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Abstract

Project: the Computarium’s Victor Vicki portable computer came without its keyboard. The goal of the
project is to operate the Vicki with a keyboard of the Victor 9000 (sold in Europe as the Sirius 1). A first
attempt to connect that keyboard to the Vicki did not work. Before searching for the fault on the computer
side, the keyboard itself had to be proven good or bad. This report documents a stand-alone bench test: the
bare keyboard board was powered from a current-limited 5 V supply, its three interface linesKBRDY,KB-
DATA andKBACKwere recorded with a Kingst LA1010 logic analyzer, and the host’s acknowledge was re-
placed by a simple wire loop-back. With this set-up the keyboard transmitted a complete, correctly framed
key event: the space bar produced Victor key code 96 with the make bit set. Result: the keyboard con-
troller, its line drivers and the transmission protocol are functional; the failure must be sought on the
Vicki side or in the connection between the two. Finally, the disintegrated foam-and-foil key pads were
replaced by home-made pads of foam tape and rescue-blanket foil; a check of every key (98 key codes, no
faulty packet) closed the verification.

AI support. The entire procedure — the test strategy, the interpretation of every logic-analyzer capture, the
research of data sheets and sources, the decoder software, and the writing of this document — was car-
ried out in dialogue with the AI assistant Claude (Anthropic, model Claude Opus 5.5, used through Claude
Code). All hands-on work and all measurements were done by the author.

History:
• Version 1.0: September 28, 2026: bench verification VER-K01. . . K07.
• Version 1.1: September 29, 2026: project goal moved to the front; connector table; foam-and-

foil design confirmed from sources; pad replacement options.
• Version 1.2: September 29, 2026: key pad renewal (Section 6, VER-K08, K09); all-keys decoder

check VER-K07.
• Version 1.3: September 29, 2026: VER-K10 closed; statement on AI support (abstract, Sec-

tion 1.1); final version of Part 1 for publication.
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1 Project description

Project goal

Operate the Computarium’s Victor Vicki portable, which came without its keyboard, with a Vic-
tor 9000 (Sirius 1) keyboard.
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The Vicki arrived without its keyboard; a Victor 9000 keyboard was available. A first attempt to connect
it failed: the Vicki did not react to key presses. Two explanations are possible:

1. the keyboard is defective (it is more than forty years old), or
2. the Vicki’s keyboard interface differs from, or is incompatible with, the Victor 9000 keyboard, or is itself

defective.
This report, Part 1 of the project, decides between the two by testing the keyboard alone, without any Victor
computer. Part 2 will examine the Vicki side of the interface.

1.1 How this work was done: AI-supported

AI statement

This document was written with Claude, an AI assistant made by Anthropic (model Claude Opus 5.5,
used through Claude Code). Not only the text: the whole test procedure was AI-supported, from the
first question “how can we test this keyboard?” to the final check of every key.

The work was a dialogue at the workbench. The division of labor was:
• The author opened and cleaned the keyboard, traced the board, supplied power, connected the logic

analyzer, pressed the keys, took every measurement and photograph, made and fitted the new pads,
and made all decisions.

• Claude proposed the test strategy and each next step; interpreted the logic-analyzer screenshots and
multimeter readings; located and read the data sheets (Intel 8021, TI 74LS14) and the emulator source
code; explained unexpected results (floating lines, the retry pattern, the voltage divider of VER-K05,
the misreading by the analyzer’s PS/2 decoder); wrote the decoder script (Appendix A) and decoded
the CSV exports; and wrote this report.

Working this way was not free of errors. Claude’s interpretations were hypotheses that the measurements had
to confirm, and at least once they did not: the 1 kΩ loop-back resistor that Claude proposed failed because
of an on-board pull-up nobody knew of yet (VER-K05), and a threshold value quoted from memory (that of
the 7414 instead of the 74LS14) was corrected after checking the data sheet. The rule adopted was therefore:
every fact in this report is either measured on the device or taken from a source that was opened and checked;
the references list only such sources. For a museum and for teaching, this is perhaps the most interesting
result besides the working keyboard: an AI assistant can make a vintage-hardware diagnosis faster and better
documented, provided that the human keeps measuring and checking.

2 The device under test

2.1 Mechanical state

The keyboard was opened because the case screws looked corroded. The printed circuit board was heavily
soiled by crumbled residue of the small key pads that sit under the key plungers. The pad construction — a
foam disc carrying a thin metallized plastic foil, sitting over a pair of copper areas on the board — identifies
a capacitive foam-and-foil keyboard of the Key Tronic type, a design widespread in the early 1980s. This is
confirmed by the replacement-pad supplier TexElec, whose compatibility list names the Victor 9000 and the
Sirius 1 for its 3/16-inch snap-in pads (TexElec, n.d.), and by a restoration report on exactly this keyboard in
the forum of the German classic-computing association VzEkC (VzEkC, n.d.). The analog sense circuit that
such a keyboard needs has not yet been traced (see Section 8). Figures 1 and 2 show the condition of the
pads as found.
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Figure 1: The keyboard’s printed circuit board as
found. Each key position is a pair of octagonal metal
areas (drive and sense pad) without any contact be-
tween them. Most pairs are covered with crumbs
of the disintegrated foam; a few have been wiped
clean. At the bottom, one pad has stuck to the
board.

Figure 2: The key plungers seen from below, with
the round foam-and-foil pads still in place. The foil
is partly peeled off and the foam underneath has
turned brown and crumbly. Right: corrosion on the
metal frame of the keyboard.

Term: foam-and-foil key switch

How can a key be detected without an electrical contact? Each key position on the board carries two
copper areas, a drive pad and a sense pad, separated by a gap. Under the key plunger sits a foam disc
with a metallized foil at its bottom; the plastic side faces the board. When the key is pressed, the foil
covers both pads and couples a pulse from the drive pad into the sense pad through two tiny capac-
itors (copper–plastic–aluminum). A sense amplifier recognizes the larger coupled signal. When the
polyurethane foam ages it disintegrates into sticky crumbs — exactly the residue found here.

2.2 Electronics

The keyboard controller is an Intel P8021H, marked 2137 8328. The prefix P denotes the plastic package
and H the HMOS process; 2137 is most likely the customer mask-ROM code (the Victor keyboard firmware),
and 8328 the date code, week 28 of 1983. The 8021 is the smallest member of Intel’s MCS-48 family (Table 1);
its program resides in mask ROM and cannot be replaced.
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Table 1: Intel 8021 key data, from the MCS-48 User’s Manual (Intel Corporation, 1980), pp. 2-20–2-24 and
6-48–6-50.

Feature Value

Memory 1K×8 mask ROM, 64×8 RAM (dynamic)
I/O 21 lines: P00–P07, P10–P17, P20–P23 (quasi-bidirectional), T1
Supply single 5 V (4.5 V to 6.5 V); IC C 40 mA to 75 mA
Clock crystal or inductor; 8.38µs cycle at 3.58 MHz
Minimum clock 600 kHz (dynamic logic)
Interrupts none
Pins VC C 28, VSS 14, XTAL1/2 15/16, RESET 17 (active high),

ALE 12 (one pulse per 30 clocks), T1 13, PROG 3,
P0: 4–11, P1: 18–25, P2: 26, 27, 1, 2 (P20. . . P23)

Tracing the board with a continuity tester showed that the connector lineKBRDY is driven by 8021 pin 27
(P21) through two cascaded inverters of a 74LS14 hex Schmitt-trigger inverter (pin 9→8, then pin 3→4). The
signal is therefore buffered but not inverted, and it leaves the keyboard through a totem-pole TTL output.
TheKBACK input carries an on-board 1.5 kΩ pull-up resistor to 5 V.

2.3 Connector

The keyboard cable has seven wires (Table 2). The pin assignment is the standard Victor 9000 keyboard
assignment, but the wire colors of this cable differ from the color code given for the Victor 9000 keyboard.
Wiring must therefore always be checked by pin number, never by color.

Table 2: Keyboard connector of the unit under test (wire colors as found on this cable).

Pin Signal Wire color (this cable)

1 +5 V white
2 ground yellow
3 ground green
4 KBACK (input) orange
5 KBRDY (output) blue
6 KBDATA (output) red
7 +5 V black

Note the unconventional colors: black is+5 V and red is a data line. Anyone connecting a supply “by color”
would reverse the polarity or feed 5 V intoKBDATA.

3 The interface protocol

No original Victor documentation was at hand during the test (the bitsavers mirror at the University of
Stuttgart could not be reached). The protocol was therefore taken from the source code of a working key-
board emulator, the Arduino sketch by freitz85 (2021), which converts a PS/2 keyboard to the Victor 9000
interface. Its keyboard side reads:

• the keyboard drivesKBRDY andKBDATA; the host drivesKBACK;
• each bit is transferred with a four-phase handshake: the keyboard sets KBDATA and pulls KBRDY

low; the host acknowledges by pulling KBACK low; the keyboard releases KBRDY; the host releases
KBACK;

• one key event consists of nine such cycles: seven key-code bits, least significant bit first; one make bit
(1 = pressed, 0 = released); and a stop cycle in whichKBDATA is low.

Term: four-phase handshake

How do two devices exchange data when neither knows the other’s speed? Each step is confirmed by the
partner before the next begins: “data ready” – “received” – “ready released” – “received released”. No clock
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is shared, so the slower side automatically sets the pace. The price is that the sender waits forever (or
until a time-out) if the receiver never answers — a fact that shapes the whole test procedure below.

KBDATA

KBRDY

KBACK

bit valid

1 2 3

1: host latches bit, ACK↓
2: keyboard sees ACK, RDY↑
3: host sees RDY↑, ACK↑

Figure 3: One bit cycle of the keyboard handshake (after freitz85, 2021).

An emulator only has to satisfy the computer; it need not reproduce every detail of the genuine keyboard.
Whether the original keyboard really behaves like this was therefore itself part of the test.

4 Test set-up

• Keyboard board removed from its case; no key pads fitted.
• Laboratory supply, 5 V, current limit 250 mA, connected to the keyboard connector.
• Kingst LA1010 logic analyzer, input standard “3.3 V CMOS” (threshold 1.65 V, adequate for 5 V TTL

levels), 5 MS/s to 10 MS/s; channels 0/1/2=KBRDY/KBDATA/KBACK; analyzer ground to keyboard
ground.

• Key actuation without pads: a disc of household aluminum foil on adhesive tape (tape side towards
the board, acting as the insulating foil), pressed onto a pad pair with a pencil eraser. A finger is not a
suitable substitute: it couples the drive signal to ground rather than into the sense pad.

• Host substitute: none at first, later a wire loop-backKBRDY→KBACK (Section 5, VER-K05/K06).

5 Verifications

VER-K01 PASS

Supply current. Before power-up, the resistance between 5 V and ground was checked for a short circuit.
With 5 V applied the board draws 100 mA, steady. This is plausible: the 8021 alone is specified at 40 mA to
75 mA (Intel Corporation, 1980), the 74LS14 and the sense circuitry take the rest. Neither a short (current at
the limit) nor a dead board (a few mA).

VER-K02 NOTE

Idle lines without a host. A first capture right after power-up showedKBRDY andKBDATAmostly low with
irregular pulses of about 1µs. Such pulses cannot come from the 8021 program, since one instruction cy-
cle already takes 8.38µs. Adding 10 kΩ pull-ups to 5 V on all three lines removed them: the lines then idled
cleanly high. Lesson: without the computer’s line terminations, check first that the lines are not simply float-
ing. (With the totem-pole 74LS14 outputs established later, the pull-ups on KBRDY/KBDATA turned out
to be unnecessary but harmless.)

VER-K03 PASS

Key detection. With pull-ups only (no acknowledge), pressing the foil onto a key pad at t ≈ 0.77 s makes
KBRDY fall and stay low (Figure 4). The keyboard has detected the key, prepared the first bit and now waits
forKBACK. This single edge already proves that the key matrix, the sense circuit and the controller work.
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Figure 4: Key press without a host. KBRDY (channel 0) goes low at t ≈ 0.77 s and stays low; every 251.6 ms it
is released for about 0.23 ms and asserted again (duty cycle 0.09 %, see the measurement panel). KBDATA
(channel 1) holds the first code bit. Kingst LA1010, 5 MS/s.

VER-K04 PASS

Time-out and retry. In Figure 4 KBRDY is briefly released every 251.6 ms (measured period) and pulled low
again. An orderly, periodic pattern of this kind can only come from running firmware: the keyboard gives up
after about a quarter second without acknowledge and restarts the transmission. The controller therefore
executes its program; the 8021 needs no separate ALE check.

VER-K05 NOTE

A resistor is not a wire. The first loop-back used a 1 kΩ resistor from KBRDY to KBACK, together with the
10 kΩ bench pull-up. KBACK fell only to 2.1 V and the keyboard kept retrying. The reason is the on-board
1.5 kΩ pull-up, which was not known at the time. The two pull-ups in parallel (≈ 1.3 kΩ) and the 1 kΩ resistor
form a voltage divider:

VKBACK ≈VO L + (5 V−VO L )
1 kΩ

1 kΩ+1.3 kΩ
≈ 0.25 V+4.75 V ·0.43≈ 2.3 V,

in fair agreement with the measured 2.1 V. For the 74LS14 the positive-going threshold is at most 1.9 V and
the negative-going threshold at least 0.5 V (Texas Instruments, 2016); 2.1 V is a clear high, so the acknowledge
never reached the keyboard.

VER-K06 PASS

Full handshake and decoding. The bench pull-up on KBACK was removed and the resistor replaced by
a plain wire. This is safe: KBACK is an input, and the 74LS14 output driving KBRDY only has to sink
5 V/1.5 kΩ ≈ 3.3 mA, well within its 8 mA rating, at which VO L is typically 0.35 V (Texas Instruments, 2016)
— far below the 0.5 V minimum negative-going threshold. NowKBACK follows everyKBRDY cycle and the
keyboard sends complete packets. Figure 5 shows the packet for the space bar. Reading KBDATA at each
falling edge ofKBRDY:

Cycle 1 2 3 4 5 6 7 8 9
Meaning b0 b1 b2 b3 b4 b5 b6 make stop
KBDATA 0 0 0 0 0 1 1 1 0

The code is b6 . . . b0 = 11000002 = 96, which is the space bar in the key table of freitz85 (2021); the make bit
is 1 (key pressed) and the stop cycle is correct. KBDATA changes shortly before each falling edge ofKBRDY,
as the protocol requires. Timing: one bit cycle 1.12 ms (measured period 1.123 ms), KBRDY low for about
0.5 ms; one packet about 10 ms. The genuine keyboard follows the emulator’s protocol exactly.
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Figure 5: Complete key event with the wire loop-backKBRDY→KBACK: nine handshake cycles,KBDATA
= 0000011 1 0 (LSB first) = code 96 (space bar), make, stop. Kingst LA1010, 10 MS/s.

VER-K07 PASS

All keys, after pad renewal. (Earlier, with the improvised aluminum foil, packets had followed each other
every ≈ 13.5 ms with differing data; the foil was bridging several pad pairs.) With the new pads in place,
every key was pressed and released once or several times in eight captures, exported from KingstVIS as CSV
and decoded with the script of Appendix A. Results:

• every packet has nine cycles and a correct stop cycle; every make is followed by exactly one break; no
repeated or spurious packets;

• 98 distinct key codes were received: 0–7, 9–45, 47–65, 67–74, 76–100, 102;
• codes rise by one along each key row (e.g. Q–P = 34–43, A–L = 55–63, Z–M = 76–82): the Victor codes

are key position numbers, not characters;
• holding the left shift key while typing the digit row gives make(shift), the digits, then break(shift): the

keyboard reports every key independently; modifiers are evaluated by the computer;
• codes 46, 66, 75 and 101 never occurred and are not in the freitz85 (2021) table either; presumably no

key carries them.

VER-K10 PASS

Two keys to clarify. (a) The key F8 sends code 0, not code 8 as the freitz85 (2021) table assigns it. The data line
is not at fault (codes with bit 3 set arrive correctly), and a pad defect would silence a key rather than change its
code. The genuine keyboard is taken as the reference: F8 = code 0; no key sends code 8. The emulator table
deviates here. (Curiously, the emulator also sends code 0 with make = 0 once at start-up.) (b) The backspace
key sends code 25, as in the freitz85 (2021) table (five clean make/break pairs).

6 Key pad renewal

With the electronics proven good, the disintegrated key pads (Figures 1 and 2) were replaced with home-
made pads, following the do-it-yourself route described by VzEkC (n.d.):

1. Cleaning. All foam residue was removed from the circuit board and from the key plungers with iso-
propyl alcohol and cotton swabs.

2. Laminate. Foil from a gold/silver rescue blanket was glued onto one adhesive side of a double-sided
adhesive PE foam tape; the other side kept its release liner (Figure 6c).

3. Punching. Round pads of 10 mm diameter were punched from the laminate with a hollow punch and
a hammer on a wooden block (Figure 6b).

4. Trial. A few key switches were taken out of the frame completely and placed, fitted with a new pad,
directly on the cleaned board (Figure 6d), with the bench set-up of Section 5 connected.

5. Series. After the trial keys worked, the pads of all keys were replaced (Figure 7). The silver side of the
rescue-blanket foil faces the board.
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(a) Materials: rescue blanket (gold/silver), isopropyl alco-
hol, cotton swabs, foam tape; front: a single key switch.

(b) Hollow punch and hammer; the wooden block shows
the punched circles.

(c) Laminate strips (PE foam tape with rescue-blanket foil)
after punching; loose pads lie beside them.

(d) Trial: a single key switch with a new pad placed directly
on the cleaned board.

Figure 6: Making the replacement pads.
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Figure 7: The key frame seen from below with all pads renewed.

VER-K08 PASS

Home-made pads. The trial keys fitted with the new foam-and-foil pads worked at the first attempt when
placed on the cleaned board. All pads were then replaced.

VER-K09 PASS

Which layer touches the board? A rescue blanket is a thin plastic film metallized on one side; its color does
not reliably show which side carries the metal. A continuity test on a spare pad (probes close together on
the surface) showed no continuity on the silver side, which faces the board. The metal layer is therefore
insulated from the board pads: as in the original design, the pad couples drive and sense pad capacitively,
with the plastic film as dielectric, and no aluminum touches the tinned pads.

7 Conclusion

• The Victor 9000 keyboard is functional: supply current, controller (Intel 8021, mask ROM 2137), sense
circuit, 74LS14 line drivers, and the complete serial protocol were verified.

• The genuine keyboard uses the protocol implemented by the freitz85 (2021) emulator: four-phase
handshake, seven code bits LSB first, make bit, stop cycle, about 1.1 ms per bit.

• The keyboard insists on a firm acknowledge: its KBACK input has a 1.5 kΩ pull-up, so the host must
pull the line well below 0.5 V. Without acknowledge it retries every ≈ 250 ms.

• The disintegrated key pads were replaced by home-made pads (PE foam tape plus rescue-blanket foil);
the trial keys worked at once.
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• The failure seen at the Computarium must therefore lie in the Victor Vicki or in the connection between
the two machines.

8 Outlook

1. Key pads: done (Section 6). A commercial alternative would have been the TexElec kit (110 pads, 3/16-
inch snap-in for the Victor 9000; TexElec, n.d.). All keys checked with the decoder (VER-K07, VER-K10).

2. Identify the sense circuit. The 8021 itself has no comparator inputs, so a separate analog sense stage
must exist on the board.

3. Vicki side, without keyboard: compare the connector pin-out with Table 2 pin by pin (by number,
not by wire color) before connecting, especially 5 V and ground; check whether the Vicki supplies 5 V.
Check also any adapter cable used in the first attempt: with this cable’s color code, a color-based
adapter is likely to be miswired.

4. Vicki side, with keyboard: record the three lines while pressing a key. KBRDY low but no KBACK
⇒ the Vicki does not acknowledge (pin-out, driver, or firmware); full handshake but no character⇒
different code table or protocol expectation;KBACK only partly low⇒ a weak driver, the same failure
as VER-K05.

5. If needed, a PIC16F88-based host emulator (handshake plus UART output) can replace the loop-back
and allow controlled variation of acknowledge polarity and delay.

A Decoder for KingstVIS CSV exports

The script reads a KingstVIS CSV export (File→ Export Data, all channels, time in seconds), samples KB-
DATA at every falling edge ofKBRDY, groups edges into packets (gap> 5 ms), and prints code, make/break,
key name and stop check. It was tested against a synthetic capture (space make/break, key “1” make) but
not yet against a real export.

$ py v9k_kbd_decode.py capture.csv
columns: time=0 KBRDY=1 KBDATA=2 KBACK=3
27 KBRDY falling edges, 3 packets
0.100200 s bits 000001110 code 96 (0x60) MAKE SPACE stop ok
0.161900 s + 61.70 ms bits 000001100 code 96 (0x60) BREAK SPACE stop ok
0.223600 s + 61.70 ms bits 101100010 code 13 (0x0D) MAKE 1 stop ok

#!/usr/bin/env python3
"""
v9k_kbd_decode.py - Decode Victor 9000 keyboard traffic from a KingstVIS CSV export.

Protocol (per freitz85/Victor9000Keyboard, keyboard-side view):
keyboard puts bit on KBDATA, pulls KBRDY low
host pulls KBACK low (acknowledge)
keyboard releases KBRDY, host releases KBACK
9 cycles per event: 7 code bits LSB first, 1 make bit (1=press, 0=release), 1 stop cycle (DATA low)

Usage:
py v9k_kbd_decode.py capture.csv [--rdy N] [--data N] [--ack N] [--gap MS] [--invert]
Column numbers count from 0 (0 = time). Default: columns found by name
(KBRDY/KBDATA/KBACK), otherwise 1/2/3.

KingstVIS: File > Export Data > CSV (all channels, time in seconds).
"""
import argparse
import csv
import sys

# Victor code -> key name, reverse of freitz85 Scancodes.h (PS/2 German layout names)
KEYNAME = {

1: 'F1', 2: 'F2', 3: 'F3', 4: 'F4', 5: 'F5', 6: 'F6', 7: 'F7', 8: 'F8',
11: 'ESC', 12: '^', 13: '1', 14: '2', 15: '3', 16: '4', 17: '5', 18: '6',
19: '7', 20: '8', 21: '9', 22: '0', 23: 'SZ', 24: '#', 25: 'BKSP',
26: 'HOME', 27: 'DEL', 28: 'NUM', 30: 'KP/', 31: 'KP*', 32: 'F12', 33: 'TAB',
34: 'Q', 35: 'W', 36: 'E', 37: 'R', 38: 'T', 39: 'Y', 40: 'U', 41: 'I',
42: 'O', 43: 'P', 44: 'UE', 45: '+', 47: 'INS', 49: 'KP7', 50: 'KP8',
51: 'KP9', 52: 'KP-', 53: 'F11', 54: 'CAPS', 55: 'A', 56: 'S', 57: 'D',
58: 'F', 59: 'G', 60: 'H', 61: 'J', 62: 'K', 63: 'L', 64: 'OE', 65: 'AE',
67: 'SCROLL', 69: 'KP4', 70: 'KP5', 71: 'KP6', 72: 'KP+', 73: 'F10',
74: 'L SHFT', 76: 'Z', 77: 'X', 78: 'C', 79: 'V', 80: 'B', 81: 'N', 82: 'M',
83: ',', 84: '.', 85: '-', 86: 'R SHFT', 87: 'ENTER', 88: 'ARR U',
89: 'ARR D', 90: 'KP1', 91: 'KP2', 92: 'KP3', 93: 'KPEN', 94: 'F9',
95: 'ALT', 96: 'SPACE', 97: 'CTRL', 98: 'ARR L', 99: 'ARR R', 100: 'KP0',
102: 'KP.',
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}

def load(path, rdy, data, ack):
with open(path, newline='', encoding='utf-8-sig', errors='replace') as f:

rows = list(csv.reader(f))
header = [h.strip().upper() for h in rows[0]]

def col(name, given, default):
if given is not None:

return given
for i, h in enumerate(header):

if name in h:
return i

return default

c_rdy, c_data, c_ack = col('KBRDY', rdy, 1), col('KBDATA', data, 2), col('KBACK', ack, 3)
if c_ack == c_data: # e.g. a combined 'KBDATA/KBACK' label: no separate ACK column

c_ack = len(header)
print(f'columns: time=0 KBRDY={c_rdy} KBDATA={c_data} KBACK={c_ack} (header: {rows[0]})')
samples = []
for r in rows[1:]:

try:
t = float(r[0])
samples.append((t, int(float(r[c_rdy])), int(float(r[c_data])),

int(float(r[c_ack])) if c_ack < len(r) else None))
except (ValueError, IndexError):

continue
return samples

def decode(samples, gap_s, invert):
# falling edges of KBRDY; KBDATA sampled at the edge (data is set before RDY goes low)
edges = []
for (t0, r0, d0, a0), (t1, r1, d1, a1) in zip(samples, samples[1:]):

if r0 == 1 and r1 == 0:
edges.append((t1, d1))

if not edges:
print('no KBRDY falling edges found - check column assignment')
return

packets, cur = [], [edges[0]]
for e in edges[1:]:

if e[0] - cur[-1][0] > gap_s:
packets.append(cur)
cur = [e]

else:
cur.append(e)

packets.append(cur)

print(f'{len(edges)} KBRDY falling edges, {len(packets)} packets\n')
prev_t = None
for p in packets:

bits = [(1 - d) if invert else d for _, d in p]
t = p[0][0]
dt = f'+{(t - prev_t) * 1e3:8.2f} ms' if prev_t is not None else ' ' * 12
prev_t = t
raw = ''.join(str(b) for b in bits)
if len(bits) == 9:

code = sum(b << i for i, b in enumerate(bits[:7]))
make = 'MAKE ' if bits[7] else 'BREAK'
stop = 'ok' if bits[8] == 0 else 'STOP?'
name = KEYNAME.get(code, '?')
print(f'{t:10.6f} s {dt} bits {raw} code {code:3d} (0x{code:02X}) {make} {name:7s} stop {stop}')

else:
print(f'{t:10.6f} s {dt} bits {raw} ** {len(bits)} cycles, expected 9 **')

def main():
ap = argparse.ArgumentParser(description=__doc__, formatter_class=argparse.RawDescriptionHelpFormatter)
ap.add_argument('csv')
ap.add_argument('--rdy', type=int)
ap.add_argument('--data', type=int)
ap.add_argument('--ack', type=int)
ap.add_argument('--gap', type=float, default=5.0, help='packet gap in ms (default 5)')
ap.add_argument('--invert', action='store_true', help='treat KBDATA as active low')
a = ap.parse_args()
samples = load(a.csv, a.rdy, a.data, a.ack)
if not samples:

sys.exit('no samples read')
decode(samples, a.gap / 1e3, a.invert)

if __name__ == '__main__':
main()
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