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HamClock

This project grew from a desire to have ready access to accurate time, geography, time 

zone, solar activity, sun rise and set times, maidenhead locators, beam heading, NCDXF 

beacons, news headlines and other timely information while on, or planning to be on, the air. All 

of this information is available on my computer using various sources but I thought it would be 

useful to build something along the lines of a desk clock that could show everything in one 

concise manner. This article describes my results so far using a a 7 inch diagonal TFT touch 

screen color display plus a few embedded components to access the data wirelessly via WiFi.

Display

When powered up for the first time, you are asked to calibrate the touch screen, enter  

WiFi credentials and your call sign. These can also be changed later if desired. Next a splash 

screen displays your call sign in a rainbow of colors and the WiFi attempts to connect with the 

designated access point. After these preliminaries are over the screen erases and draws the 

main display.

The dominant feature of the main display is a full color world map displayed with a 

cylindrical projection. See Illustration 1. This shows the current day and night terminator; the 

locations above which the Sun and Moon appear directly overhead; the location of the home 

(DE) and remote (DX) operators; the antipodal location of DE; and, optionally, the locations and 

current transmission frequency, if any, of the Northern California DX Foundation propagation 

beacons. Tapping on the map will set a new DX location; holding for a second will set a new DE

location.
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To the left of the map are two boxes showing the local time and date, latitude, longitude, 

Maidenhead grid square and sunrise and sunset information for the DE and DX locations, drawn

in orange for DE and green for DX. The short-path distance and beam heading from the DE 

location is shown for the DX location. These locations are shown qualitatively on the map using 

the same orange and green symbols, respectively. The small orange map symbol drawn as the 

inverse of the DE symbol is the DE antipode. Whenever a new DX location is tapped on the 

map, the great circle connecting through DE and DX and the DE antipode is displayed as a 

white dotted line. This line automatically disappears after a few moments to reduce screen 

clutter.

Since tapping on the map is only approximate, the user may fine tune the latitude and 

longitude by tapping directly on these numbers. Tapping on the upper or lower half of the 

latitude digits moves the location one degree north or south, and tapping on the left or right half 

of the digits comprising the longitude will move the location west or east, respectively. You may 

also toggle between miles and kilometers by tapping on the DX bearing digits. 

In order to display local time, the software includes a table of time zones based on a grid

spacing of approximately 11 miles. Beware that if the zone boundary falls near the edge of a 

grid it might be incorrect. Time zones tend to change over time for political reasons also so the 

table can gradually grow out of date. For these reasons, always double-check this information if 

it is critical for you. It was not possible to fit another table of daylight savings time into the 

software, and anyway this is even more susceptible to change, so I just added buttons with 

which you can optionally add one hour to the displayed time for DE and DX. Use these to make 

a manual adjustment if you happen to know the current saving time rule by some other means.

A few words are in order regarding sun times. Since display space is getting pretty 

crowded, I had to compress this information more than I would have liked. The information is 

presented in two rows, the first for the next event, the second for the previous event. Thus, the 

first row always suggests a future tense verb, the second row the past tense. So, for example, if a
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station is in daylight in late afternoon, the display might read “S in 0:40, R 10:22 ago” where S 

means “Sets” and R means “Rose”. But if a station is in night time approaching dawn, the 

display might read “R in 0:47, S 10:00 ago” where R now means “Rises” and S means “Sat”. 

Displaying events in terms of time intervals in this manner eliminates all dependencies on time 

zones.

Overlaid across the bottom of the map is a row of news headlines that are updated every

several seconds. These are collected from web site RSS feeds. You may change the feeds to 

your own favorites or remove them altogether by editing wi fi.cpp. The RSS display may be 

toggled on or off by tapping on the button to the left of the headline text.

The top section of the display is divided into five areas. The first section on the left 

shows your call and the UTC time. The time remains accurate by using an NTP connection over

WiFi. The software automatically cycles through a list of several stratum-one NTP servers in 

case one of them happens to be down for some reason. If for some reason the software can not

contact any of the NTP servers, a large question mark will appear to the right of the seconds 

digits to indicate the time may not be correct. This section also displays the period the system 

has been running, the WiFi signal strength and the software version number.

The main clock need not stay at UTC. You may tap on the upper or lower half of any 

word or digit to change time forward or backward by that one unit. So for example, tapping on 

the top half of the day of the week will advance time by one day, or tapping on the lower half of 

the hour digits will retard time by one hour. If the time has been changed in this manner, the 

UTC button on the right will show in white characters over a black background to indicate the 

time is not UTC. To instantly return to UTC, tap this button so it is displayed with black text over 

white. Whenever the time is changed in this manner, the map will be redrawn if necessary to 

shown all information as it occurs at that moment. In this way you may, for example, examine 

the location of the terminator in the past or future. The software only supports time between 1 

Jan 1 1970 and 19 Jan 2038 (programmers will recognize this time span as UNIX time).
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The second area across the top displays plots of recent solar activity. The data may be 

either solar flux or sunspot number. Again, tapping on the plot will toggle to the opposite 

information. Both data sets are plotted for up to the previous seven days. The solar flux 

prediction is plotted three days into the future. Note that the sunspot numbers are only 

published starting from the beginning of the current month. For this reason, the sunspot 

numbers will go back less than seven days for the first week of each month.

The third area toggles between plots for Planetary Kp geomagnetic index and X-Ray 

solar flux. The data are plotted for the previous seven days and may be toggled by tapping on 

the plot. The Kp index prediction is plotted two days into the future. The graphing format for the 

Planetary Kp data was inspired by the format used on the NOAA web site dash board for this 

information.

The fourth area shows images from the Solar Dynamics Observatory and, if the optional 

sensor is installed, plots of temperature, pressure and humidity for the past hour. The sensor for

these data can be located in the shack, or extended outdoors if desired. To conserve screen 

space, the user taps on the graph to cycle through the images and plots. If the sensor is not 

connected the software only displays the SDO images.

Solar flux is accessed from the Canadian Space Weather Center of Natural Resources 

Canada. X-Ray and geomagnetic information is from NOAA Space Weather Prediction Center. 

Sunspot numbers are accessed from Solar In fluences Data Center in Belgium. Solar images are

from the Solar Dynamics Observatory. RSS feeds were chosen from a wide variety available on 

the web. The author wishes to express his sincere appreciation for the free availability of this 

data.
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The area to the far upper right is for the Northern California DX Foundation HF 

propagation beacons. The symbols for these beacons may be toggled on or off by tapping on 

the button labeled NCDXF. When the beacons are on, they are color coded to indicate which 

frequency on which they are currently broadcasting, if any. The key to these colors is shown in 

the box. The beacons change frequencies, or go silent, every ten seconds in a patten that 

moves around the globe. These beacon symbols may be removed from the map if they are 

distracting or of no interest at the moment.

Construction

All of the hardware for this project was purchased from adafruit.com. I have no 

connection with this company but so far I like their products and support. Other components 

may be substituted but take note of any differences. Table 1 shows a list of the components I 

used and their prices as of this writing. The sensor and stand are optional. Illustration 5 shows 

the simple wiring diagram. If the sensor connection is longer than a few feet, connect the SDA 

and SCL lines to 3V with 5.6k resistors to help overcome the cable capacitance.

The RA8875 display controller relieves the processor from performing display refresh 

and adds hardware assisted drawing primitives. Unfortunately it is still pretty slow to address 

individual pixels so drawing the world map and updating overlaid information still takes 

noticeable time. The backlight for the display can be brightened by closing one or both of the 

solder bridges on the back of the RA8875. I found shorting just the 25 mA bridge about right and

runs nicely off a standard USB hub. Shorting the 100 mA bridge draws too much current for 

USB (the Huzzah USB bridge does not negotiate for higher current) so in this case you must 

supply about 1 amp from a separate 5 V source. The display is very sensitive to small changes 

in supply voltage so If the display flickers check that you have very good power connections 

everywhere.
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If you would rather have a 9 inch diagonal display, which has about twice the total 

viewing area s the 7 inch model but the same number of pixels, I got one working made by 

EastRising that I purchased from buydisplay.com, part number ER-TFTM090-2. You can 

compare both in Illustration 4. I also have the smaller Adafruit HUZZAH breakout board working 

(product ID 2471). The result has a few minor differences so please contact me first if you are 

interested in trying these alternatives.

The main controller of the HamClock is the ESP8266 WiFi system-on-chip made by 

Espressif Systems. In addition to the radio it includes an 80 MHz 32 bit RISC processor with 1 

MB FLASH and 80 KB RAM available for applications after the required WiFi firmware. The 

easiest way I have found to develop and load firmware for this device is to use the Arduino IDE. 

Adafruit has instructions on their Huzzah support page for adding the ESP toolchain to this IDE. 

If you use the optional sensor, also install that library.

The HamClock connects to WiFi when first powered up. If this fails to connect, it will 

continue to function for mapping purposes but of course the time sync and data plots will not be 

available. In this case one could manually set UTC time (as described above) but doing so 

would be tedious. The HamClock will automatically retry web sites and WiFi as required.

Automatic brightness control can be added by connecting an optional photocell to the 

analog input of the ESP8266. See the schematic in Illustration 5 for wiring details. To calibrate 

the brightness, begin by darkening the room. Tap the upper or lower portion of the NCDXF 

frequency list to set the desired display brightness in the darked room. Then turn on the lights 

and repeat for the desired brightness in a well lit room. Note that manual brightness control is 

also possible in the same manner without the photocell but then of course it does not 

automatically track room lighting.

The software I wrote for this project is available on the ARRL In-Depth web page (TBD). 

I also maintain a web page for this project at http://www.clearskyinstitute.com/ham/HamClock. 
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Check there for any last minute updates or changes I might make in the future. I have other 

embedded projects of interest to amateurs there as well. Feel free to contact me with any 

questions or suggestions.

The only edit you might want to make to the software is the list of RSS feeds. These are 

in the array rss_feeds[] near the top of file wi fi.cpp. The array can be empty if you prefer not to 

display any RSS feeds at all. No other changes are necessary and you can now proceed to 

compile and load the firmware.

I considered several ways to package the HamClock and finally decided to mount the 7” 

in the Adafruit Raspberry Pi bezel (PID 2033), see Illustration 2 for a rear view and Illustration 3 

for a front view in the shack. I just used double stick tape to attach the circuit boards to the back.

It’s not a perfect solution but it works for now. The unit draws about 300 mA so for QRP 

expeditions I use a pocket size 2200 mAH lipo battery USB power stick that runs the display for 

about five hours. I mounted a 9” LCD in a document display panel.

Thank you for reading about my HamClock project. It met all my expectations and I hope

you find it useful. It has a few more features I have not mentioned, let me know if you find some.

73, Elwood, WB0OEW.
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Table 1. List of Adafruit Parts
Description Part Number Price

ESP HUZZAH feather 2821 $15.95

RA8875 display controller 1590 $34.95

7” TFT display with resistive touch 2354 $47.50

FPC extension cable and board 2098 $4.50

Pimoroni Raspberry Pi 7" TFT stand, optional 2033 $14.95

Photo cell, optional 161 $0.95

BME280 weather sensor, optional 2652 $19.95
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Illustration 1: HamClock screen shot.
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llustration 2: Rear of the HamClock. Shows how the main components are adhered to the back 
of the bezel and shows the wiring using F-F jumper wires.
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llustration 3: 7" LCD model in shack.
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llustration 4: 7" and 9" models in shack.
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RST16
SCKSCK/14
MOSIMOSI/13
MISOMISO/12
VINUSB
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SCKSCL/5
SDISDA/4

VIN3V

GND GND

GND

HUZZAH Feather Sensor *

RA8875

* optional

A0

33K *

Photocell *

llustration 5: Wiring diagram.
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Biography: Elwood Downey has been licensed continuously since 1974 as WB0OEW. 

He graduated with honors with a BSEE from Purdue University in 1977. He passed all the FCC 

written tests including Extra on his first try but came away with only the Advanced license; he 

admits he had to wait for no-code rules to achieve his Extra class license in 2008. All the while 

he is still enjoying a career as both an electronics and software engineer specializing in 

telescope control systems and other related astronomical instrumentation. He can be reached at

wb0oew@arrl.net and maintains a small ham web presence at www.clearskyinstitute.com/ham.

Elwood Downey, WB0OEW

8274 N Sunset Ranch Loop

Tucson AZ 85743

Mobile: 575-835-1325

Email: wb0oew@arrl.net
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