GPS PPS

Teoriden mevcut projeye zaman mapping'i

LNAV / HOW / TOW « ABS SAMPLE < WLS clock bias
125 MHz cross-timestamp ¢ APB atomic commit < Pl loop

Tasarim hedefi

Navigation ¢c6zUmunun Urettigi GPS zaman bilgisini, RF 6lcim epoch'unu kaybetmeden
125 MHz free-running zaman tabanina baglamak; yazilim ve APB gecikmesini PPS fazina
tasimadan dusuk bant genislikli bir Pl ile kararli 1 PPS Gretmek.

Kapsam: mevcut C ve RTL davranisi + sentetik event-driven dogrulama modeli

Kaynak: software/pps_python




GPS PPS TASARIM RAPORU

Yonetici ozeti

Bu projede konum WLS'i dogru calisirken elde edilen dérdincu state, dogrudan 125 MHz receiver clock
fazi degildir. Pseudorange'lar her epoch'ta minimum ABS_SAMPLE ile normalize edildigi icin RF
sayacinin mutlak fazi observation'dan cikar. WLS bias; 68.802 ms sentetik datum ile minimum kanalin
gozlenen ucus suresi arasindaki ortak farki tasir.

Yanhs baslangic Dogru baslangic

ilk HOW/TOW interrupt'l geldiginde PPS 125 MHz raw counter siirekli calisir. ilk
zamanini 'simdi' kabul etmek. HOW transmit HOW mutlak zaman etiketini saglar. ilk
subframe sinirini etiketler; receive event coherent WLS, ucus suresini ¢ikarir ve GPS
bundan signal flight time kadar sonradir. receive time'l ayni epoch'un 125 MHz

timestamp'ina bagdlar.

_ b
Teps,k=Trx,k+S—%¢

Minimum corrected-ABS kanalinin receive GPS zamani; ilk delivery icin TTX,k = HOW + 0.180 s

ex = Teps, k — Trocar(Ci2s, k)

Pl'ye girecek gercek phase error; GPS reference — local disciplined time

* Minimum kanal yalniz datum'u secer; clock bias buttin uydularla birlikte ¢ézulur.

®* WLS compute ve APB gecikmesi epoch timestamp ile tasinir; Pl bu gecikmeyi oscillator hatasi
sanmaz.

®* Raw 125 MHz counter resetlenmez. PPS, ayri bir disciplined accumulator/NCO UGzerinden Uretilir.

* jlk dort uydulu ¢c6zim zaman acisindan daha giriltilidir; coarse alignment yapilabilir fakat
loop dusUk bant genislikli tutulmalidir.
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GPS PPS TASARIM RAPORU

Once zamanlar ayiralim

GPS system time Tracking/PPS time

olcim mapping
Uydularin navigation s 16.368 MHz AFE kenarlarinin ~ __,, 125 MHz free-running counter
mesajinda etiketlenen ortak sayimi. ABS_SAMPLE sinyalin ve ondan tlretilen
zaman. HOW Z-count bunun 6 receiver'a hangi RF sample disciplined GPS accumulator.
saniyelik kaba sinirini civarinda ulastigini 6lger. Fiziksel PPS kenar 8 ns grid
Uzerindedir.

Verir.

Sorunun 6zu U¢ zamanin ayni sey sanilmasidir. GPS TOW transmit zamanini, ABS_SAMPLE receive
olayini, 125 MHz counter ise local oscillator fazini temsil eder. PPS tasarimi bu G¢l arasinda

timestamp'li bir déntstm kurar.

trx, i =trx, i+ Ti

Signal time-of-flight ile transmit - receive déntsumu

C125(t) =Co+ 125MHz (1 + &)t

Free-running local oscillator; f drift/frequency error

Tpisc(C) =To + a(C — Cop)

PPS modullntn kuracagi GPS-time mapping; a Pl ile yavasca disipline edilir

Temel kural

Bir zaman degeri tek basina yeterli degildir. Her GPS zaman referansi, gecerli
oldugu hardware counter degeri ve epoch sequence ile birlikte tasinmaldir.
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GPS PPS TASARIM RAPORU

GPS L1 C/A LNAV zaman hiyerarsisi

30 bit 10 word

Bir navigation bit — > 1 word = 600 ms —_— 1 subframe =6 s

Bir GPS frame = 5 subframe = 30 s
SF1 S ) SF 3 SF 4
6s 6 s 6 s 6s

Bir subframe'in 10 word'u

m W3 w4 W5 W6 W7 W8 W9 W10
—

smit-time etiketi

HOW Z-count: sonraki 6 s subframe sin

Mevcut hardware 9. takip eden bitte teslim eder: 9 x 20 ms = POSTPONE_TOW = 180 ms

Projede hardware ne yapiyor? Software ne yapiyor?

TLM preamble detection, word parse_subframe(), HOW alanini ¢ikarip
polarity/timleyen ve parity akisi tracking Z-count x 6 ile tow.sec yapar; subframe 1-3
wrapper'da yapilir. Software'e 10 adet ephemeris, SF4 page 18 iono/UTC, SF5 almanac
navigation word ve subframe-ready interrupt referansini ginceller.

gelir.

PPS acisindan kritik anlam

HOW zaman etiketi receiver interrupt ani degildir. Uydunun saat dizeltmesi, signal
flight time ve tracking/pipeline gecikmesi eklenmeden 125 MHz local counter'a
baglanamaz.
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GPS PPS TASARIM RAPORU

Transmit subframe siniri receiver'a ne zaman gelir?

GPS transmit time

SF n+1basi
SF n basi HOW etiketi
Receiver events
SV-8V/-A
uzakryakin

4T
Trx,i = THow + 211 — 6tsy

Ayni transmit siniri her kanalda farkli receive timestamp Uretir

Butun kanallar zaten locked ise

Ayni subframe sinirinda en kisa gézlenen Acquisition tamamlanmasi, bit lock ve hangi
ucus suresine sahip kanal dnce event Uretir. tam subframe'in yakalandigi 6 saniyelik
Fark birkac ms mertebesinde olabilir. adimlarla degisebilir; ilk HOW yalniz

yakinlikla secilmez.

Mevcut yazilim/RTL analizi ve Python zaman modeli 5



GPS PPS TASARIM RAPORU

Mevcut projede olcumun uctan uca akisi

3 ( A
trck_top / bit_gen tracking wrappe
_—> —> -—>
16.368 MHz 4-bit RF data trk_clk alaninda AFE ABS_SAMPLE PCLK register interrupt
edge sayimi REM_CODE_PHASE flags
J \ | J
( N ( ) Y ( )
Pseudorange Coherent snapshot Linked-list state Tracking ISR
+—r +—
minimum + 68.802 ms 25 ms window modulo TOW owner sequence + event queue + shadow
unwrap sample counter
L J J J \ y
( v ) ( ) ( )
Satellite model Weighted LS Bugunku cikis
> . —
TOW + 180 ms [XY Z b] iono + tropo + position log + static
ephemeris/clock URA/el last_solution[4] clock bias
disari tasinmiyor
. J k J k J
( A
PPS icin eklenecek veri bagi
ABS_SAMPLE ve REM_CODE_PHASE ile ayni logical measurement eventinde 64-bit
tracking_counter_125 latch edilecek. WLS sonucu [b, GPS transmit label, reference SVID,
counter timestamp, epoch sequence] olarak atomik tasinacak.
N\ Y,
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GPS PPS TASARIM RAPORU

Nav-solve epoch ve coherency davranisi

Transmit nav bit sinirlari (20 ms)

NAV_SOLVE_TIMER=10

0 ms

SV 2

SV 5

SVo

Software snapshot

En yeni raw ABS_SAMPLE referans alinir.
Diger kanallar signed modulo-32 delta ile
unwrap edilir; corrected double yalniz
pseudorange'a gider.

200 ms

ABS/REM

ABS/REM

25 ms coherence window

TOW ownership

ilk gercek nav-solve eventine kadar HOW
gunceller. Sonra her event TOW'u sabit Nx20
ms artirir; arkadaki nav bits ephemeris'i
guinceller fakat live TOW'u yazmaz.

PPS timestamp da ayni snapshot kuralini izlemeli; ISR'In okuma ani élciim epoch'u degildir.
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GPS PPS TASARIM RAPORU

Mevcut pseudorange datum'u nasil kuruluyor?

1 Fractional RF sample duzeltmesi

corr _ praw __ REM;
Ai Ai 1.023 x 10°

2 Wrap-safe coherent unwrap ve minimum sec¢imi
Amin = min (A
1
3 C kodundaki sentetik propagation datum'u

corr
A,' — Anmin

/A .
Pr=E —16.368MH2+5 + cOtsy, |

S = 68.802 ms; gps_ip.c icinde ms formunda hesaplanir

Minimum neden var? 68.802 ms neden var?

Raw ABS SAMPLE'In receiver acilisina bagli Goreli range'leri fiziksel 20-26 bin km
blyuk ortak sayisini ¢ikarir. Uydular arasi bUyukligine tasir ve WLS common bias'i
arrival-time farklari korunur; konum sifira yakin tutar. Yeni bilgi eklemez;
geometrisi bu farklarda bulunur. datum secer.

Sonug: common RF counter fazi (A0) minimum cikariminda iptal olur. Bu nedenle WLS b dogrudan physical 125 MHz clock phase degildir.
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GPS PPS TASARIM RAPORU

Weighted least squares ve dorduncu state

Standart GNSS observation modeli receiver position ve receiver clock bias'i ayni anda ¢6zer. Bu
projede uydu saat dizeltmesi pseudorange'a eklenir; ionosphere ve troposphere WLS residual

modelinde cikarilir.

P,'=p,'(X,Y,Z)+b+I,'+T/+E,'

x=[XYZb],

Ai=[-uix —ujy —uiz1]

Ax=(ATWA)"IATWr

Agirlik modeli

URA varyansi ile elevation-dependent 3
m/sin(el) varyansi toplanir; agirhk
1/variance olur ve maksimum agirliga
normalize edilir. Normalize etmek ¢c6zimu
degistirmez.

C implementasyon notu

Matematiksel olarak common range bias
state'idir. Fakat observation minimum
ABS SAMPLE ve S ile tanimlandigi igin
fiziksel local timer — GPS time anlami
ancak TOW ve timestamp ile handover
yapildiginda olusur.

last_solution[4] butun state'leri bir sonraki solve'a seed eder. Convergence
normVect(xVec) ile yalniz XYZ update'e bakar; final clock update Python CSV'sinde

ayrica izlenir.
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GPS PPS TASARIM RAPORU

WLS bias'tan signal flight time nasil cikar?

Ayni transmit nav-bit siniri icin receiver arrival zamani:

I
trx, i = trx + BT — tsy

Bu ifade minimum-normalized observation'a yerlestirilirse:

b = ¢S — (Pmin + Imin + Tmin) + € Otsy, min

b, batln uydularla ¢6zulir fakat observation origin'i minimum kanaldir

Dolayisiyla minimum kanalin gozlenen ucus suresi:

TObS =S — ? — Pmin + Imin + Trmin

min — C - 6tSV, min

Bu deger transmit GPS time'l receive GPS time'a tasir

Neden raw b/c Pl'ye verilmez? Neden TOW + S — b/c sureklidir?
Referans uydu degisince path_min degisir ve Her epoch'un transmit etiketi ve secilen
b/c milisaniyelik basamak yapar. Bu kanalin timestamp'l birlikte degisir. Dogru
oscillator phase step degildir; datum cift kuruldugunda receiver GPS time strekli
degisimidir. kalir.
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GPS PPS TASARIM RAPORU

GPS time ile 125 MHz counter mapping'i

ilk coherent WLS epoch'u k

( \ ([ )
Transmit etiketi WLS flight time
-—> -—>
ilk delivery: HOW + 0.180 s Tmin = S — b/c all- T_GPS,k = T_TX,k + tTmin
sonra nav-solve epoch satellite solution
. J J

Ownership: baremetal T_TX,k = eph.tow + POSTPONE_TOW'u bir kez kurar;
PPS peripheral tekrar eklemez.

( \ [ v A
Hardware timestamp Mapping anchor
-—>
C125,k ayni ABS/REM event (C125,k, T_GPS,k, seq)
. J J

Teps(C) = Tgps, k + ax(C — C125,«)

Baslangicta a = 1/125 MHz; TRACK state'inde Pl ile kiicuk frequency duzeltmesi eklenir

Bir baska uydu kullanilirsa

Kendi p+I14+T ve satellite-clock Per-SV mapping farklari PPS'i ayri ayri
dlizeltmesiyle kendi receive time'l bulunur; baslatmak icin degil, stale sample, yanlis
kendi C125 timestamp'ina baglandiginda ayni TOW veya channel timing hatasini yakalamak
affine mapping ¢cikmalidir. icin kullanilabilir.

Mevcut yazilim/RTL analizi ve Python zaman modeli 11



GPS PPS TASARIM RAPORU

PPS zaman ownership state machine

( \ ( )
FREE_RUNNING ) ) COARSE ALIGNED
- ilk HOW WLS + timegtamp -
—> —>
Raw 125 MHz counter Ik valid HOW/week 6 s Ilk coherent WLS anchor
calisir GPS time valid absolute label atomik commit
degil
. J k J
coarse fommit
returns
( / A ( v 1
HOLDOVER ) TRACK
solution Ipss
d__
Son frequency tutulur Her epoch phase error PI
PPS quality downgraded rate discipline
\ J \ J
PPS valid politikasi Sayac reset politikasi
TOW_KNOWN yalniz kaba time-of-week saglar. Raw counter hicbir state gecisinde
Accurate PPS valid bayragi COARSE_ALIGNED resetlenmez. Coarse alignment yalniz
sonrasl acilir. Dort uydu ¢6zimu valid disciplined accumulator'in
olabilir fakat quality disuk raporlanir. anchor/offset'ini degistirir; TRACK

sirasinda phase jump yapilmaz.
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GPS PPS TASARIM RAPORU

Cross-timestamp ve clock-domain siniri

125 MHz / PPS tarafi

raw_counter_125
AFE edge count ABS_SAMPLE raw 64-bit, always running 8 ns

integer tick

\ | J

( l )

source snapshot

ayhi logical evgnt

REM_CODE_PHASE corrected ABS counter latch + event toggle
stable bundled data
\ J

CDC kurah Fractional dizeltme
Increment eden 64-bit counter bus'i REM correction RF raw edge'den code
dogrudan PCLK'de okunmaz. Source domain boundary'ye geri tasir. Ayni stire 125 MHz
latch + toggle/ack veya yeterince uzun timestamp'a da Q-format fractional tick
stable bundled-data protokolt kultanitir: olarak uygulanmahdir.

Onerilen measurement tuple: {epoch_seq, raw_abs, rem_code_phase, tracking_counter_125, SVID}
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GPS PPS TASARIM RAPORU

WLS compute ve APB gecikmesi faza nasil karismaz?

satellite arrival span APB
capture son uydu
Ck, ABSk snapshot hazir APB COMMIT current Cnow

Tees, now = Taps, k + A(Cnow — Ck)

Reference eski epoch'a aittir; peripheral counter farkiyla commit anina tasir

Timestamp yoksa Timestamp varsa

T _GPS,k degeri APB geldigi anda gecerli Software latency 6lcimden cikar. Geriye
sanilir. Capture-»commit siiresi dogrudan feedback komutunun gecikmesi kalir; disuk
phase offset gibi gérunir ve PI bant genislikli loop icinde yalniz phase
oscillator'i yanlis yénde surer. margin'i etkiler.

Eused(S) = E(s)e™sP

D sabit feedback delay; bandwidth yUkseldikce phase margin azalir

APB register'lari shadow olmali; biitiin 64-bit/fractional alanlar yazildiktan sonra tek sequence-tagged COMMIT yapilmalr.
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GPS PPS TASARIM RAPORU

Pl kontrollu disciplined PPS mimarisi

( Y\ ([ ) ( )
WLS reference Pl GPS accumulator
> -—> —>
e = GPS — local 5 Hz Kp e + [Ki e dt anti- nominal increment + fractional phase
update windup signed correction integer-second wrap
\ J \_____local fime at cap#ured dqunter _ | Y,

PIPS

1\ //

Ik = clip(lx -1 + KiTsek)

Uk = clip(lx + Kpex), faisc = fraw(1 + k)

Neden raw counter degismez?

Debug ve timestamp monotonic kalir; phase Fiziksel PPS edge 8 ns grid'dedir.
jump olusmaz. Coarse alignment ve Pl yalniz Fractional accumulator uzun dénem frequency
GPS accumulator mapping'ini degistirir. ¢6zUnarltgunu iyilestirir fakat tek edge'i

clock kenarlari arasina koyamaz.

Python baslangi¢c parametreleri: natural frequency 0.035 Hz, damping 0.9, max slew 20 ppm. Final degerler kart oscillator logundan secilmelidir.
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GPS PPS TASARIM RAPORU

Kontrol loop'unun kapali cevrim modeli

—

( h
+
o Pl C(z) u
TGps,k —» —»
Kp-e + integral anti-
windup
J

dback at epoch k

yOSC

raw 125 MHz

fractional frequency e(rror

-> —»
z~4 / variable D rate
clamp

ulk—d]

Plant G(z)

—199 = TrocaL — Taps
frequency - phase
accumulator

v

\

Timestamp'h phase detector

TGPS,k ve TLOCAL(C125,k) ayni
measurement epoch

Cls)=K,+5,  G(s)=1, L(s)=CL™

S edge
antizer: 8 ns

Pl rate duzeltmesi Uretir; accumulator frequency error'i phase'e integre eder

lk+1=clip(lx + KiTsex),

Ts = NAV_SOLVE _TIMER x 20 ms = 200 ms; update rate 5 Hz

Ok +1 =06k + Ts(Yosc, k + Uk - q) + W,

U = C/ip(lk + erk)

exr=—06r+ vk

0 local—GPS phase; v WLS/timestamp noise, w unmodelled phase disturbance

Coarse alignment bu lineer TRACK loop'un disinda, bir defalik anchor yuklemesidir. HOLDOVER'da e_k giincellenmez;

integrator/rate word dondurulur.

Mevcut yazilim/RTL analizi ve Python zaman modeli
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GPS PPS TASARIM RAPORU

Python event-driven modelinde ne taklit edildi?

16.368 MHz, ortak/bagimsiz ppm drift, 32-bit wrap, fractional REM correction

Navigation Ortak 20 ms transmit-bit epoch; NAV_SOLVE_TIMER=10 - 200 ms

Sentetik gercekci ECEF/az-el geometrisi, satellite clock, path delay

Corrections Earth rotation, Klobuchar, aktif C troposfer modeli, URA/elevation noise

Modulo unwrap, minimum + 68.802 ms, clock correction, cached four-state WLS

Latency Satellite arrival span, WLS compute, scheduler stall, APB jitter

125 MHz raw oscillator, coarse mapping, timestamped/untagged PI, 8 ns edge grid

Modelin siniri

Gercek broadcast ephemeris ve kart oscillator phase-noise kaydi yerine sentetik
geometri/drift kullanilir. Bu rapordaki sayisal Pl sonucu mimariyi dogrular; final
performans garantisi degildir.

Mevcut yazihm/RTL analizi ve Python zaman modeli 17



PYTHON MODEL SONUCLARI

WLS datum, reference degisimi ve cold-start geometri

Current C observation datum: raw WLS bias is not the PPS phase error

= oo e

| [

| |
¥l

WLS bias / ¢ [ms)
"

j

W YRR N f I'r.- ALY _-_..bfr-.“iln_ll't"|"ll..','\-1'.'|'.'| lll‘.‘Fﬁ]ill"lill"_l

TOW +bias reference errar [ns]
i
o
o

1

W, e
fUET M i ("" ity }(".'fr,'ff’-;]‘“lMﬂ'}ql,jd.]i.l."rﬁw[ﬁum’|’»‘|”F‘1;‘.|*]ﬂlﬂ\.11_

10!

Position error [m]

i

lull

1 — satellite count
minimurmreference SViD

count / SVID
&= w o

('*]

ka

o 25 50 75 100 125 150 175
True elapgsed tirme [s]

Raw b/c referans SVID degisince milisaniyelik basamak yaparken TOW+bias ile rekonstriikte edilen zaman hatasi ns
seviyesinde kalir. Dort uydulu ilk bolim position/clock acgisindan belirgin sekilde daha guraltaladar.
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PYTHON MODEL SONUCLARI

Ilk HOW neden PPS receive-now degildir?

Cold-start TOW ownership and PPS coarse alignment

Acquisition/subframe phase can dominate proximity Wrong: parsed HOW used as receive-now
0.35 1400 -
0.30 1200
0.25 1000 1
ey
g 0.20 800 4
? 0,15 600 4
0,10 400 4
0.05 1 200 I I I
0.00 - 0 - T
1 F 3 4 5 & 7 B ~-263 ~260 —-158 -156 -154 -152 =250 —248
First valid HOW SWVID Phaze arrer [me]
Provisional: HOW + 180 ms + 68.802 ms Correct: TOW + flight time paired with 125 MHz timestamp
1400 1 700 1
1200 &00
100 4 500 4
ELLE 400 4
GO0 200 4
400 4 200 4
200 4 100 4
[ r T ¥ r T T 0L T —
=12 =10 -8 -6 -3 -2 a =400 =300 =200 -100 0 100 200 300
Phase errar [ms] Phase error [ns)

Sentetik acquisition/subframe Monte Carlo: mevcut hardware delivery, dokuzuncu takip eden bit nedeniyle HOW sinirindan
180 ms ve signal flight time kadar sonradir. HOW +180 ms +68.802 ms kaba yaklasim birakir; WLS flight-time + paired
timestamp dogru handover'dir.
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PYTHON MODEL SONUCLARI

Capture-to-commit gecikme bilesenleri

Compute/APB latency belongs te an old, timestamped epoch

—— satellite arrival span
WLS compute
h —— arg

4= o (=
(=] (=] (=1

Delay component [ms]

L
(=1

100 -
&0
B0
40

ol gty AN

0 25 50 75 100 125 150 175
True elapsad time [s]

Capture te commit [rms]

Satellite arrival span, WLS compute ve APB delay ayni epoch'un age bilgisidir. Timestamp varsa phase offset degildir;
timestamp yoksa dogrudan PPS hatasina donuUsur.
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PYTHON MODEL SONUCLARI

Timestamp'h Pl loop cevabi

125 MHz disciplined time: timestamping versus delayed APB-now

3500 1 —— timestamped P
3000 4
2500 4
2000 {
1500 -

10040 1 |

P phase [ns]

S0 J

=500 1 e ———————
T T T T T T T T

300 4 timastamped, Pl disabled
230 1
200 1
150

1040 4

Free-run phase [us]

50 4

=-17.04
— ol reference treated as APB-now

=17.5 1

-1B.0

=18.5 4

Untagged phase [ms]

=18.0 1

[

— R f“'EIIILIEI"l{:f' command
raw 125 MHz ozcillator

Freguency [pgm)
(=]

I
-

I
(4]

T

1] 25 50 75 100 125 150 175
True elapsed time [s]

Timestamp'li Pl raw oscillator driftini rate command ile karsilar. Pl kapali clock ytzlerce us struklenir; eski GPS
referansini APB-now sanan kontrol ise ms seviyesinde yanlis faza oturur.
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PYTHON MODEL SONUCLARI

PPS edge sonucu ve 8 ns output grid

PPS edge error, including 8 ns output quantization

500 A

-500
-1000
-1500 1

-2000 H

~2500 4 1
~3000 !
~3500

Pradicted PPS armor [ns]

== tlimestamped Pi

1
L
=]

—100 - .h""--"

=150 1

Frea-run PPS emor [us]
[
P
a
[=]

=250 1

=300 4

19.0 4

16.5 4

18.0 4

17.5

Untagged PPS error [ms]

1701

100 125
True elapsed time [s]

o 25 50 75

150

175

Timestamp'li loop ilk transient sonrasinda sub-us bdlgeye iner. Bu sentetik katsayi sonucu mimari karsilastirmadir;

gergek kart noise/drift verisi olmadan final dogruluk iddiasi degildir.

Mevcut yazilim/RTL analizi ve Python zaman modeli
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GPS PPS TASARIM RAPORU

Onerilen PPS APB sozlesmesi

CONTROL

STATUS

RAW_COUNTER

EPOCH_COUNTER

GPS_SECONDS

GPS_FRACTION

EPOCH_SEQUENCE

KP /Kl

MAX_SLEW

COMMIT

PPS_DIAG

RW / bitfield

RO / bitfield

RO / uint64

WO shadow / uint64

WO shadow / uint64

WO shadow / Q0.32

WO shadow / uint32

RW / fixed point

RW / signed ppm/Q

WO / pulse

RO / signed

enable, coarse_commit, track_enable, holdover,
clear_status

tow_known, aligned, tracking, pps_valid, stale_seq,
saturation

Degistiriimeyen 125 MHz free-running counter

WLS referansinin gegerli oldugu captured counter

Baremetal tarafindan epoch-aligned edilmis GPS
reference second

Receive GPS time fractional second

Out-of-order/stale APB commit korumasi

PI coefficients; units register spec'te agik
tanimlanmali

Rate correction clamp ve anti-windup siniri

Batlin shadow alanlan tek tracking-clock eventinde
aktive eder

Son phase error, integrator, rate word, age/quality

Hardware'a double tasinmaz. Counter integer tick, GPS fraction ve rate correction igin
aclk signed/unsigned Q formatlari; software conversion ve saturation kurallan birlikte

tanimlanir.

Mevcut yazilim/RTL analizi ve Python zaman modeli
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GPS PPS TASARIM RAPORU

Uygulama sirasi: olculebilir kucuk adimlar

Measurement contract

WLS result struct: XYZ, b, reference SVID, corrected ABS, C125, TOW, sequence.

Timestamp-only RTL

64-bit raw counter ve ABS/REM ile paired per-channel capture; PPS Uretme.

Cross-check

AC125 = AABS x 125/16.368 iliskisi, wrap ve fractional REM testi.

Open-loop coarse

ilk HOW + coherent WLS ile affine anchor; PI=0, yalniz PPS scheduling.

Latency injection

WLS/APB'ye yapay delay ekle; timestamp'li PPS fazi degismemeli.

P-only

isaret, Q format, max slew ve phase response dogrulamasi.

Pl track

Kart drift/noise logundan Kp/Ki seg; saturation ve holdover testleri.

System tests

4/5/7 SV, drop/re-acq, reference change, week rollover, stale commit.

Go/no-go kurali

Bir asamanin timestamp ve sign testi gecmeden sonraki kontrol katmani aciimaz. ilk
hardware hedefi iyi PPS degil, dogru élciim epoch'udur.
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Dogrulama matrisi ve beklenen sonuc

Test

ABS common +5 ms

STARTOFFSET +1 ms

32-bit ABS wrap

Reference SVID

degisimi

APB +50 ms delay

Out-of-order commit

4 - 7 satellite

Tracking drop/re-acq

GPS week rollover

HOW pipeline sweep

Beklenen

XYZ ayni; normalized b ayni

XYZ ayni; b +cx1 ms

Pseudorange sureklidir

Raw b step; mapped GPS time
continuous

Timestamped PPS fazi degismez

Eski sequence reject

Timing noise azalir; loop
stabil kalir

No phase jump; quality/holdover
dogru

Continuous seconds ve PPS
dizgin

Sabit calibrated offset

Kart olcimiinde gerekli log

Observation common phase
iptalini kanitlar

Datum donlistim isaretini

kanitlar

Signed modulo unwrap

Min datum ownership

Epoch association

Stale result korumasi

Cold-start geometri

State transition

TOW normalization

POSTPONE/pipeline semantigi

epoch sequence, SVID set, raw/corrected ABS, C125 capture, TOW source, WLS b, mapped phase

error, Pl integrator/rate, compute/APB age ve PPS edge timestamp.
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Projede olculerek kapatilacak acik noktalar

parse_subframe Z-count x 6 yapiyor. Full-subframe interrupt, bit_ gen ABS_SAMPLE ve gercek transmit
next-subframe siniri arasindaki sabit pipeline cycle sayisi scope/ILA ile dlgilmeli.

POSTPONE_TOW = 0.180

Mevcut RTL readout gecikmesidir: dogrulama dokuzuncu takip eden bitte yapilir; 50 bit/s hizda 180
ms. Mevcut satpos() kullanim aninda bir kez ekler; PPS peripheral tekrar eklemez.

RF & 125 MHz bag

Ayni PLL/reference mi, bagimsiz mi? Ortak drift ve independent jitter dlclilmeli; cross-timestamp
uncertainty buna goére blitcelenmeli.

Cold-start WLS timing

Dort uyduda vertical/clock korelasyonu ylksek. Coarse alignment yapilabilir; PPS quality dlsuk
isaretlenmeli ve Pl bandwidth agresif segilmemeli.

lono/tropo modele girse de residual b ve position'a sizar. Timing-only mode veya sabit/smoothed
position ileride clock ¢6zUmuUnu iyilestirebilir.

Hardware fixed point

Phase, frequency word, Kp/Ki ve fractional timestamp Q formatlarinin overflow, saturation ve
rounding davranisi bit-accurate Python modeline eklenmeli.

Tasarim sonucu

Bu acik noktalar PPS mimarisini degistirmez; yalniz sabit offset, uncertainty butcesi
ve final Pl katsayilarini belirler.
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Sonuc: projeye uygun en yalin PPS zinciri

Raw clocks Paired capture

16.368 MHz measurement + 125 MHz ABS / REM / C125 / sequence ayni event
monotonic counter

L J \. J
Coherent WLS GPS receive time
minimum datum + all-satellite [XYZ b] T_TX(epoch-aligned) + 68.802 ms — b/c

( ) ( )
Atomic mapping Disciplined PPS
(C125,k, TGPS,k, seq) shadow + commit immutable raw counter + low-bandwidth PI

accumulator

ek = (Trx k +S — bi/c) — Trocar(Ci2s, k)

Butln raporun tek satirlik 6zeti

En onemli mimari karar

ilk uydu PPS'i baslatmaz. Baremetal HOW'a 180 ms readout diizeltmesini bir kez uygular;
ilk coherent WLS bu etiketi free-running 125 MHz counter'a baglar. PPS peripheral 180
ms'yi tekrar eklemez.
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