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Operator Capacity Assessment Method for the
Supervisory Control of Unmanned Military Vehicle
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Unmanned military vehicles (UMVs) will be increasingly applied to the various military
operations. These UMVs are most commonly characterized as dealing with “4D” task — dull, dirty,
dangerous and difficult with automations. Although most of the UMVs are designed to a high degree of
autonomy, the human operator will still intervene in the robots operation, and tele-operate them to
achieve his or her mission. Thus, operator capacity, along with robot autonomy and user interface, is
one of the important design factors in the research and development of the UMVs. In this paper, we
propose the method to assess the operator capacity of the UMVs. The method is comprised of the 6
steps (problem, assumption, goal function identification, operator task analysis, task modeling &
simulation, results and assessment), and herein colored Petri-nets are used for the modeling and
simulation. Further, an illustrative example is described at the end of this paper.

Unmanned Military Vehicles, Human and Robot Interaction, Operator Capacity, Human

Performance Model
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Fig. 1. Human-robot interactions
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Fig. 2. Relationship of HIP model and SA
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Fig. 3. Levels of supervisory control
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| Stepl: Problem |
v

| Step2: Assumption |
v

| Step3: Goal Function Identification |
v

| Stepd: Operator Task Analysis |
v

[ Stepd: Task Modeling & Simulation |
v

| StepB: Results and Assessment |

Fig. 4. Steps for operator capacity assessment
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B 317 54-2=FF3Y A o(GF4: control vehicle drive)<]
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execute manual drive)Q] TH¢] IEES HojF1l Itk
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Table 1. List of goal functions and sub-functions

Goal Function Sub-Functions

GF1-F1: monitor tactical situation

GF1: missionplan | GF1-F2: monitor team status
(MP) GF1-F3: reset mission mode

GF1-F4: re-plan auto-pilot

GF2-F1: monitor vehicle attention request

GF2-F2: monitor vehicle driving

GF2:missioncontrol

(CM) GF2-F3: monitor tactical situation

GF2-F4: response to vehicle attention
request

GF3-F1: monitor tactical situation
GF3-F2: perceive threat

GF3: control

t
e.mergen GF3-F3: evaluate threat situation
situation
(CES) GF3-F4: select evasion strategy
GF3-F5: execute evasion strategy
GF4: control | GF4-F1: select vehicle of interest
vehicle
drive (CVD) GF4-F4: execute manual drive

Table 2. Task list of GF4-F1, GF4-F2

Functions Tasks (Physical Form)
GF4-F1: | GF4-F1-T1: check vehicle id(VDPP)
select 1 Gpg FI-T2: select vehicle id(VDPP)
vehicle of
interest | GF4-F1-T3: select drive mode(VDPP)
GF4-F2-T1: check mission interim control
(MICP)
GF4-F2: | GF4-F2-T2: select Execution Button(MICP)
execute | GF4-F2-T3: drive right Button
manual drive| GF4-F2-T4: drive left Button
GF4-F2-T5: drive acceleration Button
GF4-F2-T6: drive stop Button
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Operator Task Hierarchy

Goal Function
Sub Function
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o]
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o
h-1
A 2)(GF1: mission plan, MP)S Z&F 3t Zlo|c}. F
HA = H327]52- A5 A|(GF2: mission control, MC)
o tjat melgo] 1, Al HAel | HRl= 2zt Bxr)s
3-E9FAFEFZ X](GF3: control emergency situation, CES)

--->| Sub Page

| Task |----->| Transion || Place | | Arc <} 51‘517]%4'5(]'%‘%‘63Z1]O1(GF4: control vehicle drive,

Fig. 9. CPN modeling method
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GF1 Page

_

AttentionReq

for MP
GF1-F1

1
- if rndNum <0.4
START (1 = ()@0\ then gFn::gFns if rndNum <04
alse empty MP then gFn::gFns
Decision2
if mdNum>=0.4
then gFn:igFns nput (); if rndNum>=0.4 GFn
gFni:gFns else empty output (mdNum); | then gFn::gfns
monitor action else empty
tactical @ monitor @ e @ uniform(0.0, 1.0) '
GF1:MP situation Decisionl
Fns || status Al
(ol 5 nput () Gne resst replan
= inpuc 4); mission »
output (rndNum); mode auto-pilot|
action
uniform(0.0, 1.0) “CrLrar GF1-Ta

GF2 Page

then gfn::gFns
else empty response
monitor to vehicle
ReqFor vehicle gFn::gFns MC mo'i_':ltl)l' arteteﬂgsop
G attentior| Decision1 ‘éfivrr:\le ql
request GFns GFns 9 (clgeRLs
Or2-T1 input (); GE2-F2
. output (rndNum);
ifrndNum>=0.75 | - o0

if rndhNum <=0.5
then gFn::gFns.
else empty
if rndNum>=0.5 andalso rndNum <0.75

Y

Response’
to MC

GFn

then gFn::gFns

uniform(0.0, 1.0) IssueCmd

else empty
monitor Lo KGV]
tactical
montas situation
GFns for MC
GF3 monitor if ndNum <=0.5
RegFor tactical CES then gFn::gFns. o execute
GF3:CES sflé:%tqusn Decision1 input (0; else empty evasion
output (rndNum); e o5 J sgtrrategy
] action _fn um > 0. <E
¢ then gFn::gFns
uniform(0.0, 1.0) CES el “ g
Dacision2 | i rndNum <= 0.5
gFn:tgFns then gFn::gFns
else empty
input ();
perceive > . »||evaluate Otltmu{ {neium): gelod
action
threat @ threat @ uniform(0.0, 1.0) set‘::':gr;
GFns GFns GFns GFns
(clgcE =] (el i GF3-F4
GF4 Page
Gﬁ:iqz% | select vehicle of interest ” @ || taxacutaimanualidrive CVEQ_GF
GFaT1 GFns GFn

Fig. 10. Petri-nets for the operator tasks
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HojEth of7|Al= Table 204 A9t 2] GF4-FI-TI,
GF4-F1-T2, GF4-F1-T3 1}9]9] 8|5 Petri-netso|t}. 1
25 7t Selol Ak 2 Bl A sk el
Q7EE A8 A VACP 4222 el 3
2 VACP =32 UBtH«= doll= o4 109915 A
&5kl oI5 So1A AlZ(Visual) AFdo] 0.70]2kaL
st HelE] Aolls 72 8 EH U= Qu]o|t o=
CPNToolof|A] 4=4F Tk 2] 7] Q17| wjiZolch 1
U A}l A2 108 UieolA] gl

&R B 7 whedof et Hlole =A el
ol a7-E= 82| 17FAR HloJE|(VACP, Visual,
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3YAl7ro] Qlrk Table 3 7} H3t7]5d o ¢l
gt e TlofelEolth olE S014] Table 39 Al B
32] “Tl:check DOIMDU)"E HW, o]= Zx7|%

Operator Task [ \Y A C P Time

GF1-F1: monitor tactical situation

T1: check DOI (MDU) 7.0 3.7 U(1,2)

T2: select TSD as DOI (MDU) 5.9 3.7 7.0 U(1,3)

T3: check team operation (MDU) 7.0 6.8 U(15,20)
GF1-F2: monitor team status

T1: check c2 text message (TSD) 5.9 3.7 U(1,3)

T2: check ¢2 audio message (Audio) 4.9 4.6 U(1,2)

T3: check team coordination (TSD) 7.0 7.0 U(15,20)

T4: check team member status (MUT) 5.9 3.7 U(2,5)
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Table 3. Input date set for CPN simulation (Continued)

GF1-F3: select vehicle mission interim mode

T1: evaluate team mission (TSD) 7.0 7.0 U(15,20)
T2: determine team interim action (MCD) 3.7 3.7 U(1,2)
T3: select team interim action (MICD) 7.0 6.8 7.0 U(1,2)
GF1-F4: replan auto-pilot
T1: check vehicle driver mode (VDPP) 5.9 3.7 U(1,3)
T2: select vehicle of interest (VDPP) 7.0 3.7 U(1,3)
T3: check DOI (MDU) 7.0 3.7 U(1,2)
T4: select 2D as DOI (MDU) 5.9 3.7 U(l1,3)
T5: select Re-plan (Re-plan Btn, VDPP) 7.0 6.8 U(1,3)
T6: put cursor on waypoint (Cursor Controller,2D) 7.0 5.3 U(15,20)
T7: put cursor on release point (Cursor Crlter,2D) 6.8 7.0 U(1,2)
T8: evaluate replan (TSD) 3.7 6.8 U(15,20)
T9: accept replan (accBtn, VDPP) 3.7 6.8 U(1,2)
T10: cancel (cnclBtn, VDPP) 3.7 6.8 U(1,2)
GF2-F1: monitor vehicle attention request
T1: monitor vehicle att request (VCP) 7.0 6.8 U(1,3)
GF2-F2: monitor vehicle driving
T1: select vehicle of interest (VSD) 7.0 U(1,3)
T2: check speed limit (VSD) 7.0 3.7 U(1,2)
T3: check current speed (VSD) 7.0 3.7 U(1,2)
T4: check pitch (VSD) 7.0 3.7 U(1,2)
T5: check yaw (VSD) 7.0 3.7 U(1,2)
T6: check roll (VSD) 7.0 3.7 U(1,2)
T7: check fuel (VSD) 7.0 3.7 U(1,2)
GF2-F3: monitor tactical situation
T1: check mission area (TSD) 7.0 6.8 U(2,5)
T2: check for threats (TSD) 7.0 6.8 U(8,10)
T3: check range bearing (TSD) 7.0 6.8 U(13,15)
GF2-F4: response to vehicle attention request
T1: select permission (VCP) 5.9 6.8 7.0 U(1,2)
T2: select rejection (VCP) 5.9 6.8 7.0 U(1,2)
T3:other (VCP) 5.9 6.8 7.0 U(1,2)
GF3-F1: monitor tactical situation
T1: check DOI (MDU) 7.0 3.7 U(1,2)
T2: select TSD as DOI (MDU) 5.9 3.7 7.0 U(l1,3)
T3: check team operation (MDU) 7.0 6.8 U(15,20)
GF3-F2: perceive threat
T1: check DOI (MDU) 7.0 3.7 U(1,2)
T2: check threat 7.0 6.8 U(8,10)
GF3-F3: evaluate threat situation
T1: identify current threat(s) (TSD) 7.0 6.8 U(8,10)
T2: prioritize threat (TSD) 7.0 6.8 U(8,10)
GF3-F4: select evasion strategy
T1: select vehicle (VSD) 7.0 3.7 U(1,2)
T2: determine mission interim change (MICP) 3.7 6.8 U(15,20)
T3: determine jockey maneuver (VCP) 3.7 6.8 U(1,2)
T4: check vehicle driver mode (VDPP) 3.7 3.7 U(1,2)
T5: select drive mode (VDPP) 5.9 6.8 U(1,2)
GF4-F1: select vehicle of interest
T1: check vehicle id (VDPP) 7.0 3.7 U(1,2)
T2: select vehicle (VDPP) 7.0 3.7 U(1,3)
T3: select drive mode (VDPP) 7.0 6.8 7.0 U(1,3)
GF4-F2 execute manual drive:
T1: check mission interim control(MICP) 7.0 6.8 U(1,2)
T2: select Execution Button (MICP) 7.0 6.8 U(1,2)
T3: drive right Button (VCP) 7.0 3.7 7.0 U(15,20)
T4: drive left Button (VCP) 7.0 6.8 7.0 U(15,20)
T5: drive acceleration Button (VCP) 7.0 6.8 7.0 U(15,20)
T6: drive stop Button (VCP) 7.0 6.8 7.0 U(15,20)




Table 4. Probability of the goal function events

Goal Function Probability
Mission Plan (MP) 0.1
Mission Control (MC) 0.3
Control Emergency Situation (CES) 0.2
Control Vehicle Drive (CVD) 0.4
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