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® “This paper is desperate. Please reject it
completely and then block the author's email ID so
they can't use the online system in future. "

® “The writing and data presentation are so bad that
| had to leave work and go home early and then
spend time to wonder what life is about.”

® “The peaceful atmosphere between Christmas and
New Year was transiently disrupted by reading this
manuscript.”
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Dear Prof. Petersen and Assiciate Editor:

First of all, we are than gk STV TR STV Y.
our paper, as well as fo #nEB Editor 1 Associate Editor
in further improving the contents and presentation. VVe
have carefully considered the comments raised by the re-
viewers and included corresponding modifications in the
revised manuscript. A detailed reply to the review com-
ments is given below. For convenience, we have cop ied

the comments of the Reviewers in italic font and Pragiiie
our replies in sans-serif font.
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Editor and presentation. We have carefully considered the
o EXEEWTEEN comments raised by the reviewers and included cor-

2 1Ll responding modifications in the revised manuscript.
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ments is given below. For convenience, we hga
copied the comments of the Reviewers in italig
and provided our replies in sans-serif font.



MEEEHEEER
000000000800000

S HEERER

o iRRH Reviewer 1:

e |etter to Editor (1) Q: ...
and Assiciate A _
Editor Reviewer 2:

. zzEEEREL @ D% ENEEEHA
o EXRPIRLMT Reviewer 3:

W LE e =h (1) Q...
AL

FAEE, MESEE SJTU



NEAEEHEEER

O EHRE LB

(RS R E R

o fnil

e Letter to Editor e HIRARIY, BEXENMERIRATREE (A
and Assiciate iR i%ijiJ:E’\J)
Editor e HIRAKTERIRIZENE, FIERIE!!

o FFRMOEHERER

o EXIEHIRHMT
)

FAEE, MESEE



MEEEHEEER
000000000080000

EEHEERNEDN

(RS R E R

o finil

e Letter to Editor o ERARNY, EXEMRRIRBERE (A
and Assiciate Bl S ova ul: )
Editor s HRAKTRRIZEE, TIERIE!!

s ZFOIEFERER , 8.9 v

o EXHEPIRHMT " .
BRLE — “No one knows my paper better than | do! =

FAEE, MESEE SJTU



NEAEEHEEER

O EHRE LB

(RS R E R

o finil

e Letter to Editor o ERARNY, EXEMRRIRBERE (A
and Assiciate Bl S ova ul: )
Editor o HRAKTFRRIREE, FEXRE!!

o FFRMOEHERER , 9.9 v

o EXHEPIRHMT " .
BRLE — “No one knows my paper better than | do!” __

« REFT, BENE, BREMSERALE

FAEE, MESEE



NEAEEHEEER

00000000000 e000

S HEERER

o 178 (MEAES HEEEER?)

* Letter to _Ed'to" This paper is not clear about its contribution in any
and Assiciate field of theory or empirical studies. For example,
Editor expressions in Sec. 3 like eq. (11) and (12) are very

ER cHEEE= ] unclear to common readers. Moreover, the significant
2 ém@gﬁfﬁ'ﬁj‘ difference between the proposed approach and recent
o EXEPIREMT ones such as [1] and [2] together with [3] should be made

IARLE P = clearly in revision.
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About the Pontryagin Maximum Principle (PMP) (Eq. (11)
and Eq. (12)), we have added a reference for the common
readers as preliminaries in our modified manuscript.

We would like to kindly point out that : although [1] considers
- it onlylconsi LRI T NS E TR, XFD red invcz/uhrlwork.
n particular, tH . AN ile our
con?cribution for ﬁ\%%ﬂ%ﬂ)ﬁﬂ’\];ﬁﬁm\ﬂx s ... Second, ...
R ar ~E, BECEXE! ork differs from
[2] and [3] in the following aspects:
(1)The formulations of the ... problems are different. Both [2]
and [3] considers ...

(2)... is not considered in [2] and [3] while we proved ...
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In particular, the analysis in [1] is focused on ... While our
contribution for ... is two-fold: first, we address ... Second, ...
On the other hand, the contributions of our work differs from
[2] and [3] in the following aspects:

(1) The formulations of the ... problems are different. Both [2]
and [3] considers ...

(2) ... is not considered in [2] and [3] while we proved ...
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problem and normalization and regularization tech
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* Background ——
. g ! & Background & motivation
motivation
® Background
Related work
H H Tuning the weighting param 6 relies
Aim of this WOFk s : i _ on experience and imagination.
) Problem formulatlon Missile interception Sensori-motor  Rehabilitation robots
A fundamental problem of optimal control: s/gte err control epergy
. Suits best? q\ ﬂ
® Sketch of technical ,
. Contextual Environment oy Eaoy vy E bzn) + Z H L1(me) + Lo(ur)]
depmiz ...
Modelling s.t. @41 = fe(@e, up,we), t=1:N—1
® Slmulat|on & eXPe”ment Idea of inverse optimal control: =1 b
) identify the weighting param @ from the observed expert data i
® Conclusion & future work Inverse optimal tracking: 3
e.g: rehabilitation robot, track target more like human, improve treatment performance
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* Background & (BIATIEMT 42 fH28EM (EIHSAIER) 2
motivation
® Background

Related work

Inverse optimal tracking problem:

Related Work identify the weighting param @ in the objective function using
Aim of this work Noise

Estimation robustness against noise is still an issue

° A
P rOblem form u l ation General nonlinear/LQ inverse optimal control framework
° Sketch Of teChnlca| (Keshavarz, Wang, Boyd, 2011) — .
i (Hatz, Schioder, Bock, SIAM 2012) Do not' havg statistical cor_\s_lstency -
deta | IS (Pauwels, Henrion, Lasserre, SIAM, 2016) « Estimation result sensitive to noise in
(Molloy, Ford, Perez, Automatica 2018) data
. K H (Jin, Kulic, Lin, Mou, Hirche, TRO 2019) » Can not decrease the estimation error by
bl Slm Ulat|0n & expe” ment (Molloy, Ford, Perez, Automatica 2020) adding data amount
(Westermann, Lin, Kulic, Scientific Report 2021)

® Conclusion & future work
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motivation —
® Background ° AEY: :

Related work e ?Eﬁ%x\ 5y [E XS L 354 BP

Aim of this work ° 5l 0
Problem formulation XS | Tk | BE | BRR
Sketch of technical wo e o [
details o B
Simulation & experiment * RAEXERIATIENIRIEA

* LS EM!

Conclusion & future work

HIIGEF AEERE, xx HARH, 2020.
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motivation Aim of this work
L Backg round Focus on inverse optimal tracking problem -
« Use different estimator construction to solve local - 7
Related work minima issue while keeping statistical consistency »

Aim of this work

h Special about tracking problem: '5,;‘; erence signal
[ ] P ro blem form u I at 1on « In practice, “when-to-start-tracking” highly depends on o
the agent &
o S ketch Of tech n ica | [ Different lengths of observed optimal tragking dgta ] : - )
% Truncate the data to same length — lose information ° ' 2 B 4 s s

details
7 1 - Objectives: linear quadratic inverse optimal tracking that is:
[ ] S mu I at 1on & expe rl ment 1. Systematically handle data with different lengths
2. Avoid local minima issue Robemater
3. Statistical consistency

® Conclusion & future work
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® Background
Related work

Aim of this work
® Problem formulation

® Sketch of technical
details

® Simulation & experiment

® Conclusion & future work

FAEE, MESEE

(RIBEE, BERS WA |

Sketch of our work

Takes into account

Objective 1:
Systematically handle data with different ‘
lengths

Problem formulation

Objective 2:
Avoid local minima issue

Construct estimator based on
convex optimization

Objective 3:
Statistical consistent

Empirical estimate on the
proposed convex optimization
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Problem formulation | Total observation time 2

o DRI RL -,

Objectives:

L Ba C kgro u nd & 1. Systematically handle data with different lengths

motivation /

Formulate the tracking time-horizon as follows: “‘:;’:;": :
H « Tracking time-horizon .#" be a random variable . o

¢ P rOblem form UIatlon « The entire tracking stops at i Tracking time horizon N

S k h f h 7 | « The agent starts tracking at v, — 4" +1 va=N+1
[ ] What we try to identify via

etC o teC nica 1. Draw a realizatiofrom random element(Z,./4) Inverse optimal control
3 2. The agent solves:
details o . = |
pin B [y e e )+ 3 e e Rl -+ gll’]

o I 1 1 Y1y .

Simulation & experiment s A Bl S 1= 1o Th gt st acking

o = Zero mean iid process noise
. va—N+1

® Conclusion & future work B ——e——T—= =T Eefore the agent starts tracking

The nature of different data length explicitly built-in during the formulation
o NTAREREEER D . M Feiiif
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® Background &
motivation

® Problem formulation

e Sketch of technical
details

® Simulation & experiment

® Conclusion & future work

| ARIEELSOK, RHEIEH idea

Convexify the optimality conditions

Ways to convexify a nonconvex problem:
Lagrange dual
* Majorization minimization, etc.

Key issue
After convexification, whether the solution is unique and coincides with the “true” param

Our methodology: we can guarantee this.

Trick:
Schur
Non-convex U " B'PB+1 BTPi1A Bnesy
Riccati Hy:=| ATPB  ATPaA+ Q=P g+ ATy =,
iterations B o +ufaA=nf &

xactly the Riccati i(era;{zns
(Ricchti Iteration 1) (Riccati iteration 2)]

T —
H\B'PeaB+1) = [(Riccati iteration 2)T *

Use this nice property to design the objective function of the convex estimator

o EEEROIRE. #ITULHA
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Simulation
® Bac kgro und & Human elbow rehabilitation tracking scenario

« Identify human'’s “tracking pattern” ¢

m Ot |Va t | on « Track like a normal human, improve the treatment performance Q\
N Dynamics of the device
® Problem formulation 01 Discrsizaton \%@u/ I

&= [0 0} m r), e = Azp + Blug +wy)

Reference sngnal

° S ketC h Of teC h nica | Angular position & velocity  Torque w Relative Error Q

detail Aim of the simulation: to verify that we can kill the noise

etalls !
effect by adding data amount 2

e Si i =

S imu I atl on & The relative estimation error decreases as ?’ 1IN

H data amount increases, illustrating the S M Vg,

experi ment statistical consistenc Il ‘

® Conclusion & future work o om

o S\ZE “take-home message”
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Conclusion & future work

[ Ba C kgro un d & « We design a robust inverse optimal tracking algorithm that is:
. . - able to systematically deal with different observed data lengths
m Ot IVa t on - based on convex optimization, avoiding local minima issue
- statistically consistent, robust against noise
[ ] P ro blem form u I at [e]4] « Both simulation and experiment show nice performance of the algorithm

« Agood model and robust method to describe and identify human tracking locomotion

® Sketch of technical
d eta ! IS Future work: further apply the results to rehabilitation robot controller design

® Simulation & experiment .
BEEREIRE: take-home message

o BILRARGMRNIIERRARN, BRY
SRR |

e Conclusion & future
work
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