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STL and Robustness 1

Definition (Signal)
A signal
ng) = "GB CB” HGH,] CB’]H ,,G) C) »

is an ordered (g ; (y) finite sequence of states Gy 2 R~ and their
associated times (g 2 R starting from time (g and ending at time (y.

Definition (Subsignal)

Given a signal ng , a subsignal of ng is a signal ng) where8 0 and
G Co.

qualitative (or Boolean) semantics, giving the classical notion of
satisfaction of a property over a trajectory, i.e. B, 1 b (” = 1 if the
trajectory b at time C satisfies the STL formula 1



STL and Robustness Il

E guantitative semantics, denoted by dti—b—C°. The latter, also
called robustness, is a measure of how robust is the satisfaction
of i w.r.t. perturbations of the signals. Robustness is recursively
de ned as:

1. diB-,° =2 "G @ where , denotes the predicate “1G° Y 2
dlli—:q° - dlB(,th

dlB,“ q ANKO = <8:ld15— qo_ d]CB koo

diB-",0-19° = Max®z»c o-c 14 Be—q°

d*B- f,0-19° = Min®2,c o-c 18 Be—q°

d*B-qU,0-1%° =

MaXez»c o-c,13£8=1d1B- k°— migo 0w d B q°°

E Robustness is compatible with satisfaction via the following
soundness property: if dti—b—C° j 0 then Bli-b—C° =1 and if
dti—b—C° Y 0 then Bti—b—C° = 0. When dti—b—C° = 0 arbitran
small perturbations of the signal might lead to changes in
satisfaction value.
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Problem Framing and Approaches |

E Input:
E The task speci cation i is given as input. This speci cation
describes the desired behaviour of the robot
E Demonstrations or trajectories are also given, as part of the
nuPlan dataset
Objective:
E Synthesize a planning policy that:

E Produces trajectories close to those generated by i
E Satis able by the underlying controller

mh

An example of a task speci cation i can be understood by
considering Figure 1.



Problem Framing and Approaches Il

Figure: Task Speci cation Map: Three Blue Regions for Sequential
Waypoint Visitation

: .0
As shown in the gure, the speci cation = §=1F>>§;_§;lyg8 where
gs denotes reaching each blue region is an example of a task
speci cation given by the user.



Formal Example

E Starting Coordinates : 10— 0°. Goal Coordinates :
1G —H°=18-8°.

E Predicates: C >0;'1G- HeHEP, "0G(?443" 1G— HeERP,
E>83%$1BC02;4B1GeHrE

E C>0;'1G-HeH =

« . )
> jj'G G °2,1H H %j, \
? >C 4AF8B4

E "0G(?443"1G—HeERP =

> 1Eg +°\1E , +°
? >C 4AF8B4
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Formal Example

E E>83$1BC02;4BGeHE

> (1G-H-"°{0
? >C 4AF8B4

where ( 1G-H-"°=<8=, jj& ?jp B86=1°, Here, ?
denotes the extent of the square obstacle, and " is the obstacle
mask which comprises of the gray shaded region. The B86=1° is

positive if the point is outside the obstacle, and negative if it is
inside.



Formal Example

E

E
E

Task Speci cation:

Fyo-10% >0;1°"G ,0,yE>83$1BC02;4B* °.

Controller Speci cation: G ,o_)7,0G(?443%1°

If we use + = 05, then the controller ensures that the ego vehicle
can move only 5 units in 10 timesteps, which is impossibility.

A more realistic example could be using a new predicate
#40A$1BCO2YMG— HeHR® =

(
> ( 1G—H-"°V¥n
? >C 4AF8B4

This characterizes the ego vehicle being close enough to the
obstacle.

Consider the controller speci cation

Gy»0-)##40A$1BC0Z}4° | "0G(?443 *1°° This species

that the speed of the ego should be capped when it is near the
obstacle, which makes sense in real-life. n and + can be adjusted
to get an infeasible speci cation.



Demarcation between speci cations

E

E

Some parts of the speci cation can be violated, but some cannot
be

Consider the overall speci cation of the example given above. It
can be split into three parts each of which are in conjunction

1. th = Fyo-10% >0;%°

2. 02 =G,0vE>83$1BC02;4B*°

3. 3 = G, 0)##40A$1BCOZ}4° | "0G(?443 *1o°
From these, gcan be relaxed, but nobar gs, since the latter
two are physical constraints of the environment or the controller
(as learned by FLORA).

Any system we build needs to use this demarcation.

The overall speci cation can be split into User Speci cation
(relaxable) and Environment Speci cation (non-relaxable).



Alternate Speci cation

E The user may also specify parts of the task which are inviolable,
which can be clubbed with the non-relaxable component of the
speci cation.

E Ideally, we would need to relax the time constraint @f g

E d1 = F»o_100% >0;1 ° will be a suitable alternate speci cation
(since the goal is reachable given adequate time).

E But just adjusting time may not be su cient in all situations
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E Consider the NuPlan dataset, and the Nevada map in particular.

Figure: A section of the Nevada Map



Formal Example - Il

E We use the predicate C$1942C'®- H- @&?° to denote the fact tha
the vehicle is at a particular object which is de ned by a polygon.
We use 5'G—H?° to check if a point is inside the object or not.
51G-H° j 0 means that the point is inside the polygon.

E There are multiple kinds of objects -

1. Lanes - These are normal straight lanes

2. Lane Connectors - These connect lanes across an intersection, or
help in turning

3. Intersections - Here, two roads meet and all possible vehicle
movements and turns can occur

E C$1942Ci5G—H-@®° =

(
> 5I1G-H°{0
? >C 4AF8B4



Formal Example - Il

E We de ne the following sequential speci cation using the
C$1942C!1° predicate.
Fy»0.6:C$1942C35G-H- &34 65,C$1942C1+5G- H-&°

Figure: Task Speci cation Map



Formal Example - Il

E We look at the task speci cation again -
F»0-@C$1942C3-5G-H-®&%£ E.,C$1942C15G—- H- &°.

E From the diagram it is clear that Object 1 is on the way between
initial position of ego vehicle and Object 2.

E But sequential task spec gives the reverse order - rst object 2
then object 1.

E Sometimes may not even be feasible to reach object 1 after object
2 (U-turns may not be available, etc.)



Formal Example - Il

E Wecandoa simple BFS-based reachability analysis bounded by
a time cost to understand the extent to which the ego vehicle can
travel in that time.

E With respect to the above spec, consider 200 and £= 300.
We look at the set of lane objects reachable in 200 steps.



Formal Example - Il

E Clearly, if we want to reach object 1 rst and then object , then
the speci cation is satis able.

E This leads us to a possible relaxation - converting Sequential
Tasks to Cover Tasks.

E The corresponding cover task would look like
Fy001C$1942C3-5G—- H- @54 /C$1942C1+5G— H-&° where
) =300 in this case.

E An alternative would be to relax the time intervals. We can make
G = 2000 instead of 200



Formal Example - Il

E Then, the ego vehicle can possibly go around the entire circular
path after reaching object 2, and come back to object 1. This is
possible in 2000 time steps (consider the below reachability
diagram)



Notes on the FLORA Architecture ;: Condition-Action Pair

The FLoRA paper's contribution is learning interpretable scoring
rules from driving demonstrations, represented in temporal logic. The
Earna@e STL formula is represented as

o1l 9212>=38C8p=02C8>%°
Three kinds of layers -

E Temporal -

class TemporalLayer(torch.nn.Module):

E Propositional, and
E Aggregation - together represented in

class LogicLayer(torch.nn.Module):




Layers

Given a sequence of frames =155  5g, and # predicates
%—-%- %, we compute @z gt 5° at each time instance.
Collect the outputs over time, 8= »&-&- &, and
subsequently X = »1--2— -#1,

Pass these through the temporal layer which stack temporal
operators (such as F1G}%) on predicates

Then, pass through the propositional layer, which takes either
the temporal formula or its negation, and combines two formulas
together (g possible combinations) with either the ~ or _
operator.

The aggregation layer combines the outputs of the propositional
layer with either the ~ or _ operators.



Diagram Depicting Layers



