the continued use of Internet technology by extremists.
Rick Eaton, Senior Researcher, Simon Wiesenthal Center
The web has become an increasingly popular place for hate groups to congregate, and in many ways
hide in plain sight, using the latest trends in technology to communicate, organize and add members.
Rick’s presentation focuses on what has become a critical global frontier in the marketing of hate and
terrorism.
2:00 PM ET
Linux and the ham radio "Internet"
Orv Beach, Training Chair, Southern California Linux Expo; Technical Specialist, American
Radio Relay League
Digital mesh networking is one of the fastest growing modes in amateur radio. With the recent
capability of moving wireless access points into the uncrowded adjacent ham radio bands, the ability
to create a linked ham "Internet" has become feasible. The network is growing by leaps and bounds,
and can provide services such as text messaging, webcams, video chat email, and VOIP (both dial
up and chat channels). All these services can run on Linux computers.
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3:00 PM ET
Evidence Based Medicine
Dr. Garry Sexton, President, Greater South Bay User Group
The goals of this presentation are to explain EvidenceBased Medicine, how
to evaluate information, the strength of studies, the number needed to treat,
how to make it useful, and websites that can help.
2. Recognize a volunteer in your group for the Don Singleton 2018 Volunteer of the Year
Award
Do you have a volunteer who is using his/her skills and experience to make a significant difference in
your group? APCUG is seeking nominations for the Don Singleton Volunteer of the Year award which
recognizes the importance of volunteers to APCUG’s member groups. More information in Reports;
nominations begin August 15 through September 30.
3. Digital Photo, Newsletter & Website Contests
If you have a great newsletter, website, or members who take digital photos, let’s show the world.
Don’t miss this opportunity to get some recognition for your group! Contest submittals begin August
15 through September 30; more information in Reports.
4. 2018 Q3 Reports
Reports has many ideas for your club. It’s fun to read a newsletter and see that a group is trying out
something new they read about another group doing – in Reports.
Well, a lot going on in the next few months. Keep me posted on exciting things your group is doing.
John
John Kennedy, APCUG
Board of Advisors
Region 3 (IN,KY,MI,OH,TN)
Region 6 (IL,IA,MN,ND,NE,SD,WI)
Your communication link with APCUG
"Association of Personal Computer User Groups" (APCUG)
An International Organization of Technology & Computer User Groups
APCUG's Summer Virtual Technology Conference (VTC)  August 18, 2018
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Secretary's Report
2018510

Executive Board Meeting Minutes
ECOTU/LCCS

Voting Members Present: Jim Amore, Vicky Atkins, Sue Bixler, John
Kennedy, Bill Toothman, Jim Holton, Jim/Nancy Grower.
Absent: Mitchell Boden
NonVoting: Mary Frances Rauch & Ken Bixler.
President Amore called the meeting to order @4:00pm in the Resource Center.
Secretary’s Report: The March 8, 2018 Executive Board Meeting Minutes had been emailed to
board members. Ken Bixler motioned and Bill Toothman seconded to accept the minutes as written.
The motion passed.
Treasurer’s Report: The treasurer reported a balance of $22,059.05 in the account. John Kennedy
motioned and Jim Grower seconded to accept the report. The motion passed.
Correspondence/Communications: Operation Feed awarded our group, a certificate/plaque, in
thanks for our participation and donation of $763.00 and 193 pounds of food.
Committee Reports:
Recycle/Refurbishing: The group is still accepting donations of used technical products. A Recycle
event is scheduled this fall.
Membership: Ken Bixler reported 340 paid members: 214 members plus 126 True Core Credit
Union Members.
Program: In the absence of the V.P; John Kennedy reported May & July programs are scheduled.
Teaching: Spring classes are completed. June classes will be on Emailing and then classes will
be done until the fall term.
APCUG; Mary Frances Rauch reported she has a candidate for the APCUG “Volunteer of the
Year” award. She will submit her candidate to APCUG.
Hospitality: Mary Frances Rauch reported refreshments are planned for the May meeting and she
is working on the July picnic.
Old Business: John Kennedy reported the Fire/Smoke Safety work in the building is nearly finished.
There was discussion as to who is the director of the Recycle/Refurbishing Program.
Jim Amore is the director of both programs. As he can have only one vote, his other vote goes to Bill
Toothman , by proxy.
John Kennedy, webmaster, will change links on the ECOTUC/LCCS Officer web page. This will
assure there will be no “hacking” of the web page.
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Secretary's Report
New Business: John Kennedy motioned and Jim Holton seconded to
purchase a new WiFi Router for the building computers. The price to
spend would be about $200.00. Discussion followed this motion and Ken
Bixler suggested 23 other members be involved in this process. Ken
Bixler will ask Chuck Tyndall, a member, to head the search project. If the
amount should be over the initial $200.00, an email will be sent to board
members requesting a vote on this subject. Board members passed this motion. After the passing of
the motion, President Amore requested Ken Bixler to ask Chuck Tyndall to head this project.
Ken Bixler approached the group as to the possibly of our group setting up a Pay Pal system to pay
annual dues. Discussion followed as to the problems that might occur with this system. The board
will look into this project.
President Amore announced the ECOTUC/LCCS group has met all the requirements for the legal
status of a NonProfit Organization.
The next board meeting will be July 12, 2018 @ 4:00pm in the Resource Center.
(over)
Bill Toothman motioned and Jim Holton seconded to adjourn the meeting @5:20pm.
President Amore adjourned the meeting @ 5:20pm.
Submitted by: Nancy Grower, Secretary
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Treasurer's Report
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The Recycle Bin

Random Bits

Page: 14

The Education Corner
We’re just about ready to “start school” for the fall session. The student
computers have been reimaged to be like new for the new students. We
have just a few updates to programs that are needed.
We will have one class at the end of August to start things off: “Computers
for the Total Beginner”. It will be a great class for those that have just gotten
their first computer or someone with little or no experience. The class will be meeting from 4:006:00
p.m. on Tuesdays, Wednesdays, and Thursdays: August 21, 22, 23; 28, 29, 30. If you know
someone that would fit in this class, please tell them about it and get them signed up.
The rest of the classes will be offered in September and October. Check the website under
“Projects/Teaching Program/Current Class Offerings” (or https://ecotu.club/?page_id=494 ). There is
a list of classes with a “interested in taking” status where if there’s enough signed up, we’ll see about
getting a teacher. The class dates/times will be determined later. More on them in the next
newsletter.
Registration is open for all classes. Contact the receptionist at Heritage Hall to register and pay (740
3450821). Cost is still $20 for each class

Fifth Friday
Even though August has five Fridays, we won’t be having a Fifth Friday: Focus
and Fun program this time around. The calendar is a little strange as we’re
supposed to have one every three months or so. But we just had one two months
ago. We also needed to schedule our Recycle Event before Labor Day, so in order
to get that in, we’ll use that extra Friday.
We’ll be back in November for our next and final Fifth Friday of 2018. We don’t
have the topic set as of the writing of this article. We are looking for suggestions as to what
topic/skill/program people would like to “Focus” on and have “Fun” at the same time.
You can send your suggestions by email to lccs(dot)freejohn(at)gmail.com or give them to John at
the August General Meeting. We’re looking for ideas that would take longer than the normal hour
presentations we usually have at our General Meeting. We want to really dig into something that
would be of interest to many of our members where we can take a couple of hours or more.
Any idea is open and if we think it will be of interest to a number of people (members only), we’ll see
about getting a “presenter” and schedule it for the Fifth Friday of November.
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SIG Help Desk Reports
Windows Help Desk
The Windows Help Desk met twice this month with very little
participation. The few people that come got very personalized attention
to their needs. Thanks to those people that came to help out others.
Meeting Times
Among the skills that were covered included: help with customizing a
First Friday 1:00  3:30 p.m.
somewhat new laptop running Windows 10, help in learning how to
Third Friday 1:00  3:00 p.m.
shut down a program when clicking the “X” doesn’t work, cleaning up a
laptop where a “scam” message kept popping up when logging in,
trying to recover a “lost” Microsoft password for a user (where
Microsoft was no help in sending a needed code), a member that won a laptop got help with the initial
setup, we helped a member learn how to use an external hard drive to save files, and we installed an
image backup program and created a base image of the laptop on the external drive in case
Windows crashed on the laptop and needed restored.
We have two more Windows Help Desks scheduled for the summer. They will be on the 1st and 3rd
Friday afternoons in August ((3rd, 17th). The doors open around 1:00 p.m. and the shop closes
sometime after 3:30. A reminder that this is not a repair session, but somewhere you can get help in
running and understanding your Windows operating syste

Repair SIG / Help Desk

Meeting Times

First Saturday 1:00  4:00 p.m.
First Tuesday 7:00  9:00 p.m.
Third Saturday 1:00  4:00 p.m.

7 July
Everett scanned for malware etc. and backed up the hard drive in
preparation for Windows reinstallation.
Ken diagnosed an intermittent monitor issue and suggested replacing
the video cable. Sent the unit home for long term testing. We also
provided an emergency monitor in case the test unit fails.
Ken installed a power supply in a Windows XP computer to get it
running. Now that it is running, we will determine whether it can be

upgraded or not.
21 July
Busy day.
Everett assisted with password reset for two applications on a computer. He worked on a second
computer with software problems.
Jim attempted to install the latest Windows 10 update for a member. There are unresolved issues so
we advised the owner to wait for the next update.
Ken tutored a prospective member who wanted to print pictures.
John Kennedy removed pop up windows and recovered the user password on a Windows 10 laptop.
He walked our raffle winner through the Windows 10 setup routine on his new laptop. The new owner
is very happy with his raffle prize
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SIG Help Desk Reports
Linux SIG / Help Desk

Meeting Times

Second Friday 1:00  4:00 p.m.
Fourth Friday 1:00  4:00 p.m.

The Linux Help Desk met again two times this past month for an
incredible learning experience. We meet the 2nd and 4th Friday
afternoons at 1:00 p.m. till we’ve had enough (sometimes between 3:30
and 4:00). PLEASE NOTE: because of the Recycling Event this month
on the 4th Friday, we’ll be meeting the following week (which will be the
last Friday and 5th Friday).

Our first meeting plans were dropped because Ken found a big problem
with the computers (all but three). Turns out that we may be having issues in the future due to the
age of our computers. This problem dealt with the onboard video. The newest kernel changed up
the way it handles video. In the old way, the kernel handled the video needs until the operating
system was up and running. Now it tosses over the job in the beginning but out video says “not yet”.
This caused the desktop to flash back and forth and we couldn’t do anything.
Ken led us on the “fix” that will patch things up. It was a great learning experience. We had to jump
into the GRUB menu to temporarily get us logged in. Then we were taught how to edit the config file
that we needed (the actual grub file). We also used the command line to do a search/replace with the
changes needed without opening the actual file. After saving the changes and updating grub, our
problem was fixed and we’re up and running. The three computers that weren’t effected (at least at
this point in time) had newer onboard videos that could handle the early turnover of duties.
Our second meeting was a demo by John on building your own Linux distro. We’ve talked in the past
about how all the different versions of Linux start with the kernel and then add things on top of that.
John started with a totally base/minimal version of Debian, which when started up came on to an
empty console (something like a terminal in looks and actions). In a step by step process he added a
windows manager, login manager, file manager, text editor, and a better terminal program. The distro
still looked pretty plain so he added some backgrounds and a background manager. Little by little a
more normal operating system started to show.
We also talked a little about fine tuning our Internet search skills. Then Ken a “spin the wheel” kind of
activity with picking different letters in the terminal and seeing what system programs were available.
We ended up learning about setting up automated actions (dog barking for fun) using the crontab
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Featured Articles
Supercomputers: All Linux, all the time
By Steven J. VaughanNichols
ZDNet
The latest TOP500 Supercomputer list is out. What's not surprising
is that Linux runs on every last one of the world's fastest
supercomputers. What is surprising is that GPUs, not CPUs, now
power most of supercomputers' speed.
To view full article

CLICK HERE

APPLE iOS 11.4.1 HAS A SERIOUS PROBLEM
By Jere Minich, Advisor, Region 5 (AL, FL, GA, SC)
Apple News
APPLE iOS 11.4.1 HAS A SERIOUS PROBLEM – iOS 11.4.1
has landed and my upgrade guide explains its best features and
changes. That said, it isn’t without flaws and following a complex
security breach, a far more fundamental and frustrating problem
has emerged…
To view full article

CLICK HERE
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Digital Camera Anatomy

By Dick Maybach, Member, Brookdale Computer
Users Group, NJ
April 2018 issue, BCUG Bytes
www.bcug.com
n2nd (at) att.net
This is the first of three articles on digital cameras covering
their anatomy, how their processors control them, and how they process the captured images. An
early Kodak slogan was, “You press the button; we do the rest.” Today, modern digital cameras can
make the same claim. Most of us have pressed the button; let’s look at the rest of the process.
The First Digital Camera
In 1975, Steven Sasson at Eastman Kodak developed the first digital camera, shown in Figure 1. He
used offtheshelf parts: a moviecamera lens, a newlydeveloped sensor from Bell Labs, a cassette
tape for storage, and a TV monitor to display the images. The camera had a 1/20 second shutter
speed but needed 23 seconds to transfer a 100 by 100pixel blackandwhite image to tape. Kodak
wasn't interested, because they feared digital cameras would reduce their profits from photographic
films. They were right, and in 2012, they filed for bankruptcy.

Figure 1. The First Digital Camera.
Camera Types
Figure 1 shows a simplified view of a consumer digital camera architecture; the lens focuses the
incoming light onto the photo sensor, which takes the same roll as photographic film. In all but the
simplest cameras, a diaphragm with a variable area limits the amount of light entering the camera.
(Notable exceptions are cellphone cameras.) The shutter opens only when you wish to take a
picture. Located as shown, it’s called a focalplane shutter, because it’s very near the plane where
the lens focuses the light. The shutter can also be near the lens or it can be integrated into the sensor
(which is the case for cellphone cameras). There are thus two ways to control the amount of light
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striking the sensor, with the diaphragm and with shutter. Although only a simple lens is shown here,
more complex ones are common.

Figure 2. Basic Camera Components.
The liquid crystal display (LCD) shows you where the camera is pointed and lets you look at the
pictures you have taken. It also displays the camera status and setup menus. On higherend
cameras, a second LCD that shows the same information as the one on the rear panel allows for
viewing in bright sunlight. The result is called a viewfinder. In older camera the viewfinder was purely
optical, with its own lens, but this is rare now. The sensor must operate all the time, whether to
provide an image for composing or one for storage, although its resolution is usually reduced for
composing. You may have noticed a problem; when the shutter is closed, light can’t strike the photo
sensor, and the LCD has nothing to display. Cameras with mechanical shutters hold them open to
allow a display, close them briefly when you press the button to allow the photo sensor to be reset for
picture taking, and open them for the exposure, and perhaps close them while the image is
transferred from the sensor.
A digital single lens reflex (DSLR), shown in Figure 3, places a mirror in the light path to reflect the
light into the optical viewfinder whenever the camera is not taking a picture. To take a picture, both
mirrors momentarily flip up. Normally, DSLRs also have focal plane shutters since they must be
located out of the way of the mirror. Their highperformance sensors often have both mechanical and
electronic shutters.
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Figure 3. Digital Single Lens Reflex Architecture.
Because the sensor receives light only when taking a picture, the LCD can display only the pictures
already taken. Live viewing requires an auxiliary sensor, often located in the viewfinder, as both the
shutter and mirror block light from the main sensor. The main mirror is partially silvered to allow some
light to pass through it and be reflected down to the focus and exposure sensors by the second
mirror. These sensors are optimized for their particular uses since they aren’t used to capture
images. This arrangement implies a high price. Besides its mechanical and optical complexity, its
lens must be far away from the sensor to clear the mirror. Its main advantages are highquality
pictures and fast operation. Because of its cost, SLR architecture is used only for highend,
interchangeablelens cameras.
Lenses
The complexity of Figure 4 is typical of modern lenses, although cellphone and Webcam lenses
often have only a single element. Pointandshoot lens complexity lies between these extremes. The
added lens elements correct distortion keeps the light intensity constant across the sensor and
reduce color aberration.
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Figure 4. Highend lens.
Digital Sensors
We will now shift gears to look at how the camera records an image. You may be surprised to learn
that its sensor does not use the redgreenblue (RGB) format. A computer in the camera changes the
recorded information into the desired output format.
Bayer Color Filter Array
Each pixel on a digital camera sensor contains a light sensitive photo diode which measures the
brightness of light. Photodiodes are monochrome devices, unable to sense color. Therefore, a
mosaic pattern of color filters is positioned on top of the sensor to allow only red, green, or blue light
to illuminate a single pixel. The most common filter used in digital cameras is the GRGB Bayer
Pattern, named after a Kodak engineer. The result is a color filter array, shown in Figure 5. By
breaking up the sensor into red, blue and green pixels, it is possible to get enough information in the
general vicinity of each sensor to make an accurate estimate of the true color there. By contrast, our
eyes contain two types of sensors: rods, which are much more numerous, detect only intensity and
are most sensitive to green light, and cones, which detect color.

Figure 5. Bayer Filter.
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In the Bayer filter pattern, the colors are not evenly divided – there are as many green pixels as there
are blue and red combined, because our eyes are more sensitive to green detail than the other
colors. The advantages of this method are that only one sensor is required, and all the color
information (red, green and blue) is recorded at the same moment. The raw output from a sensor with
a Bayer filter is a mosaic of red, green and blue pixels of different intensities. After a raw image has
been obtained from a photosensor blanketed by a Bayer pattern of color filters, it must be converted
into standard red, green, and blue format, usually sRGB or Adobe RGB. A computer in the digital
camera determines the correct color for each pixel in the array by averaging the color values of
neighboring pixels. This process is called demosaicing.
CMOS Sensor
The Complementary Metal Oxide Semiconductor (CMOS) sensor, shown in Figure 6, is now the
dominant type. This sketch shows one CMOS sensor pixel containing a photosensitive area (photo
diode), busses, microlens, Bayer filter, and three support transistors. Each pixel in a CMOS image
sensor contains an amplifier transistor, which converts the charge generated by the photodiode into
a voltage. In addition, the pixel also features a reset transistor to control photon accumulation time,
and a rowselect transistor that connects the pixel output for readout. All this circuitry reduces the
photodiode area. In operation, the first step is to use the reset transistor to drain the charge from the
photosensitive region. Next, the integration period begins, and light interacts with the photodiode
region of the pixel to produce electrons, which are stored in the silicon potential well lying beneath the
surface.

Figure 6. CMOS PixelCell Anatomy.
After the integration period has finished, the rowselect transistor is switched on, connecting the
amplifier transistor in the selected pixel to its load, thus converting the electron charge in the photo
diode into a voltage. The resulting voltage appears on the column bus and can be detected by the
sense amplifier. This cycle is then repeated to read out every row in the sensor in order to produce an
image. Keep in mind that even simple cellphone cameras have millions of these cells on their
sensors.
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Figure 7 shows a complete CMOS image sensor that contains an active image area of 640 x 480
pixels. The photodiode array, located in the large reddishbrown central area of the chip, is covered
by a Bayer color filter array and a microlens array. The inset reveals a highly magnified view of the
filter and microlens array. Also included on the sensor is the analog signalprocessing circuitry to
collect and interpret the signals. These then go to the analogtodigital conversion circuits, located
adjacent to the photodiode array on the upper portion of the chip. You can see the peripheral
circuitry located on the edges of the chip.

Figure 7. CMOS Image Sensor Integrated Circuit Architecture.
CMOS Functions
In addition to converting photons to electrons and transferring them, the CMOS sensor might also
perform image processing, noise reduction, and analog to digital conversion. This functional
integration onto a single chip reduces the number of external components needed. Using such an
integrated CMOS sensor allows the digital camera to devote less space to other chips, such as digital
signal processors (DSPs) and ADCs. CMOS is the dominant semiconductor technology, so these
devices enjoy huge economies of scale.
To read out the array, a row is selected, which connects one pixel in each column to the column bus.
Each column is then selected in turn, which sends the pixels one at a time to the output amplifier.
Figure 8 shows the circuit blocks to accomplish these functions.
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Figure 8. CMOS Functional Diagram.
Although this introduction was quite brief, it does show that digital cameras, even the simple ones
found in cellphones are far more complex than you probably suspected. Their optics are relatively
simple, about the same as in a consumer film camera of 50 years ago, but their electronics boost
their performance far beyond these early devices. Since optics are expensive and circuitry cheap, the
result is impressively cost effective.
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