
g13 – Time Series Analysis g13eac

nag kalman sqrt filt cov var (g13eac)

1. Purpose

nag kalman sqrt filt cov var (g13eac) performs a combined measurement and time update of one
iteration of the time-varying Kalman filter. The method employed for this update is the square
root covariance filter with the system matrices in their original form.

2. Specification

#include <nag.h>
#include <nagg13.h>

void g13eac(Integer n, Integer m, Integer p, double s[], Integer tds,
double a[], Integer tda, double b[], Integer tdb,
double q[], Integer tdq, double c[], Integer tdc,
double r[], Integer tdr, double k[], Integer tdk,
double h[], Integer tdh, double tol, NagError *fail)

3. Description

For the state space system defined by

Xi+1 = AiXi + BiWi var(Wi) = Qi

Yi = CiXi + Vi var(Vi) = Ri

the estimate of Xi given observations Y1 to Yi−1 is denoted by X̂i|i−1 with var(X̂i|i−1) = Pi|i−1 =
SiS

T
i .

The function performs one recursion of the square root covariance filter algorithm, summarized as
follows:


 R

1/2
i CiSi 0

0 AiSi BiQ
1/2
i


 U =


 H

1/2
i 0 0

Gi Si+1 0




(Pre-array) (Post-array)

where U is an orthogonal transformation triangularizing the pre-array. The triangularization is
carried out via Householder transformations exploiting the zero pattern in the pre-array.

The measurement-update for the estimated state vector X is

X̂i|i = X̂i|i−1 − Ki[CiX̂i|i−1 − Yi] (1)

where Ki is the Kalman gain matrix, whilst the time-update for X is

X̂i+1|i = AiX̂i|i + DiUi (2)

where DiUi represents any deterministic control used. The relationship between the Kalman gain
matrix Ki and Gi is given by

AiKi = Gi

(
H

1/2
i

)−1

The function returns the product of the matrices Ai and Ki represented as AKi, and the state
covariance matrix Pi|i−1 factorised as Pi|i−1 = SiS

T
i (see the Introduction to Chapter g13 for more

information concerning the covariance filter).
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4. Parameters

n

Input: The actual state dimension, n, i.e., the order of the matrices Si and Ai.

Constraint: n ≥ 1.

m

Input: The actual input dimension, m, i.e., the order of the matrix Q
1/2
i .

Constraint: m ≥ 1.

p

Input: The actual output dimension, p, i.e., the order of the matrix R
1/2
i .

Constraint: p ≥ 1.

s[n][tds]

Input: The leading n by n lower triangular part of this array must contain Si, the left Cholesky
factor of the state covariance matrix Pi|i−1.

Output: The leading n by n lower triangular part of this array contains Si+1, the left Cholesky
factor of the state covariance matrix Pi+1|i.

tds

Input: The trailing dimension of array s as declared in the calling program.

Constraint: tds ≥ n.

a[n][tda]

Input: The leading n by n part of this array must contain Ai, the state transition matrix of
the discrete system.

tda

Input: The trailing dimension of array a as declared in the calling program.

Constraint: tda ≥ n.

b[n][tdb]

Input: If the array argument q (below) has been defined then the leading n by m part of this
array must contain the matrix Bi, otherwise (if q is the null pointer (double ∗)0) then the
leading n by m part of the array must contain the matrix BiQ

1/2
i . Bi is the input weight

matrix and Qi is the noise covariance matrix.

tdb

Input: The trailing dimension of array b as declared in the calling program.

Constraint: tdb ≥ m.

q[m][tdq]

Input: If the noise covariance matrix is to be supplied separately from the input weight
matrix then the leading m by m lower triangular part of this array must contain Q

1/2
i , the

left Cholesky factor of the input process noise covariance matrix. If the noise covariance
matrix is to be input with the weight matrix as BiQ

1/2
i then the array q must be set to the

null pointer, i.e. (double ∗)0.
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tdq

Input: The trailing dimension of array q as declared in the calling program.

Constraint: tdq ≥ m if q is defined.

c[p][tdc]

Input: The leading p by n part of this array must contain Ci, the output weight matrix of
the discrete system.

tdc

Input: The trailing dimension of array c as declared in the calling program.

Constraint: tdc ≥ n.

r[p][tdr]

Input: The leading p by p lower triangular part of this array must contain R
1/2
i , the left

Cholesky factor of the measurement noise covariance matrix.

tdr

Input: The trailing dimension of array r as declared in the calling program.

Constraint: tdr ≥ p.

k[n][tdk]

Output: If k is defined, then the leading n by p part of this array contains the AKi, the
product of the Kalman filter gain matrix Ki with the state transition matrix Ai. If this is
not required then the array k is not referenced and must be set to the null pointer,
i.e., (double ∗)0.

tdk

Input: The trailing dimension of array k as declared in the calling program.

Constraint: tdk ≥ p if k is defined.

h[p][tdh]

Output: If k is defined, then the leading p by p lower triangular part of this array contains
H

1/2
i . If k has not been defined then array h is not referenced and may be set to the null

pointer i.e., (double ∗)0.

tdh

Input: The trailing dimension of array h as declared in the calling program.

Constraint: tdh ≥ p if k and h are defined.

tol

Input: If k is defined, then tol is used to test for near singularity of the matrix H
1/2
i . If the

user sets tol to be less than p2ε then the tolerance is taken as p2ε, where ε is the machine
precision. Otherwise, tol need not be set by the user.

fail

The NAG error parameter, see the Essential Introduction to the NAG C Library.
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5. Error Indications and Warnings

NE INT ARG LT

On entry, n must not be less than 1: n = 〈value〉.
On entry, m must not be less than 1: m = 〈value〉.
On entry, p must not be less than 1: p = 〈value〉.

NE 2 INT ARG LT

On entry tds = 〈value〉 while n = 〈value〉.
These parameters must satisfy tds ≥ n.

On entry tda = 〈value〉 while n = 〈value〉.
These parameters must satisfy tda ≥ n.

On entry tdb = 〈value〉 while m = 〈value〉.
These parameters must satisfy tdb ≥ m.

On entry tdc = 〈value〉 while n = 〈value〉.
These parameters must satisfy tdc ≥ n.

On entry tdr = 〈value〉 while p = 〈value〉.
These parameters must satisfy tdr ≥ p.

On entry tdq = 〈value〉 while m = 〈value〉.
These parameters must satisfy tdq ≥ m.

On entry tdk = 〈value〉while p = 〈value〉.
These parameters must satisfy tdk ≥ p.

On entry tdh = 〈value〉while p = 〈value〉.
These parameters must satisfy tdh ≥ p.

NE MAT SINGULAR

The matrix sqrt(H) is singular.

NE NULL ARRAY

Array h has null address.

NE ALLOC FAIL

Memory allocation failed.

6. Further Comments

The algorithm requires 7
6n3 + n2( 5

2p + m) + n( 1
2m2 + p2) operations and is backward stable (see

Verhaegen and Van Dooren 1986).

6.1. Accuracy

The use of the square root algorithm improves the stability of the computations.

6.2. References
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Jersey.

Harvey A C and Phillips G D A (1979) Maximum likelihood estimation of regression models with
autoregressive — moving average disturbances Biometrika 66 49–58.

Vanbegin M, Van Dooren P and Verhaegen M H G (1989) Algorithm 675: FORTRAN Subroutines
for Computing the Square Root Covariance Filter and Square Root Information Filter in Dense
or Hessenberg Forms ACM Trans. Math. Software 15 243–256.
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Verhaegen M H G and Van Dooren P (1986) Numerical Aspects of Different Kalman Filter
Implementations IEEE Trans. Auto. Contr. AC-31 907–917.

Wei W W S (1990) Time Series Analysis: Univariate and Multivariate Methods Addison-Wesley.

7. See Also

nag kalman sqrt filt cov invar (g13ebc)

[NP3652/1] 3.g13eac.5


	NAG Statistics Chapters, Mark 7
	Introduction
	Essential Introduction

	g01 - Simple Calculations on Statistical Data
	g01 - Chapter Contents
	g01 - Chapter Introduction
	g01aac
	g01adc
	g01aec
	g01alc
	g01bjc
	g01bkc
	g01blc
	g01cec
	g01dac
	g01dcc
	g01ddc
	g01dhc
	g01eac
	g01ebc
	g01ecc
	g01edc
	g01eec
	g01efc
	g01emc
	g01epc
	g01erc
	g01etc
	g01euc
	g01eyc
	g01ezc
	g01fac
	g01fbc
	g01fcc
	g01fdc
	g01fec
	g01ffc
	g01fmc
	g01ftc
	g01gbc
	g01gcc
	g01gdc
	g01gec
	g01hac
	g01hbc
	g01jcc
	g01jdc
	g01mbc
	g01mtc
	g01muc
	g01nac
	g01nbc
	g01ptc
	g01qtc
	g01rtc
	g01zuc

	g02 - Correlation and Regression Analysis
	g02 - Chapter Contents
	g02 - Chapter Introduction
	g02brc
	g02btc
	g02buc
	g02bwc
	g02bxc
	g02byc
	g02cac
	g02cbc
	g02dac
	g02dcc
	g02ddc
	g02dec
	g02dfc
	g02dgc
	g02dkc
	g02dnc
	g02eac
	g02ecc
	g02eec
	g02fac
	g02fcc
	g02gac
	g02gbc
	g02gcc
	g02gdc
	g02gkc
	g02gnc
	g02hac
	g02hbc
	g02hdc
	g02hfc
	g02hkc
	g02hlc
	g02hmc

	g03 - Multivariate Methods
	g03 - Chapter Contents
	g03 - Chapter Introduction
	g03aac
	g03acc
	g03adc
	g03bac
	g03bcc
	g03cac
	g03ccc
	g03dac
	g03dbc
	g03dcc
	g03eac
	g03ecc
	g03efc
	g03ehc
	g03ejc
	g03fac
	g03fcc
	g03xzc
	g03zac

	g04 - Analysis of Variance
	g04 - Chapter Contents
	g04 - Chapter Introduction
	g04bbc
	g04bcc
	g04cac
	g04czc
	g04dbc
	g04eac

	g05 - Random Number Generators
	g05 - Chapter Contents
	g05 - Chapter Introduction
	g05cac
	g05cbc
	g05ccc
	g05cfc
	g05cgc
	g05dac
	g05dbc
	g05ddc
	g05dyc
	g05eac
	g05ecc
	g05edc
	g05ehc
	g05ejc
	g05exc
	g05eyc
	g05ezc
	g05fec
	g05ffc
	g05hac
	g05hkc
	g05hlc
	g05hmc
	g05kac
	g05kbc
	g05kcc
	g05kec
	g05lac
	g05lbc
	g05lcc
	g05ldc
	g05lec
	g05lfc
	g05lgc
	g05lhc
	g05ljc
	g05lkc
	g05llc
	g05lmc
	g05lnc
	g05lpc
	g05lqc
	g05lzc
	g05mac
	g05mbc
	g05mcc
	g05mdc
	g05mec
	g05mjc
	g05mkc
	g05mlc
	g05mrc
	g05mzc
	g05nac
	g05nbc
	g05pac
	g05pcc
	g05qac
	g05qbc
	g05qdc
	g05yac
	g05ybc

	g07 - Univariate Estimation
	g07 - Chapter Contents
	g07 - Chapter Introduction
	g07aac
	g07abc
	g07bbc
	g07bec
	g07cac
	g07dac
	g07dbc
	g07dcc
	g07ddc
	g07eac
	g07ebc

	g08 - Nonparametric Statistics
	g08 - Chapter Contents
	g08 - Chapter Introduction
	g08aac
	g08acc
	g08aec
	g08afc
	g08agc
	g08amc
	g08cbc
	g08cdc
	g08cgc
	g08eac
	g08ebc
	g08ecc
	g08edc
	g08rac
	g08rbc

	g10 - Smoothing in Statistics
	g10 - Chapter Contents
	g10 - Chapter Introduction
	g10abc
	g10acc
	g10bac
	g10cac
	g10zac

	g11 - Contingency Table Analysis
	g11 - Chapter Contents
	g11 - Chapter Introduction
	g11aac
	g11bac
	g11bbc
	g11bcc
	g11cac
	g11sac
	g11sbc

	g12 - Survival Analysis
	g12 - Chapter Contents
	g12 - Chapter Introduction
	g12aac
	g12bac
	g12zac

	g13 - Time Series Analysis
	g13 - Chapter Contents
	g13 - Chapter Introduction
	g13aac
	g13abc
	g13acc
	g13asc
	g13auc
	g13bac
	g13bbc
	g13bcc
	g13bdc
	g13bec
	g13bjc
	g13bxc
	g13byc
	g13bzc
	g13cac
	g13cbc
	g13ccc
	g13cdc
	g13cec
	g13cfc
	g13cgc
	g13dbc
	g13dlc
	g13dmc
	g13dnc
	g13dpc
	g13dxc
	g13eac
	g13ebc
	g13ecc
	g13edc
	g13ewc
	g13exc
	g13fac
	g13fbc
	g13fcc
	g13fdc
	g13fec
	g13ffc
	g13xzc



