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VERSION 2023A VERSION 2023A
Pilot LAST Name
LEVEL 1 I OPEN LANE Pilot FIRST Name
Pilot Organization
BASIC PROFICIENCY S
Drone Model
The Position and Traverse tests are performed sequentially by a remote pilot in direct line of sight, or with the pilot’s
back turned to represent flying beyond visual line of sight with an assisting visual observer. The aircraft flies the Facility Location
designated flight paths to align with one or more white buckets. Each alignment requires a single image of the Date (YYYY/MM/DD) Team #:
inscribed green ring inside the bottom of the buckets. Perform all 40 alignments and accurate landings within the
designated time limit. Visual acuity targets evaluate camera pointing and zooming capabilities along with color, PROCTOR NAME
thermal, hazmat labels, or other objects. Faults resulting in an end-of-trial include extreme deviations from the BUCKET DIAM. LANE SPACING () VISIBILITY WIND PILOT VIEW TIME LIMIT
intended flight path or contact with the apparatus, ground, or safety enclosure.
4IN 8IN SFT | 10FT | 20FT  LIGHTED DARK AVERAGE  GUSTS L;?‘éHC;F 'NT§;E¢CE 5 10
FABRICATION FLIGHT PATHS (10cM) | (20CM) | (1L.5M)  (3M) | (6M)  300+LUX = <1LUX v mocouwe wn | own | e
OPTIONAL V.O. MANDATORY V.0.
* (QTY 01) 15m (50ft) measuring tape centerline (CIRCLE ONE) (CIRCLE ONE) (CIRCLE ONE) (FILLIN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

* (QTY 01) square panel with 30cm (12in) radius circle

* (QTY 03) 10x10x15cm (4x4x6in) posts

* (QTY 12) 5x10x30cm (2x4x12in) legs with 45deg tapers

* (QTY 30) 7.5cm (3in) screws attach legs to post - 2 per

* (QTY 30) 4cm (1-1/2in) screws attach buckets — 2 per

* (QTY 15) 7.5-liter (2-gallon) white buckets

* (QTY 52) 20cm (8in) round polyester weatherproof labels.

ALIGNMENT SCORE: Circle bucket identifiers for images with UNBROKEN RINGS. Strike through all BROKEN RINGS and incomplete buckets.

CAPTURE ONLY ONE IMAGE OF EACH BUCKET — CIRCLE ALIGNED IMAGES AND LANDINGS

CAPTURE PRE-LAUNCH CLOCK IMAGE — LAUNCH TIME (HH:MM:SS) g
POSITION TEST - FLYING ALONG CENTERLINE CIRCLE ALIGNED
1 LAUNCH AND HOVER OVER STAND #1TO ALIGN WITH 1 & 2A

N . X 2 YAW LEFTWARD 360° OVER STAND #1TO ALIGN WITH 1 & 2A
Download and print targets and lettering from the online 3 YAW RIGHTWARD 360° OVER STAND #1 ALIGN WITH 1 & 2A
USAGE GUIDE or at RobotTestMethods.nist.gov. 4 CLIMB VERTICALLY OVER STAND #1TO ALIGN WITH 1 & 3A

* A thick black marker can also be used to inscribe 2.5cm (1in) 5 DESCEND VERTICALLY OVER STAND #1TO ALIGN WITH 1 & 2A
rings inside buckets with written letters and numbers. 6  PITCH FORWARD OVER STAND #2 TO ALIGN WITH 2 & 3A

7 PITCH BACKWARD OVER STAND #1TO ALIGN WITH 1 & 2A
8  PITCH FORWARD OVER STAND #2 THEN YAW LEFT 180° 2 & 1C
9 PITCH FORWARD OVER LANDING THEN YAW RIGHT 180° L & 1A

10  LAND IN CIRCLE (ONE OR MORE LEGS)-WORTH 2 POINTS [ 1pt & 1pt
TRAVERSE TEST — FLYING LEFTWARD CIRCLE ALIGNED

11 HOVER OVER THE LAUNCH PLATFORM TO ALIGN WITH 1A
12 ORBIT 90° LEFTWARD AROUND STAND #1TO ALIGN WITH 1B

ALIGNED ALIGNED NOT ALIGNED 13 ROLLLEFTWARD TO STAND #2 TO ALIGN WITH 2B

14 ROLLLEFTWARD TO STAND #3 TO ALIGN WITH 3B

15 ORBIT 90° LEFTWARD AROUND STAND #3 TO ALIGN WITH 3C

16 ORBIT 90° LEFTWARD AROUND STAND #3 TO ALIGN WITH 3D

17 ROLLLEFTWARD TO STAND #2 TO ALIGN WITH 2D

18 ROLLLEFTWARD TO STAND #1TO ALIGN WITH 1D

LEFT 1 B 19 ORBIT 90° LEFTWARD AROUND STAND #1TO ALIGN WITH 1A
20 LAND IN CIRCLE (ONE OR MORE LEGS) - WORTH 1 POINT 1pt

1A 21 HOVER OVER THE LAUNCH PLATFORM TO ALIGN WITH 1A

FRONT i _— 22 ORBIT 90° RIGHTWARD AROUND STAND #1TO ALIGN WITH 1D
_— 23 ROLLRIGHTWARD TO STAND #2 TO ALIGN WITH 2D

24 ROLLRIGHTWARD TO STAND #3 TO ALIGN WITH 3D

25 ORBIT 90° RIGHTWARD AROUND STAND #3 TO ALIGN WITH 3C

26 ORBIT 90° RIGHTWARD AROUND STAND #3 TO ALIGN WITH 3B

27 ROLLRIGHTWARD TO STAND #2 TO ALIGN WITH 2B

28 ROLLRIGHTWARD TO STAND #1TO ALIGN WITH 1B

29 ORBIT 90° RIGHTWARD AROUND STAND #1TO ALIGN WITH 1A

30  LAND IN CIRCLE (ONE OR MORE LEGS ) ~ WORTH 1 POINT 1pt

CAPTURE CLOCK IMAGE AFTER LANDING — LAND TIME (HH:MM:SS))

STOP THE TIMER OR CALCULATE RESULT — ELASPED TIME (MM:SS)|

/40 MINIMUM PASSING SCORE - TOTAL SCORE (POINTS)

arcieone: FAIL ( SCORE | TIME | SAFETY) o=  PASS




N ISI' rgﬁmﬁbﬁ;‘%azem‘{ Test Methods for Evaluating Aerial Drones Science and ler rgﬁmﬁaﬁsﬁmgzomv Test Methods for Evaluating Aerial Drones Science and
U8 DEPARTMENTOF COMMERCE Safety I Capab’[’t’es I PrOfIClenCy Technology U8 DEPARTMENTOF COMMERCE Safety I Capab’ht’es I Pfo_flclency Technology
RobotTestMethods.nist.gov RobotTestMethods.nist.gov

VERSION 2023A VERSION 2023A
Pilot LAST Name

LEVEL2 | OPEN LANE LEVEL2 | OPEN LANE PlotFIRST Name

Pilot Organization

Drone Make

Perform 5 different flight paths around the omni bucket stands. Each flight path includes as sequence of alignments Drone Model

with one or more buckets. Capture a SINGLE IMAGE of the inscribed ring inside each bucket and land accurately.

¢ Score ALIGNMENT POINTS after trial from images with UNBROKEN RINGS (5 pts) or BROKEN RINGS (1 pt).

Facility Location

Date (YYYY/MM/DD) Team #:
« Land CENTERED (5 pts) with the aircraft center inside the designated 60 cm (24 inch) diameter circle, or OFFSET PROCTOR NAME
(1 pt) with at least one propeller motor inside the circle.
. . . . ) BUCKET DIAM. LANE SPACING (S) VISIBILITY WIND PILOT VIEW TIME LIMIT
¢ Start timer at launch and end after the last task is completed. Trial time limits are typically 5 minutes each (25
minutes to complete all 5 tests) although organizations may set their own trial time limits and passing scores. 41N 8IN SET | 10FT  20FT  LIGHTED DARK AVERAGE  GUSTS L;T'GEHOTF 'NngiCCE 5 10
o . . . . . (10CM)  (20CM)  (L5M)  (3M) | (6M) = 300+LUX = <1LUX . wn | wn | T
* Extreme deviations from the intended flight path, or contact with any object, ends the trial to ensure safety. MPH MPH e . Mmoo,
(CIRCLE ONE) (CIRCLE ONE) (CIRCLE ONE) (FILLIN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts) or BROKEN RINGS (1 pt). Draw a line through all incomplete.

Demonstrate basic flight maneuvers between designated hover positions,

3 orientations, and altitudes along the lane centerline at altitudes S and 2(S).
e ) ) ) o POSITION (MAN1) | TRAVERSE (MAN 2) ORBIT (MAN 3) INSPECT (MAN 4) RECON (MAN 5)
g Climb, descend, yaw, pitch, and roll to simultaneously align with downward
3 o .
buckets to check position then forward buckets to check altitude. TP IMAGES TO CAPTURE I IMAGESTOCAPTURE B IMAGES TO CAPTURE 7T IMAGESTO CAPTURE X8, IMAGES TO CAPTURE
1 Landing Scored Twice 2 Landings Scored Separately No Landing No Landing No Landing

POSITION
MAN 1 oo™

Complete 10 positions along the lane centerline with 18 alignments and 1

accurate landing (counts double) to score up to 100 points.
START TIMER ALGNMENT START TIMER ALIGNMENT START TIMER ALIGNMENT START TIMER ALUGNMENT START TIMER ALIGNMENT

Fly sideways parallel to objects while looking forward to identify features as if

TRAVERSE ® o X PRl Bucker | IMAGE LAUNCHTO [ taunciTo [ERETERRFRREE  (auncHTo el o] tauncHTo PRl
MAN?2 . o along a road, truck, bus, building, fence, tree line, etc. AP scauence  PoINTs PIREY scauence  POINTS PRFION scauence | PoinTs PRRVZI0Y | seauence | PoinTs PIREY scauence  PoinTs
A * Maintain altitude S flying leftward and rightward around the first three bucket 1A 5 1 - . uwa 5 1
o stands to align with all the designated buckets. vawiaso 28 > 1 18 >t g 3A s : P RANGE | " 14 s
b7 . 1 5 1 _ 2B 51 3 3B 51 § L 5 1
Ko E ¢ Complete 1 Ia'p leftward then 1 lap rlgthard with 18 alignments and 2 - 2A 5 1 é 38 5 1 3C 5 1 o2 1A 5 1
accurate landings to score up to 100 points. 1 s 1 § 3c . 1 s 3D - NExT a . 1
* Fly circular orbits around designated bucket stands while looking inward to 2A 51 3D 51 1 51 STAND upeie 51
identify features on all four sides. Fly altitude 2(S) leftward and rightward around CLmB 1 5 1 2D 5 1 % 3A 5 1 z UP RANGE L 5 1
stand #3 (white), then altitude S leftward and rightward around stand #2 (black). 3A 5 1 1D 5 1 g 3D 5 1 E 2D 5 1 1A 5 1
DESCEND = > LAP3
* Each orbit has 5 bucket alignments starting with 1 downward radius check then 4 1 5 1 Ao 1A 51 © 3c 51 3 2c 5 1 4 5 1
altitude checks around the orbit looking inward at the angled buckets. 2A 51 @) 51 pescenp | 3B 51 Next | 2B 51 oomn 7 51
FORWARD LAUNCH UP RANGE
Complete 4 orbits with 20 ali it to 100 point 2 51 toaTs | 1A 51 TOALTS 1 5 1 STAND 3 51 L 5 1
* Complete 4 orbits wi alignments to score up to oints.
P g P P BACKWARD 3A 5 1 iD 51 = 2A 51 = 3A 51 1A 51
s . . . . . 3 LAP 4
INSPECT P * Fly in closer proximity around objects to inspect detailed features on top and all 1 5 1 2D 5 1 g 28 5 1 § 3B 5 1 4 5 1
MAN 4 g four sides of the bucket stands. FORWARD & 2A 51 é 3D 51 B 2C 51 8 3C 51 vom ¥ 51
L 3 . 3 . YAWL-180 | ursoc & 5 1 ] 3C 51 2D 5 1 3D 5 1 UP RANGE L 5 1
* Maintain altitude 1/2(S) starting on top of each bucket stand with alternating DUW"I ‘1 = 38 - REVERSE T — ST“LE:;
B
leftward and rightward rotations to inspect all four sides of each bucket stand. FORWARD & C N d =1 LAPS 1A 1
YAW R-180 L 5 1 2B 5 1 2 2A 5 1 2 an 5 1 4 5 1
* Complete all 4 stands with 20 alignments to score up to 100 points. 1A 5 1 1B 5 1 g 2D 5 1 E ap 5 1 uesoe 5 1
LAND 5 1 o in 5 1 E] 2C 5 1 )é ac 5 1 UPRANGE L 5 1
* Fly straight and level over the centerline to establish a stable hover over an o ] s a O 51 28 5 1 48 5 1 1A 5 1
. . END TIMER END TIMER END TIMER END TIMER END TIMER
object down range to perform reconnaissance tasks.
* Maintain altitude S to align with buckets and the landing at each end of the lane. {100 /100 /100 /100 /100
Reconnaissance tasks are performed every 8(S) over a total distance of 80(S).
ELAPSED TIME ELAPSED TIME ELAPSED TIME ELAPSED TIME ELAPSED TIME

Complete 5 laps (or 10 lane lengths) with 20 alignments to score up to 100
points. PASS  FAIL PASS  FAIL PASS  FAIL PASS  FAIL PASS  FAIL

(CIRCLE ONE) (CIRCLE ONE) (CIRCLE ONE) (CIRCLE ONE) (CIRCLE ONE)
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Scoring Alignment Points
Capture images of alignment rings to verify

ALIGN WITH BUCKETS AND LAND ACURATELY

20 ALIGNMENTS TOTAL UP TO 100 POINTS
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g Science and
U Technology

Align with each bucket to capture a SINGLE IMAGE
of the inscribed alignment ring. Only the first
image is scored.

Score captured images as:
— UNBROKEN RINGS (5 points)
— BROKEN RINGS (1 point)
— NO RINGS (0 points, strike through line)

Score accurate landings as:
— CENTERED (5 pts) with the aircraft center
point inside the 60 cm (24 in) diameter circle.
— OFFSET (1 pts) with at least one propeller
motor inside the circle.

Verification of captured alignment images can be
during the trial when obvious or after the trial to

eliminate discussions during the trial. Images can
also be stored for documentation. 4
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VERSION 2023A

Science and

LEVEL 3 | OPEN LANE

PAYLOAD FUNCTIONALITY

Perform 5 different flight paths around the omni bucket stands. Each flight path includes a sequence of
alignments with one or more buckets. While aligned with each bucket, control camera zoom and exposure to
capture a SINGLE IMAGE of the inscribed ring and IDENTIFY TARGETS inside each bucket.

* Score ALIGNMENT POINTS after the trial from images with UNBROKEN RINGS (5 pts) or BROKEN RINGS (1 pt).
* Score ACUITY POINTS by calling out the 5 increasingly small VISUAL ACUITY TARGET GAPS (1 pt each).

* Land CENTERED (5 pts) with the aircraft center inside the designated 60 cm (24 inch) diameter circle, or
OFFSET (1 pt) with at least one propeller motor inside the circle.

 Start timer at launch and end after the last task is completed. Trial time limits are typically 5 minutes each (25
minutes to complete all 5 tests) although organizations may set their own trial time limits and passing scores.

* Extreme deviations from the intended flight path, or contact with any object, ends the trial to ensure safety.

Demonstrate basic flight maneuvers between designated hover positions,
orientations, and altitudes along the lane centerline at altitudes S and 2(S).

POSITION

Climb, descend, yaw, pitch, and roll to simultaneously align with downward
buckets to check position then forward buckets to check altitude.

Complete 10 positions along the lane centerline with 18 alignments and 1
accurate landing (counts double) to score up to 100 points.

Fly sideways parallel to objects while looking forward to identify features as if
along a road, truck, bus, building, fence, tree line, etc.

TRAVERSE
PAY2

Maintain altitude S flying leftward and rightward around the first three bucket
stands to align with all the designated buckets.

Complete 1 lap leftward then 1 lap rightward with 18 alignhments and 2
accurate landings to score up to 100 points.

Fly circular orbits around designated bucket stands while looking inward to
identify features on all four sides. Fly altitude 2(S) leftward and rightward around
stand #3 (white), then altitude S leftward and rightward around stand #2 (black).

Each orbit has 5 bucket alignments starting with 1 downward radius check then 4
altitude checks around the orbit looking inward at the angled buckets.

Complete 4 orbits with 20 alignments to score up to 100 points.

INSPECT P Fly in closer proximity around objects to inspect detailed features on top and all
PAY 4 T four sides of the bucket stands.

Maintain altitude 1/2(S) starting on top of each bucket stand with alternating
leftward and rightward rotations to inspect all four sides of each bucket stand.

Complete all 4 stands with 20 alignments to score up to 100 points.

x
m
()
[®]
2

Fly straight and level over the centerline to establish a stable hover over an
PAY 5 = .. object down range to perform reconnaissance tasks.

Maintain altitude S to align with buckets and the landing at each end of the lane.
Reconnaissance tasks are performed every 8(S) over a total distance of 80(S).

Complete 5 laps (or 10 lane lengths) with 20 alignments to score up to 100
points.

Technology
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VERSION 2023A

Science and
Technology

Pilot LAST Name

Pilot FIRST Name

LEVEL 3 | OPEN LANE

Pilot Organization

PAYLOAD FUNCTIONALITY Drone Make

Drone Model
Topterr(n) g2l (miTormoHT Facility Location
(R)
R e Date (YYYY/MM/DD) Team #:
BOTTOM LEFT (BL) {BR) BOTTOM RIGHT
schne PROCTOR NAME
BUCKET DIAM. LANE SPACING (S) VISIBILITY WIND PILOT VIEW TIME LIMIT
4IN 8IN SFT | 10FT | 20FT  LIGHTED DARK AVERAGE  GUSTS L;’I\‘GEHC;F 'NTOEEECE 5 10
(10CM) | (20CM) | (1L.5M)  (3M)  (6M)  300+LUX = <1LUX wn | ovm |
MPH MPH FACINE LANE BACK TO LANE

OPTIONAL V.O. MANDATORY V.O.
(CIRCLE ONE) (CIRCLE ONE) (CIRCLE ONE) (FILLIN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts) or BROKEN RINGS (1 pt). Draw a line through all incomplete.
ACUITY SCORE: Circle correctly identified GAP DIRECTIONS in the answer key (1 point each).

POSITION (PAY 1) TRAVERSE (PAY 2) ORBIT (PAY 3) INSPECT (PAY 4) RECON  (PAY5)

m IMAGES TO CAPTURE .  IMAGES TO CAPTURE m IMAGES TO CAPTURE l IMAGES TO CAPTURE m IMAGES TO CAPTURE
¢ 18 ALIGNMENTS * 18 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS
* 2PERCH TARGETS * 2 PERCH TARGETS * NO LANDING * NO LANDING * NO LANDING

ALIGNMENT ACUITY ALIGNMENT ACUITY

ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY

ALIGN IMAGE CORRECT GAPS
BUCKET  POINTS (LPOINT EACH)

ALIGN IMAGE CORRECT GAPS
BUCKET  POINTS (1 POINT EACH)

ALIGN IMAGE CORRECT GAPS ALIGN IMAGE CORRECT GAPS ALIGN IMAGE CORRECT GAPS
BUCKET  POINTS (1 POINT EACH) BUCKET  POINTS (LPOINT EACH) BUCKET  POINTS (1POINT EACH)

1 Al 51|mre ®rL s8R Lls5afrererc||,]2]51]re roert
51 ESlRTLTBLB HED 5lBRTTLRBL:‘1A 51 [RB TR L BR
51 51 | R TR L BR 3B 51 |s mRrRELT Bl 51 |rRT T8 B
51 B| 51 |8 mRRBT 3C| 51 |eL roBL T R 51 |BR R TL L BR
51 %3‘3 51 |sL R BL T BR D51 |1 RERT 51 |8 1L RBL T
51 HE I T =1 51 |rerer L] g 51 |BL T BRR T
el t ] 51 |18 RER L 51TRBTLBBL 5|3 51 [er7T 1 REL 51 [LBRTTR
Slaal 51 Jert e |51 s rReT 3|51 [ RERT 51 |mrB T 8B BL
glL151 |78 RBRL W] 51 |me ®rLer 3C| 51 |eL roBL T R 51 |18 RT B
E‘51\.B|2TT\_R @518LRTLLEL 3B |51 [ RRBT 51 |1 R TR L BR
§ 51 |sL T BRR T Wls1|memwuier| | [L]51 |18 rRertL . 51 |rR T B BLR
8[3A] 51 |sr 7 1 R 8L D51 |snroe 7| |3 51 |uer T o r||S 51 |BR T TL R BL
élslTBLRBRL 51TRBTLBBL 51 | R TR L BR 3Bl51 s mRrRE T
H 51 LB T TR 3D 51 [L 1 RBR T 51 |18 RT B 3C| 51 [ R BL T B8R
H 51 |me 1 oLer| [2]3] 51 s roa 1 Sl 51 |rrB TL B BL 3|51 [ rerT
El1C| 5 1 [rron e §3B 51 |8 TRRBLT g151 TBLRBR L| |, 51 |1 8B TR R BR
ElL]si]emuie 1 Gl 5 1 |0k oeR| | s1iemtomor||§ 51 (188 TR L
HE R Bl 51 |rm Te 8 0 51 |RB TL B BL 51 |erRB T B TR
@) s e R e 1A| 51 | B R L BR 51 |TBLRT B 51 |rRBLT RSB
SIE)| 5 1 [Ler T s @51 LBR T T B 51 | R R LBR 51 | LBLRT
1100 1100 1100 1100 1100 1100 1100 1100 100 1100
ELAPSED TIME (MM SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS)

PASS SR FAIL PASS S FAIL PASS S FA|L PASS ¢ FA|L PASS R FAIL



Scoring Alignment Points
Capture images of alignment rings to verify

ALIGN WITH BUCKETS AND LAND ACURATELY

20 ALIGNMENTS TOTAL UP TO 100 POINTS

*  Align with each bucket to capture a SINGLE IMAGE
of the inscribed alignment ring. Only the first
image is scored.

* Score captured images as:
— UNBROKEN RINGS (5 points)
— BROKEN RINGS (1 point)
— NO RINGS (0 points, strike through line)

* Score accurate landings as:
— CENTERED (5 pts) with the aircraft center
point inside the 60 cm (24 in) diameter circle.
— OFFSET (1 pts) with at least one propeller
motor inside the circle.

* Verification of captured alignment images can be
during the trial when obvious or after the trial to
eliminate discussions during the trial. Images can
also be stored for documentation.

Scoring Acuity Points
Identify increasingly small visual acuity targets

ALIGN THEN CONTROL ZOOM AND EXPOSURE

20 TARGETS TOTAL UP TO 100 POINTS
7 18~
~»

(T)
TOP LEFT(TL) (TR) TOP RIGHT

LEFT (L) (R)RIGHT

BOTTOM LEFT (BL) (BR) BOTTOM RIGHT

(8)
BOTTOM

REPORT GAP DIRECTIONS RELATIVE TO THE BUCKET NUMBER (TOP)

*  While aligned with each bucket, IDENTIFY ACUITY

TARGETS using camera zoom and exposure controls.

* Verbally call out as many of the Concentric C gap

directions as possible (1 pt each) with a Proctor.

* Fly facing away from the test lane or scenario

(with a Visual Observer) to evaluate flying interface
only as if beyond visual line of sight (BVLOS).

Pilot with Interface | Visual Observer
FACING AWAY | FACING AIRCRAFT %

TEST OR
SCENARIO
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VERSION 2023A VERSION 2023A
Pilot LAST Name

Perform 5 different flight paths to triangulate Pilot FIRST Name

LEVEL 4 | OBSTRUCTED around the dual bucket rails. Each flight path
includes alignments with perpendicular

PAYLOAD FUNCTIONALITY buckets then angled buckets using zoom and PAYLOAD FUNCTIONALITY Drone Make

exposure control to identify recessed targets.

LEVEL4 | OBSTRUCTED

Pilot Organization

Drone Model

Top
(T)

TOPLEFT (L) (TR) TOP RIGHT

* All sequences have 10 positions with 20 buckets to score: 123 4-321-2 3 4 (forward—-reverse—forward) Facility Location

¢ Score ALIGNMENT POINTS by capturing a SINGLE IMAGE of the inscribed rings to verify alignments during or after w0 g (x) T

the trial: UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt). oo o I ooy | D2 (YYYY/MM/DD) Team #

(B)

* Score ACUITY POINTS by calling out the 5 increasingly small VISUAL ACUITY TARGET GAPS (1 pt each). PROCTOR NAME
 Start timer at launch and end after the last task is completed. Trial time limits are typically 5 minutes each (25 BUCKET DIAMETER VISIBILITY WIND PILOT VIEW TIMELIMIT

minutes to complete all 5 tests) although organizations may set their own trial time limits and passing scores. AN 8IN LIGHTED oIM DARK AVERAGE  GUSTS L;?IGlEH?-F |NT§szCE 5 | 10
*  Extreme deviations from the intended flight path, or contact with any object, ends the trial to ensure safety. (tocm) - 20Cm) 300+LUX | 1-300LUX | <1LUX — FACINE LANE BackTOLANE | MIN M WIN

MPH MPH OPTIONALV.0. MANDATORY V.0,
(CIRCLE ONE) (CIRCLE ONE) (FILL IN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

Land or hover just above the ground within proximity to a wall or obstacle with

additional ground obstacles on both sides. Launch and land repeatedly if necessary to ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt), Draw a line through all incomplete.

ACUITY SCORE: Circle correctly identified GAP DIRECTIONS in the answer key (1 pt each).

PERCH score all buckets in the sequence of perch tasks.
PAY 6 . . . .
« Inspect vertical and horizontal object features all around the aircraft. PERCH (PAv6) J WALL (PAY7) GROUND (PAv8) | ALLEY (PAY9) § POST (PAY 10)
« Complete 10 positions to score up to 50 Alignment points and 50 Acuity points. IMAGES TO CAPTURE IMAGES TO CAPTURE IMAGES TO CAPTURE IMAGES TO CAPTURE m IMAGES TO CAPTURE
+ 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH
« 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS
* WHILE PERCHED
* Fly within proximity to a wall or obstacle at 45 degrees from forward of the aircraft. ALIGNMENT ACUITY ALIGNMENT AcuITY ALIGNMENT ACUITY ALIGNMENT AcuITY ALIGNMENT AcCUITY
WALL . )
ot * Inspect vertical object features upward and downward. Bl o B - T = T == T e
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR] TR B TR L BR]|
1M (3 FT) ELEVATION. e WHILE PERCHED 2 5 1 5 1 2 5 1 5 1
LBRTTLR 2A LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR
* Fly within proximity to a wall or obstacles at 90 degrees from forward of the aircraft. BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
GROUND 4 51 4 EEE 51
PAY S * Inspect horizontal object features leftward and rightward. TBLBTR L aA TBLBITRL TBLBTR L aA TBLBITRL TBLBITR L
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points. 51 51 51 51
BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
WHILE PERCHED 2 Ept 51 2 Ent 51
LBRTTLR p1. LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR
Fly withi imity t Il bstacle in front of the aircraft (0 d d >t >t >t >t
. front of the aircraft (0 degrees)
ALLEY b;lhvivr:d ;::::"::fty 108;:: rZ;so stacle In Iront of the aircra €grees) an TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR
behind the aircraft (180 degrees).
WHILE PERCHED 2 Em 51 2 ERt 51
PAYS * Inspect horizontal object features leftward and rightward. LBRTTLR 2A LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR
. . . . . 51 51 51 51
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
BR T TL R BL| BR T TL R BL BR T TL R BL| BR T TL R BL BR T TL R BL
4 ERY 51 4 ER 51
T BLBTR L T BLBTR L T BLBTR L T BLBTR L T BLBTR L
SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE
* Fly within proximity to a post and wall or obstacle and pass between the post and the
POST wall. /50 /50 /50 /50) /50) /50) /59) /50, /50) /59
PAY 10 * Inspect vertical object features upward and downward all around the post.
ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS )

Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.

PASS S FA|L PASS ¢ FA|L PASS R FAIL PASS R FAIL PASS SR FAIL



Scoring Alignment Points
Capture images of alignment rings to verify

ALIGN WITH BUCKETS AND LAND ACURATELY

10 ALIGNMENT RINGS TOTAL 50 POINTS

*  First align with each PERPENDICULAR BUCKET to
capture a SINGLE ALIGNMENT IMAGE of the
inscribed ring.

* Score captured images with
- UNBROKEN RINGS (5 points)
- BROKEN RINGS (1 point)
- NO RINGS (0 points, strike through line)

* Accurate landings are not scored.

* Verification of captured alignment images can be
during the trial when obvious or after the trial to
eliminate discussions during the trial. Images can
also be stored for documentation.

Scoring Acuity Points
Identify increasingly small visual acuity targets

ALIGN THEN CONTROL ZOOM AND EXPOSURE

10 ACUITY TARGETS TOTAL 50 POINTS

TOP
(T)

TOP LEFT (TL) (TR) TOP RIGHT

LEFT (L) (R)RIGHT

BOTTOM LEFT (BL) (BR) BOTTOM RIGHT

(B)
BOTTOM

REPORT GAP DIRECTIONS RELATIVE TO THE BUCKET NUMBER (TOP)

* Then align with each ANGLED BUCKET to IDENTIFY
ACUITY TARGETS using camera zoom and exposure
controls.

* Call out as many of the Concentric C gap directions
as possible (1 pt each).

* Fly facing away from the test lane or scenario
with a Visual Observer to evaluate flying interface
only as if beyond visual line of sight.

Pilot with Interface | Visual Observer
FACING AWAY | FACING AIRCRAFT %%:)

TEST OR
SCENARIO

10
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U.S. DEPARTMENT OF COMMERCE Safety I Capabllltles I Proflaency R 3 Technology

RobotTestMethods.nist.gov
VERSION 2023A

Perform the designated flight paths to
triangulate around dual bucket rails in various
orientations. Align with perpendicular buckets
then angled buckets. Use zoom and exposure
control to identify targets inside the buckets.

LEVEL5 | CONFINED
PAYLOAD FUNCTIONALITY

* All sequences have 10 positions with 20 buckets to score: 123 4-321-2 3 4 (forward—-reverse—forward)

* Score ALIGNMENT POINTS by capturing a SINGLE IMAGE of the inscribed rings to verify alignments during or after the
trial: UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt).

* Score ACUITY POINTS by identifying and calling out the 5 increasingly small VISUAL ACUITY TARGET GAPS (1 pt each).

* Start timer at launch and end after the last task is completed. Trial time limits are typically 5 minutes each (25
minutes to complete all 5 tests) although organizations may set their own trial time limits and passing scores.

* Extreme deviations from the intended flight path, or contact with any object, ends the trial to ensure safety.

Land or hover just above the ground within proximity to a wall or obstacle with
additional ground obstacles on both sides. Launch and land repeatedly if necessary to

PERCH score all buckets in the sequence of perch tasks.
PAY
e * Inspect vertical and horizontal object features all around the aircraft.
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
* Fly within proximity to a wall or obstacle at 45 degrees from forward of the aircraft.
XXVAJ'L * Inspect vertical object features upward and downward.
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
i aenon  FLOOR
W * Fly within proximity to a wall or obstacles at 90 degrees from forward of the aircraft.
GROUND - . i , ]
PAY 8 * Inspect horizontal object features leftward and rightward.
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
* Fly within proximity to a wall or obstacle in front of the aircraft (0 degrees) and
ALLEY behind the aircraft (180 degrees).
PAYS * Inspect horizontal object features leftward and rightward.
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
* Fly within proximity to a post and wall or obstacle and pass between the post and the
POST wall.
PAY 10

Inspect vertical object features upward and downward all around the post.

Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.

TITUTE Test Methods for Evaluating Aerial Drones 4 -
N Isr r%"x‘l‘&%ﬁ;‘s"sm TECSEOLDGV 8 K Science and
B\

5 DEPARTENT OF COUMERGE Safety | Capabilities | Proficiency Technology
RobotTestMethods.nist.gov
VERSION 2023A
Pilot LAST Name
LEVEL5 | CONFINED PlotFRST Name
Pilot Organization
PAYLOAD FUNCTIONALITY Drone Make
Drone Model
Tor
TopwerT(rt) gl (TR)TOP RIGHT Facility Location
(R)
Y - e Date (YYYY/MM/DD) Team #:
BOTTOM LEFT ( BL)’ {BR) BOTTOM RIGHT
oo PROCTOR NAME
BUCKET DIAMETER VISIBILITY WIND PILOT VIEW TIME LIMIT
2IN 41N LIGHTED DIM DARK AVERAGE GUSTS L;’;‘GEHC:,F INTOE'F:E¢CE 5 10
(5CM) (10cm) 300+LUX | 1-300LUX | <1LUX AN LARE BACKTO AN wn | mm | TN
MPH MPH OPTIONAL V.0 MANDATORY V.0.
(CIRCLE ONE) (CIRCLE ONE) (FILLIN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt), Draw a line through all incomplete.
ACUITY SCORE: Circle correctly identified GAP DIRECTIONS in the answer key (1 pt each).

PERCH (Pavs) § WALL (PAY 7) GROUND (pavg) | ALLEY (pav9) § POST (PAY 10)

m IMAGES TO CAPTURE 1 IMAGES TO CAPTURE 1 IMAGES TO CAPTURE 1 IMAGES TO CAPTURE 1 IMAGES TO CAPTURE
* 1PRE-LAUNCH * 1PRE-LAUNCH * 1PRE-LAUNCH * 1PRE-LAUNCH * 1PRE-LAUNCH
* 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS

*  WHILE PERCHED

ALIGNMENT ALIGNMENT ALIGNMENT AcuITY ALIGNMENT AcuItY

ALIGNMENT AcCUITY AcCUITY

ACUITY

CIRCLE CORRECT GAPS
(1 POINT EACH)

CIRCLE CORRECT GAPS
(1 POINT EACH)

CIRCLE CORRECT GAPS
(1 POINT EACH)

CIRCLE CORRECT GAPS
(1 POINT EACH)

BUCKET  IMAGE
SEQUENCE  POINTS

BUCKET  IMAGE
SEQUENCE  POINTS

BUCKET  IMAGE
SEQUENCE  POINTS

BUCKET  IMAGE
SEQUENCE  POINTS

CIRCLE CORRECT GAPS
(1 POINT EACH)

BUCKET  IMAGE
SEQUENCE  POINTS

TR B TR L BR| TR B TR L BR| TR B TR L BR] TR B TR L BR]| TR B TR L BR
WHILE PERCHED 51 51 1 51

LBRTTLR LBRTTLR LBRTTLR LBRTTLR LBRTTLR
51 51 1 51

BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
51 51 1 51

T BLBTR L T BLBTR L T BLBTR L T BLBTR L T BL BTR L
51 51 1 51

BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
WHILE PERCHED 51 51 1 51

LBRTTLR LBRTTLR LBRTTLR LBRTTLR LBRTTLR
51 51 1 51

TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR
WHILEPERCHEDI 51 51 1 51

LBRTTLR LBRTTLR LBRTTLR L BRT TL R L BRTTLR
51 51 1 51

BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
51 51 1 51

T BLBTR L T BLBTR L T BLBTR L T BLBTR L T BLBTR L

SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE
/50 /50 /50 /50) /50) /50 /50 /59) /50 /50
ELAPSED TIME (MM : SS ) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS)

PASS SR FAIL PASS S FAIL PASS e FA|L PASS S FA|L PASS R FAIL



Test Methods for Evaluating Aerial Drones

NIIST | sieimosans rechnoLooy i i
8 DEPARTAENT OF Coner Safety | Capabilities | Proficiency
RobotTestMethods.nist.gov

Level 5 Confined Lane
Payload Functionality Trials

Lo . . le.r r2¢T$A‘;%£‘iLTT’E‘ESEQLOGV Test Methods for E\./a.llfating Aeria.l I?rones
Fill in the header information completely! Safety | Capabilities | Proficiency

RobotTestMethods.nist.gov

Pilot LAST Name

PROCTOR ATTESTATION
(The Proctor’s printed name)

Pilot FIRST Name

LEVEL5 | CONFINED S
PAYLOAD FUNCTIONALITY [

Drone Model

Bucket Size

(TR)TOP RIGHT Facility Location

(R)RIGHT

GRART:

I .
% Science and
U Technology

@ Science and
@ Technology

Date (YYYY/MM/DD) Team #:
L . h . (BR) BOTTOM RIGHT
Ighting
BUCKET DIAMETER VISIBILITY WIND PILOT VIEW TIME LIMIT
AVERAGE GUSTS LINE OF INTERFACE
Wi n d N— ' 2IN 4IN LIGHTED DIM DARK SIGHT ONLY 5 10
r (5Cm) (10Cm) 300+4LUX | 1-300LUX  <1LUX e ccroone || v | v | wm
MPH MPH OPTIONAL V.0. MANDATORY V.0.

(CIRCLE ONE) (CIRCLE ONE) (FILLIN)

Pilot view

Time limit )
12

(CIRCLE ONE)

(CIRCLE ONE or FILL IN)

12
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Level 5 Confined Lane
Payload Functionality Trials

. . ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt), Draw a line through all incomplete.
B rl ef remin d ers. ACUITY SCORE: Circle correctly identified GAP DIRECTIONS in the answer key (1 pt each).
\ PERCH (PAY 6) WALL (PAY 7) (c]:{e]0]\'[») (pay8) | ALLEY (pav9) | POST (PAY 10)
P¥l IMAGES TO CAPTURE Pl IMAGES TO CAPTURE Pl IMAGES TO CAPTURE Pl IMAGES TO CAPTURE PEl IMAGES TO CAPTURE
+ 1 PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH + 1 PRE-LAUNCH
+ 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS + 20 ALIGNMENTS
+ WHILE PERCHED
h d bl k b k h d ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY
W Ite a n a C u C et S a I n g BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS
SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH)
1 |5 1 1 |5 1 (5
1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR| | 1A TR B TR L BR 1A TR B TR L BR
SCORE WHILE PERCHED. ST [ pencne 51 > B 1 5 1
LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR LBRTTLR
3 |51 3 |51 3 1 3 1 3 (51
3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL | 3A BR T TL R BL 3A BR T TL R BL
. . . 51 51 1 4 1 51
C|rC|e a||gnment p0|nts When deC|ared TBLBTRL TBLBTRL TBLBTR L 4A TBLBTR L TBLBTRL
\ 3 [5 1 3 [5 1 3 1 3 1 3 [51
b h I H h f 1 f 3A BRT TLRBL | 3A BRT TLRBL | 3A BRT TL R BL| | 3A BR T TL R BL| | 3A BR T TL R BL
yt € pI ot with veritication o Images —_— BS - B - B - ES -
. . LBRTTLR LBRTTLR LBRTTLR LBRTTLR LBRTTLR
during or after the trial. B B WER mEn WER
1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR| | 1A TR B TR L BR 1A TR B TR L BR
Es_l WHILE PERCHED E 51 E 1 E 1 B 51
S | f G d LBRTTLR LBRTTLR LBRTTLR LBRTTLR LBRTTLR
eparate totals for ALIGNMENT an - -1 i 4 I
H H 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL
ACUITY points (50 points each). \ o 51 1 T T
TBLBTRL TBLBTRL TBLBTRL TBLBTRL TBLBTRL
sC SCORE SCORE SCORE SCo SCORE SCo SCORE SCORE SCORE
. . o /50 /50 /50 /50 /50 /50 /50| /50 /50 /50
Any organization can select their
OWn passing SCO re ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS ) ELAPSED TIME (MM : SS)
’ PASS B FAIL PASS o FAIL PASS <SS FAIL PASS B=f FAIL PASS o FAIL 13




Perch (PAY 6)
Confined Test Lane

#2 ALIGNMENT WHILE PERCHED TOP VIEW

[[10POSITIONS (20 BUCKETS)  LAUNCH - 1(2)3 4 - 3(2)1 {(2)3 4 —LAND | |[FRVV/NHEN IS \[ef 30 o) =iy (e =
— — -

—C

* Fly near the ground and perch within 1 m (3\—ft) of a wall
or obstacle in front of the aircraft with ground obstacles
on both sides.

* Inspect vertical and horizontal object features upward,
downward, leftward and rightward.

* BUCKET #2 MUST BE ALIGNED WHILE PERCHED, but all
others can be aligned/identified either while perched or
hovering as if inspecting underbody objects of interest.

SCORING

Alignment Points in Perpendicular Buckets (50 Total):
Align with each perpendicular bucket to CAPTURE A SINGLE
IMAGE OF THE ALIGNMENT RING for scoring during or after
the trial.

Acuity Points in Angled Buckets (50 Total):

Align with each angled bucket to IDENTIFY ACUITY GAPS
through the pilot interface. Images are optional for
documentation but use the answer key for scoring.. 1

CONFINED | PERCH

START TIMER

1 \PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

2 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

3 |PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

4 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

5 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

6 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

7 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

8 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

9 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

10 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

1 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

12 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

13 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

14 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

5 | PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

16 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

17 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

18 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

19 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

20 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

ELASPED TIME:
(MM:SS)

BUCKETS

NUMBER

ALIGNMENT ACUITY
IMAGE POINTS CIRCLE GAPS
(5 OR 1 POINT) (1 POINT EACH)
5 1 0
TR B TR L BR
5 1 0 WHILE PERCHED
L BRTT R
5 1 0
BR T TL R BL
5 1 0
T BLB TR L
5 1 0
BR T TL R BL
5 1 0 WHILE PERCHED
L BRTT R
5 1 0
- TR B TR L BR
5 1 0 WHILE PERCHED
L BRTT R
5 1 0
BR T TL R BL
5 1 0
T BLB TR L
/50 /50

14



Wall (Pay 7)
Confined Test Lane

TOP VIEW

[10POSITIONS (20 BUCKETS)  LAUNCH -1234-321-234-1AND | |[VV/NEES ol o)/ e =
T o

PN

N

<«—(148)N¥'T

<«— 24M(8FT) —»

FLOOR WALL | FENCE | OBSTACLE

LOWER BUCKETS AT LEAST
1M (3 FT) ELEVATION

* Place the Wall apparatus in a 2.4m (8 ft) cubic space
with ceiling (or shipping container) with the vertical
tasks at 1m (3ft) and 2m (6 ft) elevations.

*  Fly within 1 m (3 ft) to perform the alignments with the
wall at 45 degrees from forward of the aircraft.

* Inspect vertical objects upward and downward.
SCORING

Alignment Points in Perpendicular Buckets (50 Total):
Align with each perpendicular bucket to CAPTURE A SINGLE
IMAGE OF THE ALIGNMENT RING for scoring during or
after the trial.

Acuity Points in Angled Buckets (50 Total):

Align with each angled bucket to IDENTIFY ACUITY GAPS
through the pilot interface. Images are optional for
documentation but use the answer key for scoring.

CONFINED | WALL

START TIMER

1 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

2 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

3 |PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

4 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

5 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

6 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

7 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

8 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

9 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

10 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

11 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

12 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

13 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

14 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

15 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

16 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

17 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

18 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

19 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

20 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

ELASPED TIME:
(MM:SS)

BUCKETS

NUMBER

ALIGNMENT ACUITY
IMAGE POINTS CIRCLE GAPS
(5 OR 1 POINT) (1 POINT EACH)
5 1.0
TR B TR L BR
5 1 0
L BRTTL R
5 1.0
- - - |BR T T R BL
5 1 0
T BL B TRIL
5 1.0
BR T TL R BL
5 1.0
L BRTT R
5 1 0
TR B TR L BR
5 1.0
L BRTT R
5 1 0
BR T TL R BL
5 1.0
T BL B TRIL
/50 /50
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Ground (PAY 8)
Confined Test Lane

TOP VIEW

[[10 POSITIONS (20 BUCKETS) LAUNCH -1234-321-234-LAND | WALL | FENCE | OBSTACLE

(L48) N ¥

-

<« 24M(8FT) —»

WALL | FENCE | OBSTACLE

* Place the Ground apparatus in a 2.4m (8 ft) cubic space
with ceiling (or shipping container) with the horizontal
tasks centered between the side walls.

*  Fly within 1 m (3 ft) to perform the alignments with the
walls at 90 degrees from forward of the aircraft.

* Inspect horizontal objects leftward and rightward.
SCORING

Alignment Points in Perpendicular Buckets (50 Total):
Align with each perpendicular bucket to CAPTURE A SINGLE
IMAGE OF THE ALIGNMENT RING for scoring during or after
the trial.

Acuity Points in Angled Buckets (50 Total):

Align with each angled bucket to IDENTIFY ACUITY GAPS
through the pilot interface. Images are optional for
documentation but use the answer key for scoring.

CONFINED | GROUND

START TIMER

1 \PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

2 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

3 |PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

4 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

5 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

6 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

7 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

8 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

9 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

10 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

11 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

12 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

13 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

14 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

15 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

16 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

17 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

18 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

19 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

20 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

ELASPED TIME:
(MM:SS)

BUCKETS

NUMBER

ALIGNMENT ACUITY
(SoR1PONT (1 PoINT EACH
5 1.0
TR B TR L BR
5 1 0
L BRTTL R
5 1.0
BR T TL R BL
5 1 0
T BL B TR L
5 1.0
BR T TL R BL
5 1 0
L BRTTL R
5 1 0
- TR B TR L BR
5 1.0
L BRTT R
5 1 0
BR T TL R BL
5 1.0
T BL B TRIL
/50 /50
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Alley (PAY 9)

Confined Test Lane

TOP VIEW

[[10 POSITIONS (20 BUCKETS) LAUNCH -1234-321-234-LAND| WALL | FENCE | OBSTACLE
1 ' ]

L48)INV'T —

« —

2.4 M (8 FT) —>
*  Place the Alley apparatus in a 2.4m (8 ft) cubic space
with ceiling (or shipping container) with the horizontal
tasks centered along opposing side walls.

*  Fly within 1 m (3 ft) to perform the alignments with the
walls in front of the aircraft (0 degrees) and behind the
aircraft (180 degrees).

* Inspect horizontal objects leftward and rightward.
SCORING

Alignment Points in Perpendicular Buckets (50 Total):
Align with each perpendicular bucket to CAPTURE A SINGLE
IMAGE OF THE ALIGNMENT RING for scoring during or after
the trial.

Acuity Points in Angled Buckets (50 Total):

Align with each angled bucket to IDENTIFY ACUITY GAPS
through the pilot interface. Images are optional for
documentation but use the answer key for scoring.

CONFINED | ALLEY

START TIMER

1 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

2 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

3 |PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

4 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

5 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

6 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

7 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

8 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

9 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

10 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

11 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

12 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

13 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

14 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

15 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

16 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

17 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

18 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

19 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

20 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

ELASPED TIME:
(MM:SS)

BUCKETS

NUMBER

ALIGNMENT ACUITY
SoRiPONn (1roNTEACH
5 1.0
TR B TR L BR
5 1 0
L BRTTL R
5 1.0
- - - |BR T T R BL
5 1 0
T BL B TRL
5 1.0
BR T TL R BL
5 1 0
L BRTTL R
5 1 0
- - .~ |TR B TR L BR
5 1.0
L BRTTL R
5 1 0
BR T TL R BL
5 1.0
T BL B TRIL
/50 /50
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Post (PAY 10)
Confined Test Lane

TOP VIEW
WALL | FENCE | OBSTACLE

[10 POSITIONS (20 BUCKETS) LAUNCH -1234-321-234-LAND |

(14H8YWVZ —»

s
777777777777 |M,g|

4M (12 FT)

4_

<« 24M(8FT) —»

* Center the Post apparatus in a 2.4m (8 ft) cubic space
or shipping container with the vertical task elevations
at 1m (3ft) and 2m (6 ft) above the ground.

*  Fly within 1 m (3 ft) of the post to inspect vertical
object features upward and downward.

* Pass between the post and walls throughout.
SCORING

Alignment Points in Perpendicular Buckets (50 Total):
Align with each perpendicular bucket to CAPTURE A
SINGLE IMAGE OF THE ALIGNMENT RING for scoring during

or after the trial.

Acuity Points in Angled Buckets (50 Total):

Align with each angled bucket to IDENTIFY ACUITY GAPS
through the pilot interface. Images are optional for
documentation but use the answer key for scoring.

CONFINED | POST

START TIMER

1 \PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

2 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

3 |PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

4 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

5 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

6 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

7 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

8 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

9 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

10 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

11 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

12 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

13 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

14 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

15 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

16 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

17 PERPENDICULAR BUCKET: ALIGN AND CAPTURE IMAGE

18 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

19 PERPENDICULAR BUCKET : ALIGN AND CAPTURE IMAGE

20 ANGLED BUCKET: CALL OUT ACUITY GAP DIRECTIONS

ELASPED TIME:
(MM:SS)

BUCKETS

NUMBER

ALIGNMENT ACUITY
IMAGE POINTS CIRCLE GAPS
(5 OR 1 POINT) (1 POINT EACH)
5 1.0
TR B TR L BR
5 1 0
L BRTTL R
5 1.0
- - - |BR T T R BL
5 1 0
T BL B TRL
5 1.0
BR T TL R BL
5 1 0
L BRTTL R
5 1 0
- - .~ |TR B TR L BR
5 1.0
L BRTT R
5 1 0
BR T TL R BL
5 1.0
T BL B TRIL
/50 /50

18



Test Methods for Evaluating Aerial Drones ”\ i

NILST | i o0 litios | Profic D o e

U.S.DEPARTMENT OF COMMERCE SafEtV I Capablht'es I Pr0f|C|ency o"z,‘m“kf TeChnOIOgY
RobotTestMethods.nist.gov

Teams Rotate Through Each Role PILOT
Fach Pilot flies a 5-minute trial with help from othe * Maintain control of the aircraft.
A 3-4 person team completes all 5 tests in 2 hours.  *  Call out each intention of movement before doing so.

TEAM ROTATIONS VO PILOT PROCTO Call out each bucket alignment and acuity target gap.

PILOT m) PROCTOR mp VO
ON DECK J

THE TEST LANE PROCTOR
GET DRONE READY TO FLY

Fill in the form header.

Read the test procedures to the Pilot.

 Confirm, record, and attest to scoring after the trial.

Four person teams always have one person getting their ~ VISUAL OBSERVER (VO)
aircraft ready to launch right after the previous lands. * Maintain sight with the aircraft and surroundings.

Three person teams work too, but require some time * Repeat the Pilot’s intention of movement to confirm.
between each rotation to prepare the next aircraft. «  Call out corrections and warnings as necessary.



Metrics to Track Over Time Indoor and Outdoor Scenarios
Measure System Capabilities and Pilot Proficiency Evaluate using repeatable search/inspect tasks

Completeness: Align with every bucket in the sequence
and land accurately according to the procedure. The
objective is scoring ALL points possible for your aircraft
without making mistakes.

Score: For complete trials, track your scores over time.
The average of your last five trials is an excellent measure
of your proficiency on the aircraft and interface used.

Efficiency (Optional): For complete trials with maximum
scores for a particular aircraft, the elapsed time can help
identify the most efficient systems and techniques. Time
limited trials can be used across multiple tests to maintain
a schedule and similarly fatigue novices and experts.

The WALL and ALLEY test shown embedded in a room-to-room search scenario
closet and bath tub. The pairs of of white and black buckets require exposure
control to discern details. Also shown is a more complex overturned subway rail car

Se pa rate SCO res: ALIG N M ENT a nd ACU ITY disaster. All such scenarios get embedded with scoring tasks totaling 100 points.

Track and Compare Scores Using the Same Drone

EXAMPLE PASS/FAIL SCORES

M 20
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Level 5 Confined Lane Proctoring



Scoring Alignment Points
Capture images of alignment rings to verify

ALIGN WITH BUCKETS AND LAND ACURATELY

10 ALIGNMENT RINGS TOTAL 50 POINTS

*  First align with each PERPENDICULAR BUCKET to
capture a SINGLE ALIGNMENT IMAGE of the
inscribed ring.

* Score captured images with
- UNBROKEN RINGS (5 points)
- BROKEN RINGS (1 point)
- NO RINGS (0 points, strike through line)

* Accurate landings are not scored.

* Verification of captured alignment images can be
during the trial when obvious or after the trial to
eliminate discussions during the trial. Images can
also be stored for documentation.

Scoring Acuity Points
Identify increasingly small visual acuity targets

ALIGN THEN CONTROL ZOOM AND EXPOSURE

10 ACUITY TARGETS TOTAL 50 POINTS

TOP
(T)

TOP LEFT (TL) (TR) TOP RIGHT

LEFT (L) (R)RIGHT

BOTTOM LEFT (BL) (BR) BOTTOM RIGHT

(B)
BOTTOM

REPORT GAP DIRECTIONS RELATIVE TO THE BUCKET NUMBER (TOP)

* Then align with each ANGLED BUCKET to IDENTIFY
ACUITY TARGETS using camera zoom and exposure
controls.

* Call out as many of the Concentric C gap directions
as possible (1 pt each).

* Fly facing away from the test lane or scenario
with a Visual Observer to evaluate flying interface
only as if beyond visual line of sight.

Pilot with Interface | Visual Observer
FACING AWAY | FACING AIRCRAFT %%:)

TEST OR
SCENARIO
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Level 5 Confined Lane
Payload Functionality Trials

Fill in the header information completely! NIST it e

Test Methods for Evaluating Aerial Drones
Safety | Capabilities | Proficiency
RobotTestMethods.nist.gov

Pilot LAST Name

PROCTOR ATTESTATION
(The Proctor’s printed name)

Bucket Size
Lighting
BUCKET DIAMETER VISIBILITY
Wind — B 0| oo | s00eiux | 1300LX | <tlUX
(CIRCLE ONE) (CIRCLE ONE)
Pilot view
Time limit )

LEVEL5 | CONFINED
PAYLOAD FUNCTIONALITY

BOTTOM

Pilot FIRST Name

Pilot Organization
Drone Make
Drone Model

(TR)TOP RIGHT Facility Location

(R)RIGHT

A@7: Science and
@ Technology

Date (YYYY/MM/DD) Team #:
(BR)BOTTOM RIGHT
WIND PILOT VIEW TIME LIMIT
AVERAGE GUSTS LINE OF INTERFACE
SIGHT ONLY 5 10
FACINE LANE BACK TO LANE MIN | MIN MIN
MPH MPH OPTIONAL V.0. MANDATORY V.0.
(FILLIN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

23
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Level 5

Confined Lane

Payload Functionality Trials

Brief reminders\
White and black bucket shadmg\

SCORE WHILE PERCHED.

Circle alignment points when declared
by the pilot with verification of images
during or after the trial.

Separate totals for ALIGNMENT and

ACUITY points (50 points each). \
Any organization can select their
own passing score.

ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt), Draw a line through all incomplete.
ACUITY SCORE: Circle correctly identified GAP DIRECTIONS in the answer key (1 pt each).

PERCH (PAY 6) WALL (PAY 7) (c]:{e]0]\'[») (pay8) | ALLEY (pav9) | POST (PAY 10)

1 IMAGES TO CAPTURE IMAGES TO CAPTURE m IMAGES TO CAPTURE 1 IMAGES TO CAPTURE 1 IMAGES TO CAPTURE
* 1PRE-LAUNCH * 1PRE-LAUNCH * 1PRE-LAUNCH * 1PRE-LAUNCH * 1PRE-LAUNCH
* 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS * 20 ALIGNMENTS
*  WHILE PERCHED

ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY ALIGNMENT ACUITY
BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS BUCKET IMAGE CIRCLE CORRECT GAPS
SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH) SEQUENCE  POINTS (1 POINT EACH)
1 |5 1 1 |5 1 (5
1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR
Bu WHILE PERCHED B 51 2 1 E 51 E 51
LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR LBRTTLR
3 |51 3 |51 3 1 3 51 3 51
3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL
51 51 1 4 ERt 51
TBLBTR L TBLBTR L TBLBTR L 4A TBLBTR L TBLBTR L
3 |51 3 |51 3 1 3 |51 3 |51
3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL
5 1 | WHILE PERCHED 51 1 51 51
LBRTTLR LBRTTLR LBRTTLR LBRTTLR LBRTTLR
1 |5 1 |51 1 1 1 51 1 51
1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR 1A TR B TR L BR
5 1 [ WHILE PERCHED 51 1 51 51
LBRTTLR LBRTTLR LBRTTLR LBRTTLR LBRTTLR
3 |51 3 |51 3 1 3 51 3 51
3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL 3A BR T TL R BL
51 51 1 51 51
TBLBTR L TBLBTR L TBLBTR L TBLBTR L TBLBTR L
SC SCORE SCORE SCORE SCO SCORE SCORE SCORE SCORE SCORE
/50 /50 /50 /50 /50 /50 /50 /50 /50 /50
ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS ) ELAPSED TIME (MM : SS)

PASS SR FA|L

PASS SR FA|L

PASS " FA|L

PASS SR FA|L

PASS e FA|L
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Confined Vehicle Inspection Scenarios
Day and Night Trials

USE SETS OF 5 “INLINE” DUAL BUCKET RAILS
DISTRIBUTED THROUGHOUT THE SCENARIO

BN, CONFINED
"ACCESS

-
SEARCHJAND INSPECT OBJECTSS
UNDER VEHICLES

Confined Room-to-Room Labyrinth
Search tasks with 1 m (3ft) minimum clearances

USE SETS OF 5 “INLINE” DUAL BUCKET RAILS
HORIZONTALS FOR LEFTWARD/RIGHTWARD INSPECTIONS

1m (3 ft)
SQUARE

3D
FLIGHT
PATH

LM 3‘F.T)1' " "UPWARD
le)r‘é LEFT/RIGHTi

&=
e iy
OWNWARD
LEFT/RIGHT

1M (3 FT)
ELEVATION ~ PERCH POSITION

* Fabricated room-to-room search scenario with inspect
tasks that can be replicated to track and compare scores.

* Self-standing plywood corner walls define 1.2m (4 ft)
switchback hallways with a blackout tarp ceiling over top
at 2.4m (8ft). Fits inside a 6m (20ft) shipping container.

» Square access "windows” measuring 1m (3ft) square
provide entry/exit and interior high/low pass throughs.
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(L —
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Standards Enable Credentialing of Proctors and Remote Pilots

Safety | Capabilities | Proficiency

NIST Develops and Validates Test Methods
* Apparatus that can be reproducible by others.

Procedures that are repeatable to conduct test trials.
Performance Metrics that are quantitative and can be compared
over time, across locations and internationally

Evaluate Systems using expert pilots conducting complete trials
Operator proficiency is compared with similar systems on the
same lane spacing in similar environmental conditions with either
complete or time limited trials

Compare time limited trials that are incomplete by total

points for similar elapsed times or calculate and compare

the scoring rate as points per minute for different elapsed

times

e
0 Bucket Stand #1
(AB,CD)

| AQUATIC | -

(EFGH)

FLIGHT LINE
SIGHT LINE




Standards Enable Credentialing of Proctors and Remote Pilots
Safety | Capabilities | Proficiency

When conducting evaluations with these Test Methods the HER I =

5.
i Bucket Stand #1 (ERGH)

results should only be compared to similar environmental

SIGHT LINE

conditions.

Night or dark trials can be conducted with white or red
headlamps illuminating the white buckets or only using the
lights and sensors onboard the drone.




Standards Enable Credentialing of Proctors and Remote Pilots
Safety | Capabilities | Proficiency

When Credentialing operators an organization can;

* Set their own pass/fail scoring threshold

* Adopt a pass/fail scoring threshold set by a regional or
national association with which the organization
collaborates

* Adopt a pass/fail scoring threshold set by a similar
organization




Choose Appropriate Lane Spacing Based on Optics and Safety
Open Test Lane

ALWAYS:

Acuity from 2(S) so the targets
must be visible

S /\\
INDOORS: - o2 és;,;: e
Lane Length = 10(S) i i
! TOP LEFT (TL) (TR ) TOP RIGHT
Lane Width = 6(S) LEFT (L) @ (R)RIGHT
Elevation = 2(S) N BOTTOM LEFT (BL ) ( BR ) BOTTOM RIGHT
PLUS SAFETY MARGIN 7w (B)

PN BOTTOM
© >




Scoring Alignment Points
Capture images of alignment rings to verify

ALIGN WITH BUCKETS AND LAND ACURATELY

20 ALIGNMENTS TOTAL UP TO 100 POINTS

* Align with each bucket to capture a SINGLE IMAGE
of the inscribed alignment ring. Only the first
image is scored.

* Score captured images as:
— UNBROKEN RINGS (5 points)
— BROKEN RINGS (1 point)
— NO RINGS (0 points, strike through line)

* Score accurate landings as:
— CENTERED (5 pts) with the aircraft center
point inside the 60 cm (24 in) diameter circle.
— OFFSET (1 pts) with at least one propeller
motor inside the circle.

* Verification of captured alignment images can be
during the trial when obvious or after the trial to
eliminate discussions during the trial. Images can
also be stored for documentation.

Scoring Acuity Points
Identify increasingly small visual acuity targets

ALIGN THEN CONTROL ZOOM AND EXPOSURE

20 TARGETS TOTAL UP TO 100 POINTS
r 1 ‘ TOP
o

(T)
TOP LEFT (TL) (TR) TOP RIGHT

LEFT (L) (R)RIGHT

BOTTOM LEFT (BL) (BR) BOTTOM RIGHT

(B)
BOTTOM

REPORT GAP DIRECTIONS RELATIVE TO THE BUCKET NUMBER (TOP)

*  While aligned with each bucket, IDENTIFY ACUITY
TARGETS using camera zoom and exposure controls.

* Verbally call out as many of the Concentric C gap

directions as possible (1 pt each) with a Proctor.

* Fly facing away from the test lane or scenario

(with a Visual Observer) to evaluate flying interface
only as if beyond visual line of sight (BVLOS).

Pilot with Interface | Visual Observer
FACING AWAY | FACING AIRCRAFT %%>

TEST OR
SCENARIO
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VERSION 2023A tMethods

Perform 5 different flight paths to triangulate
around the dual bucket rails. Each flight path
includes alignments with perpendicular

buckets then angled buckets using zoom and
exposure control to identify recessed targets.

LEVEL4 | OBSTRUCTED

PAYLOAD FUNCTIONALITY

All sequences have 10 positions with 20 buckets to score: 123 4-321-2 34 (forward-reverse—forward)

Score ALIGNMENT POINTS by capturing a SINGLE IMAGE of the inscribed rings to verify alignments during or after
the trial: UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt).

* Score ACUITY POINTS by calling out the 5 increasingly small VISUAL ACUITY TARGET GAPS (1 pt each).

Start timer at launch and end after the last task is completed. Trial time limits are typically 5 minutes each (25
minutes to complete all 5 tests) although organizations may set their own trial time limits and passing scores.

Extreme deviations from the intended flight path, or contact with any object, ends the trial to ensure safety.

Land or hover just above the ground within proximity to a wall or obstacle with
additional ground obstacles on both sides. Launch and land repeatedly if necessary to

Test Methods for Evaluating Aerial Drones e
Safety | Capabilities | Proficiency
RobotTestMethods.nist.gov

VERSION 2023A

2 Science and
Technology

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

NIST|

Pilot LAST Name

Pilot FIRST Name

LEVEL4 | OBSTRUCTED

Pilot Organization

Drone Make

PAYLOAD FUNCTIONALITY

Drone Model

Top
(T)

TOPLEFT (L) (TR) TOP RIGHT

Facility Location

LEFT (L) (R)RIGHT
. Date (YYYY/MM/DD) Team #:
BOTTOM LEFT (BL)’ {BR) BOTTOM RIGHT
(B)
— PROCTOR NAME
BUCKET DIAMETER VISIBILITY WIND PILOT VIEW TIME LIMIT

4IN 8IN LIGHTED DIM DARK AVERAGE  GUSTS L;?'SHC;F 'NTSSECCE 5 10

(10cm) (20cMm) 300+LUX | 1-300 LUX <1LUX v | |
FACINE LANE BACK TO LANE
MPH MPH OPTIONALV.0. MANDATORY V.0,

(CIRCLE ONE) (CIRCLE ONE) (FILL IN) (CIRCLE ONE) (CIRCLE ONE or FILL IN)

ALIGNMENT SCORE: Circle points for images with UNBROKEN RINGS (5 pts), BROKEN RINGS (1 pt), Draw a line through all incomplete.
ACUITY SCORE: Circle correctly identified GAP DIRECTIONS in the answer key (1 pt each).

PERCH score all buckets in the sequence of perch tasks.
PAY 6 . . . .
« Inspect vertical and horizontal object features all around the aircraft. PERCH (PAv6) J WALL (PAY7) GROUND (PAv8) | ALLEY (PAY9) § POST (PAY 10)
« Complete 10 positions to score up to 50 Alignment points and 50 Acuity points. IMAGES TO CAPTURE IMAGES TO CAPTURE IMAGES TO CAPTURE IMAGES TO CAPTURE m IMAGES TO CAPTURE
+ 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH + 1PRE-LAUNCH
« 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS 20 ALIGNMENTS
* WHILE PERCHED
* Fly within proximity to a wall or obstacle at 45 degrees from forward of the aircraft. ALIGNMENT ACUITY ALIGNMENT AcuITY ALIGNMENT ACUITY ALIGNMENT AcuITY ALIGNMENT AcCUITY
WALL . )
ot * Inspect vertical object features upward and downward. Bl o B - T = T == T e
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR] TR B TR L BR]|
1M (3 FT) ELEVATION. e WHILE PERCHED 2 5 1 5 1 2 5 1 5 1
LBRTTLR 2A LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR
* Fly within proximity to a wall or obstacles at 90 degrees from forward of the aircraft. BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
GROUND 4 51 4 EEE 51
PAY S * Inspect horizontal object features leftward and rightward. TBLBTR L aA TBLBITRL TBLBTR L aA TBLBITRL TBLBITR L
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points. 51 51 51 51
BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL BR T TL R BL
WHILE PERCHED 2 Ept 51 2 Ent 51
LBRTTLR p1. LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR
Fly withi imity t Il bstacle in front of the aircraft (0 d d >t >t >t >t
. front of the aircraft (0 degrees)
ALLEY b;lhvivr:d ;::::"::fty 108;:: rZ;so stacle In Iront of the aircra €grees) an TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR TR B TR L BR
behind the aircraft (180 degrees).
WHILE PERCHED 2 Em 51 2 ERt 51
PAYS * Inspect horizontal object features leftward and rightward. LBRTTLR 2A LBRTTLR LBRTTLR 2A LBRTTLR LBRTTLR
. . . . . 51 51 51 51
* Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.
BR T TL R BL| BR T TL R BL BR T TL R BL| BR T TL R BL BR T TL R BL
4 ERY 51 4 ER 51
T BLBTR L T BLBTR L T BLBTR L T BLBTR L T BLBTR L
SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE SCORE
* Fly within proximity to a post and wall or obstacle and pass between the post and the
POST wall. /50 /50 /50 /50) /50) /50) /59) /50, /50) /59
PAY 10 * Inspect vertical object features upward and downward all around the post.
ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS) ELAPSED TIME (MM : SS )

Complete 10 positions to score up to 50 Alignment points and 50 Acuity points.

PASS S FA|L PASS ¢ FA|L PASS R FAIL PASS R FAIL PASS SR FAIL

ce and
nology



Scoring Alignment Points
Capture images of alignment rings to verify

ALIGN WITH BUCKETS AND LAND ACURATELY

10 ALIGNMENT RINGS TOTAL 50 POINTS

*  First align with each PERPENDICULAR BUCKET to
capture a SINGLE ALIGNMENT IMAGE of the
inscribed ring.

* Score captured images with
- UNBROKEN RINGS (5 points)
- BROKEN RINGS (1 point)
- NO RINGS (0 points, strike through line)

* Accurate landings are not scored.

* Verification of captured alignment images can be
during the trial when obvious or after the trial to
eliminate discussions during the trial. Images can
also be stored for documentation.

Scoring Acuity Points
Identify increasingly small visual acuity targets

ALIGN THEN CONTROL ZOOM AND EXPOSURE

10 ACUITY TARGETS TOTAL 50 POINTS

TOP
(T)

TOP LEFT (TL) (TR) TOP RIGHT

LEFT (L) (R)RIGHT

BOTTOM LEFT (BL) (BR) BOTTOM RIGHT

(B)
BOTTOM

REPORT GAP DIRECTIONS RELATIVE TO THE BUCKET NUMBER (TOP)

* Then align with each ANGLED BUCKET to IDENTIFY
ACUITY TARGETS using camera zoom and exposure
controls.

* Call out as many of the Concentric C gap directions
as possible (1 pt each).

* Fly facing away from the test lane or scenario
with a Visual Observer to evaluate flying interface
only as if beyond visual line of sight.

Pilot with Interface | Visual Observer
FACING AWAY | FACING AIRCRAFT %%:)

TEST OR
SCENARIO
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Confined Tests and Scorable Scenarios
Evaluate safety, capabilities, and proficiency

WALL TEST GROUND, ALLEY, & POST TESTS

The Confined tests and scorable scenarios enable remote
pilots to perform safe and repeatable flight paths indoors
room-to-room or in any confined space to inspect objects
from very close proximity. There are 5 different tests that
guide remote pilots through various standoff positions,

orientations, and perches at about 1 m (3 ft) from objects.

These tests can be performed indoors to control lighting,
weather, and access to GPS or outdoors as appropriate.

-

R : I3 =
P SFABRICATED ROOM TO-ROOM SEARCH SCENARIO L

s for Evaluating A

‘apabilities | Pi

tTestMethods.nis
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Bucket Alignments Define Flight Paths

Designated altitudes, positions, and orientations

PERCH
PAY 6

WALL
PAY 7

GROUND
PAY 8

ALLEY
PAY 9

POST
PAY 10

GROUND, ALLEY, & POST TESTS

Science and
Technology



