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About this manual
This manual describes day-to-day operation of the CW Trainer SP3UQH running firmware 4.3.0. It 
covers menu navigation, receive and sending practice, Koch lessons, custom exercises, progress 
tracking, keyer settings, Wi-Fi firmware updates, touchscreen calibration and the dependencies 
between timing parameters.

VERSION SCOPE
This document applies to public firmware 4.3.0, build ETAP 07.3.2 RC3. Minor labels or screen layouts 
may change in later maintenance releases.

CORE PRINCIPLE
The trainer stores settings, calibration and learning progress in ESP32 non-volatile memory. Official 
lessons, level training and custom sets use different rules for unlocking the next stage.

Contents
1. Quick start
2. Navigation, colours and screen saver
3. Menu map and function relationships
4. Receive training (RX)
5. Sending training (TX)
6. QSO BOT
7. Decoder
8. Results, progress and DIFFICULT 20
9. Settings pages 1/4 to 4/4
10. Timing and keyer dependencies
11. Wi-Fi and OTA firmware updates
12. Touchscreen calibration
13. Recommended learning path
14. Troubleshooting
15. Appendices: Morse table, Koch order and stored data
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1. Quick start
1. Connect power. The trainer displays the startup screen and plays the welcome signal.

2. At startup the device may briefly check for firmware updates. When a newer version is found, 
choose UPDATE or SKIP.

3. From MAIN MENU open SETTINGS and set display brightness, sidetone pitch and interface 
language.

4. Select the key type: PADDLE for an electronic dual lever paddle or STRAIGHT KEY for a single 
mechanical key.

5. Return to TRAINING. A good first exercise is RECEIVE (RX) -> KOCH LESSONS.

6. Adjust WPM with the minus and plus controls shown at the top of training screens.

7. After a session, review the result and use DIFFICULT 20 when recurring mistakes are reported.

SUGGESTED FIRST SETUP
A practical starting point for a new learner is 15-20 WPM with Farnsworth enabled. Characters are sent 
at 20 WPM while the effective exercise speed is reduced by longer spacing.

Frequently used screens: main menu, training menu, RX challenge and session result.

1.1 Common elements on training screens
 Top WPM bar: minus on the left, current speed in the centre and plus on the right.
 Bottom BACK or FINISH button: safely leaves the current menu or exercise.
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 Green: correct answer, enabled option or completed stage.
 Red: error, reset action or disabled option.
 Orange: special function, warning, QSO BOT or DIFFICULT 20.
 Blue: back, exit or ordinary navigation.

2. Navigation, touch input and screen saver
The XPT2046 touchscreen is polled directly instead of relying on the interrupt line. Each physical touch 
is accepted only once and several samples are filtered before the position is used. This reduces 
accidental double presses and incorrect menu transitions.

Element Operation

Touch a button Runs the function described by that button.

WPM minus / plus Changes the global speed from 5 to 60 WPM and stores the 
new value.

BACK Returns to the parent menu without erasing settings.

FINISH Ends the current exercise or leaves the active training 
mode.

RPT Repeats the most recently transmitted character, group or 
word in RX training.

Touch after QSO Starts a new simulated contact after the previous QSO has 
ended.

2.1 Screen saver
After approximately 3 minutes of inactivity the logo screen appears. After approximately 6 minutes the 
backlight is switched off. Touching the screen or pressing a paddle/key wakes the trainer and restores 
the previous screen.

STATE IS PRESERVED
Waking the display does not return to the main menu. The trainer restores the screen that was active 
before sleep.
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3. Menu map and function relationships

Main navigation structure.

Menu Main functions

TRAINING RECEIVE (RX), SEND (TX), QSO BOT and DECODER

SETTINGS Brightness, pitch, language, Farnsworth, QSB/QRM, key 
type, timing, OTA and calibration

INFO Firmware version, author, project website and licence

RECEIVE (RX) Koch lessons, groups of 1-5 characters, custom set, Q-
codes, CW abbreviations and progress

SEND (TX) Lessons, word practice, manual character selection, 
progress and reset

BACK-NAVIGATION LOGIC
BACK normally returns one menu level. After DIFFICULT 20, the trainer restores the exact mode, lesson 
and active set from which the corrective session was started.
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4. Receive training (RX)
RX modes train recognition of characters, groups and common operating abbreviations by sound. The 
trainer sends the material and then shows three possible answers. The user selects the decoded answer 
by touch.

Relationship between material selection, answer, result and lesson unlocking.

4.1 Koch lessons
Koch lessons use a fixed character order. Lesson 1 contains K and M; each following lesson adds one 
new character. Only lessons that have already been unlocked can be selected.
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1. Open TRAINING -> RECEIVE (RX) -> KOCH LESSONS.

2. Select an unlocked lesson number.

3. The preview displays all characters used in that lesson together with their mastery colours.

4. Touch OK. The official session contains 50 trials.

5. A result of at least 90% unlocks the next lesson when the selected lesson was the highest currently 
available lesson.

REVISING OLDER LESSONS
Repeating an older lesson updates character mastery and session statistics, but it does not skip several 
lessons or unlock an unrelated path.

4.2 Level training: groups of 1-5 characters
Level training develops auditory short-term memory. The user chooses a group length from 1 to 5 
characters. The character pool is determined by the current RX level.

Level Material Training goal

1 Single character Immediate recognition of individual 
characters

2 Two-character group Reduce conscious letter-by-letter 
decoding

3 Three-character group Develop short-term auditory memory

4 Four-character group Receive compact blocks more fluently

5 Five-character group Advanced concentration and group 
copying

Progress in this module is stored separately as RX LEVELS. A score of at least 90% at the current 
character level unlocks the next stage of this RX path.

4.3 Custom character set
The custom set screen lets the user select characters manually. The border colour shows mastery level, 
while a filled field indicates that the character is active in the current exercise.

 RX requires at least 3 selected characters so that three different answer options can be generated.
 START begins a 50-trial session.
 CLEAR removes all current selections.
 A custom set does not unlock official lessons, but it can update mastery levels for the selected 

characters.

4.4 Q-codes and CW abbreviations
This mode sends complete operating abbreviations or Q-codes and then presents three possible 
answers.

Category Example material

Q-CODES CQ, QRZ, QTH, QSO, RST, QSY, QRM, QSB, QRP

CW ABBREVIATIONS HI, OM, XYL, YL, TNX, CU, AGN, LID, FB, WX, DX, GL, SRY, 
VY, PSE
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The session contains 50 trials. Word mode does not directly change individual character mastery 
colours, but the session error analysis can still feed the DIFFICULT 20 corrective exercise.

4.5 RX answer screen

RX screen legend: WPM, RPT, session counter, three answers and FINISH.

Area Meaning

Minus / plus Changes WPM without leaving the exercise.

RPT Repeats the current material.

Counter, for example 7/50 Current trial number and total session length.

Three answer fields Select the character, group or word that was heard.

FINISH Ends the session and returns to the RX menu.
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5. Sending training (TX)
TX modes analyse characters sent by the user. Official lesson sessions contain 50 trials. A result of at 
least 90% can unlock the next lesson in the corresponding TX path.

Flow of an official TX lesson session.
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5.1 Hear & Send
The trainer displays a target character and plays its sound before the user responds. The user sends the 
same character with the connected key. This combines auditory recognition with motor practice.

5.2 See & Send
The trainer displays the target character without playing it first. The user must reproduce the rhythm 
from visual memory. Progress is stored separately from HEAR & SEND.

FOUR INDEPENDENT PROGRESS PATHS
RX KOCH, RX LEVELS, TX HEAR and TX SEE have separate unlock levels. Advancing in one path does not 
automatically advance the other three.

5.3 Word practice menu
WORD PRACTICE opens continuous modes intended for practical sending. The exercise continues until 
BACK or RESULTS is selected.

Mode Operation

CALLSIGNS A random callsign is displayed and played. The user sends 
it back.

Q-CODES Practice common Q-codes.

CW ABBREVIATIONS Practice common operating abbreviations.

FREE TEXT Send any text. The decoder writes recognised characters 
and inserts spaces automatically.

ECHO A simple echo mode: the trainer sends a random three-
character group and the user sends it back.

COACH Measures dot and dash durations when using a straight 
key.

In CALLSIGNS, Q-CODES, CW ABBREVIATIONS and ECHO, incorrect material is repeated. After three 
failed attempts the trainer advances to the next target.

5.4 FREE TEXT mode
 There is no reference target: the user sends any desired text.
 When a character is closed, the decoder displays the recognised letter, digit or punctuation mark.
 A longer pause creates a word space.
 When the text area is full, the screen is cleared and writing continues from the beginning.

5.5 COACH mode
COACH measures the actual duration of each press and calculates the average dot, average dash and 
dash-to-dot ratio. The result is compared with the DASH WEIGHTING setting.

STRAIGHT KEY REQUIRED
With PADDLE selected, COACH asks the user to switch to STRAIGHT KEY. An electronic paddle keyer 
creates the element timing automatically and therefore does not measure hand timing in the same way.
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5.6 Manual TX character selection
MANUAL SELECT uses the same character grid as the RX custom set. TX requires at least one selected 
character. The set is useful for focused drills but does not unlock official lessons.

6. QSO BOT
QSO BOT conducts a simplified training contact. The bot selects a callsign, operator name, QTH and RST 
report. The user replies with the key while the screen separates received bot text from the user 
transmission.

Sequence of the simplified QSO BOT contact.
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QSO BOT screen: the upper area shows received bot text; the lower area shows the user transmission.

6.1 Example contact

BOT: CQ CQ DE DL1XYZ DL1XYZ K
YOU: DL1XYZ DE SP3UQH K
BOT: SP3UQH DE DL1XYZ GM UR RST 579 579 NAME PAUL QTH BERLIN K
YOU: DL1XYZ DE SP3UQH UR RST 599 NAME MARCIN QTH POLAND K
BOT: SP3UQH DE DL1XYZ 73 TU EE

 WPM can be changed during the simulation.
 The bottom FINISH button aborts the current contact.
 After QSO FINISHED, touch the central area of the display to start a new contact.
 QSO BOT is a guided learning simulation, not a complete validator of all operating procedures.

7. Decoder
DECODER converts Morse sent with the connected key into large characters on the display. It is 
intended for free rhythm checks, character practice and paddle/key testing.

 A recognised character is displayed as a large letter, digit or supported punctuation mark.
 An unknown or invalid pattern is displayed as a red asterisk and accompanied by an error tone.
 TIMEOUT determines how much silence closes the current character.
 WPM also affects the decoder threshold because TIMEOUT is expressed as a multiple of dot 

duration.
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8. Results, progress and DIFFICULT 20

Session result screen showing the most frequently missed characters.

8.1 Passing and unlocking rules

Condition Effect

Score >= 90% The session is marked PASSED.

Official lesson at the highest current level Unlocks the next lesson in the same progress path.

Older official lesson No extra unlock; character mastery can still be updated.

Custom set Does not unlock an official lesson.

Word mode Does not directly change individual character mastery 
colours.

DIFFICULT 20 Corrective practice only; does not unlock lessons.

8.2 How DIFFICULT 20 works
After a session, the trainer selects up to three characters with the highest error counts. When fewer 
errors are available, additional characters are taken from the session material to build a valid 
corrective set. The repeat session contains 20 trials.

 In RX, DIFFICULT 20 creates a single-character listening quiz.
 In TX, the trainer requests the selected difficult characters for sending.
 After completion, the previous mode, lesson and active set are restored.
 The repeat session does not change the official unlock level.
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8.3 Character mastery colours

Colour Level Meaning

Dark grey 0 Not yet established or no stored 
correct answers.

Red 1 Initial mastery level.

Orange 2 Partially established.

Green 3 Highest stored mastery level.

A correct answer raises mastery by one level. An error can reduce it by one level. The stored range is 
limited to 0-3.

8.4 LEARNING PROGRESS screen

Progress bar Stored value

RX - KOCH Highest unlocked Koch receive lesson.

RX - LEVELS Highest unlocked stage of the 1-5 character group training 
path.

TX - HEAR Highest lesson unlocked in HEAR & SEND.

TX - SEE Highest lesson unlocked in SEE & SEND.

PROGRESS RESET
RESET PROGRESS is located in the TX menu. After confirmation it resets all four paths and all stored 
character mastery levels.
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9. Settings

Special screens: keyer settings, QSO BOT and OTA update.

9.1 Settings 1/4 - display, audio and language

Setting Range / operation Notes

BRIGHTNESS Minus/plus control, approximately 0-
100% on screen

Stored in memory. The screen saver 
can temporarily reduce brightness to 
zero.

PITCH 400-1200 Hz in 50 Hz steps A short sample is played after each 
change.

LANGUAGE POLISH / ENGLISH The interface changes immediately 
and remembers the selection.

9.2 Settings 2/4 - receive conditions and key type

Setting Operation

FARNSWORTH Below 20 WPM, characters remain at 20 WPM while the 
spacing is extended.

QSB Simulates fading in the signal generated by the trainer.
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Setting Operation

QRM Adds interference and small signal irregularities to 
generated training audio.

KEY TYPE PADDLE for an electronic dual lever paddle or STRAIGHT 
KEY for a single mechanical key.

Farnsworth behaviour when the selected effective speed is below 20 WPM.

9.3 Settings 3/4 - timing and keyer engine

Timing and paddle engine settings.

Parameter Range Practical meaning

TIMEOUT 1.2-5.0 x dot duration Silence required before the current 
character is considered complete.



CW Trainer SP3UQH v4.3.0 - user manual

17

Parameter Range Practical meaning

DASH WEIGHTING 1:2.0 to 1:4.5 Dash-to-dot duration ratio. The 
standard value is 1:3.0.

ORIGINAL STANDARD Classic engine Proven blocking timing and 
traditional behaviour.

FLOW / IAMBIC B Non-blocking engine Paddle memory, Iambic B, contact 
filtering and tighter RX spacing.

PADDLE REVERSE ON / OFF Swaps physical DIT and DAH 
functions without rewiring.

The connected key can be tested directly on settings page 3/4. The trainer uses the same input engine as 
the exercises, allowing the timing to be checked before a session begins.

9.4 Settings 4/4 - OTA, Wi-Fi and calibration

Function Operation

CHECK UPDATES Connects to Wi-Fi, checks version.txt and downloads 
firmware.bin when the server version is newer.

RESET WI-FI Erases stored network credentials and restarts the trainer.

SCREEN CALIBRATION Starts five-point touchscreen calibration.
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10. Timing and keyer dependencies

WPM, weighting, timeout, Farnsworth, key type and keyer engine jointly determine trainer behaviour.

Setting Affects

WPM Dot, dash and spacing duration; trainer speed; the time 
threshold used to close a character.

Farnsworth How selected WPM is applied to generated audio: 
characters remain at least 20 WPM while spacing can be 
slower.

Weighting Dash duration generated by the keyer and the target ratio 
used by COACH.

Timeout Moment of end-of-character recognition in TX, DECODER, 
FREE TEXT, COACH and QSO BOT.

ORIGINAL / FLOW Paddle handling, memory behaviour and spacing of 
generated RX material.

Paddle / straight key Whether the electronics create element timing or the 
operator creates it directly.

Paddle reverse Which physical paddle produces DIT and DAH.

QSB / QRM Only the signal generated by the trainer; stored user 
answers are not changed.

10.1 Choosing TIMEOUT

Symptom Adjustment

Characters are split too early Increase TIMEOUT by 0.1-0.3.

Decoder responds too slowly Reduce TIMEOUT gradually.

A long dash is sometimes split Check WPM and increase TIMEOUT.

The pause after each character feels excessive Reduce TIMEOUT, but remain above the stable value for 
your sending technique.

10.2 ORIGINAL STANDARD or FLOW

Feature ORIGINAL STANDARD FLOW / IAMBIC B

Operating character Classic, matching the original timing Smooth, non-blocking

Paddle memory Limited by classic behaviour Full memory of new paddle presses

Iambic B No Yes when PADDLE is selected

Contact filtering Simple Extended press and release filtering
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Feature ORIGINAL STANDARD FLOW / IAMBIC B

Inter-element gap 1 dit Approximately 0.92 dit

RX character spacing Standard More compact

RECOMMENDATION
Neither engine is universally better. ORIGINAL STANDARD preserves the established feel of the trainer. 
FLOW is intended for operators who want paddle memory and Iambic B behaviour.
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11. Wi-Fi and OTA firmware updates
Firmware 4.3.0 uses three-part semantic version numbers: major.minor.patch. The trainer correctly 
compares values such as 4.3.0, 4.3.1, 4.10.0 and 5.0.0.

New-version prompt in build ETAP 07.3.2 RC3.

Firmware download progress bar and percentage.

11.1 Update check at startup
When valid Wi-Fi credentials are stored and the trainer connects successfully, it checks the server 
version. If a newer version exists, the display offers UPDATE and SKIP.
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11.2 Manual update
1. Open SETTINGS -> 4/4 -> CHECK UPDATES.

2. If no network is stored, the trainer starts the WiFiManager configuration portal.

3. Connect a phone to the network shown on the display, normally Trenazer_SP3UQH_OTA.

4. Select the home Wi-Fi network and enter its password.

5. When a newer version is detected, firmware download and installation begin.

6. Do not disconnect power. After a successful update, the ESP32 restarts automatically.

7. After restart, verify the version number on the INFO screen.

SAFETY
Do not disconnect power or press RESET while firmware is being written. OTA preserves Preferences 
data, but interrupting the write can require recovery by USB upload.

12. Touchscreen calibration

Order of the five calibration targets.

1. Open SETTINGS -> 4/4 -> SCREEN CALIBRATION.

2. Touch the centre of the target in the top-left corner.

3. Repeat for the top-right, bottom-right and bottom-left corners.

4. Finally touch the centre target.

5. After CALIBRATION OK, the trainer stores the measurements and returns to settings.

 Use a short, firm touch; a narrow stylus for resistive screens gives the best repeatability.
 Do not drag the finger or stylus during a measurement.
 If button positions appear shifted, repeat the complete calibration.
 When stored calibration is invalid, firmware can restore tested fallback values.
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13. Recommended learning path
Stage Mode Goal

1 RX -> Koch lessons Recognise characters by sound 
without counting dots and dashes.

2 RX -> Levels 2-3 Build memory for short groups and 
move beyond isolated letters.

3 TX -> See & Send Reproduce a character rhythm from 
its printed symbol.

4 TX -> Hear & Send Link sound recognition with hand 
movement.

5 DIFFICULT 20 Correct specific recurring mistakes 
after each session.

6 Q-codes and abbreviations Move from the alphabet to practical 
operating material.

7 QSO BOT Practise a guided contact sequence.

8 DECODER / FREE TEXT / COACH Develop sending freedom and 
evaluate personal technique.

13.1 Example setting profiles

Profile WPM Farnsworth Timeout Weighting Engine

RX beginner 10-15 ON 3.2 3.0 ORIGINAL

RX development 18-25 ON 3.0-3.2 3.0 ORIGINAL or 
FLOW

Electronic paddle 20-30 As needed 2.6-3.2 3.0 FLOW / Iambic B

Straight key 10-20 OFF 3.0-4.0 3.0 ORIGINAL

QSO BOT 15-25 ON 3.2 3.0 Either

TRAINING METHOD
Regular short practice produces the best results. One attentive 50-trial session followed by DIFFICULT 20 
is more useful than several sessions with no error review.

14. Troubleshooting
Problem Likely cause Action

Touch activates the wrong button Calibration does not match the 
touchscreen

Run five-point calibration.

No response to later touches Screen has not been fully released or there 
is a mechanical/wiring problem

Release the screen, wait briefly and inspect 
touchscreen connections.
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Problem Likely cause Action

WPM settings below 20 sound similar Farnsworth is enabled This is expected: spacing changes most. 
Disable Farnsworth to slow the character 
elements.

Decoder splits a character TIMEOUT is too short or WPM does not 
match sending technique

Increase TIMEOUT.

Decoder reacts too slowly TIMEOUT is too large Reduce TIMEOUT gradually.

Dots and dashes are reversed Paddles are wired in the opposite order Enable PADDLE REVERSE.

COACH does not show hand-timing ratios PADDLE is selected Change KEY TYPE to STRAIGHT KEY.

No OTA update is found No Wi-Fi or the server version is not newer Check the network and INFO version; run 
CHECK UPDATES again.

Trainer cannot connect to a new router Old Wi-Fi credentials are stored Use RESET WI-FI and configure the 
network again.

No startup logo after compiling logo.h is missing from the sketch folder Place logo.h next to the .ino file and 
rebuild.

A lesson does not unlock Score below 90%, older lesson selected or 
unofficial mode used

Check the result and practise the highest 
unlocked official lesson.



CW Trainer SP3UQH v4.3.0 - user manual

24

15. Appendices
15.1 International Morse code table

Char Code Char Code Char Code Char Code

A .- B -... C -.-. D -..

E . F ..-. G --. H ....

I .. J .--- K -.- L .-..

M -- N -. O --- P .--.

Q --.- R .-. S ... T -

U ..- V ...- W .-- X -..-

Y -.-- Z --.. 1 .---- 2 ..---

3 ...-- 4 ....- 5 ..... 6 -....

7 --... 8 ---.. 9 ----. 0 -----

. .-.-.- , --..-- ? ..--.. / -..-.

= -...-

Firmware 4.3.0 recognises letters A-Z, digits 0-9 and the following punctuation: full stop, comma, 
question mark, slash and equals sign.

15.2 Koch character order

K M U R E S N A P T L W I . J Z = F O Y , V G 5 / Q 9 2 H 3 8 B ? 4 7 C 1 D 6 0 X

Lesson New char Lesson New char Lesson New char Lesson New char

1 K + M 2 U 3 R 4 E

5 S 6 N 7 A 8 P

9 T 10 L 11 W 12 I

13 . 14 J 15 Z 16 =

17 F 18 O 19 Y 20 ,

21 V 22 G 23 5 24 /

25 Q 26 9 27 2 28 H

29 3 30 8 31 B 32 ?

33 4 34 7 35 C 36 1

37 D 38 6 39 0 40 X

Lesson 1 starts with K and M. Every following lesson adds one character from the order shown above. 
A total of 40 lessons is available.
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15.3 Data retained in non-volatile memory

Group Stored data

Progress RX Koch, RX levels, TX Hear, TX See and mastery levels for 
41 characters.

Audio and speed WPM, pitch, Farnsworth, QSB, QRM, weighting and 
timeout.

Key configuration Paddle/straight key, ORIGINAL/FLOW and paddle reverse.

Interface Brightness and language.

Touchscreen Five calibration points.

Global statistics Session count, total trials and correct answers stored by 
firmware.

An OTA update replaces the program but does not erase Preferences data. RESET PROGRESS clears 
lesson paths and character mastery, while RESET WI-FI removes network credentials.

15.4 Licence and support
The project is released under CC BY-NC-SA 4.0. Attribution to SP3UQH is required, commercial use is 
not permitted, and modified versions should be shared under the same licence terms.

Updates, documentation and project information: https://sp3uqh.pl

73! de Marcin SP3UQH
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