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FROM IMAGERY TO UNDERSTANDING

Propagation Equivalent to Preintegration?

Research questions:

1. Can existing IMU propagation code be reused for preintegration?

3. Can IMU propagation be used to validate preintegration, especially its covariance estimation”?

2. To what extent can an existing preintegration implementation be reused when the error-state definition changes?

/ Propagation and Preintegration \

/ Preintegration from and to Propagation

\

Propagation Basics

Given 6-axis IMU measurements z;, = [w}", a;'] at times

ty, k € [s,e], the IMU propagation can be summarized by

Prop: [Xg, L2, Zs.o| = [Xe|s) @ (e, ts), Zeys]
Here, x5 Is the predicted state at time ¢..
d(t,,t) is the state transition matrix from ¢, to ¢t,.
We define the error state for propagation
x = X [P §xP.
X, and X, are the covariances of the error states 5xt and

ox?

e|s at ts and t,, respectively. Note we use the subscripts

s and e to denote the start and end times.

Compute the transition matrix and covariance
Continuous system model
The continuous-time system model with control input u and

Gaussian noise n~N(0,Q6(t)) is

EX = f(x,u,n),

d
ESX = F(x,u)6x+ G(t)n

Discretized system model
Xp = g (Xg—1, U, Wg)
O0Xj = P (ty, t—1) 0Xp—1 + B Wy
D (ty, ty—q1) = exp(F(x,u) dt) ~ 1 + Fdt + 1/2F? dt*
D (te, ts) = P(te, te—1) - P(ts41,Ls)
S = P(ty, tg—1) Zg—q1 P (tk, ty—1) +

Lk
\ ® (t, 1)G(T)QG () P T (ty, 7) dt

tk—1

Preintegration Basics

The IMU preintegration operation can be summarized by
Preint: [by, Zs.e, q] = [AXse, Ji,» Zax]

Here b, is the IMU bias at t;, and q is the IMU noise param

vector.

Preintegrated inertial measurement

e tk
AR = AR,, = r ( j w (D) dt)
Lk=s+1 \J¢t

k-1
rte T

Ap = Ap; = Ria(t)dtdr

—

ts Yt

te
Av = Av, = f Ria(t)dt
t

Preintegrated bias Jacobian

00X,
Jb, =
05b,

Preintegrated covariance
Yax = COV(8Xg,) € RISX15
The preintegrated measurements are usually used as

preintegrated inertial factors in optimization, e.g.,
g = Log(R-lv;/eRw,els)
r = R-vl;e(pe|s - pe)

r, = R-vl;e(ve|s — Ve)

Reuse propagation for preintegration

Given X, 5, ®(t,, ts), Z¢ s, the preintegration measurement
Ax,, is obtained with the relations:
AR = R-Iv;st,e|s
T 1 2
Ap = Ry Pejs — | Ps T VAt + EgAt

Av = R-lv;s (Ve|s — Vg — gAt)
Abg, = be|s — b,

The preintegration Jacobian can be obtained by

-1
- 06x9, adxgls 65x§|5 95b?
s asb?  \9sx%, ) 95bP 95bY
a6xP
Note a;:g': follows from the definitions of 5x§ls, 5xJ,, and the

pr
above prediction equations. Zgﬁ; follows from the definitions

of §b% and &bY.

e.g., §x;,); components can be defined by

p=p+6p, R=Exp(60)R
v=¥+38v, b,=b,+8b,
b, = b, + &b,
e.g., 6xJ, components can be defined by
R = RExp(60), p=p+Rép
v=9%+RS8v, b, =b,+8b,
b, = b, + &b,

The preintegration covariance can be computed from the
propagated covariance Z.s = cov (SX’Q’IS)

95xP \ 95xP \ '
. |s p els
Yax = (06ng€> cov (SXBIS) (—OSXSge

) is obtained by propagation starting with zero

p
CoV (6xe|s

Ip = be|s — b,

/ Preintegration from Propagation Test
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Reuse preintegration for propagation

Given Axq,, ], Zax, the propagated state is obtained by

Rw,e|s = RWSAR

1
Pels = ps + VAL + EgAtz + R,,;Ap

Ves = Vs + Ry sAv + gAt
b.s = bg + Abg,
The transition matrix is obtained by taking the differential of

the above equations denoted by f.

X5 = @ s8Xg + Ge|sOXS,
_ 08f _[GEY 0oy
els 06x7, |06x0 Ig
_ 0of N c a6xJ, 95b?
T °I* 95b7 95b?

_ 08t 10 GgJb, Py
a8x” |0 Ocxe

b _ asb? 08Xg, [ Ih
T A T " I [ P
The propagated covariance is computed by
z:e|s = (be|szs(b;—|s + Ge|sZAxG-er|s
with the preintegrated measurement covariance X, and the

covariance of the initial state Z;.

kzovariance.

Propagation from Preintegration Test
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Preintegration bias Jacobian difference
with GTSAM manifold preintegration

RK4 Propagation + Conversion Versus GTSAM Preintegration
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Preintegration covariance difference
with GTSAM manifold preintegration
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RK4 Propagation Versus GTSAM Preintegration + Conversion
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Conclusions

\_

= This perspective simplifies the reuse of existing propagation code, supports translation across different error-state definitions, and provides practical consistency
checks for preintegration implementations.

= |IMU preintegration can be achieved by wrapping a classic IMU propagation module, and a preintegration module can in turn be used to recover propagation quantities.
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