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Requirements Definition Process

• High level requirement categories and very detailed 
specifications are defined; candidate technologies will 
be evaluated against requirements and results 
visually presented

• Responder-defined scenarios 
and situations were used to focus 
thinking, facilitate discussions

• An integrated product and 
process development (IPPD) 
database is being used to 
capture requirements and 
(eventually) compare technology 
solutions
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Solution
s
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Scenarios
• Responder-defined scenarios and situations were 

used to focus thinking, facilitate discussions
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Requirements Hierarchy

23
10
5

65

4
5

12
7
5

32



DHS Standard Test Methods for Performance and Use of  US&R Robots

Prioritization of Requirements

• 100+ requirements were analyzed with respect to 13 
different situations or possible robot types

• Responders determined which requirements applied 
to which situation/robot category

• This data was used to determine the most widely 
applicable requirements categories, which will be 
considered for Wave 1 of the standards process

Robot 
Category

Ground: 
Peek Robots

Ground: 
Collapsed 
Structure--
Stair/Floor 
climbing, 
map, spray, 
breach bots

Ground: Non-
collapsed 
Structure--
Wide area 
survey Bot

Ground: Wall 
Climbing 
Deliver Bots

Ground: 
Confined 
Space, 
Temporary 
Shore Bots

Ground: 
Confined 
Space 
Shape 
Shifters

Ground: 
Confined 
Space 
Retrieval 
Bots

Aerial:High 
Altitude 
Loiter Bots

Aerial: 
Rooftop 
Payload 
Drop Bots

Aerial: Ledge 
Access Bot

Aquatic: 
Variable 
Depth Sub 
Bots

Aquatic: 
Bottom 
Crawler Bot

Aquatic: 
Swift Water 
Surface 
Swimmer

Employment 
Role(s)

Provide rapid 
audio visual 
situational 
awareness; 
provide rapid 
HAZMAT 
detection; data 
logging for 
subsequent 
team work

Stairway & 
upper floor 
situational 
awareness; 
mitigation 
activities; stay 
behind 
monitoring

Long range, 
human access 
stairway & 
upper floor 
situational 
awareness; 
contaminated 
area survey; 
site 
assessment; 
victim 
identification; 
mitigation 
activities; stay 
behind 
monitoring

Deliver 
Payloads to 
upper floors; 
provide 
expanded 
situational 
awareness 
when aerial 
platforms are 
unavailable or 
untenable

Adaptive, 
temporary 
shoring; provide 
stay behind 
monitoring; 
victim triage & 
support

Search; provide 
stay behind 
monitoring

Retrieve 
objects from 
confined 
spaces; provide 
stay behind 
monitoring

Provide 
overhead 
perspective & 
sit. awareness; 
provide 
HAZMAT plume 
detection; 
provide comm 
repeater 
coverage

Payload 
delivery to 
rooftops; 
provide 
overhead 
perspective; 
provide comm 
repeater 
coverage

Object retrieval 
from upper 
floors; crowd 
control with a 
loudspeaker 
object attached, 
provide 
situational 
awareness

Structural 
inpsection; leak 
localization/miti
gation; object 
(body) recovery

Water traverse; 
rapid current 
station keeping; 
object recovery

Upstream 
access and 
station keeping; 
payload 
delivery; object 
recovery

Deployment 
Method(s)

Tossed, 
chucked, 
thrown
pneumatically, 
w/surgical 
tubing; 
marsupially 
deployed

Backpacked; 
self driven; 
marsupially 
deployed

Backpacked; 
self driven; 
marsupially 
deployed

Placed; thrown
pneumatically, 
w/surgical 
tubing; 
marsupially 
deployed Placed: lowered Placed; lowered 

Placed; lowered 
via tether

Released: 
baloon or F/W; 
tethered LTAF 
(kite)

Launched F/W; 
tethered LTAF 
(kite)

Launched 
VTOL; VTOL

Dropped into 
water; lowered 
via tether Driven across wa

Dropped into 
water; 
marsupially 
deployed

Tradeoffs

Trade mobility, 
duration, 
sensing for 
increased 
expendability

experience 
form factor for 
increased 
mobility, 
sensing, 
manipulation; 
mapping 
variant; 
spraying 
variant; 
breaching 
variant

experience 
form factor for 
increased 
mobility, 
sensing, 
manipulation; 
mapping 
variant; 
spraying 
variant; 
breaching 
variant

trade payload 
capacity for 
vertical mobility 
and stable 
perching 

trade mobility 
and payload 
capacity for 
shoring 
capacity 

trade payload 
capacity for 
confined space 
access

trade sensing 
capacity for 
manipulators, 
confined space 
access

trade 
penetration 
capacity for 
vertical 
perspective

trade 
penetration 
capacity & loiter 
time for vertical 
drop

trade simplicity, 
penetration 
capacity, loiter 
time for precise 
vertical drop

trade ground 
mobility for sub 
surface access 
& free swim 
capacity

pursue 
amphibious 
mobility at cost 
of other 
performance

pursue swift 
water capacity 
at cost of other 
performance
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Robot 
Category

Ground: 
Peek Robots

Ground: 
Collapsed 
Structure--
Stair/Floor 
climbing, 
map, spray, 
breach bots

Ground: Non-
collapsed 
Structure--
Wide area 
survey Bot

Ground: Wall 
Climbing 
Deliver Bots

Ground: 
Confined 
Space, 
Temporary 
Shore Bots

Ground: 
Confined 
Space 
Shape 
Shifters

Ground: 
Confined 
Space 
Retrieval 
Bots

Aerial:High 
Altitude 
Loiter Bots

Aerial: 
Rooftop 
Payload 
Drop Bots

Aerial: Ledge 
Access Bot

Aquatic: 
Variable 
Depth Sub 
Bots

Aquatic: 
Bottom 
Crawler Bot

Aquatic: 
Swift Water 
Surface 
Swimmer

Employment 
Role(s)

Provide rapid 
audio visual 
situational 
awareness; 
provide rapid 
HAZMAT 
detection; data 
logging for 
subsequent 
team work

Stairway & 
upper floor 
situational 
awareness; 
mitigation 
activities; stay 
behind 
monitoring

Long range, 
human access 
stairway & 
upper floor 
situational 
awareness; 
contaminated 
area survey; 
site 
assessment; 
victim 
identification; 
mitigation 
activities; stay 
behind 
monitoring

Deliver 
Payloads to 
upper floors; 
provide 
expanded 
situational 
awareness 
when aerial 
platforms are 
unavailable or 
untenable

Adaptive, 
temporary 
shoring; provide 
stay behind 
monitoring; 
victim triage & 
support

Search; provide 
stay behind 
monitoring

Retrieve 
objects from 
confined 
spaces; provide 
stay behind 
monitoring

Provide 
overhead 
perspective & 
sit. awareness; 
provide 
HAZMAT plume 
detection; 
provide comm 
repeater 
coverage

Payload 
delivery to 
rooftops; 
provide 
overhead 
perspective; 
provide comm 
repeater 
coverage

Object retrieval 
from upper 
floors; crowd 
control with a 
loudspeaker 
object attached, 
provide 
situational 
awareness

Structural 
inpsection; leak 
localization/miti
gation; object 
(body) recovery

Water traverse; 
rapid current 
station keeping; 
object recovery

Upstream 
access and 
station keeping; 
payload 
delivery; object 
recovery

Deployment 
Method(s)

Tossed, 
chucked, 
thrown
pneumatically, 
w/surgical 
tubing; 
marsupially 
deployed

Backpacked; 
self driven; 
marsupially 
deployed

Backpacked; 
self driven; 
marsupially 
deployed

Placed; thrown
pneumatically, 
w/surgical 
tubing; 
marsupially 
deployed Placed: lowered Placed; lowered 

Placed; lowered 
via tether

Released: 
baloon or F/W; 
tethered LTAF 
(kite)

Launched F/W; 
tethered LTAF 
(kite)

Launched 
VTOL; VTOL

Dropped into 
water; lowered 
via tether Driven across wa

Dropped into 
water; 
marsupially 
deployed

Tradeoffs

Trade mobility, 
duration, 
sensing for 
increased 
expendability

experience 
form factor for 
increased 
mobility, 
sensing, 
manipulation; 
mapping 
variant; 
spraying 
variant; 
breaching 
variant

experience 
form factor for 
increased 
mobility, 
sensing, 
manipulation; 
mapping 
variant; 
spraying 
variant; 
breaching 
variant

trade payload 
capacity for 
vertical mobility 
and stable 
perching 

trade mobility 
and payload 
capacity for 
shoring 
capacity 

trade payload 
capacity for 
confined space 
access

trade sensing 
capacity for 
manipulators, 
confined space 
access

trade 
penetration 
capacity for 
vertical 
perspective

trade 
penetration 
capacity & loiter 
time for vertical 
drop

trade simplicity, 
penetration 
capacity, loiter 
time for precise 
vertical drop

trade ground 
mobility for sub 
surface access 
& free swim 
capacity

pursue 
amphibious 
mobility at cost 
of other 
performance

pursue swift 
water capacity 
at cost of other 
performance

Robot Categories and Deployment Situations

• Responder-ratified situations were used to further 
focus thinking, facilitate discussions
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Maximum # 
Robots

Minimum # Robots

Mean # Robots

Median # Robots
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Analysis 
Based on 
Votes by all 
Workshop 3 
FEMA Task 
Forces

Requirements (sorted and coded)

Wave 1 Requirements Selection                    
Composite Data Statistics

See next slide for detail view
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Suggested Selection
Criteria

• Yi ≥ Y (=8.105)

• Medi ≥ 10
• Mini ≥ 8
• Maxi ≥ 12 

Yield about
20 Wave 1 
requirements that
may be considered
consensus requirements
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Requirements (sorted and coded)

Wave 1 Requirements Selection                     
Composite Data Statistics
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2
C hass is S ys tem  C om ponent 

In te roperab ility
In te rope rab ility o f task -based  requ irem ents  beyond M in im um  C apab ilities . Inc ludes  a ll chass is  , payload , and  
ope ra to r in te rface  com ponents .

3 C hass is Illu m in a tio n : A djus tab le

5
C om m s C o m m s: E xpandab le  B andw id th W ill support add itiona l ope ra tiona l com ponen ts  w ithou t loss  o f da ta  transm iss ion  ra te  su ffic ien t to  a llow  each  

com ponen t to  perfo rm  its  func tion .

6
C om m s C o m m s: R ange--B eyond L ine  O f S igh t M ust be  ab le  to  ingress  spec ified  num ber o f fee t in  w o rs t case  co llapse . W ors t case  is  a  re in fo rced  s tee l 

s truc tu re . 

7
C om m s C o m m s: S ecurity S ys tem  m ust be  sh ie lded  from  jam m ing  in te rfe rence  and  encryp ted . S ca le  de fined : 1=N one , 3=C om m and ; 

5=B oth  da ta  and  com m and.

8 C om m s C o m m s: R ange--L ine  o f S igh t

11
H um an F ac to rs In itia l T ra in ing Leads  to  certif ica tion .

12
H um an F ac to rs P ro fic iency educa tion S truc tu red  env ironm en t.

13
H um an F ac to rs O pera to r ra tio P er robo t

14
H um an F ac to rs ** A cceptab le  U sab ility P ercen t o f tasks  users  can  com ple te . 

16
H um an F ac to rs Assistiv e : A uto  N o tif ica tion S ys tem  no tifies  ope ra to r w hen cond itions  a rise  tha t need  a tten tion .

20
H um an F ac to rs Ass is tiv e: M o b ility: R eacqu ire  com m s

26
H um an F ac to rs C o n tex t: L igh ting  C ond itons S pec ia l em phas is  on  no  ligh t and  g la re .

27
H um an F ac to rs C o n tex t: M obility S ca le ; 1=S ta tionary; 3=C an 't run  sys tem  w h ile  m oving ; 5=R un sys tem  w h ile  m oving . M oving  is  assum ed  to  be  on  

foo t.

28
H um an F ac to rs C o n tex t:  M ob ility S ca le  D e fined : 1=W earab le ; 3=  1+opera te  w h ile  m oving ; 5=1+2+hands  free

29
H um an F ac to rs C o n tex t: P ro tec tive  C lo th ing S ca le : 1=N o p ro tec tion ; 3=M in im um  p ro tec tion  (th resho ld ); 5=C om ple te  p ro tec tion  (O b jec tive ) w h ile  m a in ta in ing  

acceptab le  usab ility

30

H um an F ac to rs D isp lay: D ashboard

G enera l chass is  sys tem  hea lth  and  s ta tus . (e .g . o rien ta tion , com m  s treng th , pow er leve l). T w o types  o f 
in fo rm ation : I. O rgan ic : 1 ) H ea lth --pow er, m o to r, senso r. C om m --rad io  transm iss ion , recep tion . 2 ) P ose --loca tion ; 
abso lu te  (x ,y,z) o r re la tive . 3 ) C ons tra in t--inh ib ito rs , m an ipu la to r p rob lem s , sens ing-occ luded , b lock ed . II. 
E x te rna l: 1 )

Wave 1 Requirements
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3 2
H u m a n  F a c to r s In te r a c t io n : C o m p o n e n t  c o n t ro ls T o  in c lu d e  d ia g n o s t ic s .

3 4
L o g is t ic s C a c h e  p a c k a g in g - - W e ig h t P e r  c o n ta in e r

3 5
L o g is t ic s M T B F O p e r a t in g  h o u r s .

3 6
L o g is t ic s C a c h e  p a c k a g in g - - S e tu p  T im e T im e  f r o m  o n - s ite  d e liv e r y  to  o p e ra t io n .

3 7
L o g is t ic s S h o c k  r e s is ta n c e O rg a n ic  c h a s s is  w ith o u t  m is s io n  s p e c if ic  c o m p o n e n ts .  O r g a n ic  in c lu d e s  d ir e c t io n a l a u d io ,  p o s it io n  s e n s o r s .

3 8
L o g is t ic s C a c h e  p a c k a g in g - - V o lu m e S c a le  d e f in e d :  1 = P e lic a n  1 6 5 0  b o x ;  3 = H a rd ig g  b o x  c h e c k a b le  o n  c o m m e rc ia l a ir c r a f t ;  5 = R o p a c k  m o d e l 4 0 4 8 ,  

4 0 3 9  w ith  d r o p  d o o r

3 9
L o g is t ic s F ie ld  M a in te n a n c e : S p a re s  a n d  S u p p lie s S e lf  s u s ta in in g  fo r  7 2  h o u rs .

4 0
L o g is t ic s F ie ld  M a in te n a n c e : D u ra t io n

4 1
L o g is t ic s F ie ld  M a in te n a n c e : T o o ls S c a le  D e f in e d :  1 = R e q u ir e s  s p e c ia l to o ls ,  3 = S im p le  to o ls  ( e .g . ,  s c re w  d r iv e r ) ,  5 =  N o  to o ls  r e q u ir e d

4 2
L o g is t ic s F ie ld  M a in te n a n c e : In te r v a ls M e a n  t im e  b e tw e e n  ro u t in e  m a in te n a n c e .

5 6
O p e r a t in g  

E n v ir o n m e n t O p e r .  E n v . :  M a x  T e m p e r a tu r e

5 7
O p e r a t in g  

E n v ir o n m e n t O p e r .  E n v . :  W a te r S c a le :  1 = N o t  w a te r  r e s is ta n t ;  2 = W a s h  d o w n ; 3 = S u b m e r s a b le ;  4 = W a te r  r e s is ta n t  to  1 2  m e te r s .

5 8
O p e r a t in g  

E n v ir o n m e n t O p e r .  E n v . :  M in  T e m p e r a tu r e

6 6 P o w e r P o w e r :  D w e ll T im e A m o u n t o f  t im e  s y s te m  c a n  r e m a in  a c t iv e  b u t   s ta t io n a ry .

6 7 P o w e r P o w e r :  W o rk in g  T im e M u s t  h a v e  s u f f ic ie n t  p o w e r  to  o p e r a te  fo r  s p e c if ie d  n u m b e r  o f  h o u rs .  A s s u m e s  o n e  p o w e r  c h a rg e .  O n e  o u t  a n d  
b a c k  m is s io n .

6 8 P o w e r P o w e r :  S u s ta in m e n t A m o u n t  o f  t im e  s y s te m  m u s t  b e  a b le  to  o p e ra te  in  f ie ld  b e fo r e  r e - s u p p ly  is  n e e d e d .

6 9 P o w e r P o w e r :  R u n t im e  In d ic a to r M u s t  b e  a b le  to  in fo rm  o p e ra to r  o f  r e m a in in g  p o w e r  le v e l ( p e r c e n t ) .  

8 2 S e n s in g P a s s iv e  D a ta  L o g g in g  
O f fb o a r d : L o c a t io n  

8 3 S e n s in g P a s s iv e  D a ta  L o g g in g  
O f fb o a r d : H a z m a t  

8 4 S e n s in g P a s s iv e  D a ta  L o g g in g  
O f fb o a r d : V ic t im  In d ic a to r s   

8 5 S e n s in g P a s s iv e  D a ta  L o g g in g  
O f fb o a r d : S y s te m  H e a lth  

9 6 S e n s in g V id e o :  R e a l t im e  r e m o te  v id e o  s y s te m  
( N e a r )

9 9

S e n s in g V id e o :  R e a l t im e  r e m o te  v id e o  s y s te m  
( F a r )

R e s o lu t io n  o f  th e  im a g e  w il l  b e  te s te d  u s in g  v is u a l a c u ity  te s ts  a t  g iv e n  ra n g e .  L im it in g  c a s e  c o u ld  b e  a s s e s s m e n t  
o f  s t r u c tu r a l in te g r ity  o f  th e  b u ild in g .  Im a g e  s h o u ld  b e  in  c o lo r  a n d  re s o lu t io n .  O p e ra to r  m u s t  r e a d  e y e  c h a r t  
th ro u g h  e n t ir e  im a g in g  s y s te m

Wave 1 Requirements
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Example Wave 1 Performance Test:                  
Real-Time Video System Acuity

Number:  03 
Type:   CHASSIS 
Sub-Type:  ILLUMINATION 
Requirement:  ADJUSTABLE 
Metric:   YES/NO  
Description: This requirement captures the responders’ expectation to use video in confined 
spaces and for short-range object identification, which can wash out from excessive illumination of the 
scene. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
 

Number:    06 * 
Type:     COMMUNICATIONS  
Sub-Type:    N/A   
Requirement:   RANGE – BEYOND LINE OF SIGHT 
Metric:   METERS 
Description: This requirement captures the responders’ expectation to project remote 
situational awareness into compromised or collapsed structures or to convey other types of information.  
They specifically noted that the robot should be able to ingress a specified number of meters into the worst 
case collapse, which was further defined as a reinforced steel structure.  This requirement also covers 
operations around corners of buildings and other locations beyond line of sight. The responders made no 
distinction regarding tethered or wireless implementations to address this requirement. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
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Example Wave 1 Performance Test:                  
Real-Time Video System Acuity

Number:  08 
Type:   COMMUNICATIONS 
Sub-Type:  N/A 
Requirement:  RANGE – LINE OF SIGHT 
Metric:   METERS 
Description: This requirement captures the responders’ expectation to project remote 
situational awareness or to convey other types of information down range within line of sight.  The 
responders made no distinction regarding tethered or wireless implementations to address this requirement. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
 

Number:  07 * 
Type:   COMMUNICATIONS 
Sub-Type:  N/A 
Requirement:  SECURITY 
Metric:   SCALE 1-5 

1 = No security 
3 = Command security only 
5 = Both data and command security 

Description: This requirement captures the responders’ expectation to use this system in 
sensitive public situations where maintaining control of remotes systems is imperative and limiting access 
to video images and other communications to authorized personnel is prudent. They added that the system 
should be shielded from jamming interference and encrypted for security, but made no distinction regarding 
tethered or wireless implementations to address this requirement. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
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Example Wave 1 Performance Test:                  
Real-Time Video System Acuity

Number:  99 * 
Type:   SENSING 
Sub-Type:  REAL-TIME COLOR VIDEO 
Requirement:  SYSTEM ACUITY - FAR 
Metric:   METERS 
Description: This requirement captures the responders’ expectation to use video for key tasks 
such as maneuvering (hence the real-time emphasis), object identification (hence the color emphasis), and 
path planning (hence the emphasis on long-range system acuity).  The responders noted the need to 
consider the entire system, including possible communications signal degradation and display quality, 
when testing this capability.  They also noted that the limiting case for long-range system acuity is probably 
assessment of structural integrity of buildings.  This requires identifying and measuring cracks in walls, 
inspecting the tops/bottoms of load bearing columns, and generally assessing the squareness of walls, 
ceilings, and floors. The responders made no distinction regarding tethered or wireless implementations to 
address this requirement. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
 

Number:  96 
Type:   SENSING 
Sub-Type:  REAL-TIME COLOR VIDEO  
Requirement:  SYSTEM ACUITY - NEAR 
Metric:   MILLIMETERS 
Description: This requirement captures the responders’ expectation to use video for key tasks 
such as maneuvering (hence the real-time emphasis), object identification (hence the color emphasis), and 
detailed inspection (hence the emphasis on short-range system acuity).  The responders noted the need to 
consider the entire system, including possible communications signal degradation and display quality, 
when testing this capability.  They also noted that this requirement is closely tied to the need for adjustable 
illumination to avoid washing out the image of close objects.  The responders made no distinction 
regarding tethered or wireless implementations to address this requirement. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
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Example Wave 1 Performance Test:                  
Real-Time Video System Acuity

Number:  101 
Type:   SENSING 
Sub-Type:  REAL-TIME COLOR VIDEO 
Requirement:  FIELD OF VIEW 
Metric:   DEGREES  
Description: This requirement captures the responders’ expectation to use real-time video for 
a variety of tasks.  The responders noted that this requirement is closely tied to requirements addressing 
independent pan/tilt capabilities. 
Test Method:  SEE REAL-TIME VISION SYSTEM ACUITY TEST 
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Example Wave 1 Performance Test:                
Real-Time Video System Acuity

GOALS
• Test video system image resolution, near and far
• Test ability to remotely direct perception of robot/camera 
• Test effectiveness of variable illumination
• Test effect on resolution from degradation of comms signal
• Test security of video signal
METRICS
• Time to read three charts sequentially (seconds)
• Best visual acuity for each chart (range/icon size)

TEST METHOD
The operator shall sequentially read three eye charts (T1, T2, T3) to discern the 
smallest possible line (100% correct).  Two far field charts will be placed at ground 
level and at 3m elevation, while a third near field chart will be placed 90 degrees 
from the down-range axis.  Repeat the test with the following variations:

– Ranges: far field charts (18m, 9m, 3m),  near field chart (0.4m)
– Robot orientation (level, forward pitch, rear pitch, side roll)
– Ambient lighting of charts (lighted, dark)
– Communication mode (tethered, wireless)
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