Real - Ti mne Low Latency | MJ Sensor Fusion Al gorithm
Settings

1. IMJ weight config

Sel ects the overall bal ance between | MJ dead reckoning and ul trasonic
position corrections. Options: Low (US corrections dom nate —out put closely
follows US positions, faster convergence, noisier output), Medium (bal anced
default), Hi gh (I MJ dead reckoni ng dom nates —snooth out put, sl ower
correction). Select User-defined to control the individual balance paraneters
(items 2, 3, 4) manually instead of using a preset.

2. Decay rate of drift toward zero, Hz

Rate (1/s) at which the accunul ated position offset between the | MJ trajectory
and the ultrasonic track is driven back to zero. Hi gher val ues nmake the out put
converge faster to the US position; |ower values let the | MJ dead-reckoning

i nfl uence last |onger, giving a snoother but slower-correcting output. Active
only when I MJ wei ght config is set to User-defined

3. Velocity bl endi ng wei ght

At each ultrasonic fix, the IMJintegrated velocity is blended toward the
velocity derived fromtwo consecutive US positions. This paraneter sets the
maxi mum bl end fraction: 0.0 keeps the | MJ vel ocity unchanged; 1.0 replaces it
fully with the US-derived value. The actual blend is also scaled by the
reliability of the fix. Active only when | MJ weight config is set to
User - def i ned.

4. US junp al pha for outlier suppress

Fraction of the position discrepancy between the current 1 MJ position and an
incoming US fix that is applied imediately at the nonent the fix is
processed. Values closer to 1.0 snap the output quickly to the US position

| ower val ues spread the correction over time through the drift-decay
mechani sm Active only when | MJ weight config is set to User-defined.

5. Hedge nount offset, degrees

The angl e between the physical beacon pair axis (line connecting the two
beacons in a nobile pair) and the | MJ body X axis. Must be set correctly for
the continuous yaw correction from paired beacons to align with the true
headi ng direction. For exanple, 90° neans the pair axis aligns with the IMJY
axi s.



6. Extrapol ate US position (enabl ed/ di sabl ed)

Wien enabl ed, the ultrasonic position is shifted forward in tine by the
processi ng del ay between the rangi ng neasurenent and its application (~68 ns)
using the current I1MJ velocity. This elimnates a systematic backward-step
artifact in the output that otherw se appears at every US fix during

hi gh- speed noti on

7. Vel ocity overshoot fix (enabl ed/di sabl ed)

When enabled: if the | MJ)integrated speed exceeds the US-derived speed by nore
than 2x in the same direction, velocity is imedi ately snapped to the US val ue
i nstead of blending gradually. Prevents the tracked position from coasting
past the beacon's true |location after rapid decel eration

8. Vel ocity undershot fix (enabl ed/ di sabl ed)

When enabled: if the US-derived speed exceeds the | MJ speed by nore than 2x,
the real-tinme lowlatency | MJ sensor fusion assunes the | MJ dead-reckoni ng
has | agged behind (for exanple, because the gyro-rate gate suppressed
acceleration during a fast turn) and i nmedi ately snaps velocity to the
US-derived value for fast recovery.

9. Drift velocity snooth rate

Snmoothing rate (1/s) for the internal drift-correction velocity, which is the
i nner | oop of the second-order drift-decay system Hi gher val ues nake the
drift correction react nore sharply to each US fix; |ower values spread the
correction inmpulse nore gradually. Typical range: 10-30 /s.

10. Velocity decay rate, Hz

Exponenti al decay rate (1/s) applied to the IMJ velocity when no valid
ultrasonic fix has been received for |longer than the stale threshold. Prevents
unbounded position drift during prolonged US outages by gradually bringing
velocity to zero.

11. U trasound stale, sec

If no valid ultrasonic fix arrives for this many seconds, the | MJ sensor
fusion enters stale node: acceleration integration stops and vel ocity decays
toward zero. Should be set |onger than the typical gap between US fixes plus
any expected interruptions.

12. Mninumul trasound quality, %

Utrasonic fixes with a quality value below this threshold are rejected
entirely. Quality (0-100% is reported by the Marvel mi nd hardware based on
signal strength and neasurenment consistency. Increasing this threshold
reduces noise at the cost of discarding nore fixes in difficult environnments.



13. US sigma for outlier suppress, m

When an incoming US fix lands this far fromthe vel ocity-predicted position,
its correction weight drops to 0.5; fixes further away receive progressively
|l ess weight. Set this to match the typical noise level of the ultrasonic
systemin your environment —not the maxi mnum possible junp distance. Typica
val ues: 0.06-0.10 mfor slow nmotion, 0.10-0.15 mfor fast notion

14. US min weight for outlier suppress

Fl oor on the correction weight applied to any US fix, regardl ess of how | arge
its residual is. Ensures that even very suspicious fixes contribute a snall
correction, preventing the | MJ sensor fusion fromconpletely ignoring the US
track after a large position error.

15. Use US trust weights (enabl ed/ di sabl ed)

Enabl es the trust-recovery system After a fix is flagged as an outlier
subsequent fixes are conpared agai nst the | MJ dead-reckoni ng prediction
rather than the previous US position, making further wong-track fixes
visibly inconsistent. Trust in the US track rebuilds gradually over the
follow ng non-outlier fixes. Disabling this applies all fixes with their raw
outlier-suppression weights only, wi thout the additional prediction-based

bl endi ng.

16. US trust ref residual, m

Ref erence junp distance for the trust-rebuild tine calculation. A position
junp of exactly this size triggers a rebuild lasting “US trust N base”
consecutive valid fixes. Larger junps scale the rebuild period up (toward N
max); smaller junps scale it down (toward N min).

17. US trust N base

Basel i ne nunmber of consecutive valid fixes needed to restore full trust after
a junp equal to “US trust ref residual”. This count is scaled proportionally
for other junp sizes, then clanped to the Nmn / N nax range

18. US trust N mn

M nimum trust-rebuild duration in fixes, regardl ess of how snmall the outlier
was. Prevents trust frombeing instantly restored even after very snall
di sruptions.

19. US trust N max

Maxi mum trust-rebuild duration in fixes, regardl ess of how |arge the outlier

was. After this many fixes the I MJ sensor fusion unconditionally accepts the

current US track, treating the position as a genuine relocation rather than a
persi stent measurenent error.



20. US stuck N

Nunber of consecutive outlier fixes (while trust is already at zero) required
to trigger forced convergence. This handles the case where the fused position
has diverged so far that every genuine US fix |ooks like an outlier —a
self-reinforcing | oop that woul d otherw se persist indefinitely.

21. US stuck junp scale

M ni mum position junp fraction applied per fix when forced convergence is
active. Overrides the normally-suppressed (low outlier-weight) junp to close
the divergence gap faster than the beacon noves. For exanple, 0.60 neans 60%
of the renmining position error is corrected at each fix.

22. US stuck weight floor

M ni num ef fecti ve wei ght used for the drift-decay rate when forced
convergence is active. Ensures drift correction keeps pace with the |arger
forced position junps.

23. Pos error for velocity danp, m

When the fused output is farther than this fromthe last valid US fix and the
velocity is pointing away fromthat fix (diverging), emergency velocity
danping is applied. This breaks the runaway feedback | oop where accunul at ed

I MJ integration errors push the position ever further fromthe true |ocation

24. Velocity danp nmax rate, Hz

Maxi mumrate (1/s) for the energency position-error velocity danmping. The
actual danping rate ranps linearly fromzero at the threshold distance (item
23) up to this maxi mum Hi gher values correct runaway drift faster but may

al so noticeably reduce speed when the beacon legitimately noves far fromits
last fix.

25. Accel linear threshold, nis2

Worl d-frame |inear accel eration above which a soft velocity limter gradually
reduces the integrated velocity. Intended to prevent velocity runaway when
very |l arge dynam c accel erations make gravity subtraction unreliable. Set
this high enough to | eave nornmal wal ki ng or runni ng unaffected

26. Use velocity accel gate (enabl ed/di sabl ed)

Wien enabl ed, velocity correction at each US fix is reduced in proportion to
the current linear acceleration. Intended to prevent the US-derived velocity
(whi ch averages position over the fix interval) frompulling down the | MJ
velocity during rapid acceleration. Currently reconmrended off —the gyro-rate
gate (itenms 35-37) handl es the sanme cases nore accurately.



27. Accel gate threshold (m s?)

Accel eration | evel at which the velocity accel gate begins suppressing
velocity correction. At this level the correction weight is halved; at twice
this level it reaches zero. Only rel evant when “Use velocity accel gate” is
enabl ed.

28. Snap nmin US speed (nis)

M ni mum US- deri ved speed required for the overshoot and undershot snap | ogic
(itenms 7-8) to activate. Wen two consecutive US fixes show nearly the sanme
position, the derived speed is near zero —w thout this threshold the snap
condition would falsely trigger on any non-zero | MJ velocity and zero out a
correctly built speed estinmate.

29. KP: speed of tilt correction

Proportional gain of the Mahony orientation filter. Controls how quickly the

estimated pitch and roll are corrected toward the gravity direction nmeasured

by the accel erometer. Hi gher values react faster to tilt changes but make the
orientation nore sensitive to vibration and |inear acceleration

30. KlI: gyro bias renoval rate

Integral gain of the Mahony orientation filter. Slowy corrects the residua
gyroscope zero-rate offset that was not renoved during startup calibration
Typical value is very small (0.001-0.01) —this termacts over tens of seconds
and shoul d not be increased significantly.

31. Yaw ni ni num di spl acenent

M ni mum di stance (n) the beacon nust travel between two consecutive US fixes
bef ore the yaw nudge correction is attenpted. Below this threshold the

di spl acenent direction is too short and noisy to serve as a reliable heading
reference

32. Maxi mum yaw correction, deg

Hard cap on the yaw correction applied in response to a single US fix. Limts
how rmuch the estimted headi ng can be changed by one neasurenment, protecting
agai nst headi ng junps from noi sy displacenent data

33. Yaw error gain

Fraction of the conputed heading error (difference between the US

di spl acenent direction and the IMJ velocity direction) that is applied as a
yaw correction at each fix. Lower values accumul ate headi ng corrections
slowmy for nore stable behavior; higher values react faster to real heading
errors.



34. Yaw correction gain for pair

Conti nuous yaw correction rate (1/s) for the external heading reference

provi ded by the paired beacons. The orientation quaternion is pulled toward
this reference at every | MJ update step, simlar to a magnetoneter correction
The effective tine constant is approximately 1/gain seconds. Requires a valid
pai r ed- beacon headi ng si gnal

35. Use gyro rate for accel gate (enabl ed/di sabl ed)

Enabl es suppression of acceleration integrati on when the beacon rotates too
fast for the orientation filter to track accurately. At high angul ar rates,
errors in gravity subtraction produce |arge spurious |inear accelerations in
the world frane that corrupt dead-reckoning position. This gate prevents
those artifacts fromentering the velocity and position integrals

36. Gyro rate for accel gate

Angul ar rate threshold (rad/s) above which the accel erati on gate switches
fromfull integration to projection node. In projection node only the
conponent of acceleration along the current velocity direction is integrated;
transverse conponents (arising fromcentrifugal effects at the | MJ s physica
of fset fromthe center of rotation) are discarded. Below this threshold, ful
integration is used.

37. Gyro rate for accel gate freeze

Angul ar rate threshold (rad/s) above which acceleration integration is
conpletely frozen. Between setting 36 and this threshold, projection node is
used. Above this threshold, no acceleration is integrated at all until the
rotation slows down. This protects against the extrene case where centrifuga
acceleration at the IMJs offset fromthe rotation center is |arge enough to
reverse the estimated velocity within mlliseconds.



